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iy Iy What’s at 1ssue?

Major industrial accident is a man-made occurrence in a

hazardous production facility with catastrophic

consequences or threat of catastrophic consequences (i.e.

irremediable for
the facility itself and/or its environment, and associated with death of

people, material damage and/or environmental damage).

the term major accident means a sudden occurrence - such as a major emission, fire or explosion -
In the course of an activity within a major hazard installation, involving one or more hazardous
substances and leading to a serious danger to workers, the public or the environment, whether

immediate or delayed
(C174 Prevention of Major Industrial Accidents Convention, 1993 Part | - Scope and definitions)

Indicators and criteria of “seriousness” of occurrence

(The World Bank, The International Federation of Red Cross and Red Crescent Societies, World Health Organization, CRED Emergency Events Database)

To be accounted: local disasters and catastrophes when:

more than 10 people are killed,

more than 100 people are injured,
state of emergency is introduced,

call for international aid is announced.



cal Disasters Worldwide

1960 to 2015

(according to EM—DAT: The OFDA/CRED International Disaster Database)

Technolog

Total death (it is the sum of deaths and missing), thnd § 3500 T Total affected, thnd
13 5
21 3000
b OMiscellaneous accident
10 2500 B Industrial Accident
o OTransport accident
8 - 2000 1329

@ Transport accident

@ Industrial accident

Mscellaneous accident 1500

44 REUNUNEEEE NN NN R e S 1000
Transport accident -
34 technological
1ran?p_ort accidents
involvin
1 mechanised modes 500

of transport.
] I I I I I I I Industrial accident -
o iyl I plaallll} | NARANANNE technological 0

™ i accidents of an

Total deaths (thous adns) per disastertype

1960 1964 1968 1970 1976 1980 1984 Y; 2?8 1992 1996 2000 2004 2008 2012 :?a(jtﬂ?él}ll?ll\l i 1960-1969 1970-1979 1980-1989 1990-1999 2000-2009 2010-2015 .
industrial buildings
3804 E t t (e.g. factories).
vent coun R < . : P
360 Hlsoelapeas 525000 Total Economic Damage, $ million
3404 technological g
320] accidents of a non- s - -
{ndustn?tl ort = OMiscellaneous accident
300 ransport nature g : ;
ool (e.g. houses). 3 20000 1| B |ndustrial Accident
§2 OTransport accident
22604
%240
T2204 @ Transport accident
&0l 15000 1) Deepwater
g ol ® Industrial accident Horizon (USA, 2010)
2160- Mscellaneous accident ;Il?l\cl)ir $20(39'85)
5140 10000 1) Prestige oil tanker
£120) (Spain, 2002) —
=100 $9,96 billion
80
1) Sayano-
601 5000 Shushenskaya HPP
40+ I (Russia, 2009) —
20 $1,32 billion
0 .--.-'.-',-',--,'I,'l,ll,",ll.ll.". " .

1960 1964 1968 1970 1976 1980 1984 1988 1992 1996 2000 2004 2008 2012
Year 0

EM-DAT: The OFDA/CRED International Disaster Database - www.em dat.be - Universite Catholique de Louvain, Brussels - Belgium 1960-1969 1970-1979 1980-1989 1990-1999 2000-2009 2010-2015 rr.



Industrial accident :Worldwide & BRICS

Industrial accident - technological accidents of an industrial 1 9 60 to 2 O 1 5

naturefinvolving industrial buildings (e.g. factories).
(according to EM—DAT: The OFDA/CRED International Disaster Database)
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i Crisis of Industrialism™
\ HJ/ Major industrial accidents of the 1970°s and 1980’s

— Staten Island (USA, 1973, liquefied natural gas fire, 40 deaths),

— Potchefstroom (South Africa, 1973, ammonia leak, 18 deaths),

= Flixborough (England, 1974, cyclohexane explosion, 28 deaths, 89 injured),

= Decatur (IL, USA, 1974, propane explosion, 7 deaths, 152 injured),

— Beek (the Netherlands, 1975, propylene explosion, 14 deaths, 107 injured),

— Seveso (ltaly, 1976, toxic contamination due to dioxin release, 30 injured, 220 thousand relocated),

