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ABSTRACT

The Redeemer Gold Mine is a sub-level caving gpleration located in Western Australia. The undargcomining

commenced in 1989 and followed a slightly subvattare body to the depth of approximately 600-nolesurface
(9810 level). Underground diamond drilling idergdi a range of satellite ore bodies of which theeReter Deeps
located due north from the main ore body extenois fthe 9860 level to at least 9500 level. The Rededeeps ore
body is, at present, an indicated resource locappdoximately 150 m laterally from the existing kiogs.

This paper reviews the existing ventilation corutii at Redeemer Mine and investigates the requiresnier an

economically viable primary ventilation system tbe planned Redeemer Deeps workings. Computer sfions

using VentSim were performed to determine the aptinventilation network that would best service Rexleemer
Deeps mining area with regards to its compatibilitith existing ventilation infrastructure, systenmdafan

performance, ease of installation, power distritrutifuture extension/production upgrades and dagpitd operating
expenditures.
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INTRODUCTION MINING STATUS

The dynamics of a ventilation system are matched by The Redeemer Underground Mine access
the dynamics of mine development. Periodically, it commences from a portal near the base of the @eblet
becomes necessary to upgrade the existing min&Redeemer Pit at 10,365 m RL (the surface is at
ventilation system as mine development progresses. approximately 10,475 m RL). The decline is located

Western Mining Corporation (WMC) Agnew Gold the western side of the orebody, with cross cuts
Operation operates two underground gold mines:extending eastwards at 25-m vertical intervals. e Th
Crusader and Redeemer. The Redeemer Undergroundining method has been sub-level caving (SLC) with
Gold Mine is located 25 km from the town of Leinste longitudinal extraction carried out from below thase
Western Australia. The Redeemer originated froen th of the open pit to the 10,085 m RL level. Belovisth
bottom of the Redeemer Open Pit operation in 1989level to 9,985 m RL, transverse SLC has been used.
Currently, mining activities are approaching thevést Below the 9,985 m RL level, the main lode narrows
levels of the main ore body. Further mineralisatias  significantly and a reversion to longitudinal SL®e
been identified at depth and named the Redeemedevelopment has commenced on the 9,960 m RL and
Deeps. Were the Redeemer Deeps resources exploitddwer levels.
in the future, the current ventilation system wounlat Stope production is currently focussed on the 95860
have been sufficient to maintain the required airRL and 9,935 m RL levels, with ore development
quality and quantity. Therefore, to ensure theproceeding on the 9,935 m RL and 9,910 m RL levels.
ventilation system compatibility and flexibility i Additional production was also extended into "daés|
the future mine extension, several mine ventilationzones on the 9,985 m RL, 9,960 m RL and 9,935 m RL
scenarios were investigated using VentSim simufatio levels. The decline face is currently betweend/840
package. m RL and 9,885 m RL levels.
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GEOLOGY operating from the surface. The primary ventilation
circuit consists of the decline, escape way andrmet
The Agnew area (Figure 1) is located in the norther airway rises. The current primary fans are Richamds
section of the Norseman - Wiluna greenstone beh wi 1780CY (535 RPM) fan and Howden HS 288 330 (315
distinct eastern and western domains. The easterRPM) fan.
domain comprises a structurally complex, elongated,

north-northwest trending sequence of mafic, ultfina Surface Far
and felsic volcanic and sedimentary rocks. Thetevas
domain comprises the tightly folded mafic and oo oo

ultramafic rocks of the Lawlers Anticline and Mt.Hite Decline

Syncline, which are overlain by the Scotty Creek
formation sediments.

