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MDEC Diesel Workshop

Diesel Emissions Testing: Best Practices,

Methods, and Maintenance

Toronto Airport Marriott Hotel
Ontario, Canada

Tuesday, October 8, 2013

Breakfast and Registration

Welcome and Introduction — Mahe Gangal, Co-chair MDEC Conference

e Fundamentals of engine emissions testing, Brent Rubeli, NRCan

e Practical emission-based maintenance, Sean McGinn, MKNIZD
Factors Inc.

Coffee Break

Video Session: Several videos demonstrating in-use testing will be shown

Lunch

Hands-On Technical Sessions — Participants will be divided into two
groups. Two concurrent sessions will be run with participants.

Group A - Gas analyser and emission measurement technology (Brent
Rubeli)

Group B — Diesel engine technology and the six systems approach to
emissions testing (Sean McGinn)

Coffee Break
Group A and B

Discussion and Conclusion, David Young, Secretary/Treasurer MDEC
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1. Technical Presentations

Fundamentals of Engine Emissions Testing, Brent Rubeli, NRCan 1
Practical Emissions-based Maintenance, Sean McGinn, MKNIZD Factors 36
Quiz 50

2. Video Session
This will include several videos demonstrating emissions testing, test procedure
development, baseline emissions testing and testing of aftertreatment devices including
Tier 4 engines with selective catalytic reduction (SCR)

3. Hands-On Technical Sessions
Participants will be divided into two groups, A and B. Two concurrent sessions will be run.

Group A: Gas Analyzer and Emissions Measurement Technology (Rubeli). This session will
demonstrate to participants the types of emissions measurement technology commercially
available to the mining industry and provide them with an opportunity to learn how to start,
warm-up, calibrate and use each type of analyzer system correctly. A series of videos will also
be shown highlighting the different analyzers in use in vehicle testing.

Group B2: Diesel Engine Technology and the Six Systems Approach to Emissions Testing
(McGinn). This session will familiarize participants with the basics of diesel engine operation
and emissions-based maintenance through the Six Systems approach developed by the DEEP
program. A series of videos will be shown highlighting the best practices for engine emissions
testing and exhaust aftertreatment performance evaluation.
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Natural Resources  Ressources naturelles
Canada Canada

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

Brent Rubeli
Natural Resources Canada

1 CANMET MINING AND MINERAL SCIENCES LABORATORIES Ca_nada

Diesels Underground

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

e USEPA

e MSHA | e !
o CAN/CSA i 1 $|

In-use engines ai
Underground for ciinssiuis.

2 CANMET MINING AND MINERAL SCIENCES LABORATORIES Caﬂada
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Certification Testing

» 1

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.

CANMET MINING AND MINERAL SCIENCES LABORATORIES Canada

Where to test?

Reflect “real world”
engine performance.

M
Enguie Sgse men)

CANMET MINING AND MINERAL SCIENCES LABORATORIES Canada
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Certification Test

CANMET <
ISO 8178 C1

100% load
75%
50%

® 25%
() 10%

Speed

CANMET MINING AND MINERAL SCIENCES LABORATORIES Canada

Ventilation 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 Qowt.

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 Canada
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CANMET MINING AND MINERAL SCIENCES LABORATORIES Canada

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.

CANMET MINING AND MINERAL SCIENCES LABORATORIES Canada
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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.

;-‘af ’
h‘*"f |

-
r'if

—

9 CANMET MINING AND MINERAL SCIENCES LABORATORIES C anada

Test Eqmpment

Stain tubes
Electrochemical cells
Smoke dot

Opacity

NDIR / PAS

Emissions Testing: Best Practices, Methods and Maintenance 5
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Accuracy for Mining

EC cells are very good provided they are
calibrated properly and often.

Stain tubes have too many interferences.
NDIR, etc are often too expensive.

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

+ 300

t t + 100
100 300 500 700 900 1100
NDIR CO (ppm)

1

How to test - Loading

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
2
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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

30
Time (sec)

CANMET MINING AND MINERAL SCIENCES LABORATORIES Canada

How to test - Interpretation

Emissions must be at steady-state to be
repeatable.

Wait for CO peaks.

1500
1 Steady-state,
1250 + pd full load CO,

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

Time (sec)

Baseline,
COdata|| !

30 40 50

Time (sec) ABORATORIES Canada

Emissions Testing: Best Practices, Methods and Maintenance 7
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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.htmi

1 CANMET MINING AND MINERAL SCIENCES LABORATORIES Canada
5

So what will your standards be?

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

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

Ultimately try individual engine emissions
tracking for the complete picture.

