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8. Preliminary Hazard Analysis and Risk
Assessment

8.1 General
The probability of accidents associated with the development and implementation of the
project is low, given that the design, operating and control measures adopted by
Compass will have the specific aim of their prevention. Similarly, natural events of
sufficient magnitude to cause significant damage have a very low probability of
occurrence.

General safeguards that will be adopted by Compass include:

• Implementation of emergency response plans (including spill contingency) and
procedures for accidents and hazardous events (see Section 9.8.1).

• Induction training and periodic refresher training for all employees on all aspects of
safety and site-specific by-laws concerning safety.

• Attention to government statutory compliance, notification and liaison procedures.

Nevertheless, a preliminary hazard assessment has been undertaken to identify and
assess the key risks of each major component of the project to people (both project-
related and the general public), the mining operation and the environment.

A detailed hazard identification and risk assessment that is consistent with DPIFM’s
Advisory Note ENG 509 (DBIRD, 2005) in terms of both construction and operation
activities will be undertaken before these activities commence [C].

8.2 Risk Identification and Analysis
Hazard identification was based on experience gained by the project team in the
development and operation of similar projects in similar environmental and social
settings. Qualitative risk analysis was based on the method outlined in Standards
Australia HB 203-2004 (Standards Australia, 2004), and took into account both the
likelihood and consequence of the various risks. Four levels of risk were identified:

• Extreme—the development of strategies to reduce or mitigate the level of risk is of
the highest priority.

• High—high priority; management attention to develop strategies is still required.

• Medium—moderate priority; management responsibility must be specified.

• Low—these risks fall within the bounds of normal project parameters that can be
managed by routine procedures and processes.
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8.3 Risk Evaluation 
The assessment process resulted in the identification and evaluation of 19 risks that 
warrant particular comment over and above that presented in Chapter 7. These are listed 
at the end of this chapter in Table 8.1, which also includes mitigative and preventative 
controls, and the residual risk after taking these controls into account. 

No risks were identified in the extreme risk category. 

Three risks (all related to fire) were identified in the high-risk category, with another six 
falling in the medium-risk category. These are discussed below. 

8.3.1 Fire (High Risk) 
Mining and ore processing operations, including the storage and handling of flammable 
substances such as those involved in the solvent extraction process at Browns, can lead 
to the generation of potentially explosive and/or flammable gas emissions. Potential 
environmental impacts may include breakout of fire into surrounding vegetation, release 
of significant quantities of air emissions and contaminated runoff from firewater. Other 
impacts include damage to property and injury, as well as possible plant shutdown. 

Similarly, the project may be subjected to bushfire that originates from elsewhere in the 
area. 

Detailed project design will address specific plant and facility design criteria for fire 
prevention, detection, control and personnel safety requirements [C]. Other measures to 
reduce this risk are described in the Fire Management Plan (Section 9.8.2) and address 
matters such as: 

• Appropriate induction and training of personnel. 

• Procurement of fire equipment adequate for the level of risk identified for the project 
and regularly maintained and tested to ensure good working order. 

• Storage and handling of all substances, including waste, under conditions that 
minimise the risk of fire, explosion or toxic emissions, with specific measures that 
address the use of solvent-extraction reagents. 

• Implementation of specific procedures for high-risk tasks such as ‘hot work’ (e.g., 
welding) and use of chainsaws. 

• Liaison (e.g., Northern Territory Bushfire Council) and monitoring (e.g., fire danger 
ratings). 

8.3.2 Pit Flooding (Medium Risk) 
The project (and particularly the pit) is located close to the East Finniss River and in an 
area that receives monsoonal rain. Flooding as a result of an extreme rainfall event and 
possible flood flow in the river, and/or excessive groundwater inflows, is therefore a 
possibility that must be considered, although this risk will be minimised by measures 
such as groundwater level monitoring and ensuring adequate maintenance of pumps 
(see Table 8.1).  
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In addition to disrupting operations and posing a potential risk to the safety of mine 
employees, such flooding would result in the eventual need to dispose of large volumes 
of water likely to contain elevated levels of suspended solids and, potentially, PAF 
material. Unless managed effectively, this could adversely affect downstream 
environmental values, although this must be evaluated within the context of the already-
degraded East Finniss River. Compass therefore proposes to manage this water taking 
into account the following: 

• Discharge of this water into the East Finniss River at high flow is likely to have 
reduced impacts due to the already-elevated TSS concentrations in top end streams 
under these conditions and the dilution that is available at high flow. 

• Compass will monitor the quality of this water prior to discharge and, if necessary, 
treat it. Treatment could include flocculant addition, pH adjustment and/or diversion 
through the main sedimentation trap.  

Ongoing geotechnical assessment of pit wall stability and, if necessary, implementation 
of measures to improve wall stability in case of pit flooding will minimise the likelihood of 
massive failure of the wall should such flooding occur. 

8.3.3 TSF Failure (Medium Risk) 
The project is located in an area that has an earthquake hazard risk as measured by the 
acceleration coefficient of 0.05 to 0.1 (Geoscience Australia, 2005). This means that, in 
any 50-year period, there is a 90% chance that the peak ground acceleration1 will not 
exceed 0.05 to 0.1. This value may be compared to some more seismically active areas 
of Australia where acceleration coefficients greater than 0.1 apply2. Therefore, seismic 
activity (within the Australian context) in the area, and the associated risk, is considered 
to be moderate. 