The Redeemer Mine is located within the Scotty
Creek formation, the basal units of which are aienaf
conglomerate hosting the orebody. In the upper girt
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the mine, the sandstone is in the footwall but tue BBH
flexure of the orebody below 10,085 m RL this unit
becomes the hangingwall. “«
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Figure 2. Parallel ventilation system
(After Teasdale, 2000)
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The secondary ventilation system comprises of
secondary fans and flexible ventilation ducts, Jhic
) achieve ventilation of active headings. In additinges
New Holiand h ‘ within stoping areas are used to assist in secgndar

6900 000N ventilation since the Redeemer main ore body has a

shallower plunge at depth and the stoping level® lza
greater horizontal component. These rises run |phtal
the main intake airway and the decline and create
parallel ventilation. The rises are situated adjate the
main stoping block.

Quality and Quantity Requirements

The determination of the required quality and qgitant
of air to be delivered to the mine workings in \éest
Australia (WA) is enshrined in the WA Mines Safety
and Inspection Regulations 1995.

Donegal
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Figure 1. Agnew Gold Mine geology
Regqulations The main consideration in assigning air

guantities at the Redeemer Mine is the maximum

VENTILATION SYSTEM number of diesel unit operating in each individsi@pe
or development heading. The Regulations stipulaat t
Current Redeemer Ventilation System the volume flow supplied must be not less thansta

The current Redeemer ventilation system is anof the volume requirement for the individual dieselts
example of a parallel exhaust network (Figure Besi  with the exception of light four wheel drive velss|
air may enter the return airway at a number ofedéfit  drill jumbos and other diesel units of small engine
levels as requiredRedeemer uses a primary exhaustingcapacity, operated intermittently.
ascensional ventilation system with negative pmessu  The WA Mines Safety and Inspection Regulations
created by the action of two centrifugal exhaustsfa 1995 state that the airflow in any workplace in etha
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diesel unit is operated must be not less than /8. nin 1.
addition, the required ventilation volume flow rate
specified with regard to the amount of exhaust ga<?.

emission in terms of the maximum rated engine dutpu

power. 3.
The equipment used for calculating current vendifat
requirements at Redeemer is listed in Table 1. 4.
Table 1. Ventilation requirements for current Redee 5.
equipment. 6.
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Simulate and provide a record of flows in an erpti
mine

Perform ‘what if simulations for planned new
development

Help in Short and Long Term planning of ventilation
requirements

Assist in selection of types of circuit fans fornai
ventilation, development fans and ventilation bags
Assist in financial analysis of ventilation options
Simulate paths and concentrations of smoke, dust or
gas for planning or emergency situations.

VentSim Modelling Procedure

Equipment Power| No Quantity
(kw] [m?/s]
73B Dump Truck 485 4 96.0
Elphinstone R2900 268 2 26.8
980C Charge-Up 200 1 10.0
UC500 Charge-Up 96 1 Disregard 1
Cat 12H Grader 104 1| Disregard '
Cat 1T28B Tool 93 1 Disregard 2
Carrier '
Total 135
3
VENTILATION PLANNING
At the time of simulation, it was understood that i 4.

order to reduce high stress fields expected asnmini
progresses with depth, the gradient and dimensibns 5.
the Deeps access decline will have to differ frdre t
dimensions of the existing decline. The grade @& th g,

VentSim model is created based on the data acquired
during ventilation surveys, airway coordinates and
ventilation devices' specifications. The user foothe
following modelling procedure:

Enter or import the airways’ specifications andithe
dimensions into VentSim.

Prepare the network for simulation, that is, englire
airflow is in the correct dimension, ensure allfgoe
entries and exits are operative and shock losses ar
included in the airway characteristics.

. Use the FIX function in airway attributes, fix the

intake quantity at the value observed from the
ventilation surveys.

Alter the resistances in all airways until airflow
matches the airflows observed in quantity surveys.
UNFIX the intake airway and position the primary
fans in their correct positions.

