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THIS DRAWING WAS PREPARED FOR THE EXCLUSIVE USE OF [BAFFINLAND ] ("CLIENT") AND IS ISSUED PURSUANT TO
[ THE RELEVANT AGREEMENT ] BETWEEN CLIENT AND [ HATCH LTD. ] ("HATCH"). UNLESS OTHERWISE AGREED IN WRITING
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Baffinland Iron Mines Corporation - Mary River Expansion Project
Borrow Source Investigation Factual Data Report - July 24, 2019

Appendix B

Laboratory Test Results
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ABA - Modified Sobek

SGS Canada Inc.

P.O. Box 4300 - 185 Concession St.
Lakefield - Ontario - KOL 2HO

Phone: 705-652-2000 FAX: 705-652-6365

Hatch LTD

09-January-2019

OnLine LIMS

Attn : Ralph Serluca Date Rec. : 20 December 2018
LR Report: CA15343-DEC18

4342 Queen St Suite 300 Reference: PO#

Niagara Falls, ON

L2E 7J7, Canada Copy: #1

Phone: 905-374-5200

Fax:905-374-0701

CERTIFICATE OF ANALYSIS
Final Report
Analysis 1: 2: 3: 4: 5: 6: 7: 8: 9: 10: 11: 12: 13: 14: 15:
Analysis Analysis Analysis Analysis Q1 Q5 Q24 QMR2 PQ4B PQ5B PQ6B PQ12A PQ13 PQ15A PQ15B
Start Date Start Time Completed Completed
Date Time
Paste pH 07-Jan-19 08:23 09-Jan-19 17:29 9.74 9.25 819 953 8.19 8.27 8.18 8.81 9.14 9.28 9.13
Fizz Rate [---] 07-Jan-19 08:23 09-Jan-19 10:26 1 1 4 1 4 4 4 4 1 1 1
Sample weight [g] 07-Jan-19 08:23 09-Jan-19 10:26 1.97 1.98 1.97 1.98 2.00 1.99 2.03 2.00 2.01 2.01 2.01
HCI Added [mL] 07-Jan-19 08:23 09-Jan-19 10:26 20.00 20.00 80.00 20.00 82.00 99.20 95.00 74.00 20.00 20.00 20.00
HCI [Normality] 07-Jan-19 08:23 09-Jan-19 10:26 0.10 0.10 050 0.10 0.50 0.50 0.50 0.50 0.10 0.10 0.10
NaOH [Normality] 07-Jan-19 08:23 09-Jan-19 10:26 0.10 0.10 050 0.10 0.50 0.50 0.50 0.50 0.10 0.10 0.10
NaOH to pH=8.3 [mL] 07-Jan-19 08:23 09-Jan-19 10:26 15.47 1537 3.14 18.28 5.33 4.88 2.84 4.43 17.84  18.06 17.76
Final pH 07-Jan-19 08:23 09-Jan-19 10:26 1.15 1.15 1.62 0.94 1.52 1.57 1.84 1.80 0.72 0.97 0.78
NP [t CaCO3/1000 t] 07-Jan-19 08:23 09-Jan-19 10:26 12 12 975 4.3 958 1185 1135 870 5.4 4.8 5.6
AP [t CaCO3/1000 t] 09-Jan-19 10:26 09-Jan-19 10:27 0.62 0.62 0.62 0.62 0.62 0.62 0.62 1.25 0.62 0.62 0.62
Net NP [t CaCO3/1000 t] 09-Jan-19 10:26 09-Jan-19 10:27 10.9 1.1 975  3.68 958 1184 1134 868 4.78 4.18 4.98
NP/AP [ratio] 09-Jan-19 10:26 09-Jan-19 10:27 18.5 189 1561 6.94 1546 1911 1831 696 8.71 7.74 9.03
Sulphur (total) [%] 02-Jan-19 12:36 07-Jan-19 16:49 <0.005 0.006 0.020 0.005 <0.005 0.006 <0.005 0.032 <0.005 <0.005 <0.005
Acid Leachable SO4-S [%]  07-Jan-19 16:49 07-Jan-19 16:49 <0.02 <0.02 <0.02 <0.02 <0.02 <0.02 <002 <0.02 <0.02 <0.02 <0.02
Sulphide [%)] 03-Jan-19 13:17 07-Jan-19 16:49 <0.02 <0.02 0.02 <0.02 <0.02 <0.02 <0.02 0.04 <0.02 <0.02 <0.02
Carbon (total) [%] 02-Jan-19 12:36 07-Jan-19 16:49 0.106 0.048 110 0.033 114 11.3 111 11.2 0.070  0.032  0.050
Carbonate [%] 03-Jan-19 10:39 04-Jan-19 14:18 0.145 <0.025 529 0.070 50.9 54.0 52.0 42.1 0.105 0.035 0.100
Page 1 of 2

Data reported represents the sample submitted to SGS. Reproduction of this analytical report in full or in part is prohibited without prior written approval. Please refer to SGS General Conditions of Services located at
http://www.sgs.com/terms_and_conditions_service.htm. (Printed copies are available upon request.)
Test method information available upon request. “Temperature Upon Receipt” is representative of the whole shipment and may not reflect the temperature of individual samples.
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OnLine LIMS

ABA - Modified Sobek

SGS Canada Inc.

P.O. Box 4300 - 185 Concession St. LR Report : CA15343-DEC18
Lakefield - Ontario - KOL 2HO

Phone: 705-652-2000 FAX: 705-652-6365

*NP (Neutralization Potential)
= 50 x (N of HCL x Total HCL added - N NaOH x NaOH added)

Weight of Sample

*AP (Acid Potential) = % Sulphide Sulphur x 31.25

*Net NP (Net Neutralization Potential) = NP-AP

NP/AP Ratio = NP/AP

*Results expressed as tonnes CaCO3 equivalent/1000 tonnes of material

Samples with a % Sulphide value of <0.02 will be calculated using a 0.02 value.

=
Christoaher Sellvan =

&
é_‘A/f{.,ﬁ_ % %_ﬁ_‘l; GHE.__MIQTH;?Eg
Chris Sullivan, B.S¢3:C . Chiefn

Project Specialist
Environmental Services, Analytical

Page 2 of 2
Data reported represents the sample submitted to SGS. Reproduction of this analytical report in full or in part is prohibited without prior written approval. Please refer to SGS General Conditions of Services located at
http://www.sgs.com/terms_and_conditions_service.htm. (Printed copies are available upon request.)
Test method information available upon request. “Temperature Upon Receipt” is representative of the whole shipment and may not reflect the temperature of individual samples.
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OnLine LIMS

ﬁ& ABA - Modified Sobek

SGS Canada Inc.

P.O. Box 4300 - 185 Concession St.
Lakefield - Ontario - KOL 2HO

Phone: 705-652-2000 FAX: 705-652-6365

21-June-2019

Hatch LTD
Attn : Ralph Serluca Date Rec.: 05 June 2019
LR Report: CA15104-JUN19
4342 Queen St Suite 300, Niagara Falls Reference: Job# H/353004/221 1534,
Canada, L2E 7J7 PCCR 4091
Phone: 905-374-5200, Fax:905-374-0701
Copy: #1

CERTIFICATE OF ANALYSIS

Final Report

Analysis 1: 2: 3: 4: (55 6: 7 8:

Analysis  Analysis Start Analysis Analysis PQ4A PQY9A PQ9B PQ5A

Start Date Time Completed Date Completed

Time
Paste pH [no unit] 17-Jun-19 08:35 18-Jun-19 10:56 8.15 8.00 7.95 8.19
Fizz Rate [no unit] 17-Jun-19 08:35 18-Jun-19 10:56 4 4 4 4
Sample weight [g] 17-Jun-19 08:35 21-Jun-19 10:22 2.02 2.00 2.01 1.98
HCI Added [mL] 17-Jun-19 08:35 21-Jun-19 10:22 80.80  81.50 79.00 77.50
HCI [Normality] 17-Jun-19 08:35 21-Jun-19 10:22 0.50 0.50 0.50 0.50
NaOH [Normality] 17-Jun-19 08:35 21-Jun-19 10:22 0.50 0.50 0.50 0.50
NaOH to pH=8.3 [mL] 17-Jun-19 08:35 21-Jun-19 10:22 4.66 4.67 2.98 4.65
Final pH [no unit] 17-Jun-19 08:35 21-Jun-19 10:22 1.48 151 1.64 1.55
NP [t CaCO3/1000 t] 17-Jun-19 08:35 21-Jun-19 10:22 942 960 946 920
AP [t CaCO3/1000 t] 21-Jun-19 14:43 21-Jun-19 10:22 0.62 0.62 0.62 0.62
Net NP [t CaCO3/1000 t] 21-Jun-19 14:43 21-Jun-19 10:22 942 960 945 919
NP/AP [ratio] 21-Jun-19 14:43 21-Jun-19 10:22 1520 1549 1525 1484
Sulphur (total) [%] 14-Jun-19 09:01 17-Jun-19 11:12 0.023 0.012 0.010 0.011
Acid Leachable SO4-S [%] 14-Jun-19 09:01 17-Jun-19 11:12 0.02 <0.02 <0.02 <0.02
Sulphide [%] 17-Jun-19 11:04 17-Jun-19 11:12 <0.02 <0.02 <0.02 <0.02
Carbon (total) [%] 14-Jun-19 09:01 17-Jun-19 11:12 11.4 10.7 11.0 11.0
Carbonate [%)] 17-Jun-19 09:36 17-Jun-19 11:12 49.6 50.0 53.1 51.7
Weight [g] 953 944 1098 1098
i3
& Phriekan 2
Aria Gubbu, BT g

-‘!;:E "J-HEI.'IIET“;7§2
Chris Sullivan, B.Sc~G.Chért
Project Specialist,
Environment, Health & Safety

Page 1 of 2
Data reported represents the sample submitted to SGS. Reproduction of this analytical report in full or in part is prohibited without prior written approval. Please refer to SGS
General Conditions of Services located at http://www.sgs.com/terms_and_conditions_service.htm. (Printed copies are available upon request.)
Test method information available upon request. “Temperature Upon Receipt” is representative of the whole shipment and may not reflect the temperature of individual samples.
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OnLine LIMS

ﬁ& ABA - Modified Sobek

SGS Canada Inc.

P.O. Box 4300 - 185 Concession St. LR Report :
Lakefield - Ontario - KOL 2HO

Phone: 705-652-2000 FAX: 705-652-6365

*NP (Neutralization Potential)
= 50 x (N of HCL x Total HCL added - N NaOH x NaOH added)

Weight of Sample

*AP (Acid Potential) = % Sulphide Sulphur x 31.25
*Net NP (Net Neutralization Potential) = NP-AP
NP/AP Ratio = NP/AP

*Results expressed as tonnes CaC03 equivalent/1000 tonnes of material

CA15104-JUN19

Samples with a % Sulphide value of <0.02 will be calculated using a 0.02 value.

Page 2 of 2

Data reported represents the sample submitted to SGS. Reproduction of this analytical report in full or in part is prohibited without prior written approval. Please refer to SGS

General Conditions of Services located at http://www.sgs.com/terms_and_conditions_service.htm. (Printed copies are available upon request.)

Test method information available upon request. “Temperature Upon Receipt” is representative of the whole shipment and may not reflect the temperature of individual samples.
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OnLine LIMS

SGS Canada Inc.

P.O. Box 4300 - 185 Concession St.
Lakefield - Ontario - KOL 2HO

Phone: 705-652-2000 FAX: 705-652-6365

Hatch LTD

11-January-2019

Attn : Ralph Serluca Date Rec. : 20 December 2018
LR Report: CA15344-DEC18

4342 Queen St Suite 300

Niagara Falls, ON Copy: #1

L2E 7J7, Canada

Phone: 905-374-5200

Fax:905-374-0701

CERTIFICATE OF ANALYSIS
Final Report
Analysis 1: 2: 3: 4: 5: 6: 7 8: 9: 10: 11: 12: 13: 14: 15:
Analysis Analysis Analysis Analysis Q1 Q5 Q24 QMR2 PQ4B PQ5B PQ6B PQ12A PQ13 PQ15A PQ15B
Start Date Start Time Completed Completed
Date Time
Silver [ug/g] 09-Jan-19 13:24 10-Jan-19 10:15 <1 <1 <1 <1 <1 <1 <1 <1 <1 <1 <1
Aluminum [ug/g] 09-Jan-19 13:24 10-Jan-19 10:15 76000 76000 3000 39000 3700 2900 3000 9000 57000 86000 69000
Arsenic [ug/g] 09-Jan-19 13:24 10-Jan-19 10:15 11 0.6 <0.5 0.6 0.6 <05 <05 2.0 1.9 0.9 0.9
Barium [ug/g] 09-Jan-19 13:24 10-Jan-19 10:15 750 650 13 150 14 12 12 51 270 1200 1900
Beryllium [ug/g] 09-Jan-19 13:24 10-Jan-19 10:15 1.8 2.3 0.11 1.6 0.11 0.11 0.11 0.25 2.0 1.9 1.2
Bismuth [ug/g] 09-Jan-19 13:24 10-Jan-19 10:15 <0.09 <0.09 <0.09 <0.09 <0.09 <0.09 <0.09 0.09 0.33 < 0.09 0.09
Calcium [pg/g] 09-Jan-19 13:24 10-Jan-19 10:15 9200 7000 360000 3700 380000 370000 340000 200000 1800 8500 4300
Cadmium [pg/g] 09-Jan-19 13:24 10-Jan-19 10:15 0.03 003 <0.02 003 <002 <002 <002 <0.02 0.038 0.05 0.07
Cobalt [ug/g] 09-Jan-19 13:24 10-Jan-19 10:15 24 41 057 2.0 066 050 052 2.7 17 7.0 3.2
Chromium [ug/g] 09-Jan-19 13:24 10-Jan-19 10:15 92 80 4.8 99 3.3 2.1 2.3 4.6 98 83 75
Copper [ug/g] 09-Jan-19 13:24 10-Jan-19 10:15 27 6.4 0.9 4.2 1.2 1.1 1.2 6.2 3.4 3.2 35
Iron [ug/g] 09-Jan-19 13:24 10-Jan-19 10:15 11000 16000 2100 10000 2600 2000 2300 5300 14000 28000 17000
Potassium [ug/g] 09-Jan-19 13:24 10-Jan-19 10:15 33000 34000 1800 20000 2300 1700 1900 9900 53000 41000 47000
Lithium [ug/g] 09-Jan-19 13:24 10-Jan-19 10:15 28 31 5 10 6 5 5 27 28 28 19
Magnesium [ug/g] 09-Jan-19 13:24 10-Jan-19 10:15 3700 7200 14000 4800 5000 17000 25000 120000 5500 9800 6400
Manganese [ug/g] 09-Jan-19 13:24 10-Jan-19 10:15 230 230 72 190 110 70 68 150 130 520 240
Molybdenum [ug/g]  09-Jan-19 13:24 10-Jan-19 10:15 6.2 6.7 0.5 11 0.2 0.1 0.2 0.8 8.3 6.4 7.8
Sodium [ug/g] 09-Jan-19 13:24 10-Jan-19 10:15 33000 28000 220 9500 210 220 220 390 10000 30000 16000
Nickel [ug/g] 09-Jan-19 13:24 10-Jan-19 10:15 25 9.6 3.8 8.5 4.0 3.3 3.0 4.6 5.1 17 59
Phosphorus [ug/g] 09-Jan-19 13:24 10-Jan-19 10:15 110 280 64 85 110 40 38 130 58 400 240
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Data reported represents the sample submitted to SGS. Reproduction of this analytical report in full or in part is prohibited without prior written approval. Please refer to SGS General Conditions of Services located at

http://www.sgs.com/terms_and_conditions_service.htm. (Printed copies are available upon request.)
Test method information available upon request. “Temperature Upon Receipt” is representative of the whole shipment and may not reflect the temperature of individual samples.
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OnLine LIMS

SGS Canada Inc.

