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08:30 — 12:00

13:00 - 16:30

mcleac

MDEC Diesel Workshop

Health Effects and Diesel Engines

Toronto Airport Marriott Hotel
Ontario, Canada

Tuesday, October 4, 2011

Breakfast and registration

Welcome — Mahe Gangal, Co-chair MDEC Conference
Introduction of speakers — JP Ouellette, Co-chair MDEC Conference

Health Effects of Diesel Exhaust

e Structure of the respiratory tract, and introduction to cancer,
Dr. Sandra Dorman, Laurentian University

e Toxicity of diesel exhaust, Dr. Renaud Vincent, Health Canada

Lunch

New Technology Diesel Engines
e Advanced diesel engines for mines, Steve “Skinner” Forbush,
Arch Coal, and Troy Terrillion, Newmont Mining
e Field emissions testing: Best practices, test and maintenance,
Brent Rubeli, Natural Resources Canada
e Discussion and Conclusion, David Young, Secretary and
Treasurer MDEC
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Workshop Registration Address List

Cheryl Allen

Vale

18 Rink Street

Copper Cliff, Ontario POM 1NO

Omibaron Audifre

Cargill Deicing Technology
2400 Ships Channel
Cleveland Ohio

USA 44113

Brett Andrews

Cummins Eastern Canada
330 Aubrey St.,

North Bay, Ontario P1B 6H9

William Bailey

Vale

4149 Heritage Ave.
Hanmer, Ontario P3N 176

Mathew Brass

United Steel Workers Local 6166
19 Elizabeth Drive

Thompson Manitoba R8N 1A2

Jeffery Bierman

Cargill Deicing Technology
2400 Ships Channel
Cleveland Ohio

USA 44113

Brendan Black

DCL International Inc

PO Box 90

Concord, Ontario L4K 1B2

Aleksandar Bugarski

NIOSH Office of Mining Health & Safety Research

626 Cochrans Mill Rd.
Pittsburgh, PA
USA 15236

Jamie Cresswell
Vale
Sudbury, Ontario

Bus: (705) 682-6857
Fax: (705) 682-5312
email: cheryl.allen@vale.com

Bus: (216) 357-4616
email: Jeffery bierman@-carqill.com

Bus: (705) 497-1019

email: brett.andrews@cummins.com

Bus: (705) 699-4086
email: bill.bailey@vale.com

Bus: (204) 677-1700
Fax: (204) 677-3267
email: Mathew.Brass@vale.com

Bus: (216) 357-4616
email; Jeffery bierman@-carqill.com

Bus: (905) 660-6450
email: bblack@dcl-inc.com

Bus: (412) 386-5912
Fax: (412) 386-4917
email: abugarski@cdc.gov

Bus: (705) 692-2600
email: jamie.cresswell@vale.com



Shahn Cybulski
Goldcorp, Porcupine Gold Mines
4315 Gold Mine Road

South Porcupine Ontario PON 1HO

Abi Dhingra

Nett Technologies Inc.

2-6707 Gorway Drive
Mississauga, Ontario L4V 1P7

Sandra Dorman

Laurentian University

635 Ramsey Lake Rd.,
Sudbury, Ontario P3E 2C6

Manfred Duering
Cummins Inc.

Peter Traiseer — Strasse 1
Gross Gerau

Germany 64521

Ron Duguay

Vale

60 Mine Road

Garson Ontario P3L 1N6

Danielle Dunn

PCS Allan Division
Box 301

Allan, Sask SOK 0CO

Karen Eccles

DCL International Inc

PO Box 90

Concord, Ontario L4K 1B3

Leslie Ellsworth

United Steel Workers Local 6166
19 Elizabeth Drive

Thompson Manitoba R8N 1A2

Nick Espenberg
Agrium Inc.

Steve Forbush
Arch Coal

350 N 400 W
Aurora Utah
USA 84620

Bus: (705) 235-3221
email: shahn.cybulski@goldcorp.com

Bus : (905) 672-5453
Fax: (905) 672-5949
email: adhingra@nett.ca

Bus: (705) 675-1151
Fax: (705) 675-4845
email: sdorman@laurentian.ca

email: Manfred.duering@cummins.com

Bus: (705) 699-4727
Fax: (705) 699-4750
email: ron.duguay@vale.com

Bus: (306) 257-2110
Fax: (306) 257-420
email: Danielle.dunn@potashcorp.com

Bus: (905) 660-6450
email: keccles@dcl-inc.com

Bus: (204) 677-1700
Fax: (204) 677-3267
email: Les.Ellworth@vale.com

Bus: (306) 683-1606
email: nick.espenberg@agrium.com

Bus: (435) 654-8389
email: sforbush@archcoal.com



Guy Fugate

Cargill Deicing Technology
2400 Ships Channel
Cleveland Ohio

USA 44113

Paul Grylls

DCL International Inc

PO Box 90

Concord, Ontario L4K 1B3

Kalsi Harsimran

Ministry of Labour

159 Cedar St., Suite 301,
Sudbury, Ontario P3E 6A5

Laszlo Hegedus

Blutip Power Technologies Ltd
4-6705 Millcreek Drive
Mississauga, Ontario L5N 5M4

Ryan Jaeger

L&M Radiator
1414 East 37" St.
Hibbing, Minnesota
USA 55746

Seppo Karhu

Sandvik Mining and Construction
Vahdontie 19

Turku Fi—20101

Finland

Brian Keen

Vale, Creighton Mine
1039 Regional Road 24
Lively, Ontario P3Y 1C3

Brian Kutschke
Vale

Robert Lampe

Cargill Deicing Technology
2400 Ships Channel
Cleveland Ohio

USA 44113

Alain Landry

Xstrata Nickel (Sudbury)

XPS Center 6 Edison Rd.,
Falconbridge, Ontario POM ISO

Bus: (216) 357-4616
email: Jeffery bierman@-carqill.com

Bus: (905) 660-5450
email: parylls@dcl-inc.com

Bus: (705) 564-7177
Fax: (705) 564-7437
email: harsim.kalsi@ontario.ca

Bus: (519) 497-3890
email: lhegedus@blutipower.com

Bus: (218) 362-7513
email: rjaeger@mesabi.com

Bus: +358400775939
email: seppo.karhu@sandvik.com

Bus: (705) 692-2767

email: brian.keen@vale.com

Bus: (705)682-6368

Bus: (440) 357-4616
email; Jeffery bierman@-carqill.com

Bus: (705) 693-2761
Fax: (705) 699-3180
email: alandry@xstratanickel.ca



Nick Larochelle

USA Local 6500

66 Brady St.,

Sudbury, Ontario P3E 1C8

Al Laurich

Vale Limited

18 Rink St.

Copper Cliff, Ontario POM 1NO

John Le

Tracks and Wheels Equipment Brokers Inc.
PO Box 2592 Station A 400 Hwy 69 North
Sudbury, Ontario P3A 4S9

Roger Lemieux

RDH Mining Equipment
904 Hwy 64 PO Box 188
Alban, Ontario POM 1A0

Glenn Lyle

Centre for Excellence in Mining Innovation
WGMC 4™ Floor 935 Ramsey Lake Road
Sudbury, Ontario P3E 2C6

John McLeod

PCS Allan Division
Box 301

Allan, Sask SOK 0CO

Greg Mascioli

Xstrata Copper — Kidd Creek Mine
11335 Highway 655 North
Timmins, Ontario P4N 7K1

Guy Montpellier

Vale — Creighton Mine
1030 Regional Rd., 24
Lively, Ontario P3U 1C3

Jean-Pierre Nosé

Hudson Bay Mining and Smelting Co.,
1 Company Road

Flin Flon, Man. R8A 1N9

Douglas O’Connor

Vale Limited

18 Rink Street

Copper Cliff, Ontario POM 1NO

Bus: (705) 675-3381
Fax: (705) 675-2438

Bus: (705) 699-4831
email: al.laurich@vale.com

Bus: (705) 566-5438
Fax: (705) 566-5422
email: le@tracksandwheels.com

Bus: (705) 857-2154
Fax: (705) 857 3583
email: roger@rdminingequipment.com

Bus: (705) 673-6568
Fax: (705) 671-3878
email: glyle@miningexcellence.ca

Bus: (306) 257-2104
Fax: (306) 257-4140
email: John.McLeod@potashcorp.com

Bus: (705) 678-8712
email: gmascioli@xstratacopper.ca

Bus: (9705) 692-2301
email: todd.vandenden@vale.com

Bus: (204) 687-2056
Fax: (204) 687-2378

email: John.Nose@hudsonbay minerals.com

Bus: (705) 682-5297
Fax: (705) 682-5312
email: doug.o’connor@vale.com



Jake O’'Hara

L&M Radiator

1414 East 37" Street
Hibbing MN

USA 55746

JP Ouellette

Kubota Canada Ltd.,

5900 14™ Avenue

Markham, Ontario L2S 4K4

John Petherick

Xstrata Nickel

85 Regional Road 8
Onaping, Ontario POM 2R0

John Popik

Nett Technologies Inc.