Check simulated operating points with actual data t

decline will be altered from 1:10 to 1:7 while thew
decline dimension will be 5 m by 5 m as compared to
6 m by 6 m for existing decline. These changescedu
tonnage and the length of the decline access/entSim Model
development, which is predicted to offset the exp@c  The VentSim representation of the current Redeemer
increase in ground support costs. The changes iNentilation network was constructed by importing
decline dimensions influence also the selection ofcentreline strings from Surpac. However, this nekwo
mining equipment. The results of the equipmenthad a degree of complexity that was not necessary f
selection studies conducted by the Agnew Minecomputer simulation, as the current Redeemer system
Planning Department were used in ventilation essentially became a static conduit for the Redeeme
simulation completed by the WA School of Mines Deeps section. Therefore, the current ventilation
using VentSim. Redeemer system was simplified by four vertical
airways traversing the distance between the 101880
and the 9,860 m RL levels, surface and the limit of
current development, respectively. The loss of ayrw
length due to the absence of the horizontal comqtone
VentSim Program of the decline was modelled as shock loss in tesms
The simulation of the Redeemer Deeps ventilationequivalent length. The conceptual model of the
network was performed using the computer softwareRedeemer Deeps airways was connected with the
VentSim 3.2. The evaluation of airflow in VentSim i simplified Redeemer system, constituting the model
based on the Hardy Cross method, an iteratiornysed in the simulations (Figure 3).
estimation method used to adjust the airflow utité
estimation errors lie within acceptable limits.

ensure that the VentSim fan curve approximates
actual fan performance.

VENTILATION MODELLING

Airway Characteristics in VentSim Model
Three main airways were used in VentSim modelling;
VentSim Capabilities declines, escape ways and return airway rises. The
VentSim, used as a tool, provides the user with thecurrent (future) declines have the following
capabilities to: characteristics:
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Simplified
Redeemer Svste

Redeemer Deeps

Figure 3. Redeemer Deeps simulation model

- Dimensions: 6 m x6 m (5 x 5 for Deeps Section)
- Average blasted friction factor of 0.01 #s®

- Howden HS 288 330 (315 RPM) surface fan on one
rise and Richardson 1780CY (535 RPM) surface fan
on the other rise.

By having the escape way rise and the return airway
rise adjacent to each other the development pramess
be minimised and both airways can be developedyusin
the same raise boring equipment.

The optimal ventilation system for Redeemer Deeps
in terms of the quantity and quality of air deligdrto
the active workings was considered with respect to:

- Haulage scenarios

- Deeps ventilation options — fan requirements

- Secondary egress alternatives

- Fan selection vs haulage scenarios

- Capital and operating costs.

Haulage Scenarios
The changes in dimensions of the access decline to

the

Deeps must allow for a 0.9 m of lateral clearance o
either side of underground diesel equipment, adegrd
to the Mine Safety and Inspection Regulations 1995.
Therefore, the current transport equipment, Cat 73D
trucks, will not be able to enter the Redeemer Beep
decline. Consequently, three haulage scenarios were
identified to adhere to new mining conditions:
- Rehandle Ore - Self Loading
- Rehandle Ore — Ore Pass
- No Rehandling — Only 69D Trucks.

Rehandle ore — self loadingthe rehandle ore — self
loading scenario requires that a rehandling poit i
designated above the change of the decline dimesisio
and that an Elphinstone R2900 underground loader is
stationed at the rehandling point. The scenariaireg

- BBH used to seal break throughs into the RAW'S {he 73D gperators “self loading” using the loadEne
Leaks through bulkheads are simulated using brick,entilation requirements for this option are sunisedt

bulk heads with doors at between 1 - 0%sm
- 25 m equivalent length shock loss used per b@hd.

The escape ways possess the following charatiosti
- Dimensions:
2.4 m/A for 10,010 m up; 1.8 rdE from 9,910 m to
10,010 m; and 1.5 Efor 9,885 m down.
- 20 m equivalent length shock loss per section
- Fixed volumetric flow at 10 fits
. Raise-bored airway friction factor 0.004%g?

- BBH with doors used to seal break throughs into the
decline, the leaks through these bulkheads werd

simulated at between 0 - 0.5/m

The return airways rises are characterised asisllo
- Dimensions:
2.4 m A& from surface to 10,210 m; 3.1 A& from
10,210 to 9,860 m; 3.6 vk from 9,860 to 9,610 m
. Raise-bored airway friction factor of 0.004%s®
- 50 m equivalent length shock per 25 m sections

in Table 2.

