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ABSTRACT: Baltar mine is the largest Brazilian underground Iimestone producer. The mining method is
subleveI longhole stopping, with empty stopes averaging 110 x 40 x 200 meters. The first production panel
has main haulage levels up to ISO meters of depth and ventilation problems are minor and easily solved. De-
velopment of ramps and access drifts for the second panel, at depth of 300 meters or more, has generated en-
vironmental problems related to fresh air quantity, dust and thermal comfort conditions. An environrnental
data survey was carried out and results indicated that the old ventilation system could not support further
deepening ofthe mine, and thus new fans, main and auxiliary, are be required.

1 INTRODUCTION

Votoran Cement plant is located at Santa Helena,
cJose to Votorantim town about 120 km from São
Paulo. Limestone has been mined for decades and
present cement nominal production is 7700 metric
tons per day and Iimestone may be consumed up to
a maximum of 4 million tons per year.

The three main mines are the open pits of Placa
and Pastinho, and Baltar which is an underground
mine.

The Baltar Iimestone deposit has a lenticular
shape, northeast direction and dips to the southeast.
Mine openings started in 1975 and production
began in 1981. The initial mine layout was defined
by Outtokumpu Oy company.

2 MINE LA Y -OUT

The main access to the stopes is a ramp of 1850 m
long, cross-sectional area of 7,5 m by 5 m and grade
of 12,4%. This ramp has an entrance at leveI 616
and connects the surface to leveI 397, were several
important operations such as crushing and
equipment maintenance are performed. From this
area a new ramp has been developed, with 1100 m
long, cross-sectional area of 6,5 m by 5,5 m and
inclination of 12,5 %. This secondary ramp is the
main access to the second leveI of mining panels
that will be mined in the next years.

Crushed ore haulage to the surface is done by
belt conveyor, using a straight ramp that has surface
entrance close to the main access ramp, as shown in
Figure I.

levei
260

Figure I - Top view of main ramps ofBaltar Mine.

3 MINING METHOD

Mining method is longhole stopping, with rooms
averaging 40 m width, 200 m length and 110m
height.

Production drilling is performed in 3 sublevels
drifts and pillars between rooms average 32 to 40 m.
Explosive is ANFO and ore haulage is performed
by front end loaders and 35 t trucks to feed the un-
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derground crusher. Figure 2 presents a sketch of a
production stope.

The first panel is at an average depth of less than
200 m and is composed by several developing and
production rooms. A second panel below the first
one is being developed and production should start
in a couple of years. The access ramp to this second
panel is already completely opened.

4 UNDERGROUND ENVIRONMENT AL
PROBLEMS

No serious environmental problem was encountered
during the first panel development and production
phases. However the secondary ramp development
and the second panel will require a new ventilation
plan since depth over 300 m will be attained. The
main problems are associated with thermal comfort,
gas removal and dust.

Figure 2"- Drilling and haulage at production stope.

A consulting company was hired to design lhe
new ventilation system and the Mining Engineering
Department ofthe Polytechnic School ofthe Univer-
sity of São Paulo was authorized to perform inde-
pendent work to verify and compare the old and new
conditions underground.

During the months of January through June 1999
dozens of monitoring visits were done, with several
parameters being measured. These parameters in-
cluded wet and dry bulb temperature, moisture, air

velocity, pressure, cross-sectional areas of openings,
gas and dust concentrations.

Several difficulties were encountered to analyze
the ventilation old conditions, the main one related
to the fact that fan operation constantly changed, due
to tests that were weekly performed. An average
condition was adopted considering 6 fans, 5 operat-
ing under exhaust conditions and one under blowing
condition.

These fans were located at ventilation shafts and
fresh air entered the first panel by the main ramp and
one shaft, a condition considered inappropriate as
soon as the secondary ramp giving access to the
panel below began to be opened.

5 AIRFLOW

Table 1 summarizes the location and characteristics
of the old system operating fans, all 6 being axial
type fans manufactured by Higrotec-Chicago
Blower.

The only fan operating under blowíng conditions
was installed at the shaft that connected the surface
to the south end oflevel 530.

Four fans operated under exhaust conditions and
were installed at 3 shafts connecting the surface to
the north portion of levels 420, 500 and 530.

Table I. Old system fan location and characteristics.
Nominal airflow refers to expected values.

Shaft location
pressure alrqow

(Pa) (m /s)
nominal

number

N530 South
N420
N530/N500
crush ex-
hauster

I
2 (parallel)
2 (parallel)
I

61
741
681
246

43,2
27,8
28,5
30,6

Airflow distribution in the first panel was ana-
Iyzed by surveying the air velocities at ramps, drifts
and shafts, measuring velocities at 9 points in each
section. Table 2 summarizes the airflow at the shafts
and ramp.

A first set of measurements was taken in order to
compare real air distribution with the nominal ex-
pected airflow (table I). Expected total fresh air was
155,8 m3/s and measured total fresh air is presented
in table 2.

For the first panel the total fresh air influx was of
163,8 m3/s, measured at main ramp entrance and
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blowing shaft. Total air exitin~ was measured at ex-
haust shafts and was 148,1 m Is. The difference in
measured values was less than 10%, an acceptable
result.

Expected flow value of 155,8 m3/s lied between
both measured values, indicating that the old venti-
lation scheme was operating under reasonably good
conditions.