2-6707 Gorway drive
Mississauga, Ontario L4V 1P7

Kumarathasan Premkumari
Health Canada

0803C Tunney’s Pasture
Ottawa, Ontario K1A 0K9

David Shoemaker
Getman Corp.
59750 34™ Avenue
Bangor MI 49013
USA

Rick Shulist

Ministry of Labour

217 York Street, 5™ Floor
London, Ontario N6A 5P9

Jozef Stachulak

Vale

17 Rink Street

Cooper Cliff, Ontario POM 1NO

Glenn Staskus

Ministry of Labour

933 Ramsey Lake Road
Sudbury, Ontario P3E 6B5

Bus: (819) 472-8064
Fax: (866) 407-5371
email: johara@mesabi.com

Bus: (905) 292-7477
email: jouellette@kubota.ca

Bus: (705) 966-3411
Fax: (705) 966-6590
email: jpetherick@xstratanickel.ca

Bus: (905) 672-5453
Fax: (905) 672-5949
email: jpopik@nett.ca

Bus: (613) 957-0209
Fax: (613) 946-2600
email: premkumari.kumarathasan@hc-sc.gc.ca

Bus: (269) 427-5611
Fax: (269) 427-8781
email: dshoe@getman.com

Bus: (519) 646-3249
Fax: (519) 672-0268
email: Rick.Shulist@ontario.ca

Bus: (705) 682-5266
Fax: (705) 682-5312
email: Joe.Stachulak@vale.com

Bus: (705) 670-5706
Fax: (705) 670-5698
email: glenn.staskus@ontario.ca



Evelynn Stirling
Cummins Inc.

500 Jackson Street MC 60022

Columbus, Indiana
USA 47201

Karsten Taudte

Cummins Inc.

Peter- Traiser — Strasse 1
Gross Gerau

Germany 64521

Troy Terrillion

Newmont Mining Corp.

1655 Mountain City Highway
Leeville Mobile Maintenance
Elko NV

USA 89801

Scott Ulven
Agrium

Joe Vaudry

Vale — Creighton Mine
2039 Regional Road 24
Lively, Ontario P3Y 1C3

Bus: (812) 377-6145
Fax: (812) 377-5179
email: evelynn.j.stirling@cummins.com

Bus: +49-6152-174187
email; karsten.taudte@cummins.com

Bus: (775) 778-2149

email: troy.terrillion@newmont.com

Bus: (306) 683-1250

Bus: (705) 692-2345
email: anita.demers@vale.com
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Diesel particle

THE AIR WE BREATHE... Jdepositionintne

airways.

F3 LaurentianUniversity
*4 UniversittLaurentienne

OUTLINE

%31 “¥ Airway Anatomy
Particle Deposition

[
A Particle Clearance

o Ambient vs. Mine Exposure

S1-
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AIRWAY ANATOMY

THE NOSE
Filter
Exercise

S1-
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THE LUNGS

23 branching
generations

0-8 trachea and
bronchi

Conduction

9-16 bronchioles

Conduction &
Diffusion

16-23
Alveolar region
diffusion

Trachea
Respiratary
bronchiclas
Branchi
_ Alveglar
Bronchioles tuicts
Termingl s
branchioles'
Alvaolar
Genarations s

S1-
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Generation 0
1 airway
2 cm diameter

Total cross-sectional
area 3 em®

[1 cm
along
alrvays

A

Total cross-sectional

Hi
Generation 23 area B x 10° cm

3 x 108 ainways
0.04 cm diameter

T . : i
1.2 10 100 1030 10000
i Total cross-sectional area (em®)

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

PHYSICAL/CHEMICAL PROPERTIES
= Shape ot *
. 7 e
= Size L
= Contents }:}h
NP
i
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PARTICLE KINETICS & DEPOSITION

Impact

Sedimentation

Diffusion

Selte trarspart i fram the if1 o fhe right

xemerrt o vhe sobibes B due fo the conzentretisn
P
— 150 Microns _ Average Human Hair
25 Microns _ Lint, Particles Visible 1o the Naked Eye SIZE
10 Microns _ Heavy Dust, Lint, Fertilizer, Polien
. 5-10Mirons _ Average Dust, Plant Spores, Mold
e 1-5Mirons  _ Bacteria, Light Dust Animat Dander
e 03-1Microns  _ Bacterla, Tobacco and Cooking Smoke, Metallic Fumes.

_  0001-0.01 Microns _ Viruses

EET T

L

Brownian* Gravitation Inertia
movement
I
Adapted from:

Voshaar T. Therapie mit Aerosslen « 2005 - Uni- Med: Bramen
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Bronchi

Bronchioles

Parenchyma

010
5 008y | Total ————_
- L | QT PREDICTED
B || e ) LUNG
g Sum DEPOSITION
N e BY SIZE
‘ Bronehi | Bronchioles Parenchyma
) 003 o-3 A= 1 it
= Total ———_
% 002 Sed tation —
é Diffusion ——__ /
§ 0.01 1um
2 ‘I,f\rnpawun
’ | Bronchi Br;;t;k:s Parenchyma
&) DDE-I
= Diffusion & Total ——__
- 0.1um
a 11 Foster & Costa.
| Lung Biology in
0 Health and
Bronchi Bronchioles Parenchyma Disease. 2005
100
= ] DEPOSITION
= BY SIZE AND
IE 1 2 SURFACE
5 i Dp=5um AREA
o)
=
S -
“I =
B qprd| APT
a =D;|n: B
B g Op=0.1)
= 104
[t}
8
[in

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 hose 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

S1-
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=Women have higher depositions per unit in the
upper airways

= Men have higher deposition in their lower airways

= 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
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LUNG DISEASE

= Breathing patterns are changed with lung disease
= These changes effect total deposition
= COPD - higher minute ventilation (103%)

= Bronchitis - increased deposition (harrowed
airspaces)

= Asthma - increased deposition (59%)
=Smokers - increased deposition (16%)
= Smokers with small airways disease (49%)

Kin and Kang AJRCCM 1997

PARTICLE CLEARANCE

S1- 10
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TWO MAIN
METHODS:

Particles trapped in gel layer

gel layer

ol el e |

CLEARANCE ~ 2-
24 HOURS

‘Bl 2.ABSORPTION

DIRECT
OR VIA CELL
UPTAKE

CLEARANCE > 24
HOURS

S1- 11
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CLEARANCE RATES

® Location matters

mSjze matters

®Total number matters

BIOLOGIC ALTERATIONS IN CLEARANCE

'
%’ !;"\ ‘ii-.‘

B

Ay X
Physical Lung
disease

Immune activity

system

S1- 12
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Air
pollution

AMBIENT EXPOSURE

S1- 13
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Health effects of different Air Quality Index (AQIl) levels caused by fine
particulate matter

Pollutant Concentration Fine Particulate Matter
Breakpoints (ug/m3)  (PM,g)

Sensitive populations

Very Good 0-15 0-11 may want to exercise

caution.
Sensitive populations

Good 16-31 12 -22 may want to exercise

caution.

Moderate 32-49 23 _ 45 People with respiratory

disease at some risk.

Category AQl

People with respiratory
disease should limit

Poor 50-99 46 -90 prolonged exertion;
general population at
some risk.

Serious respiratory
effects even during light
physical activity; people
Very Poor 100 or over 91 or over with heart disease, the
elderly and children at
high risk; increased risk
for general population.

= Canada: 400ug/m3
= USA: 160ug/m?3
®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 | say this?

S1- 14
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DIESEL PARTICULATE EXPOSURES IN SEVERAL

INDUSTRY SEGMENTS

Range of Average DPM Exposures, ug/m3.