No known major active faults, which control the location and occurrence of earthquakes, 
occur at the project site and the nearest recorded earthquakes to the project area are 
(Geoscience Australia, 2005): 

• A 0 to 2.5 magnitude earthquake approximately 40 km away. 
• A 0 to 2.5 magnitude earthquake approximately 70 km away. 
• Two 3.5 to 4.5 magnitude earthquakes located 50 to 60 km away.  

None of these events would have posed a threat to the security of the TSF. 

Nevertheless, the possibility of TSF failure is considered in Appendix 8, where an initial 
consequence category of High C has been adopted under ANCOLD3 guidelines 

                                                        

1 Peak ground acceleration is a dimensionless coefficient of acceleration that is used by civil engineers to estimate forces on 
structures. 

2 The higher the value of the coefficient, the higher the risk of earthquake occurrence. 

3 Australian National Committee on Large Dams. 
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(Appendix 8) due to the location of the storage facility next to the plant area and the 
importance of the TSF to the viability of the overall project. The design of embankment 
structures to accommodate earthquake loads will be based on ANCOLD Guidelines for 
Design of Dams for Earthquake, and specific minimum requirements will be met 
concerning flood requirements, stability under seismic conditions, monitoring and 
surveillance of performance. An appropriate design earthquake acceleration for a dam 
having a consequence category of ’High C‘ would be an annual exceedance probability 
of around 1 in 1000.  

If an earthquake of sufficient magnitude were to occur during operations, the inner slope 
of the embankment may fail and slide into the TSF. However, this failure is unlikely to 
extend back to encompass the whole of crest of the embankments and tailing would 
probably not be released. As the tailing level rises and buttresses the inner embankment 
slopes, the potential for failure decreases since the tailing provides increased support. 
Once the TSF is full, failure of inner slopes cannot occur.  

The majority of the embankment will be constructed from compacted rockfill, which is 
relatively resistant to deformations in seismic events, particularly in low-height 
embankments such as the subject site.  

However, should the outer slopes fail, it is possible that the embankment would breach 
and the less-consolidated tailings could be released. If failure is accompanied by 
significant rainfall, then tailing solids could be washed into the East Finniss River, with 
consequent adverse impacts on water quality due to both solids and, possibly, metals. In 
addition, PAF material that is encapsulated within the embankment could report to 
downstream watercourses.  

It is worth noting that the severe consequences associated with TSF failure in recent 
years at operations in countries other than Australia are most unlikely to occur at the 
Browns Oxide Project due to the incorporation of a range of safeguards. These include 
overall method of embankment construction (i.e., by downstream raising), design and 
construction of the embankments to be stable up to the design event, controlled 
discharge of excess water during extreme events (via an emergency spillway), 
supervision of TSF construction by appropriately qualified personnel, TSF structural 
inspections, and other measures as detailed in Table 8.1. 

8.3.4 Generation of ARD (Medium Risk)  
As indicated in sections 4.9 and 4.10, some of the waste rock is likely to be PAF while 
the black shale tailing has also been classified as PAF. Geochemical analysis of the 
material has also identified elevated concentrations of metals such as copper, lead, 
cobalt and arsenic, that are potentially problematic in terms of the quality of drainage 
from the TSF.  

Successful implementation of the management measures described in sections 4.9 and 
4.10, e.g., selective handling and encapsulation of PAF waste rock, and rapid burial of 
PAF black shale tailing under successive layers of deposited material, will result in a low 
likelihood of significant volumes of ARD being generated. However, the consequences of 
ARD (should this occur to a significant extent), particularly as the time period involved 
could extend beyond mine closure, have resulted in an overall classification of this risk 
as ‘medium’ (taking into account the already degraded nature of the East Finniss River). 
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Management of PAF wastes will therefore be an ongoing, high-priority focus during
project development and implementation.

8.3.5 Fuel Leakage/Spillage (Medium Risk)
Spillage of fuels or lubricants, either from routine usage of the fuels or accidental spillage
or leakage from, and ruptures of, storage vessels, will have the potential to cause
environmental damage.

Minor spillage of fuel and lubricant, such as during vehicle maintenance and refuelling,
will be safeguarded against through bunding and a high level of operator training,
supplemented by measures such as regular inspections and monitoring. Major spills that
result from tank rupture will be contained by bunding, which will be constructed in
accordance with the relevant standards and codes (see Section 4.15).

Measures to address hydrocarbon spills/leakages are described in the Waste
Management Plan (Section 9.8.7). Any minor spillage at the process plant will be
cleaned up by the application of loose sorbent material and disposed of by incineration.
Hydrocarbon spills will be reported through the incident reporting management system to
Compass management, government authorities and emergency services as required.
The response to major spills is described in the Emergency Response Plan
(Section 9.8.1).

8.3.6 Chemical Leakage/Spillage (Medium Risk)
Chemical spillage could occur during unloading, transfer to the process feed storage, or
mixing.

Major areas containing hazardous materials will be designed to contain spills within the
area, in order to prevent the possible mixing of acidic and alkaline materials. All areas
subject to possible spills or leakage will be bunded (to collect washdown and rainwater)
and will drain to sumps from where the spillage can be returned to the appropriate part of
the process.

During the design phase, detailed training manuals will be prepared specifically for the
Browns Oxide Project. All workers will be required to undergo formal training before
commencing work at the mine or process plant. This will include specific safety training
dealing with chemical safety, as well as ensuring familiarity with MSDSs and the more
general safety aspects of the operation. Additional specialised training will be provided to
operators with specific process or material handling jobs.

