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Factors Affecting Workplace Air QualityFactors Affecting Workplace Air Quality



Available Control StrategiesAvailable Control Strategies

Diesel EnginesDiesel Engines
Engine MaintenanceEngine Maintenance
Alternate FuelsAlternate Fuels
VentilationVentilation
Environmental Cabs Environmental Cabs 
DPM Exhaust FiltersDPM Exhaust Filters
Noxious Gas DevicesNoxious Gas Devices
Administrative ControlsAdministrative Controls

Exposure 
Control

Emission 
Reduction



General Sequence of Application General Sequence of Application 
of Controlsof Controls

Diesel EnginesDiesel Engines
Engine MaintenanceEngine Maintenance
VentilationVentilation
Alternate FuelsAlternate Fuels
Environmental CabsEnvironmental Cabs
DPM Exhaust FiltersDPM Exhaust Filters
Noxious Gas DevicesNoxious Gas Devices
Administrative ControlsAdministrative Controls

Some mines may 
be able to attain
consistent 
compliance with 
basic controls

Other may 
require basic, 
interim and  
higher controls

Others may 
require additional 
interim controls 



Reducing U/G MinersReducing U/G Miners’’ Exposure to Diesel Exposure to Diesel 
Pollutants Pollutants –– At their SourceAt their Source

Reduction of engineReduction of engine--out emissions through:out emissions through:
–– Utilization of contemporary diesel engine technology Utilization of contemporary diesel engine technology 

(Tier 2 + engines (Tier 2 + engines �� lower emissionslower emissions-- 0.15 g/hp0.15 g/hp--hr)hr)
(Engine replacement (Engine replacement �� lower emissions)lower emissions)

–– Implementation of emissions assisted maintenance program Implementation of emissions assisted maintenance program 
(Establish baseline and criteria and maintain emissions at desir(Establish baseline and criteria and maintain emissions at desired levels)ed levels)

–– Utilization of alternate fuelsUtilization of alternate fuels
(Biodiesel (Biodiesel �� Low S, High O, Low S, High O, Availability, Maintenance, Gel Point, Reduction Availability, Maintenance, Gel Point, Reduction 
in DPMin DPM))

(Synthetic diesel (Synthetic diesel �� Low S, low aromatic content, High Low S, low aromatic content, High CetaneCetane #, #, Reduction in Reduction in 
DPM, DPM, NOxNOx, CO, CO))

Aftertreatment technologiesAftertreatment technologies
–– Gaseous emissions Gaseous emissions �� Diesel Oxidation Catalytic Converters (Diesel Oxidation Catalytic Converters (DOCsDOCs –– CO CO 

and HCand HC))

–– DPM emissions DPM emissions �� Diesel Particulate Filter system (>60% DPM Diesel Particulate Filter system (>60% DPM 
reduction), Filtrations system with disposable filter elementreduction), Filtrations system with disposable filter element

–– Integrated systemsIntegrated systems



Reducing U/G MinersReducing U/G Miners’’ Exposure to Diesel Exposure to Diesel 
PollutantsPollutants

Control of airborne pollutants:Control of airborne pollutants:
–– VentilationVentilation

MSHA particulate index and ventilation rate ; ACGIH levels MSHA particulate index and ventilation rate ; ACGIH levels 
for gasesfor gases
Ontario Ontario –– 100 100 cfm/bhpcfm/bhp
Increase in vent rate Increase in vent rate �� Fan power consumption Fan power consumption �� Energy Energy 
costcost

–– Environmental cabsEnvironmental cabs
Air filtration/heating/air conditioning system Air filtration/heating/air conditioning system �� Filters Filters 
designed to remove DPM (HEPA filters)designed to remove DPM (HEPA filters)
Cab integrity Cab integrity �� Positive inside pressure (~100 Pa)Positive inside pressure (~100 Pa)
Protects from Dust, Noise, Arsenic and DPMProtects from Dust, Noise, Arsenic and DPM



Control personnel exposure to airborne Control personnel exposure to airborne 
Pollutants:Pollutants:

–– No idling policyNo idling policy

–– SOPs SOPs �� Procurement, Maintenance, VentilationProcurement, Maintenance, Ventilation

–– Horsepower and ventilation in an area by designHorsepower and ventilation in an area by design

–– Monitor and control equipment in an area to designMonitor and control equipment in an area to design

–– Personal protective equipmentPersonal protective equipment
Non powered, negative pressure, air purifying, particulate Non powered, negative pressure, air purifying, particulate 
filter respiratorsfilter respirators

PPE should supplement engineering and administrative PPE should supplement engineering and administrative 
control when they are insufficient.control when they are insufficient.



