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Figure 1. Distribution of the main halite bearing basins in Britain and the 
location of operational and proposed underground gas storage sites (based upon 
BGS 2006a). Also shown the anticlinal structure sites (■) investigated in the late 
1950’s to early 1960s by the Gas Council for underground storage of town gas.
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After DTI, BGS©NERC. All rights reserved 

Figure 2. Anticipated UK gas demand and declining production rates (after DTI, 
2006a).

After Schlumberger BGS©NERC. All rights reserved 

Figure 3. The main mechanisms leading to the choking/blocking of pore spaces 
that cause damage to, and loss of performance in, reservoir rocks and gas 
storage wells (after Bary et al., 2002 and courtesy of Schlumberger). 
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BGS©NERC. All rights reserved 

Figure 4. Schematic diagram illustrating the concepts of underground gas storage in depleting 
oil/gasfield (pore), salt cavern and abandoned mine scenarios. a) typical anticlinal traps for oil 
and gas b) microscope view of sandstone reservoir, c) cartoon illustrating injection of gas into 
pore spaces from which oil has migrated, or displacing residual oil in pore spaces, thereby 
enhancing oil recovery, d) the various types of salt bodies in which salt cavern might be 
constructed (note: the concept of injection and storage of gas in aquifers is the same as in parts a-
c, with the exception that the pore spaces are filled with saline water, rather than oil), e) solution 
mining process for a salt cavern, f) abandoned coal mine storage (based upon Leyden Mine, 
Canada; after Raven Ridge Resources, 1998). 
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After DS & MJ Jackson and Kansas Geological Survey BGS©NERC. All rights reserved 

Figure 5. Photographs of salt brining related incidents and features. a) Brine 
gusher from ICI well BW 124 at Preesall, near Fleetwood, Lancashire, b) 
collapse crater associated with previous salt brining activities in the Preesall 
Saltfield (from Jackson, 2005; reproduced by permission of D.S. & M.J. 
Jackson), c&d) photograph and map of south sinkhole developed at Cargill, 
Kansas, November 12, 1974 showing development and loss of infrastructure 
(railway lines) above location of brine well/cavern (from Walters, 1978 and 
courtesy of Kansas Geological Survey). 
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Partly after Munson et al. BGS©NERC. All rights reserved 

Figure 6. Sketch diagrams of the nature and result of dislocations within crystal 
lattices and how they form one of a series of processes leading to deformation, 
creep and ultimately recrystallisation of materials. a-f) illustration of slip of the 
crystal lattice as a dislocation moves through on a slip plane (forming an extra 
half plane), with ultimately the whole slipped by one unit after the dislocation 
has traversed the whole crystal, g) sketch 3D block diagram to illustrate the 
process in a-f, showing the position in part e, with the italicised A-F points being 
roughly equivalent positions, h&i) similar 3D diagram to indicate the slipped 
area within a crystal and the deformation induced in the crystal lattice, j) 
development of microfractures in salt grain/crystal. σ1 is the principal stress 
direction (after Munson et al., 1999). 
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After Yamamoto & Pruess BGS©NERC. All rights reserved 

Figure 7. Concept of underground LPG storage caverns with water curtains 
preventing the release and migration of stored product (gas), after Yamamoto & 
Pruess (2004). 

After Geological Society, London BGS©NERC. All rights reserved 

Figure 8. Photograph, location map and sketch section showing the Chalk cavern 
storage facility at Killingholme. Photograph is of one mined gallery, with the 
sketch section detailing the geology, Chalk stratigraphy, storage horizon and 
mining technique of an upper and lower ‘bench’, as described in the text (far left 
of line drawing). Line drawing reproduced by permission of the Geological 
Society; photograph by permission of David Lee Photography Ltd., Barton upon 
Humber and the Geological Society, London. 
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After Sandia and CAES Development Company LLC BGS©NERC. All rights reserved 

Figure 9 Diagramatic representation of the proposed Norton CAES plant at 
Norton, Ohio (black and white image reproduced by permission Sandia and 
CAES Development Company LLC: http://www.caes.net/cycle.html). 

 
After Canatxx Gas Storage Ltd, and Geological Society, London BGS©NERC. All rights reserved 

Figure 10. Fractures in halite sequences and linear schistose (possibly mylonitic) 
fabrics developed in UK halite beds. a) gypsum filled veins representing two sets 
of infilled fractures in the Breckells Mudstones (caprock) at Preesall (NW 
England, from Wilson & Evans, 1990), b) strongly flow lineated Boulby Halite on 
subconcordant core break from depth of 336.7 m (after Smith, 1996; courtesy of 
the Geological Society, London). Scale bar 10 cm, c) linear crystal fabric that has 
developed on the curved surface of a break in the core in Preesall Halite (depth 
538 m). The break and linear features in the halite has been interpreted by some 
as slickensides related to brittle faulting in the halite, but may be a ductile flow 
fabric similar to part b (photograph courtesy of Canatxx Gas Storage Ltd). 
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BGS©NERC. All rights reserved 

Figure 11. Development of wet rockhead. 

BGS©NERC. All rights reserved 

Figure 12. Prospective onshore sedimentary basins and significant oil and gas 
fields. Licence areas also show areas of Coalbed methane prospectivity (source:
BGS 2006b). 
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After Aitken et al BGS©NERC. All rights reserved 

Figure 13. Westphalian channel width/thickness data (after Aitken et al., 1999). 

After Fielding,, Guion et al.; Aitken et al. BGS©NERC. All rights reserved 

Figure 14. Westphalian depositional environments, with typical sand channel 
forms and dimensions (based upon Fielding, 1984; Guion et al., 1995; Aitken et 
al., 1999). 
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BGS©NERC. All rights reserved 

Figure 15. Major aquifers cropping out in England and Wales (courtesy of 
Jennifer Cunningham, BGS Wallingford). Also shown, the relationship of major 
aquifers to the onshore oil and gasfields. 

After Færseth BGS©NERC. All rights reserved 

Figure 16. Schematic illustration of faulted sand-shale sequence and terminology 
of fault offsets and sealing configurations referred to in the text (after Færseth, 
2006). Where reservoir A and reservoir B are juxtaposed across faults, the shale 
interval stratigraphically between the two reservoir units may be smeared along 
the fault to form a seal that hydraulically separates the sandstones. 
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BGS©NERC. All rights reserved 

Figure 17. Sketch map of the felt area of the Dogger Bank (7/6/31), Lleyn 
Peninsular (19/7/84) and Roermund (Netherlands, 13/4/92) earthquakes (from 
Browitt & Musson, 1993). 

BGS©NERC. All rights reserved 

Figure 18. Cross section of UK seismicity from south to north plotted by latitude 
and depth, showing probable maximum vertical extent of ruptures for all 
earthquakes with magnitude > 3 ML with known depths in mainland UK and the 
Irish Sea. Refer section 6.2 of main report for description of earthquake 
magnitudes (ML).

BGS©NERC. All rights reserved 

Figure 19. Numbers of UK earthquakes classed by magnitude and depth.
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a                                                               b                                          c 
BGS©NERC. All rights reserved 

Figure 20. UK seismicity maps (from Musson, 2003b: 
http://www.earthquakes.bgs.ac.uk/hazard/Hazard_UK.htm).
a) earthquakes in the UK, b) tectonic sketch map of the UK,
c) EMS intensity hazard map for the UK.  

Partly after Bérest & Brouard BGS©NERC. All rights reserved 

Figure 21. Location of French UGS sites referred to in the text and details of the 
Tersanne cavern dimensions prior to and following salt creep (after Bérest & 
Brouard, 2003). 
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After Hamilton & Meehan and Seaver Center for Western History Research, Los Angeles County Museum of Natural History and saveballonawetlands BGS©NERC. All 
rights reserved 

Figure 22. Details of Californian oilfields. a) cross section of the leakage scenario 
at the Fairfax Oilfield (after Hamilton & Meehan, 1992), b) skyline of oil 
derricks at the Playa del Rey Oilfield (after Seaver Center for Western History 
Research, Los Angeles County Museum of Natural History), c) general location 
map of depleted gasfields and gas storage sites in California and referred to in 
the text, d) gas bubbling up old leaking well in shallow water pond, Playa del Rey 
(courtesy Jeanette Vosberg, Save Ballona Wetlands. 
See http://saveballona.org/techpages/well.html), e) map of the Playa del Rey
and Venice Beach oilfields with known well locations, f) schematic section of
Playa del Rey Oilfield showing gas leakage paths.  
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After California Division of Oil, Gas and Geothermal Resources, Seaver Center for Western History Research, Los Angeles County Museum of Natural History California 
History Room, California State Library, Sacramento, California BGS©NERC. All rights reserved 

Figure 23. Illustrations of former heavily drilled areas of Los Angeles that are 
now densely populated urban areas. a) view of oil derricks associated with the 
Los Angeles City Oilfield (.c 1890; courtesy of Lena Tabilio and the California 
Division of Oil, Gas and Geothermal Resources. 
(http://www.consrv.ca.gov/index/siteMap.htm#doggr), b) map of the Belmont 
School area, where construction stopped due to the underlying LA City Oilfield, 
c) Los Angeles City Oilfield at the corner of Glendale Boulevard and Rockwood 
Street, circa 1900 (Photo courtesy of the Seaver Center for Western History 
Research, Los Angeles County Museum of Natural History, www.nhm.org), and 
d) Los Angeles City Oilfield at the corner of Glendale Boulevard and Rockwood 
Street, October 2002 (from Gamache & Frost, 2003; courtesy of the California 
History Room, California State Library, Sacramento, California 
(www.library.ca.gov/calhist/index.html).