Measures to address chemical spills/leakages are described in the Hazardous Materials
and Waste Management Plan (Section 9.8.7). Any minor spillage at the process plant
will be cleaned up in accordance with MSDS requirements. Chemical spills will be
reported through the incident reporting management system to Compass management,
government authorities and emergency services as required. The response to major
spills is described in the Emergency Response Plan (Section 9.8.1).
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8.3.7 Vehicle Collision/Roll-over (Medium Risk) 
The potential exists for vehicles bringing reagents, supplies and similar to the site to be 
involved in an accident. This could result in release of product, hydrocarbons or 
chemicals with consequent adverse impacts on the environment, and/or injury or fatality.  

Contractors will be required to comply with Compass’s procedures and the relevant 
codes and standards for transport, storage and handling of hazardous materials 
(including emergency response). Similarly, contractors will be required to adhere to 
Northern Territory road rules.  

Fuel trucks will carry equipment necessary to respond to an accident that may result in a 
spill. In the event that product is spilt during transport, the material will be excavated and 
recovered as quickly as possible. The General Manager will be notified immediately of 
spills that occur during transport and Compass will then notify the relevant authorities.  

Should fuel or product come into contact with surface drainage, water quality will be 
monitored to ensure that the area is appropriately remediated, if necessary. 

It should be noted that, while a number of risks involve a possible fatality (see Table 8.1), 
i.e., a severe consequence, only the vehicle collision/roll-over is given a rating greater 
than ‘low’. This reflects the increased likelihood of such an event occurring relative to 
events such as pit wall failure or explosions.  

 

 

 



Br
ow

ns
 O

xid
e 

Pr
oj

ec
t P

ER
 

 
8.

 P
re

lim
in

ar
y H

az
ar

d 
An

al
ys

is 
an

d 
Ri

sk
 A

ss
es

sm
en

t 
 En

es
ar

 C
on

su
ltin

g 
Pt

y 
Lt

d 

8-
7 

83
6_

8_
Ch

08
_v

4.
do

c/N
ov

em
be

r 2
00

5 

 

Ta
bl

e 
8.

1 
 P

re
lim

in
ar

y 
ha

za
rd

 a
na

ly
si

s 

M
in

e 
Co

m
po

ne
nt

 
Ha

za
rd

 
Ha

za
rd

 
No

. 
In

ci
de

nt
/E

ve
nt

 
Po

te
nt

ia
l 

Co
ns

eq
ue

nc
e/

Im
pa

ct
s 

M
iti

ga
tio

n 
an

d 
Pr

ev
en

tio
n 

M
ea

su
re

s 
Po

te
nt

ia
l 

O
ffs

ite
 

Im
pa

ct
? 

Q
ua

lit
at

iv
e 

Ri
sk

 
 

M
in

e 
pi

t 
Pi

t w
al

l f
ai

lu
re

 
1.

1 
Fa

ilu
re

 d
ue

 to
 s

ei
sm

ic 
ac

tiv
ity

, 
ge

ot
ec

hn
ica

l in
st

ab
ilit

y 
or

 
gr

ou
nd

wa
te

r p
re

ss
ur

e.
 

In
ju

ry
/fa

ta
lity

. 
Di

sr
up

tio
n 

to
 o

pe
ra

tio
ns

. 
M

at
er

ia
l c

on
st

ra
in

ed
 to

 th
e 

co
nf

in
es

 o
f t

he
 p

it.
 

De
sig

n 
of

 p
its

 s
lo

pe
s,

 b
en

ch
 

he
ig

ht
s 

an
d 

be
rm

s.
 

St
ab

ilit
y 

m
on

ito
rin

g,
 e

.g
., 

pi
ns

, 
on

go
in

g 
ge

ot
ec

hn
ica

l a
nd

 
hy

dr
ol

og
ica

l r
ev

ie
w.

 
De

wa
te

rin
g,

 i.
e.

, c
on

tro
l o

f w
at

er
 

be
hi

nd
 p

it 
wa

lls
. 

No
 

Lo
w 

 
Fl

oo
di

ng
 

1.
2 

Pi
t f

lo
od

s 
as

 a
 re

su
lt 

of
 e

xt
re

m
e 

ra
in

fa
ll o

r f
lo

od
 e

ve
nt

, e
xc

es
siv

e 
gr

ou
nd

wa
te

r i
nf

lo
ws

 o
r f

ai
lu

re
 o

f 
de

wa
te

rin
g 

sy
st

em
. 

Di
sr

up
tio

n 
to

 o
pe

ra
tio

ns
. 

La
rg

e 
vo

lu
m

e 
of

 w
at

er
 

re
qu

iri
ng

 d
isp

os
al

. 
Co

nt
am

in
at

ed
 p

it 
wa

te
r 

en
te

rs
 w

at
er

co
ur

se
. 

Pi
t w

al
l in

st
ab

ilit
y.

 

W
ea

th
er

 m
on

ito
rin

g.
 

G
ro

un
dw

at
er

 le
ve

l m
on

ito
rin

g.
 

Ri
ve

r/p
it 

wa
te

r l
ev

el
 m

on
ito

rin
g.

 
M

ai
nt

en
an

ce
 o

f p
um

ps
. 

