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ABSTRACT

A complex raise system man4ged by Battle Mountain Canada Ltd. serves as amain exhaustventilation airway system for
two mines, Golden Giant mine and David Bell mihe. Increased exhaust airflow requirements associated with new orebody
development at Golden Giant mine have necessitated a study to investigate the feasibility of expanding the exhaust raise
system capaclty while maintaining e:rhaust requirements at David Bell. This paper describes a complex ventilation study
aimed at optimizing exhaust ventilation conditions for the raise system common to the two operating mines.
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INTRODUCTION

Golden Giant and David Bell mines operate a singular
orebody and are interconnected by a common access drift
interlinking the David Bell 7th level to the Golden Giant East
Refirm Air Raise. A major proportion of David Bell exhaust
air volurre is required to be e:<hausted by way of this linjk to
the surface via the Bast Retum Air Raise @RAR), under the
manage,nent of the Golden Giant ventilation deparhenl
More recently the Golden Giant mine ventilation group was
faced wift a challenging task variations in ventilation
pressure between the two mines, associated with the dlmamics
ofventilation, have in some cases resulted in conditions where
David Bell air volumes, required to be exhausted via the
ERA& could not be reached. Also, new orebody develop-
men! herein called Block 5, at Golden Giantrequired that the
exhaust conditions at the ERAR be morimized without
compromising the extraust requiremenb at David Bell.

An investigation of alternatives was developed to facilitate
the selection of a technically and economioally feasible system
which would provide a solution to flow e:rpansion require-
ments at the raise syst€m while providing solutions to
existing airflow exhaust problems at David Bell. A
complex ventilation wireframe nodel comprising the two
mines was developed and a ve,ntilation data base consisting of
all mine fans (fan type, curves,.blade pitches, operating
conditions), airway properties (size, length, k factor) and mine
airflow distibution rlas compiled. The ventilation software
used to run the Golden Giant - David Bell ventilation model
was autoVENTN.
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Ofthe simulated layouts, the zuperior model configuration
required four new underground booster fan installations: one
at Golden Giantnew orebody exhaustdrift, two atthe exhaust
raise and one at the Golden Giant - David Bell access drift.
This model has indicated requirements totalling 674 kW in
new booster fan installation. Overall power require,ments for
the raise amounted to 1,067 kW, with estimated annual
operating cost requirements approximating $552,000.

DAVID BELL MINE VENTILATION REQI'IRBMENTS

A simplifigd schematic oftheDavidBell ventilation system is
shown in Figure 1. David Bell main surface fans, A, have
positive pressure influence to station B, possibly extending to
lower levels of the main intake airway (C).
Battle MountainERARmain exhaustfans @) provide exhaust
pressure at E (access drift between the two mines at the
Golden Giant4600 level - David Bell Tth level intersection),
and may have zuction influence to C, and possibly B. David
Bell exhaust fans F are used to provide exhaust ventilation to
the upperramp system G-F.
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Figwe I. Dovid Bell Mine lrentilation Schematic.

An agreement esAblished between the two companies in
1985 requires that Golden Giant Mine exhausts a volume of
7 5 .51 m3ls of David Bell retunr air via the ERAR Depending
on conditions, an imbalance in pressure at G (commea psi[1
of influence of Battle Mountain and David Bell exhaust fans)
can occur and volume flows exhausting via the David tsell
access ddft (E) to the ERAR @) could drop well below the
required ?5.51 m3/s.

As will be later discussed" the installation of a fan at the
ERAR acc€ss drift to David Bell mine is seen as essential if
the speoified exhaust flow of 75.51 m% is to be guaranteed at
varying ventilating pressure conditions at either mine.

TIIE ERAR SYSTEM VENTILATION CAPACITY

A simplified schematic of the ERAR system is shown in
Figure 2. Fan 7 represenb the existing ERAR surface fan
installation and fan 8 represents a current orhaust infrastuc-
are on surface at the baclcfill exhaust raise @ER). All other
fans represent possible installations. Fans 3 and 4 are possible
model configurations for ventilating Block 5. Fan 5 is a model
fan for exhausting David Bell air. Fans 6, 9 and l0 are booster
model fans for assisting the surface exhaust fans.

PROCEEDINGS OFTHE 8TH US MINE VENTILATION'SYMPOSIUM
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Figure 2. Yentilation Schematic for the EMR $tstem.

