
18.3 18.6 18.9 19.2 19.5 19.8

19.8 20.1 20.4 20.7 21.0 21.3

21.3 21.6 21.9 22.3 22.6 22.9

22.9 23.2 23.5 23.8 24.1 24.4

24.4 24.7 25.0 25.3 25.6 25.9

25.9 26.2 26.5 26.8 27.1 27.4

BH17-EBC-9

BH17-EBC-9

BH17-EBC-9

BH17-EBC-9

BH17-EBC-9

BH17-EBC-9

Borehole Name: BH17-EBC-9 Mary River Expansion Study Stage 2
Sample Photographs

Completion Date: October 29, 2017 Baffinland Iron Mines
Location: 17 W 503548.47  7976371.396

DS-11

DQ-12

DQ-13

DQ-14



27.4 27.7 28.0 28.3 28.7 29.0

29.0 29.3 29.6 29.9 30.2 30.5

30.5 30.8 31.1 31.4 31.7 32.0

32.0 32.3 32.6 32.9 33.2 33.5

33.5 33.8 34.1 34.4 34.7 35.1

35.1 35.4 35.7 36.0 36.3 36.6

Sample Photographs
Borehole Name: BH17-EBC-9 Mary River Expansion Study Stage 2
Location: 17 W 503548.47  7976371.396
Completion Date: October 29, 2017 Baffinland Iron Mines

BH17-EBC-9

BH17-EBC-9

BH17-EBC-9

BH17-EBC-9

BH17-EBC-9

BH17-EBC-9

DQ-15

DQ-17

DQ-16

DQ-18



36.6 36.9 37.2 37.5 37.8 38.1

38.1 38.4 38.7 39.0 39.3 39.6

Sample Photographs
Borehole Name: BH17-EBC-9 Mary River Expansion Study Stage 2

BH17-EBC-9

BH17-EBC-9

Location: 17 W 503548.47  7976371.396
Completion Date: October 29, 2017 Baffinland Iron Mines

DQ-19



18.935

20.430

Borehole Name:
Location: 17 W 503772 7974960

BH17-M008-R

Completion Date: September 18, 2017

17.420

BH17-M008-R

BH17-M008-R

BH17-M008-R

BH17-M008-R

18.935

20.430

21.990

Sample Photographs
Mary River Expansion Study Stage 2
2017 Geotechnical Investigation
Baffinland Iron Mines



0 0.3 0.6 0.9 1.2 1.5

1.5 1.8 2.1 2.4 2.7 3.0

3.0 3.4 3.7 4.0 4.3 4.6

4.6 4.9 5.2 5.5 5.8 6.1

Sample Photographs
Mary River Expansion Study Stage 2
2017 Geotechnical Investigation
Baffinland Iron Mines

BH17-RD-1

BH17-RD-1

BH17-RD-1

BH17-RD-1

Borehole Name:
Location: 17 W 504095 7976552

BH17-RD-1

Completion Date: October 31, 2017

DS-1



0 0.3 0.6 0.9 1.2 1.5

1.5 1.8 2.1 2.4 2.7 3.0

3.0 3.4 3.7 4.0 4.3 4.6

Borehole Name:
Location: 17 W 504090 7976463

BH17-RD-1A

Completion Date: October 31, 2017

BH17-RD-1A

BH17-RD-1A

Sample Photographs
Mary River Expansion Study Stage 2
2017 Geotechnical Investigation
Baffinland Iron Mines

BH17-RD-1A



0 Expanded/swelled due to of pulverized rockfill particles 1.5

1.5 1.8 2.1 2.4 2.7 3.0

3.0 Expanded/swelled due to of pulverized rockfill particles 4.6

BH17-RD-1B

BH17-RD-1B

Sample Photographs
Mary River Expansion Study Stage 2
2017 Geotechnical Investigation
Baffinland Iron Mines

BH17-RD-1B

Borehole Name:
Location: 17 W 504100 7976358

BH17-RD-1B

Completion Date: October 31, 2017



0 0.3 0.6 0.9 1.2 1.5

1.5 1.8 2.1 2.4 2.7 3.0

3.0 3.4 3.7 4.0 4.3 4.6

4.6 4.9 5.2 5.5 5.8 6.1

BH17-RD-1C

BH17-RD-1C

BH17-RD-1C

Borehole Name:
Location: 17 W  504075 7976302

BH17-RD-1C

Completion Date: October 31, 2017

Sample Photographs
Mary River Expansion Study Stage 2
2017 Geotechnical Investigation
Baffinland Iron Mines

BH17-RD-1C

DS-2

DS-1

DS-3



0 0.3 0.6 0.9 1.2 1.5

1.5 1.8 2.1 2.4 2.7 3.0

3.0 3.4 3.7 4.0 4.3 4.6

Sample Photographs
Mary River Expansion Study Stage 2
2017 Geotechnical Investigation
Baffinland Iron Mines

BH17-RD-2

BH17-RD-2

BH17-RD-2

Borehole Name:
Location: 17 W 503872 7976162

BH17-RD-2

Completion Date: October 6, 2017

DS-1

DS-4

DS-2

DS-3



0 0.3 0.6 0.9 1.2 1.5

1.5 1.8 2.1 2.4 2.7 3.0

3.0 3.4 3.7 4.0 4.3 4.6

BH17-RD-3

BH17-RD-3

Borehole Name:
Location: 17 W  503599 7975985   

BH17-RD-3

Completion Date:

Sample Photographs
Mary River Expansion Study Stage 2
2017 Geotechnical Investigation
Baffinland Iron Mines

BH17-RD-3

DS-1



0 0.3 0.6 0.9 1.2 1.5

1.5 1.8 2.1 2.4 2.7 3.0

3.0 3.4 3.7 4.0 4.3 4.6

Sample Photographs
Mary River Expansion Study Stage 2
2017 Geotechnical Investigation
Baffinland Iron Mines

BH17-RD-4

BH17-RD-4

BH17-RD-4

Borehole Name:
Location: 17 W  503594 7975136    

BH17-RD-4

Completion Date: October 5, 2017

DQ-1



0 0.3 0.6 0.9 1.2 1.5

1.5 1.8 2.1 2.4 2.7 3.0

Sample Photographs
Mary River Expansion Study Stage 2
2017 Geotechnical Investigation
Baffinland Iron Mines

BH17-RD-5

BH17-RD-5

Borehole Name:
Location: 17 W  503596 7974811

BH17-RD-5

Completion Date: October 5, 2017

DS-1



0 0.3 0.6 0.9 1.2 1.5

1.5 1.8 2.1 2.4 2.7 3.0

3.0 3.4 3.7 4.0 4.3 4.6

4.6 4.9 5.2 5.5 5.8 6.1

BH17-RD-6

BH17-RD-6

BH17-RD-6

Borehole Name:
Location: 17 W  503922 7974286

BH17-RD-6

Completion Date: October 5, 2017

Sample Photographs
Mary River Expansion Study Stage 2
2017 Geotechnical Investigation
Baffinland Iron Mines

BH17-RD-6



0 0.3 0.6 0.9 1.2 1.5

1.5 1.8 2.1 2.4 2.7 3.0

3.0 3.4 3.6

BH17-RD-7

BH17-RD-7

Borehole Name:
Location: 17 W  503896 7974423    

BH17-RD-7

Completion Date: October 5, 2017

Sample Photographs
Mary River Expansion Study Stage 2
2017 Geotechnical Investigation
Baffinland Iron Mines

BH17-RD-7

DS-1

DS-2



0 0.3 0.6 0.9 1.2 1.5

1.5 1.8 2.1 2.4 2.7 3.0

3.0 3.4 3.7 4.0 4.3 4.6

4.6 4.9 5.2 5.5 5.8 6.1

6.1 6.4 6.7 7.0 7.3 7.6

7.6 7.9 8.2 8.5 8.8 9.1

BH18-M001

BH18-M001

BH18-M001

BH18-M001

BH18-M001

BH18-M001

Borehole Name:
Location: 17 W 503423 7974892

BH18-M001

Completion Date: March 5, 2018

Sample Photographs
Mary River Expansion Study Stage 2
2018 Geotechnical Investigation
Baffinland Iron Mines

DQ-1

DQ-4

DQ-2 DS-3

DS-5

DS-6



9.1 9.4 9.8 10.1 10.4 10.7

10.7 11.0 11.3 11.6 11.9 12.2

12.2 12.5 12.8 13.1 13.4 13.7

13.7 14.0 14.3 14.6 14.9 15.2

15.2 15.5 15.8 16.2 16.5 16.8

16.8 17.1 17.4 17.7 18.0 18.3

BH18-M001

Sample Photographs

Baffinland Iron Mines

Borehole Name: BH18-M001 Mary River Expansion Study Stage 2
Location: 17 W 503423 7974892
Completion Date: March 5, 2018

BH18-M001

BH18-M001

BH18-M001

BH18-M001

BH18-M001

DQ-7 DS-8

DQ-9 DS-10

DS-12



18.3 18.6 18.9 19.2 19.5 19.8

19.8 20.1 20.4 20.7 21.0 21.3

21.3 21.6 21.9 22.3 22.6 22.9

22.9 23.2 23.5 23.8 24.1 24.4

24.4 24.7 25.0 25.3 25.6 25.9

Baffinland Iron Mines

BH18-M001

BH18-M001

Sample Photographs
Borehole Name: BH18-M001 Mary River Expansion Study Stage 2
Location: 17 W 503423 7974892

BH18-M001

BH18-M001

BH18-M001

Completion Date: March 5, 2018

DS-14

DS-15

DS-16

DS-17



0 0.3 0.6 0.9 1.2 1.5

1.5 1.8 2.1 2.4 2.7 3.0

3.0 3.4 3.7 4.0 4.3 4.6

4.6 4.9 5.2 5.5 5.8 6.1

6.1 6.4 6.7 7.0 7.3 7.6

7.6 7.9 8.2 8.5 8.8 9.1

BH18-M002

BH18-M002

BH18-M002

BH18-M002

BH18-M002

BH18-M002

Borehole Name:
Location: 17 W 503328 7974867

BH18-M002

Completion Date: March 5, 2018

Sample Photographs
Mary River Expansion Study Stage 2
2018 Geotechnical Investigation
Baffinland Iron Mines

DS-2DQ-1

DQ-3 DS-4

DQ-5

DS-6



9.1 9.4 9.8 10.1 10.4 10.7

10.7 11.0 11.3 11.6 11.9 12.2

12.2 12.5 12.8 13.1 13.4 13.7

13.7 14.0 14.3 14.6 14.9 15.2

15.2 15.5 15.8 16.2 16.5 16.8

16.8 17.1 17.4 17.7 18.0 18.3

BH18-M002

Sample Photographs

Baffinland Iron Mines

Borehole Name: BH18-M002 Mary River Expansion Study Stage 2
Location: 17 W 503328 7974867
Completion Date: March 5, 2018

BH18-M002

BH18-M002

BH18-M002

BH18-M002

BH18-M002

DQ-7 DS-8

DQ-9DS-10

DS-11 DQ-12



18.3 18.6 18.9 19.2 19.5 19.8

19.8 20.1 20.4 20.7 21.0 21.3

21.3 21.6 21.9 22.3 22.6 22.9

22.9 23.2 23.5 23.8 24.1 24.4

24.4 24.7 25.0 25.3 25.6 25.9

25.9 26.2 26.5 26.8 27.1 27.4

Sample Photographs
Borehole Name: BH18-M002 Mary River Expansion Study Stage 2
Location: 17 W 503328 7974867
Completion Date: March 5, 2018 Baffinland Iron Mines

BH18-M002

BH18-M002

BH18-M002

BH18-M002

BH18-M002

BH18-M002

DS-13 DQ-14

DQ-15 DS-16



27.4 27.7 28.0 28.3 28.7 29.0

29.0 29.3 29.6 29.9 30.2 30.5

30.5 30.8 31.1 31.4 31.7 32.0

32.0 32.3 32.6 32.9 33.2 33.5

33.5 33.8 34.1 34.4 34.7 35.1

35.1 35.4 35.7 36.0 36.3 36.6

Sample Photographs

Baffinland Iron Mines

BH18-M002

BH18-M002

Borehole Name: BH18-M002 Mary River Expansion Study Stage 2
Location: 17 W 503328 7974867

BH18-M002

BH18-M002

BH18-M002

BH18-M002

Completion Date: March 5, 2018

DQ-17 DS-18

DQ-19

DQ-23 DQ-22 DQ-21

DQ-25DS-24



36.6 36.9 37.2 37.5 37.8 38.1

38.1 38.4 38.7 39.0 39.3 39.6

Sample Photographs
Borehole Name: BH18-M002 Mary River Expansion Study Stage 2
Location: 17 W 503328 7974867
Completion Date: March 5, 2018 Baffinland Iron Mines

BH18-M002

BH18-M002
DQ-26



0 0.3 0.6 0.9 1.2 1.5

1.5 1.8 2.1 2.4 2.7 3.0

3.0 3.4 3.7 4.0 4.3 4.6

4.6 4.9 5.2 5.5 5.8 6.1

6.1 6.4 6.7 7.0 7.3 7.6

7.6 7.9 8.2 8.5 8.8 9.1

BH18-M003

BH18-M003

BH18-M003

BH18-M003

BH18-M003

BH18-M003

Borehole Name:
Location: 17 W 503055 7974868

BH18-M003

Completion Date: March 6, 2018

Sample Photographs
Mary River Expansion Study Stage 2
2018 Geotechnical Investigation
Baffinland Iron Mines

DS-2DQ-1

DQ-3 DS-4

DS-5

DQ-6 DS-7



9.1 9.4 9.8 10.1 10.4 10.7

10.7 11.0 11.3 11.6 11.9 12.2

12.2 12.5 12.8 13.1 13.4 13.7

13.7 14.0 14.3 14.6 14.9 15.2

15.2 15.5 15.8 16.2 16.5 16.8

16.8 17.1 17.4 17.7 18.0 18.3

BH18-M003

Sample Photographs

Baffinland Iron Mines

Borehole Name: BH18-M003 Mary River Expansion Study Stage 2
Location: 17 W 503055 7974868
Completion Date: March 6, 2018

BH18-M003

BH18-M003

BH18-M003

BH18-M003

BH18-M003

DS-8

DQ-9



18.3 18.6 18.9 19.2 19.5 19.8

19.8 20.1 20.4 20.7 21.0 21.3

21.3 21.6 21.9 22.3 22.6 22.9

22.9 23.2 23.5 23.8 24.1 24.4

24.4 24.7 25.0 25.3 25.6 25.9

25.9 26.2 26.5 26.8 27.1 27.4

Sample Photographs
Borehole Name: BH18-M003 Mary River Expansion Study Stage 2
Location: 17 W 503055 7974868
Completion Date: March 6, 2018 Baffinland Iron Mines

BH18-M003

BH18-M003

BH18-M003

BH18-M003

BH18-M003

BH18-M003

DQ-10 DQ-11

DS-12 DQ-13

DS-15DQ-14



27.4 27.7 28.0 28.3 28.7 29.0

29.0 29.3 29.6 29.9 30.2 30.5

30.5 30.8 31.1 31.4 31.7 32.0

32.0 32.3 32.6 32.9 33.2 33.5

33.5 33.8 34.1 34.4 34.7 35.1

35.1 35.4 35.7 36.0 36.3 36.6

Sample Photographs

Baffinland Iron Mines

BH18-M003

BH18-M003

Borehole Name: BH18-M003 Mary River Expansion Study Stage 2
Location: 17 W 503055 7974868