St
ab

ilit
y 

m
on

ito
rin

g,
 e

.g
., 

pi
ns

, 
on

go
in

g 
ge

ot
ec

hn
ica

l a
nd

 
hy

dr
ol

og
ica

l r
ev

ie
w.

 

Ye
s 

M
ed

iu
m

 

 
AR

D 
1.

3 
AR

D 
is 

ge
ne

ra
te

d 
as

 a
 re

su
lt 

of
 

ex
po

su
re

 o
f r

ea
ct

ive
 s

ul
fid

es
 in

 p
it 

wa
ll/f

lo
or

.  

Co
nt

am
in

at
ed

 p
it 

wa
te

r 
en

te
rs

 w
at

er
co

ur
se

.  
No

 m
in

in
g 

of
 p

rim
ar

y 
or

e.
 

Pu
m

pi
ng

 p
it 

wa
te

r t
o 

m
ai

n 
se

di
m

en
ta

tio
n 

da
m

 fo
r u

se
 in

 th
e 

pr
oc

es
s 

pl
an

t. 
Tr

ea
tm

en
t p

rio
r t

o 
di

sc
ha

rg
e 

fro
m

 m
ai

n 
se

di
m

en
ta

tio
n 

da
m

.  
Ra

pi
d 

flo
od

in
g 

of
 p

it 
on

 c
lo

su
re

. 

Ye
s 

Lo
w 

 
M

ob
ile

 m
in

in
g 

eq
ui

pm
en

t 
co

llis
io

ns
 o

r 
ro

llo
ve

r 

1.
4 

Ac
cid

en
t i

nv
ol

vin
g 

sin
gl

e,
 m

ul
tip

le
 

ve
hi

cle
s 

or
 p

ed
es

tri
an

s.
 

In
ju

ry
/fa

ta
lity

. 
O

pe
ra

to
r i

nd
uc

tio
n 

an
d 

tra
in

in
g.

 
Fl

as
hi

ng
 lig

ht
s.

 
Re

ve
rs

in
g 

ho
rn

s.
 

Ni
gh

t l
ig

ht
in

g.
 

No
 

Lo
w 



8.
 P

re
lim

in
ar

y H
az

ar
d 

An
al

ys
is 

an
d 

Ri
sk

 A
ss

es
sm

en
t 

 
Br

ow
ns

 O
xid

e 
Pr

oj
ec

t P
ER

 
 8-

8 

83
6_

8_
Ch

08
_v

4.
do

c/N
ov

em
be

r 2
00

5 
En

es
ar

 C
on

su
ltin

g 
Pt

y 
Lt

d 
 

Ta
bl

e 
8.

1 
 P

re
lim

in
ar

y 
ha

za
rd

 a
na

ly
si

s 
(c

on
t’d

) 

M
in

e 
Co

m
po

ne
nt

 
Ha

za
rd

 
Ha

za
rd

 
No

. 
In

ci
de

nt
/E

ve
nt

 
Po

te
nt

ia
l 

Co
ns

eq
ue

nc
e/

Im
pa

ct
s 

M
iti

ga
tio

n 
an

d 
Pr

ev
en

tio
n 

M
ea

su
re

s 
Po

te
nt

ia
l 

O
ffs

ite
 

Im
pa

ct
? 

Q
ua

lit
at

iv
e 

Ri
sk

 
 

M
in

e 
pi

t 
(c

on
t’d

) 
Po

st
-c

lo
su

re
 p

it 
wa

ll f
ai

lu
re

 in
to

 
flo

od
ed

 p
it 

1.
5 

Po
st

-c
lo

su
re

 fa
ilu

re
 o

f p
it 

wa
ll 

re
su

lts
 in

 w
at

er
 in

 th
e 

al
re

ad
y 

flo
od

ed
 p

it 
ov

er
to

pp
in

g 
th

e 
wa

lls
. 

Co
nt

am
in

at
ed

 p
it 

wa
te

r 
en

te
rs

 w
at

er
co

ur
se

.  
Pi

t w
al

l a
nd

 b
er

m
 d

es
ig

n.
 

Po
st

-c
lo

su
re

 p
it 

wa
te

r q
ua

lity
 

m
on

ito
rin

g.
 

Ye
s 

Lo
w 

TS
F 

an
d 

as
so

cia
te

d 
in

fra
st

ru
ct

ur
e 

Em
ba

nk
m

en
t 

fa
ilu

re
 

2.
1 

Fa
ilu

re
 d

ue
 to

 s
ei

sm
ic 

ac
tiv

ity
, 

ov
er

to
pp

in
g 

em
ba

nk
m

en
t/s

pi
llw

ay
 

re
su

lts
 in

 re
le

as
e 

of
 ta

ilin
g 

so
lid

s 
an

d 
liq

ui
d.

 
 

Ex
po

su
re

 o
f P

AF
 m

at
er

ia
l 

in
 e

m
ba

nk
m

en
t w

al
ls

 w
ith

 
su

bs
eq

ue
nt

 o
xid

at
io

n 
an

d 
on

se
t o

f a
cid

 c
on

di
tio

ns
. 

Ta
ilin

g 
so

lid
s 

an
d/

or
 

co
nt

am
in

at
ed

 w
at

er
 

en
te

rs
 w

at
er

co
ur

se
. 

Do
wn

st
re

am
 c

on
st

ru
ct

io
n 

of
 

em
ba

nk
m

en
t r

ai
se

s.
 

TS
F 

st
ru

ct
ur

al
 in

sp
ec

tio
ns

.  
Da

ily
 d

ec
an

t l
ev

el
 m

on
ito

rin
g.