The ERAR system currently exhausts some 174.62 m3ls;
new orebody development @lock 5) requir€s thatthe exhaust
conditions atthe ERARsystem be increasedto a flow approx-
imating 235.97 m3/s. Although the ERAR system may have
sufticient capacity for handling &e required flow, some areas
of concem exist, describedbelow.

At an increased flow of 235.97 m3/s, air velocities at the
ERAR system will vary between and,17.78 and 44.70 m/s.
Although, this is well above the critical airvelocity of 8.0 m/s
for safirated exhaust air, such hrgh upcast air velocities may
result in very high shock losses at critical points in the
ventilation system, ftus compromising the efficie,ncy of the
system.

Also, existing ERAR surface fan installations, consisting
of four Joy series 2000, model 78-30-1170 fads in series-
parallel, operate at 174.62 m3ls at 2.02Wa static head (at a
blade setting 1.75). Such installation does not have the
capacity to operate at the required operating point of 235.97
m3/s at 3.99 liPa static pressure. In fact, for a maximum
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permitted flow of some 226.53 m3/s, the fan pressure drops
substantially to 0.3 kPa static pressure. This clearly shows that
the surface exhaust fans do not have suffioient head for
ventilating the ERARsystem athigher flows than I 88.78 nd/s.

Some possible solutions sought for expanding the ERAR
capacity include the rdplacement of the entire surface exhaust
fan system bya syste,m of capacity235.97 mtlsat3.99 kPa or
the installation ofbooster fans underground while maintaining
the existing ERAR exhaust surface fans. Both solutions have
been modelled in anumber of design configurations andtheir
applicability and feasibilitywill be later ad&essed.

MODEL DEVELOPMENT

A number ofsystem configurations havebeen investigated for
providing appropriate e:<haust air conditions atthe EastRetum
Air Raise System @e Souz4 l998a,b). Ten original ventila-
tion models (models A-I) were first developed for analysis.
Such models, wfuile utilizing a detailednetwork forthe Golden
Giantmine ventilation syst€m, used limited information from
the David.Bell mine and assumed the entire David Bell
ventilation network as an equivalent airway of certain charac-
teristics. TWo very complex models incorporating a detailed
network model from the David Bell mine into the existing
Golden Giant model were latrr developed to validate the ten
assessed designs andto more accruately determine booster fan
ratings.

All models were simulated using autoVENTN and all
desigr calculations were based on standard air density
conditions. For power rating calculation purposes, fan effi-
ciencies were assumed to be 65Yo and po$'€r costs were
assumed to be $0.0596/kWh. Fan capital cost estimates were
based on $ I 74.33finstalled kW.

PRELIMINARY NETWORK SIMIJLATIONS

Table I summarizes the initial developed models. Some
models represent a progression of chrnges aimed at optimiz-
ing the ERAR e)ftaust ventilation system.

All model simulations have indicated ftat a booster fan at
the David Bell access drift is required and that the current
ERAR surface exhaust fan system operates at ma:cimum
capacity and represents the major limiting factor in the ERAR
system. Also, all models required that high pressure booster
fans be installed in the raise and indicated that extensive
leakage andrecirculation control wguld have to be exercised.

Table l. Summary of ERARventilationmodel simulations.

Model Booster Fans Model Characteristics
A 4, 5, 10 a positive pressurc model at the

4600 level.
same as model A, but with
leakage control at the 4600 level.
a negative pressure model at the
4600 level.

4,6,8 same as model C, but with
leakage control at the 4600 level
and without fan 3 at Block 5.

4,6,9 same as model D, but with
regulation at the return raise.

3 ,4 ,5 ,6 ,9  s?measmode lC,bu tw i tha
booster fan at the access drift.

4,5,6,9 same as model F, but with
leakage control at the 4600 level
and without fan 3 at Block 5.

H 4 amodel with new ERAR surface
fans.

I 4 same as model II, butwith
contol of ramp air at the 5050
level.

I 4,5, 6, 9- a model incorporating the backfill
raise with a 149 kIV fan and no
east exhaust connection to the
backfill exhaust raise.

Table 2 srrmmarizes fan operation requirements for the
most applicable models @, G and E) and Table 3 gives cost
estimates for each modet design.