- Westwego, Galveston, etc. (USA, December 1977, 5 dust explosions in 8 days in different grain
elevators, 59 deaths, 48 injured)

= San Carlos (Spain, 1978, propylene explosion, 215 deaths),

- Santa Cruz (Mexico, 1978, methane fire, 52 deaths),

= Ortuella (Spain, 1980, propane explosion, 51 deaths),

- Bhopal (India, 1984, methyl isocyanate release, over 2 thousand deaths, over 200 disabled),

= Sa.n.Juaél; Ixhuatepec (Mexico City, Mexico, 1984, liquefied oil gas explosions, 644 deaths, 7087
injured),

- Arzamas (USSR, 1988, cyclonite explosion, 91 deaths, 1500 injured),

— Piper Alpha (the North Sea, 1988, gas explosion on off-shore oil platform, 167 of 226 killed),

= Ufa (USSR, 1989, explosion of natural gas liquids, 575 deaths, over 600 injured)



{0 Erom coat-in

Man-made disasters are gloomy companions of industrial history

of Modern (1700-1917) and Contemporary (1918 to ~1991) periods.

M IAS — major industrial accidents:
dustry (0] Post-industry

MIAS are precursors of Post-industrialism (~1991 to present) — “Accidents of Modern”

Periods of Industrial Development

late

Pre-industrialism
“water, wood and

classical

Industrialism
“coal and iron”

late classical
Industrialism

“oil and plastic”

early

Post-industrialism
(")73

29 . st
; ffOCk - (~16' to 20" centuries) | (late 20t to early 215t (21% century to ...)
(before centuries)
century)
MIA setup Mining Coal mining oil/gas/chemical
by industry
energy
1376 — collapse of 1866 — Oaks, Barnsley, England +1978 — San Carlos, Spain, +18.11.2007 — Zasyadko Mine,
Rammelsberg Mine, Goslar, | (361 deaths) propylene explosion (215 Donetsk, Ukraine (101 deaths)
Germany (> 100 deaths) «1906 — Courriéres, Northern deaths) +17.08.2009 — Sayano-
Typical 1448 — flooding of Heilig- France (1099 deaths) 1988 — Piper Alpha Shushenskaya HPP, Khakassia,
Kreuz-Stollen Mine, +1907 — Monongah No. 6 & 8, explosion, the North Sea (167 | Russia (75 deaths)
examples | schwaz, Austria (> 260 West Virginia, USA (362 deaths) deaths) +20.04.2010 — Deepwater
of well- deaths) «1942 — Honkeiko, Manchuria, +1984 — Bhopal, India, Horizon oil rig, Louisiana, USA
known * 1565 — collapse_ of Der Japan (now China) (1549 deaths) methyl isocyanate release (> (11 deaths)
Goldene Esel Mine, Zloty | 1963 _ \jitsui Miike, Omuta, 2 thousand deaths) + 89.05.2010 — Raspadskaya
MIAs Stok, Silesia (> 95 deaths) +1989 — Ufa, USSR, liquefied | Mine, Kuznetsk Basin, Russia

Kyushu, Japan (458 deaths)

natural gas explosion (575
deaths)

(91 deaths)
13. 05 2014 Soma Mine,
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Examples of Major Coal Industry
Accidents from Media

lllustration of consequences of

Courriéres mining disaster
(Le Petit Journal. Nr. 801. 23. Mérz 1906)

6.12.1907, Ne 6,8, Monongah,
WYV, USA, 362 deaths

. ———

26.2.1972 Buffalo Creek,
Saunders, WV, USA,
114 deaths



North Sea, 06.07.88.
oil rig
167 deaths


http://listverse.wpengine.netdna-cdn.com/wp-content/uploads/2009/05/306b4b1ea1bdfa22295a974a90e8eabb.jpg.jpeg

June 7, 2001, Norco, Louisiana, USA
World’s most massive refinery fire
Capacity — 51 675 m3, 27 500 m3 of gasoline “saved”
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The Qrion Tank Fire in 2001, world record in tank fire fighting
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Hertfordshire, England, DecC%
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Puertollano, Spain, August 14, 2003 — Explosion at
Repsol-YPF: 3 deaths, 7 seriously injured