 
Su

pe
rv

isi
on

 b
y 

qu
al

ifie
d 

en
gi

ne
er

 d
ur

in
g 

co
ns

tru
ct

io
n.

 
De

ve
lo

pm
en

t o
f d

et
ai

le
d 

TS
F 

op
er

at
in

g 
pr

oc
ed

ur
es

. 
De

ve
lo

pm
en

t o
f c

on
tin

ge
nc

y 
pl

an
s.

 
En

gi
ne

er
ed

 c
ap

pi
ng

 o
n 

clo
su

re
. 

Ye
s 

M
ed

iu
m

 

 
Ta

ilin
g 

pi
pe

lin
e 

fa
ilu

re
 

2.
2 

Fa
ilu

re
 d

ue
 to

 s
ei

sm
ic 

ac
tiv

ity
, 

st
ru

ct
ur

al
 fa

ilu
re

 o
r h

ea
vy

 
eq

ui
pm

en
t d

am
ag

e.
  

Re
le

as
e 

of
 ta

ilin
g 

sl
ur

ry
 

to
 v

eg
et

at
io

n.
 

Re
le

as
e 

of
 ta

ilin
g 

sl
ur

ry
 

to
 w

at
er

co
ur

se
. 

 

Bu
nd

in
g.

 
Em

er
ge

nc
y 

co
nt

ai
nm

en
t p

on
ds

.  
M

on
ito

rin
g 

pi
pe

lin
e 

flo
w

. 
De

ve
lo

pm
en

t o
f c

on
tin

ge
nc

y 
pl

an
s.

 

Ye
s 

Lo
w 

 
AR

D 
2.

3 
Si

gn
ific

an
t v

ol
um

es
 o

f A
RD

 a
re

 
ge

ne
ra

te
d 

fro
m

 w
as

te
 ro

ck
 (p

la
ce

d 
in

 th
e 

TS
F 

em
ba

nk
m

en
t) 

an
d/

or
 

ta
ilin

g.
 

Co
nt

am
in

at
ed

 w
at

er
 

en
te

rs
 w

at
er

co
ur

se
. 

En
ca

ps
ul

at
io

n 
of

 P
AF

 m
at

er
ia

l in
 

TS
F 

em
ba

nk
m

en
t. 

M
in

im
al

 a
tm

os
ph

er
ic 

ex
po

su
re

 
of

 P
AF

 ta
ilin

g 
du

rin
g 

op
er

at
io

ns
. 

En
gi

ne
er

ed
 c

ap
pi

ng
 o

n 
clo

su
re

.  
M

on
ito

rin
g.

 

Ye
s 

M
ed

iu
m

 



Br
ow

ns
 O

xid
e 

Pr
oj

ec
t P

ER
 

 
8.

 P
re

lim
in

ar
y H

az
ar

d 
An

al
ys

is 
an

d 
Ri

sk
 A

ss
es

sm
en

t 
 En

es
ar

 C
on

su
ltin

g 
Pt

y 
Lt

d 

8-
9 

83
6_

8_
Ch

08
_v

4.
do

c/N
ov

em
be

r 2
00

5 

 

Ta
bl

e 
8.

1 
 P

re
lim

in
ar

y 
ha

za
rd

 a
na

ly
si

s 
(c

on
t’d

) 

M
in

e 
Co

m
po

ne
nt

 
Ha

za
rd

 
Ha

za
rd

 
No

. 
In

ci
de

nt
/E

ve
nt

 
Po

te
nt

ia
l 

Co
ns

eq
ue

nc
e/

Im
pa

ct
s 

M
iti

ga
tio

n 
an

d 
Pr

ev
en

tio
n 

M
ea

su
re

s 
Po

te
nt

ia
l 

O
ffs

ite
 

Im
pa

ct
? 

Q
ua

lit
at

iv
e 

Ri
sk

 
 

St
oc

kp
ile

s 
St

oc
kp

ile
 fa

ilu
re

 
3 

Fa
ilu

re
 d

ue
 to

 s
ei

sm
ic 

ac
tiv

ity
 o

r 
ch

an
ge

d 
m

at
er

ia
l p

ro
pe

rti
es

 (e
.g

., 
m

oi
st

ur
e 

co
nt

en
t).

 

Sm
ot

he
rin

g 
of

 v
eg

et
at

io
n.

 
Su

rfa
ce

 w
at

er
 

co
nt

am
in

at
io

n.
 

Lo
ca

tio
n 

of
 s

to
ck

pi
le

. 
Ap

pr
op

ria
te

 d
um

pi
ng

 p
ra

ct
ice

s.
 

Dr
ai

na
ge

 c
on

tro
l. 

De
ve

lo
pm

en
t o

f r
ec

ov
er

y 
pl

an
. 

Ye
s 

Lo
w 

Pr
oc

es
s 

pl
an

t 
Ta

nk
 o

r p
ip

el
in

e 
ru

pt
ur

e 
or

 
br

ea
ch

 

4 
Ex

ce
ed

an
ce

 o
f d

es
ig

n 
cr

ite
ria

. 
Re

le
as

e 
of

 p
ro

ce
ss

 
wa

te
r, 

hy
dr

oc
ar

bo
ns

 o
r 

ot
he

r c
he

m
ica

l. 
Su

rfa
ce

/g
ro

un
d 

wa
te

r 
co

nt
am

in
at

io
n.