1 CANMET MINING AND MINERAL SCIENCES LABORATORIES Canada
6
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Current Legislation

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

. TORQUE CURVE TEST - ALL TESTS AT FULL THROTTLE
MSHA has guidance.
Engine: DaimlerChrysler OM 904LA
CO Iug cu rve datal 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

CO, ppm co2, %

MSHA #: 7E-B090 2000 267 9.94

Engine: Deutz F3L 1011F 2200 222 9.58

Engine Rating: 44 HP @ 3000 RPM

Engine Speed, RPM CO, ppm

3000 982
1800 1834

CANMET MINING AND MINERAL SCIENCES LABORATORIES Canada
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Build your own database!

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, DI

F8L413FW

180

7.9

95

708

23

Turbocharged, IDI

F6L912W

CANMET MINING AND MINERAL SCIENCES LABORATORIES

82

527

630

17

Naturally aspirated, IDI

Canada

How to recognize faults

In-use testing and diagnosis requires a
knowledge base of how maintenance faults
affect engine emissions.

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

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

Emissions behavior could not be predicted.

CANMET MINING AND MINERAL SCIENCES LABORATORIES

Canada

Emissions Testing: Best Practices, Methods and Maintenance
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USBM

1985 study of simulated faults in engines.

Combinations of faults more severe than
individual faults applied separately.

NT DEVIATION OF EXIAUST EMISSIONS FROM BASELINE CAUSED BY INDUCED FAULTS IN A DEUTZ FGL 912 W
DIESEL ENGINE

FALLT DEGREE 0OF PARTICULATES
DESCRIPTION FALT

Canada

What about modern engines?

Some uncertainty for newer engines:
o 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 Canada
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CANMET-MMSL Tests

Laboratory emissions testing.

Deutz Engine:

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

o 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 Canada
3

Test Engines

Deutz F4L912W Detroit 11.1L Series 60

2 CANMET MINING AND MINERAL SCIENCES LABORATORIES Canada
4

Emissions Testing: Best Practices, Methods and Maintenance 12
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Deutz Engine Tests (1)

General agreement with USBM results.

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

u =
co Lml

Exhaust Constituent

Percent Change from
Baseline

CANMET MINING AND MINERAL SCIENCES LABORATORIES Caﬂada

Deutz Engine Tests (2)

Air-cooled engine: cooling system faults

Operating Mode: (Cooling System(Cooling  System)|
2300rpm & 100% load L (%) Fault & Resir, %
Intke Resiriclion +6il
Exhaust Restriction +195
Cooling Adr Outlet Temp +12
Exhaust Temperatum +13

OO (5 change) +36

MO, (% chanoe) -1

NO (% change)
Ok (% chan ge)
HC (% change)
0 (% change)
OO, { % chanpe )
DPM (% change )

Canada

Emissions Testing: Best Practices, Methods and Maintenance 13
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Detroit S60 Engine Tests (1)

[Simulated Faults afPercent Change From

General Rated Power Baseline

Degree of
H Fault Description  [Fauli HC JCO N

malntenance Inlake Restriction +h7 +# ] 2
HH H Fxhaust Restriction +100 0

deficiencies. | mopmm *

Restriction +67/ £100 ] +13

Severe Intake and
Stable Exhaust Restriction  |+2350/ +140] +0
Manifold Inlet Air

Operation (VL] g B [Lemperature (Cold) a8 |sm0

Cold Inlet Adr Temp
(3 nsor disconnected) -8

With faUItS. Manifold Inlet Air

Te mperaiure (Hot) +1
Hot Inlet Adr Temp

Req U I res (se nsor disconnected)
Fuzl Temperature
Sensor disconnected
Seve re degree Disconnect SRS
sensor while running

Of fﬂUlt. Loss of Turbo Boost

P'ressure

CANMET MINING AND MINERAL SCIENCES LABORATORIES Caﬂada

Detroit S60 Tests (2)

Turbocharger / intercooler faults.

CO Emissions with Simulated Loss of Turbo
Boost Pressure

——CO (%)
——Power {HP)

CO (% increase
over rated)

92 81 72 60
Turbo Boost (% of Rated)

CANMET MINING AND MINERAL SCIENCES LABORATORIES Caﬂada

Emissions Testing: Best Practices, Methods and Maintenance 14
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Detroit S60 Tests (3)
Sensor / electronics glitches.

SAE J1667 CO Emissions -
Simulated Turbo Boost Sensor Failure

——TBS Failure
——Baseline

CANMET MINING AND MINERAL SCIENCES LABORATORIES Canada

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.

CANMET MINING AND MINERAL SCIENCES LABORATORIES Canada

Emissions Testing: Best Practices, Methods and Maintenance
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SAE J1667

CNTARIO DRIVE CLEAN PROGRAM
HEANY DUTY COESEL
VENICLE EMISSIONS INSPECTION REPORT

63 74 86 97 108 120 131 142 154 165
Time (sec)

CANMET MINING AND MINERAL SCIENCES LABORATORIES Canada

Altitude / Depth Effects

Emissions are affected by altitude.