March 23, 2005 — Explosion at BP oil refinery in Texas
(USA'’s refinery No. 3): 15 deaths, 170 injured

" Pembroke Refinery, Pembrokeshire, Wales:

24.07.1994: 26 injured in explosion

15.02.1996: Sea Empress oil tanker ran aground on rocks of St. Ann’s Head 6
km away from refinery. 73 tons of crude oil were spilt into the sea — one of the
worst environmental disasters in the UK.

24.03.2005: fire on crude oil tank

02.06.2011: explosion of 730 m3 oil tank — 4 deaths, 1 seriously injured.




Helium Plant, Russia
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Ufa; USSR, June 4, 1989:

Accident on main gas
pipe.- 1224 Killed and
Injured. Area covered
with eloud =25 square
kilometers.
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away from Louisiana
, USA, 20.04.2010:
jon on Deepwater Horizon
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Biggest accidents

In Hydro Carbon industry (2010):

WWW.gexcon.com

Date Plant type Even type Location Eg’geﬁ“ﬁgg Fatalities
200472010 Upstream Fire/ Explosion Gulf of Mexico usa 3500* "
07071988 Upstream Fire/Explosion North Sea UK 1600 165
230372005 Refinery Firef Explosion Texas usa 1500 15
111272005 Petroleum Fire/ Explosion Hertfordshire England 1443 0
23101989 Petrochem Vapouw Cloud Explosion Texas Usa 1300 23
19/03/1989 Upstream Fire f Explosion Guif of Mexico usa, 750 7

| 12/08/2008 Refinery Hurricane Texas Usa 750 0
040652009 Upstream Collision North Sea Norvway 750 0
230819 Upstream Structural Failure Sleipner, North Sea  Norway 720 0
1510552001 Upstream Explosion f Fire f Sinking Campos Basin Brasil 710 1"
| 25/08/1998 Gas Processing Vapow Cloud Explosion Victoria Australia 680 2
15/0452003 Upstream Riot Escravos Nigeria 650 No data
24041988 Upstream Fire Campos Basin Brasil 640 0
210972001 Petrochem Explosion Toulouse France 610 30
NI Gexcon A 15 i
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(1) Property damage, debris removal and clean-up costs. (2) Inflated to December 2013 values. (3) Loss to refinery following the Tohuku earthquake. (4) Preliminary. Source: Energy Practice, Marsh & McLennan Companies.

Date

Jul. 7, 1988

Oct. 23,1989
Jan. 19, 2004
Jun. 4, 2009

Mar. 19, 1989
Jun. 25, 2000
May 15, 2001
Sep. 25, 1998

Apr. 24, 1988
Sep. 21, 2001
May 4, 1988
May 5, 1988
Mar. 11, 2011
Apr. 21, 2010
Sep. 12, 2008
Jun. 13, 2013
Apr. 2, 2013
Dec. 25, 1997
Jul. 27, 2005

Nov. 14, 1987

TOP 20 WORLD PROPERTY DAMAGE LOSSES

IN THE HYDROCARBON INDUSTRY — 1974-2013

Plant type

Upstream
Petrochem

Event type

Explosion/fire
Vapour cloud explosion

Gas processing Explosion/fire

Upstream
Upstream
Refinery

Upstream

Collision
Explosion/fire
Explosion/fire
Explosion/fire/sinking

Gas processing Explosion

Upstream
Petrochemical
Petrochemical
Refinery
Refinery
Upstream
Refinery
Petrochemical
Refinery

Blowout

Explosion

Explosion

Vapour cloud explosion
Earthquake (3)
Blowout/explosion/fire
Hurricane
Explosion/fire
Flooding/fire

