Summary of RM 800 Project:

List of Milestones

November 2002 to March 2003 Machine manufacture and Assembly

RM 800 Assembly at Turnkey Hydraulics




April 4, 2003 - Machine unloaded at Townlands Mine

RM 800 loaded onto dollies ready lbwer underground




April 2003- Preparation of launch cubby complete

April 7 June 2003i Machine transport underground and assembly in the cubby on Level 14

RM 800 in underground assembly area




RM800Assemldd in prepared starting O6cub




May - 2003 Installation of Vacuum System




June 1 2003- First cutting of the UG2 reef.




Junei December, 2003

RM800 advance June-Nov 2003
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Machine Efficiency

Relative usage of power
approx. 25%

Relative thrust pressure levelrimaximum
approx. 25% avg*
approx. 60% nominal*
approx. 90% peak*

Relative swing pressure level to maximuifsee figure 1)
approx 35%
(with spikes to 90%

Calculated Performance

Average boonswing time (for average boom swing angle ~ 70 deg)
6 seconds

Average penetration per swing
1.3 mm

Average advare rate
.9 meters/hour

Calculated ore production values

Face area .800 mx5.000 m = 4 meters square
Volume .9 metes/hour x 4 meters2 = 3.6 m3/hour
Ore production 3.6 m3/hr x 4.7 tonnes/m3 = 16.9 tonnes/hr
Monthly hours of operation 12 hours x 25 days/month = 300 hours
Tonnes per month 300 hours x 16.9 tonnes = 5070 tonnes/mo

*note: Loads on roller cuttersra very dynamic often reaching instantaneous values of 5 or even 10
t heir 6nomi naltb fiomtha fachthat thetetaaensmber efscutters seeing the thrust pressure
any instantonly one of them may be carryirige full load Perfeamance limits are established more by t
rolling force (ie, boom swing pressura)d the thrust limit of the cutter head determined by cutter bearing
cutting edge life. See Figure 8 below.




January i December, 2004 January i December, 2005

Cutter developmenincluding:

insert arrangemenipsert typehybrid bolton, 4t y p e s  typge (atiog steel@r@ tungsten carbide) looit
piecesand norcogginginsert arangement

Used cutters

Example of recess caused by O6coggi ng:¢




Coqaing Data Non-Cogging Data
Dec 2, 2003 Sept 8, 2004
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Comparison of RM 800 Data when mounted with Coqgging (C) and Ne@ogqging Cutters (NC)

These 2 sets of information were selected strictly because the ERktassion values are close together. Itis
assumed that the values of the data sets were recorded the same and are directly comparable.

Conclusions:

1. TheThrust Extensionvalues for the NC are several times greater and are consistently uniform
throughou the swing angle.

2. TheThrust Pressurevalues have about the same peak values but for the NC case are generally less tt
half the value of the other case.

3. Likewise, theSwing Pressurevalues for the NC case are 50% lower and their peaks values are also of
this same percentage as well.

4. The values foil otal Power for the NC case are only 30 to 50 % of the previously recorded values.

Note: The machine had advanced no more than 2 meters from the point where the Cogging values were t
to the point where thNonrCogging values were taken. In addition, the machine was further away from the
blasted area so that the rock being cut should have been less affected by blasting. There was no doubt a

di

fference in the positionaon t&edbtrtesefgbuti tans



Control System developmernncluding:

Refinements to swing action to smooth rate of travel, improved control of steer cylinder position during cutting
thrust pressure limits to thrust extensand single direction cutting
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Example of thrust extend values for single direction cutting

Values of cutterhead thrust (Ibs) during the test shown above

Some of the beneficial effects of this mode of operation from the standpoint of cutter life improvement are:

1.
2.
3.

4.

the footwallcorner is cleaned when swinging in both directions

broken material is generated on only the left to right swing

the lower gage cutter leads the swing in this direction and only sees few fines that have not been eithe
blown or vacuumed away

the loadingon he | ower insert row is in itdéds strong
loosen.

This testing confirmed that the cutter position was incorrect and should be skewed so it lay in the plane
of rotation of the boom.