DMRC Depth / MSHA Altitude Study Composite Chart Emissions

Detroit Diesel Deufz
11.1L 860 BF4M1013C

o

DHRE €0 WMSHA 6O

0
-8000 -6000 -4000 -2000 0 2000 4000 6000

CO, NOx (ppm)
@
8

N
S
3

Altitude (ft)

Emissions Testing: Best Practices, Methods and Maintenance 16
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Role of Diesel Emission
Control 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 Canada
3

Best Available Diesel Emissions
Control Technologies

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

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

3 CANMET MINING AND MINERAL SCIENCES LABORATORIES Canada
4
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Diesel Oxidation Catalyst

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

HC + 0, —» H,0 + CO,

Older formulations may oxidize NO to NO,.

nversion Efficiency
Caterpillar 3306 PCNA with DCL Diesel Oxidation Catalyst

Diesel Particulate Filter (DPF)

Ceramic monolith
Closed channel - wall flow

Best available control
technology for DPM

MINE-X SOOTFILTER installed
in & Wagnar ST8B loader with
Packaging mat Seel housing glcadieorRarlisens

CANMET MINING AND MINERAL SCIENCES LABORATORIES Caﬂada

Emissions Testing: Best Practices, Methods and Maintenance 18
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DPF - Performance — DPM
filtration efficiency (% by

mass)
ModeA ModeB ModeC ModeD Average

Clean 80.3 66.7 75.9 87.1 77.5

Charged 95.5 90.0 88.9 91.1 91.4

Average 87.9 78.3 82.4 89.1

CANMET MINING AND MINERAL SCIENCES LABORATORIES Canada

DPF Loading and
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 Canada
8
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Regeneration Strategies

Very important!
Without periodic

reg e n e rati o n 1) D P F Wi I I CI o g ann Exhaust Temperature Toro 501D LHD Detroit Diesel Series 60 11.1L 325 HP DDECIl
and fail.

This regeneration may

happen automatically with
sufficient exhaust : | | I
temperatures — or may \ K \
require external heat input. '

ol

e P S N B L

400:00 1 400:00 1 £00:00 1 £00:00 1
PM AM AM PM AM AM PM AM AM PM AM AM
30/11/9901/12/99 01/12/99 01/12/9902/12/99 02/12:99 02(12/9903/12/99 03/12/99 03/12/9904/12/99 04/12:99|
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Catalyst lowers the
required regeneration
temperature so that more
vehicle apFPIications can
use the DPF technology

directly to the filter

Catalﬁst can be applied
y

o A (0 EAERED

monolith — where it e PR
works on the . e,
accumulated DPM .

directly.
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Active Regeneration - DPF

Electrical / Diesel
fuel

On-board /
exchangeable

Additional heat input
for periodic regen.

'®

T

e - S e N N ;
CANMET MINING AND MINEK u':ﬁﬁm—uORlES Canada

Regeneration Full Scale 15"x12" Filter

AN/

o
o o

@

IS

s ow o s G

=1 Exhaust Gas

Aggregate Box /
/ Accessory Unit  f

w

Exhaust Backpressure ("w.c.)

N

Thermal Regenerat
and Filter Unit

CANMET MINING AND MINERAL SCIENCES LABORATORIES Canada
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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

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.

CANMET MINING AND MINERAL SCIENCES LABORATORIES Caﬂada
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Control Technology Summary
b * o
)

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 Caﬂada

Maintenance

Some maintenance required! prrm———
Inspection for physical

damage and emissions

performance.

CANMET MINING AND MINERAL SCIENCES LABORATORIES Caﬂada
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Recognizing Device Failure

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 Canada
7

DOC Failure 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:
e Melting of ceramic.
e Cracking (impact / thermal).
o Separation of metal foils — vibration.

4 CANMET MINING AND MINERAL SCIENCES LABORATORIES Canada
8
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DOC Fallures

Clogging

Visual Inspection:

4 CANMET MINING AND MINERAL SCIENCES LABORATORIES Canada
9

Particulate Filter (DPF)
Failure Modes (1)

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

5 CANMET MINING AND MINERAL SCIENCES LABORATORIES Canada
[1]
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- b
N g i —
A a

Clogging ash

Clogging
DPM. -

F
i

¢ Qil ingress ]
a" —

5
CANMET MINING AND MINERAL SCIENCES LABORATORIES Callada

DPF Failure Modes (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 Callada
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Mat
deterioration
and'can contact

e

CANMET MINING AND MINERAL SCIENCES LABORATORIES Callada

Inspection — Support failure

- ey
=4 “1:1- -

4

CANMET MINING AND MINERAL SCIENCES LABORATORIES Callada
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Emissions Testing 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 Caﬂada
5

