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ABSTRACT

This paperreports the conclusions of astudy that was undertaken to assess the safety risk and health
aspects of shiftwork and rosters at the Pasminco Century Mne Limited (PCML). PCML has guiddines in

place to manage fatigue and wished to assess their eff ectiveness and the need for any changes. In part,
this recognition was cataly sed by the paucity of relevant data and studies on shiftwork and commute
rosters in the metalif erous mining industry

The health and safety performance at PCML is among the best in the Australian Mining Industry. The

systemfor managing fatigue is an integral part of the overall hedth and safety management sy stem at
PCML.

In conclusion, the data show that skeep qudlity and quartity does not deteriorate over mutiple 24-hour
periods, and that acommute workplac e that supports and promates a recovery envionment willbe less
impacted by fatigue than acommunity based work place where the recovery off-shiftmay be more difficul
and may lead to anaccumuated sleep debt.

Inaddtion, there is no evidence from this study to indic ate that fatigue as a resut of the work rosters and
shift cycles worked is a significant contributor to accidents and incidents at PC ML.

INTRODUCTION

The study was commissioned by PCMLto evaluate the effectiveness of the fatigue management
initiatives that have been implemented a the Mine. Unlike ather studes this projgect focuses purely onthe

safety risk and hedth aspects o fatigue whilst employ ees are onsite. The study does nat cover socid
and economic aspects of shiftwork and roster influences off site or inthe domestic s etting.

This distinction was principally made because PCML, incommon with all fly in fly out operations has a
strong influence over site conditions both during working hours and during rest and recreation between
shifts. This degree of control obviously does not exist with acorventiona residertial based workforce.

OVERMVIEW OF CENTURY OPERATION

PCMLis one of the largest zinc mines inthe world, producing 880,000 tonnes of zinc concentrate and
70,000 tonnes of lead concentrate annually.

Century’s gperations compris e two sites being the open-cut mine site located at Lawn Hil and the port
site at Karumba, bath innorth west Queensland, Austradia. Mning zinc, lead and silver, the open cut mine
is expectedto operate until 2018.

PCML was the recipient of last years MINEX Award presented by the Minerals Council of Australia in
recognition of excelence inthe field of safety and health in the mining industry. The fatigue manage ment
initiatives in place a Century were recognised as providng an industry benchmark for best practice.
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Commute Roster Arrang ements

Century employs approximately 570 persomnel on afly-n, fiy-out basis who commute from a number of
regional centres infar north Queensland. Theseinclude Townsville, Mt Isa, Normanton, Doomadgee,
Burketown and Mornington Island.

There are four mainroster cy cles of twelve-hour shifts that are worked & Century Mine. These rosters
reflect the dfferent operational requirements at the Sites. These include:

= Asix week cycle of five days onfollowed by two days off for four weeks, followed by seven day s
onandthen seven days off;

= 9/5roster —nine days on fdlowed by five days off (providing four day overlap with opposite shift
within two we ek period),

= 14/7 —fourteen days onfollowed by seven days off (providing one week overlap withanather
shift);

= 21/7- twenty-ore days on fdlowed by sevendays off (one week on day shiftfollowed by two
weeks on night shift, or two weeks on day shiftfollowed by one week on night shift).

Persomel employed at the Port facility at Karumba live in the town in pupose built rental accommodation
and being residential, theirresponses are not included in this paper but were included inthe overall study.

Lifestyle a Darimah Village, Century Mine
The lifestyle at Century promotes a welkbalanced approach to food, diet, exercise, sleep and social
activities. All personnellive at the Darimah Village, and are provided with the following facilities

= Air-conditioned rooms with pull-down s hutters to exclude nase and light.

=  Roomcleaning service with full linen change once a week

= Access to free laundry facilities

= Sporting facilities including 25 metre heated swimming pool, gy mnasium wit h state-of -the-art
equipment, tennis/basket ball/netbal court, indoor cricket pitch, oval for touch rugby, golf, waking
tracks, bicycles and a yogaspace

= Exercise instructor whois aso responsible for maintaining the sporting facilites

= Recreationfaciities including TV rooms, pool tables, darts, movie channels, Bacchus Club and
Century Community Club socid nights

= Dining faciities and menu options that promote a healthy and baanced diet that are also
approved by aqualfied dietician (and endorsed by the health promation c haracter ‘Ernie’)

