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Introduction

The Diesel Emissions Evaluation Program (DEEP) has approved a project
to investigate the effectiveness of new developments in particulate trap
technologies. Recent studies such as the VERT program in Europe have
shown that particulate emissions can be reduced with these trap
technologies by as much as 98%. A project to investigate the use of
particulate traps is currently underway at Noranda Inc. — Brunswick
Mine in Bathurst, New Brunswick, Canada. The purpose is to
demonstrate the efficiency and overall effectiveness of these new systems
in an underground mining production environment.

Project Overview

The project has been planned for an on vehicle test period of 18 months.
This would see the identification and selection of appropriate trap
technologies to begin with, followed by the 18-month test period. Four
heavy production vehicles will be equipped with the traps along with
monitoring instrumentation. This will permit the evaluation of four
distinct trap systems. The phases of the project are:

> Engine Datalogging — Trap Evaluation and Selection
> Trap Bench Testing and Installations

> 18 Month Evaluation With Continuous Monitoring
> Trap Removal and Bench Testing

> Analysis and Final Report

Engine datalogging is acquired with on board systems measuring
exhaust backpressure and 2 channels for exhaust temperatures. The
exhaust temperatures are monitored at two points, immediately after the
turbocharger and just before the existing exhaust purifier. This data is
gathered to help define the application and assist in identifying the best
technology fit.

Once the four systems have been selected they will each be bench tested
according to the protocol established during the VERT program. This will
serve as a baseline measurement in determining trap performance,
efficiency, and deterioration. A Detroit Diesel Series 60 lab engine
identical to the engines on the vehicles will be available for the bench
testing at CANMET, Bells Corners laboratories. Once the bench testing is
complete the traps will be moved to the mine and installed by the project
team on all four vehicles.
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The systems will be monitored closely over the entire 18 month
production run. The majority of the instrumentation, measurement, and
maintenance of the systems will be done by personnel of the mine under
supervision and training from the project team and trap, engine and
vehicle manufacturer representatives. The actual measurement
components will include:

> PNE Electronic Dataloggers with continuous measurement and alarm
functions for exhaust backpressure and temperatures

> Undiluted Gas Analysis System (UGAS) in place at Brunswick Mine
for mechanics to evaluate exhaust emissions as a maintenance tool
every 250 hour scheduled PM at a minimum

> Detroit Diesel Diagnostic Link for interfacing and monitoring the
datalogger alarms (temperature and backpressure) with the existing
DDEC engine controls — also used as a maintenance tool at 250 hour
scheduled PM at a minimum

> NanoMet (Matter) particulate analysis system for determining actual
trap efficiency and characterization of particulates. Laboratory grade
instrument that will be employed at 3 month intervals throughout the
entire project by CANMET and project team members

> Operator exposure sampling (shift duration) using the NIOSH 5040
EC/0C method of DPM analysis. Sampling will be done at staggered
intervals on operators of the four vehicles in the project,

> |solated production zone studies at 2 stages of the project. This will
determine the DPM contributions in ambient concentrations for each
vehicle. An isolated zone will be used to evaluate each vehicle
individually using the NIOSH 5040 EC/0OC method of DPM analysis.

> Operator and mechanic logbooks will be kept for each of the four
vehicles during the entire 18 month period.

At the end of the 18 month production test the trap systems will be
removed and sent back for identical bench testing to compare against the
baseline. Once bench testing is complete the traps will go back to the
manufacturers for final autopsy and evaluation.

The final phase of the project will be to consolidate all of the data from
the measurement components and provide an analysis on efficiency and
effectiveness. The final report will summarize this analysis as well as
serving as a ‘How To”guide in the selection and implementation of trap
technology on underground mobile equipment.

The Project Team

The large scope of a project this size requires active participation from
many groups. The success of the project will greatly be effected by the

Page 4



ability of all groups to work together and share expertise in developing
the best possible solution for the application.

Brunswick Mine- The most important players on the team are the
actual staff at the mine. Vehicle operators, mechanics, ventilation
department and management will all play key roles over the 18 month
period in making sure the traps are monitored and maintained properly.

Trap Manufacturers- The manufacturers of the trap systems will be
responsible for supplying the complete trap system as well as assisting in
the installation on the vehicle and training at the mine. They will be
required to assist in the implementation design and planning in advance
along with other team members.

Engine ManufactureFr All four vehicles in the project are equipped
with Detroit Diesel Series 60 engines. Detroit Diesel will be requested as
a team member to assist in the implementation, interfacing and
maintenance of the engines in combinations with the trap systems.

Vehicle Manufacturer All four vehicles in the project are
manufactured by Atlas Copco Wagner. As the vehicle supplier, Wagner
will be requested to assist in the implementation design and actual
installation of the traps on the vehicles. This will ensure the transfer of
know how between team players and take a step toward implementing
these systems at the factory in the manufacture of future vehicles.

CANMET - As the government agency in Canada that is responsible for
setting standards in this area CANMET will be a key member on the
project team. They will assist in the monitoring and analysis of DPM for
the personal exposure monitoring as well as the isolated zone studies.
The NanoMet instrument used for undiluted particulate analysis is the
property of CANMET and will involve the sharing of both expertise and
the actual hardware for this project.

Primary Technical Consultant - TTM The expertise of Mr. Andreas
Mayer and his experience from managing the VERT program will be
drawn upon to guide the project team in all phases of this project. In
order to achieve similarly impressive results as the VERT program we will
need to share some of that know how and put it to work in our project.

Project Leader - Noranda Technology CentreThe organization and
logistics for the project will be handled by Mr. Sean McGinn from NTC.
This would include coordination of all phases, team tasks, budget,
implementation, reporting, etc. As a representative for Noranda on the
DEEP Technical Committee as well as working within Norandaa mining
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operations in mobile maintenance research and support, he is well
situated for managing the project.

The Vehicle Applications

There are four heavy production vehicles included in the study. Two of
the vehicles are ST8-B scooptrams. These machines are also described as
load-haul-dump (LHD) vehicles because of their design application. The
LHD is a multi functional design that allows it to operate as a front-end
loader to dig into a muck pile and then tram the machine over a
considerable distance to a dump transfer point and then return to the
load point to repeat the cycle.

The other two vehicles are MT436-B haulage trucks. These machines are
designed to haul large loads over longer distances and would be typically
loaded either by an LHD or at an overhead chute.

At Brunswick Mine these vehicles are the backbone of the ore
transportation process. The broken ore is drawn from an opening to the
open stope by the ST8 -B LHD. This loading process is done primarily
with the use of vehicle radio remote controls due to ground instability
and safety factor. The operator works the remote control from a safety
bay within sight of the back end of the machine, typically 25 metres or
so. When the loaded LHD reaches the safety bay the operator switches off
the remote control, and gets into the operators seat to drive through the
remainder of the cycle. The haul distance from the draw point of the
stope to the truck loading point is kept to a minimum, generally within
one to two minutes haul time. At the dump point, the LHD will transfer
the ore from the bucket to the dump box of the haulage truck. The
trucks are usually filled in 2 buckets from the LHD. The truck will haul
the load to an ore pass which is a vertical chute that will carry the ore
through a network of chutes and bins to a crusher at the bottom of the
mine. The haulage distance from loading to dump points for the trucks
will vary depending on the area, but is typically several minutes. While
the truck is away on a haul cycle the LHD will load another bucket and
await the return of the truck. In cases where the distance between the
stope draw point and ore pass is close, the scooptram will load, haul and
dump directly without the use of a truck.

The mine production and maintenance operations work on a two shift
per day basis. Both day and night shifts are the same, starting at 7:00
and finishing at 5:30. This leaves a two to three hour window between
shifts twice per day. The mine operates seven days a week. Vehicles
normally accumulate approximately 250 operating hours per month.
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Figure 1 - Load Haul Dump Cycle

Figure 2 - Radio Remote ST8-B At Brunswick Mine
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Figure 3 — ST8-B Loading A Haulage Truck

ST8-B Scooptram

The ST8-B scooptrams in this project are both newly acquired units with
approximately 500 operating hours on them. Both VL233 and VL234
have been instrumented with the datalogging instrumentation since early
August. VL233 has one backpressure sensor immediately after the
turbocharger, one temperature sensor immediately after the
turbocharger, and the second temperature sensor just before the
catalytic purifier. VL 234 has the same 3 sensors with the only difference
being that the second temperature sensor is measuring temperatures
inside the logger enclosure at the exhaust compartment instead of before
the purifier. Both vehicles are equipped with Detroit Diesel Series 60
11.1 litre engines rated at 325 HP.