Gas processing Explosion/fire

Upstream

Petrochemical

Collision/fire

Vapour cloud explosion

Property loss

Location Country US$ (Millions)
Piper Alpha, North Sea U.K. 1810
Pasadena, Texas U.S. 1400
Skikda Algeria 940
Norwegian Sector North Sea 840
Gulf of Mexico U.S. 830
Mina Al-Ahmadi Kuwait 820
Campos Basin Brasil 790
Longford, Victoria Australia 750
Enchova, Campos Basin Brazil 700
Toulouse France 680
Henderson, Nevada U.S. 640
Norco, Louisiana U.S. 610
Sendai Japan 600
Gulf of Mexico U.S. 600
Texas U.S. 550
Geismar, Louisiana U.S. 510
La Plata, Ensenada Argentina 500
Bintulu, Sarawak Malaysia 490
Mumbai High North Field India 480
Pampa, Texas USA 480

Fatalites

165
23
27

7

"
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Brief Flashback to Fatal Coal Disasters

Coal is energy basis of industrialization in the 18™" to 20t
centuries.

Coal mining is a source of the first MIAS. (Coal Mining disasters)

First mentions of multiple deaths of miners:

» October 3, 1705 — explosion of Gateshead (Stony Flatt) mine in Northern England — 30 deaths

» August 18, 1708 — explosion of Fatfield mine in Durham County — 69 deaths

» May 25, 1812 — Felling Colliery near Gateshead — 92 miners killed
(SOChildrenanditccnagers 8 to 16 years old)

Date of Coal mine, location, countr Number of
accident ' ' y deaths
18 Jan1u8a?l,’)5/ Wallsend, Northumberland, England 102
11\}%?)7/ Neue Fundgrube, Lugau, Saxony, Germany 101
6 Septer?bi? Avondale, Plymouth, Pennsylvania, USA 110
1885 . )
5 March Jan, Karvina, Czechia 108
1887 | Mine No. 1, Nanaimo, Vancouver Island, 150
3 May British Columbia, Canada

Date of Coal mine, location, countr Number of
accident ' ' y deaths
1862 ,
Hartley Colliery, Northumberland, England
16 January Y Y g 204
1869 | Freiherrlich von Burgker Coaln und 276
2 August | Eisenhittenwerke, Fretal, Saxony, Germany
1866 .
Oaks Colliery, Barnsley, England
12 December y Y, BN 361
1913 . .
Universal Colliery Senghenydd, Wales
14 October y engheny 439
1906 Courriéres, Nord-Pas-de-Calais, France 1099

10 March




Major* accidents in the world’s coal mining

in Modern and Contemporary industrial periods (1705 to 2014)

Especially significant accidents after1861 with over 200
deaths, in 1708 t01860 — first known major accidents with
over 50 and 100 deaths in the UK and the USA
Based on publicly available sources