Vacuum nozzle devepment, including:

Several different styles and positions tested
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Example of thre@acuum nozzle configuratisn




Air nozzle cleaning, including:

Testing to establish position and air volume to adequately clean broken materiat@wdaye lower gage cutter
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Exampl e of air feed hoses and nozzl es mou

and broken material near lower gage row




Vacuum hose development, including:

Rubber lined hose to reduce internal wear, altermatep t i ons of hose
external wear.

Early and latest vacuum hose arrangements




Hydraulic cylinderepair, including:

Installed new types of static seals in Thrust and Main Gripper &bnd eliminate leaking, rebuilt steer
cylinders due to improper materials used during manufaauacerebuilt swing cylinder gland due to leakage
caused by improper rod bearing strip

Examples of steering and swing cylinder damage and repair




Changed gripping and cutting sequence, including:

Adapted machinee-g r i p s e qu e nc etintsinglediectientordly ¢ yeplei, micn adtthe r o c k
end of the gage cutter swing arcs and established single direction cuftitg rfight) and vacuuming in both
directions.
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Illustration ofrock cusp at the end of lower cutter arc




Testing of Vacuum system to determine capacity, including:

Manual test removing increasing volumes of broken material udéroded conditions

Testing of machine performance, including:

Test maximum loading conditiom® production rate, cylindgressuresind power consumption, and
determination of loaghbenetration characteristics of rock formatioSee the next report

RM 800 Report, Operation on June 13, 14, 15 & 16, 2005

The machine was operated on these days with the intention of mining as much as possible, observing
machine operation, collecting data to evaluate cutting capacity and making a list of @enmeetted repair or
replacement. The machine operator was Neil Schultz and the observers were M.J. de Kock, Llewellen Andel
and John Gibson.

The primary problems with the machine were:

Rapid failure of the lower gage cutter inserts through loosaribgeakage

Leaking hydraulic cylinders

Poor pickup of broken rock by the vacuum system

Long delays in operation caused by the above and by havingptsiteon the machine during-re
gripping

5. Creation of excessive dust during cutting.

PwnE

Summary:

As aresult of analysis of conditions which were thought to cause insert failure in the lower gage cutter
mode of operation was changed so that the cutters came free of the rock on the left side. The extension was
carried out on the left and the cutter ti@®ung through the rock from left to right. On the right side the head
was pulled to the rear by 7 or 14 mm and then swung back to the left side.

This had the benefits of:

Extending under a zero load condition

Penetrating the rock while rolling

Allowing for air nozzles close to the lower gage cutter

Not exposing the lower gage cutter to the broken rock from the other 3 cutters

Blowing and vacuuming the foot wall twice during one extension

El'i minating the o0l umpd i n rtgdgecutfelodoes moardllifreet h a t

R A

This method restdd in the lower gage cuttegmainng undamaged during cutting of more than 5 meters
of rock. Previously some test cutters had failed after only 20 mm of cutting.

However, it resulted in excessive dudten the head swung free of the face, poor pickup of the cut rock,
sl ow advance due to single direction cutting and
position when regripping.



Evaluation of t he wasnotpadssbke éaslier because iofrcigter &aitluie And telyctanc
to load the cutters to their capacity. Tests at different loading were carried out and their analysis is shown be

A list of items to be repaired, added or modified is also showmbelo

l. Summary of actions to be carried out over the next few months.

The following areas of the machine will be improved.

1. Control System

Steering system, steer cylinder position holding

Single direction cutting starting 6glitche
2. Hydraulic System

Thrust glinder leaking

Main Gripper cylinder leaking

Repair Power Pack tow cylinder

Repair Swing Cylinder holding valve functioning
3. Vacuum/Air/Dust Control Systems

Il nstall new vacuum 6nozzle6 beneath and to

Reroute vacuum hoses

Installe xt er i or rubber 6écurtainsé around the c

l nstall 6foggingé water spray nozzles on t
4. Cutters

Install new test cutter and test in single and double direction cutting

Mine to end of area and retreat to the startup ptaikg off cutter head
Design, manufacture, install and test new 1000 mm. high cutter head with 6 cutters and improved shie
plates, air nozzles and vacuum pickup points. This will allow double direction cutting and double track
on the upper and lowggage cutters for additional cutter life. More space will be available to run the
vacuum hoses over the Delta Frame so they will be shorter and their life longer.

oo

These changes will allow for improved cutting and reliability with the existing cutteramehthe machine is
expected to meet the conditions of our former contract.

