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MDEC - 2011 
 

Workshop Registration Address List  
 

 
Cheryl Allen          Bus: (705) 682-6857 
Vale          Fax: (705) 682-5312 
18 Rink Street        email: cheryl.allen@vale.com 
Copper Cliff, Ontario   P0M 1N0 
 
Omibaron Audifre         Bus: (216) 357-4616 
Cargill Deicing Technology     email: Jeffery_bierman@cargill.com  
2400 Ships Channel        
Cleveland Ohio  
USA   44113 
 
Brett Andrews        Bus: (705) 497-1019 
Cummins Eastern Canada        
330 Aubrey St.,      email: brett.andrews@cummins.com  
North Bay, Ontario   P1B 6H9 
 
William Bailey        Bus: (705) 699-4086 
Vale          email: bill.bailey@vale.com  
4149 Heritage Ave. 
Hanmer, Ontario  P3N 1Z6 
 
Mathew Brass        Bus: (204) 677-1700 
United Steel Workers Local 6166      Fax: (204) 677-3267 
19 Elizabeth Drive                    email: Mathew.Brass@vale.com  
Thompson Manitoba   R8N 1A2 
 
Jeffery Bierman        Bus: (216) 357-4616 
Cargill Deicing Technology     email: Jeffery_bierman@cargill.com  
2400 Ships Channel        
Cleveland Ohio  
USA   44113 
 
Brendan Black        Bus: (905) 660-6450  
DCL International Inc      email:  bblack@dcl-inc.com    
PO Box 90 
Concord, Ontario   L4K 1B2 
 
Aleksandar Bugarski        Bus: (412) 386-5912 
NIOSH Office of Mining Health & Safety Research   Fax: (412) 386-4917 
626 Cochrans Mill Rd.            email: abugarski@cdc.gov 
Pittsburgh, PA  
USA     15236 
 
Jamie Cresswell        Bus: (705) 692-2600 
Vale             email: jamie.cresswell@vale.com 
Sudbury, Ontario 
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Shahn Cybulski        Bus: (705) 235-3221  
Goldcorp, Porcupine Gold Mines         email: shahn.cybulski@goldcorp.com  
4315 Gold Mine Road 
South Porcupine  Ontario  P0N 1H0  
 
 
Abi Dhingra          Bus : (905) 672-5453 
Nett Technologies Inc.       Fax: (905) 672-5949 
2-6707 Gorway Drive             email: adhingra@nett.ca 
Mississauga, Ontario   L4V 1P7 
     
  
Sandra Dorman         Bus: (705) 675-1151 
Laurentian University        Fax: (705) 675-4845 
635 Ramsey Lake Rd.,           email: sdorman@laurentian.ca 
Sudbury, Ontario   P3E 2C6 
 
Manfred Duering        
Cummins Inc.  
Peter Traiseer – Strasse 1                      email: Manfred.duering@cummins.com 
Gross Gerau  
Germany 64521 
 
Ron Duguay         Bus: (705) 699-4727 
Vale           Fax: (705) 699-4750 
60 Mine Road               email: ron.duguay@vale.com  
Garson Ontario   P3L 1N6 
 
Danielle Dunn        Bus: (306) 257-2110 
PCS Allan Division         Fax: (306) 257-420 
Box 301         email: Danielle.dunn@potashcorp.com  
Allan, Sask   S0K 0C0 
 
Karen Eccles         Bus: (905) 660-6450  
DCL International Inc      email: keccles@dcl-inc.com 
PO Box 90 
Concord, Ontario L4K 1B3 
 
Leslie Ellsworth        Bus: (204) 677-1700 
United Steel Workers Local 6166      Fax: (204) 677-3267 
19 Elizabeth Drive                    email: Les.Ellworth@vale.com  
Thompson Manitoba   R8N 1A2 
 
Nick Espenberg        Bus: (306) 683-1606  
Agrium Inc.                email: nick.espenberg@agrium.com 
 
Steve Forbush        Bus: (435) 654-8389 
Arch Coal                email: sforbush@archcoal.com 
350 N 400 W 
Aurora Utah 
USA    84620 
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Guy Fugate         Bus: (216) 357-4616 
Cargill Deicing Technology    email: Jeffery_bierman@cargill.com  
2400 Ships Channel  
Cleveland Ohio  
USA   44113 
 
Paul Grylls         Bus: (905) 660-5450 
DCL International Inc      email:  pgrylls@dcl-inc.com 
PO Box 90 
Concord, Ontario L4K 1B3 
 
Kalsi Harsimran        Bus: (705) 564-7177 
Ministry of Labour        Fax:  (705) 564-7437 
159 Cedar St., Suite 301,         email: harsim.kalsi@ontario.ca 
Sudbury, Ontario   P3E 6A5 
 
Laszlo Hegedus       Bus: (519) 497-3890 
Blutip Power Technologies Ltd      email: 1hegedus@blutipower.com  
4-6705 Millcreek Drive 
Mississauga, Ontario   L5N 5M4 
 
Ryan Jaeger          Bus: (218) 362-7513 
L&M Radiator        email: rjaeger@mesabi.com  
1414 East 37th St.  
Hibbing, Minnesota  
USA   55746 
 
Seppo Karhu        Bus: +358400775939 
Sandvik Mining and Construction    email: seppo.karhu@sandvik.com  
Vahdontie 19 
Turku  Fi – 20101 
Finland  
 
 Brian Keen         Bus: (705) 692-2767 
Vale, Creighton Mine  
1039 Regional Road 24      email: brian.keen@vale.com  
Lively, Ontario   P3Y 1C3 
 
Brian Kutschke        Bus: (705)682-6368 
Vale  
 
Robert Lampe        Bus: (440) 357-4616 
Cargill Deicing Technology     email: Jeffery_bierman@cargill.com 
2400 Ships Channel  
Cleveland Ohio  
USA    44113  
 
Alain Landry         Bus: (705) 693-2761 
Xstrata Nickel (Sudbury)       Fax: (705) 699-3180 
XPS Center 6 Edison Rd.,           email: alandry@xstratanickel.ca 
Falconbridge, Ontario   P0M lS0 
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Nick Larochelle        Bus: (705) 675-3381  
USA Local 6500        Fax: (705) 675-2438  
66 Brady St.,          
Sudbury, Ontario   P3E 1C8 
 
Al Laurich          Bus: (705) 699-4831 
Vale Limited        email: al.laurich@vale.com  
18 Rink St. 
Copper Cliff, Ontario   P0M 1N0 
 
John Le          Bus: (705) 566-5438 
Tracks and Wheels Equipment Brokers Inc.     Fax: (705) 566-5422 
PO Box 2592 Station A 400 Hwy 69 North    email: jle@tracksandwheels.com  
Sudbury, Ontario   P3A 4S9 
 