DEEP Catalyst Tests

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

Emissions Testing: Best Practices, Methods and Maintenance 28
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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

75

55

Emission

Before Catalyst

After Catalyst

474

530

CO ppm

201

47

0

56

NO ppm

504

515

10.2

10.9

NO, ppm

0

0

CO, %

10.1

10.4

Canada

CANMET MINING AND MINERAL SCIENCES LABORATORIES

DPF Fault Testing
T

DPM vs smoke

Smoke dot (ECOM)
PAS EC analyzer

Smoke dot 9

Before

Canada

CANMET MINING AND MINERAL SCIENCES LABORATORIES
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DPF DEEP Study Tests

P s Tt

g ime
i ¥ - B0 O s P s - B Ty - 0 Dysvamting s

LT
BN S Flires - <% Dpmras g
™

AL 2 g

viaaT
e ) e
a

Wound fibre DPF

Partial failure — blowing
Fibre material broke up

DPM passed through
filter

VH1S81
Oberland Wound Fiber Filter

LVARAY: 1T

® @
_,—"}_
Moy 8 fol

6 CANMET MINING AND MINERAL SCIENCES LABORATORIES Canada
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PAS EC Analyzer

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

sy g el Entustuid Imuua:
U d-/r:m-m LamiiemnE fm{_/"

e

e =
[N _J L

-

Elust broesarins
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NanoMet PAS 2000 Results

“mVL244
—=—VL247
—a—VH181
—g3-VH183

Efficiency %

Test Modes

B

""VH188 VHIS3 VHISL VL254 VL244 VL247
Canada
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Regeneration Emissions Control

Regeneration of filter
produces emissions.

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

Back pressure

Flame temp.
| Inlet DPF temp.

Temperature,

(4]
o
o
|
[t N £~y (9]
Pressure, KBa

Regen temperature and CO2 profile

14
i g oo Exhaust gas flow 450 §,
110 < < 800 | Ay —

o 8 SBOO J Burner > 3300 g
T8 8 B 56001 on \ off 3
£ z | ) *
EA g o3 400 T Nox  +150 3
8 g0 |co v
ERPY <
0 T T 0o O

0 20 40 60 80 100 120 140 0 200 ) 400 600

Time (min) Time Index, s

Advanced SCR Testing

Field verification of NO / NOx reductions.

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

A
~

CANMET MINING AND MINERAL SCIENCES LABORATORIES Uaﬂada
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FoTzgfant
- QIFTD sALT SCR
= MET TETHMUGIES

SCR Test

k)

NOx reduction at
80% during steady
state test.

Exhaust temp high
enough for dosing. |

. A WUM& ACRMAT HAOA A ¢ STIL
Ammonia slip... o e mme i O M”A&/

() St Mox v/ errcay =, w0

v 81%
Moy =<1

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 Canada
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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.

CANMET MINING AND MINERAL SCIENCES LABORATORIES Canada
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Resources

DEEP Maintenance Project

e www.deep.org

NIOSH EAMP Procedures

e http://lwww.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

Questions

CANMET MINING AND MINERAL SCIENCES LABORATORIES Canada
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Sean McGinn
mknizd@gmail.com
www.mknizdfactors.com

WHY ?

* To be able to detect operating faults in diesel engines
working at underground operations using emissions
measurement and performance criteria

* To be able to maintain diesel engines working at
underground operations to as-certified levels
(CAN/CSA & MSHA)

* To establish emissions based maintenance as the
first line of defence — the primary control — in a diesel
emissions management strategy

Emissions Testing: Best Practices, Methods and Maintenance 36
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WHY ?

Health — Safety — Environment

Sustainable Development

Productivity

» Operating Costs

Background

» USBM Study - 1985

* NIOSH Emissions-assisted Maintenance Program (EAMP)
« MSHA

» Australia NSW — Coal Services

* NRCan CANMET Effects of Simulated Faults

» DEEP Maintenance Project — 1999

* Noranda Technology Centre — 1996 to 2002

Emissions Testing: Best Practices, Methods and Maintenance
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Background

* Noranda Technology Centre consultations with NRCan
CANMET in 1996

» Dr. Mahe Gangal recommendations for development of
emissions verification tool:

— Steady-state sampling for minimum 60 seconds at rated speed
and power

— Baseline individual emissions and combine to use as surrogate for
EQI formula (CO/25 + NO/25 + NO,/3) for verification against
engine certification