= Two bars with imited bar hours andrestricted purc hase of ‘take-away’ ac ohol
= Shop, phones in rooms, public phones and mohile phone coverage

= Oudoo barbeque andrecreation arealocated away from residential area

= Village Medcal Clinic and on-site Medical Centre staffed by Redstered Nurses

= Village noise abatement pdicy that restricts noise after 9.30pm &t night and 9.30am in the
morning

= Faigue Management Guiddines
= ‘Working inthe Heat’ Guidelines and scheduled monitoring programme

=  Wakplace Drug and Alcohol Pdicy and procedures that promote education and awareness
programmes includng self testing, and monitoring via random testing

= Transport to and from the Village, and chartered aircraft to mov e personnel to and from the
operating sites
= Access to asubsidised Employee Assistance Program me
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STRATEGIC DEVELOPMENTOF PCM. FATIGUE MAN AGEMENT GUIDELINES
Most of the initiatives and facilities fisted above were adopted duringthe start-up of the PCML in
November2000. Pasminco and their contractors recognis ed that they need to continually evaluate
shiftwork and rosters to ensure that the variables that may contiibute to fatigue were idertified, and the
risk of fatigue minimised and/or mitigated.

Inearly May 2001, a number of works hops were held on site with supervisory and operational persomel
toreview current arangements with regard to shiftwork and rosters, and identify any issues withregard to

fatigue.

The Workshops lodked at:
W hat is fatigue and contributing factors

Standards & Legislation
What's in place now

Latest fatigue management approaches
Management Plan framework

Curernt rosters & shift arrange ments

Issues emerging

The warks hop participants idertified the critical work related v ariables that may contribute to someone
suffering from fatigue, these include:

employee was more at risk as aresult of being fatigued.

W ok schedules and shift ratations eg. Night shift

Type of work being carried out eg. Physically demanding, mentaly demanding, mona onous,

repetitive types of work

Woak envionment eg. Exposure to noise, heat, dust etc
An extension of this assessment was to ‘risk rate’ various rdes on Site toidentify those where the

Fo example, inthe mining areathe higher risk roles were identified as follows:

ROLE DESCRIPTION FATIGUE RISKFACTORS LIKELIHOOD CONSEQUENCE | RISK
PRESENT RATING

Mobile Responsible for = Monotonous Almost Certain | Catastrophic High
equipment operating mobie .
operators, equipmentsuch as | * Euratlon d work (12
includes truck | trucks, graders, ours)
drivers in the dozers, loaders, =  Rosterlength (3:1)
Pit, transport water carts and )
driv ers and sevicevehiclesin | =  Shift work
lead truck the Pit. = Working inisolation
div ers (transporttruck drivers)
Non-mobile Responsiblefor = Duration d work (12 Possible Minor Moderate
equipment operating non hours)
operators, mobile equipment . .
includes drill | such as dils, Roster length (3:1)
operators in shov els, = Shift work
the Pit excavatorsin the

Pit.
Blast crewand | Responsiblefor = Physically demanding Almost Certain | Catastrophic High
cable crewin charging drill holes .
the Pit with explosivesand | " rl?uratlon d work (12

tying in shots. ours)

Cable crew = Rosterlength (3:1)

responsible for = Nightshift work (cable

lay ingand moving crew)

of heavy duty 11kV

electric cable *  Extreme work

environment (heat &
humidity )
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For the higher risk roles, such as those described above, a number of additional fatigue management
opportunities were identified and implemented. These include:

= Contrdled shift length and roster design (including rotating shift cy cles) eg. Minimum rest breaks
between shifts; Maximum shift length; restricted roster length and hours per week (Hours of Work
and Rostered Time Policy);

= Access to selfselect work breaks via the mobile equipment dis patc h sy stem in each truck;

= One-on-ore interview before commencing night shift for the first time, including the requirement
to complete a Fatigue Management Questionnaire to assess experience with commtute rosters
and shiftwork.