Roger Lemieux         Bus: (705) 857-2154 
RDH Mining Equipment        Fax: (705) 857 3583 
904 Hwy 64 PO Box 188        email: roger@rdminingequipment.com 
Alban, Ontario   P0M 1A0 
 
Glenn Lyle          Bus: (705) 673-6568 
Centre for Excellence in Mining Innovation    Fax: (705) 671-3878 
WGMC 4th Floor 935 Ramsey Lake Road  email: glyle@miningexcellence.ca 
Sudbury, Ontario   P3E 2C6 
 
John McLeod         Bus: (306) 257-2104 
PCS Allan Division         Fax: (306) 257-4140 
Box 301         email: John.McLeod@potashcorp.com  
Allan, Sask   S0K 0C0 
 
Greg Mascioli        Bus: (705) 678-8712 
Xstrata Copper – Kidd Creek Mine      email: gmascioli@xstratacopper.ca  
11335 Highway 655 North  
Timmins, Ontario   P4N 7K1 
 
Guy Montpellier        Bus: (9705) 692-2301 
Vale – Creighton Mine     email: todd.vandenden@vale.com 
1030 Regional Rd., 24  
Lively, Ontario   P3U 1C3 
 
Jean-Pierre Nosé        Bus: (204) 687-2056 
Hudson Bay Mining and Smelting Co.,     Fax: (204) 687-2378 
1 Company Road                    email: John.Nose@hudsonbay minerals.com 
Flin Flon, Man.    R8A 1N9 
 
Douglas O’Connor         Bus: (705) 682-5297 
Vale Limited          Fax: (705) 682-5312 
18 Rink Street           email: doug.o’connor@vale.com  
Copper Cliff, Ontario   P0M 1N0 
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Jake O’Hara         Bus: (819) 472-8064 
L&M Radiator         Fax: (866) 407-5371 
1414 East 37th Street       email: johara@mesabi.com  
Hibbing  MN 
USA    55746  
 
 JP Ouellette         Bus: (905) 292-7477 
Kubota Canada Ltd.,      email: jouellette@kubota.ca 
5900 14th Avenue 
Markham, Ontario   L2S 4K4 
 
John Petherick         Bus: (705) 966-3411 
Xstrata Nickel        Fax: (705) 966-6590 
85 Regional Road 8      email: jpetherick@xstratanickel.ca 
Onaping, Ontario   P0M 2R0 
 
John Popik         Bus: (905) 672-5453 
Nett Technologies Inc.       Fax: (905) 672-5949 
2-6707 Gorway drive                 email: jpopik@nett.ca  
Mississauga, Ontario   L4V 1P7 
 
Kumarathasan Premkumari      Bus: (613) 957-0209  
Health Canada        Fax: (613) 946-2600 
0803C Tunney’s Pasture    email: premkumari.kumarathasan@hc-sc.gc.ca 
Ottawa, Ontario   K1A 0K9 
 
David Shoemaker        Bus: (269) 427-5611 
Getman Corp.        Fax: (269) 427-8781 
59750 34th Avenue       email: dshoe@getman.com  
Bangor MI  49013 
USA 
 
Rick Shulist         Bus: (519) 646-3249 
Ministry of Labour         Fax: (519) 672-0268 
217 York Street, 5th Floor            email: Rick.Shulist@ontario.ca 
London, Ontario   N6A 5P9 
 
Jozef Stachulak        Bus: (705) 682-5266 
Vale          Fax: (705) 682-5312 
17 Rink Street         email: Joe.Stachulak@vale.com  
Cooper Cliff, Ontario   P0M 1N0 
 
Glenn Staskus                                                    Bus: (705) 670-5706 
Ministry of Labour         Fax: (705) 670-5698 
933 Ramsey Lake Road         email: glenn.staskus@ontario.ca 
Sudbury, Ontario     P3E 6B5 
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Evelynn Stirling         Bus: (812) 377-6145 
Cummins Inc.        Fax: (812) 377-5179 
500 Jackson Street MC  60022          email: evelynn.j.stirling@cummins.com  
Columbus, Indiana  
USA     47201 
 
Karsten Taudte        Bus: +49-6152-174187 
Cummins Inc.                        email: karsten.taudte@cummins.com  
Peter- Traiser – Strasse 1 
Gross Gerau 
Germany 64521 
 
Troy Terrillion        Bus: (775) 778-2149  
Newmont Mining Corp.  
1655 Mountain City Highway       email: troy.terrillion@newmont.com  
Leeville Mobile Maintenance 
Elko NV  
USA  89801 
 
Scott Ulven         Bus: (306) 683-1250 
Agrium  
 
Joe Vaudry         Bus: (705) 692-2345 
Vale – Creighton Mine           email: anita.demers@vale.com  
2039 Regional Road 24  
Lively, Ontario   P3Y 1C3  
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Diesel particle 
deposition in the 
airways.

THE AIR WE BREATHE…

Dr. Sandra Dorman, PhD 

OUTLINE
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AIRWAY ANATOMY

Filter

Exercise 

THE NOSE
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23 branching 
generations

0-8 trachea and 
bronchi

Conduction

9-16 bronchioles

Conduction & 
Diffusion

16-23

Alveolar region

diffusion

THE LUNGS
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PARTICLE DEPOSITION
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MECHANISMS OF DEPOSITION

• Physical and chemical characteristics of the 
particle

• Properties of the particle kinetics in air

• Biological factors 

Shape

Size

Contents

PHYSICAL/CHEMICAL PROPERTIES
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PARTICLE KINETICS & DEPOSITION

PARTICLE 
SIZE
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Foster & Costa. 
Lung Biology in 
Health and 
Disease. 2005

PREDICTED 
LUNG 
DEPOSITION 
BY SIZE

5μm

1μm

0.1μm

DEPOSITION 
BY SIZE AND 
SURFACE 
AREA

Foster & Costa. 
Lung Biology in 
Health and 
Disease. 2005
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BIOLOGY OF INDIVIDUAL

Different people have different tidal volumes, 
lung volumes  & breathing rates

EXPOSURE DOSE RESPONSE

Deposition increases with increasing tidal 
volume, increased rate of breathing and mouth 
versus nose breathing

EFFECT OF PHYSICAL ACTIVITY

Total deposition will generally increase in 
proportion to increases in minute ventilation. 