Rehandle ore — ore pass scenafibe rehandle ore —
ore pass scenario requires the installation ofrarpass,
grizzly and automatic loading facility. The 69D tmi
would dump material into the ore pass on level Xavh
the 73D units loading from the pass at level x-luldo
accomplish  material transfer. The ventilation
requirements for this scenario are shown in Table 3

No rehandling - only 69D trucks scenaridhe no

ehandling - only 69D trucks scenario focuses on
utilising only the Cat 69D trucks for material tsmort
from the Deeps area. This method is the simplest in
operation and the least expensive in capital and
operating costs based on preliminary study. The
ventilation requirements for the trucks only systara
summarised in Table 4.

In all scenarios, the UC500 Charge-up, the Cat 12H
Grader and the Cat IT28B Tool Carrier were
disregarded in calculating the quantity requirersent
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Table 2. Self loading ventilation requirements

Equipment Power| No. Quantity
(kW] [m®/s]

69D Dump Truck 380 2 36.0

73B Dump Truck 485 2 48.0

Elphinstone R2900 268 1 13.4

Elphinstone R1700 231 1 11.6

980C Charge - Up 200 1 10.0
Total 120

Table 3. Ore pass ventilation requirements.

Equipment Power| No. Quantity
(kW) (m’ls)
69D Dump Truck 380 2 36.0
73B Dump Truck 485 2 48.0
Elphinstone R1700 231 1 11.6
980C Charge — Up 200 1 10.0
Total 106

Table 4. 69D trucks only ventilation requirements.

Equipment Power| No. Quantity
(kW) (m¥/s)
69D Dump Truck 380 4 72.0
Elphinstone R1700 231 1 11.6
980C Charge — Up 200 1 10.0
Total 94
2
g
]
c
Deeps Ventilation Options — Fan Requirements £

Three ventilation options were simulated to deteami
the fan pressure necessary to deliver the required

volumetric flow to the Redeemer Deeps, namely:

1. Alter or replace the low pressure Howden fan

operating from surface.

2. Use a booster fan in close proximity to the Deeps.
3. Utilise a booster fan in series with, and to exiclely
aid, the Howden surface fan.

Surface fan alteration or replaceme¥arying airway
resistance at different mine levels and varyingrafieg
characteristics of the Richardson surface fan @ssat
with mine development alter the air pressure and
quantity required to be delivered to the Deepss Higo
affects the operating conditions of the Howden &an
the required mine characteristics do not interteptfan
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Figure 4. Howden impeller speed variations relative

optimum operating points for 69D trucks

The axial AL1200 fan is suitable for the futurgéne
characteristics (Figure 5). The fan curve of thiglkfan
can be eralted to provide maximum efficiency foe th
majority of mine operating points due to the vailigh
of the AL1200 blade pitches.
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Figure 5. AL1200 fan with blades at position 3 t&la
to the optimum operating points for 69D trucks

characteristics (Figure 4lt is evident that the Howden

points. Therefore, either the Howden fan impeljgrei

Booster fan in close proximity to the Deepshe
location of the booster fan in close proximity teet
impeller is not suited to provide the required high Redeemer Deeps results in its series connection wit
pressure for low quantity of the optimum operatingtwo primary fans. The haulage options do not govern
the performance of the booster fan; however, the

would have to be altered or a new fan needs to béooster fan must operate at a point, which ensiiats

chosen to replace the Howden fan.

the Howden primary fan operates outside the stall
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region. The booster fan must handle a large gyaatit
air at high pressure as it is in series with batimary
fans. Both the booster fan and the Howden must also
operate at a high power level; however; this valtrict
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This alternative was considered to be the bestooutc
in terms of safety and practicality.

Fan Selection vs Haulage Scenarios

the Richardson fan from achieving
efficiency. The booster fan arrangement requiregh hi
capital investment and is technically deficient. 1.
However, its installation could be justified by sho
mine life and comparatively lower capital cost ttihat
of main replacement fan.

