
MEMBERS
Ron Pilon – USWA (retired)
Glenn Staskus – CAW now MOL

Terms of Reference
“Motion to re-direct the diesel sub-committee to loo k at advancing 
technology and how it can affect the volumes of air  and testing.”
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Glenn Staskus – CAW now MOL
Cheryl Allen – Vale Inco
Charlie Hazen – Xstrata (retired)
Gerald Allan - MOL
John Vergunst – MOL

GUESTS
Doug O’Connor – Creighton Mine
MOL Policy Advisor
Michel Grenier - CANMET CREIGHTON MINE: DIESEL TESTING



MLRC DIESEL SUBCOMMITTEE

To improve the workplace 
environment by:

• Reducing worker exposure 
to diesel particulate matter 
(DPM) from underground 
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(DPM) from underground 
diesel engines

• Prevent excess pollutants 
from being emitted by diesel 
engines through good 
maintenance 

Presentation separated into 
two sections
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Vapour phase
hydrocarbons

Solids (SOL)
Solid carbon spheres (0.01
- 0.08 � m diameter) form to
make solid particle
agglomerates (0.05 - 1.0 � m
diameter) with adsorbed
hydrocarbons

Solid carbon spheres
0.01 – 0.08 µm

Agglomerates with 
adsorbed hydrocarbons

0.05 – 1.0 µm

Adsorbed 

Solids 
(SOL)

Vapour phase 
hydrocarbons
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Soluble organic fraction
(SOF)/Particle phase hydrocarbons

Adsorbed
hydrocarbons

Sulfates (SO4)

Adsorbed
hydrocarbons

Liquid condensed
hydrocarbon particles

Sulfate with hydration

Adsorbed 
hydrocarbons

Liquid condensed 
hydrocarbon 
particulates

Sulfate with 
hydration

Soluble organic fraction 
(SOF) particle phase 
hydrocarbons

Absorbed  
hydrocarbons

Sulfates (SO4)
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Acute Effects
• Respiratory irritation & allergic responses

Chronic Effects
• Premature death from cardiovascular, cardiopulmonar y, & 

respiratory causes
• Lung cancer ( NIOSH, IARC – Potential carcinogen)
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• Lung cancer ( NIOSH, IARC – Potential carcinogen)

Sources : 
• “Health Assessment Document for Diesel Engine Exhau st” (EPA, 

2002)
• “Diesel Particulate Matter Exposure of Underground Metal and

Nonmetal  Miners;   Final Rule”, Department of Labo r, Mining
Safety and Health Administration, 30CFR Part 57, U. S. Federal
Register, June 6, 2005.  (MSHA, 102 pages)
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Ontario (1994) & most other provinces:  1.5 mg/m 3 RCD

Quebec (2002): 0.60 mg/m 3 RCD 

Saskatchewan (2005): measured with NIOSH 5040 metho d
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Saskatchewan (2005): measured with NIOSH 5040 metho d

U.S. MSHA - Metal/Nonmetal CFR 30 Part 57:  July 5, 2001:

July 2002 – 2007 (Interim limit) – 400 � g/m3 TC; 308 µg/m 3 EC
April 2007 (Interim limit)            – 350 µg/m 3 TC; 269 µg/m 3 EC

May 20, 2008:  (Final limit)         – 160 µg/m 3 TC 

U.S. Limits challenged in the courts
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February 20, 2007 - Unanimous opinion – specifically
• MSHA’s risk assessment “was based upon evidence in the

record that workers who are exposed to high levels of DPM
face increased risks of lung cancer and other adverse health
effects”.
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effects”.
• That MSHA’s selection of TC & EC as surrogates for DPM

was based upon evidence that they are closely related & that
there are reliable conversion factors between DPM, TC & EC

• MSHA offered more than enough evidence in support of its
conclusion that mine operators can feasibly comply with DPM
exposure limits. 
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DIESEL EMISSION EVALUATION 
PROGRAM (DEEP) - UPDATE

