Mine Health and Safety






The 19th International Mining Congress and Fair of Turkey, IMCET2005, Izmir, Turkey, June 09-12, 2005

Underground Coal Mining Safety Research - A Novel Canadian

Initiative

P. Cain, P.Eng.

President and Chief Mining Engineer, Rokdok Mining and Geotechnical Engineering Consulting, Lethbridge,

Alberta, Canada, email: pcain @rokdok.com
D.J. Forrester, P.Eng.

President and Chief Mining Engineer, DJFCL, Sydney, Nova Scotia Canada, and Technical Advisor to

UCMSRC, email: difcl@allstream.net
G.W Bonnell

Project Leader, Underground Mine Environment, CANMET, SUDBURY, Ontario, Canada, and Chairman of

the UCMSRC Executive Committer email: gbonnell@nrcan.gc.ca

ABSTRACT: Since 1998 underground coal mine safety research in Canada has been spearheaded by the
Underground Coal Mining Safety Research Collaboration (UCMSRC). UCMSRC is a collaborative "in-kind
consortium” which brings together all of the principal stakeholders such as industry, labour, regulators,
inspectors and universities, in jurisdictions where underground coal mining is active (Federal and Provincial -
Nova Scotia, Alberta and British Columbia). The main goal is to contribute to improving safety and health in
underground coal mining in Canada by collaboratively identifying and addressing related technology and
knowledge gaps in key areas common to current/potential operating mines.

1 INTRODUCTION

The underground coal mining induFtry in Canada is
small and geographically wide spread. Individual
compani.j operate only one or two mines; the
economies of scale that allow for large research
budgets are absent. In addition, mining conditions
are often difficult, and markets cyclical.

Over the last four decades, health and safety-
related research in underground coal mining in
Canada has been typically carried out by the
operating companies through a combination of in-
house expertise and specialist contractors and
consultants with significant technical and financial
support from the Federal Government.

The latter input has primarily been provided
through the Mining & Mineral Sciences Laboratories
(MMSL) of the Canada Centre for Mineral & Energy
Technology (CANMET) of the Federal Department
of Natural Resources, Canada (NRCan, formerly
Energy Mines & Resources). Between 1982 and
1998 the Cape Breton Coal Research Laboratory in
Sydney, N.S. spearheaded government investment in
coal mine health and safety issues.

CANMET's research directions continue to evolve
in response to changing needs of clients - both
external and internal clients. In a major programme
change in 1998 the CANMET Coal Mine Health and
Safety programme was shut down because the
industry could no longer provide the funds required
to maintain cost-sharing quota's. However, following

consultation with indubiry stakeholders, CANMET
began a new research initiative in this area, known as
the Underground Coal Mining Safety Research
Collaboration (UCMSRC).

This paper outlines in turn the background,
development, establishment, key features, initial
progress and potential future development of this
new research initiative.

2 UNDERGROUND COAL IN CANADA

Coal mining in Canada began on Canada's east and
west coasts. In the east, the first recorded mine was
at Grand Lake, New Brunswick in 1639. In the west,
coal mining began in 1836 on Vancouver Island,
British Columbia. As the railroads moved west from
central Canada in the late 1800s, mining spread to
eastern British Columbia, Alberta and Saskatchewan.

During the first half of the twentieth century half
of Canada's energy needs were supplied by coal. By
1960, however, petroleum products (crude oil and
natural gas) had replaced coal as the energy source of
choice and coal's share had dropped to 20 per cent.

The change happened so rapidly that coal-mining
communities found themselves facing mine closures
and job losses if they could not find a new market for
their product. Many of them could not and in many
places coal mining, especially underground coal
mining, all but disappeared.

321


mailto:pcain@rokdok.com
mailto:djfcl@allstream.net
mailto:gbonnell@nrcan.gc.ca

P. Cain, P.Eng, D.J. Forrester, P.Eng & G.WBonnetl

The cod industry began a comeback of sorts as all
price rises and strong demand for metdlurgica cod
in the Padific Rim dlowed producers to exploit these
markets. In 1960, Canadamined 11 million tonnes of
cod. In 1979, it mined 33 million tonnes. In 2001,
production stood & over 70 million tonnes. However,
dmog dl of this cod was surface mined, with the
exception of underground mines on Cape Breton
|dand, on the Alberta / British Columbia border and
on Vancouver |dand.

In the lagt decade, underground cod mining was
restricted to the offshore deposts in the Sydney
Codfidd of Nova Scotia (undersea longwall retrest
mining), aroom and pillar underground operation at
Grande Cache in the Albeta Rockies, and an
underground room and pillar mine at Campbe| River
on Vancouver |dand off Canada's west coast.

In 2000, the Alberta mine went into liquidation as
aresult of high debt and low coking cod prices. The
mines in Nova Scotia, run as a Federd Crown
Corporation, closed in 2001 as the Federd
Government determined that the operations were no
longer economicdly viable. In 2003 there was only
one operating underground cod mine in Canada, a
Campbd| River on Vancouver Idand.

2.1 Future Prospects

Despite the blesk recent higtory, the future looks
more promising for the underground cod mining
indugtry. Severd years dfter the closure of the Cape
Breton underground mines, the Provincid
Government is offering the remaining viable cod
leases to interested parties. There is the possibility of
a least one undersea underground coad mine being
established.

In Alberta, a new underground room and pillar
operation producing coking cod a Grande Cache
obtained government gpprova and began work in
2004. In north eastern British Columbia at least one
company has developed plans for combined surface
and underground operations to tgp low ash coking
cod reserves, dthough such projects are ill in the
early stages.

Even with these new opportunities, however, the
Canadian underground cod mining indugtry is amadl
by any standards, presenting significant challenges to
the regulatory bodies.

2.2 The Canadian Coa Mine Safety Regulatory
Infrastructure

In Canada, individud Provinces and Territories have

autonomy over a number of sociad aress, including
occupationd safety and health and the regulation of
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minerd resource extraction. Each Province and
Territory has its own mines sdfety program, and
conducts safety ingpections to ensure compliance.
Provincid Mines Chief Ingpectors mest annudly,
and there are Provincid Easten and Wedern
regiond Mine Rescue Competitions.

The Federd Government oversees nationd issues,
such as defence and foreign policy, but dso retains
regulatory and ssfety ingpection powers over its own
employees and a number of other industries. Until
recently the underground cod mines that were
worked by Cape Breton Development Corporation
(CBDC), a Federd Crown Corporation, fdl under a
Federd Cod Mines Safety Act and ingpection
srvice.

Nova Scotia repeded its cod mining regulaion
Act in 2003 and new mine regulaions came.into
effect in November 2003. The regulaions are
essentidly  prescriptive in nature, and as wdl as
establishing qudifications and duties, set out rules
for the use of explosves, dectricity, diesd
equipment and the like.

British Columbia has a Sngle mines safety code
which includes sections relating to underground cod
mines. Agan, the code is largdy prescriptive in
nature. The province reviews and updates this code
every four to five years, with the lagt update
completed in 2003.

Alberta is the only other Province with specific
underground coa mine regulations. Very recently the
Province completed a mgor overhaul of al
Occupdtiond Hedth and Safety legidation which
replaced mogt indugtry specific regulations under the
OHS Act with codes of practice. The mining section
of the code of practice varies little from the previous
regulations, but the genera code now includes a
requirement for hazard assessment of al workplace
tasks, dthough risk assessments are not recognised.

Cod mine safety ingpection services in dl three
provinces are limited. In the asence of any working
underground coa mines in Nova Scotia the
complement of ingpectors and support geff is amdl
and ingpections are limited to a smadl number of
surface mines and non-cod underground mines. In
British Columbia two Provincid employees have
underground cod  mining  experience  and
qudifications, one of whom is directly responsble
for compliance, dthough the gaf resource base is
somewhat larger as British Columbia dso hes
operating underground hard rock mines. In Alberta,
mines ingpection is contracted out. At present, the
underground cod mine inspector, the dectricd
inspector and mechanicd inspector are semi-retired
conaultants based out of Cagary, but actudly
resident in neighbouring British Columbia.
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2.3 Underground Coal Mine Safety Research
and Development

Canada was founded on its rich natural resource
base, so it is not surprising that the Federal
Government established an oversight department to
assist m the development of technologies and
techniques to maximize the benefit of these resources
to the nation Natural Resources Canada (formerly
Energy, Mines and Resources) - CANMET
(Canadian Centre for Mineral and Energy
Technology) has played a significant role in mine
technology and mine safety in both coal, hard rock,
and salt/potash mining in Canada

CANMET has historically been active in
underground coal mine research The Western
Laboratory, with offices in Edmonton and Calgary,
Alberta, was involved m ground control and
subsidence research in underground coal mines, coal
preparation and oil sands in western Canada, and
also initially conducted work m the east In the late
1970's, during the resurgence of interest in coal,
Alberta with support from the Coal Association of
Canada and the Federal Government established its
own Provincial facility, the Coal Mine Research
Centre, which also involved itself in strata control
and mining technology

In 1979 a fnctional ignition at CBDC's No 26
Colliery in Glace Bay resulted m a methane
explosion that killed 12 miners Acting on the
recommendations of the inquiry into the accident,
CANMET established the Cape Breton Coal
Research Laboratory (CBCRL) m 1982 With 15
scientists and support staff, it conducted safety and
health related research into ventilation, strata control
and mining methods for 16 years, mostly in eastern
Canada, but also in the west when required,
supporting the CANMET Western Research
Laboratory

CBCRL provided a catalyst for safety research in
the Canadian underground coal mining industry
through comprehensive joint collaborative research
programs with the mining companies Through
research contracts it maintained underground coal
mining expertise at university mining schools and
consulting firms In 1992 they provided support
services to the mine rescue operations after the
explosion at Westray Mine

However, national concern over the rising level of
public spending m the mid-1990's lead to large cuts
in budget across all of the civil service CANMET
was identified as a "service" department that could
assist in its own financing by performing "cost

recovery” work Unfortunately, the small size of the
underground coal mining industry could not support
CBCRL to the desired amount, and it was closed in
1998, shortly before the closure of the CBDC mines