The exhaust system is located on the left hand or drivers side of the
vehicle engine compartment. The current configuration includes a
catalytic purifier and silencer in series at the bottom of the exhaust
compartment. A span of approximately 1 metre and 2 90° elbows
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connects the purifier / silencer to the turbocharger on the engine. This
span of exhaust pipe is currently non insulated. A modification to the
factory exhaust installation has been done at Brunswick Mine on the
ST8-Bs. Instead of a 90° elbow coming out of the silencer a 180° elbow
an additional length of tailpipe has been added to port the exhaust flow
out the rear side of the vehicle instead of a deflector underneath. This
has been done to alleviate problems with agitation of roadway dust from
the bottom mounted deflectors. The schematic of this modification is
reflected between figures 5 and 8.

Detailed information on vehicle and engine specifications as well as
engine duty cycle information and complete spreadsheets of the raw data
can be found at the end of this document in the appendix section.

ST8-B Specifications At A Glance

Engine

Detroit Diesel

Power Rating @ 2100 RPM
Maximum Torque @ 1200 RPM

Series 60
242 KW (325 HP)
1559 Nm (1150 ft-1bs)

Cylinders 6 In Line
Displacement 11.1 Liter (677 in3)
Cooling Water

MSHA Ventilation 992 m3/min (35000 cfm)

CSA Ventilation (0.05 % sulphur/fuel)

Vehicle
Fuel Tank

Electrical System
Torque Converter
Transmission

Vehicle Speeds

Dump & Hoist Hydraulic Pumps
Steering Hydraulic Pump

Dump / Hoist System Pressure
Tramming Capacity

Operating Weight (Empty Approx)

623 m3/min (22000 cfm)

379 Liters (105 gallon)

24 Volt

Clark C-8000 Single Stage

Clark 5000 Modulated Power Shift

st 2nd 3rd 4th
5.3 9.0 15.1 24.6 (km/hr)

200 +200 Ipm (105 gpm) @ 2100 rpm
200 Ipm (52 gpm) @ 2100 rpm

13.8 Mpa (2000 psi)

13608 kg (30000 Ibs)

39474 kg (87,040 Ibs)

Page 9



Figure 4 - ST8-B At Brunswick Mine
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Figure 9 - Exhaust Modification Figure 10 - Exhaust Modification

MT-436B Mine Truck

The MT-436B trucks in the project are both newly acquired units with
approximately 500 operating hours on them as well. Both VH178 and
VH179 have been instrumented with the datalogging instrumentation
since early August. Each truck has been instrumented identically with
backpressure measured immediately after the turbocharger, and
temperatures measured immediately after the turbo and before the
purifier. Both trucks are equipped with Detroit Diesel Series 60 12.7
liter engines rated at 375 HP.

The exhaust system is located on the right hand side opposite the
drivers compartment. The current configuration includes a catalytic
purifier and silencer in series at the bottom of the exhaust compartment.
A span of approximately 1 meter and 2 90° elbows connects the purifier /
silencer to the turbocharger on the engine. This span of exhaust pipe is
currently non-insulated. The exhaust compartment is smaller than that
of the ST8B and is further complicated by the installation of the Ansul
fire suppression system mounted on the fender above the compartment.
Unlike the ST8s there has been no modification to the exhaust system
and the exhaust flow is directed out of the silencer through a 90° elbow
to the deflector underneath.
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Detailed information on vehicle and engine specifications as well as
engine duty cycle information and complete spreadsheets of the raw data
can be found at the end of this document in the appendix section.

MT-436B Specifications At A Glance

Engine

Detroit Diesel

Power Rating @ 2100 RPM

Maximum Torque @ 1200 RPM
Cylinders

Displacement

Cooling

MSHA Ventilation

CSA Ventilation (0.05 % sulphur/fuel)

Vehicle
Fuel Tank

Electrical System
Torque Converter
Transmission

Vehicle Speeds

Dump Hydraulic Pump
Steering Hydraulic Pump
Steering System Pressure
Payload

Operating Weight (Empty Approx)

Series 60

278 KW (375 HP)

1763 Nm (1300 ft-1bs)

6 In Line

12.7 Liter (775 in3)

Water

1161 m3/min (41000 cfm)
744.7 m3/min (26300 cfm)
439 Liters (116 gallon)

24 Volt

Clark CL-6000 Single Stage with Lockup
Clark 6000 Full Power Shift

st 2nd 3rd 4th
4.8 8.4 14.0 23.0 (km/hr)

197 + 87 Ipm (75 gpm) @ 2200 rpm
197 Ipm (52 gpm) @ 2200 rpm
15.8 Mpa (2300 psi)

32659 kg (72000 lbs)

31298 kg (69000 Ibs)
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Figure 11 - MT-436B Truck at Brunswick Mine

Figure 12 - MT-436B Side View Figure 13 -MT-436B Top View
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Figure 14 - MT-436B Side Profile
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Figure 15 - MT-436B Top Profile
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Datalogging — Duty Cycles

The four vehicles have been instrumented with datalogging systems from
Paul Nothiger Electronic in Switzerland. Each system is comprised of an
electronic logger with display, processor, memory, alarm and
communication download capability acquiring data from external
sensors. The current loggers are capable of reading 4 channels in total:
pressure, temperature (2), and RPM. At present we are only measuring
and logging 3 channels, with engine RPM to be added later if required.
The alarm digital output capability of the logger unit will be interfaced
with the DDEC control system on the engines to display exhaust
temperature and backpressure alarms. These signals will be picked up
by the DDEC system and provide engine protection through the existing
indicators and fault code system.

Figure 16 - Logger Unit and Enclosure Figure 17 - Logger / PC Download

The interface between the logger unit and a PC is a straight RS2332
connection to the LogLink software application supplied with the system.
The software provides capabilities for:

> Configuration of channels, logging frequency, memory management
> Real time display of data

> Graphic display of historical data

> Ascii converter for data to Excel spreadsheet

> |ntegrated email for data transfer
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Figure 18 - LogLink Software

Figure 19 - LogLink Graphic Analysis
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Request For Proposals

Based on the information included both above and in the appendix
section, the Brunswick Mine Trap Project team is requesting proposals
from the manufacturers of trap technologies to match their specific
technology to our vehicle applications as described. General guidelines
for the composition of the proposal would be:

Complete technical specifications, drawings, and schematics

Field test data where possible

Detailed explanation of all options and scenarios for implementation
Include information described in targets and data sheets (appendix)
Avoid ‘Marketing Proposal”approach

YYVYVY

Responsibilities
By agreeing to participate in this project if selected, the trap
manufacturer would be expected to:

> Supply 2 complete trap systems (1 spare) for the duration of the
project at their cost

Contribute to the cost of bench testing at start and end of project
Actively participate from installation onward at the mine with
technical staff at regular intervals (3 — 6 months)

> Agree to terms and conditions contract (appendix)

>
>

Proposal Submission

Manufacturers should have their proposals submitted by November 2nd,
1999. This date has been chosen because a closed session special
meeting is currently being planned at the Embassy Suites in Markham,
Ontario to receive the proposals and presentations. This would be similar
to last years meeting at the same location the day before the Mining
Diesel Emissions Conference. Manufacturers who choose to attend this
meeting will be given 15 - 20 minutes to present their proposal to the
group that will include representatives from both the Brunswick Mine
Trap Project team and DEEP Technical Committee. The question and
answer session following presentations will be between this group and
individual manufacturers. The session will not be open to questions and
debate amongst the manufacturers. Those who are unable to attend this
meeting to submit their proposal by presentation should have a copy of
their proposal submitted to the group before this date.
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Any questions or inquiries regarding this project and proposal process
should be directed to:

Sean McGinn

Project Leader — Brunswick Mine Particulate Trap Project
#3 — 415 Echo Drive

Ottawa, Ontario, K1S 1N5

Tel: (613) 230-7941

Fax: (613) 230-9160

smcginn@fox.nstn.ca
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Appendix