§ University of Minnesota reviewed sampling to determine accuracy and 
repeatability 

§ 1996 Creighton Study: 216 samples; 72 RCD, SS & TC
§ 1997 Biodiesel Study: 270 samples; 99 RCD, SS & TC
§ 1997 High Sulfide Study: 525 samples; 315 RCD, 105 SS & 105 TC
§ Completed $52,000
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§ Completed $52,000

Method
Coefficient 
of Variation 

CV %

Precision 
µg

Limit of 
Detection

µg/m3

RCD
Size Selective
Total Carbon
Elemental Carbon

20
20
20
20

30
85
10
10

11
24
5
2
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TC vs RCD All Data
Brunswick Data as Compiled by Watts et. al.*

TC = 1.04 x RCD
0.8

1Presented by 
Michel Grenier, 
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TC = 1.04 x RCD

R2 = 0.91
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CANMET to 
MLRC, February 
2005



• Detection limit: 0.001 mg 
(elemental carbon) and 
0.005 mg (organic carbon)

• EC + OC=Total Carbon (TC)

Analyzes both EC + OC = TC
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• EC + OC=Total Carbon (TC)
• Principle of analysis: two-

phase heating of sample 
with measurement of 
combustion gases

• Different sampling method
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Can’t sample / analyze DPM – DPM 80 – 85% total carbo n

Due to possible interference from other carbon sour ces in mine 
(drill oil mist, evaporated lubricants, etc), OC ma y contain carbon 
other than from DPM
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MSHA determined that EC x 1.3 was a reasonable esti mate of TC

MSHA enforcement limit = limit x error factor

For EC + OC = TC:   400 TC µg/m 3 x 1.14 = 456 TC µg/m 3

For EC x 1.3 =TC:     400 TC µg/m 3 x 1.12 = 448 TC µg/m 3.

There is a violation only if both TC values exceed their 
enforceable limits.

Different method used for 106 µg/m 3
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� All 29 underground mines reported 
fleet information 
2002: 1952 units – 248,033 bhp 
1996: 2250 units – 257,906 bhp

� 28 mines reported on maintenance 

MLRC DIESEL SUBCOMMITTEE

RCD 
Level

Percent 
Samples 

Number 
of 
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� 28 mines reported on maintenance 
practices 

(discussed under tailpipe sampling)

§ 25 mines provided RCD results

� 5622 underground workers

� 1923 U/G samples

Level
Samples 

Exceeding
of 

samples

1.5
1.0
0.6
0.5
0.4
0.2

0.3
0.8
2.0
3.5
6.7
25.4

5
14
39
67
129
488



Task

Number of Samples by Range of TC Concentrations - mg /m
3

Blasting 16 7 7 2 0.114 0

Drilling 90 39 34 10 3 1 2 1 0.140 4
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Haulage 92 34 40 8 6 2 2 0.154 4

Maintenace 99 70 22 1 2 1 1 2 0.109 3

Mine Services 86 41 32 7 4 1 1 0.120 2

Muck Circuit 7 3 4 0.102 0

Mucking 129 47 45 23 8 3 2 1 0.163 5

Totals
519

241 184 51 23 8 5 3 0 2 0 2 0 0.139 4

% Exceeding 53.6 18.1 8.3 3.9 2.3 1.3 0.8 0.8 0.4 0.4 0.0

TC = EC + OC;  4% of samples exceed;    TC = EC x 1 .3; 0% exceed
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Subcommittee collected total carbon data from 4 min es using 
the NIOSH 5040 Method (519 samples)

2 – large nickel companies – all mines
1 – small nickel company 
1 – small gold mine – truck haulage to surface
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1 – small gold mine – truck haulage to surface

Other mines just starting to sample using this meth od.

The Subcommittee reduced the number of task / job c ategories in 
the 2002 Diesel Survey from 21 to 7.