BH18-M003

BH18-M003

BH18-M003

BH18-M003

Completion Date: March 6, 2018

DQ-17DS-16

DS-19DQ-18



36.6 36.9 37.2 37.5 37.8 38.1

38.1 38.4 38.7 39.0 39.3 39.6

39.6 39.9 40.2 40.5 40.8 41.1

41.1 41.5 41.8 42.1 42.4 42.7

42.7 43.0 43.3 43.6 43.9 44.2

44.2 44.5 44.8 45.1 45.4 45.7

Sample Photographs
Borehole Name: BH18-M003 Mary River Expansion Study Stage 2
Location: 17 W 503055 7974868
Completion Date: March 6, 2018 Baffinland Iron Mines

BH18-M003

BH18-M003

BH18-M003

BH18-M003

BH18-M003

BH18-M003

DS-20

DQ-22DQ-23



45.7 46.0 46.3 46.6 46.9 47.2

47.2 47.5 47.9 48.2 48.5 48.8

48.8 49.1 49.4 49.7 50.0 50.3

50.3 50.6 50.9 51.2 51.5 51.8

Sample Photographs
Borehole Name: BH18-M003 Mary River Expansion Study Stage 2
Location: 17 W 503055 7974868

BH18-M003

BH18-M003

Completion Date: March 6, 2018 Baffinland Iron Mines

BH18-M003

BH18-M003
DS-24

DS-26



0 0.3 0.6 0.9 1.2 1.5

1.5 1.8 2.1 2.4 2.7 3.0

3.0 3.4 3.7 4.0 4.3 4.6

4.6 4.9 5.2 5.5 5.8 6.1

6.1 6.4 6.7 7.0 7.3 7.6

7.6 7.9 8.2 8.5 8.8 9.1

Borehole Name:
Location: 17 W 563499 7976260

BH18-004

Completion Date: April 1, 2018

Sample Photographs
Mary River Expansion Study Stage 2
2018 Geotechnical Investigation
Baffinland Iron Mines

BH18-004

BH18-004

BH18-004

BH18-004

BH18-004

BH18-004

DS-1

DQ-2

DQ-1



9.1 9.4 9.8 10.1 10.4 10.7

10.7 11.0 11.3 11.6 11.9 12.2

12.2 12.5 12.8 13.1 13.4 13.7

13.7 14.0 14.3 14.6 14.9 15.2

15.2 15.5 15.8 16.2 16.5 16.8

16.8 17.1 17.4 17.7 18.0 18.3

Borehole Name: BH18-004 Mary River Expansion Study Stage 2
Location:

BH18-004

BH18-004

BH18-004

BH18-004

Sample Photographs

17 W 563499 7976260
Completion Date: April 1, 2018

BH18-004

BH18-004

Baffinland Iron Mines

DQ-3DS-4

DS-6DQ-5



18.3 18.6 18.9 19.2 19.5 19.8

19.8 20.1 20.4 20.7 21.0 21.3

21.3 21.6 21.9 22.3 22.6 22.9

22.9 23.2 23.5 23.8 24.1 24.4

24.4 24.7 25.0 25.3 25.6 25.9

25.9 26.2 26.5 26.8 27.1 27.4

BH18-004

Completion Date: April 1, 2018 Baffinland Iron Mines

BH18-004

BH18-004

BH18-004

BH18-004

BH18-004

Sample Photographs
Borehole Name: BH18-004 Mary River Expansion Study Stage 2
Location: 17 W 563499 7976260

DQ-7

DQ-8

DS-11DQ-10



27.4 27.7 28.0 28.3 28.7 29.0

29.0 29.3 29.6 29.9 30.2 30.5

30.5 30.8 31.1 31.4 31.7 32.0

32.0 32.3 32.6 32.9 33.2 33.5

33.5 33.8 34.1 34.4 34.7 35.1

35.1 35.4 35.7 36.0 36.3 36.6

BH18-004

BH18-004

BH18-004

BH18-004

Completion Date: April 1, 2018

Sample Photographs

Baffinland Iron Mines

BH18-004

BH18-004

Borehole Name: BH18-004 Mary River Expansion Study Stage 2
Location: 17 W 563499 7976260

DQ-12

DQ-13



36.6 36.9 37.2 37.5 37.8 38.1

38.1 38.4 38.7 39.0 39.3 39.6

39.6 39.9 40.2 40.5 40.8 41.1

41.1 41.5 41.8 42.1 42.4 42.7

42.7 43.0 43.3 43.6 43.9 44.2

44.2 44.5 44.8 45.1 45.4 45.7

BH18-004

BH18-004

BH18-004

Location: 17 W 563499 7976260
Completion Date: April 1, 2018 Baffinland Iron Mines

BH18-004

BH18-004

BH18-004

Sample Photographs
Borehole Name: BH18-004 Mary River Expansion Study Stage 2

DS-14

DQ-15

DS-17



45.7 46.0 46.3 46.6 46.9 47.2

47.2 47.5 47.9 48.2 48.5 48.8

48.8 49.1 49.4 49.7 50.0 50.3

50.3 50.6 50.9 51.2 51.5 51.8

51.8 52.1 52.4 52.7 53.0 53.3

53.3 53.6 53.9 54.3 54.6 54.9

BH18-004

BH18-004

BH18-004

BH18-004

Completion Date: April 1, 2018

Sample Photographs

Baffinland Iron Mines

BH18-004

BH18-004

Borehole Name: BH18-004 Mary River Expansion Study Stage 2
Location: 17 W 563499 7976260

DQ-19



54.9 55.2 55.5 55.8 56.1 56.4

56.4 56.7 57.0 57.3 57.6 57.9

57.9 58.2 58.5 58.8 59.1 59.4

59.4 59.7 60.0 60.4 60.7 61.0

61.0 61.3 61.6 61.9 62.2 62.5

62.5 62.8 63.1 63.4 63.7 64.0

Completion Date: April 1, 2018 Baffinland Iron Mines

BH18-004

BH18-004

Sample Photographs
Borehole Name: BH18-004 Mary River Expansion Study Stage 2
Location: 17 W 563499 7976260

BH18-004

BH18-004

BH18-004

BH18-004

DQ-23 DS-24

DQ-25 DS-26

DQ-20

Run not recovered



64.0 64.3 64.6 64.9 65.2 65.5

65.5 65.8 66.1 66.4 66.8 67.1

67.1 67.4 67.7 68.0 68.3 68.6

68.6 68.9 69.2 69.5 69.8 70.1

70.1 70.4 70.7 71.0 71.3 71.6

71.6 71.9 72.2 72.5 72.8 73.2

Borehole Name: BH18-004 Mary River Expansion Study Stage 2
Location: 17 W 563499 7976260

Sample Photographs

BH18-004

BH18-004

BH18-004

BH18-004

Completion Date: April 1, 2018 Baffinland Iron Mines

BH18-004

BH18-004

DQ-27

DQ-28

DS-29

DS-30



73.2 73.5 73.8 74.1 74.4 74.7

74.7 75.0 75.3 75.6 75.9 76.2

76.2 76.5 76.8 77.1 77.4 77.7

Sample Photographs

BH18-004

Completion Date: April 1, 2018 Baffinland Iron Mines

BH18-004

BH18-004

Borehole Name: BH18-004 Mary River Expansion Study Stage 2
Location: 17 W 563499 7976260

DS-32
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Appendix D
Laboratory Test Reports

1
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 BH16-M015 1.00 32 59 10BS1
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Pore Water Extraction and Determination of 
Soluble Salt Content of Soils by Refractometer 
ASTM D4542-15 

Geotechnical LaboratoryGeotechnical LaboratoryGeotechnical LaboratoryGeotechnical Laboratory

 

Comments:  Tested with EXTECH Model RF20 Refractometer with automatic temperature compensation. 

Reported by: R. Serluca,  Lab Tech.,  Dec. 17, 2017 
Name, Title, Date 

Reviewed by: G. Qu 
Name, Title, Date 

 

Notice: the test data given herein pertain to the sample provided, and may not be applicable to material from other production zones/periods. This report 
constitutes a testing service only. Interpretation of the data given here may be provided upon request. 

Suite 500, 4342 Queen Street, Niagara Falls, Ontario, Canada L2E 7J7  Tel: +1 (905) 374 5200 www.hatch.com 
© Hatch 2018 All rights reserved, including all rights relating to the use of this document or its contents. 

 

 

Date:  December 17, 2017 Baffinland Iron Mines 

Project Number:  H/353004 2275 Upper Middle Rd, 
 Oakville Ontario. 

Project:   Mary River Expansion Project Attention: G. Qu 
 
 

Sample As Listed Below 

Source BH17-10 Milne Port 

 

 

  

  

 



Pore Water Extraction and Determination of 
Soluble Salt Content of Soils by Refractometer 
ASTM D4542-15 

Geotechnical LaboratoryGeotechnical LaboratoryGeotechnical LaboratoryGeotechnical Laboratory

 

Comments:  Tested with EXTECH Model RF20 Refractometer with automatic temperature compensation. 

Reported by: R. Serluca,  Lab Tech.,  Dec. 17, 2017 
Name, Title, Date 

Reviewed by: G. Qu 
Name, Title, Date 

 

Notice: the test data given herein pertain to the sample provided, and may not be applicable to material from other production zones/periods. This report 
constitutes a testing service only. Interpretation of the data given here may be provided upon request. 

Suite 500, 4342 Queen Street, Niagara Falls, Ontario, Canada L2E 7J7  Tel: +1 (905) 374 5200 www.hatch.com 
© Hatch 2018 All rights reserved, including all rights relating to the use of this document or its contents. 

 

 

Date:  December 17, 2017 Baffinland Iron Mines 

Project Number:  H/353004 2275 Upper Middle Rd, 
 Oakville Ontario. 

Project:   Mary River Expansion Project Attention: G. Qu 
 
 

Sample As Listed Below 

Source BH17-11 Milne Port 

 

 

  

  

 



Pore Water Extraction and Determination of 
Soluble Salt Content of Soils by Refractometer 
ASTM D4542-15 

Geotechnical LaboratoryGeotechnical LaboratoryGeotechnical LaboratoryGeotechnical Laboratory

 

Comments:  Tested with EXTECH Model RF20 Refractometer with automatic temperature compensation. 

Reported by: R. Serluca,  Lab Tech.,  Dec. 17, 2017 
Name, Title, Date 

Reviewed by: G. Qu 
Name, Title, Date 

 

Notice: the test data given herein pertain to the sample provided, and may not be applicable to material from other production zones/periods. This report 
constitutes a testing service only. Interpretation of the data given here may be provided upon request. 

Suite 500, 4342 Queen Street, Niagara Falls, Ontario, Canada L2E 7J7  Tel: +1 (905) 374 5200 www.hatch.com 
© Hatch 2018 All rights reserved, including all rights relating to the use of this document or its contents. 

 

 

Date:  December 17, 2017 Baffinland Iron Mines 

Project Number:  H/353004 2275 Upper Middle Rd, 
 Oakville Ontario. 

Project:   Mary River Expansion Project Attention: Q. Qu 
 
 

Sample As Listed Below 

Source BH17-12 Milne Port 

 

 

  

  

 



Pore Water Extraction and Determination of 
Soluble Salt Content of Soils by Refractometer 
ASTM D4542-15 

Geotechnical LaboratoryGeotechnical LaboratoryGeotechnical LaboratoryGeotechnical Laboratory

 

Comments:  Tested with EXTECH Model RF20 Refractometer with automatic temperature compensation. 

Reported by: R. Serluca,  Lab Tech.,  Dec. 17, 2017 
Name, Title, Date 

Reviewed by: W. Hoyle, Feb.16, 2018 
Name, Title, Date 

 

Notice: the test data given herein pertain to the sample provided, and may not be applicable to material from other production zones/periods. This report 
constitutes a testing service only. Interpretation of the data given here may be provided upon request. 

Suite 500, 4342 Queen Street, Niagara Falls, Ontario, Canada L2E 7J7  Tel: +1 (905) 374 5200 www.hatch.com 
© Hatch 2018 All rights reserved, including all rights relating to the use of this document or its contents. 

 

 

Date:  December 17, 2017 Baffinland Iron Mines Corporation 

Project Number:  H/353004 2275 Upper Middle Rd, 
Oakville Ontario. 

Project:   Mary River Expansion Project Attention: H.Ghiabi 
 
 

Sample As Listed Below 

Source BH17-EBC-1 

 

 

  

  

  

  

 



Pore Water Extraction and Determination of 
Soluble Salt Content of Soils by Refractometer 
ASTM D4542-15 

Geotechnical Laboratory

 

Comments:  Tested with EXTECH Model RF20 Refractometer with automatic temperature compensation. 

Reported by: R. Serluca,  Lab Tech.,  Dec. 17, 2017 
Name, Title, Date

Reviewed by: W. Hoyle, Feb.16, 2018 
Name, Title, Date

 

Notice: the test data given herein pertain to the sample provided, and may not be applicable to material from other production zones/periods. This report 
constitutes a testing service only. Interpretation of the data given here may be provided upon request. 

Suite 500, 4342 Queen Street, Niagara Falls, Ontario, Canada L2E 7J7  Tel: +1 (905) 374 5200 www.hatch.com
© Hatch 2018 All rights reserved, including all rights relating to the use of this document or its contents. 

 

 
Date:  December 17, 2017 Baffinland Iron Mines Corporation 

Project Number:  H/353004 2275 Upper Middle Rd, 
Oakville Ontario.

Project:   Mary River Expansion Project Attention: H.Ghiabi 
 
 

Sample As Listed Below 

Source BH17-EBC-2 

 

Sample
I.D

Depth
(m)

Salinity Scale
(ppt) Notes

BLANK NA 0.0 Distilled Water
DQ3 2.0 0.0 
DQ4 3.05 3.0 
DQ5 4.30 3.0 
DQ6 5.0 3.0 

BLANK NA 0.0 Distilled Water
DQ7 5.8 6.0

BLANK NA 0.0 Distilled Water
 



Pore Water Extraction and Determination of 
Soluble Salt Content of Soils by Refractometer 
ASTM D4542-15 

Geotechnical LaboratoryGeotechnical LaboratoryGeotechnical LaboratoryGeotechnical Laboratory

 

Comments:  Tested with EXTECH Model RF20 Refractometer with automatic temperature compensation. 

Reported by: R. Serluca,  Lab Tech.,  Dec. 17, 2017 
Name, Title, Date 

Reviewed by: G. Qu, Dec.18,2017 
Name, Title, Date 

 

Notice: the test data given herein pertain to the sample provided, and may not be applicable to material from other production zones/periods. This report 
constitutes a testing service only. Interpretation of the data given here may be provided upon request. 

Suite 500, 4342 Queen Street, Niagara Falls, Ontario, Canada L2E 7J7  Tel: +1 (905) 374 5200 www.hatch.com 
© Hatch 2018 All rights reserved, including all rights relating to the use of this document or its contents. 

 

 

Date:  December 17, 2017 Baffinland Iron Mines Corporation 

Project Number:  H/353004 2275 Upper Middle Rd, 
 Oakville Ontario. 

