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Executive Summary
In earlier work (HSE Contract Research Report 294/2000), international literature describing
accidents involving major failures of pipelines was studied and comparisons were made
between the accident consequences observed and those calculated using the HSE risk
assessment program MISHAP98 and its continuing development version PIPERS. The study
focussed primarily on MISHAP98 and accidents involving pipelines carrying natural gas. Such
pipelines are especially important to the work of HSE because, in the UK, there are about
20,000 km of transmission pipelines carrying natural gas at high pressure. It was found that for
such pipelines the fireball model in MISHAP98 generally over-predicts the consequences of
rupture, whilst the jet-fire model invariably under-predicts the consequences. Main
recommendations of the study were that the jet-fire model should be improved, and that a larger
set of pipeline incident reports, known to be available in the USA and Canada, should be
obtained and studied in a similar fashion.
Both recommendations have now been implemented, and the present report describes the
extended study.
A different jet-fire model has been added to MISHAP98, creating a new version called
MISHAP01, for use when studying pipelines carrying natural gas. The same fireball model has
been retained. The new study has confirmed, over an enlarged database, that the fireball model
generally produces a conservative result. In the majority of natural gas cases studied (about
60%) the newly implemented jet-fire model produces an adequate assessment of the hazard. For
a further 20%, two separate jet flames adequately represent the hazard when each is modelled
using 50% of the release. It is recommended that such a model be incorporated into PIPERS. In
a further 20% of cases there is evidence that the gas released from the pipeline emerges
horizontally at right angles to the direction of the pipeline. It is recommended that a model to
handle this important minority of cases be developed.
Looking beyond pipelines carrying natural gas, examination of the accident record
demonstrates a need for the models in PIPERS to take better account of accidents involving
delayed ignition of both flashing and non-flashing liquids. This is because topography plays a
significant role in determining the hazard range of serious accidents. Dense gases and liquids
are both heavier than air and flow down hills, placing targets more than a kilometre away at
risk. Significant explosions caused by unconfined vapour clouds and explosions of vapour from
non-flashing liquids in confined spaces have also caused casualties. A recommendation of the
study is that the risk from ignited releases from ruptured pipelines containing liquids should not
be assessed using PIPERS, but using a new methodology, not yet developed, that takes account
of topography.
This report and the work it describes were funded by the Health and Safety Executive. Its
contents, including any opinions and/or conclusions expressed, are those of the authors alone
and do not necessarily reflect HSE policy.

1 Background to the Study
HSE uses mathematical models to estimate risks when examining proposals to develop land in
the vicinity of notified high-pressure pipelines. The computer programs that embody the models
are called MISHAP and PIPERS, and both programs have models for studying releases of gas
and flashing liquids.
Two versions of MISHAP now exist. Work reported earlier, focussing on releases from natural
gas pipelines, found that the version called MISHAP98 was non-conservative in some respects,
and recommended that improvements be made. These have now been implemented and the
present work examines the performance of the new version, called MISHAP01. MISHAP01 is
now the routine tool for studying natural gas pipelines. PIPERS is an extension and
experimental development version of MISHAP, embodying alternative ways of modelling
releases from natural gas pipelines and having additional models for use in the study of risks in
the vicinity of pipelines carrying flashing and non-flashing liquids.
Validation of mathematical models often relies on having available measured data from
experiments, against which the predictions of the model can be tested. However, considerations
of cost usually mean that experiments are performed only at small scale. The alternative
approach adopted in this study (and its predecessor) is to see how well MISHAP can reproduce
the observed effects of actual major pipeline accidents.
With this in mind, more than a hundred reports describing pipeline accidents have been
obtained. The specific objectives of the work were:to study the accident reports,
for natural gas pipelines to assess the relevance of the reports to MISHAP01,
for other pipelines to assess the relevance of the reports to PIPERS,
to draw conclusions on the MISHAP01 modelling,
to identify inadequacies in the PIPERS modelling,
where possible within the scope of the contract to make changes to improve the
PIPERS models, and finally
to recommend any further changes required.
Details of the study, and the conclusions reached, are given below.

