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Abstract

An analysis of accident records provides a
useful means for identifying patterns in the
incidence of accidents in professional
populations.  Despite  all  precautions,
underground coal mining is one of the
dangerous  industries leading to  fatal
occupational  accidents.  Accidents  are
complicated events to which many factors
effect on their causation and preventing them is
only possible by analyses of the events
occurred in past and by proper interpretation
of the statistical results. This paper synthesizes
the analysis of accidents occurred in Valea
Jiului collieries from 1972 to 2010. It is found
that methane remains the main concern for the
future, despite a favourable evolution trend in
overall fatality rate. At last, it brought forward
some conclusions and prospects for the
improvement of safety levels in the collieries in
Valea Jiului.
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1. Introduction

Methane, entity present in worldwide coal
mining industry, has represented along time the
main risk factor and subject of major concern in
research and ensuring higher safety levels [1, 2, 9].
Worldwide, thorough research aimed at deeper
knowledge about the occurrence and prevention of
hazards caused by methane gas, shows that no price
is too high to reward achievements in possession
and control of safety in underground environment.

Methane was continuously a maximum point
of care in study and analysis for three main reasons,
namely:

e methane is a natural product and appears
frequently in underground excavations;

e methane is the cause of several accidents with
catastrophic consequences, which resulted in
casualties, more than other risk factors in the
history of mining [3];
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o the need for rational use of methane drainage
technology [8].

Although the main reason for extracting
methane from coal deposits continue to be the
methane emissions reduction from mining
operations, an important incentive was draining the
gas and provide a source of fuel and the need to
reduce emissions of greenhouse gases.

Black coal mining in Jiu Valley coal basin is
being carried out in difficult geological-mining
conditions, which creates many hazards to health
and safety of underground personnel. The major
mining risk factors are including the explosions of
methane-air mixtures, which too often have been
causes of mine disasters [6]. Practical
materialization of scientific principles to prevent
methane explosions has significantly contributed
over time to the decrease of the explosion risk in
coal mines [7, 11]. However, despite numerous
scientific and technological achievements in this
field, explosions continue to occur, remaining a
potential threat to life and health of underground
workers, contributing to generate considerable costs
associated with fighting and rescue actions, asset
damages, reserves immobilization and
compensation granted.

2. Nature of methane gas impact on health and
safety of underground workers

Methane associated with coal deposits in the
Jiu Valley coal basin has been a constant concern,
over time, both in terms of safety and health of
workers, deposit, equipment and machinery used in
underground protection and in terms of impact on
the atmosphere.

Today, in the mines within the Jiu Valley basin
are applied mining methods that have in common
the downward removal of thick coal seams in
slices, namely seam 3, with mining pressure release
by the total overthrow of rocks [4]. In the specific
case of method the mining method with
undermined coal bank, the fragmentation and
crumbling of rock massif is developed on a much
larger area, creating the occurrence of exploitation
gaps and remainder coal quantities in the caved
goaf [14]. In this case, through the existing
ventilation systems, increases the likelihood of
large bodies of methane accumulation, which
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together with coal dust is the main source of
potentially explosive atmospheres, with all the
related adverse consequences on ensuring safety in
underground and proper atmospheric underground
environment for a normal course of mining
activities.

Air inleakage through the space of caved goaf
carries oxygen in the goaf and, meanwhile,
discharges methane stucked in gaps between
collapsed rocks and the heat of oxidation of the
material. Depending on the intensity ratio of
involved processes, air leakage through the
exploited space can lead to self-heating and
spontaneous combustion of coal left after mining
operations. Research conducted worldwide have
shown that the self-heating and spontaneous
combustion intensity is even lower with higher
methane content in the exploited area, namely in
the goaf [10, 12]. In recent years in the Jiu Valley
the collective accidents recorded were caused by
accumulations of methane in the goaf area.