3 DEVELOPMENT OF UCMSRC

The Federal Government's 1995 Program Review
within CANMET involved a business case
evaluation of all programs CANMET s Cape Breton
Coal Research Laboratory (CBCRL) in Sydney,
Nova Scotia was re profiled as a research program
known as the Coal Mining Health & Safety Program
(CMHS) A 3-year plan to attain financial self-
sufficiency was established in 1996 and reviewed m
late 1997 when it was reluctantly recognized that,
with a small client base, recent strong performance
was clearly not sustainable m the long term It was
announced in February 1998 that CMHS and hence
the CANMET Sydney Laboratory should cease
operations in March 1998 However, CANMET
made clear their desire to stay active in this research
area

In the summer of 1998, CANMET approached
CMHS stakeholders for their ideas on how
CANMET could continue to meet their technology
research needs in this field A questionnaire was sent
to 22 stakeholders including operators, inspectors,
regulators,  researchers  (government,  private,
universities) These stakeholders represented all the
jurisdictions involved in underground coal mining
Federal, Alberta, British Columbia & Nova Scotia
Of the 13 responses received, 11 were supportive
Workplace safety and health remained important
factors in underground coal mining and there was
strong support by the stakeholders for CANMET to
continue collaborative research in underground coal
mining safety

A draft agreement, including work plans for the
initial project areas, was prepared and circulated to
stakeholders for consideration It was finalized as a
Memorandum of Understanding (MOU) for
UCMSRC on September 24, 1998 Seventeen
stakeholder organizations signed the MOU to
become participants in UCMSRC, with 2 other
organizations requesting a continuing role but as
Associate Members (without voting privileges) The
participants include operators, labour, regulators,
inspectors and university researchers, across four
jurisdictions (Federal, Nova Scotia, Alberta, British
Columbia) The MOU outlined the basic details of
what the UCMSRC was about, how it would work,
how it was to be funded and what was required of
participants
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The MOU has since been renewed severd times
However, in order to facilitate those
stakehol derg/participants who were unable to Sgn the
MOU due »j "legd" concerns, a smplified Letter of
Undad idng (LOU) was prepared for the period
October 1, 2003 to September 30, 2004 to replace
the MOU The LOU is renewed for each subsequent
year

Committed to congructive didogue and project
implementation, participants benefit from didogue
with others involved in the underground coa mining
indugry across Canada, and from participating in
project sdlection and research work, adso sharing the
findings of the research

4 KEY FEATURES
4.1 Structure and Operation of UCMSRC

The purpose of UCMSRC is to provide a forum for
didogue and research involving stakeholders in
Canadian jurisdictions where underground cod
mining is active The main god is to contribute to
improving safety and hedth m underground cod
mining in Canada by identifying and addressing
rlated "gaps’ m technology and knowledge m key
aress common to current/potential operating mines

The organizational gtructure is relatively smple
An Executive Committee, condsting of three
representatives from CANMET  (the Chairperson,
Secretary and Technica Advisor, the chair having
the cading vote) and one member from each
participating organization, is respongble for al
decisons on direction, management and control,
induding discusson, sdection and agpprova of
projects and the people to work on them

A Technicd Forum Committee, comprisng the
three CANMET representatives (who are responsible
for minutes, documents, liaison and coordination of
day-to day activities), a least one member from each
of the participating stakeholders and a Technicd
Advisor discusses technical issues and coordinates
project proposds and directions a regulaly
scheduled meetings It aso coordinates project teams
and provides guidance for new projects that are
gproved by the Executive Committee The
Executive Committee and Technicad  Forum
Committee meetings are usudly held together m an
effort to make the mogt effective use of participants
time

Findly, project teams are formed as necessary to
cary out eech project All project team leaders and
members ae gpproved and gppointed by the
Executive Committee (and may include participant
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gaff who are not on the Executive Committee)
Project teams carry out the work and communicate
via conference cal and eectronic media, formaly
reporting progress to the Executive Committee on a
regular basis
The prime means of communication is by
telephone conference cal Typicdly participation m
the collaboration involves commitment of less than 1
day per month of participants time, plus one visit per
year to a 'round table meeting
The Executive Committee drives to reech
consensus on dl matters In the event of an impasse,
decisions are made by a smple mgority of those
present, with the chair having the casting vote Also,
any goproved project work involving work a a mine
site will dso require prior written gpprova from the
operating company
The Technicd Advisor facilitates the on-going
technical work These duties include
« the preparation of a 'Technica Discussion’
document for each medting in which the latest
technical information and news from the
underground cod mining industry worldwide is
summarized for the UCMSRC participants,
with input dso from the three CANMET
representatives
« technical adviceto the UCMSRC
 editing of technicd papers undertaken by
UCMSRC participants
* preparation of technicd paperdinformation as
directed by the UCMSRC

4.2 Resources & Funding

For the firda 5 yeas there were no cash
contributions/payments required from participants
except CANMET UCMSRC relies on in-kind
contributions from dl participants to ensure the work
(as defined for projects gpproved by the Executive
Committee) can be achieved

CANMET provided not only in-kind resources to
support up to 2 full time postion equivdents and
appropriate adminigtrative costs but dso provided
direct financid resources to support up to 3
postgraduate students across the three provinces and
direct financid support for a technicd advisor (&>k
per yeer)

The in-kind contributions include provison a no
cogt to UCMSRC of the following appropriate time
of daff and adminidrative support services,
materids, equipment and gpprovas (eg in the case
of ay in mine work), and travel, accommodation
expenses (for example, to attend occasond in person
meetings)
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Unfortunately, due to reduced CANMET -
MMSL budgets, direct funding for UCMSRC was
ended in September 2003 Despite the lack of direct
funding, CANMET - MMSL continues to support
UCMSRC by providing up to 2 full time podtion
equivaents, maintaining the "secure" ugcod ca web
Site, and covering appropriate adminidtration costs,
amongst other things

With this reduction in CANMET funding,
UCMSRC has looked to dternative sources of
funding In the fdl of 2003 the three provinces
(Nova Scotia, Alberta and British Columbia) where
there is underground coal mining were approached
Each province was requested to contribute $7,500
Nova Scotia and Alberta each contributed $7,500 for
atotal of $15,000 on a "one-time" basis

How to obtain future funding continues as an
important issue with UCMSRC and various avenues
are currently being explored Given the expertise of
Canadian cod operators in stegper seams, and in
both longwal and room and pillar mining methods,
as wel as the extensve background in hedth and
sdely aspects, one option being explored is to
expand the work of the UCMSRC to incude
overseas components

5 PROJECT WORK
51 Project Sdection

The Executive Committee seeks projects with
sgnificant potentid impact, eg on sfety and dso
on production and/or resource utilization, and with as
wide as possble support from participants The
following project sdlection and approvd criteria
apply
e a project topic/subject must reae to the
improvement of sdfety and hedth of ether
active or potentid underground cod mine
operations in Canada and preferably dso have
potentid significant impact
« a project should be agreed to by as wide as
possible a support base across the participants,
and idedlly should be agreed to by the operators
from dl three provinces and by a leest one
other participant in each province
The collaboration has produced a significant body
of work, considering the limited funding available

5.2 Geotechnical Review of Canadian
Codlfidds

Funded by CANMET and by the mining companies
operating a the time, this project was amed a

evauating the geotechmca conditions exigting in the
mgor Canadian underground cod mining aress and
describing standard methods for geologicd  and
geotechmcal assessment purposes

UCMSRC produced two separate reports which
described the geological setting of the three magor
underground  production aess and sought to
sandardise geologicd and geotechmed assessment
between the various mines Additiond input and
rock testing services were provided by CANMET
CE i

5.3 Explosion Protection

Explosion protection in underground cod minesisan
emoative issue m Canada, with strong opinions hed
on a wide range of subjects by dl indusry
gakeholders It was an exploson & No 26 Colliery
a Glace Bay, N S That provided the impetus for the
establishment of CANMET's Cod Mme Hedth and
Safey program, and the repercussons of the
exploson a Wesray Colliery in Stdllaton, N S In
the early 1990s are 4ill beng fdt through the
industry
A number of topics relaing to exploson
protection have been covered as joint projects by
UCMSRC members, including
«a review of hazardous location zoning
regulations in Canada and esewhere as it
pertains to the location and type of eectricd
equipment used underground, completed by
CANMET gdff a the request of UCMSRC
stekeholders
* a review of the regulations deding with the
cutting off of electrical power during periods of
elevated methane concentrations, particularly
addressing the methane leves initiating cut-off
in Canada and elsawhere, dso completed by
CANMET g&ff a the request of UCMSRC
stakeholders
* a literature review of recent research into
passve and triggered exploson barriers in
underground cod mines, funded by CANMET
and peformed by Dahouse technica
Univerdty daff
« areview of internationa practise relaing to the
ue of done dust to control explosons,
completed "pro bono" by members of the
UCMSRC

54 Canadian Underground Coal Legidation
Review

Currently ongoing is a sudy amed a identifying the
smilarities and dgnificant differences between four
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separate underground cod mining hedth and safety
regulations (codes) currently in operation in Canada
This work, when it is complete will, it is hoped,
provide a badis for the rationdisation of cod mmmg
legidation in the country, dthough ultimately it is up
to the individua regulators if they choose to take any
notice of the results

55 Literature Reviews and "Fact Sheets’

Members of UCMSRC, and contractors paid out of
UCMSRC funds, have prepared literature reviews on
severd important subjects on behdf of the group
Theseinclude
« A Lig of Internationd Expertise in Hedth &
Sefety in Underground Cod Mines
» Approved Explosives and Explosve Detonators
for Use m Underground Cod Mines
e The Use of Fre Resgant Huids in
Underground Mining Equipment
» Exploson Proof Stoppings in Underground Cod
Mines
* The Use of Refuge Stations in Underground
Cod Mines