The workshops also identified opportunities to better manage fatigue largely through educ ating and
empowerment of personnelto improve self-detection and response to fatigue symptoms, as well as an
understanding of practices to avoid the onset of fatigue. Some of the improvements were:

= Provision of information and education regarding fatigue management as part of the Genreral
Induction including presentation, booklet, and site specific video

=  Returnfrom R&R and tool box presentations ondiet, exercise and lifestyle choices
= Posting of ‘Stay alert, Stay safe fatigue management posters in all rooms

= Evaluaingthe needtocarty out non-standard work at night eg. One-off or non-routine jobs
caried out during day

= Jobortask specific fatigue management plan eg. Confined Space Entry in summer

= Determining requirements for stand-by and on-call duty in addition to normal role eg. R otate
through a team/crew

EVALUATION OF FATIGUE MANAGEMENT IN REL ATION TO SHIFTWORK AND COMMUTE
ROSTERS

The PCML Fatigue Management Guiddines address all the major potential issues identified in the
technical literature. The Guidelines will be extendedto include the sy nergistic effects of heat and fatigue
in the future.

The Study indicates that there is good evidence to indicate that in general the Fatigue Management

Guidelines are properly implemented across the site. Thereis some comment that there may bea need
tobe areinvigoration of the process in some work areas.

Effectiveness of Fatigu e Manag ement
Accident And Injury Statistics
Century curently has a Lost Time Injury frequency rate of 0.5 per million ex posure hours. All medically

treatable incidents are logged inthe ACCstat database together with information on when the incident
occurred, time of day and day into roster.

Figure 1 outlines the relative frequency of accidents and incidents over the 12-hour day and 12-hour night
shift for workers who work both day and night shifts.

The data indicate that thereis no clear increase in the frequency of accidents orincidents relative tothe
number of hours spent at work as is predicted by the literature.

Figure 2 repeats this analysis for number of days into roster for the 28-day roster cycle (three weeks on
shift; one weeks rest and relaxaion). For com parison the predicted increased relative risk vdues from the
literature (Folkard , 2002) and aU S mining study (Wagrer, 1988) are shown.
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Figure 2. Analysis of incidents against day of roster for 28-day roster cycle
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The data from Century and the US study donot conform to the standard literature predictions. Similar
data was obtained from workers onthe 21 day roster cycle.

Analysis of sdf-seect breaks

Alloperatars of mobile equipment inthe Pit canrequest to have an unscheduled break that is managed
viathe on-board truck computer system. This break is called a Code 40 self select break.

The Code 40 data was andysed inan effort to establish any temporal trends.

The data would seem to indicate that the greatest percentage of Code 40 breaks are taken on the first
fewnight shifts.

The data dso showthat comparedto the first two night shifts, there is no significant increasein the
number of Code 40 breaks taken as the number of shifts increases. This absence of any trend towards
taking an increasing number breaks would suggest that fatigue is nat incremental or carried over withthe
number of night shifts worked.
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This is cormsistent with previous studes in the off-shore al industry where persomel actually sleep better
once they are in the pattern of sleeping for night shift.

code £ vs no. of nights

rei af mights

Figure 3 Code 40 lreaks taken as apercentage of total nunber of personnd onnight shift
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Figure 4 Code 40 break as afunction of time of day

Figure 4 indic ates that the self-select breaks are mainly taken between 3am and 5am.

This graphis aclassic reflection of the influence of circadian rhythm, experienced as a dp in alertness
between 3am and 5am. It aso reinforces the vdidity of the dataas atrue reflection of the reporting of the
breaks.

The widely documented circadian ‘aftemoon dip (inalertness) would appearto be masked by the
schedued mead break that is taken by al operators so that basting canbe carried ot.

Sdf Evaluation Questionnair es
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The standard Survey of Shift workers (SOS) (Fdkard, 1995) was handed ou to the workforce of 570 and
240 were returned. Personnel were asked to subjectively rate a wide range of issues that may relate to
shift work as well as specify ther sleep patterns both at home and a work under the various s hift
patterns.
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Figure 6 Distribution of hours of sleep for between day shifts, between night shifts, days off and predicted
sleep needs
These dataindcate tha the average amourt of sleep ohtained does not vary between day shifts and

night shifts though the standard deviation does increase. This indic ates that some people sleep better on
night shift and some sleep worse.

Sleep And Alertness Logs

Sleep and alertness logs, as used in the ACARP funded research project ‘Development of arisk

management tool for shiftwork in the miningindustry’ (Bofinger et al 2002), were distributed to the
woarkforce. A reatively small number were returned. The hours of sleep defined by these were consistent

with the hours of sleep obtained from the Survey of Shift workers. Itis suggested that the lowreturnrate
was in part dueto the length of time (up to 28 days) that personnel would have tofillthem out over.