Technical and organizational measures aimed
at reducing methane concentrations in underground
environment and quantities of methane released
into the atmosphere through the main ventilation
stations are targeted, directly or implicitly, to the
accomplishment of the following objectives:

e increased safety and protection of the coal
deposit;
e ensuring continuity of coal extraction;
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e increased safety of workers in the extraction of
coal;

e reduction of the reserve immobilization;

e reduction of explosive mixture formation risk
and reduction of the probability of endogenous
fires occurrence;

e improving working conditions and safety by
decreasing risk factors generated by spontaneous
combustion and explosions of methane;

e decrease in technical and human accidents due
to dynamic phenomena;

e the increase of safety and comfort of staff
directly involved in the exploitation of coal;

e minimizing the environmental impact.

3. Analysis of accident statistics collective mines
in the Jiu Valley

A statistical record, including collective
accidents occurred in the last 33 years in coal mines
in the Jiu Valley, presented in Table 1 [16], is
particularly indicative of risk associated with
explosive mixtures formation while the means to
prevent accumulation methane de not have the
expected effectiveness [5, 15].

Insufficient dispersion of methane in the
ventilation currents, associated with technical
failure and/or human error have generated
numerous events with  extremely  severe
consequences on human and economic plan.

Table 1. Statistics on collective accidents occurred between 1972-2004 in collieries within Jiu Valley coal basin

EVENT
DATE OICJ(L;I(J:I;I;}E(I;II\(; E CHARACTERIZATION CAUSES OF EVENT’S OCCURRENCE
AND EFFECTS
Methane explosion . .
E.M. Uricani . 53 injuredIz43 mortal,10 |* inadequate selected mining technology;
02.11.1972 | Chamber face, seam. 3, 1T™); lfgi(lleqxgée;;eggli?zﬁn;ar.
bl. I « 2 hours no ventilation in vy N gear,
bl T area. other organizational causes.
E.M. Petrila A failure to respect working technology;
16.01.1980 | Frontal face seam 13, I}J;til:f;lrz:lgln;i?n inadequate ventilation;
panel B3, bl. 1 ) ) other organizational causes.
E.M. Livezeni, Methane explosion Lﬁdiguzeovzlrlgtlifrll():rid maintenance of
29.11.1980 | Frontal face, seam 5, bl. |e 77 injured (53 mortal, 24 proper op . . )
VI IT™) electrical apd mechamcal equipment;
) other organizational causes.
E.M. Petrila Coal dust explosion inadequate selected mining technology;
18.02.1982 | Chamber face no. 331, |e 29 injured (14 mortal, 15 quate seie & gy;
seam 3, bl. 1I IT™M). other organizational causes.
E.M. Paroseni . . .
Head gallery, level 360 Methape explosion error in develop.lng the automated release
09.09.1982 frontal fa ’an ) > | e 24 injured (17 mortal, 7 system of electrical energy;
1 (s)eam p CteﬂpV ¢ IT™M). other organizational causes.
inadequate endogenous fire suppression
E.M. Aninoasa Hvdrosen explosion technique, resulting in thermal dissociation of
26.06.1985 | Frontal face no. 4, seam. . Z in(')free demgr?asl 0 water in hydrogen and oxygen,;