Project:   Mary River Expansion Project Attention: G. Qu 
 
 

Sample As Listed Below 

Source BH17-EBC-8 - New Drive House, South End 

 

 



Pore Water Extraction and Determination of 
Soluble Salt Content of Soils by Refractometer 
ASTM D4542-15 

Geotechnical LaboratoryGeotechnical LaboratoryGeotechnical LaboratoryGeotechnical Laboratory

 

Comments:  Tested with EXTECH Model RF20 Refractometer with automatic temperature compensation. 

Reported by: R. Serluca,  Lab Tech.,  Dec. 17, 2017 
Name, Title, Date 

Reviewed by: G. Qu, Dec.18, 2017 
Name, Title, Date 

 

Notice: the test data given herein pertain to the sample provided, and may not be applicable to material from other production zones/periods. This report 
constitutes a testing service only. Interpretation of the data given here may be provided upon request. 

Suite 500, 4342 Queen Street, Niagara Falls, Ontario, Canada L2E 7J7  Tel: +1 (905) 374 5200 www.hatch.com 
© Hatch 2018 All rights reserved, including all rights relating to the use of this document or its contents. 

 

 

Date:  December 17, 2017 Baffinland Iron Mines Corporation 

Project Number:  H/353004 2275 Upper Middle Rd, 
 Oakville Ontario. 

Project:   Mary River Expansion Project Attention: G. Qu 
 
 

Sample As Listed Below 

Source BH17-EBC- 9 - New Drive House, North End 

 

 

 



Uniaxial Compressive Strength of Intact Rock 
Core Specimens - Method C: 
ASTM D7012-10 

Geotechnical LaboratoryGeotechnical LaboratoryGeotechnical LaboratoryGeotechnical Laboratory

 

Comments:   

Reported by: R. Serluca,  Lab Tech.,  January 20, 2018 
Name, Title, Date 

Reviewed by: G.Qu, Jan. 23, 2018 
Name, Title, Date 

 

Notice: the test data given herein pertain to the sample provided, and may not be applicable to material from other production zones/periods. This report 
constitutes a testing service only. Interpretation of the data given here may be provided upon request. 

Suite 500, 4342 Queen Street, Niagara Falls, Ontario, Canada L2E 7J7  Tel: +1 (905) 374 5200 www.hatch.com 
© Hatch 2018 All rights reserved, including all rights relating to the use of this document or its contents. 

 

 

Date:  January 29. 2018 Baffinland Iron Mines Corporation 

Project Number:  H/353004 2275 Upper Middle Road East, Oakville Ont. 

Project:   Mary River Expansion Project Attention: G.Qu 
 
 

Sample Bedrock Core Sample from 19.22 m 

Source BH17-EBC-1 

 

 

 

 



Uniaxial Compressive Strength of Intact Rock 
Core Specimens - Method C: 
ASTM D7012-10 

Geotechnical LaboratoryGeotechnical LaboratoryGeotechnical LaboratoryGeotechnical Laboratory

 

Comments:   

Reported by: R. Serluca,  Lab Tech.,  February 5, 2018 
Name, Title, Date 

Reviewed by: G.Qu, Feb.6, 2018 
Name, Title, Date 

 

Notice: the test data given herein pertain to the sample provided, and may not be applicable to material from other production zones/periods. This report 
constitutes a testing service only. Interpretation of the data given here may be provided upon request. 

Suite 500, 4342 Queen Street, Niagara Falls, Ontario, Canada L2E 7J7  Tel: +1 (905) 374 5200 www.hatch.com 
© Hatch 2018 All rights reserved, including all rights relating to the use of this document or its contents. 

 

 

Date:  February 5. 2018 Baffinland Iron Mines Corporation 

Project Number:  H/353004 2275 Upper Middle Road East, Oakville Ont. 

Project:   Mary River Expansion Project Attention: G.Qu 
 
 

Sample Bedrock Core Sample from 17.90 m. 

Source BH17-EBC-2 

 

 

 



Uniaxial Compressive Strength of Intact Rock 
Core Specimens - Method C: 
ASTM D7012-10 

Geotechnical LaboratoryGeotechnical LaboratoryGeotechnical LaboratoryGeotechnical Laboratory

 

Comments:   

Reported by: R. Serluca,  Lab Tech.,  January 20, 2018 
Name, Title, Date 

Reviewed by: G.Qu, Jan.23, 2018 
Name, Title, Date 

 

Notice: the test data given herein pertain to the sample provided, and may not be applicable to material from other production zones/periods. This report 
constitutes a testing service only. Interpretation of the data given here may be provided upon request. 

Suite 500, 4342 Queen Street, Niagara Falls, Ontario, Canada L2E 7J7  Tel: +1 (905) 374 5200 www.hatch.com 
© Hatch 2018 All rights reserved, including all rights relating to the use of this document or its contents. 

 

 

Date:  January 29. 2018 Baffinland Iron Mines Corporation 

Project Number:  H/353004 2275 Upper Middle Road East, Oakville Ont. 

Project:   Mary River Expansion Project Attention: G.Qu 
 
 

Sample Bedrock Core Sample from 20.75 m 

Source BH17-M008-R 

 

 

 

 



Uniaxial Compressive Strength of Intact Rock 
Core Specimens - Method C: 
ASTM D7012-10 

Geotechnical LaboratoryGeotechnical LaboratoryGeotechnical LaboratoryGeotechnical Laboratory

 

Comments:   

Reported by: R. Serluca,  Lab Tech.,  January 20, 2018 
Name, Title, Date 

Reviewed by: G. Qu, Jan. 23, 2018 
Name, Title, Date 

 

Notice: the test data given herein pertain to the sample provided, and may not be applicable to material from other production zones/periods. This report 
constitutes a testing service only. Interpretation of the data given here may be provided upon request. 

Suite 500, 4342 Queen Street, Niagara Falls, Ontario, Canada L2E 7J7  Tel: +1 (905) 374 5200 www.hatch.com 
© Hatch 2018 All rights reserved, including all rights relating to the use of this document or its contents. 

 

 

Date:  January 29. 2018 Baffinland Iron Mines Corporation 

Project Number:  H/353004 2275 Upper Middle Road East, Oakville Ont. 

Project:   Mary River Expansion Project Attention: G.Qu 
 
 

Sample Bedrock Core Sample from 21.05 m 

Source BH17-M008-R 

 

 

 

 

 



Uniaxial Compressive Strength of Intact Rock 
Core Specimens - Method C: 
ASTM D7012-10 

Geotechnical LaboratoryGeotechnical LaboratoryGeotechnical LaboratoryGeotechnical Laboratory

 

Comments:   

Reported by: R. Serluca,  Lab Tech.,  January 20, 2018 
Name, Title, Date 

Reviewed by: Q. Qu, Jan.23, 2018 
Name, Title, Date 

 

Notice: the test data given herein pertain to the sample provided, and may not be applicable to material from other production zones/periods. This report 
constitutes a testing service only. Interpretation of the data given here may be provided upon request. 

Suite 500, 4342 Queen Street, Niagara Falls, Ontario, Canada L2E 7J7  Tel: +1 (905) 374 5200 www.hatch.com 
© Hatch 2018 All rights reserved, including all rights relating to the use of this document or its contents. 

 

 

Date:  January 29. 2018 Baffinland Iron Mines Corporation 

Project Number:  H/353004 2275 Upper Middle Road East, Oakville Ont. 

Project:   Mary River Expansion Project Attention: G. Qu 
 
 

Sample Bedrock Core Sample from 21.42 m 

Source BH17-M008-R 

 

 

 

 



505 Woodward Avenue, Unit 1
Hamilton, Ontario  L8H 6N6
Tel +1 905 312 0700
Fax +1 905 312 0771
amecfw.com

Page 1 of 2

15 February 2017
File: TB152049

Hatch Ltd.
4342 Queen St., Suite 500
Niagara Falls, ON
L2E 7J7 Canada

Attention: Mr. Warren R. Hoyle, P.Geo.

RE: PHYSICAL TESTING OF BEDROCK CORE AND ROCK LUMPS

1.0 INTRODUCTION

We are pleased to present the results of our Amec Foster Wheeler Hamilton laboratory testing
conducted on rock lump samples provided by HATCH Limited (HATCH). It is understood the
rock lump and bedrock core samples were sampled in January 2017 by a representative of
Hatch. These samples were received in our laboratory on 26 January 2017.

2.0 METHODLOGY

A total of four pails of rock grab samples (4-8 inch) and bedrock cores were provided for
physical durability testing. The aggregate was crushed using a laboratory crusher at Amec
Foster Wheeler Hamilton Laboratory. The material was crushed to produce a 20mm coarse
aggregate to be tested.

Testing of the 20mm crushed core samples was limited to:

Resistance of Coarse Aggregate to Degradation
by Abrasion in the Micro-Deval Apparatus (CSA A23.2 - 29A)

Sieve Analysisof Coarse and Fine Aggregate (CSA A23.2 - 2A)
Relative Density and Absorption of Coarse Aggregate (CSA A23.2 - 12A)
Resistance of Unconfined Coarse Aggregate

to Freezing and Thawing (CSA A23.2 - 24A)



Hatch Ltd.
Physical Testing of Bedrock Core and Rock Lumps

TB152049 Page 2

The results of testing are summarized in Table 1.

3.0 RESULTS

Table 1. Results of the Physical Testing Crushed Aggregate Sample

Test Required Test Method
Laboratory Test Results

NF17-01 NF17-02 NF17-03 NF17-04
Relative Density
(Specific Gravity) CSA A23.2 - 12A 2.662 2.655 2.618 2.995

Absorption (%) CSA A23.2 - 12A 0.82 0.90 0.37 0.45

Micro-Deval
Abrasion (% loss) CSA A23.2 - 29A 10.5 11.0 4.5 7.9

Unconfined Freeze-
Thaw (% loss) CSA A23.2 - 24A 6.7 11.1 1.6 0.8

Presented in Enclosures 1 through 4 are the gradation results of the coarse portion of each
sample.

Please contact us if you have any questions, or if we can be of further service evaluating
aggregate sources.

Regards,

Amec Foster Wheeler Environment & Infrastructure
a Division of Amec Foster Wheeler Americas Limited

Reviewed by,

Ognjenko Lazic Kristen Hand
Asphalt & Concrete Soils & Aggregate
Laboratory Supervisor Laboratory Supervisor



LIMITS FOR DELETERIOUS SUBSTANCES
AND PHYSICAL PROPERTIES OF AGGREGATE
CSA A23.1 - 14, Table 11 & 12 and A23.2 - 15A & 27A, Rev. August 2014
Clauses 4.2.3.2.2, 4.2.3.4.3, 4.2.3.5.1, 4.2.3.5.3.3, 4.2.3.5.3.4, 4.2.3.7 & 4.2.3.10.1

Client:

Name of Testing Laboratory: Telephone No.: Fax No.:

Sample Lab No.:

Aggregrate Inventory No.:

Flat & elongated particles, Procedure A, 4:1 - A23.2-13A

Petrographic examination of aggregate - A23.2 -15A

Issued By:

 (905) 312 - 0700Amec Foster Wheeler  Environment & Infrastructure

CSA Laboratory Test and Number

-

Y / N
Standard Requirements

freezing & thawing conditions

-

of total sample

Clay lumps - A23.2 - 3A †****

Meets

Reference

     Acceptance Limits

Results

-

Job No.:

0.3 % maximum

Concrete exposed to Other exposure

-

Sample Source:

Stockpile Quantity (t)Date Sampled:
Crushed Core

S018-17 NF17-01

--
Sample Type:

Limits for Deleterious Substances and Physical Properties of Aggregates

Nominal Max. Size (mm): Gradation Results: Meets Spec.:   (Y/N)

Sampled By:
Client

Testing Laboratory Representative Signature

-

COARSE AGGREGATE

20 mm

TB152049 Hatch Ltd.

January 2017

Sample Spec.

-

14 February 2017

-

20.0 % maximum 20.0 % maximum - - -

Maximum percentage by mass

-

Alternative Requirements***

0.5 % maximum

6 % maximum

Abrasion loss - A23.2 - 16A and A23.2 - 17A§§

-

  Enclosure:
2

21 % maximum Y

N/Y

10.5%

6.7%

14.0%

9.5%10 % maximum

-

-

  Material Results

0.37% 0.82% -

1% maximum1

-

n/a n/a n/a

Micro-Deval test - A23.2 - 29A 17 % maximum

 (905) 312 - 0771

Print Name

Concrete prism - A23.2 - 14A

125  maximum 140  maximum

Accelerated mortar bar - A23.2 - 25A

MgSO4 soundness loss - A23.2 - 9A

-50 % maximum

Alkali-Carbonate reactivity - A23.2 - 26A chem. comp. must plot in non-exp. field -

- -

50 % maximum

maximum 0.150% at 14 days

-

12 % maximum 18 % maximum

-

  Date

-

-

- -

-

1 % maximum

maximum 0.040% at one year

Absorption - A23.2 - 12A

Kristen Hand

-

-

--

-

Unconfined freeze-thaw test - A23.2 - 24A‡‡

Low - density granular materials - A23.2 - 4A‡**** 0.5 % maximum

Material finer than 80 μm - A23.2 - 5A** 1% maximum1



LIMITS FOR DELETERIOUS SUBSTANCES
AND PHYSICAL PROPERTIES OF AGGREGATE
CSA A23.1 - 14,  Table 11 & 12 and A23.2-15A & 27A, Rev. August 2014
Clauses 4.2.3.2.2, 4.2.3.4.3, 4.2.3.5.1, 4.2.3.5.3.3, 4.2.3.5.3.4, 4.2.3.7 & 4.2.3.10.1 Enclosure: 2

*Limits for deleterious substances not listed in this Table, such as coal, ochre (ironstone), shalestone, siltstone, or argillaceous limestone, shall be specified by the owner

 to encompass deleterious materials known to be present in a particular region. In the absence of such information, aggregate shall be accepted

or rejected in accordance with clause 4.2.3.9

†Clay lumps are defined as fine-grained, consolidated, sedimentary materials of a hydrous aluminosilicate nature.

‡A liquid with a relative density of 2.0 is generally used to separate particles classified as coal or lignite. Liquids with relative densities higher or lower than 2.0 might be

required to identify other deleterious low-density materials.

The amount of material of clay size shall be determined by performing a hydrometer analysis as per ASTM D 422 on a sample washed through an 80 μm sieve.

**In the case of crushed aggregate, if material finer than the 80 μm sieve consists of the dust of fracture, essentially free from clay or shale, the maximum shall be 2.0%

‡‡CSA A23.2-24A, a test for coarse aggregate, has good precision and shows fair correlation with the MgSO4 soundness test. For further information, see Rogers,

Senior, & Boothe (1989)

§§The abrasion loss shall not be greater than 35% when the aggregate is used in concrete paving or for other concrete surfaces subjected to significant wear.
This does not refer to air- cooled iron blast-furnace-slag coarse aggregate. The abrasion loss requirements for coarse aggregate shall be waived provided that
the material meets the alternative requirements for Micro-deval detailed in this Table.
***The freeze-thaw requirements for coarse aggregate shall be waived provided that the material meets the laternative requirements for MgSO4 soundness loss
detailed in this Table.
****If the Coarse Aggregate when tested according to A23.2-15A does not show the presence of either clay lumps or low-density granular materials, the requirements
 for testing in accordance with 3A and 4A may be waived.
1This limit applies to the amount of material finer than 80μm as determined by washing only.