Of the teq initial models, model G seemed to be,the most
appropriate layout for implementation. The model configura-
tion required four underground booster fan installations: one
at Block 5 exhaust dri& two at the return raise and one at the
David Bell access drift. Unforhmately, the ERAR surface fans,
due to their limitations, would be operating at very low
pressures (0.89 kPa). As a resul! high pressure booster fan
configurations (Fan 6 at2.ll kPa and Fan 9 at 1.99 kPa)
would be required. At such pressures, leakage would have to
be carefully contolled by properly sealing double door
accesses and by placing appropriate bulkfieads. A relatively
mall fan would be regired at the David Bell access drift to
maintain exhaust flow requirements of75.5 I m3/s. A 0.36 lCPa
booster exhaust fan would be requiredfor ventilating Block 5.
The sys0em required a total of643.5 kW in new booster fan
installation; overall power requirements would amount to
962.0 kW

B  4 , 5 ,  l 0

c  3 , 4 , 6 , 9

F

G
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Table2. Fan requirements for the ERAR

Model

G

PROCEEDINGS OF THE 8TH US MINE VENTILATION SYMPOSIUM

Table 3. Model Power and Cost Requireme,lrts.

Giant - David Bell access drift and model GG-DB-2 was
based on trro Joy Saies 2000, model 5+26-1770 fains (blade
4) in parallel at the Golden Giant - David Bell access drift.

Such simulations have established that the East R€tum Air
Raise requires four underground booster fan installations: one
fan at Golden Giant Block 5 exhaust drift, nvo fans at the
Golden Gianteastreturnraise and one fan atthe GoldenGiant
- David Bell access drifr. The simulations have also confirmed
the need forhaving a booster fan in the access drift.

Simulations have indicated tha! for a flow of 75.51 m3/s,
a 0.78 kPa fan is required at the Golden Giant - David Bell
access drift. Modelling has also indicated the suitability ofthe
proposed installation of two Joy Series 2000, model 54-26-
1770, fans (blade 4.5) in parallel at the Golden Giant - David
Bell access drift. Such fans would operate at a pressure
approximating 0.80 kPa" proyiding some 75.51 m?s ofDavid
Bell exhaust air. East Retum Air Raise fan requirements are
listed in Table 4.

Table 4. Fan operating points for the ERAR

Flow (m3/s) Prassure (kPa) PowerftW)

Fan Flow Pressure Power
(n%) (lfa) (kw)

4 1s.st 9.75 281.9
5 75.51 8.86 256.s
7 203.60 3.s4 27s9
8 s2.65 1.98 40.3
l0 37.28 8.42 120.1
4 75.51 0.89 26.1
6 63.24 9.03 2t8.5
7 203.4t 3.56 278.1
8 s2.62 2.00 40.3
9 123.65 8.57 405.7
4 75.s1 t.M 41.8
5 7s.51 0.55 r5.7
6 63.24 8.50 206.8
7 20J.4r 3.56 278.1
8 52.62 2.0A 40.3
9 123.65 8.02 380.3

Fan
4
6
7
8
9

Model

A
B
c
D
E
F
G
H
I
J

COMPLEX NETWORK SIMI.JLATIONS

Following the preliminary simulation results, a detailed
ventilation model for the David Bell mine was developed,
calibrated and merged into the existing Golden Giant model.

The resulting complex David Bell - Golden Giant ventila-
tion model was then used to simulate possible implementa-
tions of the proposed ventilation layout model G which was
based on a detailed ventilation network forthe Golden Giant
mine but did not incorporate the David Bell mine network.

Two models were established to determine fan require-
ments at the East Retum Air Raise: model GG-DB-I was
based on a fxed flow volume of ?5.51 m3/s at the Golden

75.51 0.23
62.24 2.M
200.11 r.07
50.69 0.83
t23.65 1.88

275.9
198.4
328.r
64.9
357.9

It has been estimated that the East Retum Air Raise
reErirc a total of 674.1 kW in new booster fan installation.
ERAR overall power requirements would amount to 1,067.I
k% with estimated operating costs approximating $552,000.

CONCLUSIONS

The ventilation group at Golden Giant mine has successfully
developed and calibrated a very complex ventilation model
comprising of networks from two operating min6s. $u6fu
model has been effectively utilized to establish fan require-
ments for optimizing exhaust ventilation conditions for a
complex raise system common to the two operating mines.
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