ST8-B Vehicle Specifications

ST8-B Engine Power /Torque / Fuel Consumption Curves
ST8-B Engine Specifications

ST8-B Engine Duty Cycle Graphic Analysis

0Oo0oood

MT-436B Vehicle Specifications

MT-436B Engine Power /Torque / Fuel Consumption Curves
MT-436B Engine Specifications

MT-436B Engine Duty Cycle Graphic Analysis

o

O

Project Target Values
o Trap Datasheet

o Terms & Conditions
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.Uf& TecHNICAL SPeCIFICATION — OPTIONAL DDEC

ST-8B° = ~
||
\\ [

Capacity (ibs)
Breakout Force. Digging ... (+9.327)
Framming Capacity .o 13603 130.000)
Bucket - S.A.E. Rating m3 (yd3)
Nominal Heaped .o 6.5 i (8.3)
SHEUCK © e Db (7.0)
Boom Raising THNe o 6.8 Sceonds
Boom Lowering Time .. 8.0 Seconds
Buchet Dump TIMe Lo 7 0 Seconds
Vehicle Speeds - Loaded
Forward or Reverse with 3¢ Rolling Resistance

Gear 1st 2nd 3rd 4th
Speed in hm/h o 53 90 . 1530246
Speed in mph L 33 6 9.4 . 153
Gradeability

STANTITUNY Lo See Pertormance Curve
Engine

Detroit DIesel oo Series 60
\MSHA Power Rating @ 2,100 rpm ... 242 KW (325 hp) 550
Maximum Torque @ 1.200 rpm........ 1339 Nm i 150 ft-bs)
Number of Cvlinders ... .6 InLine
DISPIICSIMENT oot Fi.l L1677 in3)
COOMNE Lo .Water
MSHA Ventifation......oooivenn 992 m3/min (35.000 cfm)
Exhaust Conditioner

Cuatalstic Purifier Plus Exhaust Silencer

Electrical System

24 Volt Starting. 24 Volt Accessories

Torque Converter

Single Stage. Clark . C-3000) Sertes
Transmission

Modulated Power Shift, 4 Speeds Forward/Reverse

CLATK oot 3000 Series
Axles

Spiral Bevel Differential, Full Floating, Pl

Wheel End Drive

ROCK TOrQUED ..lucueiriiriecieieseieier s s 508 Series
Crack (\5—7570

SO VRN :
7 T TR R o Diesel
ST  S ‘/ Scooptram®

e —_—
. '\,’\,U\. .

Standard Brakes

SEIVICE vt eeeeeee et et et s SAHR®
Spring Applied Hydraulically Released: Fully Enclosed,
Force-Cooled Multiple Wet Discs at Each Wheel End

Parking and Emergency .. Same (SAHR)

Tires

Tubeless. Nylon, Smooth Tread Design. For Underground
Mine Service. On Demountable Rims

Tire Size. Front & Rear ..o 26.5 x. 25, 32 Ply, L-58

Steering
Articulated Hydraul:c Power Steering. Pilot Operated.
Monostick Control

Tarning Angle 8§37 (42.57 each way)
SVSLEI Pressure [5.8 MPu (2,300 psi)

Hydraulic System

Dump and Hoist Controf .......... Pilot Operated. Single Lever
Cylinders...oocoeineeee Double Acting. Chrome Plated Stems
Steering Cyvlinders ( 2) Diameter ........... 132 mm (6.0 in)
~ Hoist Cylinders { 2) Diameter............... 228 mm (9.0 in)
L Dump Cylinder ( 1 ) Diameter ............... 228 mm (9.0 in)
PUMIPS o s Heavy Duty Gear Type
Dump/Hoist.......... 2004200 lpm (105 gpm) @ 2.100 rpm
Steering oo 200 lpm (32 gpm) @ 2.100 rpm
Filtration ........... Pilot Flow: 10 Micron: Suction: 25 Micron
Dump/Hoist System Pressure .............. 13.8 MPa (2,000 psi)
Tank Capacities liters (galions)
FUCL e 379 s (103)
Hydrautic . 360 ., (95)
Oscillation
Rear Axle. Trunion Mounted. Synthane Bushings
Degree of Oscillation ... Total 18°
Operator's Arrangement
Side Seating For Bi-Directional Operation
and Maximum Visibility
Operating Weight kg {1bs)
Empty, ApproxXinie .......ccoeverncrenns 39474 (87.040)

Manufactured with an MSHA Title 30, Part 32, (Schedule 24) Certified Engine.
Under our policy of continuous improvement, we reserve the right to change spcuﬁcanons and designs without prior notice.
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Noie. Dimensions shown in raillimaters (1nches)
Veaical dimensions bise¢ on ar unicaded vehicle
t,re radics ot 860 (34)

4572180)

1.

Standard Features

210; - Dry Type Air Cleaner(s) 5224 - Fuel/ Waier Szparster 710G — Altermator

2410 - 24 Voit Elecmic Start 5333 - Converter Qil Cooler 7200 ~ Baueries

3201 - Modulated Shift Transmissioa 5553 - Hydreulic Pressurz Test Forts 7300 - Haloger Working Lights

3411 - Raised Axle Vznls 5720 ~ Neuzral Stz Pretection 7400 - Elestric Warning Horn

4002 - Strering Hinge Lock 580! - SAER® Brake System 8033 - SAHR Brake Overridz Conrol

4401 - Fully Stabilizing Bucket 480067 - Seat Belts 3073 - Engioe Hour / Service Meter

5221 - Primary & Secondary Frei Filtess 7003 - Sealsd Elecirical System 8093 - Engisz Low cil/High temp. Alarm
Vehicle Configuration

0165 - Bucket 6.5 m3 (8.5 y43) Q401 .. Coaventional Front Differsntial 1331 - Single Lever Dump Cootrol

0219 - Detrou Diesel Series 60 0602 - Ne Spin Rear Uifferenual 1102 — Grammer Seat

6321 - Rock Tough™ Punfier & Silencer 5701 - SAHR Brekes 7003 — 24 Volt Electrical Accessones

0490 - No Canopy 030 26523 TOYOL-5STL

0991 - Mocrosusck Steeang Conuol

Distrioutec By:

|

] Atlas C 21832 Atlas Conco Wagner Inc. SAMRE, Reck Terqued, Rock Tough™

co Wagner Inc. S 2gner Inc. SAMRE, Sock Tequed, Rock Tough™
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DETROIT DIGEE&L

Industrial Power

Model: Series 60®

Rating: 325 bhp @ 2100 r/min

1150 Ib-ft @ 1200 r/min

Certification:
1996-98 Nonroad

Y

1 . 1200
i
T\\
1150 Ib-ft \ 1100 Z
(1559 N-m) ~—_ .
T 1000 ©
\ ©
g
(@]
UNCONTROLLED 900
COPY ‘ 813 Ib-ft
T \_(1102N-m)[— 800
|
340 :
i ; 325 bhp
g 320 ! ' (242 kW)
5 | i
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N~ | // § é
300 @ 3
c
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o
1200 1400 1600 1800 2000 2200

Engine Speed - r/min

Power output guaranteed within 5% at SAE J1995 conditions:
TT°F (25°C) ar iniet mmperature; 29.31 in. Hg (99kPa) dry barometer:
100°F (38°F) fuel iniet ismperature; .653 specific gravity i 60°F (15°C)
Charge air cooler system pressure drop: 16 in. H,0 (4 kPs)
Charge ar cooler system tsmperature out: 97°F (36°C)
A intake restriction: 10 in. H,0 (2.5 kPa)
Exhaust Back Pressure: 15 in. H,0 (3.7 kPa)

Conversion Faciors:
Power: kW = bhp x 0.748
Fuel: kg/&W -hr = b/bhp - hr x 0.608

Torque: N-m=Ib .ft x 1.356

Turbo: GT42 (1.15 A/R)

injector: 5235605

Certifiedby: (P MM (B smoroe

Al information subject to change without notice.

Performance Curve

Detroit Diesel and Spinning Arrows Design® and Series 60® are registered trademarks of Detroit Diesel Corporation.