Generally, we see an increase in upper airway 
deposition with increased airway velocity

Nose to mouth breathing is an important 
aspect
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Women have higher depositions per unit in the 
upper airways

Men have higher deposition in their lower airways

GENDER

Similar to gender, children will have higher upper 
airway deposition due to anatomical size

Older adults with normal lung function should have 
minimal changes in tidal volume and minute 
ventilation and so should not have altered 
deposition patterns

AGE
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Breathing patterns are changed with lung disease

These changes effect total deposition

COPD – higher minute ventilation (103%)

Bronchitis – increased deposition (narrowed 
airspaces)

Asthma – increased deposition (59%)

Smokers – increased deposition (16%)

Smokers with small airways disease (49%)

LUNG DISEASE

Kin and Kang AJRCCM 1997

PARTICLE CLEARANCE
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TWO MAIN 
METHODS:

1.PHYSICAL 
REMOVAL

CLEARANCE ~ 2-
24 HOURS

2.ABSORPTION

DIRECT
OR VIA CELL 
UPTAKE

CLEARANCE > 24 
HOURS
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Location matters

Size matters

Total number matters 

CLEARANCE RATES

BIOLOGIC ALTERATIONS IN CLEARANCE
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OTHER 

AMBIENT EXPOSURE
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Health effects of different Air Quality Index (AQI) levels caused by fine 
particulate matter 

Category AQI
Pollutant Concentration
Breakpoints (µg/m3)

Fine Particulate Matter 
(PM2.5)

Very Good 0 - 15 0 - 11
Sensitive populations 
may want to exercise 
caution.

Good 16 - 31 12 - 22
Sensitive populations 
may want to exercise 
caution.

Moderate 32 - 49 23 - 45 People with respiratory 
disease at some risk. 

Poor 50 - 99 46 - 90

People with respiratory 
disease should limit 
prolonged exertion; 
general population at 
some risk.

Very Poor 100 or over 91 or over

Serious respiratory 
effects even during light 
physical activity; people 
with heart disease, the 
elderly and children at 
high risk; increased risk 
for general population.

Canada: 400ug/m3

USA: 160ug/m3

Where do these numbers come from? 
What is an actual safe level from a health 
perspective? 

No Safe level of DPM exposure exists
How can I say this? 

MINING
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DIESEL PARTICULATE EXPOSURES IN SEVERAL 
INDUSTRY SEGMENTS

A=Underground Metal and Nonmetal Mine 

B=Underground Coal Miners 

C=Surface Miners

D=Railroad Workers

E=Truck Drivers

F=Dock Workers

G=Ambient Air (Urban)

Range of Average DPM Exposures, ug/m3. 

Respiratory

Cardiovascular

SUMMARY 
OF EVIDENCE
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LONDON 
SMOG
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CANCER RISK
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Organization 
& year

Animal
Data

Human 
Data

Overall
evaluation

NIOSH ‘88 Confirmatory Limited Potential Occupational carcinogen

IARC ‘89 Sufficient Limited Probably carcinogenic to Humans

IPCD ’96 Not evaluated Not evaluated Probably carcinogenic to humans

EPA ‘98 Demonstrated 
carcinogenicity

Consistent evidence for 
a causal association

DPM classified as a toxic air 
contaminant

NTP ‘00 Supporting 
animal & 
mechanistic 
data

Elevated lung cancer in 
occupationally exposed 
groups

DPM-reasonable anticipated to be 
a carcinogen

EPA ‘02 Adequate 
evidence for 
carcinogenicity

Probable human 
carcinogen

Probably human carcinogen (Group 
B1) “Likely to be carcinogenic to 
humans by inhalation” and this 
evaluation applies to 
environmental exposures.”

Adapted from: Foster & Costa: Lung Biology in Health and Disease; Vol 204

NOMENCLATURE - MALIGNANT

There are three groups:
1 – carcinomas
2 – sarcomas
3 – leukemias

Cancer is a word indicating any type of malignant tumor

PHED 4717: Current Issues in Physical Education II
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METASTASIS

The process by which a tumor spreads some distance from the primary site of 
growth.
Secondary tumors caused in this manner are called metastastic tumors

PHED 4717: Current Issues in Physical Education II

CANCER – PROPERTIES OF CELLS

Malignant tumors start from a single cell that has sustained some type of 
damage to its genome
Causing it to proliferate abnormally
Cancer cells do not respond to normal growth regulatory signals, from other 
cells
As they grow they acquire properties that allow them to flourish at the 
expense of surrounding cells

PHED 4717: Current Issues in Physical Education II
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OXIDATIVE 
STRESS
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Health Canada
Santé Canada

t
l
e

Health Canada
Santé Canada



MDEC Workshop

S2- 2

Health Canada
Santé Canada

Health Canada
Santé Canada



MDEC Workshop

S2- 3

Health Canada
Santé Canada

Health Canada
Santé Canada



MDEC Workshop

S2- 4

Health Canada
Santé Canada

Health Canada
Santé Canada



MDEC Workshop

S2- 5

Health Canada
Santé Canada

Health Canada
Santé Canada



MDEC Workshop

S2- 6

Health Canada
Santé Canada

Health Canada
Santé Canada



MDEC Workshop

S2- 7

Health Canada
Santé Canada

Health Canada
Santé Canada



MDEC Workshop

S2- 8

Health Canada
Santé Canada

Health Canada
Santé Canada



MDEC Workshop

S2- 9

Health Canada
Santé Canada

Health Canada
Santé Canada



MDEC Workshop

S2- 10

Health Canada
Santé Canada

Health Canada
Santé Canada



MDEC Workshop

S2- 11

Health Canada
Santé Canada

Health Canada
Santé Canada



MDEC Workshop

S2- 12

Health Canada
Santé Canada

Health Canada
Santé Canada



MDEC Workshop

S2- 13

Health Canada
Santé Canada

Health Canada
Santé Canada



MDEC Workshop

S2- 14

Health Canada
Santé Canada

Health Canada
Santé Canada



MDEC Workshop

S2- 15

Health Canada
Santé Canada

Health Canada
Santé Canada



MDEC Workshop

S2- 16

Health Canada
Santé Canada

Health Canada
Santé Canada



MDEC Workshop

S2- 17

Health Canada
Santé Canada

Health Canada
Santé Canada



MDEC Workshop

S2- 18

Health Canada
Santé Canada

Health Canada
Santé Canada



MDEC Workshop

S2- 19

Health Canada
Santé Canada

Health Canada
Santé Canada



MDEC Workshop

S2- 20

Health Canada
Santé Canada

Health Canada
Santé Canada



MDEC Workshop

S2- 21

Health Canada
Santé Canada

Health Canada
Santé Canada



MDEC Workshop

S2- 22

Health Canada
Santé Canada

Health Canada
Santé Canada



MDEC Workshop

S2- 23

Health Canada
Santé Canada

Health Canada
Santé Canada



MDEC Workshop

S2- 24

Health Canada
Santé Canada

Health Canada
Santé Canada



MDEC Workshop

S2- 25

Health Canada
Santé Canada

Health Canada
Santé Canada



MDEC Workshop

S2- 26

Health Canada
Santé Canada

Health Canada
Santé Canada



MDEC Workshop

S2- 27

Health Canada
Santé Canada

Health Canada
Santé Canada



MDEC Workshop

S2- 28

Health Canada
Santé Canada

Health Canada
Santé Canada



MDEC Workshop

S2- 29

Health Canada
Santé Canada

Health Canada
Santé Canada



MDEC Workshop

S2- 30

Health Canada
Santé Canada

Health Canada
Santé Canada



MDEC Workshop

S2- 31

Health Canada
Santé Canada

Health Canada
Santé Canada



MDEC Workshop

S2- 32

Health Canada
Santé Canada

Health Canada
Santé Canada



MDEC Workshop

S2- 33

Health Canada
Santé Canada

Health Canada
Santé Canada



MDEC Workshop

S2- 34

Health Canada
Santé Canada

Health Canada
Santé Canada



MDEC Workshop

S3- 1

By 
Steve “Skinner” Forbush
Arch Coal Technical Service
Troy Terrillion
Newmont USA Limited
Leeville Complex