After Wright BGS©NERC. All rights reserved 

Figure 24. Stratigraphy of the Los Angeles area, structure contour map (at near 
top basement) of the Venice Beach and Playa del Rey oilfields and cross section 
of the Playa del Rey Oilfield (based upon Wright, 1991). 
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After Hutchinson Fire Brigade, CUDD Drilling and Shannon Pope of RPC Inc, Dave Ryan, NTSB and Liz Nayowski, Fort Saskatchewan Record BGS©NERC. All rights 
reserved 

Figure 25. Major salt basins of the North America, including the main salt domes referred to in 
the text. Also shown, images of the major gas release incidents at Hutchinson (downtown fire, 
courtesy Chief Forbes, Hutchinson Fire Brigade; gas geyser, CUDD Drilling and Shannon Pope 
of RPC Inc), Moss Bluff (after Dave Ryan, Beaumont Enterprises http://www.thefortressweb.com),
Brenham (courtesy of NTSB, 1993), Fort Saskatchewan (after Liz Nayowski, Fort Saskatchewan
Record: http://www.chem.queensu.ca/chembook/articles/ethane_fire_in_fort_saskatchewan.htm),
night time image of the Carlsbad pipeline incident which caused a crater 15.5 m by 34.5 m,
bridge towers (estimated 10 m high) arrowed for scale (courtesy of NTSB, 2003).      
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After Emergency Management BGS©NERC. All rights reserved 

Figure 26. The Ghislenghien gas pipeline explosion (images courtesy Emergency 
Management: http://www.emergency-management.net/gaspipeline2004.htm). a) 
location map, b) the fire following the explosion, c ) view of the general site 
showing the burned area and d) the crater and exposed pipeline. 

After Chiltern Air Support Unit BGS©NERC. All rights reserved 

Figure 27. The 2005 Buncefield above ground storage incident (after Powell 
2006a&b). a) aerial view of the site prior to the incident, b) the incident from the 
air, c) aerial view of damage to storage vessels, d) map illustrating the proximity 
of the storage depot to surrounding industrial and domestic buildings.

ba

c d

The oil depot,
showing proximity
to the surrounding
built-up areas and
Hemel Hempstead 

(Photographs from Powell (2006a) and courtesy of the Chiltern Air Support
Unit)

Looking NNE

Looking southM1a c

Area of main fire
in part (b)

Northgate building
badly damaged by
heat during the fire 

b 0 1 kmd

(OS topography © Crown Copyright)



17

By permission of ©Springer Verlag BGS©NERC. All rights reserved 

Figure 28. Schematic illustration of possible leakage pathways through an 
abandoned well: a) between casing and cement, b) between cement plug and 
casing, c) through the cement pore space due to cement degradation, d) through 
well casing as a result of corrosion, e) through fractures in cement, f) between 
cement and rock. (Figure from Scherer et al., 2005; reproduced from 
Environmental Geology, by permission of ©Springer Verlag). 

After Star Energy BGS©NERC. All rights reserved 

Figure 29 Humbly Grove gas storage facility (courtesy Star Energy). a) site 
clearance (Feb 2004) and b and c) completed facility (Feb 2005). 
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Photographs by permission E. Schweizerbart Science Publishers BGS©NERC. All rights reserved 

Figure 30. Details of the Teutschental (West Germany) site and ethylene escape 
(based upon Katzkung et al., 1996). a) structure contour map on top Zechstein 
halite, b) SW-NE cross section across the Lauchstädt structure and storage site 
area, c) and d) photographs of venting sites, from which a mixture of ethylene 
and water erupted, e) location map for UGS sites in Germany and referred to in 
text. Photographs reproduced by permission of E. Schweizerbart Science 
Publishers: http://www.schweizerbart.de/). 
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After Bérest & Brouard BGS©NERC. All rights reserved 

Figure 31. Detail of the Kiel storage cavern in Germany, illustrating volume loss 
due to insolubles, roof collapse and salt creep (after Bérest & Brouard, 2003). 

After Allen BGS©NERC. All rights reserved 

Figure 32. Details of the Eminence salt dome and storage facility (based upon 
Allen, 1972). a) cross-section of the salt dome with depth of caverns, b) detail of 
the depths and shapes of the four caverns constructed at Eminence c) illustration 
of the extent of salt creep and decrease in cavern size. 
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After Halbouty BGS©NERC. All rights reserved 

Figure 33. Details of the Mont Belvieu salt dome and storage facility a) structure 
contour map on the top of the Frio Sands showing area of salt piercement (after 
Halbouty, 1979), b) cross-section of the salt dome. 

After Halbouty BGS©NERC. All rights reserved 

Figure 34. Details of the Moss  Bluff salt dome and storage facility a) structure 
contour map on the top of the Frio Sands showing area of salt piercement (after 
Halbouty, 1979), b) cross-section of the salt dome illustrating the depth of the 
cavern and shape. 
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After Hutchinson Fire Department, Kansas Geological Survey, CUDD Drilling and Shannon Pope of RPC Inc) BGS©NERC. All rights reserved

Figure 35. Details of the Hutchinson incident. (a) location map illustrating the
site of the storage facility circa 11 km (7 miles) NW of the town of Hutchinson (b)
WNW-ESE cross section showing the stratigraphy and structure of the area and
the route taken by the gas from the storage cavern to the town (after Kansas
Geological Survey). Images shown courtesy of Chief Forbes, Hutchinson Fire
Department; Kansas Geological Survey; K a n s a s  D e p a r t m e n t  o f  H e a l t h
a n d  E n v i r o n m e n t ,  CUDD Drilling and Shannon Pope of RPC Inc.          
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After EUB BGS©NERC. All rights reserved 

Figure 36. Setting of the Fort Saskatchewan cavern storage facility, Canada. a) 
sketch cross section of the area, b) cross section of the cavern an infra-structure 
(after EUB, 2002). 

After Neal & Magorian BGS©NERC. All rights reserved 

Figure 37. Sketch section through the Napoleanville salt dome illustrating the 
situation when shale layers were encountered indicating that due to poor site 
characterisation, the sidewalls of the salt dome/stock had been intersected during 
brining operations (after Neal & Magorian, 1997).
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After Araktingi et al BGS©NERC. All rights reserved 

Figure 38. Stratigraphy, cross-section and leakage paths from the Leroy Gas 
Storage Facility, Wyoming (after Araktingi et al., 1984). 

After Morgan BGS©NERC. All rights reserved 

Figure 39. Stratigraphy and structural detail of the Coalville and Chalk Creek 
gas (aquifer) storage facilities, Utah, USA (after Morgan, 2004). 
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After Jones & Drozd BGS©NERC. All rights reserved 

Figure 40. Cross-section of the Pleasant Creek gas (aquifer) storage facility in 
California (after Jones & Drozd, 1983). Also shown the soil-gas profiles showing 
leakage of the aquifer caprock. 

After Collinson et al, Kolata & Wilson BGS©NERC. All rights reserved 

Figure 41. Stratigraphy of Illinois aquifer sandstones and location of the main 
gas storage sites having experienced difficulties, see Appendix 5 (after Collinson 
et al., 1988; Kolata & Wilson, 1991). 
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After Warren BGS©NERC. All rights reserved 

Figure 42. Structural contour map of the Weeks Island salt dome, Louisiana, 
illustrating the sites of the two sink holes in relation to the extent of salt mine 
workings (after Warren, 2006). 

After Raven Ridge Resources BGS©NERC. All rights reserved 

Figure 43. Detail of the Leyden Mine gas storage site, Colorado (after Raven 
Ridge Resources, 1998). 
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After Seaver Center for Western History Research, Los Angeles County Museum of Natural History Save Ballona Wetlands, Camp Dresser & McKee, Wright and Biddle 
BGS©NERC. All rights reserved 

Figure 44. Map of the oilfields and main tectonic features in the Los Angeles Basin. a) 
Oilfields based upon Camp Dresser & McKee (2001) and Wright (1991), faults based 
upon Wright (1991) and Biddle (1991), b) oil derricks along the ocean front at Playa del 
Rey (after Seaver Center for Western History Research, Los Angeles County Museum 
of Natural History), c) gas bubbles emerging from old oil well in lagoon at Playa Vista, 
Playa del Rey oilfield (courtesy Jeanette Vosberg, Save Ballona Wetlands - see 
http://saveballona.org/techpages/well.html).
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After Davis & Namson BGS©NERC. All rights reserved 

Figure 45. Castaic and Honor Rancho gas storage facilities. a) Location map, b) 
cross section of the Honor Rancho Oilfield (after Davis & Namson, 2004). 
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After Vector Magnetics BGS©NERC. All rights reserved 

Figure 46. Sketch diagrams showing problems with and the repair of gas storage 
wells in California (after Vector Magnetics: http://www.vectormagnetics.com/ 
Case_HistoryO&G.html). a) and b) damage following an earthquake, c) 
inadvertent sidetracking of a well, d) inadvertent sidetrack due to corroded 
casing.
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BGS©NERC. All rights reserved 

Figure 47. Sketch section illustrating the geological conditions likely to represent 
the ‘Saltfleetby scenario’ (based upon Hodge, 2003). 

Based upon Rothweel &Quin BGS©NERC. All rights reserved 

Figure 48. Sketch section illustrating the geological conditions likely to represent 
the ‘Welton scenario’ (based upon Rothwell & Quinn, 1987). 
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Based upon Brunstrom, Fraser & Gawthorpe BGS©NERC. All rights reserved 

Figure 49. Sketch section illustrating the geological conditions likely to represent 
the ‘Gainsborough-Beckingham scenario’ (based upon Brunstrom, 1963; Fraser 
& Gawthorpe, 1990, 2003). 

Based upon Kirby & Swallow  BGS©NERC. All rights reserved 

Figure 50. Sketch section illustrating the geological conditions likely to represent 
the ‘NE England scenarios’ (e.g. Caythorpe and Kirby Misperton gasfields – 
based upon Kirby & Swallow, 1987). 
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Based upon Hancock & Mithern  BGS©NERC. All rights reserved 

Figure 51. Sketch section illustrating the geological conditions likely to represent 
the ‘Weald Basin scenarios’ (e.g. Humbly Grove and Storrington – based upon 
Hancock & Mithern, 1987). 
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Figure 52. Generalised stratigraphy for the Humbly Grove and northern Weald 
area. Abbreviations: Lst –limestone; Sst – sandstone; Siltst - siltstone. 
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BGS©NERC. All rights reserved 

Figure 53. Sketch section illustrating the geological conditions likely to represent 
the ‘NW England (Elswick) scenario’ (based upon Aitkenhead et al., 1992). 