© 1998 DETROIT DIESEL CORPORATION
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CONSTRUCTION AND INDUSTRIAL SPECIFICATION SHEET

Genersl Data
Mode! .. .
Numbefofcwnders . 6
Bore and Stroke — . 5.12 x 5.47 (130 x 139)
Displaoenmn-in.’ (L) . BTT(11.1)
Compression Ratio ..... . 16.011

. 1915 (583)
.2

ke Vaves Per Cyindev.
Exhaust Valves Per Cylinder . e 2
ComBUSHION SYSBM ..o s e DIRECT INJECTION
Engine Type ..... . INLINE 4 CYCLE
Aspiration . TURBOCHARGED
... EW
. GT42(1.15AR)
.. AIRTO AR
.. 600
High Idie Speed ~ r/min .. . 2225
Engine Crankcase Vent System ... OPEN
Physical Data
Size:
Length — in. (M. e 57.7 (1466)
Width - in. (mm). . 343871
Height — in. (mm) ... .. 50.1(1273)
Weight, Dry —1b (kg) . . 2510 (1139)
Weight, Wet — b (kg) .... 2632 (1194)
Center of Gravity Distance:
From R.F.O.B. (x axis) ~ in. (mm)........ 22.3 (566)
Above Crankshatft (y axis) - in. (mm) ... . 8.6(218)
Right of Crankshaft (z axis) — in. (mm).. . -1.4(-35.6)
Instaliation Drawing 235049165 Ref
Mechanical Data
Thrust Bearing Load Limit, Continuous — 900 (4000)
Thrust Bearing Load Limit, intermittent — 1800 (8000)
Maximum Static Bending Moment at Rear
Face of Block — ib-ft (N'm) .. . 1000 (1356)
Additional Mechanical Data ...... E4-6060-32-1
Fuel System
Fuel INJOCION ...t .. 5235605
injection Timing Height — mm . 788
Coertification Code .. 5006
Fuet Consumption — Ibvhr (kg/hr)...... .. 107.6 (48.8)
Fuel Consumption — galtw (L/r) . . 15.4(58.3)
Fuel Spill — Ib/hr (kg/hr) ... .. 513(233)
Fuel Spill — galhr (Ltr) ... .. 73.4(278)
Total Fuel Flow — ib/hr (kg/hr) .. ... 621(282)
Total Fuel Flow — galhr (L/hr) ... ... 88.8(336)
Maximum Fuel Inlet Temperature — °F (°C) . 140 (60}
Maximum Fuel Pump Suction:
Clean System — in. Hg (kPa) . 6(20.3)

Dirty System — in. Hg (kPa) ... . . 12 (41)
Fuel Filter Size, Primary — microns ... 25

Fuel Filter Size, Secondary — microns .. 8

Fuel Spill Restrictive Fitting — in. (mm)... . 0.08(203
Lubrication System

Oil Pressure at Rated Speed — Ibﬁn (kPa)... . 50 (345)

Oil Pressure at Low ldie — ibvin.? (kPa) . 12(83)
in Pan Qil Temperature — °F (°C)... 235 (113)
Oil Flow — gal/min (LUmin)..... 36 (136)
Qil Pan Capacity, High Limit. 32 (30)
Oil Pan Capacity, Low Limit ..... e . . 26 (25)
Totai Engine Oil Capacits with Flhrs ql (L) 38 (36)
Qil Filter, Two Full Flow — Microns .. 30
Engine Angularity Limits, Front Up — Degoes 27
Engine Anguiarity Limits, Front Down — Degrees . 27
Engine Angularity Limits, Side Tilt — Degrees .................. 21
Electrical System
Recommended Battery Capacity (CCA @ 0°F):
... 1875

24 Voit System..... . 950
Maximum Resistance of Starting Circuit:

12 Voit System — ohms ... 0.0012

24 Volt System — ohms . 0.002

UNCONTROLLED
COPY

Cooling System
Engine Heet Rejection to Coolant:

Rated Speed — Btw/min (kW)... ... 5460 (96.0)

Peak Torque Speed (1200 rlmm) Btulmon (kW) .. 4975 (87.5)
Charge Air Cooler Heat Rejection:

Rated Speed — Btw/min (kW)... ... 3787 (66.6)

Peak Torque Speed (1200 r/min) — . 1425 (25.1)

ngine [ wlunlmd Hal

Rated Spgad — Bau/min (kKW).........ooooooiiii 1952 (34.3)

Peak Torque Speed (1200 r/min) - Btwmin (kW) ... 1540 (27.1)
Coolant Flow:

Rated Speed - gal/min (Limin)......................... . 113 (428)

Peak Torque Speed (1200 rimin) — gal/min (L/min) 63 (238)
Thermostat:

Start to Open - °F (*C).... ... 190 (86)

Fully Open - °F (°C)........ . 205 (96)
Minimum Water Pump Inlet Pressure — Ibin.* (kPa): . 0(0)
Engine Coolant Capacity - qt (L) . 24 (23)
Minimum Pressure Cap — Ibfin.* (kP: 7 (48.3)
Maximum Coolant Pressure .

(Exclusive of Pressure Cap) — Ib/in.? (kPa) 17 (117)
Maximum Top Tank Temperature - °F (*C) .. . 210 (99)
Mini Top Tank Ti xe - °F (*C) ... . 160 (71)
Minimum Coolant Fill Rate — gal/min (L/min) 3(11.4)

Cooling Index (110 °F Amirent w0 @ Sea Level):
Max Air to Water Diff. @ Rated Speed - °F (°C) ............ 100 (56)

Max Air to Water Diff. 01200-1500 rimin ~ °F (°C)....... 110 (61)
Deaeration, Air Injection Capacity - t*/min (m’/mm) . 0.6(0.017)
Minimum Drawdown Requirement — gt (L) ... . .. 4(3.8)

AirS
Maximum Ambient to Turbo Compressor Inlet
Temperature Rise — 30 (16.7)

Maximum Air Intake Restmﬂon
Clean Alr Cleaner — in. HXO (kPa)
Dirty Air Cleaner — in. HO (kPa).......

Engine Air Flow: Rated Speed — R°M|n (m>/min).
Peak Torque Speed — f'/min (m®/min).....

Manifold Pressure — in. Hg (kPa) ...

Recommended Intake Pipe Dlameter 5(127)
Maximum Charge Air Cooler System Total
Pressure Drop — in. Hg (kPa) .. . 41.0(10.2)

Maximum Ambient to intake Mandold Temp °F (°C) . 150 (68)
Maximum Crankcase Pressure —in. HXO (kPa).................. 3.0(0.75)
Exhaust System
Exhaust Flow: Rated Speed — ft’/min (m/min).
Peak Torque Speed — f'/min (m*min).....
Exhaust Temperature Rated Speed — °F (*C) ..
Peak Torque Speed — ft'/min (m“lmm)
Maximum Back Pressure - in. Hg (kPa)...
Recommended Exhaust Pipe Diameter:
Single — in. (mm}
Dual - in. (mm)
Performance Data
BMEP - Ibin.? (kPa)
Friction Power: Rated Speed — fhp (kW)
Peak Torque Speed — fhp (KW)....ooene

... 2040 (57.8)
.. 1250 (35.4)
. 610(321)
.. 970 (521)
3.0 (10.1)

. 50121
. 4(102)

181 (1248)
. 58 (43)

Altitude Capability —ft (m)..................... 12000 (3660)
Torque Available at 800 r/min -

Engine Rated Rated Rated
Speed Power Torque BSFC
rimin bhp (kW) Ib-ft (N-m) Ib/bhp-hr (gAW-hr)
2100 325 (242) 813 (1102) 0.331 (201)
1950 325 (242) 875 (1187) 0.323 (196)
1800 325 (242) 948 (1286) 0.315 (192)
1650 314 (234) 999 (1355) 0.307 (187)
1500 300 (224) 1050 (1424) 0.300 (182)
1350 283 (211) 1101 (1493) 0.305 (186)
1200 263 (196) 1150 (1559) 0.318 (193)

Emissions Data
Cortification..............c.cce woiiiiie

Smoke, Rated Speed — Bosch Number .. 0.
Smoke, Peak Torque Speed - Bosch Number ..... 0.1
Noise — dB(A) @ 1

Additional Noise Data... .... Not Avallabn
2100 rimin 8 Mada Cycle
glhr gibhp-hr
1850 6.61
52 0.45
30 0.11
12 6.05

Curve No. E4-6063-32-78

Rev. / Date:

Tibs e Foh,

2/7-16-98
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All information subject to change without notice.
Detroit Diesel and Spinning Amows Design® and Series 60® are registered trademarks of Detroit Diesel Corporation.
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ST8-B Engine Duty Cycle Graphic Analysis

There are two ST8-B scooptrams equipped with dataloggers. Each has
three channels, two for temperature and one for backpresure. VL233 has
been instrumented with temperature sensors immediately after the
turbocharger and the other just before the catalytic purifier assembly.
This provides an evaluation of the best possible scenario for maximum
temperatures next to the turbo as well as the least ideal scenario at
approximately 1 m. downstream from the turbo with two 90° elbows
inline as well. The other scooptram, VL234 has been instrumented
slightly different for temperatures. The one temperature sensor has been
installed next to the turbo but the second has been installed in the logger
enclosure. This provides information on ambient temperatures in the
exhaust compartment of the vehicle to evaluate operating conditions of
electronic control equipment in that area.