Emissions Standards: 2004-2014

Hp Class 2004 2005 2006 2007 2008 2009 2010 2011 2012 2013 2014

<11

Tier 1

Tier 4F

11-24

25-48 Tier 4I

49-74 Skid Steer Loaders Tier 2

75-99 Air Compressors & Welders

100-173 UG Diesel Equipment

174-301 UG Diesel Equipment Tier 3 Tier 4I302-602 D9s & D10s, 16 & 24MG, 988 
Loaders CD Tier 4F

603-751 CD

>751 D11s, 150-363T Trucks, 992-
993-994 Loaders Tier 1 Tier 2
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EPA Tiers 1-4
SEGMENT NOx / PM LIMITS 
Heavy Duty On-Highway 
EPA 99 4.0 / 0.1 
EPA 04 2.5 / 0.1 
EPA 07      1.2 / 0.01 
EPA 10 0.2 / 0.01 
Heavy Duty Off-Highway (75 - 750 hp) 
Tier 1 (1996) 9.2 / 0.54 
Tier 2 (2001) (6.4) / 0.2 
Tier 3 (2005) (4.0) / 0.2 
Tier 4 I (2011) 2.0 / 0.02 
Tier 4 F (2014) 0.4 / 0.02 
High Horsepower High Horsepower (> 751 hp) 
Tier 1 (2000)   9.2 / 0.54
Tier 2 (2006) (6.4) / 0.20
Tier 4 I (2011) 3.5 / 0.10 
Tier 4 F (2015) 3.5 / 0.04 

EPA Tiers 1-4

In Chamber After Treatment
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Worldwide Emissions Regulations - 2015

No regulations

Tier 2 / Stage II
Tier 3 / Stage IIIA
Tier 4 Interim/ Stage IIIB

Tier 4 Final/ Stage IV

Worldwide Fuel Sulfur Levels
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Emissions Control Systems 
Diesel Oxidation Catalyst:  DOC, converts Monoxides to 
Dioxides.  Will convert Hydro Carbons (HC) to CO2, NO 
to NO2 and CO to CO2.  Very little impact to operation of 
machine.
Exhaust Gas Recirculation:  EGR is used to reduce NOX.  
It puts a percentage (5%-30%) of exhaust back into the 
combustion chamber.  May cause operational problems.
Diesel Particulate Filter:  DPF’s trap and then burn the 
particulate matter.  Trapping soot is easy. Getting the soot 
out is the problem.  May cause operational problems.
Selective Catalyst Reduction:  SCR coverts NOX to free 
oxygen and nitrogen.  The process requires a catalyst and 
Diesel Exhaust Fluid (UREA).  May cause operational 
problems. 

Diesel Particulate Filter (DPF)
Purpose - Remove Soot and come in 4 major categories; Silicon Carbide, Cordierite, Sintered Metal, and Disposable.  Each can be 
subdivided into different subcategories for different uses. Tier 4 Off-Highway and Highway typically use either the Cordierite or Silicon 
Carbide.  Ultra Low Sulfur Fuel (15ppm) required.
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Exhaust Gas Recirculation
Early 70’s on gas vehicles
Works by recirculating 5%-30% of burnt exhaust gas through 
intake system and into combustion chamber
Intention to reduce Nox, by reducing combustion chamber 
temperatures
VGT, high pressure rail systems
Large capacity cooler needed for EG/ increased          
problems in UG environment due to heat
Requires sophisticated ECM/ too much retards
causes hesitation/ too little causes Nox and ping
Increases soot accumulation
Increases abrasive contaminants to oil causing 
oil acidity reducing engine life

Cooled EGR with Controls
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Intake tube for 11 and 
12Liter Cummins with 
EGR

Tier 4i w/ SCR Technology

Mercedes Benz OM926LA EU3b-T4i
Engine family BMBXL07.2RJB
7.2 Liter 322 HP
Non EGR/ All controls are internal
Tier 1-2 application
No particulate filter 
G/HR .002
SCR system has its own integrated control module that 
communicates through CAN bus with engine ECM to 
control sequence of events.
Will not dose if catalyst is below 200 degrees C.
If Nox is above set limit, post catalyst, engine will de-rate.
DEF consumption rate varies 3%-11%.
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Diesel Exhaust Fluid (Urea) For 
SCR

Non Toxic
Synthetic Urea
Cost between $2.50-$6.00/gallon
Usage. 3%-15% depending on duty cycle and 
engine performance.
Will freeze below 32F.
Shelf life is 1 year.
Shelf life is shortened when temperature is over 
90F.
Engine will derate if DEF tank is empty.

Legend
1 Ad Blue tank
2 Pump module
3 Metering device
4 Muffler with catalytic 
converter
5 Check valve
6 Pressure limiting valve 
with ventilation
out
7 Venting 3/2-way valve
8 SCR tank heater solenoid 
valve
9 Injection
10 Bundled lines
11 Radiator
12 Engine
13 NOx sensor with 
controller unit
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Metering Device

Turbo

Dosing Pump

Coolant bundle lines

Urea Tank

Injection 
nozzle

Filter housing for 
Dosing Pump

Starter

EJC 30SX Tele-dump Haulage Truck



MDEC Workshop

S3- 9

SCR Catalyst

Catalyst Temperature 
Sensor ( Downstream)

Catalyst 
Temperature Sensor 
(Upstream)

Nox Sensor (Downstream)

Nox Sensor 
(Downstream)

Upstream Catalyst 
Temperature 
Sensor

Comprised of Titanium Dioxide, Tungsten oxide, 
Vanadium Pentoxide



MDEC Workshop

S3- 10

1. Exhaust entering from engine
2. Hydrolysis segment
3. SCR Catalytic Converter
4. Exhaust after reduction
5. Ad Blue/DEF injection CO(NH2)2+H2O

Equipment Emissions Data
DOC/DPF SCR 
Mine: Leeville
Unit Number: UHT059
Unit Type, Mfg. & Model; Engine Mfg., Model, Hp.:
DOC Mfg., Model, Exhaust Diameter:

Exhaust Analyzer Make & Model: ECOM AC ECOM AC ECOM AC
Date: 02/24/11 03/10/11 04/28/11
Location DETB DETB
Oil Change
Hour Meter Reading: 101 MR2 631 MR2
Hour Meter When DOC/DPF installed 3.3 PLD 1 MR2 1 MR2
Cumul hours on DOC/DPF 100 630

Pre SCR Post SCR % Change Pre SCR Post SCR % Change Pre SCR Post SCR % Change

Boost Pressure 37lbs #VALUE! 37lbs #VALUE! 36lbs #VALUE!
TPS Counts
Fuel Pressure 62.0
Cut out Test
No cutout pulse
1-4 Pulse Width

1
2
3
4

Response Times
1
2
3
4

RPM Stall Speed 1,845 1855.0 1855.0
Rated RPM
Fuel Temperature 100 F 87.0 134.0
Coolant Temperature 177 F 186.0 190.0
Oil Temperature 181.0 190.0 184.0
Air Temperature 95.0 92.0 120.0

High Idle Torque Stall
Temp. Air 69.0 68.0 74.0 74.0 72.0 74.0
Temp Gas 950.0 688.0 959.0 722.0 963.0 770.0
O2 % 6.7 6.9 3 6.4 6.2 6.3 5.4
CO ppm 102.0 10.0 -90 118.0 14.0 -88 116.0 24.0 -79
NO ppm 1040.0 88.0 -92 1069.0 101.0 -91 1145.0 112.0 -90
NO2 ppm 35.0 5.0 -86 31.0 8.0 -74 22.0 5.0 -77
NOx ppm 1075.0 93.0 -91 1100.0 109.0 -90 1167.0 117.0 -90
CO2 % 10.5 10.3 -2 10.7 10.9 2 10.8 11.4
Operator Noise Db
Smoke No. 4 3 -25 2.5 2.5 0 5 3.5 -30
Back Pres. In. W.G. 0.0
Gear 3 3 3 3

Tamrock EJC 30sx W/Mercedes 926 T4i w/SCR 322 HP

UHT059- Readings before and after SCR system.  After run time of 100 hours, will re-sample emissions. 

DETB

SCR Mercedes 4" Exhaust
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Equipment Emissions Data
DOC/DPF SCR 
Mine: Leeville
Unit Number: UHT059
Unit Type, Mfg. & Model; Engine Mfg., Model, Hp.:
DOC Mfg., Model, Exhaust Diameter:

Exhaust Analyzer Make & Model: ECOM AC ECOM AC ECOM AC
Date: 05/26/11 07/08/11 08/10/11
Location DETB DETB
Oil Change
Hour Meter Reading: 1,284 MR2 163 (New MR2)
Hour Meter When DOC/DPF installed 1 1 MR2
Cumul hours on DOC/DPF 998 1,283 Approximately  1563

Pre SCR Post SCR % Change Pre SCR Post SCR % Change Pre SCR Post SCR % Change

Boost Pressure 2250.0 -100 2380.0 -100 2475.0 -100
TPS Counts
Fuel Pressure
Cut out Test
No cutout pulse
1-4 Pulse Width

1
2
3
4

Response Times
1
2
3
4

RPM Stall Speed 1790.0 1803.0 1820.0
Rated RPM
Fuel Temperature 34.0 52.0 39.0
Coolant Temperature 90.0 85.0 84
Oil Temperature 96.0 98.0 88
Air Temperature 44.0 57.0 46

High Idle Torque Stall
Temp. Air 67.0 85.0 82.0 82.0
Temp Gas 1009.0 971.0 907.0 635.0
O2 % 5.9 6.2 7.3 7.1 -3
CO ppm 190.0 122.0 103.0 10.0 -90
NO ppm 1203.0 1049.0 1071.0 66.0 -94
NO2 ppm 19.0 20.0 21.0 1.0 -95
NOx ppm 1222.0 1069.0 1092.0 67.0 -94
CO2 % 10.8 10.9 10.0 10.2
Operator Noise Db
Smoke No. 3.5 3
Back Pres. In. W.G.
Gear 3 3 3

Tamrock EJC 30sx W/Mercedes 926 T4i w/SCR 322 HP
SCR Mercedes 4" Exhaust

DETB

999 MR2

Nozzle Failure
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Urea leak at injection nozzle. 
Approximately 18 hours

Starter 

Urea Tank

Oil dipstick

Urea injection 
nozzle
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Tier 3 ACERT EngineACERT Engine with NOx ReductionACERT Engine with After-Treatment Module

2010 Highway Emission System

Turbo
DOC DPF SCR Fuel TankDEF Tank

DOC–Diesel Oxidation Catalyst DPF-Diesel Particulate Filter

SCR-Selective Catalytic Reduction

Sensors
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Caterpillar Engines
On-Highway

2007 Added DPF
2010 no longer in the On-Highway market

Off-Highway
2011 >75hp small change,
2011 <75hp>750hp Add EGR and DPF
2015 <75hp>750hp Add SCR
2015 <750hp Uncertain, probably SCR

Cummins Engines
On-highway

2007 add DPF
2010 add SCR

Off-Highway
2011 >75hp small change,
2011 <75hp>750hp Add EGR, VGT and DPF
2015 <75hp>750hp Add SCR
2015 <750hp Add SCR
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MTU/Mercedes
On-highway

2007 add DPF
2010 add SCR

Off-Highway
2011 >75hp small change,
2011 <75hp>750hp Add SCR
2015 <75hp>750hp Add DPF
2015 >750 Uncertain

Questions?
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Natural Resources   Ressources naturelles
Canada Canada

Field Emissions Testing of Engines Field Emissions Testing of Engines 
and Aftertreatment: Best Practices, and Aftertreatment: Best Practices, 
Methods and MaintenanceMethods and Maintenance

Brent Rubeli
Natural Resources Canada

CANMET MINING AND MINERAL SCIENCES LABORATORIES2

Diesels Underground Diesels Underground 

• New engines destined for underground use 
must pass minimum type certification:
• US EPA
• MSHA 
• CAN/CSA 

• In-use engines are usually regularly tested 
underground for emissions.
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CANMET MINING AND MINERAL SCIENCES LABORATORIES3

Certification TestingCertification Testing

• Pass fail criteria (CSA) 
• CO – 2500 ppm
• NOx – 1500 ppm
• DPM – 150 mg/m3

• Prescribed ventilation recommendation 
based on multi-mode emissions test data. 