BGS©NERC. All rights reserved 

Figure 54. Sketch section illustrating the geological conditions likely to represent 
the ‘Cheshire Basin scenario’ – relating to the Byley, Hole House, King Street 
and Stublach sites. 
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BGS©NERC. All rights reserved 

Figure 55. Sketch section illustrating the geological conditions likely to represent 
the ‘Byley and Hole House scenarios’. 
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BGS©NERC. All rights reserved 

Figure 56. Sketch section illustrating the geological conditions likely to represent 
the ‘Preesall saltfield scenario’. a) the southern areas of the saltfield (more 
intragrabenal faults), b) the northern areas of the saltfield (fewer intragrabenal 
faults). 
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After Egdon  Resources Ltd and Chadwick & Evans BGS©NERC. All rights reserved 

Figure 57. General setting of the Dorset Halite in the region of the proposed salt 
cavern storage facility beneath the Weymouth-Isle of Portland area. a) Line 
illustration of the thickening of the (Dorset) halite of the Wessex Basin in the 
Weymouth Anticline, based upon depth converted seismic reflection data 
(Chadwick & Evans, 2005), b) sketch of the level of proposed gas storage caverns 
and layout (after Egdon, 2006a). 
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BGS©NERC. All rights reserved 

Figure 58. Sketch section illustrating the geological conditions likely to represent 
the ‘NE England Permian scenario’ (e.g. Hornsea/Atwick, Aldbrough). 

ATWICK SCENARIO

SSG at crop
45-50 km
to west

(Not to scale)

Chalk and Lower Cretaceous
(c. 500 m)

Lias clays (c. 45m)

Thin Rotliegendes

Thin Marl Slate

Hayton
Anhydrite

Fordon
Evaporites
(c. 135 m)

MERCIA MUDSTONE GROUP
+ PENARTH GROUP

(c. 295 m)

SHERWOOD SANDSTONE GROUP
(c. 295 m)

CADEBY FORMATION
(LOWER MAGNESIAN

LIMESTONE)

ESKDALE, STAINTONDALE
AND PART  TEESSIDE GROUPS

P
E

R
M

IA
N

- 
c.

 5
30

 m

KIRKHAM
ABBEY

FORMATION

CARBONIFEROUS

Depth top caverns c. 1670 - 1900 m
Nos of caverns 9
Spacing not known
Total volume c. 420 Mcm

Minimum pressure c. 120 bar
Maximum pressure c. 270 bar
Maximum cavern diameter not known
Cavern heights c. 60 - <100m

Anhydrites, salts, marls and mudstones (c. 100 m)

Boulby Halite
Billingham Anhydrite

BROTHERTON FORMATION (UPPER MAGNESIAN LIMESTONE) (c. 75 m)

EDLINGTON FORMATION

c. 30 km



  38

Tables 
 
 
 

Table 1 (following page). Summary of operational and planned underground gas 
storage facilities in Britain. Note: information regarding the caverns operational 
in the Teesside area and the product stored has been in part supplied by SABIC, 
whose assistance is gratefully acknowledged. This represents our most up to date 
information on the various caverns and stored products. However, more detail 
might become available with time. 
 
1 Note Table 2: DTI (2006a&b) figures, 2 Note Table 2: DTI (2006a&b) figure 
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Table 2. Number of underground natural gas storage facilities, working volumes
and deliverability, both worldwide and in the USA (based upon IGU, 2003;
Favret, 2003; Plaat, 2004 & this volume; EIA, 2006).     

a Mcm = million cubic metres (as used by DTI), equalling 106 m3

Type and Number of UGS facilities (2005) Working 
Volume Deliverability

Area Gas & Oil 
Fields Aquifers Salt

Caverns Other Total Bcm 
(109 m3)

Mcma1/d
(106 m3/d)

Europe 64 23 27 3 117 75 1,448 
Former Soviet Union 36 13 1  50 110 983 
U.S.A. 320 44 30  394 113.5 2,369 
Canada 44  8  52 17 279 
South America 2    2 0.2 2 
Asia 7    7 2.6 14 
Australia 5    5 1.0 10 
Total
(%age)

478 
(76) 

80
(13) 

66
(11) 

3
(<1) 627 319.3 5,105 

Number of incidents in 
storage facilities 16 17 27 5 

Number of incidents in 
storage facilities as %age 
of number of facilities 
operational in 2005

3% 21% 41% 
None 

operatio-
nal, 2005 

Number of incidents in 
storage facilities involving 
casualties/ 
evacuations 

3 2 9 5 

Number of incidents in 
storage facilities involving 
casualties as %age of 
number of facilities 
operational in 2005 

0.63% 2.5% 13.6% 
None 

operatio-
nal, 2005 

UGS Figures for America 1997/2005 
Number of 

facilities - 1997 
Working Volume (Bcm) - 

1997
Number of facilities 

- 2005 
Working Volume (Bcm) - 

2005
Gas & Oil Fields  3.79 023 3.49 643
Aquifers  3.11 44 79.9 14
Salt Caverns  9.4 03 3.3 72

 5.311 493 6.701 414 latoT
Consumption and storage volumes 

Total
gas  

consu-
mption
(Bcm) - 

1997
(BP,
2006) 

Number 
of 

facilities - 
1997

Working 
volume
(Bcm) - 

1997

%age gas 
storage/

consumption
- 1997 

Total
gas  

consu-
mption
(Bcm) - 

2005

Number 
of 

facilities - 
2005

Working 
volume
(Bcm) - 

2005

%age gas 
storage/

consumption - 
2005

North America 769.3 414 107.6 14 775 446 130.5 16.8 
Western Europe 341.3 75 53 15.5 427.4 117 c. 75 c. 17.6 
Russian Federation  350.4 46 c. 80.5 c. 23 405 50 c. 110 c. 27.2 
Total Europe and 
Russia-Eurasia 936.1 138 Not 

available - 1121 174 c. 187.5 16.7 

World Totals 2249.7 580 262.4 11.7 2749.6 627 319.3 c. 11.6 
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Table 3. Calculated diffusive fluxes for the McClave Field (Nelson & Simmons, 
1995) 

 Cap rock porosity 
 5% 10% 
Methane loss 
(m3/yr) 521 2383 

Methane loss 
(mcf/yr) 18.4 84.1 

Replacement 
time (m.y.) 2.21 0.485 

 
 
 
 
 

Table 4. Calculated methane losses for a 1737 m and a 39.6 m thick caprock 
(Smith et al., 1971) 

 Calculated losses for fields with hypothetical gas production 
 1737 m thick caprock 39.6 m thick caprock 
 283.2 Mcm 

(10 bcf) 
2.83 Bcm 
(100 bcf) 

283.2 Mcm 
(10 bcf) 

2.83 Bcm  
(100 bcf) 

Methane loss 
(m3/yr) 

2,832       
(0.0028 Mcm) 

21,294     
(0.0213 Mcm) 

124,310     
(0.124 Mcm) 

934,455     
(0.935 Mcm) 

Methane loss 
(mcf/yr) 0.100 0.752 4.39 33.0 
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Table 5. Summary of the main hydrocarbon province characteristics and 
significant discoveries onshore UK.  

 

Table 6. Tolerance of microbes to extreme environments  (West & McKinley, 
2001).  

 

Condition Example of organism Limit of growth 
High temperature ‘Black smoker’ bacteria Reported to 1130C. 
Low temperature Sporotrichum carnis -200C 
High pH Nitrifying bacteria 12 
Low pH Thiobacillus ferrooxidans 0 
High salinity Halobacterium halobium 50% salt by weight 
Low salinity Salmonella oranienburg 70ppb dissolved salts 
High pressure Desulfovibrio desulfuricans 180MPa 
Radiation Deinococcus radiodurans Single dose 5000 Gy 
Chemical toxins e.g. PbCl2 Aspergillus niger 67 mg ml-1 
 
 

Province Typical 
hydro-carbon 

occurrence 

Typical 
Reservoirs 

Source(s) Trap type Examples 

Wessex-
Channel 
Basin 
(including 
the Weald 
Basin) 

Oil and gas Bridport Sands, 
Great Oolite 
(Jurassic), 
Sherwood 
Sandstone Group 
(Triassic) 

Lower Lias (clays 
Jurassic) 

Tilted fault 
blocks & 
Palaeogene 
inversion 
anticlines 

Oil: Wytch Farm, 
Kimmeridge, 
Humbly Grove, 
Stockbridge, 
Wareham 
Gas: Albury 

East 
Midlands 

Oil and gas Silesian sandstones 
& fractured 
Dinantian 
limestones 
(Carboniferous) 

Silesian 
(Carboniferous) 
mudstones and 
coals 

Variscan 
anticlines and 
stratigraphic 
traps 

Oil: Eakring, 
Welton, 
Rempstone, 
Scampton, 
Gainsborough Gas: 
Hatfield Moors and 
Hatfield West, 
Trumfleet, 
Saltfleetby 

Yorkshire/N
E England 

Gas Permian 
limestones 
(e.g.Upper 
Magnesian 
Limestones) 

Silesian 
(Carboniferous) 
mudstones and coal 

Mesozoic folds Malton, Marishes, 
Lockton, Eskdale 

NW 
England 

Oil and gas Sherwood 
Sandstone Group 
(Triassic) 

Silesian 
(Carboniferous) 
mudstones and 
coals 

Variscan 
anticlines, 
stratigraphic – 
superficial 
deposits trapping 
oil 

Oil: Formby  
Gas: Elswick 

Midland 
Valley 
Scotland 

Oil and gas Silesian sandstones 
(Carboniferous) 

Silesian 
(Carboniferous) 
mudstones and 
coals 

Variscan (end 
Carboniferous-
Permian) 
anticlines 

Oil: Dalkeith,  
Gas: Cousland 
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Table 7. Summary of main processes leading to leakage from and failure of 
underground hydrocarbon storage facilities.