Amec Foster Wheeler Environment & Infrastructure
a Division of Amec Foster Wheeler Americas Limited
505 Woodward Avenue, Unit 1
Hamilton, Ontario
Canada  L8H 6N6 TM-MAT-1041A-03



SIEVE ANALYSIS OF  FINE AND COARSE AGGREGATE
CSA A23.2-2A

Enclosure:
Date:

Hatch Project No:

NF17-01 Lab No:

Client Date Received:

Date Tested:

Crushed Core Lab Technician:

CSA A23.1-14, August 2014, Table 11, Group I, 20-5mm Concrete Stone

Grading Requirements for Coarse Aggregate

 SIEVE SIZES  (mm) 120 112 80 56 40.0 28.0 20 14 10 7.1 5 2.5 1.25 0.630 0.315 0.160 0.08

 SPECIFICATIONS - - - - - 100.0 85-100 50-90 25-60 - 0-10 0-5 - - - - -

 % PASSING 100.0 100.0 100.0 100.0 100.0 100.0 91.7 54.9 30.7 14.4 3.5

0.0 0.0 0.0 0.0 0.0 0.0 8.3 45.1 69.3 85.6 96.5

Sample Source:

26 January 2017

S018-17

1

January 2017

Specification:

Sample Type:

Date Sampled: 

 % RETAINING

6 February 2017

KH

TB152049

14 February 2017
Client:

Sampled By:

112805640.028.02014107.15.02.51.250.630 0.315 0.160 0.08
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Amec Foster Wheeler Environment & Infrastructure 
505 Woodward Avenue, Unit 1
Hamilton, Ontario L8H 6N6
PH: 905 312 0700
FX: 905 312 0771 TM-MAT-1005A-05



LIMITS FOR DELETERIOUS SUBSTANCES
AND PHYSICAL PROPERTIES OF AGGREGATE
CSA A23.1 - 14, Table 11 & 12 and A23.2 - 15A & 27A, Rev. August 2014
Clauses 4.2.3.2.2, 4.2.3.4.3, 4.2.3.5.1, 4.2.3.5.3.3, 4.2.3.5.3.4, 4.2.3.7 & 4.2.3.10.1

Client:

Name of Testing Laboratory: Telephone No.: Fax No.:

Sample Lab No.:

Aggregrate Inventory No.:

Flat & elongated particles, Procedure A, 4:1 - A23.2-13A

Petrographic examination of aggregate - A23.2 -15A

Issued By:

1 % maximum

maximum 0.040% at one year

Absorption - A23.2 - 12A

Kristen Hand

-

-

--

-

Unconfined freeze-thaw test - A23.2 - 24A‡‡

Low - density granular materials - A23.2 - 4A‡**** 0.5 % maximum

Material finer than 80 μm - A23.2 - 5A** 1% maximum1

Print Name

Concrete prism - A23.2 - 14A

125  maximum 140  maximum

Accelerated mortar bar - A23.2 - 25A

MgSO4 soundness loss - A23.2 - 9A

-50 % maximum

Alkali-Carbonate reactivity - A23.2 - 26A chem. comp. must plot in non-exp. field -

- -

50 % maximum

maximum 0.150% at 14 days

-

12 % maximum 18 % maximum

-

  Date

-

-

- -

  Enclosure:
2

21 % maximum Y

N

11.0%

11.1%

14.0%

9.5%10 % maximum

-

-

  Material Results

0.37% 0.90% -

1% maximum1

-

n/a n/a n/a

Micro-Deval test - A23.2 - 29A 17 % maximum

 (905) 312 - 0771

Testing Laboratory Representative Signature

-

COARSE AGGREGATE

20 mm

TB152049 Hatch Ltd

January 2017

Sample Spec.

14 February 2017

-

20.0 % maximum 20.0 % maximum - - -

Maximum percentage by mass

Alternative Requirements***

0.5 % maximum

6 % maximum

Abrasion loss - A23.2 - 16A and A23.2 - 17A§§

-

Results

-

Job No.:

0.3 % maximum

Concrete exposed to Other exposure

-

Sample Source:

Stockpile Quantity (t)Date Sampled:
Crushed Core

S019-17 NF17-02

--
Sample Type:

Limits for Deleterious Substances and Physical Properties of Aggregates

Nominal Max. Size (mm): Gradation Results: Meets Spec.:   (Y/N)

Sampled By:
Client

 (905) 312 - 0700Amec Foster Wheeler  Environment & Infrastructure

CSA Laboratory Test and Number

-

Y / N
Standard Requirements

freezing & thawing conditions

-

of total sample

Clay lumps - A23.2 - 3A †****

Meets

Reference

     Acceptance Limits



LIMITS FOR DELETERIOUS SUBSTANCES
AND PHYSICAL PROPERTIES OF AGGREGATE
CSA A23.1 - 14,  Table 11 & 12 and A23.2-15A & 27A, Rev. August 2014
Clauses 4.2.3.2.2, 4.2.3.4.3, 4.2.3.5.1, 4.2.3.5.3.3, 4.2.3.5.3.4, 4.2.3.7 & 4.2.3.10.1 Enclosure: 2

*Limits for deleterious substances not listed in this Table, such as coal, ochre (ironstone), shalestone, siltstone, or argillaceous limestone, shall be specified by the owner

 to encompass deleterious materials known to be present in a particular region. In the absence of such information, aggregate shall be accepted

or rejected in accordance with clause 4.2.3.9

†Clay lumps are defined as fine-grained, consolidated, sedimentary materials of a hydrous aluminosilicate nature.

‡A liquid with a relative density of 2.0 is generally used to separate particles classified as coal or lignite. Liquids with relative densities higher or lower than 2.0 might be

required to identify other deleterious low-density materials.

The amount of material of clay size shall be determined by performing a hydrometer analysis as per ASTM D 422 on a sample washed through an 80 μm sieve.

**In the case of crushed aggregate, if material finer than the 80 μm sieve consists of the dust of fracture, essentially free from clay or shale, the maximum shall be 2.0%

‡‡CSA A23.2-24A, a test for coarse aggregate, has good precision and shows fair correlation with the MgSO4 soundness test. For further information, see Rogers,

Senior, & Boothe (1989)

§§The abrasion loss shall not be greater than 35% when the aggregate is used in concrete paving or for other concrete surfaces subjected to significant wear.
This does not refer to air- cooled iron blast-furnace-slag coarse aggregate. The abrasion loss requirements for coarse aggregate shall be waived provided that
the material meets the alternative requirements for Micro-deval detailed in this Table.
***The freeze-thaw requirements for coarse aggregate shall be waived provided that the material meets the laternative requirements for MgSO4 soundness loss
detailed in this Table.
****If the Coarse Aggregate when tested according to A23.2-15A does not show the presence of either clay lumps or low-density granular materials, the requirements
 for testing in accordance with 3A and 4A may be waived.
1This limit applies to the amount of material finer than 80μm as determined by washing only.

Amec Foster Wheeler Environment & Infrastructure
a Division of Amec Foster Wheeler Americas Limited
505 Woodward Avenue, Unit 1
Hamilton, Ontario
Canada  L8H 6N6 TM-MAT-1041A-03



SIEVE ANALYSIS OF  FINE AND COARSE AGGREGATE
CSA A23.2-2A

Enclosure:
Date:

Hatch Ltd Project No:
NF17-02 Lab No:
Client Date Received:

Date Tested:
Crushed Core Lab Technician:
CSA A23.1-14, August 2014, Table 11, Group I, 20-5mm Concrete Stone
Grading Requirements for Coarse Aggregate

 SIEVE SIZES  (mm) 120 112 80 56 40.0 28.0 20 14 10 7.1 5 2.5 1.25 0.630 0.315 0.160 0.08

 SPECIFICATIONS - - - - - 100.0 85-100 50-90 25-60 - 0-10 0-5 - - - - -

 % PASSING 100.0 100.0 100.0 100.0 100.0 100.0 92.3 55.2 29.4 14.8 3.7

0.0 0.0 0.0 0.0 0.0 0.0 7.7 44.8 70.6 85.2 96.3

January 2017

Specification:
Sample Type:
Date Sampled:

 % RETAINING

Client:

Sampled By:
Sample Source:

112805640.028.02014107.15.02.51.250.6300.3150.1600.08
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Upper Specification Limit sieve designations



LIMITS FOR DELETERIOUS SUBSTANCES
AND PHYSICAL PROPERTIES OF AGGREGATE
CSA A23.1 - 14, Table 11 & 12 and A23.2 - 15A & 27A, Rev. August 2014
Clauses 4.2.3.2.2, 4.2.3.4.3, 4.2.3.5.1, 4.2.3.5.3.3, 4.2.3.5.3.4, 4.2.3.7 & 4.2.3.10.1

Client:

Name of Testing Laboratory: Telephone No.: Fax No.:

Sample Lab No.:

Aggregrate Inventory No.:

Flat & elongated particles, Procedure A, 4:1 - A23.2-13A

Petrographic examination of aggregate - A23.2 -15A

Issued By:

1 % maximum

maximum 0.040% at one year

Absorption - A23.2 - 12A

Kristen Hand

-

-

--

-

Unconfined freeze-thaw test - A23.2 - 24A‡‡

Low - density granular materials - A23.2 - 4A‡**** 0.5 % maximum

Material finer than 80 μm - A23.2 - 5A** 1% maximum1

Print Name

Concrete prism - A23.2 - 14A

125  maximum 140  maximum

Accelerated mortar bar - A23.2 - 25A

MgSO4 soundness loss - A23.2 - 9A

-50 % maximum

Alkali-Carbonate reactivity - A23.2 - 26A chem. comp. must plot in non-exp. field -

- -

50 % maximum

maximum 0.150% at 14 days

-

12 % maximum 18 % maximum

-

  Date

-

-

- -

  Enclosure:
2

21 % maximum Y

Y

4.5%

1.6%

14.0%

9.5%10 % maximum

-

-

  Material Results

0.37% 0.37% -

1% maximum1

-

n/a n/a n/a

Micro-Deval test - A23.2 - 29A 17 % maximum

 (905) 312 - 0771

Testing Laboratory Representative Signature

-

COARSE AGGREGATE

20 mm

TB152049 Hatch Ltd.

Janaury 2017

Sample Spec.

14 February 2017

-

20.0 % maximum 20.0 % maximum - - -

Maximum percentage by mass

Alternative Requirements***

0.5 % maximum

6 % maximum

Abrasion loss - A23.2 - 16A and A23.2 - 17A§§

-

Results

-

Job No.:

0.3 % maximum

Concrete exposed to Other exposure

-

Sample Source:

Stockpile Quantity (t)Date Sampled:
Crushed Core

S020-17 NF17-03

--
Sample Type:

Limits for Deleterious Substances and Physical Properties of Aggregates

Nominal Max. Size (mm): Gradation Results: Meets Spec.:   (Y/N)

Sampled By:
Client

 (905) 312 - 0700Amec Foster Wheeler  Environment & Infrastructure

CSA Laboratory Test and Number

-

Y / N
Standard Requirements

freezing & thawing conditions

-

of total sample

Clay lumps - A23.2 - 3A †****

Meets

Reference

     Acceptance Limits



LIMITS FOR DELETERIOUS SUBSTANCES
AND PHYSICAL PROPERTIES OF AGGREGATE
CSA A23.1 - 14,  Table 11 & 12 and A23.2-15A & 27A, Rev. August 2014
Clauses 4.2.3.2.2, 4.2.3.4.3, 4.2.3.5.1, 4.2.3.5.3.3, 4.2.3.5.3.4, 4.2.3.7 & 4.2.3.10.1 Enclosure: 2

*Limits for deleterious substances not listed in this Table, such as coal, ochre (ironstone), shalestone, siltstone, or argillaceous limestone, shall be specified by the owner

 to encompass deleterious materials known to be present in a particular region. In the absence of such information, aggregate shall be accepted

or rejected in accordance with clause 4.2.3.9

†Clay lumps are defined as fine-grained, consolidated, sedimentary materials of a hydrous aluminosilicate nature.

‡A liquid with a relative density of 2.0 is generally used to separate particles classified as coal or lignite. Liquids with relative densities higher or lower than 2.0 might be

required to identify other deleterious low-density materials.

The amount of material of clay size shall be determined by performing a hydrometer analysis as per ASTM D 422 on a sample washed through an 80 μm sieve.

**In the case of crushed aggregate, if material finer than the 80 μm sieve consists of the dust of fracture, essentially free from clay or shale, the maximum shall be 2.0%

‡‡CSA A23.2-24A, a test for coarse aggregate, has good precision and shows fair correlation with the MgSO4 soundness test. For further information, see Rogers,

Senior, & Boothe (1989)

§§The abrasion loss shall not be greater than 35% when the aggregate is used in concrete paving or for other concrete surfaces subjected to significant wear.
This does not refer to air- cooled iron blast-furnace-slag coarse aggregate. The abrasion loss requirements for coarse aggregate shall be waived provided that
the material meets the alternative requirements for Micro-deval detailed in this Table.
***The freeze-thaw requirements for coarse aggregate shall be waived provided that the material meets the laternative requirements for MgSO4 soundness loss
detailed in this Table.
****If the Coarse Aggregate when tested according to A23.2-15A does not show the presence of either clay lumps or low-density granular materials, the requirements
 for testing in accordance with 3A and 4A may be waived.
1This limit applies to the amount of material finer than 80μm as determined by washing only.