 
Fi

re
 o

r e
xp

lo
sio

n.
  

Bu
nd

in
g.

 
M

on
ito

rin
g 

pi
pe

lin
e 

flo
w

. 
M

on
ito

rin
g 

ta
nk

 le
ve

ls.
 

De
ve

lo
pm

en
t o

f c
on

tin
ge

nc
y 

pl
an

s.
 

Ye
s 

Lo
w 

Pr
oc

es
s 

pl
an

t a
nd

 
m

ag
az

in
e 

Fi
re

 a
nd

 
ex

pl
os

io
n 

5 
Ig

ni
tio

n 
of

 fl
am

m
ab

le
 m

at
er

ia
l. 

Es
ca

pe
 o

f f
ire

 in
to

 
su

rro
un

di
ng

 v
eg

et
at

io
n.

 
Re

le
as

e 
of

 a
ir 

em
iss

io
ns

. 
Co

nt
am

in
at

ed
 ru

no
ff 

fro
m

 
fir

ew
at

er
 e

nt
er

s 
wa

te
rc

ou
rs

e.
 

In
ju

ry
/fa

ta
lity

. 

Co
m

pl
ia

nc
e 

wi
th

 s
ta

nd
ar

ds
 fo

r 
th

e 
st

or
ag

e 
an

d 
ha

nd
lin

g 
of

 
ex

pl
os

ive
s 

an
d 

fla
m

m
ab

le
 

m
at

er
ia

l, 
in

clu
di

ng
: 

- B
uf

fe
r z

on
es

. 
- F

ire
 d

et
ec

tio
n 

re
qu

ire
m

en
ts

. 
- F

ire
 c

on
tro

l e
qu

ip
m

en
t. 

- I
gn

itio
n 

fre
e 

zo
ne

s.
 

Sp
ec

ific
 m

ea
su

re
s 

fo
r t

he
 u

se
 o

f 
so

lve
nt

-e
xt

ra
ct

io
n 

re
ag

en
ts

. 
Re

gu
la

r m
ai

nt
en

an
ce

 a
nd

 
te

st
in

g 
of

 fi
re

 e
qu

ip
m

en
t. 

Re
gu

la
r f

ire
 re

sp
on

se
 tr

ai
ni

ng
. 

De
ve

lo
pm

en
t o

f f
ire

 
m

an
ag

em
en

t p
la

n 
an

d 
em

er
ge

nc
y 

re
sp

on
se

 p
la

n.
 

Ye
s 

Hi
gh

 



8.
 P

re
lim

in
ar

y H
az

ar
d 

An
al

ys
is 

an
d 

Ri
sk

 A
ss

es
sm

en
t 

 
Br

ow
ns

 O
xid

e 
Pr

oj
ec

t P
ER

 
 8-

10
 

83
6_

8_
Ch

08
_v

4.
do

c/N
ov

em
be

r 2
00

5 
En

es
ar

 C
on

su
ltin

g 
Pt

y 
Lt

d 
 

Ta
bl

e 
8.

1 
 P

re
lim

in
ar

y 
ha

za
rd

 a
na

ly
si

s 
(c

on
t’d

) 

M
in

e 
Co

m
po

ne
nt

 
Ha

za
rd

 
Ha

za
rd

 
No

. 
In

ci
de

nt
/E

ve
nt

 
Po

te
nt

ia
l 

Co
ns

eq
ue

nc
e/

Im
pa

ct
s 

M
iti

ga
tio

n 
an

d 
Pr

ev
en

tio
n 

M
ea

su
re

s 
Po

te
nt

ia
l 

O
ffs

ite
 

Im
pa

ct
? 

Q
ua

lit
at

iv
e 

Ri
sk

 
 

Co
nf

in
ed

 
sp

ac
es

 
Irr

es
pi

ra
bl

e 
at

m
os

ph
er

e 
6 

En
te

rin
g 

co
nf

in
ed

 s
pa

ce
 w

ith
ou

t 
ap

pr
op

ria
te

 s
af

et
y 

eq
ui

pm
en

t. 
In

ju
ry

/fa
ta

lity
. 

M
ill 

sh
ut

-d
ow

n.
 

St
an

da
rd

 p
ro

ce
du

re
s 

fo
r 

op
er

at
in

g 
in

 c
on

fin
ed

 s
pa

ce
s.

 
No

 
Lo

w 

Ch
em

ica
l 

st
or

ag
e 

an
d 

ha
nd

lin
g 

fa
cil

itie
s 

 
M

ai
nt

en
an

ce
 

fa
cil

itie
s 

Fi
re

 a
nd

 
ex

pl
os

io
n 

7.
1 

Ig
ni

tio
n 

of
 fl

am
m

ab
le

 m
at

er
ia

l. 
Es

ca
pe

 o
f f

ire
 in

to
 

su
rro

un
di

ng
 v

eg
et

at
io

n.
 

Re
le

as
e 

of
 a

ir 
em

iss
io

ns
. 

Co
nt

am
in

at
ed

 ru
no

ff 
fro

m
 

fir
ew

at
er

. 
In

ju
ry

/fa
ta

lity
. 

M
in

im
al

 fl
am

m
ab

le
 m

at
er

ia
l t

o 
be

 s
to

re
d 

on
 s

ite
. 

O
th

er
 m

ea
su

re
s 

as
 d

es
cr

ib
ed

 
fo

r h
az

ar
d 

no
. 5

.  