P.O. Box 4300 - 185 Concession St. LR Report : CA15344-DEC18
Lakefield - Ontario - KOL 2HO

Phone: 705-652-2000 FAX: 705-652-6365

Analysis 1: 2: 3: 4: 5: 6: 7: 8: 9: 10: 11: 12: 13: 14: 15:
Analysis Analysis Analysis Analysis Q1 Q5 Q24 QMR2 PQ4B PQ5B PQ6B PQ12A PQ13 PQ15A PQ15B
Start Date Start Time Completed Completed

Date Time
Lead [ug/g] 09-Jan-19 13:24 10-Jan-19 10:15 52 24 0.91 8.8 14 0.95 0.75 4.8 22 20 28
Antimony [ug/g] 09-Jan-19 13:24 10-Jan-19 10:15 <08 <08 <08 <08 <08 <08 <08 <08 <08 <08 <0.8
Selenium [ug/g] 09-Jan-19 13:24 10-Jan-19 10:15 <07 <07 <07 <07 <07 <07 <07 <0.7 <0.7 <0.7 <0.7
Tin [ug/g] 09-Jan-19 13:24 10-Jan-19 10:15 <6 <6 <6 <6 <6 <6 <6 <6 <6 <6 <6
Strontium [pg/g] 09-Jan-19 13:24 10-Jan-19 10:15 250 170 310 27 290 390 350 67 28 160 98
Titanium [pg/g] 09-Jan-19 13:24 10-Jan-19 10:15 700 1300 170 660 210 160 160 330 660 1800 1400
Thallium [pg/g] 09-Jan-19 13:24 10-Jan-19 10:15 0.65 0.48 0.06 0.28 0.03 0.03 <0.02 0.18 0.92 0.72 0.50
Uranium [ug/g] 09-Jan-19 13:24 10-Jan-19 10:15 3.1 2.4 0.42 2.7 0.47 0.37 0.42 1.0 5.2 1.9 2.2
Vanadium [ug/g] 09-Jan-19 13:24 10-Jan-19 10:15 8 21 4 11 5 5 4 12 5 27 15
Yitrium [ug/g] 09-Jan-19 13:24 10-Jan-19 10:15 5.4 55 1.9 7.9 2.6 1.4 15 3.3 11 7.1 6.4
Zinc [pg/g] 09-Jan-19 13:24 10-Jan-19 10:15 26 35 2.8 21 3.2 35 2.7 3.8 17 59 39
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Chris Sullivan, B.S¢:C.Chem

Project Specialist
Environmental Services, Analytical
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Data reported represents the sample submitted to SGS. Reproduction of this analytical report in full or in part is prohibited without prior written approval. Please refer to SGS General Conditions of Services located at
http://www.sgs.com/terms_and_conditions_service.htm. (Printed copies are available upon request.)
Test method information available upon request. “Temperature Upon Receipt” is representative of the whole shipment and may not reflect the temperature of individual samples.
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OnLine LIMS

- SGS

SGS Canada Inc.

P.O. Box 4300 - 185 Concession St.
Lakefield - Ontario - KOL 2HO

Phone: 705-652-2000 FAX: 705-652-6365

20-June-2019

Hatch LTD
Attn : Ralph Serluca Date Rec.: 05 June 2019
LR Report: CA15105-JUN19
4342 Queen St Suite 300, Niagara Falls Reference: Job# H/353004/221 1534,
Canada, L2E 7J7 PCCR 4091
Phone: 905-374-5200, Fax:905-374-0701
Copy: #1
CERTIFICATE OF ANALYSIS
Final Report
Analysis 1: 2: 3: 4: (55 6: 7 8:
Analysis Analysis Start Analysis Analysis PQ4A PQ9A PQ9B PQ5A
Start Date Time Completed Date Completed Time
Silver [ug/g] 17-Jun-19 18:41 17-Jun-19 11:55 <1 <1 <1 <1
Aluminum [ug/g] 17-Jun-19 18:41 17-Jun-19 11:55 2600 4000 3200 3500
Arsenic [ug/g] 17-Jun-19 18:41 17-Jun-19 11:55 2.6 15 0.84 0.80
Barium [ug/g] 17-Jun-19 18:41 17-Jun-19 11:55 9.3 18 12 16
Beryllium [pg/g] 17-Jun-19 18:41 17-Jun-19 11:55 0.074 0.11 0.10 0.11
Bismuth [ug/g] 17-Jun-19 18:41 17-Jun-19 11:55 0.12 <0.09 <0.09 <0.09
Calcium [pg/g] 17-Jun-19 18:41 17-Jun-19 11:55 350000 320000 360000 360000
Cadmium [pg/g] 17-Jun-19 18:41 17-Jun-19 11:55 0.087 0.036 0.023 <0.02
Cobalt [pg/g] 17-Jun-19 18:41 17-Jun-19 11:55 0.70 0.83 0.67 0.69
Chromium [ug/g] 17-Jun-19 18:41 17-Jun-19 11:55 2.2 3.0 2.6 2.5
Copper [ug/g] 17-Jun-19 18:41 17-Jun-19 11:55 7.3 2.7 2.6 1.6
Iron [ug/g] 17-Jun-19 18:41 17-Jun-19 11:55 2400 2800 2300 3000
Potassium [ug/g] 17-Jun-19 18:41 17-Jun-19 11:55 1600 3100 2000 2000
Lithium [ug/g] 17-Jun-19 18:41 17-Jun-19 11:55 4.1 6.6 8.1 5.4
Magnesium [ug/g] 17-Jun-19 18:41 17-Jun-19 11:55 4600 18000 13000 5200
Manganese [ug/g] 17-Jun-19 18:41 17-Jun-19 11:55 91 69 130 140
Molybdenum [ug/g] 17-Jun-19 18:41 17-Jun-19 11:55 <0.1 0.18 0.12 <0.1
Sodium [ug/g] 17-Jun-19 18:41 17-Jun-19 11:55 140 150 150 140
Nickel [ug/g] 17-Jun-19 18:41 17-Jun-19 11:55 3.1 3.9 3.7 4.1
Phosphorus [ug/g] 17-Jun-19 18:41 17-Jun-19 11:55 34 76 25 48
Lead [ug/g] 17-Jun-19 18:41 17-Jun-19 11:55 10 31 34 2.1
Antimony [ug/g] 17-Jun-19 18:41 17-Jun-19 11:55 <0.8 <0.8 <0.8 <0.8
Selenium [ug/g] 17-Jun-19 18:41 17-Jun-19 11:55 <0.7 <0.7 <0.7 <0.7
Tin [ug/g] 17-Jun-19 18:41 17-Jun-19 11:55 <6 <6 <6 <6
Strontium [ug/g] 17-Jun-19 18:41 17-Jun-19 11:55 270 210 270 280
Titanium [ug/g] 17-Jun-19 18:41 17-Jun-19 11:55 170 230 190 220
Thallium [pg/g] 17-Jun-19 18:41 17-Jun-19 11:55 0.042 0.043 0.064 0.032
Uranium [ug/g] 17-Jun-19 18:41 17-Jun-19 11:55 0.40 0.52 0.49 0.47
Vanadium [ug/g] 17-Jun-19 18:41 17-Jun-19 11:55 3.9 49 4.2 4.8
Yitrium [ug/g] 17-Jun-19 18:41 17-Jun-19 11:55 2.0 1.6 15 2.1
Zinc [ug/g] 17-Jun-19 18:41 17-Jun-19 11:55 37 14 11 6.6
Page 1 of 2

Data reported represents the sample submitted to SGS. Reproduction of this analytical report in full or in part is prohibited without prior written approval. Please refer to SGS
General Conditions of Services located at http://www.sgs.com/terms_and_conditions_service.htm. (Printed copies are available upon request.)

Test method information available upon request. “Temperature Upon Receipt” is representative of the whole shipment and may not reflect the temperature of individual samples.
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OnLine LIMS

SGS Canada Inc.

P.O. Box 4300 - 185 Concession St. LR Report : CA15105-JUN19
Lakefield - Ontario - KOL 2HO

Phone: 705-652-2000 FAX: 705-652-6365
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Data reported represents the sample submitted to SGS. Reproduction of this analytical report in full or in part is prohibited without prior written approval. Please refer to SGS
General Conditions of Services located at http://www.sgs.com/terms_and_conditions_service.htm. (Printed copies are available upon request.)
Test method information available upon request. “Temperature Upon Receipt” is representative of the whole shipment and may not reflect the temperature of individual samples.
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OnLine LIMS

SGS Canada Inc.

P.O. Box 4300 - 185 Concession St.
Lakefield - Ontario - KOL 2HO

Phone: 705-652-2000 FAX: 705-652-6365

Hatch LTD

SFE 3:1 ratio 24hr (MEND) prefilter pH

11-January-2019

Attn : Ralph Serluca Date Rec. : 20 December 2018
LR Report: CA15345-DEC18

4342 Queen St Suite 300

Niagara Falls, ON Copy: #1

L2E 7J7, Canada

Phone: 905-374-5200

Fax:905-374-0701

CERTIFICATE OF ANALYSIS
Final Report
Analysis 1: 2: 3: 4: 5: 6: 7. 8: 9: 10:
Analysis Start Analysis Start Analysis Analysis Q1 Q5 Q24 QMR2 PQ4B PQ5B
Date Time Completed Date Completed Time
Sample weight [g] 03-Jan-19 07:42 07-Jan-19 10:34 250 250 250 250 250 250
Volume D.I. Water [mL] 03-Jan-19 07:42 07-Jan-19 10:34 750 750 750 750 750 750
Final pH 04-Jan-19 16:07 08-Jan-19 14:22 9.40 8.92 8.80 9.06 8.79 9.34
pH [no unit] 07-Jan-19 15:50 09-Jan-19 14:41 9.16 8.01 8.47 9.03 8.44 8.34
Alkalinity [mg/L as CaCO3] 07-Jan-19 15:50 09-Jan-19 14:41 28 32 28 37 26 26
Conductivity [uS/cm] 07-Jan-19 15:50 09-Jan-19 14:41 68 79 106 126 81 81
Chloride [mg/L] 08-Jan-19 14:25 09-Jan-19 12:46 3 4 11 4 8 7
Sulphate [mg/L] 08-Jan-19 14:32 09-Jan-19 12:46 2 <2 6 <2 <2 <2
Mercury [mg/L] 09-Jan-19 16:05 10-Jan-19 08:46 <0.00001 < 0.00001 <0.00001 0.00018 < 0.00001 < 0.00001
Silver [mg/L] 07-Jan-19 12:44 11-Jan-19 14:03 < 0.00005 < 0.00005 < 0.00005 < 0.00005 < 0.00005 < 0.00005
Aluminum [mg/L] 07-Jan-19 12:44 11-Jan-19 14:03 0.771 0.420 0.196 0.445 0.235 0.149
Arsenic [mg/L] 07-Jan-19 12:44 11-Jan-19 14:03 0.0011 0.0003 < 0.0002 0.0013 < 0.0002 < 0.0002
Barium [mgiL] 07-Jan-19 12:44 11-Jan-19 14:03 0.00454 0.00277 0.00151 0.00193 0.00075 0.00074
Boron [mg/L] 07-Jan-19 12:44 11-Jan-19 14:03 0.009 0.022 0.085 0.026 0.047 0.059
Beryllium [mg/L] 07-Jan-19 12:44 11-Jan-19 14:03 0.000008 0.000017 < 0.000007 0.000012 < 0.000007 < 0.000007
Bismuth [mg/L] 07-Jan-19 12:44 11-Jan-19 14:03 < 0.000007 0.000010 < 0.000007 < 0.000007 0.000032 0.000020
Calcium [mg/L] 07-Jan-19 12:44 11-Jan-19 14:03 3.33 4.37 11.2 3.84 10.5 7.92
Page 1 of 4

Data reported represents the sample submitted to SGS. Reproduction of this analytical report in full or in part is prohibited without prior written approval. Please refer to SGS General Conditions of Services located at
http://www.sgs.com/terms_and_conditions_service.htm. (Printed copies are available upon request.)
Test method information available upon request. “Temperature Upon Receipt” is representative of the whole shipment and may not reflect the temperature of individual samples.
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OnLine LIMS

SGS Canada Inc.