Amec Foster Wheeler Environment & Infrastructure
a Division of Amec Foster Wheeler Americas Limited
505 Woodward Avenue, Unit 1
Hamilton, Ontario
Canada  L8H 6N6 TM-MAT-1041A-03



SIEVE ANALYSIS OF  FINE AND COARSE AGGREGATE
CSA A23.2-2A

Enclosure:
Date:

Hatch Ltd. Project No:
NF17-03 Lab No:
Client Date Received:

Date Tested:
Crushed Core Lab Technician:
CSA A23.1-14, August 2014, Table 11, Group I, 20-5mm Concrete Stone Fineness Modulus:
Grading Requirements for Coarse Aggregate

 SIEVE SIZES  (mm) 120 112 80 56 40.0 28.0 20 14 10 7.1 5 2.5 1.25 0.630 0.315 0.160 0.08

 SPECIFICATIONS - - - - - 100.0 85-100 50-90 25-60 - 0-10 0-5 - - - - -

 % PASSING 100.0 100.0 100.0 100.0 100.0 100.0 87.1 46.8 23.6 10.8 2.4

0.0 0.0 0.0 0.0 0.0 0.0 12.9 53.2 76.4 89.2 97.6

January 2017

Specification:
Sample Type:
Date Sampled:

 % RETAINING

Client:

Sampled By:
Sample Source:

112805640.028.02014107.15.02.51.250.6300.3150.1600.08
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LIMITS FOR DELETERIOUS SUBSTANCES
AND PHYSICAL PROPERTIES OF AGGREGATE
CSA A23.1 - 14, Table 11 & 12 and A23.2 - 15A & 27A, Rev. August 2014
Clauses 4.2.3.2.2, 4.2.3.4.3, 4.2.3.5.1, 4.2.3.5.3.3, 4.2.3.5.3.4, 4.2.3.7 & 4.2.3.10.1

Client:

Name of Testing Laboratory: Telephone No.: Fax No.:

Sample Lab No.:

Aggregrate Inventory No.:

Flat & elongated particles, Procedure A, 4:1 - A23.2-13A

Petrographic examination of aggregate - A23.2 -15A

Issued By:

1 % maximum

maximum 0.040% at one year

Absorption - A23.2 - 12A

Kristen Hand

-

-

--

-

Unconfined freeze-thaw test - A23.2 - 24A‡‡

Low - density granular materials - A23.2 - 4A‡**** 0.5 % maximum

Material finer than 80 μm - A23.2 - 5A** 1% maximum1

Print Name

Concrete prism - A23.2 - 14A

125  maximum 140  maximum

Accelerated mortar bar - A23.2 - 25A

MgSO4 soundness loss - A23.2 - 9A

-50 % maximum

Alkali-Carbonate reactivity - A23.2 - 26A chem. comp. must plot in non-exp. field -

- -

50 % maximum

maximum 0.150% at 14 days

-

12 % maximum 18 % maximum

-

  Date

-

-

- -

  Enclosure:
2

21 % maximum Y

Y

7.9%

0.8%

14.0%

9.5%10 % maximum

-

-

  Material Results

0.37% 0.45% -

1% maximum1

-

n/a n/a n/a

Micro-Deval test - A23.2 - 29A 17 % maximum

 (905) 312 - 0771

Testing Laboratory Representative Signature

-

COARSE AGGREGATE

20 mm

TB152049 Hatch Ltd.

January 2017

Sample Spec.

14 February 2017

-

20.0 % maximum 20.0 % maximum - - -

Maximum percentage by mass

Alternative Requirements***

0.5 % maximum

6 % maximum

Abrasion loss - A23.2 - 16A and A23.2 - 17A§§

-

Results

-

Job No.:

0.3 % maximum

Concrete exposed to Other exposure

-

Sample Source:

Stockpile Quantity (t)Date Sampled:
Crushed Rock

S021-17 NF17-04

--
Sample Type:

Limits for Deleterious Substances and Physical Properties of Aggregates

Nominal Max. Size (mm): Gradation Results: Meets Spec.:   (Y/N)

Sampled By:
Client

 (905) 312 - 0700Amec Foster Wheeler  Environment & Infrastructure

CSA Laboratory Test and Number

-

Y / N
Standard Requirements

freezing & thawing conditions

-

of total sample

Clay lumps - A23.2 - 3A †****

Meets

Reference

     Acceptance Limits



LIMITS FOR DELETERIOUS SUBSTANCES
AND PHYSICAL PROPERTIES OF AGGREGATE
CSA A23.1 - 14,  Table 11 & 12 and A23.2-15A & 27A, Rev. August 2014
Clauses 4.2.3.2.2, 4.2.3.4.3, 4.2.3.5.1, 4.2.3.5.3.3, 4.2.3.5.3.4, 4.2.3.7 & 4.2.3.10.1 Enclosure: 2

*Limits for deleterious substances not listed in this Table, such as coal, ochre (ironstone), shalestone, siltstone, or argillaceous limestone, shall be specified by the owner

 to encompass deleterious materials known to be present in a particular region. In the absence of such information, aggregate shall be accepted

or rejected in accordance with clause 4.2.3.9

†Clay lumps are defined as fine-grained, consolidated, sedimentary materials of a hydrous aluminosilicate nature.

‡A liquid with a relative density of 2.0 is generally used to separate particles classified as coal or lignite. Liquids with relative densities higher or lower than 2.0 might be

required to identify other deleterious low-density materials.

The amount of material of clay size shall be determined by performing a hydrometer analysis as per ASTM D 422 on a sample washed through an 80 μm sieve.

**In the case of crushed aggregate, if material finer than the 80 μm sieve consists of the dust of fracture, essentially free from clay or shale, the maximum shall be 2.0%

‡‡CSA A23.2-24A, a test for coarse aggregate, has good precision and shows fair correlation with the MgSO4 soundness test. For further information, see Rogers,

Senior, & Boothe (1989)

§§The abrasion loss shall not be greater than 35% when the aggregate is used in concrete paving or for other concrete surfaces subjected to significant wear.
This does not refer to air- cooled iron blast-furnace-slag coarse aggregate. The abrasion loss requirements for coarse aggregate shall be waived provided that
the material meets the alternative requirements for Micro-deval detailed in this Table.
***The freeze-thaw requirements for coarse aggregate shall be waived provided that the material meets the laternative requirements for MgSO4 soundness loss
detailed in this Table.
****If the Coarse Aggregate when tested according to A23.2-15A does not show the presence of either clay lumps or low-density granular materials, the requirements
 for testing in accordance with 3A and 4A may be waived.
1This limit applies to the amount of material finer than 80μm as determined by washing only.

Amec Foster Wheeler Environment & Infrastructure
a Division of Amec Foster Wheeler Americas Limited
505 Woodward Avenue, Unit 1
Hamilton, Ontario
Canada  L8H 6N6 TM-MAT-1041A-03



SIEVE ANALYSIS OF  FINE AND COARSE AGGREGATE
CSA A23.2-2A

Enclosure:
Date:

Hatch Ltd. Project No:
NF17-04 Lab No:
Client Date Received:

Date Tested:
Crushed Rock Lab Technician:
CSA A23.1-14, August 2014, Table 11, Group I, 20-5mm Concrete Stone
Grading Requirements for Coarse Aggregate

 SIEVE SIZES  (mm) 120 112 80 56 40.0 28.0 20 14 10 7.1 5 2.5 1.25 0.630 0.315 0.160 0.08

 SPECIFICATIONS - - - - - 100.0 85-100 50-90 25-60 - 0-10 0-5 - - - - -

 % PASSING 100.0 100.0 100.0 100.0 100.0 100.0 78.1 37.6 19.4 9.2 2.2

0.0 0.0 0.0 0.0 0.0 0.0 21.9 62.4 80.6 90.8 97.8

January 2017

Specification:
Sample Type:
Date Sampled:

 % RETAINING

Client:

Sampled By:
Sample Source:

112805640.028.02014107.15.02.51.250.6300.3150.1600.08
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Sample Gradation Lower Specification Limit

Upper Specification Limit sieve designations
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Pore Water Extraction and Determination of 
Soluble Salt Content of Soils by Refractometer 
ASTM D4542-15 

Geotechnical LaboratoryGeotechnical LaboratoryGeotechnical LaboratoryGeotechnical Laboratory

 

Comments:  Tested with EXTECH Model RF20 Refractometer with automatic temperature compensation. 

Reported by: R. Serluca, Lab Tech. June 10, 2018 
Name, Title, Date 

Reviewed by: G. Qu, July 10, 2018 
Name, Title, Date 

 

Notice: the test data given herein pertain to the sample provided, and may not be applicable to material from other production zones/periods. This report 
constitutes a testing service only. Interpretation of the data given here may be provided upon request. 

Suite 500, 4342 Queen Street, Niagara Falls, Ontario, Canada L2E 7J7  Tel: +1 (905) 374 5200 www.hatch.com 
© Hatch 2018 All rights reserved, including all rights relating to the use of this document or its contents. 

 

 

Date:  June 10, 2018 Baffinland Iron Mines 

Project Number:  H/353004 2275 Upper Middle Rd, 
Oakville Ontario. 

Project:   Mary River Expansion Project Attention: H. Ghiabi 
 
 

Sample As Listed Below 

Source BH18-004 Milne Port 
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Pore Water Extraction and Determination of 
Soluble Salt Content of Soils by Refractometer 
ASTM D4542-15 

Geotechnical LaboratoryGeotechnical LaboratoryGeotechnical LaboratoryGeotechnical Laboratory

 

Comments:  Tested with EXTECH Model RF20 Refractometer with automatic temperature compensation. 

Reported by: P. Snable, G.I.T. April 20, 2018 
Name, Title, Date 

Reviewed by: G. Qu, July 10, 2018. 
Name, Title, Date 

 

Notice: the test data given herein pertain to the sample provided, and may not be applicable to material from other production zones/periods. This report 
constitutes a testing service only. Interpretation of the data given here may be provided upon request. 

Suite 500, 4342 Queen Street, Niagara Falls, Ontario, Canada L2E 7J7  Tel: +1 (905) 374 5200 www.hatch.com 
© Hatch 2018 All rights reserved, including all rights relating to the use of this document or its contents. 

 

 

Date:  April 20, 2018 Baffinland Iron Mines 

Project Number:  H/353004 2275 Upper Middle Rd, 
Oakville Ontario. 

Project:   Mary River Expansion Project Attention: G. Qu 
 
 

Sample As Listed Below 

Source BH18-M003 Milne Port 

 

 

  

  

 



Pore Water Extraction and Determination of 
Soluble Salt Content of Soils by Refractometer 
ASTM D4542-15 

Geotechnical LaboratoryGeotechnical LaboratoryGeotechnical LaboratoryGeotechnical Laboratory

 

Comments:  Tested with EXTECH Model RF20 Refractometer with automatic temperature compensation. 

Reported by: P. Snable, G.I.T. April 20, 2018 
Name, Title, Date 

Reviewed by: G. Qu, July 10, 2018. 
Name, Title, Date 

 

Notice: the test data given herein pertain to the sample provided, and may not be applicable to material from other production zones/periods. This report 
constitutes a testing service only. Interpretation of the data given here may be provided upon request. 

Suite 500, 4342 Queen Street, Niagara Falls, Ontario, Canada L2E 7J7  Tel: +1 (905) 374 5200 www.hatch.com 
© Hatch 2018 All rights reserved, including all rights relating to the use of this document or its contents. 

 

 

Date:  April 20, 2018 Baffinland Iron Mines 

Project Number:  H/353004 2275 Upper Middle Rd, 
 Oakville Ontario. 

Project:   Mary River Expansion Project Attention: G. Qu 
 
 

Sample As Listed Below 

Source BH18-M001 Milne Port 

 

 

  

  

 



 
Baffinland Iron Mines Corporation - Mary River Expansion Project

2016-2017-2018 Milne Port Geotechnical Investigation Factual Data Report  - October 5, 2018

 

 
H353004-40000-229-230-0009, Rev. 1

© Hatch 2018 All rights reserved, including all rights relating to the use of this document or its contents. 

Appendix E
Fence Diagrams

1











 
Baffinland Iron Mines Corporation - Mary River Expansion Project

2016-2017-2018 Milne Port Geotechnical Investigation Factual Data Report  - October 5, 2018
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Appendix F
Summary of Laboratory Results

1



2016/2017 Milne Port Geotechnical Investigation
Summary of Laboratory Results
Moisture Content and Gradation Test Results

BS-1 1.0
BS-2 2.5 18.0
BS-3 3.9 18.0
BS-4 5.9 19.0 0 82 17
BS-5 7.0 16.0
BS-6 8.0 16.0
BS-7 9.9 16.0
BS-8 11.2 16.0
BS-9 12.4 18.0
BS-10 14.9 16.0
BS-1 1.3 100.0
BS-2 2.7 21.0 6 37 57
BS-3 4.0 11.0 27 61 12
BS-4 5.9
BS-5 7.2
BS-6 8.0 19.0
BS-7 10.0 14.0
BS-8 11.5 14.0
BS-9 13.0 16.0
BS-10 14.9 18.0
BS-1 1.2 18.0 17 63 20
BS-2 2.7 33.0 0 4 96
BS-3 4.6
BS-4 6.1
BS-5 7.3
BS-6 8.8
BS-7 10.3
BS-8 11.8
BS-9 13.4
BS-10 15.2
BS-1 1.0
BS-2 2.7 0 95 4
BS-3 4.3
BS-4 5.8
BS-5 7.3 14.0
BS-6 8.8
BS-7 10.3
BS-8 11.8
BS-9 13.4
BS-10 14.9

Fines (%)

BS16-M001

BS16-M002

BS16-M003

BS16-M004

Gravel (%) Sand (%)Borehole 
No.

Sample 
No. Depth Moisture 

Content 
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2016/2017 Milne Port Geotechnical Investigation
Summary of Laboratory Results
Moisture Content and Gradation Test Results

BS-1 1.2
BS-2 2.7 13.0 35 53 12
BS-3 4.3
BS-4 5.8 20.0
BS-5 7.3
BS-6 8.8 16.0
BS-7 10.3
BS-8 11.8
BS-9 13.4
BS-10 14.9
BS-1 0.9 32 45 23
BS-2 2.5
BS-3 4.4
BS-4 5.8
BS-5 7.3
BS-6 8.8
BS-7 10.3
BS-8 11.8
BS-9 13.4
BS-10 14.6
BS-1 0.6
BS-2 2.4 22.0
BS-3 3.6 19.0 0 100 0
BS-1
BS-2 1.5
BS-3 3.1 18.0 0 73 27
BS-4 4.6
BS-5 7.6 20.0
BS-6 9.1
BS-7 10.6 9.0
BS-8 12.5 12.0
BS-9 13.7
BS-10 15.5
BS-1 0.9
BS-2 2.1
BS-1 0.9 0 16 84
BS-2 2.7
BS-3 4.2 0 4 96
BS-4 5.5
BS-5 7.0
BS-6 8.5
BS-7 10.0
BS-8 11.5
BS-9 13.0
BS-10 14.7

Moisture 
Content Gravel (%)

BS16-M007

BS16-M008

Sample 
No. Depth

BS16-M005

Fines (%)

BS16-M009

BS16-M010

Sand (%)Borehole 
No.

