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Engine Specification Data

Ultra Low Sulfur Mining Diesel Fuel (7 mg/kg sulfur content)

Wake Detroit Diesel

Model GO63-WK32, Series 60
Serial number 06R0442911
Displacement 11.1 Liter

Rated power 242 kKW @ 2100 rpm
Fuel rate at rated power 53.4 kg'h

Peak torque 1539 N.m @1200 rpm
Intermediate speed 1260 rpm

Aspiration

Turbocharged, charged air
cooled

Fuel system

DI, Electronically controlled fuel

injection
Max air intake restriction-clean 3 kPa
air filter
Max exhaust backpressure 10.1 kPa
Low idle speed 600 rpm
High idle speed 2225 rpm
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DOC Technical Specifications

14SC Specialty No/Low NO, DOC:

- Proprietary PT Loading

- Proprietary Washcoat

- 150 CPSI Core Density

- 0.269 ft3 Catalyst Volume

- Catalyst Space Velocity= 198,000 h-

12SXC Standard Production DOC:

- Proprietary PT Loading

- Proprietary Washcoat

- 150 CPSI Core Density

- 0.210 ft3 Catalyst Volume

- Catalyst Space Velocity= 248,000 h-

DOC Installed in the Canmet Test Cell Exhaust System
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Progressive Load Test Cycle
- The Progressive Load Test Cycle is used to generate DOC performance curves over the test engine
operating temperature range by varying load at 13 test points and 1260 rpm constant engine speed
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Normalized Canmet Mining Transient LHD Test Cycle
- developed from actual mining operation
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CANMET Mining Transient DOC LHD Test Cycle

Table 2 — Transient test cycle LHD actions

Number Cycle Action

Loading

Idle

Haul Loaded
Idle

Dumping
Return Empty

OO EWN -

Canmet Mining Engine Laboratory Tests Performed

Five Laboratory Test were performed for this DOC study :
1. Baseline transient LHD test cycle without DOC
2. Progressive Load Test with DOC #14SC
3. Transient LHD test cycle with DOC #14SC
4. Progressive Load Test with DOC #12SXC

5. Transient LHD test cycle with DOC #12SXC
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Canmet Mining Engine Exhaust Gas Testing Instruments

Carbon Monoxide - non-dispersive infrared (NDIR) detection system
Carbon Dioxide - non-dispersive infrared (NDIR) detection system
Oxygen - paramagnetic (PMA) detection system
Nitric Oxide - heated chemiluminescence (CLD) system
Nitrogen Oxides - heated chemiluminesence (CLD) system
Hydrocarbons - heated flame ionization detector

Engine exhaust measurements to determine gaseous emissions follow the international 1ISO 8178-1 test procedures

Transient LHD Test Cycle Exhaust Emissions Data Results for DOC 14SC

Table 3 — Transient LHD Test Cycle Exhaust Emission Data for DOC 14SC

Baseline DOcC Percentage
Data Data Change

Speed rem 1668.5 1665.6 -0.2%
Torque MN.m 564.8 568.3 0.6%
Power KWV o98.7 99.1 0.4%
Exhaust Temperature S 316 317 0.2%
Exhaust Specific Emissions
COo> g/kWwh 671.8 677.9 0.9%
CcCOo g/kWh 1.1 0.3 -71.0%
MNO> a/kWh 0.4 0.1 -569.8%
NO a/kWh 3T 3.8 3.2%
THC a’kWh 0.2 0.1 -58.9%
Exhaust Gas Concentrations Wet
CO> Yo 4.1 4.1 0.6%
cO ppm 114 30 -73.4%
NO2 ppPpm 26 8 -69.6%
NO pPPM 380 390 2.6%
THC ppm 38 14 -51.4%
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Transient Mine LHD Test Cycle Temperature Profile and Progressive Load Test
CO Percent Reduction for DOC 14SC
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Transient LHD test cycle temperature profile and
progresive load test change in CO for DOC 14SC
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Transient Mine LHD Test Cycle Temperature Profile and Progressive Load Test
THC Percent Reduction for DOC 14SC
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Transient LHD test cycle temperature profile and
progresive load test change in THC for DOC 14SC
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Transient Mine LHD Test Cycle Temperature Profile and Progressive Load Test
NO2 Percent Reduction for DOC 14SC

O

Transient LHD test cycle temperature profile and
progresive load test percentage change in NO, for DOC 14SC
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Transient LHD Test Cycle Exhaust Emission Data for DOC 12SXC

O

Table 4 — Transient LHD Test Cycle Exhaust Emission Data for DOC 12SXC

Baseline DOC Percentage

Data Data Change

Speed rem 1664.1 1660.0 -0.2%
Torque N.m 562.9 560.3 -0.5%
Power kW 98.1 97.4 -0.7%
Exhaust Temperature e 316 318 0.6%
Exhaust Specific Emissions