3,bl. V, level X ) ) inadequate ventilation;
other organizational causes.
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EVENT
DATE RPN CHARACTERIZATION CAUSES OF EVENT’S OCCURRENCE
AND EFFECTS
inadequately selected blasting technology;
E.M. Vulean Methane explosion failure to reinforcement monograph compliance,
21.03.1986 Séan.q 7 bl 0. level 420 |° 19 injured (17 mortal, 2 respectively lack of old mining area closure;
T IT™M). inadequate ventilation;
erroneous placement of methane detectors.
E.M. Vulcan Methane explosion other organizational causes, respectively
22.03.1986 Séan.l 7 bl 0. level 420 |° 17 injured (8 mortal, 9 granting permitting to access an area with
7w IT™). explosive methane concentration.
failure to apply correctly the methane and coal
E.M. Vulcan Methane explosion Slsl:tor?g liitlfsifes}\::;flfgz;t appropriate safet
18.09.1989 | Preparation gallery « 39 injured (29 mortal, 10 p ’ PProp Y
measures;
panel 1, seam 5, bl. 0 IT™). . o
inadequate ventilation;
erroneous placement of methane detectors.
13-14.11. E.M. Uricani s methane concentration build-up;
Frontal face, panel 1, Methane ignition .
1991 seam 3 spontaneous combustion development.
E.M. Paroseni . . )
17.06.1993 [ Frontal face, seam 5, bl. | Methane ignition methg ne conceptratlon build-up;
v blasting operation.
21.06.1993 E/Ii\r;[e x:)l:lc(?r? s at seam Carbon monoxyde inadequate dam insulation methods and
o 3 bl I £ intoxication materials.
E.M. Campu lui Neag . . )
12.08.1994 [ Chamber face, seam Methane ignition methape concent?atlgn build-up;
17/18. bl. VLS electrical short-circuit.
E.M. Paroseni . . )
30.03.1995 [ Longwall face, panel 1, | Methane ignition methane 'concentratlon build-up;
seam 5, bl. 0 self-heating process.
E.M. Petrila Methane ignition failure to comply with regulation on breaking
12.09.1996 | SCRI face no. 332, seam | 5 injured (4 mortal, 1 oversized blocks technology;
3,bl. II, Level O 1T™). other organizational causes.
E.M. Petrila Sud Technical accident wrong handling of the winch driving the
25.07.1996| " . .. working bridge;
Auxiliary Shaft « 3 injured mortal. o
other organizational causes.
E.M. Uricani .
Carbon monoxide . . . ..
08.11.1996 Gallery of return intoxication failure to comply with the regulation of mining
T ventilation seam 8/9, bl. « 5 iniured mortal rescue.
VIS, level 400 : '
failure to comply with framework mining
E.M. Vulcan Methane ignition grlligi?ril ; a fire zone, where methane
18.11.1996 [ SCRI face no. 3, seam 3, [« 3 injured (1 mortal, 2 gal > .
bl VI IT™) concentrations were above the lower explosion
' ’ limit;
other organizational causes.
[E)llr\gc tli)oertlglg ening-out | Cavin failure to respect working technology;
pening aving no correlation of the distance of the front face
30.01.1997 | on floor of coal seam 4 injured (2 deceased, 2 . f £ lice:
n0. 355 E - 334, seam 3, |ITM) entries and ?oagls ront of top slice;
bl .H ’ ’ ) other organizational causes.
Al inadequate ventilation;
S\}g/:l.(ilr)la? 2 £ short-wall Methane explosion technical noncompliance with requirements on
19.05.1997 g « 12 injured (7deceased, 5 how to conduct blasting operation;