0 S00 1600 2400
|i||||||||||II|||||||||1'
!

-
]

FProposed ACGIH TLY *

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)

A
A

SUMMARY
OF EVIDENCE

Respiratory

Cardiovascular

S1- 15
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5000
DEATHS
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(Weeks 1-23) s 24-35) (Weeks J&-52
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Relative Risk per 50pug/m® PMyq

30F © Aduhs .
o AllChildren
® Symptomatic/Asthmatic Children
26 .
221 =]
18F ]
i, 1 ] }{ if
| 25500 2.3ag SBgeo 3¥nlz 1333 3 1 12
1.0 s 9 T
0.6 2
Toral Rewpiratory  Cardio-  Respiratory  COPDor Cough  Lower Upper
Mortality Martality vasculat Hospital  Ischemic HD® Respiratory Respiratary
Mortality  Admissions Hospital
Admissicns
- Adults > Children —»
Cardio- Lung All
30% - Total Pulmonary Cancer Others
20%
o L
g
5 10% |
0%
0%
6 'ACS' | 6 'ACS | 6 'ACS' | 6 'ACS'
Cities Cities Cities Cities

CANCER RISK
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Organization | Animal Human Overall
& year Data Data evaluation

NIOSH ‘88

IARC ‘89

IPCD '96

EPA ‘98

NTP ‘00

EPA ‘02

Confirmatory

Sufficient

Not evaluated

Demonstrated
carcinogenicity

Supporting
animal &
mechanistic
data

Adequate
evidence for
carcinogenicity

Limited

Limited

Not evaluated

Consistent evidence for
a causal association

Elevated lung cancer in
occupationally exposed
groups

Probable human
carcinogen

Potential Occupational carcinogen

Probably carcinogenic to Humans

Probably carcinogenic to humans

DPM classified as a toxic air
contaminant

DPM-reasonable anticipated to be
a 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

= There are three groups:
= 1 — carcinomas

= 2 — sarcomas

= 3 — |eukemias

NOMENCLATURE - MALIGNANT

= Cancer is a word indicating any type of malignant tumor

PHED 4717: Current Issues in Physical Education Il

S1- 18
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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 Il

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 Il

S1- 19
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38]
=
)
<
=
x
(]

S1- 20
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ANTIOXIDANTS TURMOVER PROCESS

FIGURE 1

OuUTPUT

REPAIR &

—

S1- 21
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TOXICOLEGEICAL TOOIESEOR
INVESTIGATING THE TOXICTY OF BIESEL
COMBUSTION EMISSIONS

Renaud Vincent PR

Inhzaletion Toxicology [.eboratony
Hezard Identification Division
Enviranmentsl Heskh Sclence and Research Buresu
Radigtion end Environmenizl Heslth Directorate

MDEC Diesel Warkshop
Health Effects and Diesel Engines

Toronto, 4 Octaher 2011

Health Canada
Santé Canada

Deaths per day I Sulphur dioxich

Deaths

Sy
Decernber 1952

S2- 1
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CBCNEWS.ca Health

Home World Canada |:10/] Ars & Entertainment Technology & Science Money Consumer Life Diversions Weather Your Voice

Story Tools: E-MALL

Air pollution Kills thousands each  eceratins

Health and Air Quality, Health Canada

yea r: Health Canada Govt of Canada's Clean Air Agenda

t Size: S M L XL | REPORT TYPO | SEND YOUR FEEDBACK
Related

CBC News (Nt
of

It's estimated 5,900 Canadian deaths each year can be attributed to air pollution, a new
report from Health Canada says

The department revised its previous estimate of 5,000 deaths per year from 2002, using
data from eight Canadian cities.

Health Headlines

Top Headlines Recommended Commented

+ INDEPTH: The Health Effects of Smog

Risk of sudden cardiac death highest soon after heart
Researchers at Health Canada and Johns Hopkins attack: study
University in Baltimore said they calculated the higher + Autism gene might play role in childhood language
| figure after correcting a statistical glitch in a previous disorder: study
| model + Cigarette smoke linked to facial birth defect
Air pollution and mortality data were collected in Eastern Health says sacking lab manager is about the
i Quebec City, Montreal, Ottawa, Toronto, Hamilton, future < . .

* Patient’s genome reveals mutations linked to tumour
Windsor, Ont., Calgary and Vancouver.

8| Smog alerts are issued in part because air poliutants
N are known to cause breathing problems and Health Features
§ aggravate respiratory and cardiac conditions, which
are leading causes of hospitalizations and death in
Canada

i Asi( an exbéft

Damaging fine parficles ofsmog can be

Ontario Medicall Assaciation 2000

Attributable to air pollution Healihi Direct Gosts
—. O Hazlth care systen1  $600 million

2000 2045 Direct lossas to employers
T, end empleyess $660 million

hospRal admissions  €,800 13,000

L. Pain and suffering &6 billion
emergency room visits 13,000 18,000 Laoss of lifa &4 hillion

minor ilinessday 47 million 53 million

Annuzl economic loss

2000 $10 billion
2016 %15 billion

Health Canada
Santé Canada

S2- 2
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Projected changes in Canada’s air pollutant emissions
that cause smog and acid rain in 2015 compared to 2006

B 2008 Indusirial ak emissions
W 201S Projected induskrial air emissions with
reductions from new plan

kilotonnes.

Sulphur oxides Volatile arganic Paniculate
(80y,) compounds (VOC) matter (PM)

Sources of Emissions of
Air Pollutants

Agriculture Other
10% 2%
Commercial and
Residential
H?:;mg Industry
3 52%
Consumer and
Commercial
Products
8%

Health Canada
Santé Canada

[Low [L.evels of Air Pollution Cause Health Effects

Incraase of +30 pa/i’ PM; ¢ in southem Grizno essociated the nex day
with +4% cardiac and +3% respiratary hospital sdmissions
{(Bumett ef &, Am J Epidemial 142:15-23, 1895}

AR e— . DANGER

Claan air oy R
Palluted air Texic gir

Health Canada
Santé Canada
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TOXICITY = DOSE X POTENCY.

Potency Is & funcilon of physlcochemical
characteristics of the particles

Determined by &lze and chemical compaoshion

Vary wih sources

Can be modified by co-pallutants

Health Canada
Santé Canada

Toxic substances, such as PAHs
Metals

Secondary sulfate and nitrate
Organic carbon compounds
Elemental carbon core

Health Canada
Santé Canada

S2- 4
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Mechanically
generated

Condensation

Nuclaation

AVl alog B, (um¥emd)

B, {pm)

Figure 1. |dealized size distribution of traffic-related particulate matter (U.S. EPA 2004). J,, particle diame-
ter. The four polydisperse mades of traffic-related ambient particulate matter span approximately four
orders of magnitude from < 1 nm to > 10 pm. Nucleation- and Aitken-mode particles are defined as UFPs
(< approximately 100 nm). Source-dependent chemical composition is not well controlled and varies con-
siderably. In contrast, NPs (1-100 nm) have well-controlled chemistry and are generally monodispersed.

Gierdarster et al Erviron Heolh Parspedt 113:825-859 (2065)
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Table 2. Particle number and particle surface area
per 10 ugf’r'13 airborne particles.

Percent suface molecules

. - — W
Particle article article surface Dismeter {nm}

diamater {ym) o. fem—3) area {pm¥cm3)

Figure 2. Surface molecules as a function of parti-
cle size. Surface molecules increase exponentially
when particle size decreases < 100 nm, reflecting
the importance of surface area for increased
chemical and biologic activity of NSPs. The
increased biologic activity can be positive and
desirable (e.g., antioxidant activity, carrier capacity
for therapeutics, penetration of cellular barriers),
negative and undesirable (e.g., toxicity, induction
of oxidative stress or of cellular dysfunction), or a
mix of both. Figure courtesy of H. Fissan (personal
communication).

Gimter Ol=piioster, frs Glemiteter, Jam Ghenticter, Namehpdandonye An Errengieg O
Freding Feens Bhdies of Litrefe Favtiedon mnwwmmfiammnm;
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Gherdorster at ol Erviron Haslth Parspect 113:025-993 (2005)
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Figure 8. Predicted fractional deposition of inhaled particles in the nasepharyngeal, tracheobronchial, and
alveolar region of the human respiratory tract during nose breathing. Based on data from the International
Commission on Radiological Protection {1994). Drawing courtesy of J. Harkema.
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Figure 9. Pathways of particle clearance (disposition] in and out of the respiratory tract. There are signifi-
cant differences between MSPs and larger particles for some of these pathways (see “Disposition of
NSPs in the respiratory tract”). Drawing courtesy of J. Harkema.
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Exposure media Alr, water, clothes I Drugdelivery | Air I ‘ Food, water -

\
Depaosition \ Injection Inhalation Ingastion

Respiratary tract f
Uptake pathwrays Trachea- Gltract _J
A Masal | bronchial] Aveolar

Blood
PNS {Ip atelets, monocytes, }

Translocation : et \ caliy /\
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i Lymph '/,,,- .
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Tther sites

Bone merrow |l gy o rmuscls, placanta) |

Kidney

l

| 1
Excretory pathways | Swestiexolistion | Urine | Breastmilk H Faces

Figure 16. Biokinetics of NSPs. PNS, peripheral nervous system. Although many uptake and translocation
routes have been demonstrated, others still are hypothetical and need to be investigated. Translocation
rates are largely unknown, as are accumulation and retention in critical target sites and their underlying
mechanisms. These, as well as potential adverse effects, largely depend on physicochemical characteris-
tics of the surface and core of NSPs. Both qualitative and quantitative changes in NSP biokinetics in a dis-
eased or compromised organism also need to be considered.