High sample results still not properly explained in  mine data bases



All operations - All Samples - 4 Mines
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Smaller Operations – All Samples – 2 Mines
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Concentration – mg/m 3
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0.15

0.20

Elemental carbon (EC) results from the internal com bustion 
process & is usually found only in DPM

Total carbon (TC) includes organic carbon (OC), whi ch comes 
from DPM as well as oil mist, evaporated lubricants  & fuel, etc. 
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U.S. MSHA - Metal/Nonmetal
April 2007 (Interim limit)            – 350 µg/m 3 TC; 269 µg/m 3 EC

Total carbon (TC) = organic carbon (OC) + elemental  carbon (EC)

Subcommittee agrees with MSHA’s policy of using ele mental 
carbon as measure of total carbon to ensure overexp osures are 

MLRC DIESEL SUBCOMMITTEE
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carbon as measure of total carbon to ensure overexp osures are 
not a result of interferences (oil mist, evaporated  lubricants, etc)

TC (OC + EC)    exceeds limit – check for interferen ce 

TC = EC x 1.3    if number below limit – no overexpo sure

Management members wanted this concept in Regulatio n as a safe 
guard against sample interference.  
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Meeting February 22, 2005: 
• Lowering of DPM levels approved in principal

Meeting May 15, 2007:
• Labour – DPM levels are a serious issue for them.  L owering

limits may prevent occupational disease.

MLRC DIESEL SUBCOMMITTEE
Discussions of MLRC
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limits may prevent occupational disease.
• Management – are prepared to discuss a lower DPM lev el once

they have results from the mines.

Meeting October 17, 2008:  
• MLRC accepted proposed changes.  
• Co-chairs to review final wording from Policy and L egal and if 

acceptable approve.   Done



EXISTING 
WORDING

PROPOSED WORDING

183.1(5)    The 
flow of air must 
reduce the time-
weighted 
average 
exposure of a 
worker to 

183.1
(5)  The flow of air must reduce the concentration of total 

carbon so that at least one of the following applie s:
1. The time-weighted average exposure of a worker to  

total carbon is no more than 0.4 milligrams per 
cubic metre of air.

2009 MASHA Diesel Seminar 24

worker to 
airborne 
respirable 
combustible 
dust to not more 
than 1.5 
milligrams per 
cubic metre of 
air

cubic metre of air.
2. The time-weighted average exposure of a worker to  

elemental carbon, multiplied by 1.3, is no more tha n 
0.4 milligrams per cubic metre of air.

(6)  For the purposes of subsection (5), time-weigh ted 
average exposure shall be calculated in accordance 
with Part 2A of Regulation 833 of the Revised 
Regulations of Ontario, 1990 (“Control of Exposure 
to Biological or Chemical Agents”) made under the 
Act.



EXISTING WORDING PROPOSED WORDING

183.2
3. The volume of air flow and 
the carbon monoxide, nitrogen 
dioxide, formaldehyde or 
respirable combustible dust 
contents of the atmosphere. 

183.2
3. The volume of air flow and the 

carbon monoxide, nitrogen 
dioxide, formaldehyde or total 
carbon contents of the 
atmosphere must be tested at 
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contents of the atmosphere. 
These must be tested at the 
request of a worker.

atmosphere must be tested at 
the request of a worker.

Changes RCD to TC

Draft DPM Sampling Guideline developed by 
Subcommittee
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Subcommittee 
has submitted 
a proposal for 
changing the 
tailpipe CO test 
protocol. 
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protocol. 

Draft Guideline 
developed by 
Subcommittee
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To improve the 
workplace environment 
by:

• Reducing worker 
exposure to diesel 
particulate matter (DPM) 
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particulate matter (DPM) 
from underground diesel 
engines

• Prevent excess 
pollutants from being 
emitted by diesel 
engines through good 
maintenance 



Clean engines produce less DPM 
(Control at the source)  

Two approval agencies for 
engines in underground mines.

§ MSHA: Coal & Metal/Nonmetal 
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§ MSHA: Coal & Metal/Nonmetal 
Mines

§ CANMET in accordance with 
CAN/CSA M424.2-90

ISSUE: Will engines remain “clean” 
while in service?