BS16-M006
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2016/2017 Milne Port Geotechnical Investigation
Summary of Laboratory Results
Moisture Content and Gradation Test Results

BS-1 1.2 0 68 32
BS-2 2.5
BS-3 3.4
BS-4 5.5
BS-5 7.0
BS-6 8.5
BS-7 9.8
BS-8 11.6
BS-9 13.0
BS-10 14.7
BS-1 0.9 39 45 17
BS-2 2.0
BS-3 4.1 0 16 84
BS-4 5.6
BS-5 7.0
BS-6 8.6
BS-7 10.3
BS-8 11.6
BS-9 13.0
BS-10 14.9
BS-1 1.2 32 48 20
BS-2 2.3
BS-3 4.0 5 33 61
BS-4 5.1
BS-5 7.0
BS-6 8.5
BS-7 10.0
BS-8 11.5
BS-9 13.1
BS-10 14.6
BS-1 1.2 22 52 26
BS-2 2.7
BS-3 4.3 0 78 22
BS-4 6.1
BS-5 7.3
BS-6 8.8
BS-7 10.3
BS-8 11.8
BS-9 13.4
BS-10 14.9
BS-1 1.0 32 59 10
BS-2 2.1
BS-3 3.9 15 71 14
BS-4 5.5
BS-5 7.0
BS-6 8.2
BS-7 9.7
BS-8 11.5
BS-9 12.9
BS-10 14.8

Moisture 
Content Gravel (%)Borehole 

No.
Sample 

No. Depth Fines (%)Sand (%)

BS16-M011

BS16-M012

BS16-M013

BS16-M014

BS16-M015
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2016/2017 Milne Port Geotechnical Investigation
Summary of Laboratory Results
Moisture Content and Gradation Test Results

BH17-RD-1 DS-1 5.0 11.0 15 80 5
DS-1 1.0 10.2 14 71 15
DS-2 2.0 24.5 0 68 32
DS-3 4.0 21.3 1 23 76
DS-1 0.7 8.9 18 73 9
DS-2 1.4 21.8 7 30 63
DS-3 2.2 11.7 15 74 11
DS-4 4.0 22.7 0 44 56

BH17-RD-3 DS-1 3.7 11.8 5 86 10
BH17-RD-4 DS-1 2.2 71.6 4 29 67
BH17-RD-5 DS-1 2.4 16.8 3 42 55

DS-1 1.7 6.8 13 59 28
DS-2 3.3 5.1 31 49 20
DS-1 0.8
DS-2 1.7
DS-3 4.0
DS-1 0.9 25.9 10 42 48
DS-2 5.0 19.0 10 35 55
DS-3 7.6 9.2 8 36 56
DS-4 8.7 37.2 0 1 99
DS-5 11.4 21.1 0 2 98
DS-6 12.5 18.4 0 30 70
DS-7 14.3 7.5 15 69 16
DS-8 16.2 7.6 13 60 27
DS-1 3.0 6.2
DS-2 5.5 29.4
DS-3 8.0 18.0
DS-4 9.0 18.0
DS-5 10.3 16.0
DS-6 15.0 18.7
DS-1 1.5 12.8
DS-2 4.0 31.5
DS-3 5.0 27.1
DS-4 5.7 21.5
DS-5 8.8 23.6
DS-6 13.6 25.2
DS-1 1.0
DS-2 2.4
DS-3 5.5

BH17-14 DS-1 4.3
DQ-1 3.2
DQ-2 4.6
DQ-3 5.1 21.3
DQ-4 6.2
DQ-5 8.3
DQ-6 9.7 25.3
DQ-7 11.2 9.4
DQ-8 12.5 8.1
DQ-9 13.4 9.4
DQ-10 14.0 4.2

Fines (%)Depth

BH17-    
EBC-1

BH17-RD-1C

Borehole 
No.

Sample 
No.

Moisture 
Content Gravel (%) Sand (%)

BH17-RD-2

BH17-
CAMP-1

BH17-12

BH17-13

BH17-10

BH17-11

BH17-RD-7
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2016/2017 Milne Port Geotechnical Investigation
Summary of Laboratory Results
Moisture Content and Gradation Test Results

DQ-1 1.0 1.2
DQ-2 1.5 6.5
DQ-3 2.0 28.3
DQ-4 3.1 20.6
DQ-5 4.0 8.6  
DQ-6 5.0 10.0
DQ-7 5.8 6.7
DQ-8 6.9 7.3
DQ-9 8.1 9.8
DS-1 0.9 2.9 15 72 13
DS-2 3.5 10.6 15 76 10
DQ-3 5.0 21.0 7 88 5
DS-4 6.3 15.4 2 93 5
DS-5 7.6 10.1 33 55 11
DS-6 9.3 8.3 42 53 4
DQ-7 12.0 23.4
DS-8 12.2 5.6 46 45 9
DS-9 15.0 9.0 29 61 10
DS-10 17.5 16.6 0 89 11
DQ-11 18.0 17.5 2 85 13
DQ-12 20.5 19.5 2 98 0
DS-13 23.6 10.5 25 63 12
DQ-13B 23.7
DS-14 26.6 16.6 2 86 12
DQ-15 29.8 23.1 0 95 5
DQ-16 32.9 22.2 0 92 8
DQ-17 37.4 21.5 0 92 8
DS-18 39.3 13.1
DQ-19 39.4 18.8 0 93 7
DS-1 3.1 10.9 23 73 5
DS-2 4.4 9.7 33 59 8
DS-3 6.0 12.9 17 73 10
DQ-4 8.8 23.3 0 88 12
DQ-5 9.1 20.4 0 90 10
DQ-6 11.0 11.5 16 78 6
DQ-7 14.3 17.6 3 88 10
DQ-8 15.2 13.1
DQ-9 17.3 20.9 0 89 11
DQ-10 18.0 22.0 0 93 7
DS-11 19.8 12.5 9 82 9
DQ-12 22.5 21.1 0 95 5
DQ-13 24.0 23.8 0 92 8
DQ-14 27.0 18.5 7 86 8
DQ-15 27.4 18.6 0 84 16
DQ-16 28.9 25.7 0 97 3
DQ-17 31.5 19.8 0 94 6
DS-18 36.3
DQ-19 39.0 21.8 0 98 2

Soil Salinity Test Results

BH17-     
EBC-2

BH17-   
EBC-8

BH17-   
EBC-9

Borehole 
No.

Sample 
No. Fines (%)Sand (%)Depth Moisture 

Content Gravel (%)
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2016/2017 Milne Port Geotechnical Investigation
Summary of Laboratory Results

UCS and Point Load ASTM Test Results

10.0

22.0
14.0
28.0
26.0
8.0

26.0

11.0
16.0
15.0
5.0

28.0

27.4
31.5

DQ-14
DQ-15

BH17-   
EBC-9

0.0
0.0

3.0
13.0
22.0
1.0
6.0
7.0
5.0

27.0
5.0
6.0
0.0
3.0
0.0
1.0

22.5
24.0
27.0

9.0
8.0

10.0
26.0
5.0

18.0

37.4
39.3
39.4
0.0
0.0

3.0
0.0
3.0
3.0
3.0
6.0
3.0

14.0
13.0
22.0

13.0
12.0
88.0
11.0

DQ-17
Sea 1
Sea 2

0.9
5.0
8.7
5.5
8.0

15.0
4.0
5.0
8.8

13.6
4.6
5.1
6.2

DQ-10
DQ-12
DQ-13

18.0
20.5
23.6
29.8
32.9

DQ-4
DQ-7
DQ-8

DQ-16
DQ-17
DS-18
DQ-19
Sea 1

8.3
9.7
2.0
3.1
4.3
5.0
5.8
5.0

12.0
15.0

4.4
8.8

14.3
15.2

Salinity Scale (ppt)Depth

DS-1
DS-2
DS-4
DS-2
DS-3
DS-6

DS-2

DS-9
DQ-11
DQ-12
DS-13
DQ-15

BH17-     
EBC-2

BH17-   
EBC-8

Borehole 
No.

BH17-10

DQ-4
DQ-5
DQ-6
DQ-7
DQ-3
DQ-7

Sea 2

DS-2
DS-3
DS-5
DS-6
DQ-2
DQ-3

BH17-11

BH17-12

DQ-4
DQ-5
DQ-6
DQ-3

BH17-    
EBC-1

Sample No.
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2016/2017 Milne Port Geotechnical Investigation
Summary of Laboratory Results

1 164.1

1 161.5

1 57.9
2 46.1
3 94.8

47.2
23.6
94.4
28.3
100.7

21.4
21.9

75.5
182.5
151.7

119.6
147.9
100.7
157.4
70.8

133.8

70.8
20.3
19.1
19.4
19.5
20.3

BH17-   
EBC-1

BH17-   
EBC-2

BH17-   
M008-R

Depth

15.0
16.0
19.1
19.2
19.4
19.8
21.4
13.6
14.0
18.7
17.8
18.7

Borehole 
No.

Sample 
No.

U.C.S. 
(MPa) Point Load ASTM(Mpa)
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2018 Port Geotechnical Investigation
Summary of Laboratory Results

DQ-1 0.2
DQ-2 0.7
DS-3 0.9 20 2 23 75
DQ-4 2.0
DS-5 2.4 17 2 19 79
DS-6 7.0 27 0 1 99
DQ-7 9.7
DS-8 10.2 23 0 3 97
DQ-9 12.3
DS-10 12.4
DS-12 16.5
DS-14 19.4 1 21 41 38
DS-15 22.0 6 21 41 38
DS-16 23.3 6 22 42 36
DS-17 25.4 7 13 52 35
DQ-1 1.1
DS-2 1.2 9 25 63 12
DQ-3 3.8 20 0 2 98
DS-4 4.0 20 0 13 87
DQ-5 5.6 21 0 17 83
DS-6 8.5 20 0 4 96
DQ-7 11.5 25 0 0 100
DS-8 11.6
DS-10 13.1
DQ-9 13.3
DS-11 17.0
DQ-12 17.1
DS-13 21.7
DQ-14 21.7
DQ-15 26.2
DS-16 26.7 23 0 0 100
DQ-17 29.6 5 10 48 42
DS-18 29.8 5 16 44 40
DQ-19 32.0
DQ-23 33.7
DQ-22 34.5
DS-21 34.7
DS-24 36.3 2
DQ-25 36.6
DQ-26 39.2 3 45 26 29
DQ-1 0.6
DS-2 1.0 8 37 43 20
DQ-3 2.0
DS-4 2.2 27 0 10 90
DS-5 4.0 21 0 13 87
DQ-6 7.1
DS-7 7.2 24 0 40 60
DS-8 13.3 22 0 1 99
DQ-9 14.7

BH18-M001

BH18-M002

BH18-M003

Borehole No. Sample 
No. Depth Moisture 

Content Fines (%)Gravel 
(%) Sand (%)
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2018 Port Geotechnical Investigation
Summary of Laboratory Results

DQ-10 19.2
DS-11 19.5 21 0 15 85
DS-12 23.5
DQ-13 24.0 25 0 1 99
DQ-14 26.2
DS-15 27.2 20 0 14 86
DS-16 27.7
DQ-17 28.7
DQ-18 32.2
DS-19 33.2
DS-20 38.4
DS-23 42.8
DQ-22 43.4
DS-24 47.7 6 25 45 30
DS-26 50.9 7 13 42 45
DQ-25 48.1
DS-1 2.4 21 0 86 14
DQ-1 2.5 14 6 77 17
DQ-2 8.2
DS-4 12.6 9 14 70 16
DQ-3 13.4
DQ-5 17.1
DS-6 17.4 7 34 52 14
DQ-7 18.5
DQ-8 21.0 22 0 59 41
DQ-10 26.6
DS-11 26.8 14 11 81 8
DQ-12 31.9
DQ-13 35.4
DS-14 40.2 7 32 45 23
DQ-15 42.5
DQ-16 42.7 20 0 12 88
DS-17 47.2 0 98 2
DQ-19 51.8
DQ-20 55.3
DQ-23 61.3
DS-24 61.7 18 0 23 77
DQ-25 62.8
DS-26 63.2 18 0 6 94
DQ-27 64.5
DQ-28 68.9 20 0 1 99
DS-29 70.5 0 1 99
DQ-30 72.0 20 0 1 99
DQ-32 77.1

BH18-M003

BH18-004

Sand (%) Fines (%)Gravel 
(%)Borehole No. Sample 

No. Depth Moisture 
Content 
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2018 Port Geotechnical Investigation
Summary of Laboratory Results

BH18-M003
DQ-1 0.2 4.0
DQ-3 0.7 10.0
DQ-6 2.0 25.0

BH18-M001

DQ-1 0.2 N/A
DQ-2 0.7 3.0
DQ-4 2.0 2.0
DQ-7 11.3 N/A
DQ-9 13.8 3.0

DQ-20 55.8 73.0
DQ-23 62.8 >100

DQ-17 48.8 31.0
DQ-18 56.8 10.0

DQ-13 24.5 20.0
DQ-15 42.5 52.0

DQ-10 26.6 17.0
DQ-12 31.9 84.0

10.0
DQ-7 18.5 10.0
DQ-8 21.0 34.0

Borehole No. Sample No. Depth Salinity Scale (ppt)

BH18-004

DQ-1 0.2 1.0
DQ-2 8.2 8.0
DQ-3 13.4 10.0
DQ-5 17.1
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Baffinland Iron Mines Corporation - Mary River Project - ERP 
Job Hazard Analysis Form 

 

Job Title 1-1

1. Introduction 
A geotechnical field investigation is underway to gather subsurface data for the 12 Mtpa mine expansion prefeasibility study, which includes an 
offshore (on ice) investigation for the proposed Ore Dock No. 2. This job hazard analysis (JHA) presents an assessment of the hazards and 
control measures to reduce the likelihood or consequence of the  hazards in order to carry out the offshore investigation program. There are a total 
of 10 proposed boreholes for the dock area including 5 sonic boreholes and 5 Piezocone (CPTu) test holes. 

  

2017 Milne Port Ore Dock No. 2
Geotechnical Investigation



 
Baffinland Iron Mines Corporation - Mary River Project - ERP 
Job Hazard Analysis Form 

  

  
 
Job Title 1-2

Job Hazard Analysis Form  
 

PROJECT/TASK: ZG003 Geotechnical Marine Drilling Milne Inlet  Department: Projects Boart Longyear  JOB No.:ZG003 
SUPERVISOR: Emile Beauchamp       LOCATION: Future Ore Dock Milne Inlet  DATE: March 12 ,2017 

JOB STEP 
Break the job into steps. 

Listing work which may be hazardous. 

HAZARDS 
List the hazard or type of harm 

identified with each step. 

Inherent CONTROL MEASURE 
List the necessary control measures to be 
followed to eliminate/reduce the identified 

hazards. 

Residual ACTION 
Person who will ensure 

this happens 

C
on

se
qu

en
ce

 

Li
ke

lih
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d 

R
is

k 
R

an
ki

ng
 

C
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qu

en
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oo

d 
R
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k 

R
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1. Pre-job JHA Review. Missing critical items on the 
JHA that can lead to an 
incident 

3 2 5 Conduct a pre-job JHA review with Safety 
and critical team members 
 
All workers will have the opportunity to 
identify changes needed 
 
Any changes will be added to this 
document  

1 1 2 Marlon 
Coakley/Warren 
Hoyle  

2. Workers to complete FLRA card 
in the field at location prior to 
starting work. 

 
 

Additional hazards in the 
area that may not have been 
identified on the JHA and 
daily changes that may pose 
additional danger to the  
health and  safety of 
workers, the environment 
and property 

3 3 6 Look at immediate work area for hazards 
that may exist, not identified on the JHA. 
 
Have other workers in the group sign off 
on the FLHA 

1 1 2 All workers 

3. Load Weights – The number and 
types of vehicles and            
equipment and their maximum 
gross weights  

Not knowing load 
calculations will run the risk 
of breaking through the ice. 

5 3 8 All equipment and material shall have 
posted GVW or gross equipment weight or 
maximum pull back loads available for use 
with load-ice thickness tables and shall 
follow the Ice Safety Plan. Refer to 
Attachment B for minimum ice thickness  
required for the drilling operations and 
Attachment C for further guidelines 
regarding Ice Safety 

4 2 6 Warren Hoyle 

2017 Milne Port Ore Dock No. 2
Geotechnical Investigation



 
Baffinland Iron Mines Corporation - Mary River Project - ERP 
Job Hazard Analysis Form 

  

  
 
Job Title 1-3

4. General Site  
 
 
 
 
 
 
  
 
 
 
 
 
 
 
 
 
 

Ice Conditions – Slip falls 
 
Ice Conditions – Adequate 
load bearing capacity 
 
Inadequate lighting 
 
Interaction with a Polar Bear 
 
Cold 
 
Whiteout conditions 
 
Emergency Procedures 
 

 

3 2 5 Construct a working platform for outside of 
drill shack to store drill steel and allow the 
use of salt 
 
Use of traction aids on work boots will be 
required for work on ice surfaces.   
 