GEnter Qlmpinmter, Bes Qhemfinater, dan Qlienfinter, Nanokcpderdoye An Errerieg Dielafee
Ershing S Sudes of Liteefne Petiden Brptron Hestk: Permpect 11882030 (7G5 Health Canada
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Figure 12. Close proximity of olfactory mucosa to olfactory bulb of the CNS. Inhaled NS Figure 13. Occlusion of the right nostril of rats during
below 10 nm, depaosit efficienty on the olfactory mucosa by diffusion, similar to airbome " mole- 6-hr inhalation of nanosized Mn0; particles {~ 30 nm
cules which deposit in this area of alfactory dendritic cilia. Subsequent uptske and transiocation of solid CMD, ~ 450 pg/m? resulted in accumulation of Mn
NSP[s] along axons of the oifactory nerve has been demonstrated in non-human primates and rodents, only in the left olfactory bulb anly at 24 hr after dosing.
Surface chemistry of the particles may influence their neuranal translocation. Copyright ® the McGraw- Diata are mean = SO. Data from Feikert et al. (2004).
Hill Companies, Inc. Reproduced from Widmaier et al. (2008) with permission from McGraw-Hill
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Table 5. Translocation of NSPs inthe blood circulation to bone marrow in mice.

Particle size Typ r Reference
Ballou et al. 2004

hest accumulation in bt Cagle et al. 1888
marrow after liver; conti
increase in bane m oW

G-250 nm

A0 nm Pe Rapid passage through Gibaud 1 al
lium in bone marrow, 1998, 1934
palylisohaxylcy uptake by phagocytizing cells
{ciodegradable) in tissue {mouse}

HSA, human serum albumin.

Table 6. Swudies of neuronal translocation of UFPs from respiratory tract.

Reference

Bodizn and Ho xonal transp nm} after imranasal instillation in

Cherddrster etal. 2004 3C partic I='s (CND v inhalation exposure
in rats

TB, racheabronehial

Gllrter Gleafiier, Frs Qlerdinber, JJan Ghenfinster, Nanokpiondomye An Frenging Dinciafee
Frehdng Bom Fhaties of et Fatledn Wmﬂmrmmma [ Health Canada
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Passage of Inhaled Particles Into the Blood Circulation im Humans

A.Nammar, YA, FhiD; P HM. Hoet, PIiD; E. Vengquickenbome, MG} G Dinsdale, PhO; ! Thomeer, MG;
IA.F. Hoylaers, PR; H. Vantilloen, PhD;L. Marteimans, MD, PhD; B. Nemwery, MO, PhD
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strengths and Limitatlans of
Assassment Approaches

Risk assessment
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Animal Studies
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Table 2. Biodiesel Fuels Analysis

Fuel |dentification Method

Density, kg/m” @ 15 °C ASTM D4052 877.0
Cetane No. D613 ASTM D813 . k 66.7
Carbon, %m ASTM DS291 ) 76.27
Hydr . %em ASTMD5201 X 1166
Viscosity @ 40 °C, (cSt) ASTM D345 4737
Sulphur, mgikg ASTH D5453 i
Total Nitrogen, mghkg ASTM D2629 7558
Ash, Sulphated, Mass % ASTH DB74 0002
Cloud Point. deg C ASTHM D2500 o 2
Copper Comosion ASTM D130 2 18
ASTM 3
Flash Poini, Deg C ﬁima‘f}\ 560 %70
Carbon Residue, Mass % ASTM D4530 0,000 0001
Acid Number mg KOH/g ASTM DS64. 026 040
Free Glycering, mass % ASTN D6564 <0.001 0,001
Total Glycerine, mass % ASTM DE584 0102 0.081
Monoglyceriges, mass % ASTM DE584 0319 0182
Diglycerides, mass % ASTM DESB4 0035 0120
Triglycerides, mass % ASTM DES84 0015 o027
Waler and Sediment, Volume % ASTMDZ2709 Not tested 0000
Inductively Coupled Argon Plasma
Group | metsls (Na + K. mgkg EM 14107 modifisd <1
Group |1 metals (Ca + Mg). mg'kg EN 14107 modified <1
| Phosphorus, mg/kg EN 14107 modified <t

Calcium (Ca), mglkg Asmiﬁ; 5

ASDTMD5185
modified
Magnesium (Mg). mg'kg “ﬂl’ifﬂ *
ASDTMDS185
modified

Animal Tallow
B100

Potassium (K}, mgikg

35
ASDTM D5185 .
modfied <0.001 <0.00%

Sodium (Na). mg/kg

Phosphorus (P), mass %

ARC Lab Sample Number - GO-2006-7292 | GO-2007-1106 | GO-2007-1107

Health Canada
Santé Canada
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SRR RREREE

Sunflower
Corn

B Saturated @ Monounsaturated B Polyunsaturated

Figure 4.1 - Compositions of types of fatty acids in various biodiesel feedstocks
(NREL 2006)
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CelllCulture Cytetoxicity Assays
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Integrated Cytotoxicity Assay: Platfarm
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Copper Sulfate
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Biological Potency of PM vs Fhysicochentistry

Fold Effect = (Dose + 1)f

R = 0855
p< 0001
200 40 600 800 000
Soluble Copper (ug/g)

Wmncant et 2l, Fundam Appl Tavical, 39:18-32, 1887
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Cytofoxicity of Canola B20 DERIMAS48 Cells
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Multivariate In Witro Cytotoxicity as Predictor
of BAL Neutrophils 24h Post-Instillation

Controls

Ambient fine PM2.5 DWR

Ottawa urban particles EHC-6802
Diesel particulate matter SRM-1650
Diesel particulate matter SRM-2975
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Thomson, Vircent st a1, unpabdfisned

Health Canada
Santé Canada
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18 @ [ 18 &

¢ Cg€e®

Synihesis of Endothelin-1

prap roa ndofhslin-1
1

pra-andotfyelin-1
18

{\[—A carbaxypeplidase

big-endathielin-1 l‘ 73
sl RIrr o

\1\ endothelin converting enzyme
endothalin-1
ss s Health Canada

Santé Canada

Vascular Lamen

ADP

Vasoconstrjction

Vascular Smoothy Muscle Cells

Health Canada
Santé Canada
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BiologicallBlausibility

Inhaled urham padicles cause endalhekal
dystfunation

Reriicles [ Elevation of elreulating ET-1

Changes am sufficient ta induce systemic
vasocongslction

May be compensated In heakhy
individuzls

May not be compensated inindividuzls
with hear dissaseas

Endothelin-{
Sustained higher plesma ET-1

Vasoconstriction Evidence in Animal
Hemodymemiceenges = Models and Human

. Heztt electrophysiclogy
ST-sarqment area deprassian

Health Canada
Santé Canada
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Santé Canada

S2- 29



MDEC Workshop

Mobile Infralation Toxicology Exposure System

Health Canada
Santé Canada

On-Highway

CATERPILLAR  [rery i

1050-1450 Ib-ft @
Technology 1200 rpm Peak Torque

Table 1. Test Engine Specifications and Certified Emission Rates

Engine
Engine Manufact Caterpilar
Mode! c11

Year 2004
Serial Number KCAD18109
Engina Famil ACPXHO680EBK

Series Turbo-Charged
Electanic ACERT

[Number of Cylinders
D iires)

Shown w
Optional Equipment

Curb-idle Speed (rpm]
|Rated Test Speed {rpm)
[Maximum T It
Maximum Power (bhp)
Compression Rao
Cerlified

[NO. igibhp-hr)
[CO (g/bhp-hr)
[P (g/bhp-hr)

Stk

s [ -&‘;L—W‘é i

e

g o;ﬂ‘l
i % o

o g NO # MOz & ZMHy
=% St | “!;‘:‘:{v\ wo_l

Health Canada
Santé Canada
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ENGINE

Heawr-duty diesel engine;
Madel Year 2004 Cumnine
150 280, 10.4 L, Infine 6
cylinder, 260 bhp @ 2100
rpm, 2004 emissian
standard.

DIESEL
PARTICULATE FILTER
Catalyzead passive
regenerating dissel
patticulzts filer

Health Canada
Santé Canada
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Lavage Neutraphils

-
=]
a
a

count . mi!