CO2 g/kKWh 673.5 697.2 3.5%
cO g/kWh 1.1 0.3 -72.0%
NO2 g/KWh 04 0.4 -6.4%
NO g/kWh 34 37 -0.2%
THC g/kWh 0.2 0.0 -74.3%
Exhaust Gas Concentration

CO» %o 4.1 4.3 6.7%
cO ppm 114 3 -97.3%
NO> ppm 26 26 -22%
NO ppm 380 396 4.1%
THC ppm 38 9 -75.3%
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Transient Mine LHD Test Cycle Temperature Profile and Progressive Load Test
CO Percent Reduction for DOC 12SXC

O

Transient LHD test cycle temperature profile and
progressive load test CO Concentration for DOC 12SXC
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Transient Mine LHD Test Cycle Temperature Profile and Progressive Load Test
THC Percent Reduction for DOC 12SXC
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Transient LHD test cycle temperature profile and
progressive load test THC Concentration for DOC 125XC

o o (=] o o

[=] o o o (=]

e ~N m = o)
gy 250 : - ‘ 150%
g u
2 200 - 100% E
E & L £
g g 150 S0% @
§x ' g
a2 100 % §
¢c ®
EF 50 © 50%
g | ‘
E 0 - S Y ALY - -100%
- ERIEEEE8IFTETRRELILBZRS8L SR 8

o H H A" A" AN NN N N Mmoo m M 4 < < <& < 0

Inlet Catalyst Temp. (°C)
wmm LHD Temperature Profile ==Y Change in THC

S2P2

8



MDEC 2016

Transient Mine LHD Test Cycle Temperature Profile and Progressive Load Test

NO2 Percent Reduction for DOC 12SXC

O

Transient LHD test cycle temperature profile and
progressive load test NO, Concentration for DOC 125XC
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Summary Progressive Load Test Data- Before and after DOC 14SC
Test Points-> 1 1 2 2 3 3 4 4 5 5 6 6 7 7
Speed pm 1260 1260 1260 1260 1260 1260 1260 1260 1260 1260 1260 1260 1260 1260
Torque N.m 20 20 102 102 183 183 265 265 319 319 373 373 427 477
Power kW 27 27 135 134 242 242 349 349 421 421 492 492 564 563
Engine Exhaust temp. % 124 124 161 162 199 200 239 242 268 270 292 292 315 315
DOC inlet temperature °c 17 117 148 150 182 185 219 222 246 248 268 269 289 290
Exhaust gas concentration -wet
CO, % 11 1L 19 19 27 27 34 35 39 39 43 43 47 47
co ppm 210 264 229 226 169 166 98 T %6 1 65 0 61 0
NO,» ppm 36 28 42 27 43 18 39 11 k) 14 2 1" ] 9
NO ppm 134 141 230 248 327 353 382 406 421 443 461 480 496 516
THC ppm 160 137 106 98 75 12 56 36 49 20 46 17 46 16
Specific emission -wet
CO, g/kWh 2868 2887 981 994 791 811 715 723 687 677 657 667 651 696
Cco g/kWh 431 426 75 74 32 32 13 01 08 00 06 00 05 00
NO; gkWh 89 69 21 14 12 05 08 02 06 02 05 02 04 01
NO gkWh 230 244 81 88 6.5 2 54 58 | 52 48 51 47 49
THC gkWh 130 113 18 1.7 0.7 0.7 04 0.2 0.3 0.1 0.2 0.1 02 01
Test Points-> 8 8 9 9 10 10 11 11 12 12 13 13
Speed pm 1260 1260 1260 1260 1260 1260 1260 1260 1260 1260 1260 1259
Torque N.m 481 482 570 570 719 719 929 929 1133 1133 1465 1466
Power kW 635 636 751 752 948 949 1226 1226 1495 1495 1933 1934
Engine Exhaust temp. °c 336 336 366 365 405 406 443 444 467 467 494 495
DOC inlet temperature °C 309 310 337 338 375 3717 413 414 439 440 468 469
Exhaust gas concentration -wet
CO, % 50 5.1 55 55 6.2 6.2 69 69 ik 74 78 79
co ppm 575 00 573 00 731 00 1161 44 1467 99 1322 110
NO, ppm 2712 109 236 177 191 338 165 390 145 392 128 451
NO ppm 5268 5484 5812 5946 6621 6479 7829 7412 8587 8235 9282 9092
THC ppm 42 15 39 14 33 13 28 12 25 13 26 14
Specific emission -wet
CO2 gkWh 646 649 636 636 627 632 614 617 603 614 601 610
Cco gkWh 05 00 04 00 05 00 07 00 08 01 06 01
NO» gkWwh 03 01 03 02 02 03 01 03 01 03 01 03
NO gkWh 46 48 45 47 46 45 48 45 49 47 49 48
THC gkWh 02 0.1 0.1 01 0.1 00 01 00 01 00 0.1 0.0
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Summary Progressive Load Test Data- Before and after DOC 12SXC