— Use of EC cell gas analyzer with heated condensate trap capability

— UGAS System - United States patent 6,079,251

Emissions Based Maintenance

» DEEP Maintenance Project

* Engine specific PM’s S I X SYSTEMS

e Quantified results

1. INTAKE
* Emissions 2. EXHAUST
* Power, pressures, temps 3. FUEL INJECTION
* Measure-Measure-Measure
4. COOLING
» Baseline and Control
5. LUBRICATION
6. ECM & CONTROLS

Emissions Testing: Best Practices, Methods and Maintenance 38
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Emissions Measurement

Emissions Measurement

Rated @ full power — steady state

Moot e
e I
SOE BE 0 v Tendamer s
T

Certification Test

Emissions Testing: Best Practices, Methods and Maintenance 39
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Emissions Measurement

Instrument Error Process / Mechanic Error Measurements
you can make
good decisions
with!

Emissions Measurement

Interpreting Emissions Test Results

EPM Results

ParamMName | IletDOC | OuietDOC | TV B
| SMOKE B B 7|4
o2 11.1 108 11
|co 2247 85.1 100
|No 266.3 275.8 300
|mo2 26.1 252 25
|co2 73 74 B
|TGas 676 B77.1 50D
_|Pressure 1 0.8
|MEQH 28.3 228
| [Nox 2924 301.1 325

Emissions Testing: Best Practices, Methods and Maintenance 40
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6 Systems — Power Pre-Check

Samgle Teats | [EPM
ShmET 000008806

LisiWiew | Vishacls Erginé = EPM Rl Ly Iritski it E shamnd Fusl Cinnling Lubtncshon | Elschonic

Frer Tueesiing
* Warm up engine o TH0°F oil temperature

» Enging spiird & hisdie no load (RPK). 2200
» Enging spamed @ hisslbi ransemisgion stall (FEM) |'||]W

* Engina spaad @ hi-dbe ransmission & ydreulic siall (RFW): 1472
* Measwe emissions & ransmizsion & ydraic siall

Emissions Testing Pedormod at:
|Trmm||m'lbalﬁlmdy']ulu j

6 Systems — Intake

=nsaY 000000600

List WVisw  Viebicls Fragre EPH Pipsull Cirarwreriy Irdabes  Esdhawnd | Fusl Conling | Lubsication Fle frora

Inlake Syslem
¥ Measure and record intake resmchon [Pl | mn
» Mensure and record Wwbo boost pressure & full theotle sl (psi); 20
F > D0 MOT replace intake iters f less than 20 g restichon

» CAREFULLY remaonve fiker and inspect for proper function of pre-cleaner
and make neorssany epans = Clean oul pre-cleants and housmg canihally
g *Install plug fiker and pressure test intake with requiasos @ 10 psi - check
lor and repeir &l beaks on both suchon and charge sades
F =z Carpfulby ni=install old (o ndew) filirs bidone staing anging

» ACTIOME:

Fastricton and boosi complateky normal - O *
Frogsung lpsted = no lpaks = 0K, -

']
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6 Systems - Intake

© Visual Inspection
© Check clamps and piping

© Don’'t overservice on
replacement

© Measure Restriction
© Suction and Charge Sides

6 Systems — Exhaust

&mhaEr 000000880 E

L Wiersr Weletls Ergans EFM Hemdll Cormnerls Irlake Fthanist Fusl Lodrng b o Elclione:

Exhaust Syslem
* Mirasune and necond backpansssur

k1]
[ > Inspect clarmgs, connmecion:s, fanges bor eaks and ropsin & roguined

¥ » Inspect urbo, piping, defleciors
¥ » Inspectinsulation, check for fire harards, repair as required

» ACTIOME:
Mo axhaust leaks - all clamps and connactions CIF.
Traca: ol &b turbo oullil = seals s delenorahng

Flan wark ander o replace

Emissions Testing: Best Practices, Methods and Maintenance
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6 Systems — Exhaust

© Backpressure

© DOC Performance
© DPF Performance
© Leaks

© Turbocharger

6 Systems — Fuel Injection

2y 0000008 E
List Wiew | Wehicle | Engine | EFM Result | Comments | Intake | Exhaust ||Fuel | Caooling | Lubrication Electronic
— Fuel System

v >Service water separator and-or drain water from bottom fitting on tank
> Fuel transfer pump pressure (@ idle I 26 psi @ full throtile I 65
v > Replace primary and secondary fuel filter and bleed system

v >“isualinspection for tank contamination, condition of lines, hoses, cooler
> ACTIONS:

Frimary side of fuel system all OKI

Emissions Testing: Best Practices, Methods and Maintenance 43
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6 Systems — Fuel Injection

© Problems most often sourced to primary side
© Transfer pump

O Filters
© Contamination
© Pressure (measure)

© Temperature (measure)