2.

Booster fan in series with Howden primary faFhe
booster fan in this option was placed in seried e
Howden primary fan only with the Howden fan
controlling the output of the booster fan. Consedjye

the high capacity booster fan compensated for the

Howden fan impeller low-pressure characteristic.
However, the booster fan’s location limits its isétion 3.
and thus it was disregarded from further analysis.

4.
Secondary Egress Alternatives
Currently, the escape way is located entirely éslfrair. 5.

Brick bulkheads fitted with doors seal the break-
throughs into the decline. In an emergency sitaatio

its maximum The determination of the range of fan perfornesnc
required is achieved in VentSim in four stages:

Create a number of different models corresponding t

various systems to be considered.

If the existing fans do not operate at the required

outputs, FIX the target airflow in the fan airway:

a) If the simulation is to determine the required
booster fan, FIX the pressure in the booster fan
airway, query the airway and determine the
required fan performance.

b) If the simulation is for a surface fan, remove the
fan from the airway and FIX the required quantity.
Build the system resistance curve.

Repeat the process for all levels of the conceptual

workings for various scenarios.

Tabulate the ranges of operating conditions and

select the optimal fan.

Create a system resistance curve and assess its

interaction with the fans.

personnel may enter the breakthrough development-an selection vs rehandle ore — self loading sa&niar
termed “fresh air bases”, and seek refuge. Forrdéutu order to ensure that the position of the optimurraiing
development, the secondary egress will be a raisedb  points of the fan are contained within the fanshhig
1.5 m diameter airway adjacent to the return airwayefficiency regions with respect to the mine systamve,
drives. Three alternatives were considered in teofns the axial flow fan AL1700 was selected (Figure @)the
mine ventilation and development: rehandle ore — self loading haulage scenario.

1. Secondary egress in return air and refuge chamber
2. Steel ducting, and

3. Current escape way development.

Secondary egress in return air and refuge chanihes:

to large amount of development needed for fresh air
escape way, it has been proposed to have an eseape
operating in exhaust air. The escape way rise bhad t
return airway rise will break into the same driwghich
would then conduct escapees past the return ainsay
and into the existing fresh air escape way. Refuge
chambers would be in place in case of an emergency
being caused by the creation of a gassy environment
Refuge chambers are used on site at Crusade
Underground Mine in the same fashion. This altéveat
adds a degree of complexity to emergency and escap
training.

1%

Steel ducting:The steel ducting alternative allows for
the return airway and the escape way rise to be
developed into the same drive and a steel ducteto b
used to provide escapees with safe passage aleng th
drive to the existing return airway. Thus, freghbases
could be maintained to the bottom level of the mine

Current escape way developmeiihe current escape
way can be extended via additional development to
conduct fresh air to the lowest level of miningietes.

Figure 6. Korfmann AL 1700 axial flow fan
(SDS Ausminco, 1998)
(O =represents optimum operating points)
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The AL1700 was simulated in VentSim to determise it development costs. The return airways in the prymar
interaction with other main fans and the networlwoT circuit have all been raise bored in the past due t
blade pitch positions were simulated and the agmtity = number of favourable conditions: lower friction tiaic
achieved at each level was recorded. Figure 7 shiosvs than blasted, no blast damage, easier to develep ov
operating ranges of two blade pitch settings. TostiBn longer lengths. Therefore, circular return airwayere
Hurdle curves show the air quantity the fan mugatigie at  considered for future developments. The most
each level in order for the quantity of the exgtsurface  economical airway (the optimum airway) results when
fans to reach the required value. It is evideat h160 the total ventilation cost (operating and capitasts) is
kw motor will be required and the operating stptiessure  minimised. The total cost of the airway can be tbas:
of 2,300 Pa should not be exceeded with this mefar.