Ye
s 

Hi
gh

 

 
Fu

el
 

le
ak

ag
e/

sp
illa

ge
 

7.
2 

Sp
illa

ge
 d

ur
in

g 
ta

nk
er

 u
nl

oa
di

ng
 o

r 
le

ak
ag

es
 fr

om
 ta

nk
s.

  
Fi

re
 a

nd
 e

xp
lo

sio
n.

 
So

il c
on

ta
m

in
at

io
n.

 
Su

rfa
ce

 w
at

er
 

co
nt

am
in

at
io

n.
 

G
ro

un
dw

at
er

 
co

nt
am

in
at

io
n.

 

Re
gu

la
r i

ns
pe

ct
io

n 
of

 ta
nk

s,
 

pi
pe

s,
 c

on
ne

ct
io

ns
 a

nd
 b

un
ds

. 
So

il a
nd

 g
ro

un
dw

at
er

 
m

on
ito

rin
g.

 
O

pe
ra

to
r t

ra
in

in
g.

 
Sp

ill 
re

sp
on

se
 tr

ai
ni

ng
. 

Sp
ill 

re
sp

on
se

 k
its

 m
ai

nt
ai

ne
d 

an
d 

lo
ca

te
d 

in
 a

pp
ro

pr
ia

te
 

ar
ea

s.
 

De
ve

lo
pm

en
t o

f w
as

te
 

m
an

ag
em

en
t p

la
n.

 
De

ve
lo

pm
en

t o
f e

m
er

ge
nc

y 
re

sp
on

se
 p

la
n 

(in
clu

di
ng

 s
pi

ll 
co

nt
in

ge
nc

y)
. 

Ye
s 

M
ed

iu
m

 



Br
ow

ns
 O

xid
e 

Pr
oj

ec
t P

ER
 

 
8.

 P
re

lim
in

ar
y H

az
ar

d 
An

al
ys

is 
an

d 
Ri

sk
 A

ss
es

sm
en

t 
 En

es
ar

 C
on

su
ltin

g 
Pt

y 
Lt

d 

8-
11

 

83
6_

8_
Ch

08
_v

4.
do

c/N
ov

em
be

r 2
00

5 

 

Ta
bl

e 
8.

1 
 P

re
lim

in
ar

y 
ha

za
rd

 a
na

ly
si

s 
(c

on
t’d

) 

M
in

e 
Co

m
po

ne
nt

 
Ha

za
rd

 
Ha

za
rd

 
No

. 
In

ci
de

nt
/E

ve
nt

 
Po

te
nt

ia
l 

Co
ns

eq
ue

nc
e/

Im
pa

ct
s 

M
iti

ga
tio

n 
an

d 
Pr

ev
en

tio
n 

M
ea

su
re

s 
Po

te
nt

ia
l 

O
ffs

ite
 

Im
pa

ct
? 

Q
ua

lit
at

iv
e 

Ri
sk

 
 

Ch
em

ica
l 

st
or

ag
e 

an
d 

ha
nd

lin
g 

fa
cil

itie
s 

 
M

ai
nt

en
an

ce
 

fa
cil

itie
s 

(c
on

t’d
) 

Ch
em

ica
l 

le
ak

ag
e/

sp
illa

ge
 

7.
3 

Sp
illa

ge
 d

ur
in

g 
un

lo
ad

in
g,

 tr
an

sf
er

 
to

 p
ro

ce
ss

 fe
ed

 s
to

ra
ge

 o
r m

ixi
ng

. 
Re

le
as

e 
of

 c
he

m
ica

l 
re

su
ltin

g 
in

 s
ur

fa
ce

 w
at

er
 

an
d 

gr
ou

nd
 

co
nt

am
in

at
io

n.
 

Re
le

as
e 

of
 g

as
es

. 

St
or

ag
e 

th
at

 p
re

ve
nt

s 
po

ss
ib

le
 

m
ixi

ng
 o

f a
cid

ic
 a

nd
 a

lka
lin

e 
m

at
er

ia
ls

. 
Bu

nd
in

g 
wi

th
 w

as
hd

ow
n 

an
d 

ru
no

ff 
co

lle
ct

io
n 

sy
st

em
s.

 
Us

e 
of

 a
pp

ro
pr

ia
te

 p
ro

te
ct

ive
 

clo
th

in
g 

du
rin

g 
ha

nd
lin

g.
 

O
pe

ra
to

r t
ra

in
in

g 
fo

r m
ixi

ng
 a

nd
 

us
e 

of
 c

he
m

ica
ls.

 
Sp

ill 
re

sp
on

se
 tr

ai
ni

ng
. 

M
an

ag
em

en
t i

n 
ac

co
rd

an
ce

 w
ith

 
M

SD
S.

 
De

ve
lo

pm
en

t o
f w

as
te

 
m

an
ag

em
en

t p
la

n.
 

De
ve

lo
pm

en
t o

f e
m

er
ge

nc
y 

re
sp

on
se

 p
la

n 
(in

clu
di

ng
 s

pi
ll 

co
nt

in
ge

nc
y)

. 

Ye
s 

M
ed

iu
m

 

Se
rv

ice
s 

Po
we

rli
ne

s 
8 

M
ob

ile
 e

qu
ip

m
en

t c
on

ta
ct

 w
ith

 
po

we
rli

ne
s.

 
Fi

re
. 

In
ju

ry
/fa

ta
lity

. 
O

ve
rh

ea
d 

lin
es

 m
ar

kin
g 

an
d 

sig
na

ge
. 