SFE 3:1 ratio 24hr (MEND) prefilter pH

P.O. Box 4300 - 185 Concession St. LR Report : CA15345-DEC18
Lakefield - Ontario - KOL 2HO
Phone: 705-652-2000 FAX: 705-652-6365
Analysis 1: 2: 3: 4: 5: 6: 7: 8: 9: 10:
Analysis Start Analysis Start Analysis Analysis Q1 Q5 Q24 QMR2 PQ4B PQ5B
Date Time Completed Date Completed Time
Cadmium [mg/L] 07-Jan-19 12:44 11-Jan-19 14:03 < 0.000003 0.000003 0.000009 0.000009 < 0.000003 < 0.000003
Cobalt [mg/L] 07-Jan-19 12:44 11-Jan-19 14:03 0.000044 0.000034 < 0.000004 0.000069 0.000007 0.000109
Chromium [mg/L] 07-Jan-19 12:44 11-Jan-19 14:03 0.00017 0.00015 0.00022 0.00007 0.00035 0.00023
Copper [mg/L] 07-Jan-19 12:44 11-Jan-19 14:03 0.00038 0.00637 0.00876 0.00048 0.00091 0.00041
Iron [mg/L] 07-Jan-19 12:44 11-Jan-19 14:03 0.105 0.079 0.008 0.061 <0.007 < 0.007
Potassium [mg/L] 07-Jan-19 12:44 11-Jan-19 14:03 7.36 6.41 1.96 15.4 2.14 1.35
Lithium [mg/L] 07-Jan-19 12:44 11-Jan-19 14:03 0.0126 0.0047 0.0042 0.0061 0.0038 0.0024
Magnesium [mg/L] 07-Jan-19 12:44 11-Jan-19 14:03 0.496 1.29 4.08 1.14 1.62 3.33
Manganese [mg/L] 07-Jan-19 12:44 11-Jan-19 14:03 0.00320 0.00137 0.00002 0.00147 0.00002 < 0.00001
Molybdenum [mg/L] 07-Jan-19 12:44 11-Jan-19 14:03 0.00039 0.00174 0.00111 0.00345 0.00156 0.00052
Sodium [mg/L] 07-Jan-19 12:44 11-Jan-19 14:03 5.96 6.07 1.24 8.84 0.96 0.84
Nickel [mg/L] 07-Jan-19 12:44 11-Jan-19 14:03 < 0.0001 < 0.0001 < 0.0001 < 0.0001 < 0.0001 < 0.0001
Lead [mg/L] 07-Jan-19 12:44 11-Jan-19 14:03 0.00079 0.00010 0.00006 0.00022 0.00002 < 0.00001
Antimony [mg/L] 07-Jan-19 12:44 11-Jan-19 14:03 0.0004 0.0004 0.0003 0.0004 0.0003 0.0003
Selenium [mg/L] 07-Jan-19 12:44 11-Jan-19 14:03 < 0.00004 0.00011 0.00006 0.00049 < 0.00004 < 0.00004
Tin [mg/L] 07-Jan-19 12:44 11-Jan-19 14:03 0.00022 0.00015 0.00022 0.00022 0.00012 0.00009
Strontium [mg/L] 07-Jan-19 12:44 11-Jan-19 14:03 0.0153 0.00593 0.129 0.00681 0.111 0.111
Titanium [mg/L] 07-Jan-19 12:44 11-Jan-19 14:03 0.00719 0.00332 0.00074 0.00449 0.00005 < 0.00005
Thallium [mg/L] 07-Jan-19 12:44 11-Jan-19 14:03 0.000009 < 0.000005 0.000006 0.000008 < 0.000005 0.000005
Uranium [mg/L] 07-Jan-19 12:44 11-Jan-19 14:03 0.00963 0.00121 0.000046 0.00818 0.000048 0.000022
Vanadium [mg/L] 07-Jan-19 12:44 11-Jan-19 14:03 0.00314 0.00370 0.00047 0.00618 0.00065 0.00049
Tungsten [mg/L] 07-Jan-19 12:44 11-Jan-19 14:03 0.00017 0.00024 0.00004 0.00045 0.00022 0.00022
Yttrium [mg/L] 07-Jan-19 12:44 11-Jan-19 14:03 0.000079 0.000110 0.000005 0.000163 0.000003 < 0.000002
Zinc [mg/L] 07-Jan-19 12:44 11-Jan-19 14:03 < 0.002 < 0.002 < 0.002 <0.002 < 0.002 <0.002
Analysis 11: 12: 13: 14: 15:
PQ6B PQ12A PQ13 PQ15A PQ15B
Sample weight [g] 250 250 250 250 250
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Data reported represents the sample submitted to SGS. Reproduction of this analytical report in full or in part is prohibited without prior written approval. Please refer to SGS General Conditions of Services located at
http://www.sgs.com/terms_and_conditions_service.htm. (Printed copies are available upon request.)
Test method information available upon request. “Temperature Upon Receipt” is representative of the whole shipment and may not reflect the temperature of individual samples.
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OnLine LIMS

SFE 3:1 ratio 24hr (MEND) prefilter pH

SGS Canada Inc.

P.O. Box 4300 - 185 Concession St. LR Report : CA15345-DEC18
Lakefield - Ontario - KOL 2HO

Phone: 705-652-2000 FAX: 705-652-6365

Analysis 11: 12: 13: 14: 15:

PQ6B PQ12A PQ13 PQ15A PQ15B
Volume D.l. Water [mL] 750 750 750 750 750
Final pH 9.21 8.34 8.17 8.61 8.35
pH [no unit] 8.51 9.32 7.97 7.78 7.51
Alkalinity [mg/L as CaCO3] 29 88 39 22 46
Conductivity [uS/cm] 100 272 90 50 109
Chloride [mg/L] 9 35 2 1 2
Sulphate [mg/L] <2 3 <2 <2 <2
Mercury [mg/L] < 0.00001 < 0.00001 < 0.00001 < 0.00001 0.00002
Silver [mg/L] < 0.00005 < 0.00005 < 0.00005 < 0.00005 < 0.00005
Aluminum [mg/L] 0.128 0.026 0.448 1.06 0.389
Arsenic [mg/L] 0.0004 0.0010 0.0016 0.0010 0.0005
Barium [mg/L] 0.00080 0.00269 0.00194 0.00801 0.00920
Boron [mg/L] 0.078 0.071 0.033 0.041 0.035
Beryllium [mg/L] < 0.000007 < 0.000007 0.000034 0.000020 0.000015
Bismuth [mg/L] 0.000051 < 0.000007 0.000027 < 0.000007 0.000012
Calcium [mg/L] 8.69 9.20 4.98 0.21 7.25
Cadmium [mg/L] 0.000021 0.000004 0.000007 0.000007 < 0.000003
Cobalt [mg/L] 0.000015 0.000052 0.000055 0.000099 0.000202
Chromium [mg/L] 0.00110 0.00011 0.00004 0.00023 0.00006
Copper [mg/L] 0.00097 0.00110 0.00198 0.00299 0.01076
Iron [mg/L] 0.016 0.007 0.190 0.353 0.139
Potassium [mg/L] 1.49 6.58 13.4 10.3 16.9
Lithium [mg/L] 0.0030 0.0239 0.0035 0.0019 0.0013
Magnesium [mg/L] 4.36 22.1 1.84 0.236 1.16
Manganese [mg/L] 0.00005 0.00007 0.00192 0.00610 0.00740
Molybdenum [mg/L] 0.00230 0.00301 0.00068 0.00095 0.00198
Sodium [mg/L] 1.15 6.10 2.68 4.41 2.57
Nickel [mg/L] < 0.0001 0.0004 < 0.0001 0.0002 < 0.0001
Lead [mg/L] < 0.00001 0.00002 0.00018 0.00019 0.00039
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Data reported represents the sample submitted to SGS. Reproduction of this analytical report in full or in part is prohibited without prior written approval. Please refer to SGS General Conditions of Services located at
http://www.sgs.com/terms_and_conditions_service.htm. (Printed copies are available upon request.)
Test method information available upon request. “Temperature Upon Receipt” is representative of the whole shipment and may not reflect the temperature of individual samples.
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OnLine LIMS

SFE 3:1 ratio 24hr (MEND) prefilter pH

SGS Canada Inc.

P.O. Box 4300 - 185 Concession St. LR Report : CA15345-DEC18
Lakefield - Ontario - KOL 2HO

Phone: 705-652-2000 FAX: 705-652-6365

Analysis 11: 12: 13: 14: 15:

PQ6B PQ12A PQ13 PQ15A PQ15B
Antimony [mg/L] 0.0002 0.0003 0.0005 0.0005 0.0005
Selenium [mg/L] < 0.00004 0.00009 0.00007 0.00006 0.00010
Tin [mg/L] 0.00051 0.00008 0.00008 0.00040 0.00033
Strontium [mg/L] 0.108 0.0498 0.00497 0.00093 0.00928
Titanium [mg/L] 0.00048 0.00006 0.00346 0.0189 0.00650
Thallium [mg/L] < 0.000005 0.000171 0.000013 0.000011 < 0.000005
Uranium [mg/L] 0.000035 0.000127 0.00250 0.000184 0.00161
Vanadium [mg/L] 0.00052 0.00198 0.00045 0.00398 0.00119
Tungsten [mg/L] 0.00017 0.00020 0.00074 0.00013 0.00026
Yttrium [mg/L] 0.000005 0.000019 0.000639 0.000139 0.000229
Zinc [mg/L] < 0.002 < 0.002 < 0.002 < 0.002 < 0.002
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Project Specialist
Environmental Services, Analytical
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Data reported represents the sample submitted to SGS. Reproduction of this analytical report in full or in part is prohibited without prior written approval. Please refer to SGS General Conditions of Services located at
http://www.sgs.com/terms_and_conditions_service.htm. (Printed copies are available upon request.)
Test method information available upon request. “Temperature Upon Receipt” is representative of the whole shipment and may not reflect the temperature of individual samples.
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OnLine LIMS

SGS Canada Inc.

P.O. Box 4300 - 185 Concession St.
Lakefield - Ontario - KOL 2HO

Phone: 705-652-2000 FAX: 705-652-6365

Hatch LTD

17-June-2019

SFE 3:1 ratio 24hr (MEND) prefilter pH

Attn : Ralph Serluca Date Rec. : 05 June 2019
LR Report: CA15106-JUN19
4342 Queen St Suite 300, Niagara Falls
Canada, L2E 7J7 Copy: #1
Phone: 905-374-5200, Fax:905-374-0701
CERTIFICATE OF ANALYSIS
Final Report
Analysis 1: 2: 3: 4: 5: 6: 7 8:
Analysis Start Analysis Start Analysis Analysis PQ4A PQYA PQ9B PQ5A
Date Time Completed Date Completed
Time
Sample weight [g] 11-Jun-19 07:22 12-Jun-19 08:25 250 250 250 250
Volume D.l. Water [mL] 11-Jun-19 07:22 12-Jun-19 08:25 750 750 750 750
Final pH [no unit] 12-Jun-19 08:02 12-Jun-19 08:25 9.15 9.10 9.23 9.22
pH [no unit] 12-Jun-19 16:19 13-Jun-19 16:28 8.43 8.50 8.68 8.35
Alkalinity [mg/L as CaCO3] 12-Jun-19 16:19 13-Jun-19 16:28 25 32 29 26
Conductivity [uS/cm] 12-Jun-19 16:19 13-Jun-19 16:28 77 118 86 75
Chloride [mg/L] 12-Jun-19 14:31 14-Jun-19 16:42 6 15 7 6
Sulphate [mg/L] 12-Jun-19 14:26 15-Jun-19 13:54 2 2 2 <2
Mercury [mg/L] 13-Jun-19 11:49 13-Jun-19 11:38 0.00001 < 0.00001 < 0.00001 0.00001
Silver [mg/L] 13-Jun-19 11:20 14-Jun-19 11:52 < 0.00005 < 0.00005 < 0.00005 < 0.00005
Aluminum [mg/L] 13-Jun-19 11:20 14-Jun-19 11:52 0.266 0.184 0.122 0.254
Arsenic [mg/L] 13-Jun-19 11:20 14-Jun-19 11:52 < 0.0002 0.0002 < 0.0002 0.0002
Barium [mg/L] 13-Jun-19 11:20 14-Jun-19 11:52 0.00202 0.00192 0.00265 0.00211
Boron [mg/L] 13-Jun-19 11:20 14-Jun-19 11:52 0.053 0.156 0.303 0.044
Beryllium [mg/L] 13-Jun-19 11:20 14-Jun-19 11:52 <0.000007 <0.000007 <0.000007 < 0.000007
Bismuth [mg/L] 13-Jun-19 11:20 14-Jun-19 11:52 <0.000007 <0.000007 <0.000007 < 0.000007
Calcium [mg/L] 13-Jun-19 11:20 14-Jun-19 11:52 9.13 11.3 8.47 9.70
Cadmium [mg/L] 13-Jun-19 11:20 14-Jun-19 11:52 <0.000003 <0.000003 <0.000003 < 0.000003
Cobalt [mg/L] 13-Jun-19 11:20 14-Jun-19 11:52 0.000021 0.000059 0.000009 0.000016
Chromium [mg/L] 13-Jun-19 11:20 14-Jun-19 11:52 0.00038 0.00017 0.00021 0.00037
Page 1 of 2

Data reported represents the sample submitted to SGS. Reproduction of this analytical report in full or in part is prohibited without prior written approval. Please refer to SGS General Conditions of Services located at
http://www.sgs.com/terms_and_conditions_service.htm. (Printed copies are available upon request.)
Test method information available upon request. “Temperature Upon Receipt” is representative of the whole shipment and may not reflect the temperature of individual samples.
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OnLine LIMS

SFE 3:1 ratio 24hr (MEND) prefilter pH

SGS Canada Inc.

P.O. Box 4300 - 185 Concession St. LR Report : CA15106-JUN19
Lakefield - Ontario - KOL 2HO

Phone: 705-652-2000 FAX: 705-652-6365

Analysis 1: 2: 3: 4: 5: 6: 7 8:

Analysis Start Analysis Start Analysis Analysis PQ4A PQYA PQ9B PQ5A

Date Time Completed Date Completed
Time

Copper [mg/L] 13-Jun-19 11:20 14-Jun-19 11:52 0.0003 0.0003 < 0.0002 0.0003
Iron [mg/L] 13-Jun-19 11:20 14-Jun-19 11:52 <0.007 <0.007 <0.007 <0.007
Potassium [mg/L] 13-Jun-19 11:20 14-Jun-19 11:52 1.75 2.40 1.55 1.80
Lithium [mg/L] 13-Jun-19 11:20 14-Jun-19 11:52 0.0031 0.0055 0.0059 0.0030
Magnesium [mg/L] 13-Jun-19 11:20 14-Jun-19 11:52 1.41 5.07 3.14 1.54
Manganese [mg/L] 13-Jun-19 11:20 14-Jun-19 11:52 0.00007 0.00011 0.00015 0.00003
Molybdenum [mg/L] 13-Jun-19 11:20 14-Jun-19 11:52 0.00033 0.00056 0.00036 0.00034
Sodium [mg/L] 13-Jun-19 11:20 14-Jun-19 11:52 0.88 1.58 1.21 0.89
Nickel [mg/L] 13-Jun-19 11:20 14-Jun-19 11:52 < 0.0001 0.0004 < 0.0001 < 0.0001
Lead [mg/L] 13-Jun-19 11:20 14-Jun-19 11:52 0.00001 0.00001 0.00001 0.00001
Antimony [mg/L] 13-Jun-19 11:20 14-Jun-19 11:52 < 0.0009 < 0.0009 < 0.0009 < 0.0009
Selenium [mg/L] 13-Jun-19 11:20 14-Jun-19 11:52 0.00008 0.00014 0.00005 0.00008
Tin [mg/L] 13-Jun-19 11:20 14-Jun-19 11:52 < 0.00006 0.00008 < 0.00006 < 0.00006
Strontium [mg/L] 13-Jun-19 11:20 14-Jun-19 11:52 0.110 0.104 0.0905 0.111
Titanium [mg/L] 13-Jun-19 11:20 14-Jun-19 11:52 < 0.00005 < 0.00005 < 0.00005 0.00014
Thallium [mg/L] 13-Jun-19 11:20 14-Jun-19 11:52 < 0.000005 0.000007 0.000023 < 0.000005
Uranium [mg/L] 13-Jun-19 11:20 14-Jun-19 11:52 0.000042 0.000071 0.000026 0.000048
Vanadium [mg/L] 13-Jun-19 11:20 14-Jun-19 11:52 0.00084 0.00054 0.00044 0.00058
Tungsten [mg/L] 13-Jun-19 11:20 14-Jun-19 11:52 0.00006 0.00011 0.00005 0.00008
Yttrium [mg/L] 13-Jun-19 11:20 14-Jun-19 11:52 <0.000002 < 0.000002 0.000003 0.000003
Zinc [mg/L] 13-Jun-19 11:20 14-Jun-19 11:52 < 0.002 < 0.002 < 0.002 < 0.002

Christogher Sollvan Z

&
r_‘:._'/{/?ié. % %W}
Chris Sullivan, B.S¢:C.Chem

Project Specialist,
Environment, Health & Safety

Page 2 of 2
Data reported represents the sample submitted to SGS. Reproduction of this analytical report in full or in part is prohibited without prior written approval. Please refer to SGS General Conditions of Services located at
http://www.sgs.com/terms_and_conditions_service.htm. (Printed copies are available upon request.)
Test method information available upon request. “Temperature Upon Receipt” is representative of the whole shipment and may not reflect the temperature of individual samples.
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Quantitative X-Ray Diffraction by Rietveld Refinement
Report Prepared for: Environmental -Analytical

Project Number/ LIMS No. Custom XRD/MI4500-JAN19

Sample Receipt: January 2, 2019

Sample Analysis: January 9, 2019

Reporting Date: January 15, 2019

Instrument: BRUKER AXS D8 Advance Diffractometer
Test Conditions: Co radiation, 40 kV, 35 mA

Regular Scanning: Step: 0.02°, Step time: 1s, 26 range: 3-80°

Interpretations : PDF2/PDF4 powder diffraction databases issued by the International Center
for Diffraction Data (ICDD). DiffracPlus Eva and Topas software.