Table 2. Measured airflow for old ventilation
scheme for the first ITritel.

access ramp en- 0% i erence
trance - PI 111,6 due to losses
access ramp end - associated with
N420 - P2 81,8 connecting
N420 north - ex- drifts to con-
haust I 67,8 veyor ramp
N530 north - ex-
haust 2 55,4
N500 north - ex-
haust 3 24,9
N530 south-
blower 1 82 O

Measurements at main access ramp entrance and
bottom indicated a difference in airflow of about
30%, due to leakage associated with drifts connect-
ing the main ramp and the conveyor belt ramp. This
is considered too much and leakage should be di-
minished.

A second set of measurements included psy-
chrometric parameters and gas concentrations. Ali
measurements indicated compliance with legal stan-
dards. The only exception was in the truck repair
shop were NOx concentration would be above legal
standards when ali engines were working together.

Fresh air quantity which was adequate for the
first panel tum out to be inadequate as soon as the
secondary ramp to the second panel began to be de-
veloped. There were complaints about thermal com-
fort, dust and gas. The total fresh air delivered by the
old scheme was clearly not enough for the mine ex-
pansion.

6 NEW VENTILATION SYSTEM

Due to problems with the old ventilation scheme a
new one is being tested, involving 7 fans, ali oper-
ating by exhaustion at several shafts.

Fresh air will enter the mine through two ramps,
the main access ramp and a recently reopened tunnel
(TAB). Ali polluted air will leave the stopes and

rooms and will be directed to the closest ventilation
shaft.

Table 3 presents the characteristics of the new
ventilation system, as proposed by the contractors
and which will operate with an estimated total air-
flow of 228 m3/s. This is in accordance with the
contractors estimate of the required airflow of 224
m3/s.

Table 3. New ventilation system fans.
total
air~ow
(m /s)

R4B
north 420-600 210 2 32 64
R5B
north 530-600 70 1 30 30
inv 1 530-600 70 2 32 64
inv 2 530-600 70 1 35 35
inv 3 530-600 70 1 35 35
total alrflow m the min = 228 m37s

7 FRESH AIR REQUIREMENTS ANAL YSIS

The new required fresh airflow was analyzed ac-
cording to the criteria involving combustion engines
operating underground, dilution of the gas generated
by detonation and thermal comfort at the deepest
drifts and stopes.

7.1 Combustion engines
Airflow requirement calculation considered 60 m3/s
of fresh air for each megawatt of power under-
ground. Table 4 presents the values obtained for
each machine and the total calculated airflow of
236,4 m3/s. This value is somewhat greater than the
value adopted by the contractors.

Table 4. Air flow requirements due to combustion
engines.

Power (MW) and Total Fresh
Machine number of ma-

~
airflow

chines reql)ired
(m Is}

small truck 0,067 (2) 0,134 8,0
truck 0,082 (2) I 0,097 0,261 15,7
truck 0,324 (5) 1,62 97,2
loaders 0,280 (2)

0,127 (3) 0,929 55,74
Jumbo drill 0,056 (2) 0,112 6,7
auxiliary

0,112 0,112 6,7eqUlpment
drlll 0,043 (2) 0,086 5,2
newtrucks 0,216 (2)
I drills 0,127 (2) 0,686 41,2

total reguired airflow = 236,4 m3/s
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7.2 Detonation gases

Detonation generally occurs at lunchtime, between
12 AM and 1 PM or after 5 PM. Normal dilution
time is 60 minutes but sometimes delays i~ blasting
preparation makes necessary to dilute gas in 30 min-
utes.

Adopting the value of O, 57 m3/s of fresh air for
each kg of explosive, with an average blast with 200
kg of explosive, an airflow of 114 m3/s will be re-
quired. This value is far below the requirement due
to combustion engines.

7.3 Thermal com/ort

Measurements of psychrometric parameters at sev-
era! locations in the first panel indicated that effec-
tive temperatures were ali below 27° effective
grades, confirming that thermal comfort was not
critical at the first panel. Measurements in the sec-
ond pane I should start as soon as the first stope in
this second panel is developed. Table 5 presents
some psychometric parameters measured in the first
panel.

Table 5. Example ofthermal comfort parameters in
the first Qanel.

Tbn Tbs Vair P moist Tef
Location (0C) (0C) m/min kPa ure

%
N420 access ramp
(ambulatory) 16,5 20 210,6 99,2 75,5 14
N420 -ramp split
at access for levels 16 19,1 82,2 99,2 74,1 15N330 e 280
N420 - main haul-
agedrift 17,4 21,2 115,8 99,1 74,9 17
access ramp en-
trance to levei 18,6 20,7 31,8 98,3 78,3 19N460
levei N500 en-
trance 18,6 21,4 51,6 98,1 78,4 18
levei N530 en-
trance 18,2 22 27,6 97,8 70 20

8 CONCLUSIONS

The old ventilation scheme worked satisfactorily for
the first pane1 of rooms and stopes. Expected and
measured fresh airflow values were reasonably c10se
and above fresh air estimated requirements. Workers
complaints were not significant and thermal comfort
and gas concentrations were below legal values.

The development of a secondary ramp to a sec-
ond panel of stopes below the production ones indi-
cated that the old ventilation system was not enough

to meet gas, thermal comfort and dust concentration
standards. Workers complaints corroborated the
need for a new ventilation system.

A consulting firm proposed a new ventilation
scheme with estimated fresh air requirement of 224
m3/s and a fan system operating with 228 m3/s.

Analysis of airtlow requirements indicated that
combustion engines would require at least 236,4
m3/s, not considering thermal comfort in the second
panel production stopes.

The authors suggest that the new ventilation sys-
tem should operate with a larger fresh air influx in
order to allow for leakage and future thermal com-
fort re~uirements. The new system should consider
250 m /s as minimum fresh airtlow. Future moni-
toring will permit to check the second panel working
conditions. Leakage should be decreased to below
10% in the main ramp.
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