• MAINTENANCE & EMISSIONS
§ to evaluate existing practices to reduce 

emissions
§ guide on maintenance best practices 
§ FNM Strathcona tests June 1999

§ dirty fuel cubes & recycled lube oil 

DEEP – MAINTENANCE & 
EMISSIONS
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§ dirty fuel cubes & recycled lube oil 
unsuitable

§ intake leaks not diagnosed & repaired
§ DPM reductions of 37-53%  on mechanical 

engines

§ recommends an annual mtce audit
§ showed importance of emission testing to 

verify mtce



DIESEL EMISSION EVALUATION 
PROGRAM (DEEP)

LIGHT DUTY VEHICLES – FNM – Kidd Creek Mine)
• evaluate DPM contribution of light duty (LD) vehicl es
• test concept, sampling equipment & characterize fle et LD/HD

LHDs & haul trucks 
(22 of 156 units) -
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(22 of 156 units) -
53% of DPM

18 tractors - 17% of 
DPM

tractor operators 
higher RCD 
concentrations than 
LHD operators
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After 
purchasing a 
clean engine –
what happens 
underground??

2009 MASHA Diesel Seminar 33

As engines 
wear or not 
maintained –
emissions 
increase
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To ensure emissions do not vary significantly from original 
engine, tests must be 

1. prescribed and emissions meet a minimum standard
• CO is a good surrogate & easy
• engine should not smoke
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• engine should not smoke

2.   representative of gases emitted by engine & no t modified by an
after treatment device (undiluted versus untreated)

3.  representative of the emissions under normal op erating
conditions (normally under load)

4.  reproducible over time 
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Ontario – 1500 ppm CO 

Quebec – 750 ppm CO haulage equipment (scoops & truc ks) 
– 1000 ppm CO service vehicles, ( � 103.2)
– not constantly emit black smoke ( � 102.(5))
– testing undiluted gas every 300 hrs or 6 months 

MLRC DIESEL SUBCOMMITTEE
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– testing undiluted gas every 300 hrs or 6 months 

CAN/CSA-M424.2-M90, “Non-Rail-Bound Diesel-Powered 
Machines for Use in Non-Gassy Underground Mines” 

– 2500 ppm CO; 1500 ppm NOx; 150 mg/m3 particulate

Pennsylvania: – CO not to exceed twice baseline
– average CO < 100 ppm for treated exhaust

MSHA, Part 7, Subpart E for nonpermissible engines (M/NM)
– 2500 ppm CO; 2000 ppm NOx
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Untreated Exhaust

600 ppm Proposed
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Examples of tailpipe tests taken at Sudbury mines
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MLRC DIESEL SUBCOMMITTEE

Untreated Exhaust

600 ppm Proposed
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Examples of tailpipe tests taken at Sudbury mines
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� 182.(5)(a)

Should test 
between engine 
and exhaust 
after treatment 
device.



INDUSTRY CONCERNS

Not all equipment may be

Sampling ports built into 
most after treatment 

The PROPOSED TEST PROTOCOL is different than testin g the 
exhaust from the tailpipe – but is the correct test.
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• Not all equipment may be
provided with PORTS.

• PORTS can carbon up & be
difficult to open (use
Stainless).

• PORTS are generally more 
accessible than TAILPIPES

most after treatment 
devices.



Subcommittee:  variation in testing results
– insufficient warm up time; varying loads; instrume ntation 

Many mines already enforce an in-house action level  of 600 ppm
– most mines sample after the diesel oxidation catal yst
– some mines Fraser, Craig, TL, Stobie, Garson & Crei ghton are

MLRC DIESEL SUBCOMMITTEE
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– some mines Fraser, Craig, TL, Stobie, Garson & Crei ghton are
using ECOM to test production equipment before & af ter the
aftertreatment devices

Concerns:
– historical results may not correlate with existing  data
– unknown how much of diesel fleet may not be in com pliance
– let mines decide where to test (undiluted vs untre ated)



EXISTING WORDING PROPOSED WORDING

182(5) An employer shall 
ensure that the undiluted 
exhaust gases from diesel-
powered equipment is less 
than 1,500 parts per million by 

182(5) An employer shall ensure 
that the undiluted exhaust 
gases from diesel-powered 
equipment is less than 600 
parts per million by volume of 
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than 1,500 parts per million by 
volume of carbon monoxide.

parts per million by volume of 
carbon monoxide.