Detection Limit: 0.5-2%. Strongly dependent on crystallinity.

Contents: 1) Method Summary
2) Quantitative XRD Results
3) XRD Pattern(s)

/.f.ﬁfﬁjn-r(/»"%- fﬁ@mv g2

Kim Gibbs, H.B.Sc., P.Geo. Huyun Zhou, Ph.D., P.Geo.
Senior Mineralogist Senior Mineralogist

ACCREDITATION: SGS Minerals Services Lakefield is accredited to the requirements of ISO/IEC 17025 for specific tests as listed on
our scope of accreditation, including geochemical, mineralogical and trade mineral tests. To view a list of the accredited methods, please
visit the following website and search SGS Canada - Minerals Services - Lakefield: http://palcan.scc.ca/SpecsSearch/GLSearchForm.do.

SGS Minerals [P.O. Box 4300, 185 Concession Street, Lakefield, Ontario, Canada KOL 2HO
a division of SGS Canada Inc. |Tel: (705) 652-2000 Fax: (705) 652-6365 www.sgs.com www.sgs.com/met

IMember of the SGS Group (SGS SA)



Method Summary
The Rietveld Method of Mineral Identification by XRD (ME-LR-MIN-MET-MN-D05) method used by SGS
Minerals Services is accredited to the requirements of ISO/IEC 17025.

Mineral Identification and Interpretation:

Mineral identification and interpretation involves matching the diffraction pattern of an unknown material to
patterns of single-phase reference materials. The reference patterns are compiled by the Joint Committee on
Powder Diffraction Standards - International Center for Diffraction Data (JCPDS-ICDD) database and released
on software as Powder Diffraction Files (PDF).

Interpretations do not reflect the presence of non-crystalline and/or amorphous compounds, except when
internal standards have been added by request. Mineral proportions may be strongly influenced by
crystallinity, crystal structure and preferred orientations. Mineral or compound identification and quantitative
analysis results should be accompanied by supporting chemical assay data or other additional tests.

Quantitative Rietveld Analysis:

Quantitative Rietveld Analysis is performed by using Topas 4.2 (Bruker AXS), a graphics based profile
analysis program built around a non-linear least squares fitting system, to determine the amount of different
phases present in a multicomponent sample. Whole pattern analyses are predicated by the fact that the X-ray
diffraction pattern is a total sum of both instrumental and specimen factors. Unlike other peak intensity-based
methods, the Rietveld method uses a least squares approach to refine a theoretical line profile until it matches
the obtained experimental patterns.

Rietveld refinement is completed with a set of minerals specifically identified for the sample. Zero values
indicate that the mineral was included in the refinement calculations, but the calculated concentration was less
than 0.05wt%. Minerals not identified by the analyst are not included in refinement calculations for specific
samples and are indicated with a dash.

DISCLAIMER: This document is issued by the Company under its General Conditions of Service accessible at
http://www.sgs.com/en/Terms-and-Conditions.aspx. Attention is drawn to the limitation of liability, indemnification and jurisdiction issues
defined therein. Any holder of this document is advised that information contained hereon reflects the Company’s findings at the time of
its intervention only and within the limits of Client’s instructions, if any. The Company’s sole responsibility is to its Client and this
document does not exonerate parties to a transaction from exercising all their rights and obligations under the transaction documents.
Any unauthorized alteration, forgery or falsification of the content or appearance of this document is unlawful and offenders may be
prosecuted to the fullest extent of the law.

WARNING: The sample(s) to which the findings recorded herein (the “Findings”) relate was(were) drawn and / or provided by the Client
or by a third party acting at the Client’s direction. The Findings constitute no warranty of the sample’s representativeness of any goods
and strictly relate to the sample(s). The Company accepts no liability with regard to the origin or source from which the sample(s) is/are
said to be extracted.

SGS Minerals |P.O. Box 4300, 185 Concession Street, Lakefield, Ontario, Canada KOL 2HO
a division of SGS Canada Inc. |Tel: (705) 652-2000 Fax: (705) 652-6365 www.sgs.com Www.sgs.com/met

IMember of the SGS Group (SGS SA)



Summary of Rietveld Quantitative Analysis X-Ray Diffraction Results

Environmental -Analytical
Custom XRD/MI4500-JAN19
15-Jan-19

Q1 Q5 Q24 OMR2 PQ4B PQ5B PQ6B PQ12A PQ13 PQ15A PQ15B
Mineral/Compound |JAN4500-01|JAN4500-02|JAN4500-03(JAN4500-04| JAN4500-05| JAN4500-06 | JAN4500-07 | JAN4500-08| JAN4500-09| JAN4500-10| JAN4500-11
(Wt %) (Wt %) (Wt %) (Wt %) (Wt %) (Wt %) (Wt %) (Wt %) (Wt %) (Wt %) (Wt %)
Quartz 29.7 30.7 1.1 65.8 1.1 0.5 0.8 1.7 41.4 26.1 34.8
Albite 40.6 32.7 - 12.3 - - - - 11.4 28.7 18.9
Muscovite 3.1 4.9 - 6.7 0.0 - - - 55 8.4 10.4
Biotite 1.3 25 - 3.7 - - - - 0.7 8.9 4.6
Chlorite 15 2.7 - 1.2 - - - - 2.4 0.2 0.0
Magnetite 0.6 0.3 - 0.3 - 0.4 0.4 - 0.8 11 0.6
Microcline 23.2 23.3 - 9.9 - - - - 36.9 24.1 29.8
Hematite - 0.9 - 0.1 - 0.1 0.2 0.8 - - -
Diopside - 1.3 - - - - - - - - -
Lepidocrocite - 0.6 - - - - - - - 0.8 -
Calcite - - 90.6 - 98.7 86.6 80.6 0.1 0.6 1.1 0.4
Ankerite - - 5.2 - - 12.3 5.1 - 0.1 0.6 0.3
Dolomite - - 3.1 - 0.2 - 12.9 91.5 0.2 0.1 0.2
Sanidine - - - - - - - 6.0 - - -
TOTAL 100 100 100 100 100 100 100 100 100 100 100

Zero values indicate that the mineral was included in the refinement, but the calculated concentration is below a measurable value.

Dashes indicate that the mineral was not identifed by the analyst and not included in the refinement calculation for the sample.

The weight percent quantities indicated have been normalized to a sum of 100%. The gquantity of amorphous material has not been determined.

Mineral/Compound Formula

Quartz SiO,

Albite NaAlSi;Og

Muscovite KAI,(AISizO040)(OH),
Biotite K(Mg,Fe);(AlSiz040)(OH),
Chlorite (Fe,(Mg,Mn)s,Al)(SizAl)O44(OH)g
Magnetite Fe;0,4

Microcline KAISi;Og

Hematite Fe,O;

Diopside CaMgSi,Oq
Lepidocrocite FeOOH

Calcite CaCO,

Ankerite CaFe(COs),

Dolomite CaMg(COs),

Sanidine KAISi;Og

SGS Minerals Services, P.O. Box 4300, 185 Concession Street, Lakefield, Ontario, Canada KOL 2HO



Environmental -Analytical
Custom XRD/MI4500-JAN19
15-Jan-19
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— JAN4500-1 riet.raw_1 Quartz 29.69 %
Albite 40.55 %
Muscovite 2M1 3.09%
Biotite 1M Mica 1.33%
Chlorite llb 151%
Magnetite 0.62 %
Microcline maximum  23.22 %
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Environmental -Analytical
Custom XRD/MI4500-JAN19
15-Jan-19

30.69 %
2.71%
4.85%
2.55%
2.67%
0.34 %
14.63 %
0.88 %
131%
8.71%
0.65 %

3,000
4,000
5,000
6,000
7,000

I »\W k/mﬂ»)\ﬂ‘

S ‘-.Uuwv— (s s > T o g

VN

VV“U
II‘I‘I I‘IH,I III IFJ I| I’I v",”":IH’HIH“I\}"\'\\H' ‘l I‘ WII” ih w NIW’VI

I’HH Il HII‘ H\H e e :I‘H‘I \IH\‘IHIIH Il \I'H\

Il \‘H \I\\ ] \J‘\ I \HH\\H HH \IH‘H HHI\IIHI

L1 \I I\II\ I\” I\,\ \”I\ \I “\ ! I\I \ H I “” IIII I‘“ ,"” I/\MMI ”HI\”IIIII

e
\’H ’ \‘\\‘ \\H\ ‘ ‘\ [ \HHH\H e

| ‘HH\HHIH\HH‘\ HI H
‘H ' | [N ‘\ (] \‘ I e I\HI\‘\H H\ IH L T ‘H\I memen

Il | L e H\I | I‘HII [RIINI e H’\ \HI \I iH\I"HII

Tl

hl’ll‘l

‘ me I \I IiH\ IH‘HIHHHH WII\II |

HI’\"\” | III

il

Hm e \AH I LI \IHHI H\II“H

H\ \/H \ Il

I \IHII I\J‘\’ H‘IH“I IM\II\’I

T
2 24 2% 28 30 32 34 36 38 40 42 44 46 48 50 52 54 56 58 60 62 64 GB 7 72 74 76

2Th Degrees

SGS Minerals Services, P.O. Box 4300, 185 Concession Street, Lakefield, Ontario, Canada KOL 2HO



17,500

Environmental -Analytical
Custom XRD/MI4500-JAN19
15-Jan-19
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Environmental -Analytical
Custom XRD/MI4500-JAN19
15-Jan-19
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— JAN4500-5 riet.raw_1

Environmental -Analytical
Custom XRD/MI4500-JAN19
15-Jan-19
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Environmental -Analytical
Custom XRD/MI4500-JAN19
15-Jan-19
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Environmental -Analytical
Custom XRD/MI4500-JAN19
15-Jan-19
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Environmental -Analytical
Custom XRD/MI14500-JAN19
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Quantitative X-Ray Diffraction by Rietveld Refinement
Report Prepared for: Environmental -Analytical

Project Number/ LIMS No. Custom XRD/MI4502-JUN19

Sample Receipt: June 10, 2019

Sample Analysis: June 10, 2019

Reporting Date: June 11, 2019

Instrument: BRUKER AXS D8 Advance Diffractometer
Test Conditions: Co radiation, 40 kV, 35 mA

Regular Scanning: Step: 0.02°, Step time: 1s, 26 range: 3-80°

Interpretations : PDF2/PDF4 powder diffraction databases issued by the International Center
for Diffraction Data (ICDD). DiffracPlus Eva and Topas software.

Detection Limit: 0.5-2%. Strongly dependent on crystallinity.

Contents: 1) Method Summary
2) Quantitative XRD Results
3) XRD Pattern(s)

%ﬁ-’(xi& fﬁ@mv g2

Kim Gibbs, H.B.Sc., P.Geo. Huyun Zhou, Ph.D., P.Geo.
Senior Mineralogist Senior Mineralogist

ACCREDITATION: SGS Minerals Services Lakefield is accredited to the requirements of ISO/IEC 17025 for specific tests as listed on
our scope of accreditation, including geochemical, mineralogical and trade mineral tests. To view a list of the accredited methods, please
visit the following website and search SGS Canada - Minerals Services - Lakefield: http://palcan.scc.ca/SpecsSearch/GLSearchForm.do.
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a division of SGS Canada Inc. |Tel: (705) 652-2000 Fax: (705) 652-6365 www.sgs.com www.sgs.com/met
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Method Summary
The Rietveld Method of Mineral Identification by XRD (ME-LR-MIN-MET-MN-D05) method used by SGS
Minerals Services is accredited to the requirements of ISO/IEC 17025.

Mineral Identification and Interpretation:

Mineral identification and interpretation involves matching the diffraction pattern of an unknown material to
patterns of single-phase reference materials. The reference patterns are compiled by the Joint Committee on
Powder Diffraction Standards - International Center for Diffraction Data (JCPDS-ICDD) database and released
on software as Powder Diffraction Files (PDF).

Interpretations do not reflect the presence of non-crystalline and/or amorphous compounds, except when
internal standards have been added by request. Mineral proportions may be strongly influenced by
crystallinity, crystal structure and preferred orientations. Mineral or compound identification and quantitative
analysis results should be accompanied by supporting chemical assay data or other additional tests.

Quantitative Rietveld Analysis:

Quantitative Rietveld Analysis is performed by using Topas 4.2 (Bruker AXS), a graphics based profile
analysis program built around a non-linear least squares fitting system, to determine the amount of different
phases present in a multicomponent sample. Whole pattern analyses are predicated by the fact that the X-ray
diffraction pattern is a total sum of both instrumental and specimen factors. Unlike other peak intensity-based
methods, the Rietveld method uses a least squares approach to refine a theoretical line profile until it matches
the obtained experimental patterns.