"Fact Sheets' are two or four page summaries of
the results of UCMSRC invedtigations, presented m
a point by-point format for essy reference, dong
with mgor references to the information covered
These fact sheats are published as web-browser
compatible documents, and once gpproved by the
Executive Committee for publication are available to
the public
Fact sheets currently available include
 Fact Sheet on the Use of Light Metds & Their
Alloys in Underground Cod Mines

* Fact Sheet on the Use of Stone Dust to Control
Cod Dug Explosions in Underground Cod
Mines

56 Other Activities

Other activities in support of the UCMSRC include
the preparation of a quarterly Technicd Review of
the industry, which includes overseas and Canadian
news and developments summarised from a variety
of sources This document sarves a technology
gatekeeping role, providing members with an
oveview of developments around the world

The UCMSRC operates two web Stes A secure
web gte, dlowing password protected access by
members to meeting agendas, minutes and notes, as
well as reports and other documents, is hogted by
CANMET The secure webste is accessed through a
public porta, which alows members to reach the
secure Site, and the public to access published
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information This website, www ugcod ca, is hosted
by one of the UCMSRC participants

6 CURRENT ISSUES IN UNDERGROUND
COAL MINE SAFETY AND HEALTH.

The underground cod mining indugtry in Canada is
now sndl and geogrephicaly widespread With the
current heating up of markets for western coking
coals, and the release of leasss in Nova Scotia, there
is reeson to hope that a smdl reviva may take place
The current issues in underground cod mine sofety
and hedlth are summarised below

6.1 Multiple Safety Codes

Four different sofety codes (Federd and three
provinces) co exigt within the Canadian underground
cod mining industry

While this is easy to understand in a politicd
context, it has the effect of complicating the industry
by restricting the mobility of equipment and
manpower between provinces This merits activity
towards harmonizing regulatory issues  and
developing nationd industry competency standards
for employees and officids to achieve improved
efficiency and cogt effectiveness

6.2 Declining Personnel

Each Province must somehow provide inspection
expertiss m ventilation, eectricity, strata control,
subsidence, mechanical engineering and generd
mine sdfely from a dwinding resource base
Conaultants from oversess can offer some rdief, but
fev can offer expeience m the conditions
encountered in Canada

The smdl size of the Canadian underground cod
indugry is unlikdy to encourage the required
recruitment into these areas or provide suitable
devedopment opportunities for junior dgaff to
mantan an acceptable levd of expetie for
inspection duties This warants more inter-
jurisdictional activity to maintain core resources and
enhance response to any resurgence in underground
cod activity

Harmonizetion of regulaory issues and
competency standards will assg in this, as would the
devdopment of a nationd resource bae of
competent ingpectors and consultants on  specific
issues, who could then potentialy be shared between
Provinces
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6.3 Future Mining Needs

New underground coal mines in Canada are likely to
be developed in mining conditions that push the
limits of conventiona mining methods.

The mgor potentia underground cod resource in
Nova Scotia is some 35 km offshore. Previous
operators drove two tunnels to the cod seams which
are now flooded and abandoned. Any kind of mining
a this distance from the surface raises safety issues
around subsidence and water inflows and emergency
egress.

In Alberta, the mgority of the remaining coking
cod resources are in teep, thick seams. Non-
conventiona mining methods require condderable
additional research for them to be sofe and
successful.

Mining in these conditions is foreign to most of
the world's cod mining community. Competent
extraction and ingpection personne are few and far
between. There is a need to grow these competencies
within the Canadian context to support the
underground cod mining indudry as it begins to
exploit these reserves.

6.4 Research Funding

The andl dze of the underground cod mining
industry does not attract significant research funding
into underground coa specific sfety issues. The
dim financid margins of the producers do not dlow
for much in the way of proactive ssfety and hedth
ressarch. But in a climate of largdy prescriptive
legidation, what impetus is there for spending money
on finding new and safer ways when the legidation
you work under dready sets minimum standards?

UCMSRC currently addresses this by dlowing its
members to identify key safety issues, and then using
such resources as it has avalable, modly time
volunteered by its members, to understanding and
resolving them. However, in mogt ingtances limited
additiond funding restricts the UCMSRC approach
to reviews of current practice oversees.

7 DISCUSSION

In some ways the downsizing and uncertainty over
the future of the underground cod indudry in
Canada in the last few years has srengthened the
need for doser communication and cooperation
between the remaining underground cod mines and
other dakeholders Born out of severe funding
cutbacks fdt across the Canadian scientific civil

service, UCM SRC has provided a valuable forum for
the few underground cod mine industry stakeholders
thet remain.

That isnt to say that dl members share the same
ideas; there is dmost as much variaion as there are
members. However, dthough they may differ in the
means of achieving it, each of the members, and the
organisations they represent, are committed to
ensuring the hedlth and safety of underground cod
mine employees.

It is this commitment that ensures the success of
UCMSRC and dlows members with competing
interests to work together on joint projects for the
benefit of everyone concerned. Coming from a
nation known for dmost excessve politeness and
recognised internationd service as an arbitrator and
peacemaker, it isnt surprising that this uniquely
Canadian gpproach is enjoying Some success.

The four key issues identified as taxing the future
devdopment of the Canadian underground cod
mining indusry, namey competing regulaions,
intellectua resources, future mining needs and the
funding required to address these issues are subjects
of active (and often intense!) debate within
UCMSRC, which continues to goply itdf to
fecilitate this didogue and to ensure a supportive

environment for any future resurgence of
underground cod mining in Canada.
The  mediumtolongterm  outlook  for

underground cod mining in Canada has improved
somewhat in the last year, lagdy due to an
unforeseen rise in demand for the same metalurgica
cod which dimulated a Canadian cod mining
resurgence in the early 1970's. Substantial safety and
hedth chalenges will be rased as the industry
expands.

Subject to obtaining the samdl amounts of funding
required to maintain its activities, UCMSRC has the
flexibility to develop further projects as the need
arises, primarily through the Technicd Forum
meetings, but the issue of resources and their
application to the chalenges presented till remains.

There are two possible solutions. The firgt is to
charge a sgnificant membership fee to participants
to guarantee them access to the work produced, and
to sdl UCMSRC reports to non-members. This,
however, may actudly result in a reduced
membership and hence less resources in the long run.

The second option is to encourage wider,
potentidly international, participation in UCMSRC
on a nofee bass. However, this might require
changes to the operationd methods to overcome time
zone differences between participants. A third option
might be an expanded membership and a nomind
fee.
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In the interim, however, UCMSRC will continue
to provide the only Canadian national forum for
health and safety related issues in the underground
coal mining industry.
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ABSTRACT: The adverse health effects of asbestos are undisputable and well documented in mining
environmental literature. The worldwide environmental anti-asbestos campaign begun in the late-1980s is
premised on this fact. Consequently, major asbestos consumers like Japan, United States and most of Europe
will completely ban the use of asbestos by 2005. Most asbestos mines have responded to this challenge by
maintaining, reducing or ceasing production thus, portraying the industry as a sunset industry.

Anticipating closure, African Associated Mines (AA Mines) took a bold step to develop and implement an
ISO 14001 Environmental Management System (EMS) to minimise environmental liability at closure through
improved environmental performance. The EMS was certified in February 2004 and apart from initial
intentions, it enabled AA Mines to establish new asbestos markets in the Far East. This paper examines the
challenges and criticisms of the certification process of AA Mines.

1 INTRODUCTION

African Associated Mines (AA Mines) is the sole
producer of chrysotile asbestos fibre in Zimbabwe.
The company is one of the single largest mining
employer and foreign currency earner in the country,
employing close to 6,000 employees (about 10% of
the total formal mining labour force in the country).
AA Mines produces a total of about 145,000 t/year
of chrysotile asbestos fibre from its two subsidiary
mines, Shabanie and Gaths. Shabanie mine is
located in Zvishavane about 180 km south-east of
Bulawayo, the country's second largest city and
Gaths Mine is located in Mashava a further 60 km to
the east of Zvishavane (Figure 1). The two mines are
both underground mining operations utilising sub-
level and block caving methods for ore extraction
from Archean schist rock formations. The ore from
underground is sent for processing at the milling
plants where the fibre is extracted from the rock by
crushing and selective vacuum aspiration. The fibre
is then cleaned and blended into various grades as
per customer specifications and then packaged for
shipment. In February of 2004 the two mines were
certified to the international ISO 14001 standard.

The certification was achieved amid several

challenges and criticisms.

2 CHALLENGES AND CRITICISMS

The first challenge was that the certification was
sought at the height of a strong world environmental
anti-asbestos campaign begun in the late-1980s for
asbestos-related respiratory and cancer diseases.
Accordingly, major asbestos consumers like Japan,
United States and most of Europe will completely
ban the use of asbestos by 2005. Admittedly, the
adverse health effects of asbestos associated with its
uncontrolled production and use are undisputable
and well documented in mining environmental
literature (Asbestos International Association, 1990;
Bignon, Peto and Saracci eds., 1989; Dement, 2001;
Virta, 2002; World Health Organisation, 1986 and
World Health Organisation, 1989). The campaign
has been quite strong forcing most producers to
maintain, reduce or cease production resulting in an
overall declining world production (Figure 2). As
can be seen from Figure 2, world annual asbestos
fibre production declined from 4 million tonnes in
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Figure 1. Map showing location of Shabanie and Gaths mines.

4,500,000
4 (.000
3,500 D0
3,00 000

Prodiction [t}

1990 1997 1994 1998 1853 2000 B00Z 2004

Year

Figure 2. World Asbestos Production from T 990
(Djtj Source'BuckiuglliimaiK1 Virt a, 2004)

1990 to stabilise around 2 million tonnes from the
year 2000.

Secondly, there was no local mine to draw
experience from since the mines were among the
first mines in the country to pioneer the ISO 14001
route. There was also the general perception that
mines were not very environmentally conscious as
evidenced by the numerous media reports on mine
accidents and disasters.

AA Mines also faced the criticism that they had

chosen the ISO 14001 route because they wanted to

improve the marketing of their product not that

they genuinely wanted to improve their
environmental performance. Thus, by
implementing ISO 14001 Environmental

Management System (EMS), the mines needed to
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prove that their environmental performance had

indeed improved.