6 Systems — Cooling

by OO000O0GOE

List Wiew | Wehicle | Engine | EPH Result | Comments | Intake | Exhaust | Fuel || Cooling | Lubricatiorn

Electronic
— Cooling System

> Measure temperature differential across radiator I 40 degrees (min 30°F)

> Measure turbo charge airtemp at cooler outlet I 90 degrees (max 120°F)
¥ >‘erify aperation of thermastats cycling with IR temp gun

V¥ »Visual inspection of radiatar, fan, belts, leaks

[~ > Aircooled engines:

-Yerify cylinder termperatures

-“erify engine oil cooler temperature differential

-“erify condition of belts, drive, blower, sensors and alarms
> ACTIONS:

Al good]
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6 Systems — Cooling

Measure A Temperature

* Engine Temp
* Charge Air Temp
* Fuel Temp

A 30° F Minimum

6 Systems — Lubrication

oy O0000000O0G
List Wiew | Wehicle | Engine | EPM Result | Comments | Intake | Exhaust | Fuel | Cooling ||Lubricati0n | Electronic

— Lubrication

> Engine oil pressure @ idle I 14 psi @ full thrattle I 72 psi

v > Drain il and take sample (from drain not filters)

¥ » Replace lube filters (do not preill on bench)

¥ > Fill crankcase with new oil - run/stop engine and verify proper level

i Yisual inspection for external leaks, internal leaks (consumption) at
exhaust orturbo, crankcase breather blow-by

> ACTIONS:

Oil leaks around head - planned work order created| -
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6 Systems — Lubrication

© Filling Practices
© Oil analysis & filter dissection

© Measure Oil Level
S Measure Oil Pressure

LA I g

6 Systems — Electronic / ECM

= lh s T DO0000Ce8BE

ListView | ‘iehicle | Engie | EPM Resull | Comments | Inlake | Fxhoust | Fued Cooling | Lubricatinn | | Electonic

Electronic Controlled Engines
» Engine,Tnp Date - Frind and re-zet Trp Dot

> ECH 1otal howrs T16E  ECM Trip hoes 0

> Tlal Il J 19 % Top el n &
» Total fusl 1931 gals Trip fusl 0 gals

F » Dingnostic Menu - Cylinder Cutow - Austomatic @ 1000 RPM and Prin
# » Dingnostic Menu - Fault Codes - Werity and Clear Inacthve

> ACTIOMNS

E negnie cnaerspesed codies (R) stonesd al 8481 brs
Enging idle far tig & 31% - sand to oparations dept
Ol cutesul = selonods ok = meckans ok by sound
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6 Systems — Database

Locamrs | ‘webace Wkl | Vetucs Wbt | g b | D Sasdanam | Drgrs Do Vol | §

noooeasas
o

U | Fuwrten | P Lo | Tt Dot | 1P S | s Poa | e |

[ [ I g Toow T e = - ik [P |
[HaTadwa wtinin ] [ [ X
|| wrees wiLEn LT \EERGALLID
VAT TR ar HDRGATLND o
FLETEHER e o
FLUETCHER IMEE REROC M DO
ALTON IECRLADLMD v
FLECHER [ 0
EREROCND [
] g iy
N RCATLND oot
e [
LSEARCAOCHT [
L AL boc
\AEERGA B
- \SCERLRIL D Doc
_| B0sDen L oD DO
ML REROLT [
L REA o
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o
o

6 Systems — Managing Data

Dt Satsction: [Lisar Defined ~| mmowe [Fszon -] Eeomefswmn <] § 4 @

Fiter Sulocton

]
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.
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6 Systems — The Tools

Measure-Measure-Measure O Intake Restriction

U Exhaust
Backpressure

U Stall Speed RPM

U Fuel Pressure

Q4 Oil Pressure

.:. Q Turbo Boost Pressure

' O Temperatures

6 Systems — The Tools

Intake Leak Testing — Suction & Boost Sides

Emissions Testing: Best Practices, Methods and Maintenance
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Because where the rubber hits the road....

Without reliable and repeatable
measurements and performance data

It’s just an opinion !!!

mddec
QUESTIONS ?

Common sense just
doesn’t seem to be all
that common!