Rietveld refinement is completed with a set of minerals specifically identified for the sample. Zero values
indicate that the mineral was included in the refinement calculations, but the calculated concentration was less
than 0.05wt%. Minerals not identified by the analyst are not included in refinement calculations for specific
samples and are indicated with a dash.

DISCLAIMER: This document is issued by the Company under its General Conditions of Service accessible at
http://www.sgs.com/en/Terms-and-Conditions.aspx. Attention is drawn to the limitation of liability, indemnification and jurisdiction issues
defined therein. Any holder of this document is advised that information contained hereon reflects the Company’s findings at the time of
its intervention only and within the limits of Client’s instructions, if any. The Company’s sole responsibility is to its Client and this
document does not exonerate parties to a transaction from exercising all their rights and obligations under the transaction documents.
Any unauthorized alteration, forgery or falsification of the content or appearance of this document is unlawful and offenders may be
prosecuted to the fullest extent of the law.

WARNING: The sample(s) to which the findings recorded herein (the “Findings”) relate was(were) drawn and / or provided by the Client
or by a third party acting at the Client’s direction. The Findings constitute no warranty of the sample’s representativeness of any goods
and strictly relate to the sample(s). The Company accepts no liability with regard to the origin or source from which the sample(s) is/are
said to be extracted.

SGS Minerals |P.O. Box 4300, 185 Concession Street, Lakefield, Ontario, Canada KOL 2HO
a division of SGS Canada Inc. |Tel: (705) 652-2000 Fax: (705) 652-6365 www.sgs.com Www.sgs.com/met
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Environmental -Analytical
Custom XRD/MI4502-JUN19

11-Jun-19
Summary of Rietveld Quantitative Analysis X-Ray Diffraction Results
Report Prepared for:
PQ4A PQOYA PQ9B PQ5A
Mineral/Compound JUN4502-01 JUN4502-02 JUN4502-03 JUN4502-04

(wt %) (wt %) (wt %) (wt %)
Quartz 0.9 2.6 2.0 1.2
Calcite 98.5 83.0 89.5 96.9
Muscovite 0.6 0.6 0.8 1.0
Dolomite - 12.4 4.7 0.6
Ankerite - 1.6 3.0 0.3
TOTAL 100 100 100 100

Zero values indicate that the mineral was included in the refinement, but the calculated concentration is below a measurable value.

Dashes indicate that the mineral was not identifed by the analyst and not included in the refinement calculation for the sample.

The weight percent quantities indicated have been normalized to a sum of 100%.

The quantity of amorphous material has not been determined.

Mineral/Compound Formula

Quartz SiO,

Calcite CaCO,

Muscovite KA (AlISiz040)(OH),
Dolomite CaMg(CO,),
Ankerite CaFe(COs,),

SGS Minerals Services, P.O. Box 4300, 185 Concession Street, Lakefield, Ontario, Canada KOL 2HO



Environmental -Analytical
Custom XRD/MI4502-JUN19
11-Jun-19

PQ4A
16,0001 — JUN4502-1 riet.raw_1 Quartz 0.88%

15500 Calcite 98.49 %
Muscovite 2M1 0.63 %
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Environmental -Analytical
Custom XRD/MI4502-JUN19
11-Jun-19

PQIA
— JUN4502-2 riet.raw_1 Quartz 2.57%
Calcite 82.97 %
Dolomite 12.35%

12,500 Ankerite Fe0.55 1.55 %
Muscovite 2M1  0.56 %
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Environmental -Analytical
Custom XRD/MI4502-JUN19
11-Jun-19

PQIB
— JUN4502-3 riet.raw_1 Quartz 1.96 %
Calcite 89.53 %
Dolomite 4.68 %
Ankerite Fe0.55 3.02 %
Muscovite 2M1  0.81 %
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Environmental -Analytical
Custom XRD/MI4502-JUN19
11-Jun-19

PQ5A

15504 JUN4502-4 riet.raw_1 Quartz 1.19%
Calcite 96.94 %
Dolomite 0.61%
Ankerite Fe0.55 0.30 %
14,000 Muscovite 2M1  0.96 %
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HATCH

ASTM D-5731-08 Determination of Point Load Strength Index of Rock and Application to Rock Strength Classifications.

Point Load Test Results Summary

Project H/353004 - PCCR4091, Propose Quarry Sampling & Lab Testing Program
Date : March.3,2019
Test By: RS & XZ
(P) Uncorrected Corrected ASTM
Proposed Sample Test Loading w D D/W Equiv. Diameter Pressure Point Point Load | Correction | Point Load | Correlation | Generalized
Quarry Type Relativeto | (W1+W2)/2 Diameter Squared at break Load Strength Factor Strength Factor ucs
Location Bedding De, mm De?, mm? (kPa) Newtons Index (Is) (F) Index (Is50) (K) (mPa)
mPa
01 lump perpendicular 76 42.00 0.55 63.75 4064.15 16000 8096 1.99 1.12 2.22 245 48.81
02 lump perpendicular 63 43.00 0.68 58.73 3449.18 7500 3795 1.10 1.08 1.18 24.0 26.41
03 lump perpendicular 79 46.00 0.58 68.02 4626.91 20000 10120 2.19 1.15 2.51 245 53.59
04 lump perpendicular 85 45.00 0.53 69.79 4870.10 13000 6578 1.35 1.16 1.57 245 33.09
05 lump perpendicular 94 36.00 0.38 65.64 4308.61 14000 7084 1.64 1.13 1.86 245 40.28
06 lump perpendicular 75 25.00 0.33 48.86 2387.30 16000 8096 3.39 0.99 3.36 21.0 71.22
07 lump perpendicular 72 29.00 0.40 51.56 2658.50 12000 6072 2.28 1.01 2.32 23.0 52.53
PQeB 08 lump perpendicular 100 28.00 0.28 59.71 3565.04 25000 12650 Non-conforming, invalid D/W ratio
09 lump perpendicular 101 51.00 0.50 80.98 6558.40 12500 6325 0.96 1.24 1.20 245 23.63
10 lump perpendicular 103 45.00 0.44 76.82 5901.41 1700 860 0.15 1.21 0.18 245 3.57
11 lump perpendicular 73 46.00 0.63 65.39 4275.50 24000 12144 2.84 1.13 3.20 245 69.59
12 lump perpendicular 70 37.00 0.53 57.43 3297.66 12000 6072 1.84 1.06 1.96 24.0 44.19
13 lump perpendicular 67 61.00 0.91 7214 5203.68 18000 9108 1.75 1.18 2.06 245 42.88
14 lump perpendicular 84 66.00 0.79 84.02 7058.78 18000 9108 1.29 1.26 1.63 245 31.61
15 lump perpendicular 65 30.00 0.46 49.83 2482.80 11000 5566 2.24 1.00 2.24 21.0 47.08
Notes:

1. All samples tested were irregular lumps as per ASTM D-5731-08 Fig. 3/ Type D
2. Samples were stored to preserve natural moisture contents before testing. Tests were at natural moisture content.

3. Most recent calibration of point load tester on April 24, 2018
4. Strength conversion factor K determined as per ASTM D-5731-08 / Table 1




HATCH

ASTM D-5731-08 Determination of Point Load Strength Index of Rock and Application to Rock Strength Classifications.

Point Load Test Results Summary

Project H/353004 - PCCR4091, Propose Quarry Sampling & Lab Testing Program
Date : March.3,2019
Test By: RS & XZ
(P) Uncorrected Corrected ASTM
Proposed Sample Test Loading w D D/W Equiv. Diameter Pressure Point Point Load | Correction | Point Load | Correlation | Generalized
Quarry Type Relativeto | (W1+W2)/2 Diameter Squared at break Load Strength Factor Strength Factor ucs
Location Bedding De, mm De?, mm? (kPa) Newtons Index (Is) (F) Index (Is50) (K) (mPa)
mPa
01 lump parallel 73 37 0.51 58.64 3438.99 26000.00 13156.00 3.83 1.07 4.11 24 91.81
02 lump perpendicular 66 51 0.77 65.47 4285.69 Non-conforming, invalid failure plane
03 lump perpendicular 65 40 0.62 57.54 3310.39 30000.00 15180.00 4.59 1.07 4.88 24 110.05
04 lump parallel 42 33 0.79 42.01 1764.69 17000.00 8602.00 4.87 0.92 4.51 21 102.36
05 lump perpendicular 73 56 0.77 7215 5204.96 44000.00 22264.00 4.28 1.18 5.04 245 104.80
06 lump parallel 58 40 0.69 54.35 2953.89 16000.00 8096.00 2.74 1.04 2.85 24 65.78
07 lump perpendicular 91 51 0.56 76.87 5909.05 30000.00 15180.00 2.57 1.21 3.12 245 62.94
PQ15A 08 lump parallel 64 51 0.80 64.47 4155.82 22000.00 11132.00 2.68 1.12 3.00 245 65.63
09 lump perpendicular 77 53 0.69 72.08 5196.05 55000.00 27830.00 5.36 1.18 6.31 245 131.22
10 lump perpendicular 75 49 0.65 68.40 4679.11 31000.00 15686.00 3.35 1.15 3.86 245 82.13
11 lump perpendicular 54 43 0.80 54.37 2956.44 24000.00 12144.00 4.11 1.04 4.27 24 98.58
12 lump parallel 60 Non-conforming, failure before testing
13 lump perpendicular 67 50 0.75 65.31 4265.32 26000.00 13156.00 3.08 1.13 3.48 24.5 75.57
14 lump parallel 48 31 0.65 43.53 1894.56 25000.00 12650.00 6.68 0.94 6.27 21 140.22
15 lump perpendicular 62 58 0.94 67.66 4578.53 26000.00 13156.00 2.87 1.15 3.29 24.5 70.40
Notes:

1. All samples tested were irregular lumps as per ASTM D-5731-08 Fig. 3/ Type D

2. Samples were stored to preserve natural moisture contents before testing. Tests were at natural moisture content.

3. Most recent calibration of point load tester on April 24, 2018
4. Strength conversion factor K determined as per ASTM D-5731-08 / Table 1




HATCH

ASTM D-5731-08 Determination of Point Load Strength Index of Rock and Application to Rock Strength Classifications.

Point Load Test Results Summary

Project H/353004 - PCCR4091, Propose Quarry Sampling & Lab Testing Program
Date : March.3,2019
Test By: RS & XZ
(P) Uncorrected Corrected ASTM
Proposed Sample Test Loading w D D/W Equiv. Diameter Pressure Point Point Load | Correction | Point Load | Correlation | Generalized
Quarry Type Relativeto | (W1+W2)/2 Diameter Squared at break Load Strength Factor Strength Factor ucs
Location Bedding De, mm De?, mm? (kPa) Newtons Index (Is) (F) Index (Is50) (K) (mPa)
mPa
1 lump perpendicular 69 111 1.61 98.75 9751.66 29000 14674 1.50 1.36 2.04 24.5 36.87
2 lump perpendicular 82 98 1.20 101.15 10231.66 24000 12144 1.19 1.37 1.63 245 29.08
3 lump perpendicular 77 103 1.34 100.49 10097.97 38000 19228 1.90 1.37 2.61 24.5 46.65
4 lump perpendicular 67 113 1.69 98.18 9639.61 18000 9108 0.94 1.35 1.28 24.5 23.15
5 lump parallel 68 112 1.65 98.47 9696.91 Non-conforming, invalid failure plane
6 lump perpendicular 57 123 2.16 94.48 8926.60 30000 15180 1.70 1.33 2.26 24.5 41.66
7 lump parallel 72 108 1.50 99.50 9900.62 17000 8602 0.87 1.36 1.18 24.5 21.29
8 lump parallel 72 108 1.50 99.50 9900.62 24000 12144 1.23 1.36 1.67 245 30.05
Q24 9 lump parallel 45 135 3.00 87.95 7734.86 22000 11132 1.44 1.29 1.86 24.5 35.26
10 lump perpendicular 51 129 2.53 91.52 8376.57 18000 9108 1.09 1.31 1.43 24.5 26.64
11 lump parallel 85 95 1.12 101.40 10281.32 26000 13156 1.28 1.37 1.76 24.5 31.35
12 lump perpendicular 70 110 1.57 99.01 9803.86 6000 Non-conforming, invalid failure plane
13 lump parallel 87 93 1.07 101.50 10301.69 24000 Non-conforming, invalid failure plane
14 lump parallel 68 112 1.65 98.47 9696.91 26000 Non-conforming, invalid failure plane
15 lump parallel 60 120 2.00 95.75 9167.24 29000 14674 1.60 1.34 2.14 24.5 39.22
16 lump parallel 55 125 2.27 93.56 8753.45 18000 9108 1.04 1.33 1.38 24.5 25.49
17 lump parallel 60 120 2.00 95.75 9167.24 30000 15180 1.66 1.34 2.22 24.5 40.57
Notes:

1. All samples tested were irregular lumps as per ASTM D-5731-08 Fig. 3/ Type D

2. Samples were stored to preserve natural moisture contents before testing. Tests were at natural moisture content.

3. Most recent calibration of point load tester on April 24, 2018
4. Strength conversion factor K determined as per ASTM D-5731-08 / Table 1




HATCH

ASTM D-5731-08 Determination of Point Load Strength Index of Rock and Application to Rock Strength Classifications.

Point Load Test Results Summary

Project H/353004 - PCCR4091, Propose Quarry Sampling & Lab Testing Program
Date : March.3,2019
Test By: RS & XZ
(P) Uncorrected Corrected ASTM
Proposed Sample Test Loading w D D/W Equiv. Diameter Pressure Point Point Load | Correction | Point Load | Correlation | Generalized
Quarry Type Relativeto | (W1+W2)/2 Diameter Squared at break Load Strength Factor Strength Factor ucs
Location Bedding De, mm De?, mm? (kPa) Newtons Index (Is) (F) Index (Is50) (K) (mPa)
mPa
1 lump perpendicular 61 39 0.64 55.04 3029.01 43000 21758 7.18 1.04 7.50 24.00 172.40
2 lump perpendicular 83 62 0.75 80.94 6552.03 47000 23782 Maximum load exceeded
3 lump perpendicular 84 52 0.62 74.58 5561.46 48000 24288 4.37 1.20 5.23 24.50 107.00
4 lump perpendicular 82 65 0.79 82.38 6786.31 54000 27324 Maximum load exceeded
5 lump perpendicular 72 32 0.44 54.16 2933.52 17000 8602 2.93 1.04 3.04 24.00 70.38
6 lump perpendicular 72 31 0.43 53.31 2841.85 19000 9614 3.38 1.03 3.48 23.00 77.81
7 lump perpendicular 77 38 0.49 61.04 3725.47 33000 16698 4.48 1.09 4.90 24.50 109.81
PQ12A 8 lump | perpendicular 71 34 0.48 55.44 3073.57 17000 8602 2.80 1.05 2.93 24.00 67.17
9 lump perpendicular 79 28 0.35 53.07 2816.38 22000 11132 3.95 1.03 4.06 23.00 90.91
10 lump perpendicular 90 38 0.42 65.99 4354.44 29000 14674 3.37 1.13 3.82 24.50 82.56
11 lump perpendicular 46 36 0.78 45.92 2108.47 29000 14674 6.96 0.96 6.70 21.00 146.15
12 lump parallel 42 42 1.00 47.39 2245.98 22000 11132 4.96 0.98 4.84 21.00 104.08
13 lump perpendicular 72 39 0.54 59.79 3575.23 37000 18722 5.24 1.08 5.68 24.00 125.68
14 lump parallel 40 32 0.80 40.37 1629.73 23000 11638 7.14 0.91 6.49 19.00 135.68
15 lump parallel 39 38 0.97 43.44 1886.92 17000 8602 4.56 0.94 4.28 21.00 95.73
Notes:

1. All samples tested were irregular lumps as per ASTM D-5731-08 Fig. 3/ Type D

2. Samples were stored to preserve natural moisture contents before testing. Tests were at natural moisture content.

3. Most recent calibration of point load tester on April 24, 2018
4. Strength conversion factor K determined as per ASTM D-5731-08 / Table 1




HATCH

ASTM D-5731-08 Determination of Point Load Strength Index of Rock and Application to Rock Strength Classifications.