The static pressure restriction will not affect therently P, T Cue' t

identified Deeps levels, though, it will be of intEmce if TC=Cc + o €))
further mine development is undertaken. In addititwe

blade pitch change from 4 to 5 should be made é¢f@ |, \are: TC = total cost [$]; Cc = capital cost

9,710 level is developed. (development cost) [$]Pa = air power [Pa];T =

operation hours per yearC.e = unit power cost

[$/kWhr]; andt = project duration in months.
75
2 707 \ AL1700-4 The total cost was calculated for the airways of
£ 651 — diameter 2.4 m, 3.1 m and 3.6 metres. Since timastd
> 60 T | Position 4 project duration for Redeemer Deeps is 24 monties, t
= 55 1 IEEEEL R Hurdle 3.6 m diameter return airway was found to be thetmo
3 507 AL1700-5 suitable airway for Redeemer Deeps system.
= 45+
<(40 T R e e e T I Position 5
S 2 9 g 9 Hurdle 20 |
8 5 &5 & & 18 A
—&— AL1200 —il— AL1600 /
Level (m) 16 +—
14 1 |—&—AL1700 /—
§ 12 /
. . . L 10 +
Figure 7. Axial flow fan AL1700 simulation in po s
3 g
Redeemer network S 4|
. L 4 r—*
Fan selection vs rehandle ore — ore pass sceiSamiilar ) o—eo—
procedure to that outlined in the fan selection delf o
loading scenario was followed in the fan selecfmrthe (‘) 10 2‘0 20
ore pass scenario. The results of the simulatidicated Project Duration (months)
that the blade pitch change from 3 to 4 should lelen J

before the 9710 level is developed. Furthermogf) kW
motor would be required and an operating statisgunee

of 2,250 Pa should not be exceeded with blade pitch
position 4 to avoid entering the fans stall region.

Figure 8. Capital and operating cost factors of fan
optiont

In addition, when determining the operating codts o
each fan option, the working time on each haulagell
should be calculated as the various pressure/dquanti
operating points that dictate the power requiresiang

. governed by the mine resistance or by the extent of
must be made before the 9,710 level is developedaan development being ventilated. In addition, higher

Eg(f:grr;d t%lgdg ggghlgcgln?se 3232:2 Z% m_?gee ffr:r:n?u:\?eventilation costs are incurred for longer periofisime
indicated that,a 45 kKW motor wouI(|:fiJ bé required and as a result of longer haulage routes. Figush@ws the
operating static pressure of 1,500 Pa should not bcumulatlve capital and operating cost of each artHe

X . ' . ?’equired project duration taking into account the
exceeded with a blade pitch position of 5 for thistor. impeller blade pitch changes. The greater the dyant

required the greater the capital and the operatogjs
of fans, as governed by the haulage option.

Fan selection vs no rehandling - only 69D trucks
scenarioThe axial flow fan AL1200 was chosen for the
69D trucks scenario. During simulation with VentStm
was shown that the fan blade pitch change from 8 to

Capital and Operating Costs
The size of the return airways to be developedn t
Deeps workings will have a considerable baringfan t |

; : ; Costing is expressed relative to the lowest anpoaler cost of
mine resistance, the pressure to be supplled aed thrunning the axial flow fan AL1200 with the 9810 é&veveloped.
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Table 5. Effects of future development on propasedems.

Mine Stall Region
Fan Type | Quantity Motor Status Courses of Action Disadvantages
[m¥/s]

10% of pressure rangeChange blade position to 6 (11GCost of new motor.
AL1700-5 101 from stall region. Motorl m¥/s). Upgrade motor to 200 kW.Production

limit passed. Diesel restrictions.
20% of pressure randeFor flow increase upgrade to 132 k\WCost of new motor.
AL1600-4 93 from stall region. Withinj| motor and move to blade position|@roduction
motor limits (105 ni/s). Diesel restrictions.
20% of pressure randeChange blade position to 6 Diesel restrictions.
AL1200-5 86 from stall region. Motor| (90 n7/s). Upgrade motor to 55 kW.Cost of new motor.
limit passed. Diesel restrictions. Production
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