Storage Type 
Depleted 

oil/gasfields Aquifer Salt Cavern Abandoned mine Total 

 02  11 4 5 eruliaf/smelborp gnisac/llew
above ground infrastructure -
valve/pipes/wellhead/compressor  11  7 1 3

failed pressure test – facility never 
commissioned  1  1  

design/construction failure – facility never 
commissioned  3  3  

 2   1 1 noisurtni tnetrevdani
 5  1 2 2 ecnanetniam/gnitset/riaper gnirud
 3  2 1  nrevac gnillifrevo/refiuqa erusserprevO
 5    5 tnirptoof noitcejni morf noitargim
 11 2  9  thgit sag ton – kcor pac

 6   4 2 detluaf - kcor pac
 3  3   peerc tlas
 1  1   noitacinummoc nrevac
 1 1    tfahs enim
 2 1 1   selohknis/daehkcor tew
 1    1 ytivitca cimsies
 1   1  denodnaba ytilicaf ,wollahs oot
 1  1   erusserp daehllew fo ssol
 3  2  1 denimreted ton

 2  2   tcudorp deificepsnU

 34 )senimlaoc( 2 8 71 61 sag nwot/sag larutaN

 01 ’nrevac denilnu‘ 1 ,)?enimlaoc( 1 8   GPL/enaporP

 1  1    enahtE

 3  3   enelyhtE

 1  1   enatuB

M
ai

n 
pr

oc
es

se
s a

ttr
ib

ut
ed

 to
 le

ak
/fa

ilu
re

 m
ec

ha
ni

sm
/a

ba
nd

on
m

en
t o

f f
ac

ili
ty

 

 2 )enimtlas( 1 1   lio edurC

 21   1 11 ainrofilaC

 01 )?enimlaoc( 1  8 1 sionillI

 01  01   saxeT
 7 )enimtlas( 1 5  1 anaisiuoL
 2  2   sasnaK

 3  3   ippississiM

 9 ’nrevac denilnu‘ 1 ,)?enimlaoc( 1 3 3 1 )adanaC gnidulcni( aciremA fo tseR
 3  2 1  ecnarF
 6  2 3 1 ynamreG
 1 )enimlaoc( 1    muigleB
 1   1  kramneDIn

ci
de

nt
s b

y 
co

un
tr

y/
U

S 
st

at
e

 1    1 KU
Fire/explosion associated with the incidents  51  01 1 4
Total number of incidents  56 5 72 71 61 
Number of incidents involving casualties/evacuees (%age of 
incidents) 3 (≈19%) 2 (≈12%)              9 (≈33%) None operational, 2005 

Total number of incidents as a  %age of facility numbers in 2005 
(facility numbers – Table 1) ≈3%  (478) ≈21% (80) 41% (66) None operational, 2005 

  8   aciremA - daeD
   1  dlroW fo tseR -         

9

  84  3 aciremA - derujnI
   9 2 dlroW fo tseR -            

c. 62 

  0116  25 .c aciremA - detaucavE
   005 13 dlroW fo tseR -                  

c. 6700 

 9 0 8 1 0  daed latoT

 26 .c 0 84 9 5  derujni latoTH
um

an
 im

pa
ct

 

Total evacuated (excluding village of 
Knoblauch, Germany – numbers not found)  0076> .c 0 0116 .c 005> 38
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Table 10 (next page). Summary of documented incidents or problems reported at 
underground hydrocarbon storage facilities developed in salt caverns, some of 
which have led to leakage and/or failure.  

 



84
 

 

Sa
lt 

C
av

er
n 

St
or

ag
e 

Fa
ci

lit
y 

O
pe

ra
to

r 
Pr

od
uc

t 
D

at
e 

D
es

cr
ip

t
o pe

R
 se iru jni/seit ilat af/tn eve fo no i

 )s( ecne refer nia
M

 tn e
m

moc/ esua c detr
In

ci
de

nt
s i

nv
ol

vi
ng

 c
as

ua
lti

es
/la

rg
e 

ev
ac

ua
tio

ns

M
os

s B
lu

ff
, T

ex
as

, U
SA

 
D

uk
e 

En
er

gy
 

G
as

 
A

ug
us

t 1
9th

-
25

th
 2

00
4 

Fi
re

 &
 e

xp
lo

si
on

, c
irc

a 
36

0 
ev

ac
ua

te
d,

 c
irc

a 
16

9.
9 

M
cm

 (6
B

cf
) o

f n
at

ur
al

 g
as

 
re

le
as

ed
 a

nd
 b

ur
ne

d.
 F

ire
 a

llo
w

ed
 to

 se
lf 

ex
tin

gu
is

h 
by

 b
ur

ni
ng

 o
ff

 th
e 

re
m

ai
ni

ng
 g

as
 

In
iti

al
 se

pa
ra

tio
n 

an
d 

br
ea

ch
 o

f t
he

 8
 5

/8
-in

ch
 w

el
l s

tri
ng

 in
si

de
 th

e 
ca

ve
rn

, p
re

ss
ur

e 
su

rg
e 

in
 

w
el

l a
ct

ed
 li

ke
 ‘w

at
er

 h
am

m
er

’, 
ca

us
in

g 
br

ea
ch

 o
f c

or
ro

de
d 

pi
pe

 a
bo

ve
 g

ro
un

d,
 e

sc
ap

in
g 

ga
s 

ig
ni

te
d,

 re
su

lta
nt

 fi
re

 c
au

se
d 

w
el

lh
ea

d 
to

 fa
il 

w
ith

 b
lo

w
ou

t p
re

ve
nt

er
 su

cc
es

sf
ul

ly
 in

st
al

le
d 

on
 

26
th
 A

ug
us

t. 

D
uk

e 
En

er
gy

 (2
00

4)
; 

(h
ttp

://
w

w
w

.so
lu

tio
nm

in
in

g.
or

g/
cm

sF
ile

s/
Fi

le
s 

/M
os

sB
lu

ff
_P

ar
t1

Ex
ec

Su
m

_&
_I

nc
id

en
tD

es
cr

p.
pd

f)
 

M
ag

no
lia

, N
ap

ol
ea

nv
ill

e,
 

Lo
ui

si
an

a,
 U

SA
 

En
te

rg
y-

K
oc

h 
(G

ul
f S

ou
th

) 
G

as
D

ec
 2

4t
h 

20
03

G
as

 le
ak

/e
va

cu
at

io
n.

 c
. 9

.9
 M

cm
 g

as
 re

le
as

ed
 in

 fe
w

 h
ou

rs
, 3

0 
ev

ac
ua

te
d 

C
as

in
g 

fa
ilu

re
, c

ra
ck

 in
 th

e 
ca

si
ng

 o
f a

 w
el

l n
ea

r t
he

 to
p 

of
 a

 c
av

er
n 

H
op

pe
r (

20
04

); 
ht

tp
://

w
w

w
.tx

gt
.c

om
/s

ec
/P

ip
el

in
es

%
20

10
K

%
20

12
-3

1-
05

%
20

FI
N

A
L.

pd
f 

C
on

w
ay

, M
cP

he
rs

on
 

C
ou

nt
y,

 K
an

sa
s, 

U
SA

 

W
ill

ia
m

s 
M

id
st

re
am

 
N

at
ur

al
 G

as
 

Li
qu

id
s 

Pr
op

an
e 

19
80

s-
20

02
 

N
G

L’
s f

ou
nd

 in
 w

el
ls

 &
 lo

ca
l g

ro
un

dw
at

er
. 3

0 
ho

m
es

 b
ou

gh
t a

nd
 c

. 1
20

 
pe

op
le

 re
lo

ca
te

d 
19

80
-8

1.
  

Pr
ob

le
m

s p
os

si
bl

y 
re

la
te

d 
to

 e
ff

ec
ts

 o
f 

 )20 02( .la te  nagita
R

  da ehkcor  te
w

H
ut

ch
in

so
n/

Y
ag

gy
, 

K
an

sa
s, 

U
SA

 
O

ne
ok

G
as

Ja
nu

ar
y 

20
01

 
Fi

re
 &

 e
xp

lo
si

on
, 2

 d
ea

d,
 1

 in
ju

re
d 

&
 ≥

25
0 

pe
op

le
 e

va
cu

at
ed

 
C

as
in

g 
fa

ilu
re

 –
 d

am
ag

ed
 d

ur
in

g 
re

-e
nt

ry
 o

pe
ra

tio
ns

. $
5.

25
 m

ill
io

n 
pu

ni
tiv

e 
da

m
ag

es
. P

ro
bl

em
 

w
ith

 ra
di

oa
ct

iv
e 

to
ol

 d
ur

in
g 

an
ot

he
r m

in
or

 in
ci

de
nt

, w
hi

ch
 w

as
 la

te
r c

em
en

te
d 

in
to

 c
av

er
n.

 
A

lli
so

n 
(2

00
1a

&
b)

, K
an

sa
s G

e o
lo

gi
ca

l S
ur

ve
y 

(2
00

4)
 a

nd
 

w
eb

si
te

 (h
ttp

://
w

w
w

.k
gs

. k
u.

ed
u/

H
yd

ro
/H

ut
ch

/)

B
re

nh
am

, T
ex

as
, U

SA
 

M
ap

co
 

LP
G

 (p
ro

pa
ne

, 
bu

ta
ne

, e
th

an
e)

 
A

pr
il 

19
92

 
Fi

re
 &

 e
xp

lo
si

on
, 3

 d
ea

d,
 2

3 
in

ju
re

d,
 5

0 
ev

ac
ua

te
d,

 2
6 

ho
m

es
 d

es
tro

ye
d 

w
ith

in
 1

.5
 m

ile
s o

f t
he

 e
xp

lo
si

on
, d

am
ag

e 
to

 fu
rth

er
 3

3 
ho

m
es

 
O

ve
rf

ill
in

g 
an

d 
va

lv
e 

fa
ilu

re
. $

5.
4 

m
ill

io
n 

&
 $

13
8 

m
ill

io
n 

pu
ni

tiv
e 

da
m

ag
es

 a
w

ar
de

d 
N

TS
B

 (1
99

3a
&

b,
 2

00
6)

; T
ho

m
s &

 G
eh

le
 (2

00
0)

; B
ér

es
t &

 
B

ro
ua

rd
 (2

00
3)

 
M

on
t B

el
vi

eu
, B

ar
be

rs
’ 

H
ill

, T
ex

as
, U

SA
 

N
ot

 a
va

ila
bl

e 
Pr

op
an

e 
N

ov
 5

th
 eru liaf  gni sa

C
 d etauc ave 0 00 2 , daed  2  ,n ois olp x e 

& eriF
 5 89 1 

B
ér

es
t e

t a
l. 