Point Load Test Results Summary

Project H/353004 - PCCR4091, Propose Quarry Sampling & Lab Testing Program
Date : March.3,2019
Test By: RS & XZ
(P) Uncorrected Corrected ASTM
Proposed Sample Test Loading w D D/W Equiv. Diameter Pressure Point Point Load | Correction | Point Load | Correlation | Generalized
Quarry Type Relativeto | (W1+W2)/2 Diameter Squared at break Load Strength Factor Strength Factor ucs
Location Bedding De, mm De?, mm? (kPa) Newtons Index (Is) (F) Index (Is50) (K) (mPa)
mPa
01 lump perpendicular 69 33 0.48 53.84 2899.14 6000 3036 Non-conforming, invalid failure plane
02 lump perpendicular 89 34 0.38 62.07 3852.79 16000 8096 2.10 1.10 2.32 24.50 51.48
03 lump perpendicular 87 30 0.34 57.65 3323.13 1000 506 0.15 1.07 0.16 24.00 3.65
04 lump perpendicular 105 33 0.31 66.42 4411.74 6000 3036 0.69 1.14 0.78 24.50 16.86
05 lump perpendicular 68 32 0.47 52.64 2770.55 8000 4048 1.46 1.02 1.50 23.00 33.60
06 lump perpendicular 59 44 0.75 57.49 3305.30 20000 10120 3.06 1.06 3.26 24.00 73.48
07 lump perpendicular 96 42 0.44 71.65 5133.66 20000 10120 1.97 1.18 2.32 24.50 48.30
PQ4B 08 lump perpendicular 55 38 0.69 51,59 2661.05 12000 6072 2.28 1.01 2.31 23.00 52.48
09 lump perpendicular 60 33 0.55 50.21 2520.99 10000 5060 2.01 1.00 2.01 23.00 46.16
10 lump perpendicular 55 42 0.76 54.23 2941.16 12000 6072 2.06 1.04 2.14 24.00 49.55
11 lump perpendicular 94 43 0.46 71.74 5146.39 34000 17204 3.34 1.18 3.93 24.50 81.90
12 lump perpendicular 54 40 0.74 52.44 2750.17 20000 10120 3.68 1.02 3.76 23.00 84.63
13 lump perpendicular 96 47 0.49 75.79 5744.81 8000 4048 Non-conforming, invalid failure plane
14 lump perpendicular 49 36 0.73 47.39 2245.98 22000 11132 4.96 0.98 | 4.84 | 21.00 104.08
15 lump perpendicular 55 35 0.64 49.51 2450.96 12000 6072 Non-conforming, invalid failure plane
Notes:

1. All samples tested were irregular lumps as per ASTM D-5731-08 Fig. 3/ Type D

2. Samples were stored to preserve natural moisture contents before testing. Tests were at natural moisture content.

3. Most recent calibration of point load tester on April 24, 2018
4. Strength conversion factor K determined as per ASTM D-5731-08 / Table 1




HATCH

ASTM D-5731-08 Determination of Point Load Strength Index of Rock and Application to Rock Strength Classifications.

Point Load Test Results Summary

Project H/353004 - PCCR4091, Propose Quarry Sampling & Lab Testing Program
Date : March.3,2019
Test By: RS & XZ
(P) Uncorrected Corrected ASTM
Proposed Sample Test Loading w D D/W Equiv. Diameter Pressure Point Point Load | Correction | Point Load | Correlation | Generalized
Quarry Type Relativeto | (W1+W2)/2 Diameter Squared at break Load Strength Factor Strength Factor ucs
Location Bedding De, mm De?, mm? (kPa) Newtons Index (Is) (F) Index (Is50) (K) (mPa)
mPa
01 lump perpendicular 65 30 0.46 49.83 2482.80 14000 7084 2.85 1.00 2.85 21.00 59.92
02 lump perpendicular 85 41 0.48 66.61 4437.20 20000 10120 2.28 1.14 2.59 24.50 55.88
03 lump perpendicular 41 35 0.85 42.74 1827.08 16000 8096 4.43 0.93 4.13 21.00 93.05
04 lump perpendicular 62 32 0.52 50.26 2526.09 12000 6072 2.40 1.00 2.41 23.00 55.29
05 lump perpendicular 73 36 0.49 57.85 3346.04 20000 10120 3.02 1.07 3.23 24.00 72.59
06 lump perpendicular 50 30 0.60 43.70 1909.84 18000 9108 4.77 0.94 4.49 21.00 100.15
07 lump perpendicular 85 53 0.62 75.74 5735.89 21000 10626 1.85 1.21 2.23 24.50 45.39
PQsB 08 lump perpendicular 84 57 0.68 78.08 6096.22 14000 7084 1.16 1.22 1.42 24.50 28.47
09 lump perpendicular 94 55 0.59 81.13 6582.59 19000 9614 1.46 1.24 1.82 24.50 35.78
10 lump perpendicular 96 54 0.56 81.24 6600.42 18000 9108 Non-conforming, invalid failure plane
11 lump perpendicular 70 40 0.57 59.71 3565.04 10000 5060 1.42 1.08 | 1.54 | 24.00 34.06
12 lump perpendicular 44 51 1.16 53.45 2857.12 16000 8096 Non-conforming, invalid failure plane
13 lump perpendicular 38 57 1.50 52.51 2757.81 14000 7084 2.57 1.02 2.63 23.00 59.08
14 lump parallel 75 4 0.55 62.57 3915.18 8000 4048 1.03 1.11 1.14 24.50 25.33
15 lump perpendicular 43 42 0.98 47.95 2299.45 12000 6072 2.64 0.98 2.59 21.00 55.45
Notes:

1. All samples tested were irregular lumps as per ASTM D-5731-08 Fig. 3/ Type D

2. Samples were stored to preserve natural moisture contents before testing. Tests were at natural moisture content.

3. Most recent calibration of point load tester on April 24, 2018
4. Strength conversion factor K determined as per ASTM D-5731-08 / Table 1




HATCH

ASTM D-5731-08 Determination of Point Load Strength Index of Rock and Application to Rock Strength Classifications.

Point Load Test Results Summary

Project H/353004 - PCCR4091, Propose Quarry Sampling & Lab Testing Program

Date : March.3,2019

Test By: RS & XZ

(P) Uncorrected Corrected ASTM
Proposed Sample Test Loading w D D/W Equiv. Diameter Pressure Point Point Load | Correction | Point Load | Correlation | Generalized
Quarry Type Relativeto | (W1+W2)/2 Diameter Squared at break Load Strength Factor Strength Factor ucs
Location Bedding De, mm De?, mm? (kPa) Newtons Index (Is) (F) Index (Is50) (K) (mPa)
mPa
01 lump perpendicular 69 30 0.43 51.34 2635.58 44000.00 22264.00 8.45 1.01 8.55 23.00 194.29
02 lump perpendicular 55 39 0.71 52.26 2731.08 18000.00 9108.00 3.33 1.02 3.40 23.00 76.70
03 lump perpendicular 82 38 0.46 62.99 3967.38 42000.00 21252.00 5.36 1.11 5.94 24.50 131.24
04 lump perpendicular 79 45 0.57 67.28 4526.33 33000.00 16698.00 3.69 1.14 4.22 24.50 90.38
05 lump perpendicular 79 45 0.57 67.28 4526.33 33000.00 16698.00 3.69 1.14 4.22 24.50 90.38
06 lump perpendicular 86 38 0.44 64.51 4160.91 29000.00 14674.00 3.53 1.12 3.95 24.50 86.40
07 lump perpendicular 72 33 0.46 55.00 3025.19 26000.00 13156.00 4.35 1.04 4.54 24.00 104.37
QMR2 08 lump | perpendicular 83 40 0.48 65.02 4227.12 20000.00 10120.00 2.39 113 2.69 24.50 58.65

09 lump perpendicular 86 30 0.35 57.31 3284.93 40000.00 20240.00 6.16 1.06 6.55 24.00 147.88
10 lump perpendicular 85 30 0.35 56.98 3246.73 28000.00 14168.00 4.36 1.06 4.63 24.00 104.73
11 lump perpendicular 101 44 0.44 75.22 5658.23 34000.00 17204.00 3.04 1.20 3.65 24.50 74.49
12 lump perpendicular 63 30 0.48 49.06 2406.40 30000.00 15180.00 6.31 0.99 6.25 21.00 132.47
13 lump perpendicular 59 35 0.59 51.28 2629.22 39000.00 19734.00 7.51 1.01 7.59 23.00 172.63
14 lump perpendicular 58 37 0.64 52.27 2732.35 30000.00 15180.00 5.56 1.02 5.67 23.00 127.78
15 lump perpendicular 7 30 0.42 52.08 2711.98 22000.00 11132.00 4.10 1.02 4.18 23.00 94.41

Notes:

1. All samples tested were irregular lumps as per ASTM D-5731-08 Fig. 3/ Type D

2. Samples were stored to preserve natural moisture contents before testing. Tests were at natural moisture content.

3. Most recent calibration of point load tester on April 24, 2018
4. Strength conversion factor K determined as per ASTM D-5731-08 / Table 1




HATCH

ASTM D-5731-08 Determination of Point Load Strength Index of Rock and Application to Rock Strength Classifications.

Point Load Test Results Summary

Project H/353004 - PCCR4091, Propose Quarry Sampling & Lab Testing Program
Date : March.3,2019
Test By: RS & XZ
(P) Uncorrected Corrected ASTM
Proposed Sample Test Loading w D D/W Equiv. Diameter Pressure Point Point Load | Correction | Point Load | Correlation | Generalized
Quarry Type Relativeto | (W1+W2)/2 Diameter Squared at break Load Strength Factor Strength Factor ucs
Location Bedding De, mm De?, mm? (kPa) Newtons Index (Is) (F) Index (Is50) (K) (mPa)
mPa
01 lump perpendicular 51 43 0.84 52.84 2792.19 8000 4048 1.45 1.03 1.49 23.00 33.34
02 lump perpendicular 83 37 0.45 62.53 3910.08 17000 8602 2.20 1.11 2.43 24.50 53.90
03 lump perpendicular 104 35 0.34 68.08 4634.55 23000 11638 2.51 1.15 2.89 24.50 61.52
04 lump perpendicular 67 38 0.57 56.94 3241.64 24000 12144 3.75 1.06 3.97 24.00 89.91
05 lump perpendicular 66 41 0.62 58.70 3445.36 10000 5060 1.47 1.07 1.58 24.00 35.25
06 lump perpendicular 59 34 0.58 50.54 2554.10 10000 5060 1.98 1.00 1.99 23.00 45.57
07 lump parallel 70 38 0.54 58.20 3386.79 9000 4554 1.34 1.07 1.44 24.00 32.27
Qs 08 lump parallel 59 35 0.59 51.28 2629.22 16000 8096 3.08 1.01 3.11 23.00 70.82
09 lump parallel 43 35 0.81 43.77 1916.21 24000 12144 6.34 0.94 5.97 21.00 133.09
10 lump parallel 38 37 0.97 42.31 1790.16 18000 9108 5.09 0.93 4.72 21.00 106.84
11 lump perpendicular 40 38 0.95 43.99 1935.31 17000 8602 4.44 0.94 4.20 21.00 93.34
12 lump perpendicular 52 38 0.73 50.16 2515.90 16000 8096 3.22 1.00 3.22 23.00 74.01
13 lump perpendicular 60 32 0.53 49.44 2444.60 24000 12144 4.97 0.99 4.94 21.00 104.32
14 lump perpendicular 58 40 0.69 54.35 2953.89 20000 10120 Non-conforming, invalid failure plane
15 lump parallel 47 45 0.96 51.89 2692.88 16000 8096 3.01 1.02 | 3.06 | 23.00 69.15
Notes:

1. All samples tested were irregular lumps as per ASTM D-5731-08 Fig. 3/ Type D

2. Samples were stored to preserve natural moisture contents before testing. Tests were at natural moisture content.

3. Most recent calibration of point load tester on April 24, 2018
4. Strength conversion factor K determined as per ASTM D-5731-08 / Table 1




HATCH

ASTM D-5731-08 Determination of Point Load Strength Index of Rock and Application to Rock Strength Classifications.

Point Load Test Results Summary

Project H/353004 - PCCR4091, Propose Quarry Sampling & Lab Testing Program
Date : March.3,2019
Test By: RS & XZ
(P) Uncorrected Corrected ASTM
Proposed Sample Test Loading w D D/W Equiv. Diameter Pressure Point Point Load | Correction | Point Load | Correlation | Generalized
Quarry Type Relativeto | (W1+W2)/2 Diameter Squared at break Load Strength Factor Strength Factor ucs
Location Bedding De, mm De?, mm? (kPa) Newtons Index (Is) (F) Index (Is50) (K) (mPa)
mPa
01 lump perpendicular 75 65 0.87 78.78 6206.99 66000 33396 Maximum load exceeded
02 lump perpendicular 100 73 0.73 96.41 9294.57 26000 13156 1.42 1.34 1.90 24.50 34.68
03 lump perpendicular 75 75 1.00 84.63 7161.91 26000 13156 1.84 1.27 2.33 24.50 45.01
04 lump perpendicular 53 77 1.45 72.08 5196.05 24000 12144 2.34 1.18 2.76 24.50 57.26
05 lump perpendicular 96 69 0.72 91.84 8433.87 22000 11132 1.32 1.31 1.74 24.50 32.34
Q158 06 lump perpendicular 42 71 1.69 61.62 3796.77 20000 10120 2.67 1.10 2.93 24.50 65.30
07 lump parallel 73 74 1.01 82.93 6877.98 19000 9614 1.40 1.26 1.76 24.50 34.25
08 lump parallel 74 45 0.61 65.11 4239.85 27000 13662 3.22 1.13 3.63 24.50 78.95
09 lump perpendicular 55 36 0.65 50.21 2520.99 29000 14674 5.82 1.00 5.83 23.00 133.88
10 lump parallel 75 47 0.63 66.99 4488.13 22000 11132 2.48 1.14 2.83 24.50 60.77
11 lump perpendicular 62 39 0.63 55.49 3078.67 38000 19228 6.25 1.05 6.55 24.00 149.89
12 lump perpendicular 76 40 0.53 62.21 3870.61 10000 5060 1.31 1.10 1.44 24.50 32.03
Notes:

1. All samples tested were irregular lumps as per ASTM D-5731-08 Fig. 3/ Type D

2. Samples were stored to preserve natural moisture contents before testing. Tests were at natural moisture content.

3. Most recent calibration of point load tester on April 24, 2018
4. Strength conversion factor K determined as per ASTM D-5731-08 / Table 1




HATCH

ASTM D-5731-08 Determination of Point Load Strength Index of Rock and Application to Rock Strength Classifications.