face no. 2311, seam 3,
bl. II

ITM).

erroneous placement of methane detectors;
other organizational causes.
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EVENT
DATE RPN CHARACTERIZATION CAUSES OF EVENT’S OCCURRENCE
AND EFFECTS
« changes and improvised electrical equipment
enclosure constituting the power switch type
E.M. Vulcan Methane ignition electric motor scraper conveyor in cross-entry
22.07.1997 | SCRI face no. 6, seam.3, | e 8 injured (2 deceased, 6 no. 2, that canceled intrinsic safety protection
bl. IX IT™M). type of the control circuit of the scraper
conveyor;
« inadequate ventilation.
E.M. Dilja, . . )
28.04.1998 | SCRI face no. 331, seam | Methane ignition * methg ne conceptratlon build-up;
« blasting operation.
3,bL 110
« unfit mining method;
E.M. Paroseni . « technical noncompliance with requirements to
Methane explosion
29.04.1999 | Longwall face panel 2, L prevent and suppress fires and spontaneous
« 2 injured ITM. .
seam 5, bL.0 combustions;
« other organizational causes.
E.M. Lupeni . . « failure to respect working technology;
Longwall face with Caving . . . )
02.11.1999 . . « noncompliance with reinforcement monograph;
undermined coal bench |e 1 injured deceased. .
« other organizational causes.
panel 3, seam 3, bl. V
E.M. Lupeni . « methane concentration build-up;
17.01.2000 Ventilation raise SABO Methane explosion « open flame.
« lack of knowledge on geological and geo-
mechanical characteristics of the coal and
E.M. Uricani Cavin surrounding rock;
14.09.2000 | Frontal face panel 4, .2 in'ire d deceased « the presence of numerous excavations around
seam 3, bl. III North ! ’ face area, state of intense secondary and variable
stresses;
« the seismic waves generated by explosion loads.
E.M. Valea de Brazi Methane ignition « mechanical sparks;
30.09.2000| Frontal face panel 2 8, e 2 injured ITM « failure to respect working technolo
seam 17-18, bl. VIII u ' Y pect working &y
E.M. Vulcan lcv({fl:l:lalilsi :i);[;lsosmn, with « un-properly performed blasting operations;
07.08.2001 [ SCRI face no. 1-4, seam c .. « inadequate ventilation;
3, bl. VIII part.lc.lpatlon « other organizational causes
T e 7 injured (1 dead, 6 ITM). )
E.M. Barbateni S
. Methane explosion in . . .
Longwall undermined e s .|+ methane concentration build-up in insulated
30.08.2001 closed area with insulating
face no. 8 E, seam 3, bl. dams area.
X1, under level 615
Flammable gasses mixture | unfit mining method;
E.M. Vulcan explosion g « technical noncompliance with requirements to
12.06.2002 | SCRI face no. 3, seam 3, posK prevent and suppress fires and spontaneous
e 14 injured (10 deceased, 4 .
bl. VI combustions;
ITM). N
« other organizational causes.
E.M. Petrila Flammable gasses mixture |« technical noncompliance with requirements to
31.07.2002 Closed area of face explosion prevent and suppress fires and spontaneous
T SCRI no. 138, seam 3, |e 7 injured (1 deceased, 6 combustions;
bl. 0 ITM). « other organizational causes.
E.M. Lonea « methane concentration build-up;
22.12.2002 | SCRI face no. 74, seam | Methane ignition . . p;
« blasting operation.
3,bl. VII
05.07. E.M. Lonea s « methane concentration build-up;
SCRI face no. 74, seam | Methane ignition . .
2003 « mechanical friction spark.
3, bl. VII
18.04.2004 EM Petrila Exogenous mine fire e coal l?ehlnd supporting system;
Skip shaft « welding operation.
E.M. Uricani » methane concentration build-up;
22.05.2004 | Frontal face BS, panel 5, | Methane ignition P>

seam 3, bl. III-IV

« blasting operation.
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Overall analysis of the available statistics
allowed highlighting the following issues:
e from the total of 35 events classified as
collective occupational accidents, 13 are explosions
of methane, 13 ignitions of methane, 3 cavings
(collapse), 2 carbon monoxide intoxication, an
explosion of hydrogen from thermal dissociation of
water into hydrogen and oxygen, an explosion of
coal dust, a technical fault by incorrect handling
winch drive and an exogenous fire; we considered
the fact that is unlikely to achieve the minimum
explosive concentration of coal dust without prior
methane explosion in a state of suspension raising
coal dust deposited and - consequently - we
considered the event in 18/02/1982 as having the
presence of methane as a primary cause;
e from the total number of 344 victims of these
dynamic phenomena, 239 have died (69,48 %) and
the other 105 have suffered temporary work
disability (30,52 %);
e the 13 methane explosions have resulted in 200
deaths (83,68 % of all deaths) and 87 cases of
temporary disability;
e the 13 ignitions of methane resulted in 5 deaths
(2,09 % of all deaths) and 18 cases of temporary
disability;
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e the event framed according to the research as
,,coal dust explosion” had the effect of 14 human
deaths (5,86 % of all deaths) and 15 people who
have had varying periods of temporary disability.

We can say therefore that 91,63 % of deaths
resulting from accidents investigated were due to
collective events leading as one of the primary
causes accumulation of methane in underground
mine openings. To them were added other causes
that created the conditions for propagation of
accident causation scenarios for the worker staff
[13].

4. Statistical analysis of occupational accidents
and safety indicators during 1981-2010

In order to establish the necessary measures
and find solutions for increasing occupational
safety and health at mines in the National Hardcoal
Company, it is required an analysis of accidents
evolution and the development of indicators of
health and safety at work. Statistically, the situation
of events occurrence in the past two decades is
shown in Table 2.