(2
00

1)
 

M
on

t B
el

vi
eu

, B
ar

be
rs

’ 
H

ill
, T

ex
as

, U
SA

 
N

ot
 a

va
ila

bl
e

Pr
op

an
e 

Se
pt

 1
7th

19
80

Fi
re

 &
 e

xp
lo

si
on

, 7
5 

fa
m

ili
es

 e
va

cu
at

ed
 (c

. 3
00

) 
 )1002 ( .la te  tseré

B
 noisorr oc  -  eruliaf gnisa

C

W
es

t H
ac

kb
er

ry
, 

Lo
ui

si
an

a,
 U

SA
 

SP
R

 
O

il 
Se

pt
 1

97
8 

Fi
re

, 1
 d

ea
d.

 c
. 7

2,
00

0 
bb

ls
 c

ru
de

 o
il 

re
le

as
ed

 
 

&  tser é
B ;)08 91(  E

O
D

 gnisac fo ria per gnir ud eruliaf rekcaP
B

ro
ua

rd
 (2

00
3)

 

Pe
ta

l, 
M

is
si

ss
ip

pi
, U

SA
 

N
ot

 a
va

ila
bl

e 
B

ut
an

e  
A

ug
us

t 1
97

4 
Fi

re
 &

 e
xp

lo
si

on
, 2

4 
in

ju
re

AI E
 nre va c fo gn il lifrev

O
 detauc av e 0003  ,d

 (1
99

5)
; H

irs
ch

be
rg

 e
t a

l. 
(1

99
8)

; A
EA

 (2
00

5)
 

C
as

ua
lty

 T
ot

al
s 

 
 

 
8 

de
ad

/4
8 

in
ju

re
d/

c.
 6

11
0 

ev
ac

ua
te

d 
In

ci
de

nt
s w

he
re

 n
o 

ca
su

al
tie

s i
nv

ol
ve

d 
bu

t f
in

an
ci

al
 o

r p
ro

pe
rt

y 
lo

ss
 o

r c
lo

su
re

 o
cc

ur
re

d

O
de

ss
a 

, T
ex

as
, U

SA
 

H
un

ts
m

an
 

Po
ly

m
er

s 
Pr

op
an

e/
ca

ve
rn

 
16

 M
ar

ch
 

20
04

10
0t

 (c
. 1

16
.5

 m
3 ) n

at
ur

al
 g

as
 li

qu
id

s s
to

re
d 

at
 6

00
 p

si
 e

sc
ap

ed
 fr

om
 a

n 
un

de
rg

ro
un

d 
st

or
ag

e 
ca

ve
rn

, b
et

w
ee

n 
8.

30
 p

m
 a

nd
 m

id
ni

gh
t. 

Et
hy

le
ne

 b
ei

ng
 

ad
de

d 
to

 st
or

ag
e 

at
 ti

m
e 

M
et

al
 g

as
ke

t i
n 

a 
w

el
lh

ea
d 

fla
ng

e 
fa

ile
d,

 re
m

ai
ni

ng
 g

as
 fl

ar
ed

 o
ff

, n
o 

re
po

rte
d 

in
ju

rie
s  

 

H
az

ar
do

us
 C

ar
go

 B
ul

le
tin

 (J
un

e 
20

04
); 

N
 R

ile
y 

(p
er

s c
om

, 
20

07
); 

ht
tp

://
w

w
w

.a
cc

es
sm

yl
ib

ra
ry

.c
om

/c
om

s2
/s

um
m

ar
y_

02
86

-
17

92
58

65
_I

TM
 

Fo
rt 

Sa
sk

at
ch

ew
an

, 
A

lb
er

ta
, C

an
ad

a 
B

P 
C

an
ad

a 
Et

ha
ne

 
A

ug
us

t 2
00

1 
G

as
 le

ak
 &

 fi
re

. E
st

ab
lis

he
d 

th
at

 1
4,

50
0 

m
3  o

f e
th

an
e 

w
as

 lo
st

 o
ve

r 8
 d

ay
s 

V
al

ve
 fa

ilu
re

 
EU

B
 (2

00
2)

 

M
in

eo
la

, E
. T

ex
as

, U
SA

 
Su

bu
rb

an
 P

ro
pa

ne
 

Pr
op

an
e 

19
95

 (1
99

3?
) 

C
as

in
g 

le
ak

, b
lo

w
 o

ut
 &

 fi
re

 
C

av
er

n 
op

er
at

io
ns

 le
d 

to
 c

on
ne

ct
io

n 
be

tw
ee

n 
ad

ja
ce

nt
 c

av
er

ns
, s

ud
de

n 
pr

es
su

re
 b

ui
ld

-u
p 

an
d 

ca
si

ng
 le

ak
 

G
eb

ha
rd

t e
t a

l. 
(1

99
6)

; B
ér

es
t &

 B
ro

ua
rd

 (2
00

3)
; W

ar
re

n 
(2

00
6)

; (
ht

tp
://

w
w

w
.w

ild
w

el
l.c

om
/F

ire
fig

ht
in

g/
ff

_n
a4

.h
tm

) 
St

ra
tto

n 
R

id
ge

, T
ex

as
, 

U
SA

M
G

/D
ow

 
G

as
 

19
90

s 
C

av
er

n 
fa

 TI
M d el iaf  – ka eL

 erul i
H

op
pe

r (
20

04
) 

C
lu

te
, T

ex
as

, U
SA

 
D

ow
 C

he
m

ic
al

 
C

o.
 &

 S
 T

ex
as

 
Pi

pe
lin

e 
C

om
pa

ny
 

Et
hy

le
ne

 
19

88
/1

98
9 

$6
 m

ill
io

n 
of

 e
th

yl
en

e 
(7

 m
ill

io
n 

ga
llo

ns
) l

os
t b

et
w

ee
n 

D
ec

em
be

r 1
98

8 
&

 
M

ar
ch

 1
98

9.
 E

sc
ap

ed
 a

t 3
96

 m
 d

ep
th

. C
ol

le
ct

ed
 b

en
ea

th
 c

ap
ro

ck
 to

 sa
lt 

do
m

e 
Pr

od
uc

t e
sc

ap
ed

 fr
om

 c
as

in
g 

le
ad

in
g 

to
 th

e 
ca

ve
r n

 &
 re

la
te

d 
to

 m
ov

em
en

t i
n 

th
e 

sa
lt 

do
m

e?
 

R
el

ie
f w

el
l d

ril
le

d 
an

d 
pr

od
uc

t b
ur

ne
d 

of
f. 

K
ol

m
et

z 
(2

00
7:

 h
ttp

://
ko

lm
et

z.
co

m
/p

df
/E

th
yl

en
e-

sa
fe

ty
-

in
ci

de
nt

s.p
df

 

r utpu
R

 duol c sa
G

 6 891
 e ne ly htE

 elba liava to
N

 ecna rF ,tairi
V

 )
moc srep  ,5002  ES

H( yel i
R  legi

N
 tin u ro ta rapes  fo e

M
on

t B
el

vi
eu

, T
ex

as
, 

U
SA

N
ot

 a
va

ila
bl

e
Pr

op
an

e 
O

ct
ob

er
 1

98
4 

Fi
re

 &
 e

xp
lo

si
on

, s
ev

er
al

 m
ill

io
n 

 eru lia f g nis a
C

 eg a
m ad s’ $

B
ér

es
t e

t a
l. 

(2
00

1)
 

Te
ut

sc
he

nt
al

, G
er

m
an

y 
N

ot
 a

va
ila

bl
e

Et
hy

le
ne

 
M

ar
ch

 1
98

8 
Et

hy
le

ne
 le

ak
 &

 
 enilepi p/lle

w  eht  ni k ae L
 .sr es ye g

K
at

zu
ng

 e
t a

l. 
(1

98
8)

; K
an

sa
s G

eo
lo

gi
ca

l S
ur

ve
y 

w
eb

si
te

 
(h

ttp
://

w
w

w
.k

gs
.k

u.
ed

u/
H

yd
ro

/H
ut

ch
/G

as
St

or
ag

e/
ot

he
r.h

tm
l) 

M
is

si
ss

ip
pi

, U
SA

 
N

ot
 a

va
ila

bl
e

N
at

ur
al

 g
as

/s
al

t 
ca

ve
rn

s nrev ac  4
 s ei tlaus ac  fo  str oper on ,segakael sag  laru ta

N
 s’08 91 ylra E

 a
t f

ac
ili

ty
, w

el
ls

 o
f 2

 fo
un

d 
to

 b
e 

le
ak

in
g 

du
e 

to
 p

oo
r c

 )4 00 2( s en oJ  
& elkri P ;) 689 1( el kri P

 gni tne
me

El
k 

C
ity

, O
kl

ah
om

a,
 U

SA
 

N
ot

 a
va

ila
bl

e
U

ns
pe

ci
fie

d 
Ea

rly
 1

97
0s

 
Su

rf
ac

e 
er

up
tio

ns
, 

 d eif icepsn
U

 r i a ni n
worht sr edl uob

K
at

z 
(1

97
4)

 
Em

in
en

ce
, M

is
si

ss
ip

pi
, 

U
SA

Tr
an

sc
o 

G
as

 
A

pr
il 

19
72

 
Lo

st
 c

ap
ac

ity
. C

lo
se

d 
in

 th
e 

ea
rly

 1
98

0s
, b

ut
 v

ol
um

e 
ha

d 
be

en
 re

ga
in

ed
 a

nd
 is

 
pr

es
en

tly
 o

pe
ra

tin
g 

Sa
lt 

cr
ee

p 
– 

to
o 

lo
w

 o
pe

ra
tin

g 
pr

es
su

re
 ra

ng
e.