Point Load Test Results Summary

Project H/353004 - PCCR4091, Propose Quarry Sampling & Lab Testing Program
Date : March.3,2019
Test By: RS & XZ
(P) Uncorrected Corrected ASTM
Proposed Sample Test Loading w D D/W Equiv. Diameter Pressure Point Point Load | Correction | Point Load | Correlation | Generalized
Quarry Type Relativeto | (W1+W2)/2 Diameter Squared at break Load Strength Factor Strength Factor ucs
Location Bedding De, mm De?, mm? (kPa) Newtons Index (Is) (F) Index (Is50) (K) (mPa)
mPa
PQ13 01 lump parallel 92 60 0.65 83.83 7028.22 53000 26818 Maximum load exceeded
02 lump perpendicular 74 45 0.61 65.11 4239.85 42000 21252 5.01 113 | 565 | 2450 122.80
Notes:

1. All samples tested were irregular lumps as per ASTM D-5731-08 Fig. 3/ Type D

2. Samples were stored to preserve natural moisture contents before testing. Tests were at natural moisture content.
3. Most recent calibration of point load tester on April 24, 2018

4. Strength conversion factor K determined as per ASTM D-5731-08 / Table 1

5. Due to the high strength of rock and limited sub-samples, only 2 tests were possible.




HATCH

ASTM D-5731-08 Determination of Point Load Strength Index of Rock and Application to Rock Strength Classifications.

Point Load Test Results Summary

Project H/353004 - PCCR4091, Propose Quarry Sampling & Lab Testing Program
Date : March.3,2019
Test By: RS & XZ
(P) Uncorrected Corrected ASTM
Proposed Sample Test Loading w D D/W Equiv. Diameter Pressure Point Point Load | Correction | Point Load | Correlation | Generalized
Quarry Type Relativeto | (W1+W2)/2 Diameter Squared at break Load Strength Factor Strength Factor ucs
Location Bedding De, mm De?, mm? (kPa) Newtons Index (Is) (F) Index (Is50) (K) (mPa)
mPa
01 lump parallel 66 52 0.79 66.10 4369.72 20000 10120 2.32 1.13 2.63 24.50 56.74
02 lump perpendicular 63 44 0.70 59.41 3529.39 32000 16192 4.59 1.08 4.96 24.00 110.11
03 lump parallel 99 70 0.71 93.93 8823.47 12000 6072 0.69 1.33 0.91 24.50 16.86
04 lump perpendicular 81 32 0.40 57.45 3300.21 29000 14674 4.45 1.06 4.73 24.00 106.71
05 lump perpendicular 60 33 0.55 50.21 2520.99 29000 14674 5.82 1.00 5.83 23.00 133.88
06 lump perpendicular 73 62 0.85 75.91 5762.63 26000 13156 2.28 1.21 2.75 24.50 55.93
07 lump parallel 59 37 0.63 52.72 2779.46 37000 18722 6.74 1.02 6.90 23.00 154.92
at 08 lump perpendicular 102 46 0.45 77.29 5973.99 40000 20240 3.39 1.22 412 24.50 83.01
09 lump parallel 69 45 0.65 62.88 3953.37 34000 17204 4.35 1.11 4.82 24.50 106.62
10 lump perpendicular 96 36 0.38 66.33 4400.28 38000 19228 4.37 1.14 4.96 24.50 107.06
11 lump parallel 72 38 0.53 59.02 3483.55 28000 14168 4.07 1.08 4.38 24.00 97.61
12 lump perpendicular 4l 57 0.80 71.78 5152.76 54000 27324 Maximum load exceeded
13 lump perpendicular 82 35 0.43 60.45 3654.17 30000 15180 4.15 1.09 [ 4.52 [ 24.50 101.78
14 lump perpendicular 81 35 0.43 60.08 3609.60 30000 15180 Non-conforming, invalid failure plane
15 lump perpendicular 58 38 0.66 52.97 2806.20 32000 16192 5.77 1.03 | 5.92 | 23.00 132.71
Notes:

1. All samples tested were irregular lumps as per ASTM D-5731-08 Fig. 3/ Type D

2. Samples were stored to preserve natural moisture contents before testing. Tests were at natural moisture content.

3. Most recent calibration of point load tester on April 24, 2018
4. Strength conversion factor K determined as per ASTM D-5731-08 / Table 1




HATCH

ASTM D-5731-08 Determination of Point Load Strength Index of Rock and Application to Rock Strength Classifications.

Point Load Test Results Summary

Project Mary River Quarry Samples
Date : June 5.2019
Test By: EM & JS
P) Uncorrected Corrected ASTM
Proposed Sample Test Loading W D D/W Equiv. Diameter Pressure Point Point Load Correction Point Load Correlation | Generalized
Quarry Type Relative to (W1+W2)/2 Diameter Squared at break Load Strength Factor Strength Factor ucs
Location Bedding De, mm De?, mm? (kPa) Newtons Index (Is) (F) Index (Is50) (K) (mPa)
mPa
01 lump perpendicular 85 36 0.43 62.63 3922.05 5000 2530.00 0.65 1.11 0.71 245 15.80
02 lump perpendicular 86 35 0.40 61.60 3794.09 7000 3542.00 0.93 1.10 1.03 245 22.87
03 lump perpendicular 60 49 0.82 61.25 3751.05 7500 3795.00 1.01 1.10 1.11 245 24.79
04 lump perpendicular 68 61 0.90 72.37 5236.77 8000 4048.00 0.77 1.18 0.91 245 18.94
05 lump perpendicular 96 30 0.31 60.40 3647.80 9000 4554.00 Non-conforming, D/W < 0.33
06 lump perpendicular 114 53 0.47 87.80 7708.33 5000 2530.00 0.33 1.29 | 0.42 245 8.04
07 lump perpendicular 124 46 0.37 84.91 7209.40 10000 5060.00 0.70 1.27 | 0.89 24.5 17.20
08 lump perpendicular 72 21 0.30 44.38 1969.79 7500 3795.00 Non-conforming, D < 30 mm
09 lump perpendicular 105 36 0.34 69.27 4797.80 6500 3289.00 0.69 1.16 | 0.79 | 24.5 16.80
PQ4A 10 lump perpendicular 105 30 0.29 63.21 3995.77 4000 2024.00 Non-conforming, D/W < 0.33
11 lump perpendicular 82 31 0.38 56.90 3237.34 4000 2024.00 0.63 1.06 0.66 24 15.00
12 lump perpendicular 60 33 0.54 50.16 2515.72 6000 3036.00 1.21 1.00 1.21 23 27.76
13 lump perpendicular 46 33 0.71 43.73 1912.21 5000 2530.00 1.32 0.94 1.25 21 27.78
14 lump perpendicular 60 61 1.01 68.07 4633.18 8000 4048.00 0.87 1.15 1.00 24.5 21.41
15 lump perpendicular 41 37 0.89 44.14 1948.76 2000 1012.00 0.52 0.95 0.49 21 10.91
16 lump perpendicular 87 31 0.35 58.31 3399.48 3000 1518.00 0.45 1.07 0.48 24 10.72
17 lump perpendicular 81 31 0.38 55.91 3126.09 4000 2024.00 0.65 1.05 0.68 24 15.54
18 lump perpendicular 72 32 0.44 54.08 2924.63 4000 2024.00 0.69 1.04 0.72 24 16.61
19 lump perpendicular 47 30 0.64 42.64 1818.43 6000 3036.00 1.67 0.93 1.55 21 35.06
Notes:

1. All samples tested were irregular lumps as per ASTM D-5731-08 Fig. 3/ Type D

2. Samples were stored to preserve natural moisture contents before testing. Tests were at natural moisture content.
3. Most recent calibration of point load tester on April 24, 2019

4. Strength conversion factor K determined as per ASTM D-5731-08 / Table 1




HATCH

ASTM D-5731-08 Determination of Point Load Strength Index of Rock and Application to Rock Strength Classifications.

Point Load Test Results Summary

Project Mary River Quarry Samples
Date : June 5.2019
Test By: EM & JS
P) Uncorrected Corrected ASTM
Proposed Sample Test Loading W D D/W Equiv. Diameter Pressure Point Point Load Correction Point Load Correlation | Generalized
Quarry Type Relative to (W1+W2)/2 Diameter Squared at break Load Strength Factor Strength Factor ucs
Location Bedding De, mm De?, mm? (kPa) Newtons Index (Is) (F) Index (Is50) (K) (mPa)
mPa
01 lump parallel 76 69 0.91 81.60 6658.98 6000 3036 0.46 1.25 0.57 24.5 11.17
02 lump perpendicular 60 54 0.91 64.29 4132.76 8000 4048 0.98 1.12 1.10 245 24.00
03 lump perpendicular 123 85 0.69 115.62 13369.09 4000 2024 0.15 1.46 0.22 24.5 3.71
04 lump perpendicular 81 30 0.37 55.51 3081.00 3500 1771 0.57 1.05 0.60 24.0 13.80
05 lump perpendicular 98 30 0.31 61.07 3729.73 4500 2277 Non-conforming, D/W < 0.33
06 lump perpendicular 56 35 0.62 49.46 2446.30 5000 2530 1.03 1.00 1.03 21.0 21.72
07 lump parallel 49 47 0.96 54.10 2926.83 5500 2783 0.95 1.04 0.99 24.0 22.82
08 lump perpendicular 44 38 0.88 46.02 2117.81 6000 3036 1.43 0.96 1.38 21.0 30.10
09 lump perpendicular 74 44 0.59 63.99 4094.55 4000 2024 0.49 1.12 0.55 24.5 12.11
10 lump perpendicular 91 46 0.50 72.78 5297.32 3500 1771 0.33 1.18 0.40 24.5 8.19
PQ5A 11 lump perpendicular 72 33 0.46 54.57 2977.78 2500 1265 0.42 1.04 0.44 24.0 10.20
12 lump perpendicular 96 36 0.37 66.41 4410.35 7500 3795 0.86 1.14 0.98 24.5 21.08
13 lump perpendicular 99 60 0.61 87.08 7583.40 5900 2985 0.39 1.28 0.51 24.5 9.65
14 lump perpendicular 81 32 0.40 57.82 3342.66 2000 1012 Non-conforming, D/W < 0.33
15 lump perpendicular 85 49 0.58 73.13 5347.52 8000 4048 0.76 1.19 0.90 24.5 18.55
16 lump perpendicular 55 38 0.69 51.82 2685.59 4000 2024 0.75 1.02 0.77 23.0 17.33
17 lump perpendicular 108 60 0.55 90.54 8196.61 22000 11132 1.36 1.31 1.77 24.5 33.27
18 lump perpendicular 57 51 0.89 60.62 3675.12 32000 16192 4.41 1.09 4.80 24.5 107.94
19 lump perpendicular 47 31 0.67 43.04 1852.17 6000 3036 Non-conforming, D/W < 0.33
20 lump perpendicular 48 31 0.65 44.04 1939.83 4500 2277 Non-conforming, D/W < 0.33
21 lump perpendicular 45 41 0.92 48.51 2353.24 4000 2024 0.86 0.99 | 0.85 | 21.0 | 18.06
22 lump perpendicular 45 34 0.76 44.11 1945.72 11000 5566 2.86 0.95 [ 2.70 [ 21.0 | 60.07
Notes:

1. All samples tested were irregular lumps as per ASTM D-5731-08 Fig. 3/ Type D

2. Samples were stored to preserve natural moisture contents before testing. Tests were at natural moisture content.

3. Most recent calibration of point load tester on April 24, 2019
4. Strength conversion factor K determined as per ASTM D-5731-08 / Table 1




HATCH

ASTM D-5731-08 Determination of Point Load Strength Index of Rock and Application to Rock Strength Classifications.

Point Load Test Results Summary

Project Mary River Quarry Samples
Date : June 5.2019
Test By: EM & JS
P) Uncorrected Corrected ASTM
Proposed Sample Test Loading W D D/W Equiv. Diameter Pressure Point Point Load Correction Point Load Correlation | Generalized
Quarry Type Relative to (W1+W2)/2 Diameter Squared at break Load Strength Factor Strength Factor ucs
Location Bedding De, mm De?, mm? (kPa) Newtons Index (Is) (F) Index (Is50) (K) (mPa)
mPa
01 lump perpendicular 100 36.00 0.36 67.70 4583.62 6000 3036 0.66 1.15 0.76 245 16.23
02 lump perpendicular 85 31.50 0.37 58.39 3409.07 1700 860 0.25 1.07 0.27 24.0 6.06
03 lump perpendicular 60 31.50 0.53 49.06 2406.40 5000 2530 1.05 0.99 1.04 21.0 22.08
04 lump perpendicular 95 35.00 0.37 65.07 4233.48 10000 5060 1.20 1.13 1.35 245 29.28
05 lump perpendicular 90 49.00 0.54 74.93 5614.94 16000 8096 1.44 1.20 1.73 24.5 35.33
06 lump perpendicular 55 36.00 0.65 50.21 2520.99 5000 2530 1.00 1.00 1.01 23.0 23.08
07 lump perpendicular 90 34.00 0.38 62.42 3896.08 10000 5060 1.30 1.10 1.44 24.5 31.82
08 lump perpendicular 100 33.00 0.33 64.82 4201.65 14000 7084 1.69 1.12 1.89 24.5 41.31
09 lump perpendicular 100 34.00 0.34 65.79 4328.98 12000 6072 1.40 1.13 1.59 24.5 34.36
PQ9A 10 lump perpendicular 80 32.00 0.40 57.09 3259.46 4000 2024 0.62 1.06 0.66 24.0 14.90
11 lump perpendicular 85 33.00 0.39 59.76 3571.41 5000 2530 0.71 1.08 0.77 24.0 17.00
12 lump perpendicular 90 47.00 0.52 73.39 5385.76 4500 2277 0.42 1.19 0.50 24.5 10.36
13 lump perpendicular 70 31.00 0.44 52.56 2762.91 5000 2530 0.92 1.02 0.94 23.0 21.06
14 lump perpendicular 105 32.00 0.30 65.41 4278.05 6000 3036 Non-conforming, D/W < 0.33
15 lump perpendicular 70 31.50 0.45 52.99 2807.47 6500 3289 1.17 1.03 | 1.20 | 23.0 26.94
16 lump perpendicular 100 31.50 0.32 63.33 4010.67 3500 1771 0.44 1.11 | 0.49 | 24.5 10.82
17 lump perpendicular 110 32.50 0.30 67.47 4551.79 8000 4048 Non-conforming, D/W < 0.33
18 lump perpendicular 120 35.00 0.29 73.13 5347.56 12000 6072 Non-conforming, D/W < 0.33
19 lump perpendicular 80 31.50 0.39 56.64 3208.54 3000 1518 0.47 1.06 | 050 | 24.0 11.35
20 lump perpendicular 102 33.44 0.33 65.90 4342.83 6000 3036 0.70 1.13 [ 0.79 [ 24.5 17.13
Notes:

1. All samples tested were irregular lumps as per ASTM D-5731-08 Fig. 3/ Type D

2. Samples were stored to preserve natural moisture contents before testing. Tests were at natural moisture content.
3. Most recent calibration of point load tester on April 24, 2019

4. Strength conversion factor K determined as per ASTM D-5731-08 / Table 1
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ASTM D-5731-08 Determination of Point Load Strength Index of Rock and Application to Rock Strength Classifications.