Expression Relativeto
Time-Matched Air-Control

Prostaglandin-endoperoxide [ yaive
7 synthase 2 (PTGS2) O Ar
x [ Diesel

Expression Relative to
Time-Matched Air-Control

Expression Relative to
Time-Matched Air-Control

Health Canada
Santé Canada

[Diesel-Related Polluiants on Schoal Buses

[Buring Transpornation of Children
{(Healkh Canada 2005)

Ambient
Walking
In-Bus

Health Canada
Santé Canada
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Commuting can pose a health hazard: study

CTV.ca News Staff,

A new study by a teant of GGemian researchers suggests that conmuting could be hazardeus ta your
healths, The Sudy fGund an increased nskin lwving @ ean stiack, within fwo liours of being in trellc,
Intarastingly, patiems wha had taker the bus ar ridden 2 bike were even more lively te have an attack.

The research teant, led by Arnetia Peters af the National Research Ganter for Enviranment and Hezith
in Neuherberg, icoked at 681 people who sufterad & hearl aftack batween 1638 and 2001. They faund
that nearly ana [ 12 attacics was nked ta hefng stuck i trafTic.

Peaple caught in traffic were mughly three times meare [Tkely ta sufTer a myacardial infaretion
withirn an haur, compered with those who svaided the joumey eficgether. The ressarchers believe
that breathing in polluted air may be part of the pmblent, They noted:

+drivers were 2.6 tiries maome likely to suffer 2 heart attack than thase whe weren't in traffic,
rpublic trensporiation users were 3.1 timas moare fikaky,
rand cyclists. 3.9 tinies nwara likely.

"Because the essociation was elsc cbsernwed for parsans who used public treamspartation, il is unlicely
that the effect is entirely attributable ta the stress inked with driving & cer,” the researchers said. But
they ndded "given our cument knowladge, it is impossble to dalemine the mletive confribution of risk
faciars such as strass and traffic-ralated air pollution ®

The study was funded parily by the U.5. Environmental Proleclion Agency and published in the
Thursday edition of The Mew England Joums! of Medicine.

it fAwaw. civ carsarviebiAsticlollowsfstory/C TvNows/1 198294 833645 93A013603? wb—C TvNaw=AH | Health Canada
Santé Canada

Brachial Ariery, Digmeter, Clhiange (post — pre)

Huimzn Subjects Exposed o Toronio PM; s
{0.12 ppmi ozone + 153 ug/m3 CAP, Z haurs atrest)
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Fitered Air CAPtQOzone
Exposure Type
Mele: no change of blood prassume, no change of
fiow redfiated dilation
Brook ef af. Cacalafion 105:1534-1536 (2007) Health Canada
Santé Canada
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Human exposure to CAPs

I e exp
[ /f | parst
I8

=
E
=]
=
_9-_
7
l'_
[
(1)
E
w
o
(o

PM2.5 (pg/im®)

CAPs. concentrated ambiont particles
Vincent ef al. Am J Resp Crit Care Med 163:A313 (2001)

Health Canada
Santé Canada

Research |

Elevated Plasma Endothelin-1 and Pulmonary Arterial Pressure in Children
Exposed to Air Pollution

Lilian Calderén-Garciduenas,'? Renaud Vincent,? Antonieta Mora-Tiscarefio,’ Maricela Franco-Lira,*
Carlos Henriquez-Roldan,® Gerardo Barragéan-Mejia,” Luis Garrido-Garcia,” Laura Camacho-Reyes,’
Gildardo Valencia-Salazar,' Rogelio Paredes," Lina Romero," Hector Osnaya," Rafael Villarreal-Calderon,?
Ricardo Torres-Jardon,® Milan J. Hazucha,”® and William Reed?®?

TInstituto Nacional de Pediatria, Mexico City, Mexico; “The Center for Structural and Functional Neurosciences, University of Montana,
Missoula, Montanta, USA; *Inhalation Toxicology and Aerobiology Section, Safe Environments Programme, Health Canada, Ottawa,
Ontario, Canada; *Escuela Médico Militar, Universidad del Ejército y Fuerza Aérea, México; *Departamento de Estadistica, Universidad
de Valparaiso, Valparaiso, Chile; ®Centro de Ciencias de la Atmdésfera, Universidad Nacional Auténoma de México, Mexico City, Mexico;
"Department of Medicine, #Center for Environmental Medicine, Asthma and Lung Biology, and EDeparlmﬁam of Pediatrics, University of
MNorth Carolina, Chapel Hill, North Carolina, USA

* * #
. 0 5 . W
2 :
E 3 T = ®
2 = =
-2 e E
[} E Ea
1 = ES
N =
Palotién Mexico City NEMC ~ SWMC Polotitin MexicoCay NEMC  SWMC
Figure 1. A scatterplot of plasma ET-1 levels by region. ~ Figure 2. A scatterplot of MPAP by region. The 0 H 2 3 H 3

Mean plasma ET-1 levels for Mexico City children
as a whole (n = 59), as well as for northeast (NEMC,
n = 19) and southwest (SWMC, n = 40) Mexico City
children analyzed separately were significantly
greater than the mean for control (Palotitian) chil-
dren (m=22). Horizontal bar indicates group means.
*p<0.001.

1250

average MPAP for Mexico City children as a whole
(n =59), as well as for northeast (NEMC, n = 19) and
southwest (SWMC, n = 40} Mexico City children
analyzed separately were significantly greater than
the mean for control (Polotitian) children (n = 22).
Horizontal bar indicates group means.

*p<001;*p <0.05.

ET-1 (pg/ml)

Figure 3. A plot of MPAP versus ET-1 levels for
Poletitlan, northeast INEMC), and southwest (SWMC}
Mexico City children. MPAPs were significantly
correlated with ET-1 levels (r = 0.43, p = 0.0001). A
linear regression fit to the data is shown.

VOLUME 115 | umeer 8 | August 2007 - Environmental Health Perspectives

34



MDEC Workshop

Emissions Standards: 2004-2014

D9s & D10s, 16 & 24MG, 988
Loaders

D11s, 150-363T Trucks, 992-
993-994 Loaders

S3-
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EPA Tiers 1-4

SEGMENT NOx / PM LIMITS
Heavy Duty On-Highway

EPA99 4.0/0.1

EPAO4 25/0.1

EPAO7 1.2/0.01

EPA10 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) 40702

Tier 41 (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 41 (2011) 3.5/0.10

Tier 4 F (2015) 3.5/0.04

EPA Tiers 1-4

Tier 2/ Stage il Tier 3/ Stnge I A

e

In Chambler After Treatthent

A A
2 y
L] [ S [ —

b £
02468 10 02468 10 02488 10 0D 2486810
NOx (g/kWh) NOx + HC {g/kWh) NOx + HC (g/kWh) NOx (g/kWh) NOx (g/kWh)

S3-



Worldwide Emissions Regulations - 2015

[ No regulations
- Tier 2/ Stage Il

Tier 3/ Stage I1A
Tier 4 Interim/ Stage I11B
Tier 4 Final/ Stage IV

Worldwide Fuel Sulfur Levels

f \ Diesel Fuel Sulphur Levels: Global Status
- - I February 2009

Y
Chom Fick md Vubacie

MDEC Workshop
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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)

Typical DPF Chemistry

PM  NOx CO HC -0l NOx H0O €02

—_—

Enters the DPF__."." - : Exits the DPF

PM and HC
Is Collected and burned off

S3-
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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

Coolant Control
Uit
EGR Cooler L 1
o < EGHR
Controd Vahee

<=

Intake

Cwlinder Head

v

Exhaust

S3-
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Tier 41 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

S3-
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B129 B128 8
_‘_H-'L % — R28
O = )
B130_>v7g9 =
(3

/g‘Pump'
I :

Dosing Pump '

. .2
> ——
Filter housing

S3-



MDEC Workshop

_Nox Sensor (Dowastieam) .