Apply salt to drill shack decks 
 
Engineered Assessment of minimum ice 
thickness as referenced in Attachment B 
for ice thickness  required for the drilling 
operations and Attachment C for further 
guidelines regarding Ice Safety 
 
Place delineators in the snow marking 
access from the drilling location to the 
shoreline 
 
Existing Baffinland procedure “Safely 
Working On Fresh And Salt Water Ice” 
shall be followed 
 
Polar Bear Monitor will be available at all 
times 
 
Employees will have appropriate PPE 
including clothing available for safely 
working in -40 C and windy conditions 
 
Worksite location is approximately 300 
meters from the shoreline. No work will be 
conducted in whiteout conditions and a 
safety shelter will be available immediately 
adjacent to the work area 
 
Site emergency procedures will be 
provided and reviewed at site 
  

2 1 3 All Crew 

2017 Milne Port Ore Dock No. 2
Geotechnical Investigation



 
Baffinland Iron Mines Corporation - Mary River Project - ERP 
Job Hazard Analysis Form 

  

  
 
Job Title 1-4

5. Working around water and sea 
ice 

Water may appear to be 
completely frozen over, but 
not enough to support 
persons 
 
Falling in water 
 
 
 
Equipment breaking through 
ice  
 
Workers unaware of 
potential dangerous 
conditions 

5 
 
 
 
 
5 
 
 
 
4 
 
 
3 

1 
 
 
 
 
1 
 
 
 
2 
 
 
1 

6 
 
 
 
 
6 
 
 
 
6 
 
 
4 

Ice thickness to be assessed before 
walking on ice  as per BIM Policy.    
Initial ice profiling will be conducted with an 
ice auger 
 
Floatation suit will be used for the initial ice 
profiling using an ice auger. Survival Bag 
(sleeping bag) will be available to reduce 
the risk of hyperthermia 
 
Follow the BIM Working On Ice Procedure 
(BAF-PH1-320-PRO-005, Rev 0, March 1, 
2016) 
 
All workers will be required to complete the 
Alberta Working Safely on Ice Procedure 
online training 
 
    

2 1 3 Marlon 
Coakley/Warren 
Hoyle 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 

6. Drill testing for ice thickness Water may appear to be 
completely frozen over, but 
not enough to support 
persons. 

Large ice cracks or crevices 

Falling in water 

Strains/Sprains 

Slipping on ice 
 
Drilling ice with power auger 
 
Changes in ice conditions 

3 4 7 Traction aids will be used for any ice work 
Ice thickness to be assessed before 
walking on ice 
 
Floatation suits will be worn by workers 
while ice auguring, the worker is to be 
tethered to a primary rescue worker at a 
distance of 30m 
  
Snow must be removed at the hole 
location so ice can be examined for quality 
as described in the Ice field guide. Hand 
shovelling may be necessary 
 
If crevices/ cracks greater than 50% of the 
ice thickness are present, repairs must be 
made if there is risk of falling through ice 
into deep water 

2 2 4 Warren Hoyle / 
Marlon Coakley 

2017 Milne Port Ore Dock No. 2
Geotechnical Investigation



 
Baffinland Iron Mines Corporation - Mary River Project - ERP 
Job Hazard Analysis Form 

  

  
 
Job Title 1-5

 
Ice thickness for a person to walk on must 
be a minimum 13 cm. STOP all work if this 
condition is not met and return to shore. 
 
Be aware when using power ice auger that 
auger bit could bind or jam, have secure 
footing and grip on auger 
 
The ice auger hole spacing will be 20 m 
along the centreline access and the grid 
established in the designated work area. 
Secondary test holes will be augured at 10 
m spacing within 250 m of the shoreline, if 
required based on the variable ice 
thickness 
 
Complete daily inspections of ice surfaces 
and record on ice log inspection sheet 

7. Access from Land to Sea Ice  
 
Snow removal equipment, drill rig 
and access vehicles  are to be used 
for borehole access 

Long distances to walk 
 
Exposure to cold  
 
White Out conditions  
 
 
Risk of falling under sea ice 
along the shoreline 
 
 

4 1 5 Proper warm winter wear to be used 
 
Sat phones and digital radio use. 
 
Rig mats to be used to bridge over the 
fractured ice transition area if the transition 
between sea ice and shoreline needs 
leveling 
 
Buddy system is important to verify 
presence of frost bite or other cold related 
concerns 
 
Vehicle operators and passengers are 
not to wear seat belts when working on 
ice 

1 1 2 All workers 

2017 Milne Port Ore Dock No. 2
Geotechnical Investigation



 
Baffinland Iron Mines Corporation - Mary River Project - ERP 
Job Hazard Analysis Form 

  

  
 
Job Title 1-6

8. Refueling of equipment Fuel spills 
 
Regulatory  or social 
impacts 
 
Spills into water bodies 

3 2 5 Use of duck ponds with any refueling 
 
Have sufficient spill cleanup supplies on 
hand to respond to potential spills 
 
Maximize space between refueling vehicle 
 

3 1 4 All workers 

9. Extreme weather exposure when 
working outdoors or driving to 
and from the Borehole Location  

Stranded work crew in white 
out conditions 
Cold emergencies or cold 
injuries 
Mechanical  equipment 
failure  

4 2 6 BIM has a procedure that is designed for 
white out conditions – it would be 
announced on the  radio 
 
An emergency shelter to be used when in 
the Marine Drilling areas  
 
Emergency Shelter: Heated wooden shack 
(7’ 8” by 7’ 8”) set on platform with skis 
 
Crews to radio from Hatch leads 
Buddy system to watch out for fellow 
workers who may not realize they are 
developing frost bite 
 
Workers to dress in arctic gear and layered 
clothing Proper PPE required 
 
Equipment check list  
 
Review Tidal charts on a daily basis 
 
Workers to take warm up breaks to stay 
warm and alert 
 
At toolbox review weather forecast with 
crew and prepare accordingly  
 

2 1 3 All workers 
 
 
 
 
 
 
 
 
 
 

2017 Milne Port Ore Dock No. 2
Geotechnical Investigation



 
Baffinland Iron Mines Corporation - Mary River Project - ERP 
Job Hazard Analysis Form 

  

  
 
Job Title 1-7

10. Chemical handling- No unusual 
chemicals other than equipment 
needs are anticipated to be 
used.   

Spills, leaks 
 
Chemical splash 
 
Chemical exposure 

2 2 4 All products to be stored in secondary 
containment 
 
MSDS to supplied to BIM for review 
 
MSDS books to be accessible at the work 
front 
 
MSDS training and WHMIS training 
completed before arriving to site 
 
PPE will be followed as per MSDS 
recommendations as will first aid and 
environmental responses 
 
Spills response training and supplies to be 
kept with the equipment 

1 1 2 Boart Longyear  

11. Waste management and Wildlife 
Encounters 

Risk of wildlife encounters 
due to improper waste 
controls 
 
Regulatory non compliance  

3 2 5 Crews will collect waste daily and transport 
it back to camp 
 
Crews will follow BIM waste management 
guidelines 
 
No placing or storing of food in the back of 
pickup trucks 
 
Secure all small tools and PPE as foxes 
may carry away small articles from the site 

2 2 4 All workers 

12. Ecological and Cultural sensitive 
areas 

Risk of causing damage to 
archeological areas 
 
Destroying vegetation  
 
Sensitive wildlife and marine 
life areas 
 
Regulatory and reputation 
damage 

3 3 6 Crews have been instructed that there will 
be NO entry to the area east of the sealift 
ramp 
 
Crews are not to build or alter any 
inukshuk’s or other rock formations on the 
tundra 
 
Permits will be required for the work 
 

2 2 4 All personnel 

2017 Milne Port Ore Dock No. 2
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13. Assemble Drill on skid platform 
skid and construct four walls and 
roofs 

General hazards associated 
with drill assembly 
 
Inadequate communication 
between Boart Longyear 
and Site Services / mobile 
equipment operators 

2 2 4 FLRA to be complete by Boart Longyear 
supervisor prior to executing work 
 
Boart Longyear Drilling operations SOPs 
to be followed including  Boart Longyear  
Procedure 4001  

1 1 2 Warren Hoyle / 
Marlon Coakley 

14. Auguring holes in ice for sonic 
drilling and CPT work 

Large ice cracks or crevices 

Falling in water 

Strains/Sprains 

Slipping on ice 
 
Drilling ice with power auger 
 
Changes in ice conditions 

3 3 6 Wear traction aids for any ice work 
 
PFDs to be worn by workers while ice 
auguring during the sonic drilling and CPT 
operations 
 
Snow must be removed at the hole 
location so ice can be examined for 
quality. Hand shovelling may be necessary
  
Be aware when using power ice auger that 
auger bit could bind or jam, have secure 
footing and grip on auger 
 
Complete daily inspections of ice surfaces 
and record on ice log inspection sheet 
 
All holes must be marked using an orange 
spray paint 
 
Any hole in ice over 30 cm in diameter 
must have a physical barrier around the 
hole 

3 2 5  

15. Working around rotating 
equipment 

Entanglement injuries 3 2 5 All equipment guards to be in place and in 
good working condition 
 
No loose clothing or drawstrings that can 
get pulled into rotating equipment 
 
Long hair must be contained  to prevent 
entanglement into rotating equipment 

2 1 3 All workers 
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If any maintenance is required then energy 
isolation procedures to be followed 

16. Isolation of energy sources Potential energy release that 
causes injury 

3 2 5 All crews will follow the BIM Zero Energy 
State (ZES) procedure 
 
Crews to be given the BIM ZES training on 
site and fully understand the BIM 
requirements 

1 1 2 Boart Longyear 
Crews 
 
BIM H&S  

17. Working on equipment Slip and trip hazards around 
railings, stairs and uneven 
ground. 

2 2 4 Rails are installed around deck and to be 
properly maintained in good condition 
Stairs to be used on equipment 
A head cage will be used to reduce chance 
of contact with the rotating head 
Estops to be in good working order and 
easily accessible 
FLRA to be completed daily to review 
hazards 
 
All crews will follow the BIM Zero Energy 
State (ZES) procedure 
 
 
 

1 1 2 Boart Longyear crew 

18. Ice monitoring during drilling 
activities 

Excessive deflection in ice 4 3 7 Hatch geotechs crew will monitor ice 
conditions during drilling including cracks 
around the work area, monitor freeboard in 
drilled holes for signs of ice deflection 
 

2 2 4 All crew 

2017 Milne Port Ore Dock No. 2
Geotechnical Investigation



 
Baffinland Iron Mines Corporation - Mary River Project - ERP 
Job Hazard Analysis Form 

  

  
 
Job Title 1-10

19. Spotter activities Equipment could come in 
contact with Spotter 

4 2 6 Spotter to maintain eye contact with driver 
 
Spotter to review FLRA 
 
Agreed hand signals to be used with 
drivers in conjunction with BIM spotter 
procedure  
 
Agreed hand signals will be documented 
on the FLRA 
 
Drivers to immediately stop if the Spotter is 
out of eye contact 

1 1 2 Boart Longyear crew 

20. Manual lifting Pinch point, back injuries, 
muscle and joint sprains and 
strains 

2 3 5 Work in pairs, FLRA reviews 
 
Work with a buddy on heavy or awkward 
lifts 
 
Use proper lifting techniques 
 
100 pound pipes to be handled by two 
workers 

1 1 2 All crew 

21. Working with pressure systems Pressurized water and 
hydraulic fluids are used on 
drill and support equipment 
 

3 2 5 Pre operational inspection  
 
Follow all safe work procedures.  
 
ZES when maintenance is required. 

1 1 2 Boart Longyear crew 

22. Falling objects Potential exists for falling of 
drill rod and casing falling 
from overhead 
 

3 2 5 Rigging and slinging training required 
when working with suspended loads and 
overhead hazards 
Perform FLRA 

1 1 2 Boart Longyear Hatch 
Geotec EHS techs 

23. High noise and vibration areas 
on the rigs 

Hearing damage 2 2 4 Hearing protection is required by use of 
ear plugs or muffs.

2 1 3 Boart Longyear Hatch 
Geotec EHS techs 
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24. Housekeeping Potential exists for poor 
housekeeping causing 
slip/trips and other hazards 
 

3 2 5 Daily site assessments and toolbox 
meetings by drillers and site supervisors 
 
BIM EHS techs to perform daily 
inspections 
 

2 2 4 All Crew 

25. Fatigue Potential exists for crew 
fatigue 
 

2 2 4 Fit for duty confirmation required for all 
employees, daily FLRA reviews 
 
Micro breaks to stretch 
 
Proper rest during off shift period  
 

1 1 2 All Crew 

26. Working at night or 24 hour 
darkness 

Higher risk of injury due to 
poor visibility 

3 3 6 Hi-vis work gear to be used 
 
Use of flashlight and headlamp 
 
Workers to stay within 10 meters (30 feet) 
of the worksites at any time 
 
Use of wobble lights and light tower  
Emergency shelter 

1 1 2 All Crew 

27. Hot work - welding Fire risk 
Burn injuries 
Welders Flash  

2 2 4 Hot work training 
 
Use of hot work permits and JHA for any 
Hot Work  
 
Fire Watch required  
 
Proper PPE  
 
Welding training required  

1 1 2 Boart Longyear crew 
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28. Rescue Plan Rough terrain 
 
Further injuries to casualty 
during transit. 
 
Snow storm, white out 
conditions. 
 
Darkness 

3 3 6 The track unit will be used to pull the 
survival shack (survival shack is 7’ 8” x 7’ 
8” square) on platform with skis. 
 
When an incident has occurred, the 
Geotechnical Engineer  must call a Code 
1. 
 
Provide first aid treatment to the injured 
person until MRT arrives on site 
 
MRT will be dispatched to the location.  
MRT will transport the casualty. 
 
Visibility (whiteout conditions) will hinder 
rescue time, rescuers will have to wait out 
the storm, or until the whiteout conditions 
have subsided.  

2 2 4 Marlon Coakley/ 
Warren Hoyle  
 

29. Cleanup and Demob Unfrozen open holes 
 
 
Complacency 
 
 

3 3 6 All drill holes must be filled in with water 
and snow upon completion of drilling 
operations 
 
A Hatch site representative will confirm 
safe conditions upon demob 
 
All debris must be removed from ice 
surface and disposed off site per waste 
management plan 
 
BIM safety and environment 
representatives to attend a post project 
closeout inspection to document the 
completion of the clean-up 

2 2 4 Boart Longyear 
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Comments:  
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control are specified.  

1 2 3 4 5 6  2-4 Low Risk If practical reduce the risk. Ensure personnel are competent to do the task. Manage by 
routing procedure. Monitor for change 

 1 2 3 4 5  A JHA considers a variety of activities/tasks involved in a job scope and analyses the key hazards (sources of harm) 
and their consequences (types of harm) eg. Sources of harm – lifting a heavy pipe - manual handling. Types of harm 
 – Back strain.  Likelihood 

Main Points – On how to write a JHA. 
1. Define the task – what is to be done. 
2. Review previous JHA if any – have we done it before? 
3. Identify the steps – what is to be done. 
4. Identify the hazards of each step. 
5. Identify who or what could be harmed. 
6. Give the task a risk rating – Consequence + Frequency 
7. Develop solutions to eliminate or control hazards in each step. 
8. Review the risk rating after the control system has been implemented. 
9. If risk rating unacceptable review the solutions till risk rating acceptable. 
10. Agree who will implement the control system. 
11. Document the JHA and discuss with the relevant personnel. 