Point Load Test Results Summary

Project Mary River Quarry Samples
Date : June 5.2019
Test By: EM & JS
P) Uncorrected Corrected ASTM
Proposed Sample Test Loading W D D/W Equiv. Diameter Pressure Point Point Load Correction Point Load Correlation | Generalized
Quarry Type Relative to (W1+W2)/2 Diameter Squared at break Load Strength Factor Strength Factor ucs
Location Bedding De, mm De?, mm? (kPa) Newtons Index (Is) (F) Index (Is50) (K) (mPa)
mPa
01 lump perpendicular 75.2 36 0.48 58.63 3437.31 6000 3036 0.88 1.07 0.95 24.0 21.20
02 lump perpendicular 79.5 38 0.47 61.61 3795.81 8000 4048 1.07 1.10 1.17 245 26.13
03 lump parallel 41.5 32 0.76 40.93 1675.00 4000 2024 1.21 0.91 1.10 19.0 22.96
04 lump perpendicular 71.35 36 0.51 57.49 3304.94 3500 1771 0.54 1.06 0.57 24.0 12.86
05 lump perpendicular 56.24 30 0.53 46.36 2148.91 4500 2277 1.06 0.97 1.02 21.0 22.25
06 lump perpendicular 73.23 31 0.42 53.61 2874.54 5000 2530 0.88 1.03 0.91 23.0 20.24
07 lump perpendicular 43.44 31 0.70 41.12 1690.80 5500 2783 1.65 0.92 151 19.0 31.27
08 lump perpendicular 83.54 38 0.46 63.69 4056.78 6000 3036 0.75 1.12 0.83 24.5 18.34
09 lump perpendicular 70.22 41 0.59 60.82 3699.62 4000 2024 0.55 1.09 0.60 245 13.40
10 lump perpendicular 79.43 33 0.41 57.43 3297.93 3500 1771 0.54 1.06 0.57 24.0 12.89
11 lump perpendicular 60.6 31 0.51 48.86 2387.26 2500 1265 0.53 0.99 0.52 21.0 11.13
12 lump perpendicular 61 31 0.50 48.77 2378.94 7500 3795 1.60 0.99 1.58 21.0 33.50
13 lump perpendicular 52.89 32 0.61 46.66 2177.14 5900 2985 1.37 0.97 1.33 21.0 28.80
14 lump perpendicular 100.49 50 0.50 80.37 6460.03 2000 1012 0.16 1.24 0.19 24.5 3.84
15 lump perpendicular 83.45 37 0.45 63.07 3978.03 8000 4048 1.02 111 1.13 245 24.93
16 lump perpendicular 87.78 54 0.62 78.03 6088.90 4000 2024 0.33 1.22 0.41 245 8.14
17 lump perpendicular 75.74 51 0.68 70.43 4960.58 22000 11132 2.24 1.17 2.62 245 54.98
18 lump perpendicular 91.31 53 0.58 78.35 6138.45 32000 16192 2.64 1.22 3.23 245 64.63
19 lump perpendicular 97.2 36 0.37 67.15 4509.73 6000 3036 0.67 1.14 0.77 24.5 16.49
PQ9B 20 lump perpendicular 92.8 43 0.47 71.65 5133.86 4500 2277 0.44 1.18 0.52 245 10.87
21 lump perpendicular 72.6 39 0.53 59.81 3577.29 4000 2024 0.57 1.08 0.61 24.0 13.58
22 lump perpendicular 65.7 47 0.72 62.86 3950.84 11000 5566 141 111 1.56 245 34.52
23 lump perpendicular 96.12 49 0.51 77.52 6008.99 6000 3036 0.51 1.22 0.62 245 12.38
24 lump perpendicular 76.88 32 0.41 55.82 3115.71 17000 8602 2.76 1.05 2.90 24.0 66.26
25 lump perpendicular 84.22 40 0.48 65.69 4314.99 3000 1518 0.35 1.13 0.40 245 8.62
26 lump perpendicular 82.36 31 0.38 57.39 3293.75 13000 6578 2.00 1.06 2.12 24.0 47.93
27 lump perpendicular 65 46 0.71 61.62 3797.02 20000 10120 2.67 1.10 2.93 245 65.30
28 lump perpendicular 79.12 36 0.46 60.57 3668.87 6000 3036 0.83 1.09 0.90 245 20.27
29 lump perpendicular 85 33 0.39 59.74 3569.24 8000 4048 1.13 1.08 1.23 24.0 27.22
30 lump perpendicular 64.22 44 0.69 60.21 3624.72 11000 5566 1.54 1.09 1.67 24.5 37.62
31 lump perpendicular 77 36 0.47 59.78 3573.51 11000 5566 1.56 1.08 1.69 24.0 37.38
32 lump perpendicular 67 32 0.47 51.99 2702.50 18000 9108 3.37 1.02 3.43 23.0 77.51
33 lump perpendicular 98 33 0.33 63.71 4058.98 20000 10120 2.49 1.12 2.78 24.5 61.08
34 lump perpendicular 107 59 0.55 89.65 8037.89 20000 10120 1.26 1.30 1.64 245 30.85
35 lump perpendicular 75.2 58 0.77 74.36 5529.38 14000 7084 1.28 1.20 1.53 24.5 31.39
36 lump perpendicular 88 64 0.72 84.48 7137.21 18000 9108 1.28 1.27 1.62 24.5 31.27
37 lump perpendicular 110 65 0.59 95.12 9047.56 26000 13156 1.45 1.34 1.94 24.5 35.63
38 lump perpendicular 105 60 0.57 89.56 8021.34 35000 17710 2.21 1.30 2.87 24.5 54.09
39 lump perpendicular 60 40 0.66 54.93 3017.55 33000 16698 5.53 1.04 5.77 24.0 132.81
40 lump perpendicular 90 60 0.67 82.92 6875.43 37000 18722 2.72 1.26 3.42 24.5 66.71
Notes:

1. All samples tested were irregular lumps as per ASTM D-5731-08 Fig. 3/ Type D

2. Samples were stored to preserve natural moisture contents before testing. Tests were at natural moisture content.
3. Most recent calibration of point load tester on April 24, 2019

4. Strength conversion factor K determined as per ASTM D-5731-08 / Table 1
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PHYSICAL PROPERTY TESTING OF BALLAST AGGREGATE

QMR2, Diabase, Q1 Materials
Project # TB152049

Prepared for:
Hatch Ltd.
4342 Queen St. Suite 500, Niagara Falls, Ontario, L2E 7)7

Attention: Ralph Serluca

Prepared by:

Wood Environment & Infrastructure Solutions
3450 Harvester Road

Suite 100

Burlington, Ontario, L7N 3W5

Canada

T: 905-335-2353

14 February 2019

1.0 Introduction

Wood Environment & Infrastructure Solutions, a Division of Wood Canada Limited (Wood) is pleased to
present the results of laboratory testing conducted on a Ballast Stone received in our Wood Burlington,
Ontario laboratory on 04 October 2018. It is understood that a representative Hatch Ltd. sampled the
material in October 2018.

2.0 Methodology
Testing of the ballast stone included the following:

e ASTM C136 Sieve Analysis of Fine and Coarse Aggregates

e ASTM (C88 Soundness of Aggregates by use of Magnesium Sulphate

e ASTM C29 Bulk Density ("Unit Weight") and Voids in Aggregate

e ASTM C127 Relative Density (Specific Gravity) and Absorption of Coarse Aggregates

e ASTM (C535 Resistance to Degradation of Large-Size Coarse Aggregate by Abrasion and
Impact in the Los Angeles Machine

3.0 Results

Results of the composite sieve analysis are presented in Enclosures 1 to 3. Each sample was crushed with
the use of a sledge hammer in order to meet the grading requirements, provided by the client,
referencing 2.2.12, Table 25 Fill-Rail Ballast.

Parameters and results for the remaining tests on the ballast aggregate are provided in Tables 1 through
4.



Physical Property Testing of Ballast Aggregate
QMR?2, Diabase, Q1 Materials

Table 1: Determination of weighted percent loss of aggregate after five cycles
ASTM (88 Soundness of Aggregates by Use of Magnesium Sulphate!

Weighted Percentage of

Initial Sample Percent
i i i Mass Loss
Sample Sieve Fraction Mass Passing After
Identification (mm) © Test (%)
J (%)
S346-18 - 375+ 192 1539.6 45 20
3
QMR2 + 37.532 2019.9 16 0.8
S347-18 - 375 + 192 1533.9 1.0 04
1
Diabase + 37.532 2060.5 0.9 04
S348-18 - 375+ 192 1507.5 11 0.5
1
Q1 + 37.532 2035.4 0.4 0.2

! Previously used Magnesium Sulphate solution

2Section 12.1.5 was not recorded, no distress in any particles was visible
337.5mm fraction tested only

4Final number rounded to the nearest whole number

Table 2: Determination of the bulk density
ASTM C29 Bulk Density ("Unit Weight") and Voids in Aggregate

Voids in Voids in
Sample Loose Density Jigging Density Loose Rodded
Identification (kg/m?) (kg/m?) Aggregate Aggregate
(%) (%)
S346-18
1351 1516 50 44
QMR2
S347-18
1417 1639 52 44
Diabase
S348-18
1307 1533 50 42
Q1

Project # TB152049 | 14-February-18 Page 2 of 4
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Table 3: Determination of the relative density and absorption
ASTM C127 Relative Density (Specific Gravity) and Absorption of Coarse Aggregate

Relative Density Relative Density Absorption
Sample Identification

(e]»)] (SSD) (CA)
S346-18

2728 2.740 0.42

QMR2

S347-18

2.930 2.950 0.68
Diabase
S348-18

2.630 2.636 0.21

Q1

Table 4: Determination of resistance to degradation using the Los Angeles testing machine.
ASTM (€535 Resistance to Degradation of large-size Coarse Aggregate by Abrasion and Impact in
the Los Angeles Machine

Maximum Aggregate

Sample Loss

Sample Identification Size used Grading Designation
(¢))
(mm)
S346-18
375 2 21.2
QMR2
S347-18
37.5 2 17.8
Diabase
S348-18
375 2 23.2
Q1
Project # TB152049 | 14-February-18 Page 3 of 4
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4.0 Copyright and non-disclosure notice

The contents and layout of this report are subject to copyright owned by Wood (©Wood Environment &
Infrastructure Solutions, a Division of Wood Canada Limited.). save to the extent that copyright has been
legally assigned by us to another party or is used by Wood under license. To the extent that we own the
copyright in this report, it may not be copied or used without our prior written agreement for any purpose
other than the purpose indicated in this report. The methodology (if any) contained in this report is
provided to you in confidence and must not be disclosed or copied to third parties without the prior
written agreement of Wood. Disclosure of that information may constitute an actionable breach of
confidence or may otherwise prejudice our commercial interests. Any third party who obtains access to
this report by any means will, in any event, be subject to the Third Party Disclaimer set out below.

5.0 Third-party disclaimer

Any disclosure of this report to a third party is subject to this disclaimer. The report was prepared by
Wood at the instruction of, and for use by, our client named on the front of the report. It does not in any
way constitute advice to any third party who is able to access it by any means. Wood excludes to the
fullest extent lawfully permitted all liability whatsoever for any loss or damage howsoever arising from
reliance on the contents of this report. We do not however exclude our liability (if any) for personal injury
or death resulting from our negligence, for fraud or any other matter in relation to which we cannot
legally exclude liability.

If you have any questions with regards to the results of the testing conducted, please do not hesitate to
contact the undersigned at your convenience.

Yours truly,
Wood Environment & Infrastructure Solutions,

a Division of Wood Canada Limited

Reviewed by,
Kristen Hand Ognjenko Lazic
Soils & Aggregate Laboratory Supervisor Asphalt & Concrete Laboratory Supervisor
kh:OL
Enclosure (3)
Project # TB152049 | 14-February-18 Page 4 of 4
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SIEVE ANALYSIS OF FINE AND COARSE AGGREGATE Enclosure: 1
ASTM (136 Report Date: 26 October 2018
Project No.: TB152049
Client: Hatch Ltd. Lab No: S346-18
Sample Source: QMR 2 - 1&2 Date Received: 04 October 2018
Date Sampled:  September 2018 Date Tested: 19 October 2018
Sampled by: Client Lab Technician: J. Wood
Sample Type: Rail Ballast Aggregate, Type 25 Fill
Specification: Section 2.2.12
SIEVE SIZES (mm) 100 90.0 75.0 63 50 375 25.0 19 125 9.5 475 2.36 118 0.600 0.300 0.150 0.075
SPECIFICATIONS 100.0 100.0 100.0 100.0 95-100 | 35-70 0-15 - 0-5 - - - - - - - -
% PASSING 100.0 100.0 100.0 100.0 98.5 50.0 6.2 5.2 3.8 15 0.0 - - - - - -
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—a— Sample Gradation

—— Upper Specification Limit

—&— Lower Specification Limit

——sieve designations

SIEVE DESIGNATION (mm)

Wood Environment & Infrastructure Solutions 3450 Harvester Rd., Suite 100, Burlington, ON, L7N 3W5
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