CANMET MINING AND MINERAL SCIENCES LABORATORIES4

Where to testWhere to test??
• Reflect “real world”

engine performance.
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CANMET MINING AND MINERAL SCIENCES LABORATORIES5

Certification TestCertification Test

RatedLow idle Peak 
Torque Speed

T
o
r
q
u
e

100% load

75%

50%
25%
10%

CANMET 

ISO 8178 C1

CANMET MINING AND MINERAL SCIENCES LABORATORIES6

Ventilation CertificateVentilation Certificate
Example of a CANMET Approved Engine 
Ventilation Rates 
 

Engine Manufacturer: Detroit Diesel  
Engine Model:   DDEC 8V-2000TA, R0837K32 

 Governing Standard:  CSA M424.2-90 (Non-coal mines) 
  

Certificate 
Number 

 
Engine Rating and 
Maximum Fuel Rate 
at Sea Level 

 
Sulphur in 
Fuel - 
%wt. 

 
CSA Ventilation  
Prescription * 

 
 
 

 
 
 

 
CFM 

 
m3/min

 
1103 

 

 
650 HP @ 2100 RPM

fuel 213.5 lb/hr 

 
0.05 

 
0.10 

 
0.20 
0.25 
0.50 

 

 
37,000 
47,500+ 
41,000 
47,500+ 
48,900 
52,900 
72800 
79,500+ 

 
1,047.7 
1,345.0+
1,161.0 
1,345.0+
1,384.7 
1,498.0 
2,061.5 
2,251.5+

* The ventilation rates are suitable for low sulphur fuel if  
    permitted by the appropriate regulatory authority 
+ These ventilation rates are recommended where some of the  

             gases govern ventilation rates rather than the EQI criterion 

Example of a CANMET Approved Engine 
Ventilation Rates 
 

Engine Manufacturer: Detroit Diesel  
Engine Model:   DDEC 8V-2000TA, R0837K32 

 Governing Standard:  CSA M424.2-90 (Non-coal mines) 
  

Certificate 
Number 

 
Engine Rating and 
Maximum Fuel Rate 
at Sea Level 

 
Sulphur in 
Fuel - 
%wt. 

 
CSA Ventilation  
Prescription * 

 
 
 

 
 
 

 
CFM 

 
m3/min

 
1103 

 

 
650 HP @ 2100 RPM

fuel 213.5 lb/hr 

 
0.05 

 
0.10 

 
0.20 
0.25 
0.50 

 

 
37,000 
47,500+ 
41,000 
47,500+ 
48,900 
52,900 
72800 
79,500+ 

 
1,047.7 
1,345.0+
1,161.0 
1,345.0+
1,384.7 
1,498.0 
2,061.5 
2,251.5+

* The ventilation rates are suitable for low sulphur fuel if  
    permitted by the appropriate regulatory authority 
+ These ventilation rates are recommended where some of the  

             gases govern ventilation rates rather than the EQI criterion 
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Vehicle TypesVehicle Types

CANMET MINING AND MINERAL SCIENCES LABORATORIES8

Emissions UndergroundEmissions Underground
• Mining is a confined space so poor engine 

emission quality can quickly become a 
serious safety hazard. 

• Legislated in-use testing:
• Catches defects or failures.
• Verifies maintenance.
• Confirms type certification emission 

levels are being maintained by the engine.
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CANMET MINING AND MINERAL SCIENCES LABORATORIES9

Underground InUnderground In--use testinguse testing
• Over and above legislative requirements, some 

mines use in-use testing for predictive 
maintenance and proactive air quality. 

CANMET MINING AND MINERAL SCIENCES LABORATORIES1
0

Test EquipmentTest Equipment
• Stain tubes
• Electrochemical cells
• Smoke dot
• Opacity
• NDIR / PAS
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1

Accuracy for MiningAccuracy for Mining
• EC cells are very good provided they are 

calibrated properly and often.
• Stain tubes have too many interferences.
• NDIR, etc are often too expensive.

CANMET MINING AND MINERAL SCIENCES LABORATORIES1
2

How to test How to test -- LoadingLoading
• Meaningful data is only obtained with engine 

under loaded conditions.
• Torque converter/hydraulic stall procedure.
• Idle does not have significant fuel delivery of 

temperature.
• Snap acceleration
test does achieve
full fuel but only briefly.
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CANMET MINING AND MINERAL SCIENCES LABORATORIES1
3

Stall testingStall testing
• This is not a trivial test!
• Safety audits, training, etc.
• Measure for target gases.
• Watch converter.

CANMET MINING AND MINERAL SCIENCES LABORATORIES1
4

How to test How to test -- InterpretationInterpretation
• Emissions must be at steady-state to be 

repeatable.
• Wait for CO peaks.
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CANMET MINING AND MINERAL SCIENCES LABORATORIES1
5

NIOSH EAMP NIOSH EAMP 
• Emissions-assisted maintenance procedure.
• Support of emissions testing regulation.
• Defined a repeatable emissions test 

procedure.
• Tested field and laboratory grade 

instruments.
• Evaluated different engine types.
• http://www.cdc.gov/niosh/mining/topics/diesel/eamp/eamp.html

CANMET MINING AND MINERAL SCIENCES LABORATORIES1
6

So what will your standards beSo what will your standards be??

• Legislation first and foremost – you must 
comply with the test requirements in you 
jurisdiction.

• Why not develop your own internal 
guidelines for pass / fail.

• Ultimately try individual engine emissions 
tracking for the complete picture.
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CANMET MINING AND MINERAL SCIENCES LABORATORIES1
7

Current LegislationCurrent Legislation
• Example: Ontario Provincial Mining Regulation 

recently changed to reflect cleaner engine 
deployment.

• Undiluted tailpipe CO from 1500 to 600 ppm.

(2) Subsections 182 (5) and (6) of the Regulation are 
revoked and the following substituted:

(5) An employer shall ensure that the undiluted exhaust 
emissions from diesel-powered equipment contain less than 600 

parts per million by volume of carbon monoxide.

CANMET MINING AND MINERAL SCIENCES LABORATORIES1
8

Certification Engine TestingCertification Engine Testing
• MSHA has guidance.
• CO lug curve data.
• Certification tests.

9.582222200

9.942672000

10.092991800

10.13351600

10.323181400

11.8113411200

CO2, %CO, ppmEngine Speed, 
RPM

174 HP @ 2200 RPMEngine Rating:

DaimlerChrysler OM 904LAEngine:

7E-B098-0MSHA # :

TORQUE CURVE TEST - ALL TESTS AT FULL THROTTLE

11.718341800

10.99823000

CO2, %CO, ppmEngine Speed, RPM

44 HP @ 3000 RPMEngine Rating:

Deutz F3L 1011FEngine:

7E-B090MSHA # :

TORQUE CURVE TEST
ALL TESTS AT FULL THROTTLE



MDEC Workshop

S4-10

CANMET MINING AND MINERAL SCIENCES LABORATORIES1
9

Build your own database!Build your own database!