Ye
s 

Lo
w 

Tr
an

sp
or

t 
ac

tiv
itie

s 
Ve

hi
cle

 c
ol

lis
io

n 
or

 ro
ll-

ov
er

 
9 

Ro
ad

 a
cc

id
en

t. 
Re

le
as

e 
of

 p
ro

du
ct

, 
hy

dr
oc

ar
bo

ns
 o

r 
ch

em
ica

ls 
to

 th
e 

en
vir

on
m

en
t. 

Fi
re

 o
r e

xp
lo

sio
n.

 
In

ju
ry

/fa
ta

lity
. 

Co
m

pl
ia

nc
e 

wi
th

 a
pp

ro
pr

ia
te

 
st

at
ut

or
y 

st
an

da
rd

s 
fo

r t
he

 
tra

ns
po

rt 
of

 h
az

ar
do

us
 

m
at

er
ia

ls
. 

Ad
he

re
nc

e 
to

 s
pe

ed
 lim

its
 

(w
he

re
 a

pp
lic

ab
le

) a
nd

 ro
ad

 
ru

le
s.

 

Ye
s 

M
ed

iu
m

 



8.
 P

re
lim

in
ar

y H
az

ar
d 

An
al

ys
is 

an
d 

Ri
sk

 A
ss

es
sm

en
t 

 
Br

ow
ns

 O
xid

e 
Pr

oj
ec

t P
ER

 
 8-

12
 

83
6_

8_
Ch

08
_v

4.
do

c/N
ov

em
be

r 2
00

5 
En

es
ar

 C
on

su
ltin

g 
Pt

y 
Lt

d 
 

Ta
bl

e 
8.

1 
 P

re
lim

in
ar

y 
ha

za
rd

 a
na

ly
si

s 
(c

on
t’d

) 

M
in

e 
Co

m
po

ne
nt

 
Ha

za
rd

 
Ha

za
rd

 
No

. 
In

ci
de

nt
/E

ve
nt

 
Po

te
nt

ia
l 

Co
ns

eq
ue

nc
e/

Im
pa

ct
s 

M
iti

ga
tio

n 
an

d 
Pr

ev
en

tio
n 

M
ea

su
re

s 
Po

te
nt

ia
l 

O
ffs

ite
 

Im
pa

ct
? 

Q
ua

lit
at

iv
e 

Ri
sk

 
 

Tr
an

sp
or

t 
ac

tiv
itie

s 
(c

on
t’d

) 

 
 

 
 

De
ve

lo
p 

em
er

ge
nc

y 
re

sp
on

se
 

pl
an

 (i
nc

lu
di

ng
 s

pi
ll 

co
nt

in
ge

nc
y)

. 
Tr

im
 ro

ad
sid

e 
ve

ge
ta

tio
n 

to
 

in
cr

ea
se

 lin
e 

of
 s

ig
ht

. 
M

ai
nt

en
an

ce
 s

ch
ed

ul
e 

fo
r a

ll 
ve

hi
cle

s.
 

 
 

En
tir

e 
m

in
e 

sit
e 

Fi
re

 
10

.1
 

Fi
re

 s
ta

rte
d 

wi
th

in
 th

e 
pr

oj
ec

t a
re

a 
or

 e
nt

er
in

g 
th

e 
pr

oj
ec

t a
re

a 
fro

m
 

of
fs

ite
. 

Di
sr

up
tio

n 
to

 o
pe

ra
tio

ns
. 

Ve
ge

ta
tio

n 
da

m
ag

e.
 

Ex
pl

os
io

n.
 

Re
le

as
e 

of
 a

ir 
em

iss
io

ns
. 

Co
nt

am
in

at
ed

 ru
no

ff 
fro

m
 

fir
ew

at
er

. 
In

ju
ry

/fa
ta

lity
. 

W
ea

th
er

 m
on

ito
rin

g.
 

UH
F 

co
m

m
un

ica
tio

ns
 o

n 
sit

e.
 

Fi
re

 e
xt

in
gu

ish
er

s 
on

 b
oa

rd
 a

ll 
ve

hi
cle

s.
 

O
th

er
 m

ea
su

re
s 

as
 d

es
cr

ib
ed

 
fo

r h
az

ar
d 

no
s.

 5
 a

nd
 7

.1
. 

Ye
s 

Hi
gh

 

 
Fl

oo
di

ng
 

10
.2

 
Fl

oo
di

ng
 c

au
se

d 
by

 e
xt

re
m

e 
ra

in
fa

ll e
ve

nt
 a

nd
/o

r f
lo

od
 fl

ow
s 

in
 

th
e 

Ea
st

 F
in

ni
ss

 R
ive

r (
an

d 
its

 
tri

bu
ta

rie
s)

. 

Di
sr

up
tio

n 
to

 o
pe

ra
tio

ns
. 

In
ju

ry
/fa

ta
lity

. 
La

rg
e 

vo
lu

m
e 

wa
te

r 
re

qu
iri

ng
 d

isp
os

al
. 

W
ea

th
er

 m
on

ito
rin

g.
 

G
ro

un
dw

at
er

 le
ve

l m
on

ito
rin

g.
 

M
ai

nt
en

an
ce

 o
f p

um
ps

. 
Ri

ve
r/p

it 
wa

te
r l

ev
el

 m
on

ito
rin

g.
 

Ye
s 

Lo
w 

 