 
A

lle
n 

(1
97

2)
; B

aa
r (

19
77

; B
ér

es
t &

 B
ro

ua
rd

 (2
00

3)
; W

ar
re

n 
(2

00
6)

 
B

ry
an

 M
ou

nd
, T

ex
as

, 
U

SA
N

ot
 a

va
ila

bl
e

U
ns

pe
ci

fie
d 

ga
s 

19
50

s 
Lo

ss
 o

f w
el

lh
ea

d 
pr

rae y 03 ,yt p
me  den od na ba snre va

C
 er usse

 ) 600 2( ne rra
W

 e lba ts llit s ret al  s

G
oo

dy
ea

r A
riz

on
a,

 U
SA

 
N

ot
 a

va
ila

bl
e

Pr
op

an
e 

N
ot

 a
va

ila
bl

e 
(M

ic
ro

se
ep

s)
 

 ni el oh no iso rro
C

 tsol  ena porp fo  teef  cibu c noi lli
m  lar eveS

w
el

l c
as

in
g 

at
 d

ep
th

 a
ro

un
d 

91
 m

 b
e

lkriP ; )6891 ( elk riP
 dnuo rg 

wo l
e 

&
 Jo

ne
s (

20
04

) 

K
ie

l, 
G

er
m

an
y 

A
G

 
To

w
n 

ga
s +

 
hy

dr
og

en
 (6

0%
 - 

65
%

) 

19
60

s-
pr

es
en

t?
 

Lo
st

 c
ap

ac
ity

, c
av

er
n 

op
er

at
ed

 fr
om

 1
96

8 
to

 a
t l

ea
st

 1
97

1.
 T

ow
n 

ga
s s

to
ra

ge
 

si
nc

e 
19

71
? 

Sa
lt 

cr
ee

p 
C

oa
te

s e
t a

l. 
(1

98
1)

; P
ad

ró
 &

 P
ut

sc
he

 (1
99

9)
; B

ér
es

t &
 

B
ro

ua
rd

 (2
00

3)
 

Te
rs

an
ne

, F
ra

nc
e 

G
az

 d
e 

Fr
an

ce
 

N
at

ur
al

 g
as

 
19

70
-1

97
9 

Lo
st

 c
ap

ac
ity

, c
av

er
n 

st
ill

 o
pe

ra
tio

na
l, 

ha
vi

ng
 re

ga
in

ed
 m

uc
h 

of
 e

ar
lie

r 
vo

lu
m

e 
lo

ss
 

Sa
lt 

cr
ee

p 
B

ér
es

t &
 B

ro
ua

rd
 (2

00
3)

, W
ar

re
n 

(2
00

6)
 

B
ay

ou
 C

ho
ct

aw
, B

at
on

 
R

ou
ge

, L
ou

is
ia

na
, U

SA
 

N
ot

 a
va

ila
bl

e
Em

pt
y 

ca
ve

rn
 

19
54

 
C

ol
la

ps
e 

of
 o

ve
rb

ur
de

n 
in

to
 th

e 
de

ve
lo

pi
ng

 c
av

er
n 

nu
m

be
r 7

 
U

nc
on

tro
lle

91 ( .l a t e se ta o
C

 snoitarepo gn ih cael d
81

); 
N

ea
l &

 M
ag

or
ia

n 
(1

99
7)

 

C
lo

ve
lly

, L
ou

is
ia

na
, U

SA
 

N
ot

 a
va

ila
bl

e
Em

pt
y 

ca
ve

rn
 

N
ot

 a
va

ila
bl

e
In

su
ff

ic
ie

nt
 th

ic
kn

es
s o

f s
al

t t
o 

ac
t

h t ni  g nihcae l nre va
C

 reir ra b a sa  
 )7 991(  na irog a

M  
& l ae

N
 gnah revo tl as e

N
ap

ol
ea

nv
ill

e,
 L

ou
is

ia
na

, 
U

SA
N

ot
 a

va
ila

bl
e

Em
pt

y 
ca

ve
rn

 
N

ot
 a

va
ila

bl
e

Sh
al

e 
la

ye
rs

 o
f s

al
t d

om
e 

si
de

 e
nc

ou
nt

er
ed

 in
 so

m
e 

ca
ve

rn
s, 

le
av

in
g 

in
su

ff
ic

ie
nt

 b
uf

fe
r s

al
t

Sa
lt 

do
m

e 
ed

ge
 a

nd
 e

nc
lo

si
ng

 ro
ck

s h
ad

 
 )7991( n ai roga

M 
& lae

N
 der etnuocn e nee b



49

T
ab

le
 1

1.
 S

um
m

ar
y 

of
 d

oc
um

en
te

d 
in

ci
de

nt
s o

r 
pr

ob
le

m
s r

ep
or

te
d 

at
 u

nd
er

gr
ou

nd
 h

yd
ro

ca
rb

on
 s

to
ra

ge
 fa

ci
lit

ie
s 

de
ve

lo
pe

d 
in

 a
ba

nd
on

ed
m

in
es

, s
om

e 
of

 w
hi

ch
 h

av
e 

le
d 

to
 le

ak
ag

e 
an

d/
or

 fa
ilu

re
  

A
ba

nd
on

ed
 M

in
e 

St
or

ag
e 

Fa
ci

lit
y 

O
pe

ra
to

r 
Pr

od
uc

t/t
yp

e 
D

at
e 

D
es

cr
ip

tio
n 

of
 e

ve
nt

/fa
ta

lit
ie

s/
in

ju
ri

es
 

R
ep

or
te

d 
ca

us
e/

co
m

m
en

t 
M

ai
n 

re
fe

re
nc

e(
s)

 
W

ee
ks

 Is
la

nd
, 

Lo
ui

si
an

a,
 U

SA
 

U
S 

D
ep

t. 
of

 
En

er
gy

 
O

il/
sa

ltm
in

e 
19

91
-

19
94

Lo
ss

 o
f s

al
t m

in
e 

ca
ve

rn
 in

te
gr

ity
 a

t S
PR

 
fa

ci
lit

y 
Si

nk
ho

le
s c

au
se

d 
by

 le
ac

hi
ng

 o
f s

al
t a

nd
 

co
lla

ps
e 

of
 m

in
ed

 c
av

er
ns

 
N

ea
l &

 M
ag

or
ia

n 
(1

99
7)

; 
W

ar
re

n 
(2

00
6)

 

A
nd

er
lu

es
, B

el
gi

um
 

N
ot

av
ai

la
bl

e 
G

as
/c

oa
lm

in
e 

19
80

-
20

00

Le
ak

ag
e 

fr
om

 c
oa

l m
in

e.
 O

pe
ra

tio
ns

 
ce

as
ed

 in
 2

00
0 

du
e 

to
 c

on
ne

ct
iv

ity
 w

ith
 

sh
al

lo
w

er
 m

in
e 

le
ve

ls
 su

ch
 th

at
 g

as
 

es
ca

pe
d 

to
 o

ve
rly

in
g 

st
ra

ta
, v

er
y 

co
st

ly
 

m
ai

nt
en

an
ce

 w
or

k 
on

 sh
af

ts
 a

nd
 th

e 
hi

gh
 

ad
so

rp
tio

n 
le

ve
ls

 o
f t

he
 g

as
 o

nt
o 

th
e 

co
al

 
se

am
s 

C
ap

ro
ck

 n
ot

 g
as

 ti
gh

t, 
ga

s l
ea

ke
d 

ou
t o

f 
m

in
e 

w
or

ki
ng

s 
Pi

es
so

ns
 &

 D
us

ar
 (2

00
3)

 

Le
yd

en
, A

rv
ad

a,
 

C
ol

or
ad

o,
 U

SA
 

PS
C

o 
G

as
/c

oa
lm

in
e 

19
60

s-
20

00
Le

ak
ag

e 
fr

om
 c

oa
l m

in
e.

 $
27

8,
00

0 
da

m
ag

es
, f

ac
ili

ty
 c

lo
se

d 
20

01
. 

C
ap

ro
ck

 n
ot

 g
as

 ti
gh

t, 
ga

s l
ea

ks
 o

ut
 o

f m
in

e 
w

or
ki

ng
s

R
av

en
 R

id
ge

 R
es

ou
rc

es
 

(1
99

8)

C
ro

ss
vi

lle
, I

lli
no

is
, 

U
SA

N
ot

av
ai

la
bl

e 
Pr

op
an

e/
co

al
m

in
e

m
id

 
19

60
s -

 
20

00

Le
ak

ag
e 

fr
om

 m
in

e.
 N

o 
re

po
rte

d 
ca

su
al

tie
s 

Le
ak

ag
e 

fr
om

 th
e 

sh
af

t, 
on

ce
 in

 o
ve

rb
ur

de
n 

m
ig

ra
tio

n 
w

as
 p

re
ss

ur
e 

dr
iv

en
 a

lo
ng

 fa
ul

ts
, 

fr
ac

tu
re

s a
nd

 jo
in

ts
 

Pi
rk

le
 (1

98
6)

; P
irk

le
 &

 P
ric

e 
(1

98
6)

; J
on

es
 &

 B
ur

te
ll 

(1
99

4)
U

nl
in

ed
 r

oc
k 

ca
ve

rn
 (s

al
t?