NOTE: Testing is still referred to as “undiluted”, howeve r, a 
mine can test both undiluted and untreated to deter mine the 
state of the diesel engine.



“Diesel Engine Smoke Measurement – SAE J225a”   

1.1       DIESEL SMOKE - Particles, including aerosols, suspended in 
the engine’s gaseous exhaust stream which obscure, reflect, and/or 
refract light.

1.1.1.   BLACK SMOKE – Particles composed of carbon (soot), 
usually less than 1 � m in size, which have escaped the engine’s 
combustion process.
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combustion process.

1.1.2   WHITE AND BLUE SMOKE – Particles composed of 
essentially colourless liquid (droplets) which refl ect and refract the 
observed light.

NOTE: The observed colour results from the refractive ind ex of the liquid in 
the droplets and the droplet size.  White smoke is u sually due to condensed 
water vapour or liquid fuel droplets.  Blue smoke i s usually due to droplets 
resulting from the incomplete burning of fuel or lu bricating oil.”



Draft Guideline, “Diesel Engine Tailpipe Testing”

A practical method for judging smoke has been given  in MSHA’s 
Interim DPM Compliance Guide Q&As:  

§57.5066(a) requires mine to maintain diesel engine s or emission 
related components in approved condition 

§57.5066(b) requires operators to tag -out their equipment at any
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§57.5066(b) requires operators to tag -out their equipment at any
time they note any evidence that it may need mtce. 

According to MSHA:
“evidence means visible smoke or odor that is unusu al for that 
piece of equipment under normal operating procedure s, or 
obvious or visible defects in the exhaust emissions  control 
system or in the engine affecting emissions.”



EXISTING WORDING PROPOSED WORDING

None 182(5.1) Where a worker who is operating 
diesel powered equipment has 
reasonable grounds to believe that the 
equipment is malfunctioning in such 
as manner that the exhaust gases from 
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as manner that the exhaust gases from 
the equipment may pose a risk to the 
health or safety of himself or herself or 
to another worker, the worker shall, as 
soon as is practical, stop using the 
equipment and inform a supervisor.

Subcommittee Intent:  diesel engine not to be used if constantly 
emitting smoke.



EXISTING WORDING PROPOSED WORDING

None 182(5.2) An employer shall ensure that 
diesel-powered equipment is not used 
in an underground mine if the results 
of any test made under paragraph 2 of 
subsection 183.2 (1) indicate that the 
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subsection 183.2 (1) indicate that the 
undiluted exhaust from the equipment 
does not satisfy the requirement set 
out in subsection (5).

� 183.2 (1) CO tests monthly & after repairs to engin e
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Test Description
Response from Mines:

Yes Comment

Set Brakes
Set unit in neutral

Bring unit up to “operating temperature”

1
2
10 Warm to hot
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Bring unit up to “operating temperature”
Engine load:                      half to full throttle

torque/hydraulic stall
Testing Equipment:         colorimetric tubes

ECOM unit
Smoke Testing

10
8
2
7
4
4

Warm to hot
Half throttle – max

CO
Includes smoke

Visual test

NOTE: only 12 mines described their procedure out o f 29 
requested – total underground fleet = 1952 units – 248,033 BHP 



Hours
No. of 
Mines

125 
150
200

2
1
2

Planned Maintenance Intervals vs Monthly
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200
225
250
275
300
342
350
500

2
1

16
1
2
1
1
1

Some drills receive maintenance on 
footage.
i.e. Cubex every 10,000 feet, engine may 
only operate 10 hours



Test Description
Speed
RPM

Torque
ft-lb

Engine
Coolant
Temp ºF

Inlet
Vaccum
in.w.g.