The certification was also achieved at a time when
the ISO 14001 standard has been receiving wide-
spread criticism that it is not a panacea for
environmental problems. The paradigm shift away
from the perception of ISO 14001 as an effective
environmental management tool has resulted in
serious debate between two schools of thought. In
one school are the advocates of ISO 14001, who
argue that it is a product of international consensus
and a comprehensive tool that provides industry with
a way of controlling environmental impacts (Krut
and Gleckman, 1998). The proponents also strongly
argue that ISO 14001 provides access to global
markets and is likely to become a condition for
doing business globally. In the opposing school are
the critics who argue that ISO 14001 on its own is an
inadequate tool to solve environmental impacts of
industry (Krut and Gleckman, 1998). Firstly, they
argue that it limits public involvement since the
public cannot set targets or monitor industry's
performance. The targets are set by the industry
themselves and are what they are judged against.
Also ISO 14001 is voluntary, thus companies are not

obliged to disclose environmental performance
results making it difficult to know their
environmental performance (McCreary, 1996).

Another argument is that ISO 14001 alone cannot be
used to distinguish between a good and a desultory
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environmental performer, thus companies with
"weak" environmental policies who could be
seriously polluting the environment could easily get
certified
One technique for investigating the envuonmental
impact of a particular product is its full Life Cycle
Analysis and Management (LCA) LCA wuses a
systems approach to investigate the inputs and
outputs during each stage of a product's production,
use and disposal Critics of ISO 14001 have argued
that LCA should be the basis for assessing
environmental performance rather than site-based
polices and audits chaiactenstic of the ISO 14001
EMS In response to these criticisms some countries
such as Denmark and Sweden, have adopted an
"ISO 14001 Plus" appioach, requmng companies to
fulfil the ISO requirements plus additional demands
specific to their product
Given the foregoing arguments, the rest of this

paper examines how the challenges and criticisms of
ISO 14001 certification have been addressed by AA
Mines The discussion analyses and reviews the coie
elements of ISO 14001 EMS and the AA Mines
expeilences 1elating to each element The five core
elements of the ISO 14001 standard are
* An environmental policy,
* An assessment of environmental aspects, legal

and voluntary obligations,
* A management system,
* A series of periodic audits and 1eports to top

management and
* A public declaration that ISO 14001 has been

implemented

3 ENVIRONMENTAL POLICY

An envuonmental policy statement is the only public
document that the ISO 14001 standard requnes a

Table 1 List of legal and othei relevant instruments

1 Mines and Minerals Act (Chapter 21 05) (1996)
Mme (Management and Satety) Regulations (1990
Explosives Act (Chapter 10 05) (1996)
Natural Resouices Act (Chapter 20 13) (1996)
Hazardous Substance and Articles Act (1996)

u

—_

3
14

—_

certified oiganisation to produce The mam role of
the policy statement is that it is the basis for the
design, implementation, monitoring and continual
improvement at a ceitified facility In order to guard

against the criticism of producing a "weak"
environmental policy, AA Mines undertook a
comprehensive "initial review" to establish the
environmental status of the organisation After

benchmarking the status against regulatory, industry
and company voluntary standaids, a policy statement
was pioduced that outlined the company's
commitment to pievention of pollution with
emphasis on

. Aur-boine asbestos fibre and lock dust,

. Air, watei and land pollution,

. Noise and vibration levels,

. Dumps 1ehabilitation and management,

. Accident and incident prevention,

. Identifying and eliminating any possible
environmental and health risks and

. Conservation of resources

4 ENVIRONMENTAL ASPECTS, LEGAL
AND OTHER OBLIGATIONS

The ISO 14001 standard requnes an oiganisation to

conduct performance assessment In setting
objectives and taigets, an organisation should
"establish and maintain procedures to identify

environmental aspects of its activities, products or
services that it can control and over which it can be
expected to have an influence " (SAZ, 1996) In
addition, an oiganisation should establish and
maintain a proceduie to identify and have access to
legal and othei requirements to which it subscribes
(SAZ, 1996) Twenty legal and other relevant
instruments were identified by AA Mines (Table 1)

The Pneumoconiosis Act (Chapter 15 08) (1996)
Envuonmental Management Bill (2000)

Public Health Act (Chaptei 15 09) (1996)
Explosives Regulations (1989)

ILO Convention 162

Foiest Act (Chapter 12 05) (1996)

Uiban Councils Act

Water Act (Chapter 20 24) (1996)

Labour Relations Act

Atmosphere Pollution Prevention Act 20 03 (1996)
Parks and Wildlife Act (Chapter 20 14) ( 1996)

10 National Museums and Monuments Act (1996)

O 100 1IN IO I I 1w N

—— = =
o IR I 15

19

Road Traffic Act
ZINWA Act

20 Workman s Compensation Act

331



C Muhinf-wim I Mbengo & D Phun

The initial review and benchmarking process
established that the most significant environmental
aspects were, in order of priority

* Air-borne asbestos fibre,

* Air-borne rock dust,

*  Fumes fiom explosives blasting,

*  Noise from machinery and equipment,

*  Vibration from machinery and equipment,

*  Exhaust fumes from mobile equipment,

» il spillage fiom mobile equipment,

» Waste rock and fines and

*  Heat from virgin rock and mobile equipment
Although legal compliance was already being
achieved m most of the significant aspects, EMS
targets were set to operate well below the
compliance  limits  Accordingly,  opeiational
procedures were developed to ensure compliance
with EMS targets Relevant operational control and
monitoring programmes were then developed to
ascertain the adequacy of these procedures in
meeting the required EMS targets As will be seen
later, if a procedure was failing to give required
1esults, it was reviewed and amended so that it
improved the conti ol of the significant aspect
concerned Air borne asbestos fibie and rock dust
look top priority on the significant aspects register
since they are directly the causes of the adverse
health effects of asbestos It is for this reason that
although die performance on other significant
aspects were controlled and monitoied, only the
performance in controlling these two will be
reported here In addition only the two major
departments, mining and milling, that liberate fibre
and dust into the air will be reported on The legal
limits set out in the Mine Management and Safety
Regulations of 1990, for air-borne asbestos fibie and
rock dust, aie 2 fibres per millilitre per 4-houi period
and 10mg pel m’ pei 4-hour period, respectively
Since the mines weie alicady achieving fibre and
dust counts below these legal limits, it was agreed
that the sampling locations and number of peisonal
samplers would be maintained The air borne fibre
EMS target was then set as the percentage of
samples with fibre counts greater than 0 5 fibres pei
millilitre per 4-hour period being less than 5% of
total samples, within three years and thereafter to
0% For 1ock dust counts, the percentage of samples
with dust counts gieatei than 8mg per m’ pei 4 hour
penod were to be withm 5% of the total samples,
again within thiee years The ISO 14001 piogramme
had been started at the end ot June 2001 (1 ¢ Quarter
3, 2001) and the compilation ol the proceduies was
completed m Quarter 4 of 2001 Implementation of*
the procedures began m Quarter 1 of 2002 and ran *
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for 2 years befoie ceitification (1e Quarter 1 of
2004) The results of the implementation are shown
in Figures 3 6 Figure 6 is typical example where a
procedure had to be amended to improve the control
of dust m the milling plant at Gaths mine The
results show that, although there were variations
from Quarter to Quarter, the geneial trend was a
gradual decline in the percentage of samples above
the set target It can also be seen that before project
implementation the variations were moie erratic
compared to the period dunng implementation and
after certification, indicating the impact of action
plogrammes Smmilai tiends were established foi
othei significant factors, other than fibre and dust It
can be concluded therefore, that AA Mines'
environmental policy led to improved environmental
performance in key target areas, hence the gi anting
of the certification

5 MANAGEMENT SYSTEM

The established environmental management system
checks if an oiganisation is in line with its stated
environmental policy Thiough clear Unes of
authonty and 1esponsibility, an EMS follows pioject
cycle phases of planning, implementation,
monitoring, corrective action, ieview and continual
improvement At AA Mines, an ISO 14001 team
comprising of carefully selected departmental
representatives headed by a  management
representative, the Technical Services Manager, was
mandated to drive the programme semi-
autonomously at departmental level so that chances
of carrying over the existing status quo were
minimised The departmental heads also had to
commit Ulemselves to complying with the ISO
14001 programmes specific to their sections It was
also realised at the onset that the paiticipation, and
moie importantly, acceptance and ownership, at
grass loots level weie essential for a successful ISO
14001 project Thus, the mine launched a 'Come on-
Boaid' programme to educate employees on the
importance of then participation and ownership ot
the ISO 14001 project This approach was quite
effective in getting the EMS through various the
project phases The associated documentation
generated by the EMS at AA Mines included the
following

Environmental Health and Safety (EHS)
Policy,

EHS Policy Manual,

Legal Aspects Register,

Significant Aspects Registei,
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Proceduies Manual,
Work Institutions Manual and
Records

6 PERIODIC INTERNAL AUDITS

Internal audits are undertaken to veufy if the EMS is
conforming to action plans and policy Results of
audits are reported to top management In addition to
internal audits, an organisation seeking certification
will have to be audited by an accredited external
third party Clitics argue tliat ISO 14001 is based on
internal and external audits, whose 1esult is
piesented to senior management It is not clear if
information discovered during an audit shows illegal
activities or major pollution can be disclosed to the
public or 1egulatory authorities as the consequences
could be heavy lawsuits and lengthy litigations
(McCreary, 1996) The standard does not state if
regulatory authorities can demand access to audit
results

In the case ot AA Mines, all the four internal
audits undertaken prior to certification did not reveal
majoi non regulatory compliance In addition, the
fust SAZ third party audit only picked up minor
non-conformances which were rectified during the
three months befoie the final certification audit in
Februaryof2004

7 PUBLIC DECLARATION

The ISO 14001 standard requires that the
environmental policy should be communicated and
made available to the public AA Mines met this
requirement by publishing the policy it was
implementing m the local media and soliciting
inputs into the progiamme It also communicated
later through the same local media that it had
attained ISO 14001 certification