) 

R
av

en
sw

or
th

, V
irg

in
ia

, 
U

SA

W
as

hi
ng

to
n

G
as

 L
ig

ht
 

C
om

pa
ny

 

Pr
op

an
e/

un
lin

ed
 ro

ck
 

ca
ve

rn

24 A
ug

.
19

73

Sm
el

l o
f g

as
 re

po
rte

d,
 w

ith
 g

as
 b

ub
bl

in
g 

up
 3

00
m

 fr
om

 a
 re

si
de

nt
ia

l a
re

a.
 W

at
er

 
in

je
ct

ed
 a

ro
un

d 
w

el
l t

o 
st

em
 m

ig
ra

tio
n 

of
 

ga
s i

n 
su

bs
ur

fa
ce

. 

N
ot

 c
le

ar
, b

ut
 a

pp
ea

rs
 p

ro
pa

ne
 e

sc
ap

ed
 

fr
om

 a
n 

un
de

rg
ro

un
d 

un
lin

ed
 ro

ck
 c

av
er

n 
B

er
es

t (
19

89
); 

N
 R

ile
y,

 H
SE

 
pe

rs
 c

om
 2

00
7 



 50 

This page is left blank intentionally



 51 

Table 12. Details of operating European UGS sites in MARCOGAZ survey of European UGS 
incidents to 2000 (from Joffre & LePrince, 2002). 

Countries Number of UGS 
sites 

Number of 
active storage 

wells 

Number of 
cumulated 

years of site 
operation 

Average 
number of years 

of cumulative 
well operation 

Austria 4 25 178 2225 
Belgium 2 10 40 200 
Denmark 2 25 20 250 
France 13 355 294 52185 
Germany 10 114 213 12247 
Italy 9 307 215 33002 
Spain 2 9 10 45 
Totals 42 845 970 100155 
 

 

Table 13. Breakdown of the information collected during the MARCOGAZ survey of European 
UGS incidents to 2000 (from Joffre & LePrince, 2002). 
 
Substances involved 

Criteria Number of events 
Natural Gas 7 
Oil 3 
Solids 1 
Total: 11 
Immediate source of accident 

Criteria Number of events 
Storage (wells) 5 
Surface process (compressor, treatment, piping) 6 
Suspected Cause 

Criteria Number of events 
Human 3 
Plant/equipment 8 
Immediate Effects 

Criteria Number of events 

Injuries                      2                        (1 light) 
(1 severe + 2 light) 

Material + release of gas 6 
Not available 3 
Emergency Measures Taken 

Criteria Number of events 
Well closed 1 
Emergency plans activated 2 
Checking process 1 
None 1 
Not available 6 
Immediate Lessons Learnt 

Criteria Number of events 
Redundant blowout preventor installed 2 
New design of installation 5 
None 3 (unique accidents) 
Not available 1 
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Table 14. Summary of main casualty figures from various oil, gas and petrochemical incidents 
in the USA and rest of the world. Figures relating to Office Pipeline Safety (OPS) and HSE 
for domestic gas supplies partly duplicate those pipeline figures in the USA summarised in 
Tables 15 & 16, which were the major incidents covered in NTSB reports.

2 UFS has been ongoing in the Canada and the USA since 1915 and 1916 respectively and in Europe since the 1950s 
(see section 2.2.4.2 of the main report). For storage utilising depleting oil/gasfields, incidents involving casualties have 
only been found reported since 1997, although migrating gas has been known in some Californian gas storage facilities 
since the 1940s. Although leakage has been known in some aquifer storage facilities since the early 1950s, the few 
casualties are reported, with 1 fatality in the 1960s and 9 injured in 2004. For salt cavern storage facilities problems and 
leakages have been reported since the early-mid 1950s, although casualties associated with this storage type have been 
found reported from 1974.  

Type of Incident/industry 
Numbers
reported

dead

Numbers
reported
injured

Numbers
reported

evacuated
 011,6 84 8 11-7 selbaT – ASU

U
FS

2

Rest of world – Tables 7-11 1 14

Above ground storage tanks (world - 
1951-2003; Persson & Lönnermark, 2004;
Clark et al., 2001) – Table 20 

778 426 >7,000 

Oil sector – (1986-2005; Hirschberg et al., 
1998; Table 17) 15,695 20,276 274,746 

Gas sector (1986-2005; Hirschberg et al., 
1998; Table 17) 2,233 5,210 105,011 

LPG sector (1986-2005; Hirschberg et al., 
1998; Table 17) 3,701 21,120  961,776 

Railroad (USA) – Table 19 (NTSB 
reports;
http://www.ntsb.gov/Publictn/R_Acc.htm)

9 5,441 10,452 

Petrochemical plants – world (Table 18; 
HSE, 1975; KAMEDO, 2000; Doyle, 2002; 
Marsh, 2003; Gruhn, 2003 & Macalister, 
2005)

3,674 303,342 7,200 

OPS (USA) 1986-2006(part) - 
Transmission & distribution network & 
hazardous liquid pipelines (Table 15) 

449 1,978 Not
available

E
ne

rg
y 

Su
pp

ly
 C

ha
in

 

HSE (UK) 1986-2005 domestic gas 
supply/use – Table 16 (figures in brackets 
= number from CO poisoning) 

729
(576)

4,273
(3,346)

Not
available

c. 583
(excluding

Ketzin) 
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Table 15. American OPS statistics for reported incidents and casualties involving both 
hazardous liquids and gas supply for the period 1986-2006(part) – refer 
http://ops.dot.gov/stats/stats.htm). 
 

 

Year 
 Hazardous 

Liquid 
Pipeline 
Operators 

  Gas 
Distribution 
Operators 

  Gas 
Transmission 
Operators 

 

 No. of 
Accidents  Fatalities  Injuries  No. of 

Incidents  Fatalities  Injuries  No. of 
Incidents  Fatalities  Injuries 

          
1986 210 4 32 142 29 104 83 6 20 
1987 237 3 20 163 11 115 70 0 15 
1988 193 2 19 201 23 114 89 2 11 
1989 163 3 38 177 20 91 103 22 28 
1990 180 3 7 109 6 52 89 0 17 
1991 216 0 9 162 14 77 71 0 12 
1992 212 5 38 103 7 65 74 3 15 
1993 229 0 10 121 16 84 95 1 17 
1994 245 1 7 141 21 91 81 0 22 
1995 188 3 11 97 16 43 64 2 10 
1996 194 5 13 110 47 109 77 1 5 
1997 171 0 5 102 9 67 73 1 5 
1998 153 2 6 137 18 64 99 1 11 
1999 167 4 20 118 16 80 54 2 8 
2000 146 1 4 154 22 59 80 15 18 
2001 130 0 10 124 5 46 87 2 5 
2002 147 1 0 102 10 44 82 1 5 
2003 131 0 5 141 11 58 97 1 8 
2004 144 5 16 175 18 41 123 0 3 
2005 137 2 2 170 14 38 182 0 7 
2006 
(part) 

86 0 0 102 11 19 107 1 3 

Totals  3,679 44 272 2,851 344 1461 1,880 61 245 
          
Total no. 
incidents 

8,410         

Total no. 
fatalities 

449         

Total no. 
injuries 

1,978         
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Table 16. UK gas safety statistics illustrating known incidents relating to supply and use of 
flammable gas for the period 1986-2005 and which resulted in fatalities/injuries (based upon 
published Health & Safety Executive figures). The cause of incidents resulting in death or 
injury and which were not known (or related to suicide) are not included here. Note: the HSE 
fatalities refer to the gas distribution system and use of gas and not the transmission system. 
 
 
 

 
 
 
 
 
 
 
 

 1996/ 
1997 

1997/ 
1998 

1998/ 
1999 

1999/ 
2000 

2000/ 
2001 

2001/ 
2002 

2002/ 
2003 

2003/ 
2004 

2004/ 
2005 

2005/ 
2006 
(part 

Sub 
totals 

Total number 
of incidents 
(resulting in 
fatalities/ 
injuries) 

143 
(40/103) 

164 
(45/119) 

151 
(37/114) 

174 
(56/118) 

174 
(38/136) 

154 
(44/110) 

114 
(33/81) 

127 
(34/93) 

147 
(37/110) 

151 
(31/120) 

2903 
891/2012 

Explosion/fire 
(number of 
fatalities/ 
injuries) 

9/35 8/43 11/30 10/61 8/36 5/47 5/38 5/43 2/42 4/25 153/927 

CO poisoning 
(number of 
fatalities/ 
injuries) 

31/156 27/189 33/194 23/228 25/265 22/169 20/138 11/171 18/203 16/208 576/3346 

            
Totals 
(fatalities/ 
injuries) 

40/191 35/232 44/224 33/289 33/301 27/216 25/176 16/214 20/255 20/233 729/4273 

 1986/ 
1987 

1987/ 
1988 

1988/ 
1989 

1989/ 
1990 

1990/ 
1991 

1991/ 
1992 

1992/ 
1993 

1993/ 
1994 

1994/ 
1995 

1995/ 
1996 

Total number 
of incidents 
(resulting in 
fatalities/ 
injuries) 

131 
(60/71) 

148 
(71/77) 

126 
(45/81) 

130 
(68/62) 

121 
(43/78) 

139 
(50/89) 

138 
(35/103) 

179 
(47/132) 

146 
(35/111) 

146 
(42/104) 

Explosion/fire 
(number of 
fatalities/ 
injuries) 

12/58 12/72 6/42 15/67 11/48 8/63 3/39 9/52 4/35 6/51 

CO poisoning 
(number of 
fatalities/ 
injuries) 

35/85 48/76 41/94 34/88 30/131 33/184 41/176 29/252 30/198 29/141 

           
Totals 
(fatalities/ 
injuries) 

47/143 60/148 47/136 49/155 41/179 41/247 44/215 38/304 34/233 35/192 

(Based upon HSE figures – HSE, 2005, 2006)       
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Table 17. Summary of casualty figures for varying stages of the energy chain. Based largely 
upon the ENSAD (severe accidents) database for oil, gas and LPG production and supply for 
the period 1969-1996 (from Hirschberg et al., 1998). 
 

