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e
Why take the time to do this

study

« Developing a ventilation system to provide
fresh air to the workers is a primary goal of
the ventilation system.

e But we must know how the ventilation
system will react during an emergency

By understanding how the ventilation system
will react we can elevate the level of safety
In the mine and help ensure safety during an
emergency.
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Study I\/Iethﬂodologyn;

- Initial ventilation survey,” | ®- 4®

* Development of ventllatlon model, g
. Correlation of ventilaffon model, N
« Hazards analysis,

« Development of_ﬁre.__fsimula"%ion model,

* Analysis of individual firg scenarios
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All Measurements ancado
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And The Model ventilation model Rampa 1 ®

Correlated To .
Establish A Level e The ventilation ma&del needs to be based on

Of Accuracy real ventilation'survey data

Chimmsanea da

» Best case estimategaresnot acceptable, the
more accurate the model, the better the fire
simulation will reflect reality.

« Arealistic simulation is what we are looking

for. ®
W,
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error was
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Development of the Fire
Model

Start with the ventilation model and add
additional parameters to describe thermal
conditions.

®

Conductivity

Diffusivity

Rock Temperature

Fan Curve Performance Operation
System Inlet Atmospheric Conditions
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e
Hazards Analysis

Hazards analysis
provides focus for
the study

The process starts with a hazards analysis
You can model a fire in any branch of a
system, but is it realistic? Fire modeling takes
a considerable amount of time, the fire types
and locations need to be pared down.
 Hazards analysis identifies probable locations,
fire types, and basic mitigation strategies
already in existence.
e Hazards analysis is a basic ranking and
consequence quantification study. This type of
study is commonly used throughout the
Industry.
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Basic Hazards Analysis

CRITERIA TO ESTIMATE PROBABILITY VALUE
Probability that a danger becomes an incident more HIGH
than 8 times per year 8
Probability that a danger becomes an incident MEDIUM
Probability between 2 and 8 times per year 4
(P) Probability that the danger becomes an incident once LOW
peryear 2 CONSEQUENCE (C)
Probability that a danger DOES NOT become an INSIGNIFICANT
incident during the year 1 PROBABILITY
(P)
INJURIES — DAMAGES CRITERIA VALUE
» Death of one or more people
®»  Permanent disability HIGH CLASSIFICATION
® |rreparable and extensive damage to materials 3

»  Production losses that affect forecasted results

»  Stop operations affecting the Company’s image

®  |njuries with temporary disability on one or more

person
» Reparable and partial damage to materials MEDIUM
Consequence |=» Production losses requiring special plans to 4
(€) recover

* Non-disabling injuries
» Damage to materials not affecting production

LOwW
process 2
*  Minimum production losses. May be recovered
within a short time
" Almostlosses INSIGNIFICANT consulting
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Results of Basic Hazards
Analysis
ooations and

types; lubrication Rampa 10 Lubrication Shop
shop, explosives

_ Rampa Principal Explosives Magazine
magazine,
electrical Rampa 1 Haul Truck
substation and Rampa 4 Haul Truck
haul trucks

Rampa Exploracion Electrical Substation

Rampa 6 Haul Truck
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Fire 1: Lubrication Shop Fire

Fire 3: OIM Rampa 1
Haul Truck Fire

Analysis

Fire &: Rampa &

Haul Truck Fire Fire 4: Rampa 4

Haul Tuck Fire

Fire 2: Rampa Principal
Explosive Magazine

Fire 5: Rampa Exploracion,
Electrical Substation Fire,




Fire Modeling Flow Chart

Models are set up to simulate hazards/fires and
alternative mitigation procedures.

Establish Likely Fire Hazard Re-Examine Emergency
and Fire Location with Protocols to Ensure
Hazards Analysis Proper Execution
Execute the Fire Model — Execute Fire Model —
Base Case with no | > Emergency Procedures
Mitigation Features and Protocols
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i
Two Modeled Scenarios

(Focus)

Training Example
Test and Visually

e Scenario to examine what happens if the

Demonstrate o = _
Current fans are turned off (training, mitigation
Procedures strategy)

It was standard practice to drop the power
to the mine in the event of a fire.

Mitigation Strateqy ~ ® 9cenario with fire in lubrication shop (system

Identify design design, mitigation strategy)
options to enhance

emergency
response
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Current Layout — No Change
Currnt . tO FanS

Procedures

(@ ” .
e consulting

CODELCO



Current Layout — All Fans
neunderrund | 1 UMNed Off at 5 Minutes

in the Event of a
Fire.
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Test and Visually
Demonstrate
Current
Procedures

The Existing
Procedure Shut
Down the Power to
the Underground
iIn the Event of a
Fire.

These models
can be shown to
management and
emergency
personnel to more
easily/visually
identify how a
system may react
during a fire.

®

Example - Why Leave Malin
Fans Operating

Do we know where the fire is at an instant

« The exact location of a fire is often difficult to
determine during the initial stages of an emergency

Which fan should be turned off?