Table 2. Occupational injuries and specific indicators evolution in Valea Jiului collieries

Number of occupational injuries
Year IvTleikT le)':;‘;‘l;fﬁtryy Invalidity | Fatalities | Total | Igequency | Teraviy | Taverage duration N"'laoc(;g‘;““/
1981 1002 14 21 1037 34.5 1259.3 32.8 0.11
1982 926 25 56 1007 39.5 1139.3 33.6 0.10
1983 907 10 17 934 35.6 1176.2 37.9 0.09
1984 826 23 25 874 34.5 991.4 33.5 0.08
1985 731 22 28 781 30.3 987.5 41.3 0.07
1986 751 15 45 811 27.3 752.4 33.3 0.07
1987 948 18 31 997 43.9 661.0 26.5 0.09
1988 1377 13 42 1432 52.8 927.2 30.7 0.13
1989 1625 24 77 1726 51.8 947.2 32.2 0.16
1990 1368 5 17 1390 34.7 925.7 26.1 0.26
1991 1337 2 23 1362 34.0 1042.5 31.9 0.28
1992 1489 7 23 1519 36.5 1539.3 39.3 0.29
1993 1646 3 24 1673 40.5 1237.6 32.5 0.33
1994 1669 0 21 1690 38.7 1243.8 34.7 0.30
1995 1506 0 16 1522 37.0 1433.1 39.4 0.27
1996 1940 0 43 1983 48.0 1782.8 35.9 0.32
1997 1413 0 28 1441 38.1 1543.2 40.6 0.28
1998 1136 0 6 1142 49.0 1709.2 35.6 0.28
1999 1131 0 10 1141 57.2 2043.0 36.7 0.31
2000 1278 0 12 1290 70.7 1399.6 30.2 0.34
2001 1338 0 18 1356 75.7 2657.1 35.5 0.33
2002 1165 0 17 1182 68.5 2328.3 34.6 0.29
2003 962 0 6 968 59.0 1966.1 35.4 0.28
2004 575 0 7 582 39.7 1402.8 37.9 0.19
2005 319 0 7 326 24.5 1096.4 45.4 0.10
2006 291 0 2 293 24.5 1261.7 51.7 0.11
2007 251 0 1 252 21.4 1154.7 53.4 0.09
2008 220 1 15 236 20.5 1036.1 52.6 0.08
2009 267 0 2 269 25.1 1356.8 52.1 0.12
2010 216 0 1 217 23.5 1066.9 454 0.09
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It can be noticed from Table 2 that the worst
period in terms of safety and health was recorded
from 1988 to 2002. The highest number of
accidents occurred in 1996, respectively in 1983,
representing over 25 % of the total number of
accidents occurred in Romania. The highest number
of deaths registered in 1989, 77 fatalities
respectively. The accidents frequency index,
reported as the number of accidents per thousand
workers had the highest value in 2001 being 75.7.
In the same year 2001 was recorded also the highest
severity index, respectively 2657.1. In year 2000
there were the highest number of occupational
injuries reported in the 1000 tons extracted, namely
0.34. From the analysis driven on the evolution of
occupational injuries in the last decade, we may
find the following:

e it significantly decreased the number of
accidents involving deaths and disability;

e the number of fatalities was influenced by
collective accidents occurrence; this is shown from
the fact that the number of fatal accidents in years
when there were no casualties, is very low, 1-2
fatalities/year;

e the reduction, in real terms, of the number and
severity of accidents is also highlighted by the
evolution of the occupational safety and health
indicators; frequency index fell from 75.7 to 23.5,
the severity index decreased from 2657.1 to 1066.9,
while the index which relates to the production
extracted (coal output) fell from 0.33 to 0.09;

e although the frequency index fell from 75.7 to
23.5, yet he is the highest in Romania; but if we
analyze the frequency and severity index in
different industries and activities, we find high
severity indexes in fields with low-frequency index;
from this analysis we can conclude that in other
areas are declared only casualties; the fact that the
National Hardcoal Company declares all accidents
at work (last year being reported and investigated
also the slight injuries) is a positive remark;

e the only indicator that increased in the last 10
years is the average duration index from 35.5 to
45.4; this increase indicates that mining workers are
having ever lower resilience; the number of days to
recover work capacity after an event is becoming
bigger; this is mainly due to the increasing average
age in the National Hardcoal Company personnel,
poor health state of staff, lack of younger workers
to perform work requiring high physical intensity
work;

e between 2000-2010 it increased significantly the
number of fatalities at work that can not be
classified as occupational injuries: heart attacks,
strokes and even suicides, events that occur due to
exacerbation of psychosocial risk factors.
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5. Conclusions

The statistic analysis of events occurred,
accidents, occupational diseases, hazardous
incidents, mine fires, self-heating and spontaneous
combustion, the analysis of safety indices, non-
safety related costs and loss of production and,
especially, the causes that led to these events must
underpin any policy setting in the field of
occupational health and safety in Valea Jiului
collieries.