Hierarchy of Hazard Management – Control Measures 
These steps outline what should be planned for when deciding what control measures 
are to be put in place. Whenever possible the highest step should be used first and 
then progress down the list. 
1. Eliminate the hazard. 
2. Substitution. 
3. Reducing the frequency of a hazardous task. 
4. Enclosing the hazard. 
5. Additional procedures. 
6. Additional supervision. 
7. Additional training. 
8. Instructions / information. 
9. Some personal protective equipment. 
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Attachment A – BIM Working on Ice Procedure 
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Attachment B – On Ice Platform for Geotechnical Drilling 
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1. Purpose 

1.1 This Procedure identifies minimum safe work practices for the set-up and maintenance of on-
ice platforms to be used to support geotechnical drill rigs for near shore work at Steensby 
Island. 

NOTE: This Procedure does not replace safe work procedures for working on ice. 

2. Scope 
2.1 This Procedure applies to all locations where on-ice platforms are required for near shore 

work at Steensby Island. 

3. Roles and Responsibilities 

3.1 Construction Manager 

3.1.1 The Construction Manager shall be accountable for ensuring full implementation and 
compliance with the requirements of this Procedure. 

3.2 Contractor’s Line Managers 

3.2.1 Contractor’s Line Managers shall have the following accountabilities: 

 Conduct risk assessments for tasks associated with this Procedure and ensure the 
implementation of controls 

 Ensure equipment is used and processes are applied in accordance with this Procedure 

3.3 Site Health and Safety Manager 

3.3.1 The Site Health and Safety Manager shall have the following accountabilities: 

 Audit and monitor compliance with this Procedure 

 Identify remedial corrective actions required to meet this Procedure 

3.4 Supervisors 

3.4.1 Supervisors shall have the following accountabilities: 

 Ensure the application of this Procedure 

 Responsibility for details of construction of the platforms 

 Ensure that a JHA/FLRA is developed for tasks associated with this Procedure 
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 Ensure that employees review and sign the JHA/FLRA prior to task commencement 

 Responsibility for removal of the ice platforms 

3.5 Employees 

3.5.1 All employees shall have the following accountabilities: 

 Ensure they follow this Procedure 

 Ensure that JHA/FLRA developed for tasks associated with this Procedure are followed 

4. Definitions 

4.1 Solid Ice 

4.1.1 Stable sheet of solid ice, thickness adequate to safely support the operation. The solid ice 
may be subject to movement due to tides. 

4.2 Sea Ice 

4.2.1 Sea ice is any form of ice that is found at sea and has originated from the freezing of sea    
water. 

4.3 Rafted Ice or Raft Ice 

4.3.1 Ice in cakes or sheets overlapping or piled on one another. This is a body of near shore ice 
segments fused together and formed during fall freeze-up. The surface of suitable rafted ice 
should be reasonably flat and elevation at or near high tide. This rafted ice is a stable entity. 
Rafted ice that moves with the tides shall be regarded as unstable. 

4.4 Ice Platform 

4.4.1 A platform constructed on the rafted ice by flooding with salt water and including embedded 
rig mats. 

4.5 Rig Mat 

4.5.1 A portable platform used to support equipment used in construction and resource based 
activity including drill rigs. 

4.6 Drill Rig 

4.6.1 A track mounted drill rig used for geotechnical investigations. 
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5. Procedure 

5.1 Specific Requirements for Ice Platforms 

5.1.1 The rafted ice must be stable and fused to act as a homogeneous mass. Appropriate ice 
profiling and/or direct measurement of ice thickness is required. 

5.1.2 Do not attempt to construct an ice platform in locations where sea ice is pushed up onto the 
rafted ice to a height exceeding 2 m. 

5.1.3 The solid ice adjacent to the ice platform must be stable during tidal influence and capable of 
safely supporting the gravity loads imposed by the operation, including at the edge of the ice 
sheet.  Appropriate ice profiling and/or direct measurement of ice thickness is required. 

5.1.4 The zone of discontinuity between the solid and rafted ice must not be open water at any time 
and must be sufficiently narrow so that the rig mats will safely support the movement of 
equipment and personnel across this zone. No work is to be performed over this zone of 
discontinuity. Appropriate ice profiling and/or direct measurement of ice thickness is required. 

5.1.5 The ice platform shall be constructed by alternate overlapping layers of rig mats and flooding 
with salt water until a suitable work space is created over the rafted ice. Profile the ice with an 
ice profiler or measure ice thickness using a mechanical ice auger prior to any flooding. 

5.1.6 The rig mats shall be constructed of steel frames and timber cross beams. The rig mats shall 
be strong enough to bridge across the zone of discontinuity. Note that the attached sketch is 
conceptual only. The number of rig mats must be determined on site. It is anticipated that the 
number of available rig mats will not be more than six. 

5.1.7 The rig mats shall be adequately connected by mechanical means to be determined at site. 

5.1.8 The platform must be sufficiently long and wide to permit a clearance of at least two metres 
on each side of the equipment and supplies. 

5.1.9 The platforms must be removed by means established by the supervisor. 

6. References 
Nunavut General Safety Regulations, R.R.N.W.T. 1990. 

Nunavut Mine Health and Safety Regulations, R-125-95. 

Safe Work Procedure – Working on Ice (HS-SWP-092). 

END OF SECTION 
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Appendix A 
Illustrations 
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Project Memo 
December 14, 2011 

TO: K. Skebo FROM: B. Gill 
   

cc: S. Hinchberger 
R. MacCrimmon 

  

  

Baffinland Iron Mines Corporation 
Mary River Project 

 

Consideration of Bearing Capacity of Ice for Geotechnical Drilling Program 

1. Introduction 
The purpose of this note is to consider the ice features that may affect the execution of a planned 
geotechnical drilling program in a safe and effective manner. The program will be conducted 
during April and May in the proposed mine and marine facilities areas of the Baffinland project 
on northern Baffin Island. This note addresses primarily the bearing capacity of the ice cover for 
supporting the drilling program vehicles and equipment. 

1.1 Air Temperatures and Ice Thickness 
The air temperatures over the period from 1971 to 2000 for Hall Beach to the southwest and 
Pond Inlet to the northeast for April and May are as follows: 

Table 1-1: Air Temperatures 
 Hall Beach Pond Inlet 
 April May April May 

Daily Average -20.4 -9.0 -22.1 -9.9 
Daily Maximum -15.2 -4.8 -17.7 -5.8 
Daily Minimum -25.6 -13.2 -26.5 -13.9 

 

Thus it is seen that the air temperature is well below freezing for the period and ice will continue 
to grow. Ice thickness data for Hall Beach show that in most years, the thickness reaches to 2 m 
or greater by May. The minimum thickness for May over 50 years is approximately 1.5 m. This is 
a significant thickness that is capable of supporting very heavy loads. 

1.2 The Bearing Capacity of Ice 
The guidelines in Canada for determining safe working loads for operations on ice are based on 
work by Dr. L. Gold of the National Research Council (see for example, “A Field Guide to Ice 
Construction Safety” by NWT Department of Transportation, November, 2007 and “Best Practice 
for Building and Working Safely on Ice Covers in Alberta by Work Safe Alberta, Government of 
Alberta, October, 2009). Dr. Gold published his paper “Use of Ice Covers for Transportation” in 
1971. His formula, which says that the safe working load is a function of the ice thickness 
squared, is P=Ah2 where A is a parameter that is related to the ice strength and h is the ice 
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thickness. The value of A may vary depending on the degree of risk one is willing to take and the 
offsetting precautionary and response measures that are implemented in a given case. For the 
current case in which the ice thickness is large, the ice is static, and the equipment loads are 
relatively modest in relation to the ice bearing capacity, one could assume a low risk factor, and 
the subsequent calculated minimum ice thickness for the planned equipment weight would be 
relatively high, but still well below the thickness in April and May. In the Alberta and NWT 
documents referred to above, the former document uses a range of values for ‘A’ from 3.5 to 7 
and suggests hazard control measures appropriate to each level, whereas the latter document 
uses a single value of 4 for ‘A’. Both of these documents are concerned with freshwater lake and 
river ice. 

Using a value of 4 for ‘A’ and an ice thickness of 200 cm results in an allowable load of 160 
tonnes or more than 12 times the weight of a Cat 950 loader. The ratio would be presumably 
even greater in the case of a drill rig. In the same manner, the minimum (freshwater) ice 
thickness that a stationary or slowly moving 950 loader weighing about 13,000 kg would require 
is 57 cm. 

The allowable load in the case of sea ice would be less than that for an equivalent thickness of 
freshwater ice because of the lower strength (under the same temperature conditions) that results 
from brine inclusions in the sea ice. A reasonable understanding of this derating can be obtained 
by comparing the flexural strengths of the two types of ice. For a salinity of 8 ppt (parts per 
thousand) for arctic sea ice at an average ice temperature of -20 deg C, the resulting flexural 
strength is about 65 percent of the strength of freshwater ice at the same temperature. The 
minimum sea ice thickness for a 950 loader would then be about 70 cm. This is 35 percent of 
the expected ice thickness at the project site during the drilling period. 

The rate of movement of the equipment is not expected to be a significant factor, unlike in the 
case of transport vehicles moving at speed on ice covers over relatively shallow water. The 
speeds in the present case will not be sufficient to cause any dynamic effects that could lead to a 
magnification in deflection of the ice cover. According to field studies reported in the above-
referenced Alberta Government document, a vehicle would have to travel at 50 km/h over ice 1 
m thick in 15 m of water to cause such effects.  

1.3 Potential Hazard Control 
As noted, the large ice thickness in relation to the minimums required to safely carry the loads 
and the static nature of the ice cover in the present case mean that this is a low-risk operation in 
terms of potential ice bearing problems. An appropriate hazard control procedure would entail 
prior ice measurements to confirm the anticipated thickness in the working areas,  measurements  
thereafter if any uncertainties exist with respect to ice thickness,  monitoring the ice quality (e.g. 
cracks, effects of warming, water on the ice, etc), and checking for deflection of the ice cover as 
time of equipment in one location increases (this can be done by observing the water level in 
boreholes). 

An overall ice safety plan should be implemented, including orientation and instruction for 
employees and contractors and routine daily observations to ensure rules of working on an ice 
cover are followed. 

BG:vl 
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Baffinland Iron Mines 
Mary River Expansion Study Stage 2 

 

Minimum Ice Thickness for Offshore Drilling at Milne Port 2017 

 

1. Introduction 
Hatch Ltd. (Hatch) was retained by Baffinland Iron Mines to conduct an offshore, on-ice, 
geotechnical drilling investigation at the Milne Port Site. This investigation is scheduled for the 
period of mid to late March 2017. In order to mitigate risk relating to ice breakthrough, the 
investigation team reviewed ice strength evaluation completed for a similar offshore 
investigation at the Steensby site in 2011.  

2. Allowable Ice Loading 
2.1 Moving Loads 

The 2011 evaluation of ice thickness utilized Gold’s formula to calculate the allowable weight 
for a variable ice thickness. Gold’s formula is based on literature that utilizes data collected 
from ice breakthroughs and forms an empirical relationship to predict the allowable bearing 
capacity of ice. 

 

P = Allowable load in kilograms 

A = Constant which depends on the quality of the ice, the geometry of the load and the factor 
of safety appropriate  

h = Effective thickness of the ice in centimeters 

Further literature review suggests using a value of 4 as a conservative estimate for 
freshwater ice. Government of Alberta and Northwest territories both recommend using a 
factor of 4. 
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It is noted that a factor of 4 is used for freshwater ice and does not account for the reduction 
of flexural strength in sea ice due to the presence of brine. A reduction factor of 0.65 is 
applied per Hatch project memo entitled, “On-Ice Platforms for Geotechnical Drilling at 
Steensby Island” (Document # H349000-HS-SWP-165). 

Table 2-1: Maximum Allowable Load  On Sea Ice 

Ice Thickness 
(cm) Load (kg) Load (lb)  

Ice Thickness 
(cm) Load (kg) Load (lb) 

5              60  
 

150  105
  

28,660  
 

63,200 

10             260  
 

580  110
  

31,460  
 

69,360 

15             580  
 

1,290  115
  

34,380  
 

75,810 

20          1,040  
 

2,300  120
  

37,440  
 

82,550 

25          1,620  
 

3,590  125
  

40,620  
 

89,570 

30          2,340  
 

5,160  130
  

43,940  
 

96,880 

35          3,180  
 

7,030  135
  

47,380  
 

104,470 

40          4,160  
 

9,180  140
  

50,960  
 

112,350 

45          5,260  
 

11,610  145
  

54,660  
 

120,520 

50          6,500  
 

14,340  150
  

58,500  
 

128,980 

55          7,860  
 

17,340  155
  

62,460  
 

137,720 

60          9,360  
 

20,640  160
  

66,560  
 

146,740 

65        10,980  
 

24,220  165
  

70,780  
 

156,060 

70        12,740  
 

28,090  170
  

75,140  
 

165,660 

75        14,620  
 

32,250  175
  

79,620  
 

175,550 

80        16,640  
 

36,690  180
  

84,240  
 

185,720 

85        18,780  
 

41,420  185
  

88,980  
 

196,180 

90        21,060  
 

46,430  190
  

93,860  
 

206,930 

95        23,460  
 

51,740  195
  

98,860  
 

217,970 

100        26,000  
 

57,330  200
  

104,000  
 

229,290 
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2.2 Static Loads 
Gold’s formula is adequate for calculating the allowable bearing capacity for moving loads on 
ice but it does not propose a relationship between allowable loads and ice thickness for static 
loads. To ensure ice safety for a static load operation, a literature review was completed. It 
was concluded that the deflection in ice must be monitored throughout the drilling operation 
and loading must be removed in case of excessive deflections. Ice cover should not exceed 
the freeboard elevation to ensure safety of the drilling crew. 

3. Monitoring During Drilling Activities 
A hole will be augured through ice within 5 m of the point of maximum load. The depth of 
water in the hole will be monitored throughout the duration of the drilling investigation at each 
borehole location. Drilling will be terminated if sea water is observed flowing through the top 
of the augured hole. Ref 3 provides further details regarding the bearing capacity of ice 
covers under static loads. 

4. References 
1. W, Gold. L. (n.d.). Field study on the load bearing capacity of ice covers. National 

Research Council Canada, 61(5), 3-7. Retrieved March 18, 2017, from http://nparc.cisti-
icist.nrc-cnrc.gc.ca/eng/view/object/?id=e7d278d9-808a-4959-b9f7-27320d757afd 

2. KINGERYW, . D., KLICKD, . W., DYKINSJ., E. Sea ice engineering summary report-
Project ICEWAY. U.S. Naval Civ. Eng. Lab.Port Hueneme, Calif., Tech. Rep. R-189. 

3. Frederking, R. M. W., and L. W. Gold. "The Bearing Capacity of Ice Covers under Static 
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Appendix I
Geophysical Assessment




