Exhaust
Pressure

in.w.g.

Turbo
Boost

Pressure
in.w.g.

Fuel
lbs/hr

CO
ppm

NO
ppm

Full load
Full Speed

2099 883 188 11.7 38.1 23.9 126 34 577

Torque Stall 1949 894 189 10.3 33.5 23.7 116 30 578

Need to test at full load with engine in good condi tion.
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Torque Stall 1949 894 189 10.3 33.5 23.7 116 30 578

Restricted Intake 
40” w.g. Dirty Air 
Filter

1949 884 189 39.5 30 21.2 116 41 609

Restricted Intake 4x 
normal. Plugged 
Air Filter

2229 18.1 189 10.9 6.4 2.6 19.2 120 224

Restricted Exhaust
i.e. Tailpipe under 
water (sump)

1199 1165 188 2.7
~ 80

200 mb
16.7 89.4 256 1179

Detroit Diesel DDEC Series 60 (11.1 litre, 325 bhp @ 2100 rpm)



• Engine in good 
repair

• Engage and test 
parking brakes, 
wheel chocks

• Engine at operating 
temperature

• Prepare monitoring 

Preparation
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• Prepare monitoring 
equipment.   

• CO levels rise 
sharply for the first 
30 sec, then 
stabilize.  This is 
evident with a real-
time monitor CREIGHTON MINE: DIESEL TESTING



• Instrumentation used to measure
tailpipe CO, NO, NO 2, and O2 in
the exhaust pipe. 

• smoke meter also used

Instrumentation - ECOM
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• Exhaust temperatures &
backpressures 

• System developed for U/G
mechanics to do the testing.  

• Equipment tested at full load (30
second torque converter stall)



Instrumentation - Others
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• Instrumentation used to only measure
tailpipe CO, in the exhaust pipe. 

• Must be suitable for the tailpipe
temperatures encountered

• Equipment tested under load



• Not all 
equipment 
can be loaded 
the same way

• Need to 
specify to 
mechanics the 
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mechanics the 
test protocol, 
including rpm 
that each type 
of unit 
requires

• Examples



Refer to Draft Guideline for details:  (Input recei ved from mechanics)

#1: Auto Transmission with hydraulic system (LHD & Haul Trucks) – (torque 
convertor stall) - forward highest gear; full thrott le; place hydraulic 
system in stall

#2: Std Transmission with hydraulic system (scissor lifts, forklifts, jumbos) -
max rpm recommended by mfg; place hydraulic system in stall; 

2009 MASHA Diesel Seminar 56

#2: Std Transmission with hydraulic system (scissor lifts, forklifts, jumbos) -
max rpm recommended by mfg; place hydraulic system in stall; 
ensure hydraulic system capable of safely withstand ing stall condition

#3: Automatic/Powershift or Std Transmission with n o hydraulic system 
(pickups, mine mules, gators, tractors) – 3/4 rpm or  rpm recommended 
by mfg; use tachometer or strobe for reproducible r esults

#4: Stationary units (welders, compressors) – normal  operating conditions 
with normal load (may need tachometer)

#5: Special vehicles or circumstances may need othe r test protocols 



EXISTING 
WORDING

PROPOSED WORDING

None

183.2(1.1) Every employer shall ensure that the fol lowing rules 
are satisfied with respect to tests to measure the carbon 
monoxide content of undiluted exhaust discharging f rom 
diesel-powered equipment, as required under paragra ph 2 
of subsection (1):

1. The employer must consult with the joint health a nd 
safety committee or health and safety representativ e, if 
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safety committee or health and safety representativ e, if 
any, and take into considerations any recommendatio ns 
from the committee or representative in developing,  
establishing and putting into effect testing measur es and 
procedures.

2. Each individual piece of equipment must be tested  under 
consistent conditions so that testing results can b e 
compared.

3. The testing must be carried out, as far as is pra ctical, on 
equipment under full load.
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