Number ' Number _ Number of _
Ne of Date Coal mine, country No of Date Coal mine, country Ne deaths Date Coal mine, country
deaths deaths
1| 300 3 0;07&5; Stony Flatt, England 2 239 19 Deceiwgboez' Darr, USA 4 482 1928 | Fushun, China
2 | 692 18 Al};l?sfi Fatfield, England 22 200 27 Febi?a?fl Mina Rosita Vieja, Mexico 42 27 1 2 Noverj;lgbi?' Grube Anna, Germany
3 1023) 18 Januar); Wallsend, England 2 27 1 1 81;3?2 g&t?;f‘é;?éov) Mine, Novorossiya, “ 265 29 Septerlngb?::ll’ Gresford Colliery, Wales
4| 532 ¥ leriﬁ Black Heath Coal, USA 21348 1 Novei]gboi Zeche Radbod Schacht %4, Germany “ 1 536 1935 | Zichuan, Kuraii
25 45
5 204 16 Janlusaerf/ Hartley Colliery, England 243 5 Al}st?si Onoura, Japan 1549 % i?)ﬂrﬁ Honkeiko (Benxihu) Colliery, China
6| 361 |, Decerlnsbi? Oaks Colliery, England %1259 13 Novelmgboe? Cherry mine, USA © | 405 2 Febr1u9a“;§3/ éeecrkrfanMyonopol Schacht Grimberg %, West
7| 276 & At}gst?si g?c?lehﬂ:zzvyg&fuégetfnragsaln S 344 | » Decelmgble? Pretoria Pit, England ! 262 8 AL11§L15§ c?,?.'.irdy” ggf;?ﬂrf1PUits senechartes)
8 207 22 Oc:osblz Blantyre, Scotland 28 267 Novelmgblezr Yubari, Japan 48 684 9%\323 Laobaidong colliery, China
9| 268 1 Septer];]8b798r Prince of Wales, Wales 2 2 16 Decerﬁ;ﬁ Yubari, Japan 49 437 2 Janlugaer?/ Coalbrook, South Africa
10| 200 1880 | Renard, Poland 30 439 14 Octlogble?; Universal Colliery, Wales 50 299 7 Febrlugaeri Luisenthal, West Germany
1| 207 31fu8I3 Verpilleux, France 31 263 2 Octlogble?; Stag Canyon No. 2, USA 51 458 9 Noverlngbi?; Mitsui Miike, Japan
12 | 235 1415?1?12 Larisch, Czechia 32 423 28 Noverlngble‘:’ New Yubari, Japan 52 268 2813'23 Dhori colliery, India
13| 278 25%]?122 Colliery Cilfynydd, Wales 33 687 15 Dece:{iﬁ Houzyou, Mitsubishi Hojo, Japan 53 237 1%]?"62 Chikuho Yamano, Japan
14 1 +300 1895 | Zhongxing, China 34 432 1915 | Zhongxing, China 54 427 6%]3[7@ Wankie Colliery, Rhodesia (Zimbabwe)
151 210 15%]?122 Hokoku, Japan 35 235 1916 | Taisyou, Japan 55 375 97 Decer1n9b7eSr Chasnala Sudamdih Colliery, India
16| 200 1:5'23 Winter Quarters 1 & 4, USA 36 376 ”n Decerln9b1e7r Onoura, Japan 56 263 3 Mlj'zﬁ Incirharmani, Turkey
17| 216 19:%3'23 Fraterville, USA 37 9 17 1917 | Tashan, Manchuria 57 2 14 15 Febf:;g Sunjiawan, China
18 1 1099 10 Mlagrgﬁ Courriéres, France 38 2 17 1919 | Benxihu, China 58 30 1 132“%13 Soma, Turkey
11 365 201\?uol\7/ okoku, Japan % 45 1 1920 | Kailuan, China ") First known major coal mining accident in modern period; =
2 | 362 | 5 pecemper | Meroroeh No. 688, Us © 209 1920 | Vubar Japan 2 Fist o majorcoa minng aoodentinhe Uk it ovr 00 deatrs,
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Biggest Coal Mining Disasters:

Industrial periods - Modern (1835-1917) and Contemporary (1918-2014)

c 10_.03.19'96, — ‘ . ! 26.04.1942,
ourrieres, France, N keik hu) coll
1000 - 1099 fatalities 15.12.1914, ./{1917,Tashan, Fushun, ren ;(Ieelxp(;r(we(‘gﬂi(rl]al)l1%21£;?zalﬂltiec;mng
] Houzyou, Mitsubishi ] Manchuria P
Hojo, Japan, — | 917 fatalities )z/' 9.05.1960,
. 700 L 687 fatalities - ) () Laogggr?g’gcchﬁlrl]lgry, |
g ® 684 fatalities
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= 1 ¢ United kingdom (>70 fatalities) * South Africa (437 fatalities) 2 USA (>70 fatalities)
1l a Canada (>70 fatalities) © Mexico (>100 fatalities) ® Colombia (125 fatalities)
® Germany (>95 fatalities) B Poland (>70 fatalities) 0 Czech Rep (>100 fatalities)
1l @ Belgium (>50 fatalities) ¢ France (>50 fatalities) ¢ Japan (>60 fatalities)
® China (>100 fatalities) ® [ndia (>50 fatalities) ¢ Turkey (>50 fatalities)
© Yugoslavia (>100 fatalities) © Russia (>50 fatalities) © Ukraine (>50 fatalities)