The data shown below for these vehicles has been acquired over a period
of two months. Although the total operating hours shown for the data in
each case is only twelve hours or so it is believed to be as accurate and
representative of the vehicle operation as possible. The logging
instrumentation has not performed to our expectations but we have
made a concerted effort to acquire this information as accurately as
possible. At Brunswick Mine the current shift schedule runs two ten and
a half hour shifts each day, seven days a week. The twelve hours or so of
operating data are values measured only when the vehicle is running
or the battery master switch has been turned ofhis means that
the data represented here would be from one and a half to two full shifts
of operation, with different operators on the vehicle for each shift. Any
‘Spikes”in the values either in the graphic or the Excel spreadsheets
(included diskette) are due to the switching on and off of the vehicle
battery disconnect which also powers the datalogger unit. The time and
date stamp cannot be correlated to the actual realtime operation of the
vehicle due to a problem with the logger and the switching of the power

supply.
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VL233 Scooptram

X3

.0

VL233 ST8-B Scooptram - Detroit Diesel Series 60 engine — 11.1 L.
Channel 1 (red) = Backpressure in mbar at turbocharger

Channel 2 (green) = Temperature in C° after turbocharger
Channel 3 (blue) = Temperature in C° 1 m. downtream from turbo
Sampling frequency = 15 seconds
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% VL233 zoom - approximately 1 hour of operation

% VL233 zoom - approximately 1 hour of operation
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VL234 Scooptram

R/
%

VL324 ST8-B Scooptram — Detroit Diesel Series 60 Engine — 11.1 L.
Channel 1 (red) = Backpressure at turbocharger

Channel 2 (green) = Temperature in C° after turbocharger

Channel 3 (blue) = Temperature in C° inside logger enclosure
Sampling Frequency = 60 seconds
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% VL234 Zoom - Approximately 2 hrs of operation

% VL234 Zoom - Approximately 3 hrs of operation
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TeCHNICAL SPECIFICATION — STANDARD

MT-436B Mine Truck

Capacity kg (ibs) Axles
Pavioad ... . e 2320589 (72.000) Spiral Bevel Differcntial. Full FloatingPlanztary.
m3 (yd3) Wheel En¢ Drive )
velume, S.AE. Heaped v 230.. ... (260) RaCK TOPQUE® e e e oo s 508 Serics
Velume. S.AE. Scmi-Hezped ... 184 .. (240)
Velumne. S.AE. Stuck oo 168, L. (22.0) Standard Brakes
GETVICE wovve - - eererissessren e e st SAHRE®
Discharging Soring Applicd Hydraulically Relcased: Fully Enclosed.
TimS .o PO PR 14 Seconds Farce-Cooled. Multiple Wet Discs at each Wheel End
Paraing and Emergency. e o Same (SAHR)
Vehicle Speeds - Loaded
Forward or Reverse with 3% Rolling Resisiaree Tires
Gear 1st 2nd 3rd 4qth Tubzless. Lug Tread Tecign. Two-Star Rating for
Speadinkwvho. o 3. Sa4 . 130.....230 Underground Mire Service. On Demcuniable Rims
Speedin mph s A0 82 .87 14.3 Tire Size. Front & Rezr . 36.5R25, Michelin XKA. L3
Gradeability Steering
Maxinmum . - e .. See Perinnmanze Curve Articulated. Hydraulic Power Steer.ng. Pitot Opcraied
Hydrachc Rotasy Serve (Wheel) Control
Engine THang ARZIE o e §5° (42.5% cach way'!
Daztroit DIEset cooeiee e Ser:cs 6O DDEC I System Pressare . e 158 MPa {2300 psiy
Converter Drive Rating .
Power Rating @ 2100 1pm oo+ 27 KW (375 hpj Hydraulic System
Max. Torque @ 1,200 pm . - 1763 Nm (1,300 fuLlbs; Cylinders v Double Acting with Chrome Plated Stems
MSHA Ventilation.. ... 1161 m/min. (31,050 cfm} Sieering Cylinders (2) Diaraeter i 127 run (5.0 in)
Converter Drive Rating - Lock Up Engaged Hoist Cylinders (2] v e Twe Stage
Power Rating @ 2.1005pm e 268 kW (400 hp) Tirat Stage Digmeter e 191 mm (7 S in)
Max. Torque @ 1.200 tpot e 1695 N'm (1,250 fu.lbs) Second Stage Dignicter o 140 mam (3.5 in)
MSHA Venttlation . oo 1330 ma/ain. (44.000 cfm) PURIPS creners e coeressmmmmesssscesrmiessss Heavy Duty Gear Type
Nummber 0F CyHAdErs o 6. n Line 167 - 87 1pm{75 gpm; @ 2.200 rpm
SHplaCeMEnt oo e 127 L (775 m3) SHEEFING covorvnricrrn oo 197 ipm (52 gpm) @ 2.200 rpin
Zooling e . Liquid (Water/ Anti-Freeze) Filtration .. ... io.... SuctionLine:2¥ Micron
TDEC ) System — Elecironic Centivi Medule (ECM) e e e Kidnty Loop: ¢ Micron
znd Elzctropic Unii Injestors (EUD
Tank Capacities liters {gallons)
Exhaust Conditioner FUCL e o e e e 439 e (UG
Caiclvtic Porifict. Plus Exhaust Silenger Hydraulic O o e 230 oo e - (6T)
Etectrical Sysiam Oscillation
24 Vol Starting. 24 Volt Azcessoness Froat Axle. Trunien Mounted. Syrthane Bushirgs
Degree Of OsCallaTGN o L Towl 20°
Torque Converter
Sigic Stage with Lock up. Carko CL-SG0OG Series Operator's Arrangement
$100: Seating For Bj-Directional QOneration and
Transmission AMaximum Visibilny
Full Power Shift & Specds Forward Roverse
Tlark e .. 6000 Series Operating Weight kg (lbs)
Empty. APProXimaic o e 31208 L {62000

stapglectinvd s an MSUA Tate A0, Pars 320 (Schedule 230 Curiticd Eagine.

Under vt pehay of votruieds hnproseatant, wy feseeve thy right change s figadivs and desgns ottt prior peive.
- .
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 MT-436B
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Side View MT-4368 :
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NOTE: Rimensions arg shown in millimzters (inches) and bascd on an unloaded vehicle Tee= R ASD(TS)
tce radius of 843 133 All dempbox dimensions are based or a box for matcrial weighing
1.8THn* (3.000 Ibs/vd’y and a semicheaped 153d.