8 OTHER ISO 14001 BENEFITS

Over and above improving the mines' production
environment, part of the EMS entailed the
development of a good mine closure plan The
closure plan included projects that could 1esult m
former asbestos dumps being cleaied away for use
as raw material tor the production of other
environmentally safe products These projects, still
in their embiyomc stages are the recovery of
magnesium from dumps, conversion of the dump
matenal to pioduce low temperature Chiome-Mag
foundry bricks and the 1ecovely of nickel from the
dumps These projects were the results of an ISO
14001 driven mind set change from traditionally
viewing piocess waste as "waste" to viewing the
same waste as possible raw material foi other
processes that can be developed
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9 CONCLUSION

AA Mines developed and implemented an ISO
14001 EMS in anticipation of closure so that
environmental liability at closure would be minimal
However, after certification, the mine was faced
with a pleasant surprise as closure was no longer
imminent since the piocess had led to the
establishment of new markets. In addition,
environmental performance improved AA Mines
are likely to continue improving their environmental
performance so that they do not lose the certification
in subsequent surveillance audits This project was a
huge task the mines undertook against a backdrop of
serious challenges and criticisms These included
criticisms on the inadequacy of ISO 14001 as an
effective environmental management tool, absence
of previously certified local mines, the strong
worldwide anti-asbestos environmental campaign,
and general perception of mines as serious
envuonmental polluters and hazards to human
safety

The AA Mines case has demonstrated that by
attaining ISO 14001 certification, an organisation
can improve its environmental performance and get
better access to global markets The AA Mines case
also indicated that by implementing ISO 14001, a
positive mmd-set change can occur on the
perception of process waste by employees
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Some Aspects Concerning the Stability of Waste Dumps

V. Arad & S. Arad

Petrosam University, Romania

C. Toroapa

High School of Informatics, Petrosam, Romania

ABSTRACT: The present papei aims to contiibute to the improvement of ecological management decisional
process, in the view of rehabilitate environment quality - from the point of view of environmental factor soil
by establishing the necessary objectives for stability of waste dams

1 THEORETICAL CONSIDERATIONS

The mining activity perfoimed in Romania until the
year 1989 was focused mainly onto reaching high
production levels, fact which had led to neglect eco-
logical issue and that had resulted in time of very se-
rious damages for the environment

Rehabilitation of mining wastes dams iepresents a
constant concern of all specialists, who had cooper-
ated along the years with very good results

The sliding of side slopes is part of the most com-
plex natural processes, by the large numbei and van-
ety of the factors involved in bringing them abou
and that is why side and slope stability has to be
toieseen and assessed

Table 1 Situation of waste dumps in accordance with the
souices of waste deposits affeient to mmmg ac

tivities
Provenance of stored ~ Storage surface (ha) Total
deposit Active Pasive / (ha)
In conserva-
tion
From underground 23 64 93 08 116 72
works
From coal processing 45 62 44 91 90 53
plants
Total (ha) 69 26 137 99 207 25

As a result of the activity carried out at undei ground
and piocessmg coal plants had been 1esulted a large
amount of waste that were deposited in waste dumps

Piesent situation of the waste dumps as well as
their location into the mining penmeter of Jiu Valley
is presented in Table 1

In the view of rehabilitating die Jiu Valley envi
ronmental quality, as regard the "soil" factor, it is
imposing the improvement of ecological manage-

ment [t will be establish the affeient objective con
cermng the ecological ieconstruction

Fiorn geological point of view, these deposits
consist of the following types of rocks shale, maily -
shales, marls, shaly - mails, marls - limestone,
shmes, cmdei, etc

Deposits of waste dumps resulted from coal pioc-
essmg plants in addition to the waste slimes resulted
from the coal processing activity, includes also a
lange of elements such as chemical ieagents, lubri-
cants, diesel, tar, etc

The settling ponds affeient to Coroesti coal pioc-
essmg plant, with 24 8 ha total surface, occupy an
important land area located in the Western Jiu light
riverside, at 250m distance to the coal processing
yard From technological point of view, the settling
ponds have been formed by storing the residual
slimes resulted from coal piocessmg process pei-
foimed at Coioesti coal processing plant onto a hon
zontal platform embanked all aiound its surface
Onto the settling ponds' supporting sides, the large
size waste 1esulted from coal screening and ciushing
processes together with olher 1esidues resulted fiom
the technological process of Coioesti coal processing
plant, have been transpoited and stoied. In order to
protect the settling ponds against the possible West
ern Jiu water floods, protective walls have been built

2 THE SYSTEM ANALYSIS OF SIDE
STABILITY

The study stages of the instability phenomena aie
presented m flow chart m Figure 1 The assessment
of the mining works' stability was perfoimed by
taken into consideration the stiuctural and physical
characteristics of the locks and the stress - stiain
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state in the rock massif repiesenting the input pa-
rameters, (Mannescu, 1988)
Besides, the deterministic and probabilistic meth-
ods based on measurements and observations, stabil-
ity analysis can be undertaken by estimating the sta-
bility factor
A complete definition of the stability factoi can be
given by compaung the stress state in the sliding
plane, F = t/r, wherex, represents the value of the
mobilized shearing strength and it is the value of the
tangential thrust produced in the rock- mass
Numerous methods of analyzing stability can be
classified according to different criteria, nevertheless
they can be classified into two large categories
Methods of static equilibrium
Methods of deformation, based on the stress-
stiain relation,

or mixed methods (Manea, 1998)

In the second category, the determination of the
Stress State in the rock- mass, this is compared and
done by several techmques

Inputs

|

Analysis of

subsystems

Fe=1n T

Stable and limit
stable

Figure 1 The flow chart of stability system

Instable

The method divides the analyses environment into
small domains, on which a simple distribution of
stresses and strains 1s consideled, while the stresses
aie average on a finite volume in the rock mass The
"a prion" knowledge of the position of break surface,
by applying the finite element method indicates the
aieas with stress concentration and their evolution
with the load state, the areas with tensile stress and
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the displacements before slope break (Aiad et al
2000 a)

3 RESULTS AND COMMENTS

In the paper, the determination of the Stiess State
was earned out using the finite element method (Sal-
vadon and Baron, 1972)

In the case of a waste dump, which can become
unstable owing to weather phenomena the analysis
method of the Stress and Strain State by the finite
element method had been applied For the conditions
from Jm Valley coal Basin at Ileana 1 waste dump
the solution of the numerical modeling was obtained
The Ileana 1 waste dump lies on an area of 14 26 ha,
having 21 m average height and a volume of 4 283
656 m’

From the laboratory tests and the material charac-
teristics it is known that the elasticity module, E=
200x 10°N/m’, Poisson coefficient u. = 0 3, mne1 fric-
tion coefficient > = 34", apparent specific giavity y =
22x10 N/m’, volume weight y =2 31x10*
N/m\Arad et al, 2000 a)

The displacement on the contour of the slope and
Stress tensor has been plotted m Figures 2 and 3

In Table 2, are given the values of the parameters
characterizing the stress state calculated m the point
at the side bottom, the side top and the critical point
to right extremity of the geometric model The model
of the slope waste dump is rendered in Figues 2 and
3

Table 2 The parameters of the stiess state foi the geomet-

ric model

Parameter At the At the Inthe cnti
(UM) slope slope cal point

top bottom

Value
S (m)* 100 0 89 079
S»(m)* 071 052 100
CT,.(10N/m'r 414 207 621
a,,(10'N/m')** 189 311 49
0, (10'N/m")*" 2 96 0916 48
aW _Ninr)"" 28 169 355
i, <IO'N/mT" 182 085 259

* Displacement
** Tresca and von Mises Stress

«" e Stress tensor
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4 CONCLUSIONS
Corroboration of the results obtained by numeiical
methods, of slope modeling, and the statistical proc-
essing of the large numbei of instability phenomena
by long term observations on them imposes making
out prevision charts ot instability phenomenon
The prediction on slope stability, and in geneial
on that of sides, is a requnement due to the negative
impact ot the instability phenomenon on the snvi-
ronment
The numerical methods for the simulation of the
Stress State in the waste dump of block were exam-
ined to assess their use in piediction sliding ot the
slope (Aiad, 2000b)
Fiom the analysis of the results obtained we find
out that the stresses occurring in the waste dump
slope are higher than the conesponding me-
chanical resistances (o, = 5x10° N/m’, a, =
1x!0° N/m’, i,,= 3 41x10° N/m’) determined in
the laboratoiy, theretoie the slope is unstable
Regarding displacements, it is found out that
these have maximum values on the veitical,
which does not, however, affect waste dump
stability
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The accident data recorded from mine tailings
dams indicate that the great majority of the sliding of
these deposits occurred as function of the bad and
low strength of dam foundation pioperties
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Parameters Affecting Mine Gas Drainage And Outburst Control
Research

N. Aziz, F. Sereshki, D Bruggemann & | Porter
School of Civil, Mining and Environmenta Engineering, University of Wollongong, NSW 2522, Augtrdia

ABSTRACT: Removing gases foom mine environment represents the most important challenge that any
mine operator is faced with. The ease with which the challenge is met and addressed depends on better
understanding of the various parameters. Coad permesbility and porosity is one of the key factors affecting
the drainability of the cod. Cod matrix structure and cod minerdization provide a key to various issues
related to effective drainage. Abnormd geologica intrusions such as faults and dykes are likely to adversdly
affect the drainability of the cod seem. A combination of coa permegbility, volumetric matrix change and
petrography studies has been found to provide a new methodology in determining the ease with which a cod
seam can be drained particularly with respect to geologically difficult stes. Various methodologies and
techniques are described to provide the latest of research currently been pursued a the University of
Wollongong, NSW, Austrdia, which is now providing a clear direction to predicting the drain ability of
gassy cod seams.