Catalyst Temperature
Sensor ( Downstream)

Catalyst
Temperature=Sgl
(Upstream)

Comprised of Titanium Dioxide, Tungsten oxide,
Vanadium Pentoxide

Upstream Cate
Temperature
Sensor

Nox Sensor

S3-



Exhaust entering from engine
Hydrolysis segment

SCR Catalytic Converter

Exhaust after reduction

Ad Blue/DEF injection CO(NH2)2+H20

MDEC Workshop

Equipment Emissions Data

DOC/DPF SCR
Mine: Leeville
Unit Number: UHTO59

Unit Type, Mfg. & Model; Engine Mfg., Model, Hp.
DOC Mfg., Model, Exhaust Diameter: SCR Mercedes 4" Exhaust

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

[Exhaust Analyzer Make & Moder: ECOM AC ECOM AC ECOM AC
Date: 02/24/11 03/10/11 04/28/11
Location |CETE DETB DETB
Oil Change |
Hour Meter Re: 101 MR2 631 MR2
Hour Meter When DOC/DPF installed 33PLD 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 37ibs VALUE! 371bs #VALUET 36ibs VALUE!
TPS Counts
Fuel Pressure 62.0]
Cut out Test
No cutout pulse
1-4 Pulse Width
1]
2
E
2]
Response Times
1]
2]
E
4l
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]
Ol Te 181.0] 190.0} 184.0]
Air T 95.0 92.0] 120.0]
High Idle Torque Stall
Temp. Air 69.0] 74.0] 74.0]
Temp Gas 950.0] 722.0) 770.0]
02 % 6.7 6.2 5.4
CO ppm 102.0} 14.0] 24.0 79
NO ppm 1040.0] 101.0] 112.0] ~50]
NO, ppm 35.0 8.0| 5.0 77,
NOX ppm 1075.0| 109.0} 117.0] -90|
CO2% 10.5] 10.9| 11.4]
Operator Noise Db
Smoke No. a 3 2.5] 2.5] of 5 35 ~30]
Back Pres. In. W.G. 0.0
car 3 3 | E 3]
UHT059- Readings before and after SCR system. _After run time of 100 hours, will re-sar

S3- 10
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Equipment Emissions Data

DOC/DPF ScrR
Mine: Leeville
Unit Number: UHTOS9
Unit Type, Mfg. & Model; Engine Mfg., Model, Hp.:  Tamrock EJC 30sx W/Mercedes 926 T4i w/SCR 322 HP
DOC Mfg., Model, Exhaust Diameter: SCR Mercedes 4" Exhaust
[Exhaust Analyzer Make & Model: ECOM AC ECOM AC ECOM AC
Date: 05/26/11 07/08/11 08/10/11
Location |DETB DETB DETB
Oil Change
Hour Meter Reading: 999 MR2 1,284 MR2 163 (New MR2)
Hour Meter When DOC/DPF installed T 1 MR2
Cumul hours on DOC/DPE 998 1,283 Approximately 1563
Pre SCR_|Post SCR|% Change|Pre SCR_|Post SCR]% Change|Pre SCR_|Post SCR][% Change|
Boost Pressure 2250.0 Too| _2380.0 ~100] _2475.0 100
TPS Counts
Fuel Pressure
Cut out Test
No cutout pulse
12 Pulse Width
1]
2]
3]
2|
Response Times
1
2]
3]
4|
RPM Stall Speed 1790.0] 1803.0]
Rated RPM
Fuel 34.0| 52.0
Coolant 90.0| 85.0
Ol T T 96.0 98.0
Air Temperature 44.0| 57.0
High Idie Torque Stall
Temp. Air 67.0] 85.0]
Temp Gas 1009.0 571.0]
O: % 5.9 6.2
TO ppm 150.0
NG ppm 1203.0)| 1049.0]
NO, ppm 19.0) 20.0
NOX ppm 1222 0| 1069.0| 1092.0| 67.0| 94
CO,% 10.8 10.9| 10.0 10.2)
Operator Noise Db
Smoke No. 35 3|
Back Pres_In_ W.G.
Gear 3 3 3

ozzle Failure

I )
h

N

.
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Urea leak at'l ec
Approximatel

Starter

Urea injection
nozzle

Urea Tank

S3- 12
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ACERT Engine with After-Treatment Module

2010 Highway Emission System

DEF Tank Fuel Tank

DOC-Diesel Oxidation Catalyst DPF-Diesel Particulate Filter
SCR-Selective Catalytic Reduction

S3- 13
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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

S3- 14



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?

MDEC Workshop
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Natural Resources  Ressources naturelles
Canada Canada

Eield Emissions Tiesting| ofi Engines
and Aftertreatment: Best Practices,
Methods and Maintenance

Brent Rubeli
Natural Resources Canada

CANMET MINING AND MINERAL SCIENCES LABORATORIES (:allalia

Diesels Underground

New engines destined for underground use
must pass minimum type certification:

e US EPA
e MSHA
e CAN/CSA

In-use engines are usually regularly tested
underground for emissions.

CANMET MINING AND MINERAL SCIENCES LABORATORIES Callada

S4-1
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Certification Tresting
i‘F‘I‘;!"\
Pass fail criteria (CSA) ./
e CO-2500 ppm

e NOx - 1500 ppm

e DPM - 150 mg/m?

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

3 CANMET MINING AND MINERAL SCIENCES LABORATORIES Callada

\Where to test?

Power Curve

Reflect “real world”
engine performance. /\

, Torque converter
/ stall speed
4

/ Rated speed

N
“ Governor

s
R i i
~ Lug airve | limited
sFull load / s
«Max. fuel | ot
‘I 03

Lowload — 00 1000 120 1400 1600 180 2000 200 200
160 ; . Engine Speed(rinin)
: ) ® Torque(hl.m}
500 1500 2000 2500 mlkdeld
Speed (rpm) # BSFC(ghivh)

4 CANMET MINING AND MINERAL SCIENCES LABORATORIES Callada
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Certification Test

CANMET ©e
ISO 8178 C1

100% load
75%
50%

® 25%
() 10%

Speed

CANMET MINING AND MINERAL SCIENCES LABORATORIES Canada

\/entilation 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 | Engine Rating and Sulphur in | CSA Ventilation
Number Maximum Fuel Rate | Fuel - Prescription *
at Sea Level Yowt.

CFM

650 HP @ 2100 RPM 0.05 37,000
fuel 213.5 Ib/hr 47,500+

0.10 41,000

47,500+

0.20 48,900

0.25 52,900

0.50 72800

79,500+

* 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

CANMET MINING AND MINERAL SCIENCES LABORATORIES Callada
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7 CANMET MINING AND MINERAL SCIENCES LABORATORIES C'(lllad'cl

Emissions Underground

Mining is a confined space so poor engine
emission quality can quickly become a
serious safety hazard.

Legislated in-use testing:
e Catches defects or failures.
e Verifies maintenance.

e Confirms type certification emission
levels are being maintained by the engine.

8 CANMET MINING AND MINERAL SCIENCES LABORATORIES C'clllad'cl
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Underground In-use testing
Over and above legislative requirements, some
mines use in-use testing for predictive
maintenance and proactive air quality.

9 CANMET MINING AND MINERAL SCIENCES LABORATORIES C'(lllad'cl

Stain tubes =
Electrochemical cells |—
Smoke dot

Opacity

1 CANMET MINING AND MINERAL SCIENCES LABORATORIES
0

S4-5
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Accuracy fier 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.

| [ =+=="TiDIR data
(lines of perfect agreement)

Ecom-AC
T dream0.65, P,=91%

Ecom-AC GO (ppm)
Ecom-E CO (ppm)

I i I
100 300 500 700
NDIR CO (ppm})

1 CANMET MINING AND MINERAL SCIENCES LABORATORIES
1

IHow! te test - LLoading

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.

1 CANMET MINING AND MINERAL SCIE
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Stall testing
This is not a trivial test!
Safety audits, training, etc.
Measure for target gases.

MNote: Emissions sampled
upstream of catalysts.

™.

. Steady-state,
_," full-load data

b + £ P
30 40 50 60
Time (sec)

CANMET MINING AND MINERAL SCIENCES LABORATORIES Canada

IHeW. to) test - Interpretation

Emissions must be at steady-state to be
repeatable.

Wait for CO peaks.

1500 +
1 Steady-state,
| tull 1oad €O,

1250 +

1 A .
Ll o geimrm i wcermrmm
1000 - Turbocharger lag ; '

Baseline,
COdata|| !

30 40
Time (sec)
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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:/lwww.cdc.gov/niosh/mining/topics/diesel/eamp/eamp.html

1 CANMET MINING AND MINERAL SCIENCES LABORATORIES Callada
5

SO What will'yeur standandsi1he?

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.

1 CANMET MINING AND MINERAL SCIENCES LABORATORIES Callada
[
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Current LLegislation

Example: Ontario Provincial Mining Regulation
recently changed to reflect cleaner engine
deployment.

Undiluted tailpipe CO from 1500 to 600 ppm.

CANMET MINING AND MINERAL SCIENCES LABORATORIES Canada

Certification Engine Testing

M S HA h -d TORQUE CURVE TEST - ALL TESTS AT FULL THROTTLE
as guiadance. VSHA 7 7E80560

Engine: DaimlerChrysler OM 904LA
Co Iug cu rve data- Engine Rating: 174 HP @ 2200 RPM

Engine Speed,

Certification tests.