1830 1840 1850 1860 1870 1880 1890

1900 1910 1920 1930 1940 1950

1960

1970 1980 1990 2000 2010 2020

Reference: A.l. Grazhdankin. Major Industrial Accidents: from Coal Industry to Post-industry. — Safety of Labour and Industry. - 8. - 2011. -

p.58-62 http://riskprom.ru/TemaKtlg/HazSaf/2011 coal postmodern.pdf




Coal Production and Accidents in Mines of Russian
Empire, USSR, Russian Federation, Ukraine and Kazakhstan
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105 cuickas nmnepus, 271 yen. al/lﬂ:[a.gBoCZKggzléTuaJﬂMHCK ] + 700
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« /./ . + 600
[ 9.03.1939, . Ne13-
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+ Diedin an accident (Russian Empire) .
® Diedin an accident(Russia) A
Production (Russian Empire), min ton
Production (Russia), min ton

Production (Kazakhstan), min ton

Diedin an accident (Ukraine)
Died in an accident (Kazakhstan)
Production (USSR), mIn ton
Production (Ukraine), min ton
Production (RU+UA+KZ), mIn ton

Reference: I'paxgankuH A.W., Mevepkun A.C., Modmuec M.A. YronbHble katacTpodbl B uctopuyeckoin Poccum 1 mupe/ besonacHoCTb Tpyaa B MPOMBILLNEHHOCTH. -

http://riskprom.ru/TemaKtlg/HazSaf/2011_coal_postmodern.pdf

Ne11. - 2011. - ¢.56-64



Coal Mining Countries in 19t to 215t Centuries:

total coal production, number of lethal disasters in mines, and number of deaths

A country, T?r?dﬂi?r?;jl (r;fisicntg ® | Coal production, bin tons | The seriousness of | The number of | The number
territory of the country Duration mining inciuding: the accident, the known fatal of dead in
(in order of duration of industrial coal mining) | years Years | Total f— Terground sm’; death toll more accidents this accident
>60 56 7487
. . 1700 >100 29 5390
United Kingdom 300 2000 | 203 | 195 08 >200 8 2366
- >300 3 1114
>400 1 439
>25 123 8968
_ >60 54 6354
United States of America 180 ;g‘:’g 68.6 @ 26.3 >100 2 4159
>300 1 362
>95 16 2597
G 150 | 1860~ 1337 | g 209% |20 5 1599
ermany 2010 : : : T h s
>400 1 405
>25 15 1222
Poland 130 1880- | 105|104+ 24 60 r %
olan 2010 . . : >100 6 889
>200 1 200
Russian Empire, Soviet Union, . ‘ >25 54 2950
Russian Federation, Ukraine, 120 4| 5010 | 363 1.7 o v 1550
Kazakhstan L
>60 2% 5231
>100 18 4793
] 90 1900- 26 26 / >200 12 3926
apan 1990 . . n/ia >300 5 2309
>400 3 1568
>600 1 687
>25 7 592
Republic of Turkey 87 ;gfg 21 | 04* 1.7 o ; a2
>200 1 263
>25 1 1200
. . 1947 >60 5 945
Republic of India 63 2010 - >100 3 818
e
>300 1 375
People’s Republic of Chi 1949- >100 25 3957
eople's Republic o Ina 61 2.2*
P P 2010 >600 1 684

* - Total extraction of coal (as a rule, production by u

round mining)

** - The total production of lignite (usually production by strip mine)




» .« Lessons Learnt from Major Industrial Accidents (MIAS)
<u |y of Industrialism Crisis — late 20t to early 215t centuries.

Problems of prevention MIAs in BRICS

Major Industrial Accidents (MIASs) - a heavy blow to the

reputation of sustainable industrial development.
Blackmail labeling «technology failing state»

MIAS significantly alter the trajectory of industrial development.
URtithedtcezing of individual technologies and even industrial sectors

Risk Analysis - a modern methods for recognizing threats MIAs.
Actualization "hazardmap" of industrial accidents in the BRICS countries

The problem of preventing the MIAs must be addressed

joint scientific and technological strength of the BRICS
Pevelopment and adoption «roadmap of prevention MIAs» to
enAsUre the safety of industrial growth in the BRICS countries
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