1. INTRODUCTION gravimetricadly the gas content of coa, and the
extended later to the volumetric method. Other
The capture and utilisstion of methane gas is studies undertaken include the modelling of gas
receiving increasing attention in recent years as sorption in
mines are gearing up for high output in order to
remain economicaly viable, particularly in export
oriented countries like Audtrdia Methane, as the
mgor component of naturd gas, is drained from
the cod seam prior to mining and the mogt
common method of high rate of gas drainage is by
borehole drainage. Figure 1 shows a typicd
patterns of gas drainage systems currently been
implemented in various Augtrdian Mines. A lead
time around dx months is generally alowed prior
to the commencement of mining the predarianed
cod pandl.

The success of a cod drainage programme by
borehole drilling is influenced by the geologica
conditions and dso by the gas environment.
Accordingly, there has been a continuous
programme of reseerch a the School of Civil,
Mining and  Environmentad  Engineering, ' J
University of Wollongong for the past two decades Foure 1 Tvnica paten of gssdra drilli
to provide essntid research needs of the o yicel pet g cranege diting
Augtralian cod indugtry. Initidly the main study coal. The next phase of the research involved the
was related to sorption technique for determining development of a muiti function outburst rig
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(MFORR) for outburst research. The MFORR was
initially used to study the effect of gas environment
on the strength properties of coal including:

i) The effect of gas pressure on coal tensile
strength, using the well known Brazilian
method of indirect tensile testing of
cylindrical core samples in different gas
pressure confinements,

i)  The effect of gas pressure gradient on coal
load bearing capacity, and

iii)  Study of the strength of coal by examining
the particle size distribution of drill cuttings
under different gas environments. A high
precision drill of controlled speed up to 10
different levels was used to study the
changes in particle size distribution with
respect to increased gas type, gas pressure.
The changes in coal strength properties were
also compared with drilling of coal in air
(Aziz Hutton, and Indraratan, 1996)

Concurrent with the above, an extensive study
of various coal seams gas content was conducted
using an in-house built adsorption and desorption
apparatus. Research emphasis has since been
shifted towards the establishment of a long-term
database for coal properties including coal
permeability, coal shrinkage and coal petrology.
The later aspect of the study is the establishment of
indices for coal drainage characterisation.

2. EQUIPMENT DESCRIPTION
2.1 Adsorption and desorption apparatus

This equipment has been the focus of outburst
programme research for the past two decades.
Initially it was constructed to determine indirectly,
and gravimetrically the gas content of coal at
different gas pressures, nowadays it is also used for
coal sample preconditioning, prior to permeability,
coal shrinkage and coal strength tests. The
apparatus (Figure 2) consists of number cylindrical
pressure vessels, known as pressure 'bombs'. Coal
samples are sealed in gas bombs and pressurised to
a saturation level at various predetermined
pressures up to 5 MPa. The sample containers are
immersed in a water bath, but are isolated from the
water bath by copper sleeves to keep them dry. A
thermostatically controlled water bath (with a
stirrer) allows the coal samples to be kept at the
desired temperatures. Further details of equipment
construction, operation and gas content
calculations at various pressure levels are
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described elsewhere (Aziz, and Ming-Lee, 1999).

Figure 2 High pressure sorption /desorption apparatus

2.2 Coal Shrinkage test

Figure 3 is basically the pressure vessel (bomb)
component of adsorption and desorption
equipment used previously for indirect method of
determining the gas content of coal. The only
modification introduces to the bomb is the addition
of pressure transducer on the lid of each bomb to
monitor the bombs inlet gas pressures. Coal
samples are sealed in gas bombs and pressurized to
a saturation level at 3 MPa. It is then immersed in a
water bam to maintain it at a constant temperature
of around 25"

Before, the coal samples are placed in the
bombs; four strain gauges are mounted on each
sample surface to monitor axial and radial strains
on coal size due to gas sorption. The mounting of
the strain gauges is carried out in accordance to
International Society of Rock Mechanics (ISRM)
standard. A data taker 'model DT50" is used to
retrieve information from the bomb which is then
connected to a PC for data analysis.

2.3 Multi Function Outburst Research Rig
(MFORR)

MFORR comprises a number of components,
which can be utilised on a variety of research
studies, initially built for the study of the
evaluation of changing coal strength properties
with respect to changing gas environment of the
coal sample tested. At present the rig is used
mainly for coal permeability studies. The
integrated components
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Figure 3 Cod shrinkage test vessdl (Bomb) of the
MFORR include
Main frame
Gas pressure chamber - also used for coa
permeability studies
Drilling system
Drill support frame
Drill cutting collection system
Universal Socket for vertical load application,
Flow meters (see in Figure 4)
Data Acquistion System
Various components for coal strength properties
tests
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Figure 4 shows a general view of the MFORR.
The components of the MFORR are
interchangeable with respect to the type of tests
undertaken. The main frame comprised a sturdy
steel structure, which houses the gas chamber, a
drilling frame which carried the drill, the universal
thrust connector and the drill motor speed
controller. The gas pressure chamber is a
rectangular prism of cast iron with removable front
and back viewing plates. The dimensions are 110
mm x 110 mm x 140 mm.

231 MFORR for Precision drilling and coal
strength analysis

When used as a precision drill, the pressure drill
rig (PDR) consists of drill frame, drill motor with
drill bit, drilling thrust system and drilling cutting
collection device. A multi-pulley system enabled
constant thrust to be applied on the drill bit. The
thrust is generated by a suspended steel cylindrical
bucket filled with lead shot. The drill-cuttings are
collected in a specialy designed catcher, fitted with
a disc of filter, and connected to a suction pump.
The collected drill cuttings are subseguently

Figure4 A genera view of MFORR

weighed and analysed for

particle  size
characterisation. A Malvern particle size analyser is
used to conduct particle size analysis of drill
cuttings. The particle size analyser is capable to
classifying particle sizes between 1 mm and 0.5
microns (urn).

2.3.2 MFORR for permeability test

When MFORR is used for coal permeability, the
precision drill section and drill cutting collection
system are disengaged and the gas pressure
chamber is reassembled to cater for the needs of
the permeability tests. Figure 5 shows the
schematic diagram of the test rig (Sereshki, Aziz
and Porter, 2004). The high-pressure gas chamber
is connected to a set of flowmeters for monitoring
gas flow rates. To conduct the test, the samples are
cut into 50 mm lengths, and the ends polished. In
the centre of each sample, a 6 mm hole was drilled
through each sample. The sample ends are then
sealed with a lock-tite seal. The core sample is then
placed between loading plates of the chamber.
Axial strain is then applied to the core sample via a
universal torque. Changes in the sample axial and
lateral load dimensions due to gas sorption are
monitored by two sets of strain gauges. Parameters
mat are monitored include:

a  Application of stress

b. Measurement of strain on the sample

c. Measurement of gas flow rate

d. Application of constant circumferential gas
pressure

e. Application of constant suction.

Gas is charged into the sealed pressure chamber
at a pressure of 3 MPa and maintained constant for
a period of one week to alow the coal to be
sufficiently saturated. The strain is recorded for
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this period. In the tests reported here little change
in strain was observed over the time period. Once
the sample was fully saturated, the release valve
was opened and released gas passed through
various flow meters of differing flow rates
consisting of:

. Low flow range 0 - 100 ml / minute

. Medium flow range 0 - 2 L/ minute

. High flow rate 0 - 15 L/ minute

Information from the load cells, strain gauges
and flow meters were monitored in a data logger
connected to a PC.
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Figure 5 Schematic diagram of permeability test
rig

3. RESULTS AND DISSCUSION

3.1 Gas Type And Pressure and Coal
Strength Relationship
Figure 6 shows the bar charts of three different gas
sorption quantities in Bulli coal seam, Sydney
Basin. The gases used were CH4, CO, and CH, /

Gas contant {om¥g)
J
|

el HIE

1000 kPa  2000kPa  JW0OKRa 4000 kPa
Gas pressurg {kFa)

ln_:a-nuoce ncmtoce(m)j

Figure 6 Sorption levels of CH4, C02, and CH4/
C02 at various pressures of Bulli coal seam

CO, (50%) mixture. There is a clear trend of
different gas sorption quantities in coal, with the
higher sorption being of C0, gas.
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Figure 7 shows the average values of drill speed
record of coal specimens tested under both in air
(i.e., normal atmospheric condition) and under
increased gas pressures of 1 500 and 3 000 kPa. Ten
tests were made for each sample environment. The
rate of drilling of coal samples m air was relatively
slower than that drilled in higher confined gas
pressures. The highest values were obtained m CO0,
confinement. The increase in gas pressure to 3000
kPa also resulted in an increase in the rate of
drilling.
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Figure 7 Drilling rates in coal under different gas
types and confining pressures.

Figure 8 shows particle size distribution of
drilling cuttings in various gas pressures. The
graphs represent the mean line for 10 samples
tested under each gas type and pressure. The
particle size distribution ranged between 0.5 umn
and 878.67 urn. Dirilling in air produced finer
particle sizes than drilling under gas pressure
confinement.  Additional  observations made
include:
¢ Drilling in C02 environment produced coarser

particle sizes than in CH, and (4 /CO0,

environment at 1500 kPa pressures.

+ The coarse particle size were lower in CH/CO,
and even lower in CH, alone environment

* Increasing CH, gas pressure confinement to

3000 kPa produced coarser drill cuttings. In fact
the particle size distribution for CH, at 3000 kPa
was similar to that produced from drilling in
coal saturated with CO, gas at a confinement
pressure of 1500 kPa. This is to be expected, as
the increased gas pressure to 3000 kPa may
have forced more gas into coal micropores
leading to a reduction in surface energy of the
coal.
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Figure 8 Particle size distribution of drill cuttings in various gas pressures

All this indicates that the presence of confining
pressure has a detrimental effect on the strength of
coal. It is possible that the presence of sorbed gases
in coal at higher pressures may weaken the coal
tensile strength by introducing micro-fractures into
the coal structure. According to established facts
and reported by Gray (1995), heavily fractured and
soft rocks usually produce coarse drill cuttings with
high rate of drill penetration.