1200 1341 11.81

1400 318 10.32

TORQUE CURVE TEST 1600 335 101

ALL TESTS AT FULL THROTTLE 1800 299 1009

MSHA # 7E-B090 2000 267 9.94

CO, ppm co2, %

Engine: Deutz F3L 1011F 2200 222 9.58

Engine Rating: 44 HP @ 3000 RPM

Engine Speed, RPM CO, ppm CO2, %

3000 982 10.9
1800 1834 11.7

CANMET MINING AND MINERAL SCIENCES LABORATORIES Callada
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Build your ewn datanhase!

Table 1. Emissions of New Equipment

Engine

Rated hp

CO2%

CO ppm

NO ppm

NO2 ppm

Comments

Series 60

375

6.9

139

586

31

Turbocharged, DI

Series 50

250

7.9

162

615

31

Turbocharged, DI

F8L413FW

180

9.7

91

605

15

Naturally aspirated, IDI

F8L413FW

180

7.9

95

708

23

Turbocharged, IDI

F6L912W

CANMET MINING AND MINERAL SCIENCES LABORATORIES

82

527

630

17

Naturally aspirated, IDI

Canada

IHoeW! te) recognize: faulis

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.

CANMET MINING AND MINERAL SCIENCES LABORATORIES

Canada
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USBIVI

1985 study of simulated faults in engines.

Combinations of faults more severe than
individual faults applied separately.

PERCENT DEVIATION OF EXIAUST EMISSIONS FROM BASELINE CAUSED DY INDUCED FAULTS IN A DEUTZ F6L 912 W
DIESEL ENGINE

TEST FAULT DECREE OF PARTICULATES
NO. DESCRIFTION FAULT

CANMET MINING AND MINERAL SCIENCES LABORATORIES (jallafia

\What albout medern engines?

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

Test procedures for vehicles with manual
transmissions and light hydrostatic drives.

CANMET MINING AND MINERAL SCIENCES LABORATORIES Callada
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CANMET-MMSL Tests

Laboratory emissions testing.

Deutz Engine:

e Confirmation of some USBM work.
e Air cooling system deficiencies.
Detroit Engine:

e General maintenance deficiencies.
e Turbocharger / intercooler faults.
e Sensor / electronics glitches.

e Cold start and warm-up behavior.

2 CANMET MINING AND MINERAL SCIENCES LABORATORIES Callada
3

Jiest Engines

Deutz F4L912W

g

2 CANMET MINING AND MINERAL SCIENCES LABORATORIES C'clllad'cl
4
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[Deutz Engine Tests (1)

General agreement with USBM results.

Inlet Air Restriction: Severity of Fault 25"w.c.

O CANMET
B USBM

Percent Change from
Baseline

Exhaust Constituent

CANMET MINING AND MINERAL SCIENCES LABORATORIES Canada

[Deutz Engine Tests (2)

Air-cooled engine: cooling system faults

Operating Mode: [Cooling Sysiem{Cooling  System|
2300rpm & 100% load Faull (%) Faull & Resir, %
Intake Resiriction il +hi)
Exhausl Reslriction 0 +193
Cooling Adr Outlet Temp +8 +32
Exhaust Temperatume +13

0 (% change) 3 +36

MO, (% chanee) -1

NO (% chanpe)
N (% chanpe)
HC (% change)
O (% change)
OO0, (% chanpe )
DPM (% chanpe)

CANMET MINING AND MINERAL SCIENCES LABORATORIES
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[Detroit S60 Engine Tiests (1)

Simulated Faults agPercent Change From
General \med Power Baseling

Degree of

maintenance Fault Description  [Fault HC |co

Intake Restriction +67 +i +2

HPH H Exhaust Restictio 100 (1
deficiencies. [ reEE LS
Restriction L0748 £100 | +13

Sever Intake and
Stable Exhaust Restiction  |+23504 £140
Manitold Inlet Air

operation even | ETAGTIN EES

Cold Inlﬁt Alr Tem;lll

H (s nsor disconnected)
with faults. Nianifod Tnlel Al
T mperature {Hot)
Hot Inlet Adr Temp

Requ i I'eS (3 nsor disconnected)

d Fuzl Temperature
Sensor disconnected

sSevere aegree omiriol

sensor while running

Of fau It- Loss of Turbo Boost

Pressure

CANMET MINING AND MINERAL SCIENCES LABORATORIES (jallafia

Detrolt S60! Tests (2)

Turbocharger / intercooler faults.

CO Emissions with Simulated Loss of Turbo
Boost Pressure

——CO (%)
——Power (HP)

CO (% increase
over rated)
Power (HP)

Turbo Boost (% of Rated)

CANMET MINING AND MINERAL SCIENCES LABORATORIES Callada

S4-14



MDEC Workshop

Detroit S60 Tests (3)

Sensor / electronics glitches.

SAE J1667 CO Emissions -
Simulated Turbo Boost Sensor Failure

——TBS Failure
——Baseline

2 CANMET MINING AND MINERAL SCIENCES LABORATORIES Callada
9

Snap 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.

3 CANMET MINING AND MINERAL SCIENCES LABORATORIES Callada
0
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SAE J1667

ONTARIC DRIVE CLEAN PROGRAM
HEAVY DAY DIESEL
VEHICLE EMISSIONS INPECTION REPORT

N e e e 7] Snep
Cigeo] s e[ en] AN |
i N

w0 | veba | wwez | ¢ 1

S

[Sormaa )] o+ o |

| o

s
[

OVERALL TEST RESULTS: PASS I P

NOITE: THIS VEHIGLE 1§ STILL SUBJEGT T0 ROADSIDE ENFORGEMENT

DRIVE CLEAN FAGILITY

97 108 120 131 142 154 165
Time (sec)

CANMET MINING AND MINERAL SCIENCES LABORATORIES Canada

Altitude / Depthi Effects

Emissions are affected by altitude.

DMRC Depth / MSHA Altitude Study Composite Chart Emissions

DRIRG 00x _

Detroit Diesel Deutz
11.1L 560 BF4M1013C

e

/@W

CO, NOx (ppm)

0
Altitude (ft)
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Role ofi Diesel Emission
Contrel Technologies

Can address localized air quality
problems.

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

OEM applications.

3 CANMET MINING AND MINERAL SCIENCES LABORATORIES Callada
3

Best Available Diesel Emissions
Contrel Trechnologies

Diesel Oxidation Catalysts (DOC)
Diesel Particulate Filters (DPF)

Active Diesel Particulate Filters (A-DPF)
Selective Catalytic Reduction (SCR)

K) CANMET MINING AND MINERAL SCIENCES LABORATORIES C'clllad'cl
4
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Diesel Oxidation; Catalyst

Most basic type of control CO HC & some DPM only.
Cco +'.0, — CO,

HC + 0O, — H,0 + CO,

Older formulations may oxidize NO to NO,

Emission Conversion Efficienc: 'y
Caterpillar 3306 PCNA with DCL Diesel Oxidation Catalyst

Diesel Particulate Eilter (DPE)

Ceramic monolith
Closed channel — wall flow

Best available control
technology for DPM

MINE-X SOOTFILTER installed
in a Wagner ST8A loader with
a Car 3406 PCTA engine.

3 CANMET MINING AND MINERAL SCIENCES LABORATORIES Callada
[
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DPE - Performance — DPM
filtration effiiciency (% by

Mass)
Mode A ModeB ModeC ModeD Average

Clean 80.3 66.7 75.9 87.1 77.5

Charged 95.5 90.0 88.9 911 91.4

Average 87.9 78.3 82.4 89.1

CANMET MINING AND MINERAL SCIENCES LABORATORIES Canada

DPE [Loadingianad
REgeneration

Collect DPM at high
efficiency (>80%).
Burn off DPM to CO,.
Ignition temperature
very high 550°C
Assist needed for

regen: catalyst, fuel
additive, active, etc.

3 CANMET MINING AND MINERAL SCIENCES LABORATORIES Callada
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Regeneration Strategies

Very important!
Without periodic

re g e n e rati ° n ) D P F Wi I I c I og K Exthaust Temperature Toro 501D LHD Detroit Diesel Series 60 11.1L 325 HP DDECHI
and fail. [

This regeneration may

happen automatically with
sufficient exhaust | il
temperatures - or may \ \
require external heat input. '

4

R Iy R N R PP L

4:00:00 1; 4:00:00 1. 4:00:00 1. 4:00:00 1.
M AM AM M M AM M M AM M
30/11/9901/1219001/12/09 01/12:9902/12/99 02/12/99 02112/9903/12/99 03/12/99 03/12/9904/12/9904/12/99

CANMET MINING AND MINERAL SCIENCES LABORATORIES Canada

Catalyst lowers the
required regeneration
temperature so that more
vehicle aplj)lications can
use the DPF technology

Catalﬁst can be applied
y

directly to the filter D
monolith — where it ' D

works on the : P —-
accumulated DPM

directly.