Naturally aspirated, IDI1763052711.482F6L912W

Turbocharged, IDI23708957.9180F8L413FW

Naturally aspirated, IDI15605919.7180F8L413FW

Turbocharged, DI316151627.9250Series 50

Turbocharged, DI315861396.9375Series 60

CommentsNO2 ppmNO ppmCO ppmCO2 %Rated hpEngine

Table 1. Emissions of New Equipment

CANMET MINING AND MINERAL SCIENCES LABORATORIES2
0

How to recognize faultsHow to recognize faults
• In-use testing and diagnosis requires a 

knowledge base of how maintenance faults 
affect engine emissions.

• Effect of engine faults on mechanically-
controlled engines is well known.

• Unclear how and when electronic engines 
would compensate for fault conditions.

• Emissions behavior could not be predicted.
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1

USBMUSBM
• 1985 study of simulated faults in engines.
• Combinations of faults more severe than 

individual faults applied separately.

CANMET MINING AND MINERAL SCIENCES LABORATORIES2
2

What about modern engines?What about modern engines?

• Some uncertainty for newer engines:
• Turbocharger / Intercooler system.
• Electronic control system behavior.
• Warm-up emissions.

• Test procedures for vehicles with manual 
transmissions and light hydrostatic drives.
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CANMET MINING AND MINERAL SCIENCES LABORATORIES2
3

CANMETCANMET--MMSL TestsMMSL Tests
• Laboratory emissions testing.
• Deutz Engine:

• Confirmation of some USBM work.
• Air cooling system deficiencies.

• Detroit Engine:
• General maintenance deficiencies.
• Turbocharger / intercooler faults.
• Sensor / electronics glitches.
• Cold start and warm-up behavior.

CANMET MINING AND MINERAL SCIENCES LABORATORIES2
4

Test EnginesTest Engines
• Deutz F4L912W • Detroit 11.1L Series 60
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Deutz Engine Tests (1)Deutz Engine Tests (1)
• General agreement with USBM results.

Inlet Air Restriction:  Severity of Fault 25 "w.c.
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CANMET MINING AND MINERAL SCIENCES LABORATORIES2
6

Deutz Engine Tests (2)Deutz Engine Tests (2)
• Air-cooled engine: cooling system faults
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Detroit S60 Engine Tests (1)Detroit S60 Engine Tests (1)
• General 

maintenance 
deficiencies.

• Stable 
operation even 
with faults.

• Requires 
severe degree 
of fault.

CANMET MINING AND MINERAL SCIENCES LABORATORIES2
8

Detroit S60 Tests (2)Detroit S60 Tests (2)
• Turbocharger / intercooler faults.

CO Emissions with Simulated Loss of Turbo 
Boost Pressure
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Detroit S60 Tests (3)Detroit S60 Tests (3)
• Sensor / electronics glitches.

SAE J1667 CO Emissions - 
Simulated Turbo Boost Sensor Failure

0
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200
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400
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1 11 21 31 41 51 61 71 81 91 10
1
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CANMET MINING AND MINERAL SCIENCES LABORATORIES3
0

Snap Acceleration TestsSnap Acceleration Tests
• Some light-duty vehicles are difficult or 

impossible to test  under load.
• 100% fuel delivery is often not achieved.
• SAE J1667 test procedure for snap 

acceleration based smoke emissions.
• Light extinction (opacity) meter for visual 

smoke measurement.
• Procedure is in-use already for Ontario, BC 

and other jurisdiction for highway vehicles.
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SAE J1667SAE J1667
Snap test of Holder 
diesel tractor 
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CANMET MINING AND MINERAL SCIENCES LABORATORIES3
2

Altitude / Depth EffectsAltitude / Depth Effects
• Emissions are affected by altitude.

DMRC Depth / MSHA Altitude Study Composite Chart Emissions
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Role of Diesel Emission Role of Diesel Emission 
Control TechnologiesControl Technologies

• Can address localized air quality 
problems.

• Control emissions at the source.
• Reduce overall mine emissions burden.
• Future regulations.
• OEM applications.

CANMET MINING AND MINERAL SCIENCES LABORATORIES3
4

Best Available Diesel Emissions Best Available Diesel Emissions 
Control TechnologiesControl Technologies

• Diesel Oxidation Catalysts (DOC)
• Diesel Particulate Filters (DPF)
• Active Diesel Particulate Filters (A-DPF)
• Selective Catalytic Reduction (SCR)
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Diesel Oxidation CatalystDiesel Oxidation Catalyst
• Most basic type of control CO HC & some DPM only.
• CO + ½O2 → CO2
• HC + O2 → H2O + CO2
• Older formulations may oxidize NO to NO2.

Emission Conversion Efficiency
Caterpillar 3306 PCNA with DCL Diesel Oxidation Catalyst
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CANMET MINING AND MINERAL SCIENCES LABORATORIES3
6

Diesel Particulate Filter (DPF) Diesel Particulate Filter (DPF) 
• Ceramic monolith
• Closed channel – wall flow
• Best available control 

technology for DPM
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DPF DPF -- Performance Performance –– DPM DPM 
filtration efficiency (% by filtration efficiency (% by 

mass)mass)

84.489.182.478.387.9Average

91.491.188.990.095.5Charged

77.587.175.966.780.3Clean

AverageMode DMode CMode BMode A

CANMET MINING AND MINERAL SCIENCES LABORATORIES3
8

DPF Loading and DPF Loading and 
RegenerationRegeneration

• Collect DPM at high 
efficiency (>80%).

• Burn off DPM to CO2.
• Ignition temperature 

very high 550oC
• Assist needed for 

regen: catalyst, fuel 
additive, active, etc.
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Regeneration StrategiesRegeneration Strategies
• Very important!
• Without periodic 

regeneration, DPF will clog 
and fail.

• This regeneration may 
happen automatically with 
sufficient exhaust 
temperatures – or may 
require external heat input.

CANMET MINING AND MINERAL SCIENCES LABORATORIES4
0

Catalyzed DPFsCatalyzed DPFs
• Catalyst lowers the 

required regeneration 
temperature so that more 
vehicle applications can 
use the DPF technology

• Catalyst can be applied 
directly to the filter 
monolith – where it 
works on the 
accumulated DPM 
directly.
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Active Regeneration Active Regeneration -- DPFDPF
• Electrical / Diesel 

fuel
• On-board / 

exchangeable
• Additional heat input 

for periodic regen.