Coal Shrinkage Test Results

Changes in the volume of coal matrix were
calculated using the average of the two strains in the
axial and radial directions. The shrinkage coefficient
(C,), is defined as the rate of change of coal matrix
volume to the change in gas pressure and is given by
(Harpalani and Chen, 1997):

il
v\ dp

Where

V,,, = Matrix volume (m’)
dV, = Change in volume (m’)
dP = Change in applied pressure (MPa)
C, = Shrinkage coefficient (MPa')

Figure 9 shows die relationship between applied gas
pressure and volumetric change in coal. The coal
sample was initially charged to a maximum pressure
of 3 MPa. The changes in coal volume were
monitored in increments of 0.5 MPa. As can be seen,
the reduction in coal volume is different for different
gas medium.

A minimal change in coal volume was measured
with nitrogen while a CO2 environment produced the
highest volume change. Obviously, the influence of

CO2 reflects a strong affinity of the gas for coal. As
coal adsorbs CO2 more strongly than methane, it is
thus likely the high rate of gas storage in coal is
accommodated with the increase in coal volume.
Clearly the change in coal volume in this case is
more than five fold in C0, in comparison with the
methane environment.
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Figure 9 Volumetric strain for different gases and
pressure reductions at increments of 0.5
MPa

The relative change in coal volume in mixed
CO2/CH4 environment is between pure CH4 and
CO2, but the mixture proportions influenced the
degree of volume change.

3.3, Coal permeability test

Figures 10 and 11 are permeability graphs of coal
samples tested in both methane and carbon dioxide
gases under different gas pressures. The axial
applied load was maintained constant at 2000 kg.
The Bulli seam coal samples tested were collected
from two geologically different locations in a local
mine working Bulli seam in the Illawarra Coalfield
of Sydney basin, NSW. Samples collected came
from 800 panel (Sample #800051) and 900 panel
(Sample # 900114 and #900104).
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The geology of these two areas at hand specimen
scale is significantly diffelent and can be described
800 Panel - 'normal’ coal in terms of cleat spacing
and orientation, orthogonal, regular spacing, normal
ordered horizontal bright and dull layers, does not
display visible deformation
900 Panel - 'structured' coal with bioken structure,
cleats often not sub vertical, cleat spacing irregular,
occasional small scale dislocation amongst bright
and dull layeis Calcite mineralization often found
towards the top ot the seam, usually oblique to
bedding plane but tends towards bedding plane in
lower parts of each vein

From a piactical perspective, gas drainage has
been exceedingly difficult m the 900-panel area
when compared to the 800-panel area Management
has 1esoited to die 'grunching' method of

i} 0s ¥ 15 2 25 3 kS
Reciprocal of mean gas pressure MPa

Figure 10 Coal permeability m carbon dioxide at
different gas pressures and at 2000 kg
axial load

heading development using explosives, particularly
where gas content levels have been greater

than the allowable gas threshold limits The coal
structure has been disturbed to a point wheie the
contained gas does not freely move fiom high
inseam fluid pressuies to the drainage lines
The permeability of each sample was calculated
using the following Darcy flow equation (lama
1995)

_ mQIn(rir)
= wE-E @
o
Where

K= Permeability (Daicy)

1 = Height of sample (cm)

Q= Rate of flow of gas (cc/sec )

Po = Absolute pressure in chamber (bars)

r« = External radius of sample (cm)

r, = Internal radius of sample (cm)

P, = Absolute pressuie in outlet (bars)
H=  Viscosity of CH, (N s/nT)
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The results showed a marked difference in the
resultant permeability between the 800 and 900
panel coals The difference in permeability (m
milhdarcy) between 800 panel and the 900 panel
coal for each of carbon dioxide and methane is quite
different. 800 panel had approximately three times
greater permeability when compared to the 900
panel coals (Figures 10 and 11)

Permeability tests for both carbon dioxide and
methane show that the 900 panel coals have much
lower permeability's than the 800 panel coals Since
permeability is a function of a number of
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Figure 11 Coal permeability m methane at different
gas pressures and at 2000 kg axial load

parameteis  including size, distribution and
frequency of cleats, any phenomenon that reduces
cleat porosity will decrease permeability Given that
900 panel coals contain much higher carbonate
contents than the 800 panel coals, and also have the
lowest permeability, it is suggested that the reduced
porosity of the 900 panel coals is due to the infilling
of the cleats with carbonate The reduced
permeability value explains why the 900 panel area
is much harder to degas The carbonate in-filled
cleats restrict the movement of gases fiom the
sunoundmg coal to the gas drainage holes

4 COAL PETROLOGY

The macérai analysis for the samples is given in
Table 1 As can be seen there is a marked difference
in the mineral mattei and caibonate content for the
samples originating from 900 panel compared to
panel 800 Figures 12 and 13 show the penological
composition of coal from both 800 and 900 panels

Petrographically, the three samples have similar
organic components They have similar vitnnite,
hptimte and ineitinite contents However, the
mineral contents ol the samples are quite difterent



Figure 12 Sample from Panel 900 showing viiiinite with
clay-filled cell lumen Clay filled lumen
would reduce permeability and reduce
degassing. (Field width = 0.5 mm)

composition of the Tahmoor coal characterized
by inertinite layers and mixed vitrinite-
inertinite layers. (Field width = 0.5 mm).

Table 1 Coal composition for different coals

Panel / Sample [VIT% INT% |LIP% MMO% CAR% |CAV% FRA% TOTAL%
800 - S1 70.4 21.8 1.8 2.0 0 3.8 0 99.8
900-S2 68.4 19.0 1.0 2.8 2.7 5.3 1 100.2
900 - S2 67.8 19.8 1.8 6.6 1.2 2.6 0 99.8

One of the 900 panel coals contains a much
higher mineral content intituling much higher
carbonate (calcite). Although not in sufficient
quantities to show in the point count, the second 900
panel coal also showed some carbonate. In both
samples the carbonate infilled cleats and also some
of the pores in inertinite macérais. If the mineral
content and spe
cies is common for the coal as a whole in 900 panel,
the permeabilities and degassing problems
associated within the panel can be explained in
terms of petrography.

The permeability tests for both carbon dioxide
and methane show that the 900 panel coals have
much lower permeabilities than the 800 panel coals
Since permeability is a function of a number of
parameters including size, distribution and
frequency of cleats, any phenomenon that reduces
cleat porosity will decrease permeability. Given that
900 panel coals contain much higher carbonate
contents that the 800 panel coals, and also have the
lowest permeability, it is suggested that the reduced
porosity of the 900 panel coals is due to the infilling
of the cleats with carbonate. When viewed on a mini
scale, the reduced permeability also explains why
the 900 panel area is much harder to degas. The
carbonate infilled cleats restrict the movement of
gases from the surrounding coal to the gas drainage
holes.

5. CONCLUSIONS

The programme of research activities reported in this

paper is a clear demonstration of our commitment in

maintaining research on coal and gas s outburst as a

priority research for the benefit of the coal industry.

It has been demonstrated that:

1. The study of the effect of gas pressure on
coal strength through the analysis of particle
sizes is a valid approach,

2. Permeability and shrinkage studies can serve
as an effective approach in understanding the
drainage characteristics of coal seam with
intrusions and other geological disturbances.
The effectiveness of these methods can be
better enhanced through assessment of coal
composition and mineralization.

3. The status of current research programme
perused at the University of Wollongong, is a
continuation of the research work dating
back to more than two decades. We aie
looking ahead to better utilise the latest
know-how and technologies for the
establishment of a predictive indices for safe
mining and improved production and
productivity.
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What is Expected from Safety Engineers, Trainee in the University of
Mining& Geology "st. Ivan Rilski", Sofia

M.A. Michaylov & E.D. Vlasseva

Department of Mine Ventilation and Labor Safety, University of Mining& Geology " S. Ivan Rilski*, Sofia,
Bulgaria

ABSTRACT; Modern trends in engineering expect a great ded towards machine and human safety and to-
wards thus formed working environment. These trends equalize safety standards priorities with qudity and en-
vironment management. Standards implementation and their proper application require specia knowledge in
the fidd of Safety Engineering. This paper presents main idess and their current redization in 2001 darted
Master program on Safety Engineering @ the University of Mining& Geology, Sofia as wel as its compliance
with qudification requirement to graduated specidigts.

i BACKGROUND

The mogt featuring process in safety during the last
century is its expansgon. Engineers are responsible
for the sefety of congtructive, design, technicd, tech-
nologica and management solutions in al phases of
life cycle of me products. However, development of
science and techniques demand implementation of
innovative solutions in extremely dynamic way in
order to meet competitiveness of products ensuring
better qudity of life. In the same time sustainable de-
velopment of industrid society requires increased in-
door and outdoor safety. Following the above stated
provisons, internationd  standards  (1SO9000,
1SO 14000 and 1SO 18000) have aready acknowl-
edged work environment sfely management
(ISO 18000), as equd in priority as quality
(1ISO9000) and environment (1ISO 14000) manage-
ment. As aresult of such prioritization, socid neces-
sty of professionds with deeper specidization arose
in order to mest its credtive redization. In Bulgaria
such specidigs can be safety engineers, upgrading
their BSc background in engineering fields & Master
level.

In order to meet socid needs for sofety specia-
igts, the Universty of Mining&Geology "St. Ivan
Rilski" darted in 2001 new Masters programme in
Engineering Safety. This paper dedls with main di-

' rections and subject-matter which can help to in-
crease credtivity and knowledge of future ssfety en-
gineers, basad on experience of garted few years ago
Masters program in Bulgaria

2 WHY STUDY AT MASTEES LEVEL AT
M NEFACULTY

Our andyss for engineering sudy in Bulgaria as
wdl in other countries, utilizing three-level education
sysem (BSc, MSc and PhD) show that engineering
sudy a BSc leve ensure good background, which
can Frve as a basis for degpening and broadening of
knowledge in the fidd of sfety. Problems, which
one sifety engineer can solve are of great responsibil-
ity that is why his qudification should be at higher
than BSc levd. This does mean that @ this sage BSc
study in sdfety is not necessary.