Standard Features

2101 - Dry Type Air Cleaner(s) 5700 ~ Neutral Stant Protectien 7400 - Electric Warning Horn
241C - Elsctric Stant 5801 - SAHR® Brake System 7403 - Audic/Visual Back Up Alarm
2701 - Mesabi Radjator 5810 — Automatic Brake Applicaiicn §008 - SAHR Override Contrel
3112 = Flex Plate Drive G001 - Sear Belts 5073 - Engine Hour Meter
2002 = Steering Hinge Lock 7004 - Scaled Eisctrical Svstem §061 - Converter Lock Up
5321 - Primary & Secondary Fuel Filiers 7100 - Alternater 8074 -~ Tachomcter
3350 - Converter Oit Coulen 7200 - Battencs $093 - Engine Low oil/High temp. Alarm
355( - Hydraulic Pressure Test Ports 7200 - Halogen Werking Lights
Vehicle Configuration
0SS - Box: 18.4 m3(2¢.0vd3) 0601 — Conventional Rear Differential 1102 - Grammer Seat
236 - Detroit Diesei Series 60 - 127 1. 0701 - SAHR Brakes 1407 - Rock Torqued Axles
321 - Rock Tough™ Purifies & Siencer 0801 = 26.5R25 Michelir XKATL 5401 - Central Lubrication
200 — No Canopy 0992 - Wheei Steering Control §067 - Hydrzulic Trans Control

3301 — Cenventional Front Differential 1001 - Single Lever Dump Control

Distributed By:

BN Atas Copco Wagner inc. 21955 Atlas Copeo Wagner inc. SAHRS, Rock Torque®. Pock Tough™.
mwpw 27 Box 20207  Periane. Cregon « 97220-C397 » USA ard Scoop¥anTs ae trademarks of Atlas Cogco ‘Nagnet InC.
N - +cvons (SO0Y: 244-296) - Facsimie (803) 255-71 78 PN 2655 6036601 5/95 Printec in the USA
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TRARSMINSION: Clak o422

| Landed Vehicle Welght: 63131 kg {139.400 1s)

Traclive EHort: Kllonawions (x 1,000 1b3)

ENGARE: Deuoit Dicer] Scaics 0 - 127 DDEC H
Powes Rating @ 2.500 pa-
TR EW (373 bp) Comverter Deive
208 kW (40D hp) Cowwartar Lack Up

TORQUE CONVERTER: Cuk CL-89512
Driva Raticr 95101 Stall Ratioe 2 396 0 1

Ratios: 439 243 138 .77

AXLES: Rock Taspes® 308 Sariss
Raducuos: 319

TINES: 26.5K25. Mivhclin XEA. L3
Loaded Radios: 792 ma (296 in.)

Empty Vehicle Welght: 30972 kg (67,400 1s)
Asstuned Eliciency: 0%

Themon efficient sowvertermags esngh cush pear
® betweas he printr Cosvester Lock Up

hfanisnesn apanting gade Is 30%,
Manimem side slape is 109
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DETROIT DiGAGL

industrial Power

Model: Series 60®

(
300 /

Rating: 375 bhp @ 2100 r/min Certification:
1300 Ib-ft @ 1200 r/min 1996-58 Nonroad
] T
1300 Ib-ft
(1763 N-m) 1400

~— <

e —— — 1200 %

‘\ g

1000 &

UNCONTROLLED \. 938 IRt L

COPY ‘ {1272 N-m)
T 800
380 + ! 375bhp | |
Q (280 kW)
360 ]

a i |
S 340 /
o / |
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. |
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L £
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" //. 320 {:'J) '§
o a
.300 7
c
o}
| o
1200 1400 1600 1800 2000 2200
Engine Speed - r/min
Power output guarantsed within 5% at SAE J1995 conditions: Conversion Factors:
T00°F (382 bk it w853 3pcbc gravey ot B0F (157C) Powee: kW = bhp x0.748 Turbo: TMFS5 (1.34 AR)
Charge :'r cooler sy.v; pressure woz 18in. H,0 (4 kPa) Fust: kgW -hr = l/bhp -hr x 0.608
o ke recuncson: 101 H,0 (2.5 .y o0 ) Injector: 5235695
Exhsust Back Pressure: 15 in. H,0 (3.7 kPa) Torque: N.m=1b -ft x 1.358
Curve No. E4-6063-32-80
Certifed by: (P Ml (A snoree Rev./Date: 2/7-20-98
Sheet No. 10f2

Performance Curve

Al information subject 1o change without notice.
Detroit Diesel and Spinning Arrows Design® and Series 60® are registered vademarks of Dewoit Diessi Corporation.
© 1998 DETROIT DIESEL CORPORATION



CONSTRUCTION AND INDUSTRIAL SPECIFICATION SHEET

Number of Cylinders....
Bore and Stroke — m xin. (mm x mm)..
Disgincement — in.” (L)....
Compression Ratio ...

Piston Speed — ft/min (mlmm)
Intake Valves Per Cylinder .....
Exhaust Valves Per Cylinder ..

Engine Crankcase Vent System ... .
Physicatl Data
Size:
Length —
Width — in. (mm)....
Height —

Waeight, Dry ib (k@) .
Weight, Wet — ib (kg) ....
Center of Gravity Distance:
FromRF.0.B. (xaxis)—in. (mm) ... ... ..
Above Crankshaft (y axis) - in. (mm).
Rdemnbhaﬂ (z axis) - in. (mm) ...
INSLAHBUON DXAWANG ..............eceeeiciie e
Mechanical Data
Thrust Bearing Load Limit, Continuous — Ib (N)............ ...
Thrust Beering Load Limit, intermittent — b (N)...... .

Maximum Static Bending Moment at Rear
Face of Block — ib-ft (N'm) ...
Additional Mechanical Data .......
Fuel System
Fuel Injector ...
Injection Tlmmg Helg .
Certification Code .................
Fuel Consumption — ib/hr (kg/hr)...
Fuel Consumption - galhr (L/r) ..
Fuel Spill — Io/hr (kg/he) ..........
Fuel Spill — gaitw (L) ...
Total Fus! Flow - ibvhr (kg/hr)
Total Fuel Flow — galhr (Lihr) ...
Maximum Fuel Iniet Temperature —
Maximum Fuel Pump Suction:
Clean System - in. Hg (kPa)
Dirty System - in. Hg (kPa) .....
Fuel Filter Size, Primary — Microns ...
Fuel Filter Size, Secondary — Microns ..
Fuet Spill Restrictive Fitting - in. (mm)
Lubrication System
Qil Pressure at Rated Speed — |bﬁn (kPa) ......... .
Oil Pressure at Low idie — ibin.% (kPa}) ..
In Pan Oil Temperature — °F (*C) ......
Qil Flow — galmin (L/min).......
Oil Pan Capacity, High Limit...
Oil Pan Capacity, Low Limit ..
Total EnonoOuCapoatywthlm qt(L)..
Qil Fikter, Two Full Flow — Microns ..
Engine Angularity Limits, Front Up — Degnos
Engine Angularity Limits, Front Down — Degrees .
Engine Angularity Limits, Side Tit — Degrees ................. ..
Electrical System
Recommended Banery Capaaty {CCA @ O°F):
12 Voit System.............

F(°C).....

Maximum Resistance of Suning Circuit:
12 Voit System — ohms
24 Voit System — ohms

UNCONTROLLED
COPY

. 5.12x6.30 (130 x 160)

778 (12.70)

. 15.0:1

2205 (672)
2

2
DIRECT INJECTION

. INLINE 4 CYCLE

TURBOCHARGED

EUI

... TMF55 (1.34AR)
. AIRTO AIR

600
2225

. OPEN

57.2 (1453)

... 35.0(889)

.. 54.2(1377)
. 2570 (1166)
. 2692 (1221)

22.3(566)

. 8.6(218)

-1.4(-35.6)

. 23515495 Ref.

900 (4000)

. 1800 (8000)

1000 (1356)
E4-6060-32-1

5235695
788

5017
1238(56.2)
17.7 (67.0)
483 (219)

. 69.1(262)

607 (275)

... 86.8(329)

140 (60)

. 6(20.3)

12 (41)
25

8
0.08(2.03

e 50(345)
.. 12(83)
. 235(113)

36 (138)

. 32(30)

26 (25)

Ao

System

Engine Heat Rejection to Coolant:

Rated Speed — Btuw/min (kW).... e 5810 (102.2)

Peak Torque Speed (1200 rlmm) Btulmm (kW) .......... 5150 (90.6)
Charge Air Cooler Heat Rejection:

Rated Speed — Bw/min (kW)...............cccoovniniiiinnnn 3504 (61.6)

Peak Torque Speed (1200 r/min) — Btu/min (kW) ......... 1700 (29.9)
Engine Radiated Heat

Rated Speed —- Btuw/min (KW)................oocoiiiniiin 2260 (39.7)

Peak Torque Speed (1200 r/min) — Btu/min (kW) ......... 1750 (30.8)
Coolant Flow:

Rated Speed — gal/min (LUMiN).............c.c...co.ooorvrrrennnn. 113 (428)

Peak Torque Speed (1200 r/min) — galmin (LUmin)........ 63 (238)
Thermostat:

Start 10 Open - °F (°C)......