Integrated Approach toward Reducing U/G Integrated Approach toward Reducing U/G 
MinersMiners’’ Exposure to Diesel PollutantsExposure to Diesel Pollutants

The program should involve concentrated efforts in The program should involve concentrated efforts in 
areas of:areas of:

–– Engine/Vehicle/Aftertreatment MaintenanceEngine/Vehicle/Aftertreatment Maintenance

–– Industrial Hygiene / Health and Safety;Industrial Hygiene / Health and Safety;

–– VentilationVentilation

–– PurchasingPurchasing

–– Mine Planning and operations .. andMine Planning and operations .. and

–– Considerable support from company and Considerable support from company and 
mine managementmine management



Example of Application of ControlsExample of Application of Controls

Case 1:Case 1:

What is the highest current allowable DPM What is the highest current allowable DPM 
personal sample if all planned control personal sample if all planned control 
measures are applied?measures are applied?



1.016070%85%Engine Exhaust Soot Traps

3.35345%10%Limit Excess Equip. In Heading

3.55625%10%Oper. Training, Less Idling, Etc.

3.759120%30%Improved Engine Maintenance

4.673930%60%Improved Environ. Cab Maint.

6.6105615%20%Improved Ventilation

7.8124212%17%Bio Diesel - B20 In Use

160 Factorug/m3ExpectedIdeal Max.Order of Implementation

Expected SWA DPM% DPM ReductionCumulative Reductions In

Assumptions and Estimates of DPM Reductions:



Case 2:Case 2:

What is the highest current allowable DPM What is the highest current allowable DPM 
personal sample if all planned control personal sample if all planned control 

measures are applied except soot traps?measures are applied except soot traps?



1.01605%10%Limit Excess Equip. In Heading

1.11685%10%Oper. Training, Less Idling, Etc.

1.117720%30%Improved Engine Maintenance

1.422130%60%Improved Environ. Cab Maint.

2.031615%20%Improved Ventilation

2.337212%17%Bio Diesel - B20 In Use

160 Factorug/m3ExpectedIdeal Max.Order of Proposed Implementation

Expected SWA DPM% DPM ReductionCumulative Reductions In

Assumptions and Estimates of DPM Reductions:



What Controls Should be What Controls Should be 
AppliedApplied

Each mine is differentEach mine is different
Management, economics and mine layout Management, economics and mine layout 
dictates the number and extent of controls to be dictates the number and extent of controls to be 
applied applied 
One mine may have more than adequate One mine may have more than adequate 
ventilation to reduce heat and not require an ventilation to reduce heat and not require an 
alternative fuel or after treatment devicesalternative fuel or after treatment devices
In another mine it might be more feasible and In another mine it might be more feasible and 
economic to not increase ventilation but use economic to not increase ventilation but use 
alternative fuel and soot traps on select alternative fuel and soot traps on select 
equipment equipment 



Who is Involved in an Integrated Who is Involved in an Integrated 
Approach to DPM Reduction?Approach to DPM Reduction?

Mine Planning Mine Planning –– Chief Engineer, Mine Engineer, Chief Engineer, Mine Engineer, 
Ventilation EngineerVentilation Engineer

Operations Operations –– Foreman, Trainer, Shifter, Miner, Foreman, Trainer, Shifter, Miner, 
Equipment OperatorEquipment Operator

MaintenaceMaintenace –– Foreman, Planner, Mobile Mechanic, Foreman, Planner, Mobile Mechanic, 
Fixed MechanicFixed Mechanic

Other Other –– IH Sampling & Reporting, Mine Communication IH Sampling & Reporting, Mine Communication 
and Controland Control

Management Driven Management Driven –– Mine Manager, Superintendent, Mine Manager, Superintendent, 
Health and SafetyHealth and Safety



ConclusionConclusion

To effectively plan for and reduce diesel To effectively plan for and reduce diesel 
emission levels requires a concerted emission levels requires a concerted 
integrated effort from all levels of integrated effort from all levels of 
management and all disciplines from the management and all disciplines from the 
manager down through the equipment manager down through the equipment 
operator.operator.



Thank youThank you

Questions?Questions?