CANMET MINING AND MINERAL SCIENCES LABORATORIES Callada
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Active Regeneratlon DPE

Electrical / Diesel
fuel

On-board /
exchangeable

Additional heat input
for periodic regen.

)

4 CANMET MINING AND MINEF ﬁm "ORIES Canada

1

o

o
o

@

4.

.5

4
35

3

.5 ++

N

xhaust Gas

<
H
2
5
2
2
1
ks
S
3
@
3
g
3
H

Aggregate Box
/ Accessory Unit

N

4
Thermal Regenerat
and Filter Unit

CANMET MINING AND MINERAL SCIENCES LABORATORIES Callada
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Selective Catalytic Reduction

SCR for NO and NO, emissions control
NOx reduction in lean environment
Addition reductant sprayed into exhaust
4NO + 4NH,; + O, — 4N, + 6H,0

6NO, + 8NH; — 7N, + 12 H,0

MO Reduption: 78%  —— before 5CR

CANMET MINING AND MINERAL SCIENCES LABORATORIES (jallafia

SCR In U/G Mines

Strong potential for mines with NO, issues.
Field trials are currently underway.

Urea handling and dosing.

Dosing and feedback emissions control.

ar
Ve §d '
B
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Control Trechnology Summalry

Constituent | Oxidation Catalyst| Diesel Filter Catalysed Filter SCR
CO2 0 0 0 0
CO 60 - 80 60 - 80 60 - 80
HC 60 - 80 60 - 80 60 - 80
NO 0 0 60 - 80
NO2 0 or increase 0 or increase 60 - 80
SO2 0 0 0
DPM 20 - 30 85 - 95 0

CANMET MINING AND MINERAL SCIENCES LABORATORIES Canada

Maintenance

Some maintenance required!

Inspection for physical
damage and emissions
performance.

CANMET MINING AND MINERAL SCIENCES LABORATORIES
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Recognizing| Device Eailure

Visual inspection at regular PM service:

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

e Smoking exhaust.

e Engine performance loss.
Emissions-based maintenance program.

e Regularly quantify device performance.

4 CANMET MINING AND MINERAL SCIENCES LABORATORIES (jallafia
7

DOC Earlure Modes

Diesel Oxidation Catalyst:
e Clogging / masking of active sites (DPM).
e Poisoning - fuel sulphur, metals.
e Loss of washcoat and catalyst material.
e Physical damage:
o Melting of ceramic.
e Cracking (impact / thermal).
e Separation of metal foils - vibration.

4 CANMET MINING AND MINERAL SCIENCES LABORATORIES Callada
8
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DOC EFarlures

Clogging

Visual Inspection:

) CANMET MINING AND MINERAL SCIENCES LABORATORIES
9

Particulate: Eilter (DRE)
Fanlure Modes (1)

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

5 CANMET MINING AND MINERAL SCIENCES LABORATORIES Callada
0
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‘ -
CANMET MINING AND MINERAL SCIENCES LABORATORIES (_,allada

DPE Eailure Moedes (2)

Physical Damage:
e Surface damage:
e |Impact abrasion — mishandling.

e Substrate contact with can or retaining rings
— vibration / deterioration of mat.

e Melting — uncontrolled regeneration.

e Cracking - vibration / impact / thermal stress
(regeneration).

CANMET MINING AND MINERAL SciENCES LaBoraTories  Canada
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Mat
deterioration
and'can contact

AT
5

CANMET MINING AND MINERAL SCIENCES LABORATORIES Canada

Inspectlon Support fiarltre

CANMET MINING AND MINERAL SCIENCES LABORATORIES Callada
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Emissions Tiesting for Oxidation
Catalyst 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 NO, emissions.
This can be monitored with EC analyzer.

5 CANMET MINING AND MINERAL SCIENCES LABORATORIES Callada
5

DEEP’ Catalyst Tiests

Systematic approach to maintenance.
Fault diagnosis based on emissions testing.
Testing of emission control devices.

‘
‘} Purifier Service Results
v/,/‘ _
I »,
A E <

b:_’l‘
liilu-.;

-

5 CANMET MINING AND MINERAL
[
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Catalyst Tests at Agnico

Recent work at Agnico mine.
Emissions testing comparing
ECOM EC cell to stain tubes.
Evidence of NO, 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

75 55 CO ppm 201

47

474 530 NO ppm 504

515

0 56 NO, ppm 0

0

10.2 10.9 CO, % 10.1

10.4

CANMET MINING AND MINERAL SCIENCES LABORATORIES Canada

DPE Fault Testing

DPM vs smoke

Partial vs total failure
Smoke dot (ECOM)
PAS EC analyzer

Smoke dot 9

/

Before Filter After filter

6-22-2007

7-23-2007

CANMET MINING AND MINERAL SCIENCES LABORATORIES Callada
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DPE DEEP! Study: T'ests

STSE Scooptrams MT4366 Trucks

V1264 VHisE
Baseline - No Trap - 300 Operating Hrs  Baseline - No Trap - 250 Operating Hrs

ViLzsY Maigg

L P
e S

Tek 1o L= R-FET)
V244 VHIES
ECS Ceramic Filter - ~2500 Operating Unikat Silicon Carbide Filter ~ 2000
Hrs Operating Hes

ez
e o

Flzfy

VL247 VHIB1
DCL Silicon Carbide Electric System ~ Oberland Wound Fiber Filter - 2000
2500 Operating Hrs Operating Hra

VHABT

O

Febs Bt

CANMET MINING AND MINERAL SCIENCES LABORATORIES

\Wound fibre: DPE

Partial failure — blowing
Fibre material broke up

DPM passed through
filter

VH1S81
Oberland Wound Fiber Filter

CANMET MINING AND MINERAL SCIENCES LABORATORIES Callada
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PAS EC Analyzer

UV light responsive to PAH on carbon.
Excitation of DPM particle.
Expensive.....

Intensity Measurement Extemal Electrode

ﬁ./ﬂum”_a"dmsmalslacunde

Adsorbed PAH
on Carbon
Aerosol

Charged
—i v Particle

Emiied Blectron

Electrometer

CANMET MINING AND MINERAL SCIENCES LABORATORIES Canada

NanoMet PAS 2000 Results

_

@ VL244
—m— V247
—=—VH181
—gg- VH183

Efficiency %

Test Modes

| I-_

VHI188  VHI83 VHIS81 VL254 VL244 VL247

CANMET MINING AND MINERAL SCIENCES LABORATORIES Callada
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Regeneration Emissions Control

Regeneration of filter
produces emissions.

Regeneration must & 1000 |
take place ina
controlled area with
adequate ventilation.

Back pressure

Flame temp.
Inlet DPF temp.

KBa = @

}
N

Temperature,
Pressure,

o
o
o
T
[

Regen temperature and CO2 profile

14
E g oo Exhaust gas flow 450 §,
110 < < 800 | Ay —
o8 3800 J Burner > < 300 &
18 8 % 36004 on \ off 3
z . Yy
1, g 8 400 T Nox | 150 2
8 g0 |co v
32 <
0 T T 0o O
0 20 40 60 80 100 120 140 0 200 ) 400 600
Time (min) Time Index, s

Advanced SCR: Tiesting

Field verification of NO / NOx reductions.

Must be done with engine loaded since
ammonia is not dosed below 250°C exhaust
temperature.

o

CANMET MINING AND MINERAL SCIENCES LABORATORIES Lallada
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Lo 29/2009\
- SIFTD sALT SCI
= MET TETHMLITIES

SCR! Tiest

G

)

NOx reduction at
80% during steady
state test.

Exhaust temp high
enough for dosing. |
WLHM&D ACRCT H70MAue ¢ STy i

Ammonia slip... R
() St Vox Gyl crmmy < (0% \/

VO BI%
Moy > &%

CANMET MINING AND MINERAL SCIENCES LABORATORIES Canada

Conclusions

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.

CANMET MINING AND MINERAL SCIENCES LABORATORIES Callada
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Recommendations

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.

6 CANMET MINING AND MINERAL SCIENCES LABORATORIES Callada
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Resources

DEEP Maintenance Project

e www.deep.org

NIOSH EAMP Procedures

e http://www.cdc.gov/niosh/mining/topics/diesel/eamp/eamp.html

MSHA Diesel page CO database

o http:/lwww.msha.gov/01-995/coal/actiontable/actiontable.asp

CANMET MINING AND MINERAL SCIENCES LABORATORIES Canada
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