Test Points-> 1 1 2 2 3 3 4 4 5 5 6 6 7 T
Speed m 1260 1260 1260 1260 1260 1260 1260 1260 1260 1260 1260 1260 1260 1260
Torque Nm 20 20 102 102 183 183 265 265 319 319 373 373 427 427
Power KW 27 27 134 134 242 242 349 349 421 421 492 492 564 564
Engine Exhaust temp. °c 124 124 181 162 200 202 241 243 270 272 29 295 317 318
DOC inlet temperature 4! 16 116 148 150 184 186 221 223 248 249 272 272 292 293
Exhaust gas concentration -wet
CO; % 11 11 19 19 27 M7 35 35 39 40 44 44 47 47
co ppm 288 282 242 235 176 177 102 92 7 1 67 0 62 0
NO; ppm 38 32 43 30 43 14 33 4 34 5 30 12 27 20
NO ppm 132 135 233 253 332 364 390 426 442 459 478 496 507 524
THC ppm 175 148 114 103 79 75 58 49 49 18 46 13 45 13
Specific emission -wet
CO; gkwh 2888 2832 997 991 804 807 720 719 683 687 666 G671 650 651
co glkWh 462 443 79 76 33 33 13 12 08 00 07 00 05 00
NO; gkwh 93 78 32 15 12 04 08 01 06 01 04 02 04 03
NO gkwh 227 227 82 89 610 13 Gl Y 5.2 5.4 5.0 52 48 49
THC gkwnh 142 118 19 17 0.8 0.7 04 03 03 0.1 02 0.1 0.2 0.1
Test Points-> 8 8 9 9 10 10 11 11 12 12 13 13
Speed pm 1260 1260 1260 1260 1260 1260 1260 1260 1260 1260 1260 1260
Torque N.m 482 481 570 570 719 718 929 929 1133 1133 1466 1467
Power KW 635 635 752 752 948 948 1226 1226 1434 1495 1935 1936
Engine Exhaust temp. &6 338 338 366 367 404 405 442 442 466 467 494 494
DOC inlet temperature °c 312 313 339 341 376 377 415 416 44 442 470 471
Exhaust gas concentration -wet
C0:2 % 51 51 55 56 62 62 69 69 73 13 78 78
co ppm 599 02 55 02 727 01 1141 21 1441 62 1333 88
NO, ppm 265 300 219 452 173 672 149 854 139 925 116 99
NO ppm 5456 5357 5909 5644 6731 6273 7849 7091 8693 7788 9514 8673
THC ppm 42 13 8 12 32 1 28 1" 2 10 2% 10
Specific emission -wet
CO;z gkWh 645 650 632 634 625 624 615 613 613 612 606  G02
co gkwh 05 00 04 00 05 00 07 00 08 00 07 00
NO; gkwh 03 04 02 05 02 07 0.1 07 0.1 0.8 01 07
NO gkWh 47 47 46 44 46 43 48 43 50 44 50 46
THC gkwnh 02 01 0.1 0.0 0.1 0.0 0.1 00 0.1 0.0 01 0.0

Cco

Transient LHD Test Cycle Emission Data for 12SXC, 14SC
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THC Reduction %

Transient LHD Test Cycle Emission Data for 12SXC, 14SC
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DPM Reduction %
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Conclusions

CO reductions over the transient LHD test cycle were 72% for the 12SXC NO, neutral standard
production DOC and 71% for the 14SC NO, reducing DOC

THC reductions over the transient LHD test cycle were 74% for the 12SXC NO, neutral
standard production DOC and 59% for the 14SC NO, reducing DOC

NO, reductions over the transient LHD test cycle were 6% for the 12SXC NO, neutral standard
production DOC and 70% for the 14SC NO, reducing DOC

DPM reductions over the steady state ISO 8178C1 8 mode test cycle reported in the 2010
CANMET-MMSL-10-004 (CR) test program were 20% for the model 6SXC NO, neutral
standard production DOC and 9% for the model 6SC NO, reducing DOC

Product retail pricing for the 14SC NO2 reducing DOC are approximately 255% higher than the
12SXC NO, neutral standard production DOC

14SC NO2 reducing DOC canning is approximately 28% larger than 12SXC NO, neutral
standard production DOC. Therefore, space constraints may be an issue however, engine
exhaust gas back pressure restriction should be lower for the 14SC NO, reducing DOC
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