The increase in average age of staff employed
in the National Hardcoal Company, the specific
conditions of underground activity, the layoffs and
employment cessation in mining has led to damage
of employees health, this in turn generating the
following consequences:

e lower resilience and physical recovery capacity;

e diminished responsiveness, respectively
predisposition to injury;

e reduced attention levels and predisposition to
stress;

e occurrence at higher rate of events likely to be
favored by stress causes (cardiovascular
accidents, suicide, alcoholism);

e cmergence of unfitness to perform certain
activities;

e reduced ability to physical loads;

e the emergence in recent years, of new
occupational diseases, mostly related to manual
handling of loads and noise.

Not covering certain jobs or work stations, on
which health and safety of employees highly
depends, or covering them with workers who do not
have the necessary competence or skills or
medically they are unfitted, the impossibility to
sanction through demotion or dismissal, all these
are contextual elements that are conducive to an
inadequate safety climate.

Since 2006 the focus was legally put on risk
assessment to reduce or avoid the risk of major
events, especially the methane explosion risk, since
the occupational accident statistics and the statistics
of non-safety related costs are confirming that these
events most influenced the safety status of the
National Hardcoal Company.

Unfortunately, quite often this fundamental
process has a formal character, of exclusive
legislative compliance. When undertaking a risk
assessment it is of importance to consider the range
of hazards proposed by personnel of all disciplines
present in the affected area. This may include the
mine manager, with whom ultimate responsibility
lies, electrical and mechanical engineers, mine
safety personnel and worker’s representatives.
Depending on the perceived severity of the hazard
difficulty in fire fighting or the length of the escape
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route, it may also be prudent to consult the Mine
Rescue Service, or other emergency service who
may attempt to undertake rescue or fire fighting
underground.

Despite the positively evolving picture painted
by the statistics above, the reality may be even
worse. A chronic lack of accurate information, at
many levels, combined with poor statistical
measures probably underestimates the severity of
coal mining safety challenges. Closing mines
without careful consideration has other negative
consequences. A failure to sufficiently fund other
aspects of the coal mining industry also contributes
to unsafe mining conditions.

Fundamentally, solving the coal industry’s
problems will require appropriate statistical
measures and accurate information. To this end, the
use of intensity based measures standards for safety
improvement must be adjusted to include quantity-
based safety targets. The former, while important,
is merely a measure of fatalities relative to coal
production and thus an abstract statistic. A
reduction in this rate may be offset by higher
absolute numbers as a result of increased
production levels.

By using quantity-based standards, on the
other hand, the industry is forced to reduce absolute
numbers of coal mining injuries and deaths. This
also places greater emphasis on the individuals and
their tragedy and loss resulting from coal mining
accidents. Aggressive quantity-based targets are
achievable if supplemented with effective
enforcement. Gathering and publicizing accurate
information is also basic to any solution for coal
mining safety. In addition, the government must
focus on adequate mine capacity in order to meet
both the national coal demand as well as ensure
safe working conditions. For this to happen,
investment in mining technology, safety equipment
and adequate enforcement of safety measures are
all imperative. Sufficient funding to ensure
appropriate safety measures for Romanian coal
enterprises has been chronically neglected.
Romania’s coal mining industry and its safety
record also raises deeper issues about the nation’s
modern social, economic and political life. What is
the balance between the country’s needs for rapid
economic growth versus the wellbeing of society?
How should the overall progress of the nation be
measured against the rights of the citizens that
comprise it? Fundamentally, these are the thorny
questions behind the relations between state and
society and the widening gaps that we must address
as it moves relentlessly forward.
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