CANMET MINING AND MINERAL SCIENCES LABORATORIES4
2

Diesel Burner for Active Diesel Burner for Active RegenRegen

Atomizing Air

Cleaning Air

Fuel Enable

Check Valve

High 

Voltage

Cable

System Controller

Mixing
Chamber

Pressure
regulator

Diesel Fuel Tank

Truck Air

Thermal Regenerator
and Filter Unit
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CT MT

+5 Volt Out

Key power
12 to 42 volts
CAN Interface

Motor
Air 

Pump
Fuel

Pump

Ignition
Device

Fuel Injector

Pa2

Pressure
Transducer

Aggregate Box 
/ Accessory Unit

Exhaust Gas
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Selective Catalytic Reduction Selective Catalytic Reduction 
• SCR for NO and NO2 emissions control
• NOx reduction in lean environment
• Addition reductant sprayed into exhaust
• 4NO + 4NH3 + O2 → 4N2 + 6H2O
• 6NO2 + 8NH3 → 7N2 + 12 H2O

CANMET MINING AND MINERAL SCIENCES LABORATORIES4
4

SCR in U/G MinesSCR in U/G Mines
• Strong potential for mines with NO2 issues.
• Field trials are currently underway.
• Urea handling and dosing.
• Dosing and feedback emissions control.
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Constituent Oxidation Catalyst Diesel Filter Catalysed Filter SCR
CO2 0 0 0 0
CO 60 - 80 0 60 - 80 60 - 80
HC 60 - 80 0 60 - 80 60 - 80
NO 0 0 0 60 - 80
NO2 0 or increase 0 0 or increase 60 - 80
SO2 0 0 0 0
DPM 20 - 30 85 - 95 85 - 95 0

Control Technology SummaryControl Technology Summary

CANMET MINING AND MINERAL SCIENCES LABORATORIES4
6

MaintenanceMaintenance
• Some maintenance required!
• Inspection for physical 

damage and emissions 
performance.
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Recognizing Device Failure Recognizing Device Failure 
• Visual inspection at regular PM service:

• Disassembly and cleaning as required.
• Engine backpressure increase over baseline.

• Smoking exhaust.
• Engine performance loss.

• Emissions-based maintenance program.
• Regularly quantify device performance.

CANMET MINING AND MINERAL SCIENCES LABORATORIES4
8

DOC Failure ModesDOC Failure Modes
• Diesel Oxidation Catalyst:

• Clogging / masking of active sites (DPM).
• Poisoning – fuel sulphur, metals.
• Loss of washcoat and catalyst material.
• Physical damage:

• Melting of ceramic.
• Cracking (impact / thermal).
• Separation of metal foils – vibration.
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• Visual Inspection:

Clogging Melting

Cracking Foil separation

DOC FailuresDOC Failures

CANMET MINING AND MINERAL SCIENCES LABORATORIES5
0

Particulate Filter (DPF) Particulate Filter (DPF) 
Failure Modes (1)Failure Modes (1)

• Operational / Application: 
• Clogging DPM – insufficient regeneration.
• Clogging ash – overdosing additive.
• Water ingress – vehicle cleaning.
• Oil ingress – turbocharger seal failure.
• Melting – uncontrolled regeneration.
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Clogging 
DPM

Oil ingress

Clogging ash

Water ingress
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DPF Failure Modes (2)DPF Failure Modes (2)
• Physical Damage:

• Surface damage:
• Impact abrasion – mishandling.
• Substrate contact with can or retaining rings 

– vibration / deterioration of mat.
• Melting – uncontrolled regeneration.
• Cracking – vibration / impact / thermal stress 

(regeneration).
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Surface 
abrasion

Mat 
deterioration 
and can contact

Cracking and separation 
of cell blocks

Cracking

CANMET MINING AND MINERAL SCIENCES LABORATORIES5
4

Inspection Inspection –– Support failureSupport failure

 

Damage to Mat

Blowthrough of DPM
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Emissions Testing for Oxidation Emissions Testing for Oxidation 
Catalyst FaultsCatalyst Faults

• Diesel oxidation catalysts (DOC) can exhibit 
several faults: poor conversion due to 
blockage, soot accumulation, poisoning.

• Important to maintain and verify emissions 
performance.

• Older DOC’s may increase NO2 emissions.  
This can be monitored with EC analyzer.

CANMET MINING AND MINERAL SCIENCES LABORATORIES5
6

DEEP Catalyst TestsDEEP Catalyst Tests
• Systematic approach to maintenance.
• Fault diagnosis based on emissions testing.
• Testing of emission control devices.
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Catalyst Tests at Catalyst Tests at AgnicoAgnico
• Recent work at Agnico mine.
• Emissions testing comparing 

ECOM EC cell to stain tubes.
• Evidence of NO2 formation.
• Note MSHA lug curve CO for 

Mercedes 904 (220ppm) 
Camion 3102 (Detroit Diesel 60) Vehicule de Service VS3104 (Merc. 904)
Emission Before Catalyst After Catalyst Emission Before Catalyst After Catalyst
CO ppm 75 55 CO ppm 201 47
NO ppm 474 530 NO ppm 504 515
NO2 ppm 0 56 NO2 ppm 0 0
CO2 % 10.2 10.9 CO2 % 10.1 10.4
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DPF Fault TestingDPF Fault Testing
• DPM vs smoke
• Partial vs total failure
• Smoke dot (ECOM)
• PAS EC analyzer
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DPF DEEP Study TestsDPF DEEP Study Tests
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Wound fibre DPF Wound fibre DPF 
• Partial failure – blowing
• Fibre material broke up
• DPM passed through 

filter
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PAS EC AnalyzerPAS EC Analyzer
• UV light responsive to PAH on carbon.
• Excitation of DPM particle.
• Expensive…..
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DPF Failure with PASDPF Failure with PAS

Failed Filter

NanoMet PAS 2000 Results
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Regeneration Emissions ControlRegeneration Emissions Control
• Regeneration of filter 

produces emissions.
• Regeneration must 

take place in a 
controlled area with 
adequate ventilation.
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Advanced SCR TestingAdvanced SCR Testing
• Field verification of NO / NOx reductions.
• Must be done with engine loaded since 

ammonia is not dosed below 250oC exhaust 
temperature.
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SCR TestSCR Test

• NOx reduction at 
80% during steady 
state test.

• Exhaust temp high 
enough for dosing.

• Ammonia slip…
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ConclusionsConclusions
• Measurement technology is now available to 

reliably determine the emissions from diesel 
engines and aftertreatment.

• With adequate calibration, training, and 
safety audits; a diesel monitoring program 
can be implemented at any mine that will 
significantly improve emissions control.

• Aftertreatment devices are becoming more 
widespread and your mine’s know-how must 
keep up.
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RecommendationsRecommendations
• Start your testing program today!
• Lots of resources are available for base-

lining emissions, training, etc.
• Real measurement and documentation is the 

only way to verify technologies and avoid 
maintenance by guesswork.
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ResourcesResources

• DEEP Maintenance Project
• www.deep.org

• NIOSH EAMP Procedures
• http://www.cdc.gov/niosh/mining/topics/diesel/eamp/eamp.html

• MSHA Diesel page CO database
• http://www.msha.gov/01-995/coal/actiontable/actiontable.asp