Category   

Casualty 
Figures - 

sector   
  Oil Gas LPG Totals 

Not known Fatalities 813 22 88 923
 Injured 1,224 445 147 1,816
 Evacuees 22,000 15,710 303,900 341,610
Exploration/extraction Fatalities 1,502 158 5 1,665
 Injured 4,453 61  4,514
 Evacuees 1,000  1,000
Transport to refinery Fatalities 5,839   5,839 
 Injured 883   883
 Evacuees 20,240   20,240
Long distance transport Fatalities  987 828 1,815

 Injured  1,857 1,578 3,435
 Evacuees  82,525 3,501 86,026

Refinery/processing Fatalities 399 8 164 571
 Injured 1,966 345 393 2,704
 Evacuees 23,430 161,000 184,430
Regional distribution Fatalities 7,142 226 1,988 9,356
 Injured 11,750 936 11,523 24,209
 Evacuees 208,076 300 477,365 685,741
Local distribution Fatalities  600 330 930
 Injured  1,349 7,199 8,548
 Evacuees  4,476 1,900 6,376
Heating/industrial Fatalities  232 298 530
 Injured  217 280 497
 Evacuees  2,000 14,110 16,110
Totals Fatalities 15,695 2,233 3,701 21,629
 Injured 20,276 5,210 21,120 46,606
 Evacuees 274,746 105,011 961,776 1,341,533
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Table 18 . Significant petrochemical plant accidents involving death or injury.  

 

 

Petro-
chemical 
industry 
incidents 

 

     

Location 
Information 
source Operator Type Date 

Description of 
event/fatalities 
injuries 

Reported cause 

Coliseum, 
Indianapolis 

KAMEDO 
(2000) 

Not 
available Gas 1963 Explosion, 66 dead, 

436 injured 
Functional fault at refrigeration 
plant, gas release and explosion 

Flixborough, 
N 
Lincolnshire, 
England 

HSE (1975), 
Marsh (2003) 

Nypro 
(UK) 

Cyclo-
hexane 

1st 
June 
1974 

Explosion and fire, 
28 dead, 104 
injured, 3000 
evacuated 

Bypass pipe failed during a 
pressure surge, releasing product 
which formed a cloud that 
exploded (unconfined vapour 
cloud explosion) 

Bhopal, India  Union 
carbide 

Chemical plant - 
Methyl 
isocyanate 

3rd Dec 
1984 

Major leak, 3500 
dead, over 300000 
injured 

Major leak from holding tank with 
stored MIC overheated and 
released toxic heavier-than-air 
MIC gas, which rolled along the 
ground through the surrounding 
streets. The gas may ultimately 
have injured between 150,000 to 
600,000 people, at least 15,000 of 
whom later died 

Pasedena, 
Texas  Phillips Chemical  

23rd 
Oct 
1989 

Explosion and fire, 
23 dead, 130 
injured 

Release of highly flammable 
process gases during regular 
maintenance operation. Vapour 
cloud ignited. 

Deer Park, 
Texas  

Arco 
Chemical 

Co 
 1990 17 dead Not available 

Belpre, Ohio Doyle (2002) Shell Chemical storage 
27th 
May 
1994 

Fire and explosion, 
4 dead, 1700 
evacuated 

Fire at chemical plant spreads to 
nearby storage tanks, with loss of 
millions of gallons of chemicals 

Port Neal, 
Iowa 

Marsh (2003), 
Gruhn (2003) 

Terra 
Industries Chemical plant 

13th 
Dec 
1994 

Explosion, 4 dead, 
18 injured, 2500 
outside plant 
evacuated 

Explosion in ammonium nitrate 
process area, destroying the main 
seven-storey process building and 
creating a crater about 10 m 
across. In addition, the explosion 
broke windows of buildings over 
25 km away in Sioux City and was 
felt 48 km away. 

Deer Park, 
Texas 

Doyle (2002), 
Marsh (2003) Shell Chemical plant 

22nd 
June 
1997 

Explosion and fire, 
blast felt 25 miles 
away. 30 receive 
medical help. 

Flammable gas leak led to fire and 
explosion 

Wuppertal, 
Germany Marsh (2003) Not 

available Chemical plant 
8th 
June 
1999 

Explosion, 50 
injured including 20 
local residents 

Human error – wrong chemical 
added to tank during production of 
insecticide 

Pasedena, 
Texas Marsh (2003) ?Phillips Chemical/plastics 

27th 
Mar 
2000 

Explosion and fire, 
1 dead, 69 injured 

Chemical reaction caused 
explosion and fire during cleaning 

Birkenhead, 
UK Marsh (2003) Not 

available Polyacrylates  
16th 
May 
2001 

Fire destroyed 
plant, 2 injured 

Major release and fire destroys the 
polyacrylates plant 

Toulouse, 
France 

Marsh (2003), 
Macalister 
(2005) 

Total Fertilizer plant 
21st 
Sept 
2001 

Explosion, 30 dead, 
2500 seriously 
injured. 

France’s worst industrial accident, 
but cause never established 

Geismar, 
Louisiana Doyle (2002) Shell Chemical plant 

12th 
Feb 
2002 

Explosion and flash 
fire, 1 dead, 1 
injured 

Not available 

Totals     
3674 dead/303342 
injured/7200 
evacuated 
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Table 20. Above ground storage tank incidents between 1951-2003 resulting in 
fatalities and/or casualties (based upon Persson & Lönnermark, 2004 but 
including Clark et al., 2001). 

 
 

Location Date Facility Ignition source Casualty Figures 
Santurca, Bilbao, Spain 1967 Crude oil storage tanks Rail tanker exploded 1 dead, 8 injured 
Amsterdam, Netherlands 20/11/1969 Petrol storage tank Not available 1 injured 
Czechowica, Poland 26/6/1971 4 crude oil storage tanks involved Lightning 33 dead (most firefighters) 
Spain 1972 Gasoline storage tank Smoking 1 dead 

Ras Tamura, Saudi Arabia 22/8/1979 Aramco refinery storage tank 
exploded and was followed by fire Not available Fire burned for one day. 2 dead, 6 injured 

Heide, Germany 20/9/1979 Refinery tank Not available 1 injured 
Amsterdam, Netherlands 29/9/1979 ½ full storage tank in port area Not available 1 dead, 2 injured 
Cork, Ireland 1/3/1981 2 fuel storage tanks Operator sampling 1 dead 
Tacoa, Caracas, Venezuala 19/12/1982 2 heating oil storage tanks Not available 150 dead 
Bogata, Columbia 23/12/1982 3 gasoline/kerosene storage tanks Not available 1 dead 15 injured 
Corinto, Nicaragua 30/7/1983 8 oil storage tanks Maintenance 3 dead. 
Philadelphia, USA 5/10/1983 Naptha storage tank Explosion 4 injured 
Cologne, Germany May 1985 Several storage tanks Not available Area evacuated.  
Naples, Italy 1985 Aviation fuel storage tank Overfilling 5 dead, 170 injured 
Pretoria, S Africa 21/5/1985 Petrol tank Not available 3 firemen dead, 7 injured 
Chicago, USA 23/12/1986 Gasoline storage tank Explosion 1 dead 
Lyon, France 1987 14 tanks diesel storage tanks Not available 2 dead 
Chicago, USA 14/9/1987 Fuel storage tanks Explosion 2 dead, 3 injured 
Port Arthur, Texas, USA 1988 4 gasoline storage tanks Not available 8 dead, 8 injured 
Sines, Portugal 27/8/1988 3 tanks Maintenance 2 dead, 3 injured 
Qingdao, China 12/8/1989 Oil depot, 6 tanks Lightning 16 dead, 70 injured 
Sandwich, Mass, USA 5/8/1989 2 fuel oil tanks Maintenance 2 injured 

Oklahoma, USA 1980 3 tanks Worker Worker using lighter ignited fuel, 3 tanks badly 
damaged. 3 dead.  

Port of Tampa, Florida, USA May 1990 Gasoline tank Explosion 1 dead 
Houston, Texas, USA 8/7/1990 2 tanks Explosion 17 dead, 5 injured 
New Orleans, Louisiana, 
USA 1992 Crude oil storage tanks Not available 2 dead 

Texas, USA 1992 Not available Human 1 dead, 4 injured 
Wyoming, USA 8/8/1992 More than 100 tanks Not available 4 injured 
Nanjing, China 21/10/1993 Gasoline storage tank Overfilling 2 dead 
Delaware City, USA 17/7/1994 2 oil tanks Lightning 6 firefighters injured 

Ueda, Nagano, Japan 11/10/1994 Petrol storage tank explodes, igniting 
3 other tanks Not available 1 dead 

Dronka, Egypt (Clark et al., 
2001) 2/11/1994 Aviation fuel storage tanks Lightening 469 residents of village killed (Ash, 2006; Clark et 

al., 2001) 
Addington, Oklahoma, USA 11/6/1995 Crude oil storage Lightning 2 dead 
San Juanico, Mexico 11/11/1996 2 gasoline storage tanks Faulty valve 4 dead 

Hyderabad, India Sept 1997 LPG, kerosene & petroleum storage 
tanks Explosion 34 dead, 100 injured 

Israel Nov 1997 Diesel storage tank at refinery Explosion Diesel storage tank blew up at refinery. 1 dead 

Calgary, Canada 9/8/1999 Oil, diesel fuel, jet fuel, propane 
storage tanks Fire 2 dead 

Kansas, USA 4/9/2001 Oil tank Human 1 dead 

Duson, LA, USA 30/11/2001 Crude oil storage tank Explosion, cause not 
determined 1 boy badly burned 

Dexter, KS, USA 7/6/2002 2 oil storage tanks Explosion 1 injured 
Turkey 28/7/2002 9 LPG tanks Not available 5000 evacuated 
Dunbar, S Africa 17/10/2002 Fuel storage tanks at bitumen factory Not available 1 dead, 6 injured 
Gdansk, Poland 3/5/2003 Gasoline tank ?mobile telephone 3 dead 
Buncefield, Hertfordshire, 
UK 11/12/05 Fuel storage depot Overfilling 43 injured 

Totals    778 dead, 426 injured, >7000 evacuated 
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