A plan will be developed to finish mining the ore from the area where the machine is currently located.



[l . Summary of cutting operations.

The following graphs iistrate some of the cutting that was done on each of the four days June 13, 14,
& 16. Daily time spent at the machine site was 6 to 7 hours. There were a considerable number of delays du
machine realignment, servicing the vacuum system pumpsr(8edts have failed causing periodic refill),
inspection of cutters, leaking air hoses, cleanup of the material remaining on the foot wall, one power outage,
removal of passhru sludge to the vacuum tanks.

On the positive side the excavation ratsthie periods shown are encouraging even with only single
direction cutting. Different amounts of thrust extension were set so the data could be used to establish a rang
points on a performance graph and to determine the amount of ore returnegpiwéneised. Although we
were only cutting in one direction the hourly excavation rates were above 1 meter.

On June 13, cutting was carried out under the conditions which had been used previously. This allowe
us to observe theonmachine and itds operat:i

On June 14, thrust extension was raised from the normal 2.5 mm on each left to right swing to 3 and 4
for each left to right swing. The data from these tests is analyzed below in detail.

On June 15 and 16 we continued excavating as time alloiMeel Main Gripper cylinder was leaking oil
heavily at midday on June 16 so the machine was shut down.

The test results and observations were used to determine the list of items that needed repair before
excavation could be continued.

The general carlusion was that the machine was excavating at a good rate without damaging the lowe
cutter as was done previously. Delays were the result of improper computer control of the steering causing
tedious manual realignment, problems with hydraulic compongai®ration of dust and inadequate ore pickup
by the vacuum nozzles.

The following graphs offer the following approximate results:
June 13, 200 mm excavated in about 10 minutes (100 mm to 300 mm), (20 mm/min)
June 14, 200 mm excavated in about Siutes (300 mm to 500 mm), (21 mm/min)
June 15, 200 mm excavated in about 6.5 minutes (50 mm to 250 mm), (31 mm/min)
June 16, 200 mm excavated in about 11 minutes (300 mm to 500 mm) (18 mm/min)

Using these values to estimate a full stroke of 500 esults in:
0to 300 mm @ 31 mm/min = 9.7 min
300 to 500 mm @ 20 mm/min = 10 min
Or, 500 mm in 19.7 minutes for an hourly rate of 1520 mm/hour (single direction cutting)
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I1l. Analysis of the cutting tests carried out on June 14 & 15, 2005




Discussion:

From an engineering standpoint, rolling type insert or disc cutters can be categorized by their load size
load capacity. The machine upon which they are mounted can thrust these cutters with a certain load and ro
them with anotheat a certain speed. The amount the cutter penetrates the rock is determined by the thrust lo
on the cutter and the rock characteristics of strength and toughness. The volume of material excavated depe

on the amount of penetration and the speedthate machi ne i s able to move t
resistance.

The Reef Mole type of machine is the first of
cutting machine design. Data collected for various cutting tests aambged and used to define the operating
characteristics of the RM 800. This data can be

future designs.

The thrust extension value was increased in increments in testing of June 14, 280%&sulted in higher
thrust and swing cylinder pressures. The previously set computer limits for these pressures were increased
slightly and the swing speed was increased to allow for higher rates of excavation. In addition it is believed tt
the altenating flow demands of the swing cylinders can be adjusted to reduce the wasted power that occurs &
their switch over points. This will allow for somewhat higher thrust loads and greater penetration.

In addition, if the broken rock is not removed a#ittly from the foot wall it results in higher swing
cylinder loading that reduces the power available for cutting rock.



January i September, 2006

Il nstalled modified cutter with &édskeweddbdé shaft
Rearrange vacuum hose posiis and hose takgp arrangement

Thrust Extend by Month & Day
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