 The existing fans in the OIM and Tunnels are not
equipped with individual shut-offs. New fan
installations could be equipped

 Currently the fans are controlled by turning off all of
the power in the underground. Power is used for
items other than the fans that could be important
during an emergency

Should all fans be turned off at the first indication of a fire?
* No, once the fans are turned off all control is lost

« All contamination/fumes will be trapped and will not be
able to be flushed out of the ventilation system

== srk consulting

CODELCO



There is a lot of Fire Model 1: Low Intensity

potential variance Lubrication Shop — Lubrication Storage Fire

in determining _ _ o _

what and how e Fires can be modeled with a high intensity or
much of a a low/medium intensity.

combustible is _ _ _ _

burning and at * Not all fires are going to be raging infernos
JATEL el Ui 1o « The ventilation system will perform

why a bracketin . . :
or Syensmvity Stu%y differently depending upon the magnitude of

is important. the fire

e This example shows the effects of a low
Intensity fire in a fuel storage area.
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Fire Model 1: Low Intensity
Lubrication Shop — Lubrication Storage Fire

= @
‘opm) 0% Color / A .
(ppm i) Taller de | = y
: Incendio 1: Incendio en el Taller Mantanimisnto sstlador Aumilisr de la Ramps 1
050 0.0009-0.003 R
Comedor
50200 0.005-0.02
200-400 0.02-0.04 ®
| 3 lﬁ"-t"-',!l,-.b
400-500 0.04-0.08 /
300-1600  0.08-0.16 D :
Fampa Principal g ‘\ @g\
- - = XC de Produccidn Suy
1600-3200  0.16-032 - __ N
3006400 032064 Ny a
6400-12.800  0.64-128

=12 800 >1.28

Propagation of fumes from the lubrication shop after approximately 5
minutes.
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_ Fire Model 1: Low Intensity
Lubrication Shop — Lubrication Storage Fire
Incendio 1: Incendio en el Tallar

de Lubricacion \ (7]

]
Taller de
Manternisnto

{Hjmj 04 Color

9-30 0.0009-0.003 Caomedor

50200 0.005-0.02 - \ e XC de Produccién Su
200400  0.02-004 /
400-800 0.04-0.08 B e aqacese : ®

300-1600 0.08-0.16 \
1600-3200 0.16-032
3200-6400 0.32-0.64 Rampa 11 — ®

6400-12 800 0.64-128

=12 800 >1.28

Propagation of fumes from the lubrication shop after approximately
10 minutes.
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Intensity
brication

Storage Fire

(ppm) % Color
250 0.0009-0.005
50-200 0.003-0.02
200-400 0.02-004
400-300 0.04-0.08
800-1600 0.08-0.16
1600-3200 0.16-032
3200-6400 0.32-0.64
6400-12.500 0.64-128
>12 300 >1.28

®
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Incendio 1- Incendio en el T
de Lubricaticn =Y - Y
[ ]

Fampa ds Acceso Faze 1T
| ~Taller de

Ev-Dasz de Rarnpa4 'C-:lma:lur Mantaumentn

\‘\ MC de Produccidn Sur

:E-R'D’E.E{II:ED
Cenvall Ramg Accezo o

h \\
] \

Chimeneade
Imyzcmnm_l:
Chencado

&
Propagation of fumes from the
lubrication shop after

[®~ approximately 20 minutes.

520 ' \

CH-1

Fumes Start to By-Pass the
#———— Exhaust Raise and Approach
the Fresh Air Accesses




e Fire

Color

(ppm) %
950 0.0009-0.003
50-200 0.005-0.02
200-400 0.02-004
400-800 0.04-0.08
800-1600  0.08-0.16
16003200  0.16-032
3200-6400 032064
6400-12.800  0.64-128
>12,800 >1.28

rl-

Incendio 1: Incendio en TaJlEr de
Lubricacion

Fampa de Acceso Faseﬂ!l

Chimenea FFH___‘I'_____'_..---‘*
de 1

Extraccion ||' iﬂﬁ de
Central 1 | Acceso gl i
| Chancado
Chimenea de/ 'a

Chancado | /“
| Bampall

E
Fampa de Acceso 2
Tallar d
Mﬂﬁr i barveles
X de Produccion Sur
&
@ Yo
Fampa 1 1 %f\
‘h 0
I':', !!
2|
Fampa 5

CH-1
Propagation of fumes from

the lubrication shop after
approximately 30 minutes.

Re-entrainment of
contaminated air into the
fresh air system




Fire Model 1:

"@/

Recirculation Loop

Lubrication Bay Fire Mitigation Strategies

.-r..
.f/

Installation of an “Isolation” Door
Would Prohibit Recirculation and not

Block Egress
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Conclusions

e Fire simulatior
powerful tc
designin | ystem.
e Itcan ed for both system
| training, and the
velopment of procedures for
~ mitigation
The results of the study will only bg
“as good as the inputs (an m ate
K

g

correlated model is nece
start the process)

b e
- & e : i = iR,
By o, N I b AR
Q == srk consulting

CODELCO



	Development of a Fire Modeling Study for the Chuquicamata Underground Mine
	Why take the time to do this study
	Study Methodology
	Ventilation Survey/Model
	The Ventilation Model
	Development of the Fire Model
	Hazards Analysis
	Basic Hazards Analysis
	Results of Basic Hazards Analysis
	Results of Basic Hazards Analysis
	Fire Modeling Flow Chart
	Two Modeled Scenarios (Focus)
	Current Layout – No Change to Fans
	Current Layout – All Fans Turned Off at 5 Minutes
	Example - Why Leave Main Fans Operating
	Fire Model 1: Low Intensity�Lubrication Shop – Lubrication Storage Fire�
	Slide Number 17
	Slide Number 18
	Slide Number 19
	Slide Number 20
	Slide Number 21
	Slide Number 22
	Conclusions