HandyBob

“Eg MKNIZD | Factors

www.mknizdfactors.com

Emissions Testing: Best Practices, Methods and Maintenance
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ddec

QUIZ
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£ MKNIZD | Factors

2100 1900 1750 RPM
Hi Idle Trans Stall Trans-Hyd Stall
INLET OUTLET
Toro CO 150 30 ppm
Qe 0000 NO 600 600 ppm
NO, 30 30 ppm
0, 12 12 Y0
CO, 7 7 Y0
@ Series 60 12.7 L TGas 750 725 °F
Engine Speed Rated Power Rated Torque
fpm bhp lb-rt Turbo Boost Press 21 pSi
2100 @ 400 @ 1000 L .
950 @ 400 @ 1077 Intake Restriction 10 Inches water
1800 @ 400 @ 167 Charge Air Temp 105 °F
1650 @ 385 @ 1225
1500 @ 37 @ 1285 Backpressure 25 inches water
1350 @ 345 @ 1342 .
200 @ 320 @ 1400 Fuel Pressure 65 psi

| Coolant A Temp 34 °F

Diesel Oxidation Catalyst
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£ MKNIZD | Factors

2100 1700 1500 RPM
Hi Idle Trans Stall Trans-Hyd Stall
SANRVK| INLET OUTLET
Toro CO 400 100 ppm
N 0010 NO 600 600 ppm
NO, 30 30 pPpPmM
0, 12 12 Y0
CO, 7 7 Y0
@ Series 60 12.7 L TGas 750 725 °F
Engine Speed Rated Power Rated Torque
"pm bhp lb-ft Turbo Boost Press 16 pSi
2100 @ 400 @ 1000 L .
950 @ 400 @ 1077 Intake Restriction 30 inches water
180 @ 400 @ 1167 Charge Air Temp 105 °F
1650 @ 385 @ 1225
1500 @ 37 @ 1285 Backpressure 25 inches water
1350 @ 345 @ 1342 .
200 @ 320 @ 1400 Fuel Pressure 65 psi

Coolant A Temp 34 °F

Diesel Oxidation Catalyst ’
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£ MKNIZD | Factors

2100 1850 1750 RPM
Hi Idle Trans Stall Trans-Hyd Stall
INLET OUTLET
Toro CO 100 200 ppm
N 0010 NO 600 600 ppm
NO, 30 30 ppm
0, 12 12 Y0
CO, 7 7 Y0
@ Series 60 12.7 L TGas 750 725 °F
Engine Speed Rated Power Rated Torque
fpm bhp lb-rt Turbo Boost Press 20 pSi
2100 @ 400 @ 1000 L .
950 @ 400 @ 1077 Intake Restriction 10 Inches water
1800 @ 400 @ 167 Charge Air Temp 105 °F
1650 @ 385 @ 1225
1500 @ 37 @ 1285 Backpressure 40 inches water
1350 @ 345 @ 1342 .
200 @ 320 @ 1400 Fuel Pressure 65 psi

Coolant A Temp 34 °F

Diesel Oxidation Catalyst ’
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£ MKNIZD | Factors

2100 1700 1500 RPM
Hi Idle Trans Stall Trans-Hyd Stall
SaNEVK] INLET OUTLET
Toro CO 400 100 ppm
N 0010 NO 600 600 ppm
NO, 30 30 pPpmM
0, 12 12 Y0
CO, 7 7 Y0
@ Series 60 12.7 L TGas 750 725 °F
Engine Speed Rated Power Rated Torque
"pm bhp lb-ft Turbo Boost Press 12 pSi
2100 @ 400 @ 1000 L .
1050 @ 40 @ 1077 Intake Restriction 12 inches water
180 @ 400 @ 1167 Charge Air Temp 105 °F
1650 @ 385 @ 1225
1500 @ 37 @ 1285 Backpressure 25 inches water
1350 @ 345 @ 1342 .
200 @ 320 @ 1400 Fuel Pressure 65 psi

Coolant A Temp 34 °F

Diesel Oxidation Catalyst ’
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& MKNIZD | Factors

2100 1850 1750 RPM
Hi Idle Trans Stall Trans-Hyd Stall
INLET OUTLET
Toro CO 100 20 ppm
Qe 0010 NO 1000 1000 ppm
NO, 50 50 ppm
0, 12 12 Y0
CO, 7 7 Y0
@ Series 60 12.7 L TGas 750 725 °F
Engine Speed Rated Power Rated Torque
pm bhp lb-ft Turbo Boost Press 20 psi
2100 @ 400 @ 1000 L .
950 @ 400 @ 1077 Intake Restriction 10 inches water
1800 @ 40 @ 1167 Charge Air Temp 180 °F
1650 @ 385 @ 1225
1500 @ 37 @ 1285 Backpressure 20 inches water
1350 @ 345 @ 1342 .
200 @ 320 @ 1400 Fuel Pressure 65 psi

| Coolant A Temp 34 °F

Diesel Oxidation Catalyst
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£ MKNIZD | Factors