Comp arison with other mining studies
There are three other reported studes on slkeep hahits inthe Austraian Mining Industry :

Study Author &Date Commute or Shiftlength
residential
Burton Open Cut Esson et al, 2000 | Residential Rotating 12 day and night
Coal Mine
ACARP Bofinger et al Mixed Rotating 12 hour day and night
2002
Residential Rotating 8 hour day, afternoon and
night
Tasmanian Mining Heiler, 2002 Residential Mixed
Industry
This study:

Century 2003 Commute Rotating 12 day and night
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Thes e studies report sleep habits invarying ways. Figure 7 compares the PCML average hours of sleep
during days on shift with the ACARP and Burton studies.
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Hgure 7 Average hours o sleep comparison for three studies
Generally, personnel at Century average over sevenhours sleep between shifts, which is amongst the

best reported. This resut would suggest that the controled sleep environrment (commute roster) does
significantly influence the hours of sleep compared to a residential community based workplace.

Figure 8 reports the standard deviation of hours of sleep forthe same studies.
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Figure 8the standard deviation in hours of sleepwhie on shift for the three studies

Consistent with the results reparted abov e, the standard deviation for night shiftsfor all studies is
significantly higherthan on day shift. This is comsistent with individual sleep patterns.

The Tasmanian study reported sleep inthree groups, 5 hours, 6- 7hours and 8 hours or mare.
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Fgure 10 Day shift hours of sleep conparlisons -Tasnaniavs Century

The Century data reports favourably when com pared to the Tasmanian data, indc ating better length of
sleep, both for day and night shift (Figures 9 and 10).

The same comparisons between the Tasmanian Study and Century were made with respect to sleep
quality and similar trends were observed.

Ingeneral sleep quality after night shift is lower than after day shift,the averageis still satisfactory but
with a wider scatter.

These comparisons of the hours of sleep recorded by personnel working a com mute roster compared to
those who are residential are significant. While the influence of ather variables warrants further study, this
data supports akey hypothesis that the ability to manage the ful 24-hour cycle ina commute operation
(along with minimal domestic and ather influences) is a significant positive factorin managing fatigue
compared to a ‘residential’ community setting.
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CONCLUSIONS FROM THE STUDY:

The core conclusion from this study is that after an initia adjustment to night shift, there is noevidence to
indicate that fatigue increases. The data shows that sleep quality and quantity does not deteriorate over
mulitiple 24-hour periods, and that acommute work plac e that supports and promotes a recovery

envirorment wil be less impacted by fatigue than a community based work pace where the recovery off-
shift may be more dfficult and may leadto an accumulated sleep debt.

It can be concluded from the Study that there is no demonstrated link between shift cycle, rosters and
accidents and incidents at PCML. The datashows arelatively evenspread of accidents and incidents that

does not differentiate between day shift and night shift, or the time of day or night.

A significant finding from the Study is that comparedto ather shift length and rotations, roster
arrangements and residential gperations, thereis very little variation between the quantity and quality of
rest between shifts recarded at work and at home. This is indirect comparison with ather published

studies that show wide variations between the quality and quantity of sleep recorded at work and at
home. It is also of significance to nate that Century employ ees recorded the greatest numbers of hours of

rest between shifts compared with the at her published studies. Again this reinforces the positive as pects
of a conmute environment that supports and promates a recov ery environment where each 24-hour cycle
is managed

The Study also confirms the nation that there is significant variahility in quality and quantity o sleep on

night shift betweenindividuals. Thisis not unexpected and reinforces the place that education and
awareness have in promoting self-awareness of fatigue sy mptoms, and promoting the understanding of
practices to avad the onset of fatigue. In addition, it qualifies the place that initiatives such as the Fatigue
Management Questionnaire have in assessing and managing a workers potential to suffer from fatigue.

It can adso be concluded from this Study that there may be some potential issues with fatigue onthe first
fewnight shifts, due toincomplete adaptation of circadian rhythms or wakefuness and sleep cycles. This

is consistent with sciertific literat ure on this subject, and the classical 3am —5am alertness dp was
evident. This is currenty managed and monitored via the sef-select work break procedure, however,
there exists an opportunity to futher investigat e this phenomenon via continuos monitoring initiativ es.

In conclusion, the observations that we have made, and the interpretations of the data that we recorded

at Century may not apply esewhere. However, it is a benchmark study into the health and safety aspects
of shiftwork and comm ute rosters inthe metalliferous mining industry, and has provided some alternative
corclusions that warrant further investigation.
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