Department of Mine ventilation and labor ssfety,
part of Mine-technologicd faculty of the Universty
of Mining& Geology, Sofia, has more than 40 years
experience in sfety education of mine students and
professionas. This tradition in sfety education in
one industry with high level of risks, oriented de-
partment g&ff in development and implementation of
education in engineering sty a Magter level. Thus
in this education and science fidd have highly pro-
fessond lecturers, reedy for the new specidty. Min-
ing is one of the mog risky industries. This predefi-
nes the orientation of educationa process in the
University of Mining&Geology towards very high
standards in the teaching process of hedth and safety
a work. Such background mekes possible extenson
of educationd process to other industrid activities
and cregtion of Magter program in Safety Engineer-
ing a the Department of Mine Ventilation and Labor
Sdfety. This department provides postgraduate edu-
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cation m School of Safety m Mining and Geological
Survey 25 years already with practicing engineers

3 FUNDAMENTAL OF THE STUDY -
ADMISSION REQUIREMENTS AND MAIN
SUBJECTS

Specialized knowledge in physical, chemical and so-
cial sciences is mandatory for piacticing safety spe-
cialists They should perform not only measurements
and analysis as used to be till now, but also to syn-
thesize new solutions for effective risk management
That is why admission proceduie claims fundamental
knowledge in Maths, Statistics, Physics, Chemistry,
basic engineering, and computer skills from candi-
dates

Table 1 presents the Program syllabus, combined
m three semesters Eight compulsory and three elec-
tive courses (chosen from six) are included into pro-
gram Two types of study are foreseened - full-time
and part-time. Some ideas for development of dis
tance learning exist Study duration is three semesteis
with defense of Master thesis at the end Total num-
ber of credits is 129, including 60 in auditorium
classes students occupation and 69 m self-work on
piojects and tasks

Mandatory courses numbered 1, 2, 3, 4, 7, 8§, 9
and 10 provide special knowledge to students, and
elective courses numbered 4 and 5 supplement the
special knowledge

Mandatory courses "Computer methods in safety”
and "Language and information training" augment
the remaining courses of the syllabus and provide
knowledge and skills that are mandatai y for the
trainees These were developed on a module basis
with scheduled interaction both between individual
modules and other courses

Module A of "Computer methods " gives addi-
tional (as compared to bachelor's degree level)
knowledge for woikmg with electronic tables and da-
tabases Practical courses comprise mostly individual
work and assignments on other subjects - for in-
stance, assignment on "Industrial ventilation" or
analysis and processing of measurements in "Indus-
trial hygiene Module B of "Computer meth-
ods " further improves students' knowledge m
Safety statistics focusing on processing of statistical
and other data, criteria evaluations and verification
of hypotheses " Practice on above mentioned
courses include solving of problems for analytical or
giaphic processing of information obtained during
studying of other subjects of the current semester
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Language and information training compnses
thiee modules, as follows
. Technical translation from foreign language -
Module A
. Information letrieval systems - Module B
. Document and report wilting and presentation -
Module C
Information search, translation, documents pre-
paied and presented, all are generated from other
courses of the semester of the master's degree study
as a whole

Table 1 Syllabus ofthe study

N | Subject Cred-

its
First semester

| | Industrial safety (I part) 6.8

2 | Industrial Ventilation 5,7

3 Industrial hygiene and professional diseases 5,5

4 | Computer methods in safety - Module A (Da 24

taba&e management) i
5 Language and information studies - Module A 29

(Translation)

6 | Elective course ( 1-st, 2-nd or 3-rd elective) 2,2

Second semester

7 | Safety psychology and ergonomics 6,8
8 | Industrial safety (II part) 34
9 Fire safety and rescue 74
10 | Management of safety and industrial risks 5,7
4 | Computer methods in safety - Module B (Ap-

plied statistics) 24

5 Language and information studies-Module B 24

11| Elective course (among 4-th or 5-th elective) 34

Third semester - work on MsC thesis

5 | Language and information studies - Module C | 24

12 | Elective course (among 3-rd, 4-th or 6-thelec | 6,8

tive)

Pre-thesis practice 30
Lectures and seminars on Masters' thesis
Consultations on Masters' thesis 15

Defense of Masters' thesis

Elective courses

El | Microcosiology 2,2
E2 | Mine safety 2,2
E3 | Applied illumination 2,2

E4 | Drilling, exploration, transportation, storage, | 5,7
and usage of oil and gas

E5 | Geotechmcal safety 6,8
E6 | Ventilation and air conditioning systems' con- | 6,8
trol

The elective course "Drilling, Exploration, Trans-
portation, Storage, and Usage of Oil and Gas" en-
hances students' knowledge about widely applied
technology in the country and with high degree of
risk
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The dective course "Microsociology” provides es-
sentia knowledge to be usad as basis for personndl
management training - a problem which every engi-
neer faces regardiess of their chosen field of carrier.

The dective course “"Applied Lighting
Equipment" supplements the knowledge on labor hy-
giene and ergonomics and provides essentid knowl-
edge on accident reporting.

Elective course "Mine Safety” choose students,
who wish to obtain more qudification in this fidd as
well as gudents with B.Sc. from other than Mining
Universty.

Diploma thesis and pre-diploma internship are re-
lated to spedific Stes whereof risk assessment, safety
plans and other documents and andlyses of use for
the company are developed.

4 WHY WE ARE COMPARED WITH OTHER
MASTERS PROGRAM IN THIS FIELD

There is not amilar education in Eastern European
countries in the fied of Safety Engineering. Univer-
sty of Nis a Serbia has sofety education based on
BsC in sfey. It is more targeted towards safety
work conditions rather than risk management and
minimization. Table 2 presents quantitative analysis
of amilar Magters programs in Indiana University of
Penngylvania (USA), Universty of New South
Wales (Audrdia) and University of Nis (Serbia). No
smilar programs have been found in EU.

Man dudy parameters have been compared -
study duration, credits, main courses and study direc-
tion. This comparison shows the followings:

e Sicty duration isfrom 1 to 2 academic years for
full time sudy and 15 - 2,5 years for part time;

¢ Number of courses vary from 11 to 15, 8 to 10
of which are compulsory, électives are between 2 and
4, projectsinduded thess are from 1 to 3;

e Maders dudies in Audtrdian and American uni-
versities have additiond 2-3 specidties in the fidd of
Sdfety. This can be explained with countries scale
and nead for more narrow oriented specidists be-
cause of various aspects of safety, due to its integra-
tion with other activities;

e Coursss in MSc. Safety Engineering at Univer-
sty of Mining& Geology, Sofia are generdized, but
cover the content of Smilar courses in other masters
programs;

e Someof andyzed Magter programs are based on
BSc. levd in Safety, which predefines the narrowed
specialty;

e Depatments, sarted ssfety education are further
expanded to sofety science schools, sdfety faculties;
hedth and safety management indtitutes. This gives
confidence to the gaff of department of Mine Venti-
lation and Labor Safety that the work done till now is
in right direction and with good perspectives.

The logics of comparison with Smilar programs
in the filed of safety show that Safety Engineering
maegters dudy at the University of Mining& Geology
is wdl baanced to Bulgarian scales and with practice
requirements.

5. POSSIBLE STUDENTS REALIZATION

Sdety Engineers oversee the  manufacturing
production process to ensure that every meesure is
taken to protect workers in the manufacturing
environment. They apply principles of science and
mathematics to come up with solutions to
manufacturing needs and environmenta  effects.
Engineers andyze the impact of products they
devdop and the sysems they design on the
environment and people usng diem. Engineering
knowledge is gpplied to improving the qudity of
hedth care, the sfety of food products, and the
efficient operation of financid systems.

6. CONCLUSION

Many Saety Engineers should be involved in
products testing and in industrid and environment
media control. These new enginears should also in-
crease sdfety training a higher levd, utilizing better
undergtanding of behavior, motivation and commu-
nication between people and their effective manage-
ment. In this way they will fulfill the misson of
reeching higher standards in culture of safety, which
for many countries is the best solution with greatest
potentid for continuous increase in sAfety.

Safety engineers will prepare and implement new,
more liberd regulation for hedth and sifety a work,
which principds require new sofety professonas.
Entering into cregtive part of safety, which means
that professonals should go beyond officid norma
tive requirement, is the great chalenge for ssfety en-
gineers. This misson condst of search and imple-
mentation of new technologies, design, congtructive
and behaviord solutions leading to risks avoidance.
Expectations for such cregtive behavior of sfety en-
giners are crucid in indudries with high leve of
risk. Only in this way they can change the attitude in
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society that the price for better life quality m indus-
trial era should be paid only by people, occupying
health and safety risky professions
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Table 2 Companson of masters program m the field of Safety-
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Name of Masters
study

Safety
Science

Occupational

Health and Safety

Science and Tech-
nology in Industrial
Safety

Safety Science

Labor Safety

Safety Engineering

1 Umvensty

University of New South Wales, Australia

[2]

Indiana University of Perin
sylvama [3]

University of Nis [4]

Un iversity of Min-
mg&Geology St
Ruslki", Sofia [lj

Ivan

2 Study duration

2 years full-time
25 year part time

1,5 years full-time
2 years part time

1 years full-time
2 years part time

1,5 years full-time
2 years part time

2 years full time

1,5 years full-time
2 years part time

3 Number of subjects

. 13 17 8 5 11
inci
. 2
- compulsory 4 14 12 credits 4 . 8
3 special
- elective 9 3 48 credits 4 3
- projects 42 credits 2 15 credits 3 2 -
- projects (thesis) 1 1 1 1 1 1
4 Credits 96 72 75 36 93
300 I ter fi

5 Price $11,760/year for Australians and $18 000/year for foreigners evs/ semester for

BG citizens

6 Specialties

Safety Science

Occupational
Health and Safety

Science and Technol-
ogy in Industrial Safety

Safety Management

Labor Safety

Technical safety

Disaster Response

Fire Safety

Safety Engineering

Safety science depart- Department of Mine
Structure School of Safety Science ment Faculty of Health and | Faculty of Labor Safety Ventilation and labor
Human Services Safety

1€
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