2100 1700 1500 RPM
Hi Idle Trans Stall Trans-Hyd Stall
SANRVK| INLET OUTLET
Toro CO 400 100 ppm
N 0010 NO 600 600 ppm
NO, 25 25 pPpPmM
0, 12 12 Y0
CO, 7 7 Y0
@ Series 60 12.7 L TGas 750 725 °F
Engine Speed Rated Power Rated Torque
"pm bhp lb-ft Turbo Boost Press 15 pSi
2100 @ 400 @ 1000 L .
950 @ 400 @ 1077 Intake Restriction 10 inches water
180 @ 400 @ 1167 Charge Air Temp 110 °F
1650 @ 385 @ 1225
1500 @ 37 @ 1285 Backpressure 20 inches water
1350 @ 345 @ 1342 .
200 @ 320 @ 1400 Fuel Pressure 35 psi

Coolant A Temp 34 °F

Diesel Oxidation Catalyst ’




— :

£ MKNIZD | Factors

2100 1700 1500 RPM
Hi Idle Trans Stall Trans-Hyd Stall
SANRVK| INLET OUTLET
Toro CO 400 100 ppm
N 0010 NO 600 600 ppm
NO, 25 25 pPpPmM
0, 12 12 Y0
CO, 7 7 Y0
@ Series 60 12.7 L TGas 750 725 °F
Engine Speed Rated Power Rated Torque
"pm bhp lb-ft Turbo Boost Press 15 pSi
2100 @ 400 @ 1000 L .
950 @ 400 @ 1077 Intake Restriction 10 inches water
180 @ 400 @ 1167 Charge Air Temp 110 °F
1650 @ 385 @ 1225
1500 @ 37 @ 1285 Backpressure 20 inches water
1350 @ 345 @ 1342 .
200 @ 320 @ 1400 Fuel Pressure 65 psi

Coolant A Temp 34 °F

Diesel Oxidation Catalyst ’
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£ MKNIZD | Factors

2100 1850 1750 RPM
Hi Idle Trans Stall Trans-Hyd Stall
INLET OUTLET
Toro CcO 100 100 ppm
N 0010 NO 600 600 ppm
NO, 25 25 ppm
0, 12 12 Y0
CO, 7 7 Y0
@ Series 60 12.7 L TGas 750 725 °F
Engine Speed Rated Power Rated Torque SmOke 7 0
rom bhp Ibeft
2100 @ 400 @ 1000 .
950 @ 400 @ 1077 Turbo Boost Press 20 psi
1800 @ 40 @ 1T Intake Restriction 10 inches water
1650 @ 385 @ 1225
1500 @ 367 @ 1285 Charge Air Temp 110 °F
1350 @ 345 @ 1342 .
1200 @ 320 @ 1400 Backpressure 40 inches water
| Fuel Pressure 65 psi g

Diesel Particulate Filter

Coolant A Temp 34 °F
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£ MKNIZD | Factors

2100 1850 1750 RPM
Hi Idle Trans Stall Trans-Hyd Stall
INLET OUTLET
Toro CcO 100 100 ppm
N 0010 NO 600 600 ppm
NO, 25 25 ppm
0, 12 12 Y0
CO, 7 7 Y0
@ Series 60 12.7 L TGas 750 725 °F
Engine Speed Rated Power Rated Torque SmOke 7 5
rom bhp Ibeft
2100 @ 400 @ 1000 .
950 @ 400 @ 1077 Turbo Boost Press 20 psi
1800 @ 40 @ 1T Intake Restriction 10 inches water
1650 @ 385 @ 1225
1500 @ 367 @ 1285 Charge Air Temp 110 °F
1350 @ 345 @ 1342 .
1200 @ 320 @ 1400 Backpressure 25 inches water
| Fuel Pressure 65 psi 9

Diesel Particulate Filter

Coolant A Temp 34 °F



— :
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2100 1700 1500 RPM
Hi Idle Trans Stall Trans-Hyd Stall
INLET OUTLET
Toro CcO 200 200 ppm
Qe 0000 NO 600 600 ppm
NO, 25 25 ppm
0, 12 12 Y0
CO, 7 7 Y0
@ Series 60 12.7 L TGas 900 800 °F
Engine Speed Rated Power Rated Torque SmOke 7 1
rom bhp Ibeft
2100 @ 400 @ 1000 .
950 @ 400 @ 1077 Turbo Boost Press 16 psi
1800 @ 40 @ 1T Intake Restriction 10 inches water
1650 @ 385 @ 1225
1500 @ 367 @ 1285 Charge Air Temp 110 °F
1350 @ 345 @ 1342 .
1200 @ 320 @ 1400 Backpressure 90 inches water
| Fuel Pressure 65 psi 10

Diesel Particulate Filter

Coolant A Temp 34 °F
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ANSWERS

SLIDE #

Normal with a DOC (catalytic converter)
Intake Restriction

Plugged DOC — Catalytic Converter

Charge Air Leak

Charge Air Temp

Fuel Pressure

Injectors

Normal with a DPF (diesel particulate filter)
Blown DPF

Plugged DPF
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