Fully Open -~ °F (*C) ...
Minimum Water Pump Inlet Pressuro
Engine Coolant Capacity - qt (L) ...........

Minimum Pressure Cap — ib/in.? (kPa)
Maximum Coolant Pressure

(Exclusive of Pressure Cap) — 17 (17
Maximum Top Tank Temperature - °F (°C) ..... . 210 (99)
Minimum Top Tank Temperature — . . 160 (71)
Minimum Coolant Fill Rate — gal/min (LUmin).... 3(11.4)
Cooting Index (110 °F Ambient wHO @ Sea Level):

Max Air to Water Diff. @ Rated Speed - °F (°C) ............ 100 (56)
Max Air to Water Diff. @ 1200-1500 r/min - °F (° C).. . 110 (61)
Deaeration, Air Injection Capacity - #/min (m*/min) .......... 0.6(0.017)

Minimum Drawdown Requirement — gt (L) .......................... 4(3.8)
Alr Systern
Maximum Ambient to Turbo Comprassor Iniet
Temperature Rise - °F (*C).... e 30 (16.7)
Maximum Air Intake Restriction:
Clean Air Cleaner — in. H0 (kPa).... e 12(3)
Dirty Air Cleaner — in. H,O (kPa)...... . 20 (5)
Engine Air Flow: Rated Speed — - Pmin {m~/min). . 1050 (29.7)
Peak Torque Speed — f'/min (m*/min).... . 550 (15.6)
Manifold Pressure — in. Hg (kPa) .................. . 45.0(152)
Recommended Intake Pipe Diameter — in. (mm)................. 5(127)

Maximum Charge Air Cooler System Total
Pressure Drop — in. Hg (XPa) ................ooocooeniiii s 47.6(11.8)

Maximum Ambient to intake Manifold Temp. - °F (°C) ........ 150 (66)
Maximum Crankcase Pressure — in. HO (kPa).................... 3.0(0.75)
Exhaust System . .
Exhaust Flow: Rated Speed — ft*/min (m’/min)..... 2330 (66.0)
Peak Torque Speed -~ ft'/min (m¥min).... . 1490 (42.2)
Exhaust Temperature Rated Spoed °F(*C).. . 700 (371)
Peak Torque Speed — ft'/min (m*/min).... . 940 (504)
Maximum Back Pressure — in. Hg (kPa) . 3.0(10.1)
Recommended Exhaust Pipe Diameter:
Single - in. (mm)............ 5(127)
Dual - in. (mm) 4 (102)
Performance D-h
BMEP - ... 182 (1254)
Friction Power Rated Speed — thp (kW) ... . 77 (57)
Peak Torque Speed —fhp (kW).......... . 28(21)
Altitude Capability - ft (m)....... . 12000 (3660)
Torque Available at 800 r/min — (N'm) 887 (1175)
Engine Rated Rated
Speed Power Torque BSFC
rimin bhp (kW) Ib-ft (N-m) Ib/bhp-hr (g/kW-hr)
2100 375 (280) 938 (1272) 0.330 (201)
1950 375 (280) 1010 (1369) 0.320 (195)
1800 375 (280) 1094 (1484) 0.311 (189)
1650 380 (269) 1146 (1554) 0.304 (185)
1500 342 (255) 1197 (1624) 0.301 (183)
1350 321 (239) 1249 (1693) 0.301 (183)
1200 297 (222) 1300 (1762) 0.307 (187)

Emissions Data

Ceortification................cccori i e
Smoke, Rated Speed — Bosch Number .
Smoke, Peak Torque Speed — Bosch Number ..... 1.2
Noise - dB(A) @ 1 .. 1028

Additional Noise Data Not Available

1996-98 Nonroad

8 Mode Cycle
g/bhp-hr
B.5%

0.58
0.11
0.06

E4-6063-32-80
Rwe / Date: 2/ 7.20.9%
Shiset No. 2HS
All information subject to change without notice.

Curve No.

Detroit Diesel and Spinning Arrows Design® and Series 60® are registered trademarks of Detroit Diesel Corporation.

© 1998 DETROIT DIESEL CORPORATION



MT436-B Engine Duty Cycle Graphic Analysis

There are two MT436-B haulage trucks equipped with dataloggers. Each
has three channels, two for temperature and one for backpresure. Both
VH178 and VH179 have been instrumented with temperature sensors
immediately after the turbocharger and the other just before the catalytic
purifier assembly. This provides an evaluation of the best possible
scenario for maximum temperatures next to the turbo as well as the least
ideal scenario at approximately 1 m. downstream from the turbo with
two 90° elbows inline as well.

As with the scooptrams, the data shown below for these vehicles has
been acquired over a period of two months. Although the total operating
hours shown for the data in each case is only twelve hours or so it is
believed to be as accurate and representative of the vehicle operation as
possible. The logging instrumentation has not performed to our
expectations but we have made a concerted effort to acquire this
information as accurately as possible. At Brunswick Mine the current
shift schedule runs two ten and a half hour shifts each day, seven days a
week. The twelve hours or so of operating data are values measured
only when the vehicle is running or the battery master switch has
been turned on This means that the data represented here would be
from one and a half to two full shifts of operation, with different
operators on the vehicle for each shift. Any ‘spikes”in the values either

in the graphic or the Excel spreadsheets (included diskette) are due to
the switching on and off of the vehicle battery disconnect which also
powers the datalogger unit. The time and date stamp cannot be
correlated to the actual realtime operation of the vehicle due to a problem
with the logger and the switching of the power supply.
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VH178 Haulage Truck

R/
X4

L)

VH178 Truck - Detroit Diesel Series 60 Engine — 12.7 L.

Channel 1 (red) = Backpressure at turbocharger

Channel 2 (green) = Temperature in C° after turbocharger

Channel 3 (blue) = Temperature in C° 1 m. down from turbo
Sampling Frequency = 15 seconds

Note ‘spikes”are due to switching of power supply

Note the more transient duty cycle than the scooptram. This reflects
the operation cycle of waiting to be loaded by the scooptram and then
starting again to haul the load, dump and return.
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s VH178 Zoom - Approximately 1 hour

s VH178 Zoom - Approximately 1.5 hrs
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VH179 Haulage Truck

*
0’0

VH179 Truck - Detroit Diesel Series 60 Engine — 12.7 L.

Channel 1 (red) = Backpressure at turbocharger

Channel 2 (green) = Temperature in C° after turbocharger

Channel 3 (blue) = Temperature in C° 1 m. down from turbo
Sampling Frequency = 15 seconds

Note ‘spikes”are due to switching of power supply

Note once again the more transient duty cycle than the scooptram,
although this units cycles are not as clearly defined as VH178. This
reflects the operation cycle of waiting to be loaded by the scooptram
and then starting again to haul the load, dump and return.

R/
X4

®,
%

R/
X4

®
LX)

>

R/
*

L)

®
%

Page 30



% VH179 Zoom - Approximately 1 hour

s VH179 Zoom - Approximately 1.5 hrs
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Targets for Brunswick Trap Test

VERT Desired This
Specs DEEP Projects
Specs requirmts
Pressure loss at rated RPM 7/ full load
Fresh filter (mbar) < 50 < 50 < 50
Limit till regeneration (mbar) < 150 < 150 < 80
Maximum burden (warning) (mbar) < 200 < 200 < 100
DPM field emissions — (Matter instrument)
Total carbon (g/kWh) N/a < 0.020 <0.08
Elemental carbon (g/kWh) N/a <0.015 <0.05
EC nanoparticles (#/cm3) N/a <led < le6

Integral over 10-200 nm
DPM operator exposure (vehicle mount)

Total carbon for isolated vehicle (mg/m3) N/a <0.07 <0.6
Elemental carbon isolated (mg/m3) N/a <0.03 (?) <0.2
Costs

Capital cost <100 <100 <200
($Cdn /(kW/100)™0.7)

“ - simple lifecycle ($Cdn/kWh) N/a <0.03 <0.04
Operating costs ($Cdn/kWh) < 0.02 <0.02 < 0.05
Maintenance per year <10% <2 <5

(VERT % of trap cost, DEEP k$Cdn/y)
Lost production costs ($Cdn/kWh) N/a
Total DPFS costs ($Cdn/kWh) N/a < 0.06 <0.15
Reliability and robustness
Durability or lifetime to replacement (h) 6000 6000 1000
Trap operation until ash removal (h) 2000 2000 1000
Maintenance interval (h) 500 500 250
Lost production time due to DPFS (%) N/a < 2% < 10%
Other concerns
Additive dosage fully automatic on board | Yes | yes | No

Assumes 1 $Cdn ~ 1 CHF (Swiss franc)
h = engine operating hour

Lost production costs only apply to production vehicles (LHD, trucks not pickups,

scissors etc)

200 mbar = 0.2 atm = 0.2 * (33 ft water * 12 '/ft) ~ 80 “water




Particulate trap system datasheet

Manufacturer

Canadian sales agent

Filter medium

Regeneration method

Monitoring system

Deployment range V(m3/s) N (kW) T exhaust gas (C) Soot (mg/m3)
From / to:

Trap size / weight kW 1/m3/s kg/kw Kg m3/s
Power
rating... ... ... kW

FiItration rate % When TPMin % Count in % Coulom. EC oC
Soot laden:
Regenerated:

Life-cycle: op.h. Disposal:

Deployment time: Cleaning:
op.h.

Experience Ariz System Total kW Total kWh Longest deploy.

Deployed in Stationary Forklift Auto- Bus Truck
engine mobile

Back pressure (mbar) New Laden Regenerated Cleaned Limit
At rated flow in ...

m3/s

Service effort Interval Time Cost Spare parts

Installation effort Time Cost

Regeneration effort kWh Cost

Muffing (dB)




DRAFT - 29-09-99

AGREEMENT between

Diesel Emission Evaluation Program (“DEEP”)
And

Noranda Inc.-Technology Centre

And

To be determined (“Trap Manufacturers”)
And

Detroit Diesel, (“Engine Manufacturer*)

And

Atlas Copco Wagner, , (““Vehicle Manufacturer”)

And
Natural Resources Canada - CANMET
And

The Primary Technical Consultant TTM

Whereas the parties recognize that a Memorandum of Understanding (“MOU*) on the Diesel
Emissions Evaluation Program (“DEEP®) has been executed by Natural Resources Canada -

CANMET on February 28, 1997 thereby forming the DEEP Consortium;

Whereas under such MOU the DEEP Management Board has approved on April 30, 1999 the
project described in the Project Proposal entitled ‘“Evaluating Diesel Particulate Trap
Technology at Noranda — Brunswick Mining Division (the ‘Project®), to be conducted by

Noranda Inc.- Technology Center at its Brunswick Mining operation;

Whereas the parties hereto are participants into the Project, acknowledge their respective
responsibilities hereunder, and wish to establish further terms and conditions to it;

Now therefore the parties agree as follows:



1. Object

Noranda shall perform the work described in the Project as described in the Project Proposal.
Such work is to be conducted by and under the supervision of Mr. Sean McGinn as the
Principal Investigator of the Project (or Project Team Leader).

2. Obligations of the Parties

The Trap Manufacturers will collaborate to the Project with the Principal Investigator and will
be closely involved in the In-Mine-Trap-Test with Noranda. In particular, they will:

a) Be members of a "Project Team" as defined in the Project Proposal;

b) Provide in-kind contribution of trap systems;

¢) Provide in-kind personnel time of ca. 12 days work to the Project (install, select etc);
d) Provide bench testing at a designated laboratory as per VERT certification process;

All parties hereto recognize and agree to abide by all rules or regulations that Noranda Inc.-
Brunswick Mining may adopt from time to time, with respect to the confidential nature of its
property or activities, or with respect to health, safety and security, or any other rules or
regulations that Noranda Inc. - Brunswick Mining may adopt from time to time for its visitors.

2. Installation of Trap Systems

The parties agree that the trap systems will be selected and installed at Brunswick Mining in
cooperation with the Trap Manufacturers, Engine Manufacturer, Vehicle Manufacturer,
Noranda Brunswick Mining personnel, Principal Investigator and the Primary Technical
Consultant TTM, based on engine data collected with data loggers over a period of 6-8 weeks.

The Trap Manufacturer shall appoint some specialists to be available during trap installation
and trap removal to provide their collaboration to that effect.

3. Trouble Shooting, Replacement, Repairs

All vehicles being equipped with traps are operating in production areas at very tough
schedules. Interruptions due to failures, readjustment or repairs must be shortened to the
absolute minimum. Trap manufacturers must either provide spare traps or repair personnel
within the shortest possible time. Adequate resolution of these issues must be agreed between
trap manufacturer and principal investigator prior to installation date.

4. Intellectual Property

In this paragraph, ‘Intellectual Property” shall mean any invention, process, method or

improvement that can be protected by patents, trade-marks, copyrights, industrial designs, or

other proprietary know-how. The parties understand and agree that all background Intellectual

Property remains the property of the party who is the owner of it and that no licensing rights

are hereby implied from that owner by participating into the Project. All arising Intellectual
Property developed under this Project shall be the joint property of all parties, including the
DEEP consortium members.



5. Ownership and Disposal of Equipment, Instrumentation and Supplies

Equipment, instrumentation and supplies acquired during the Project remain the property of
their original in-kind contributor or purchaser. Particularly, should any Trap Manufacturer
withdraw from the Project, it may reclaim and remove its trap from testing with no obligation
to the other parties participating to the Project.

6. Confidentiality

The parties understand and agree that Noranda Inc. — Brunswick Mining may disclose some
of its scientific, technical and commercial information during the Project (‘Confidential
Information”), including without limiting the generality of the foregoing information in
relation to its general mining operations. Such information is proprietary to Noranda Inc. and
may not be disclosed to third parties or used by the parties hereto otherwise than for the
purpose of the Project.

7. Term

The term of this Project shall be of eighteen months from the date of installation of the traps
at Brunswick Mining.

8. Cancellation or Termination of Participation

Any Trap Manufacturer, or any party to the Project, is free to withdraw from the Project at
any time within 30 days prior written notice to the Principal Investigator.

The parties recognize and agree that the withdrawal of any critical party could result in a
failure to complete the work under the Project and produce useful results in spite of
significant expenditures by the parties, and hereby waive all recourses against any party
hereto for that situation.

9. Publications

Results and data gathered by the Principal Investigator under the Project and any report
issuing thereof may be published provided that it does not contain any Confidential
Information. Also, the parties understand that Trap Manufacturers shall be entitled to use such
results and data collected with respect to their traps during the Project for their own purposes.

10. Indemnities, Representations, and Warranties

The parties shall incur no liability arising from their participation to the Project except from
liability arising from their negligence. The DEEP or no party hereto shall incur any liability
for any damage whatsoever, including loss of profits, due to disclosure of unfavorable results
of their trap (unless such results would be erroneous or negligent).

In particular, the Trap Manufacturers shall not be liable for the cost of lost production, test

duration, loss of data or results etc, due to the faulty performance of their trap. They do not

have to guarantee a minimum performance of the specific trap being used, as it is assumed
that generic VERT tests are sufficient proof of potential performance. They are responsible
for delivering the traps to the minesite (or bench test) in good condition.



The parties recognize that underground operating environment can be very harsh.
Accordingly, neither Noranda — Brunswick Mining nor DEEP stakeholders will be liable for
any direct, indirect or consequential damage or any damage whatsoever arising out of the
Project, including the wear and tear and physical damage experienced by traps being tested on
working vehicles.

11. Open Exchange of Information

All information relating to the traps will be forwarded from Principal Investigator or the
Primary Technical Consultant TTM to the Trap Manufacturers as soon as they are available in
order to receive feedback at the earliest possible date.

It is also expected that all information regarding the trap condition after test will be forwarded
from the Trap Manufacturer to Principal Investigator and the Primary Technical Consultant
TTM without major delays.

We hereby agree to these terms and conditions:

FOR THE MINE: FOR THE TRAP MANUFACTURERS:
Brunswick Mining Name of Company

Signature Date Signature Date
FOR THE VEHICLE

MANUFACTURER: FOR THE ENGINE MANUFACTURER:
Atlas Copco Wagner Detroit Diesel

Signature Date Signature Date