2 Fire Models in MISHAP98
MISHAP98 models three types of fire that may occur following the failure of a gas pipeline,
namely:a fireball,
a vertical jet-fire, and
a flash-fire.
These hazards are combined into scenarios as shown in the final column of the event tree
below. The branch probabilities can be edited by the user and the values shown here are only
for illustration.

2.1 The Fireball
If the release ignites immediately then a fireball is assumed to occur. To determine the size of
the fireball MISHAP98 integrates the flow rate from the pipeline over the initial time steps,
comparing at each time the total mass released with the output of a correlation which expresses
the mass that is consumed in a fireball of that duration. Initially the flow from the pipeline is
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more than can be consumed, but after a time, almost invariably less than 30 seconds, the two
masses become equal. It is this mass which MISHAP98 declares as the “fireball mass”.

The fireball model used in MISHAP98 has existed in standalone form in HSE for some time,
with the name FLAMCALC. With this model the mass/duration correlation is:M = Max [ (29t / 4.5A)3, (29t / 8.2A)6 ]
where M is the mass in tonnes, t the duration in seconds and A is a substance-specific factor,
derived from the stoichiometric combustion equation and equal to 30.4 for natural gas. The
fireball mass is constrained to be less than 300 tonnes and its duration to be less than 30
seconds, but in very few practical cases are these upper limits reached.
The thermal radiation flux is then calculated assuming the fireball to be a spherical emitter of
radius R metres = A * M1/3 just touching the ground throughout its duration. The surface
emissive power is taken as 270 kW/m2 or 200 kW/m2 depending on whether the fireball mass is
less than or greater than 125 tonnes. The atmospheric humidity is generally taken as 60%, but
varied in individual cases as described later.

2.2 The Vertical jet-fire
All ignited releases are assumed to give rise to a vertical jet-fire. MISHAP98 uses the release
rate 30 seconds after failure to determine the total heat generated, the flame dimensions and the
fraction of the total heat that is emitted as radiation. The model has existed in standalone form
in HSE for some time, with the name JIF/MAJ3D. The radiation heat source is distributed into
five sections along the flame. The lower 20% is a lift off region where the gas is assumed to be
at such a high concentration that it cannot ignite and does not radiate. Almost half of the heat
radiated is placed in the top 20% of the flame. The flame is tilted by the wind, by an amount
dependent on the velocity of the jet. The model is very similar to that of Chamberlain, which
was designed for modelling thermal radiation from flares.

2.3 The Flash-fire
MISHAP98 has a flash-fire model to examine cases where the gas travels some distance away
from the release point before finding an ignition source. . If ignition does occur it is assumed
that there will 100% casualties within the area bounded by the lower flammable limit contour.
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The model has existed in standalone form in HSE for some time, with the name CRUNCH.
Implicit in the model is an assumption that the gas jet loses all of its momentum before leaving
the crater
For natural gas, however, following computational fluid dynamics (CFD) calculations at HSL
Buxton, HSE now accepts that even if the jet or jets of gas emerging from a natural gas
pipeline are impeded, by striking the walls of the crater, for example, the gas will still emerge
from the crater with very substantial momentum, certainly sufficient to invalidate the use of
CRUNCH. Moreover, the calculations show that in most cases mixing within the jet is
sufficient to dilute the gas below its lower flammable limit within a very short distance, making
the occurrence of a flash-fire very unlikely. Accordingly, little time has been spent evaluating
the flash-fire model in this study.

3 Fire Models in MISHAP01
MISHAP01 has the same fireball, jet-fire and flash-fire models as MISHAP98, but includes an
additional vertical jet-fire model. As a consequence of the study described below, this
additional model is now the preferred jet-fire model for studying releases from natural gas
pipelines. But it cannot be applied to releases from other pipelines.

3.1 The Additional Vertical jet-fire model
The additional vertical jet-fire model has been in use in standalone form within HSE for some
time, with the name PIPEFIRE. It comprises two sub-models, one for pipeline ruptures (usually
referred to as the “trench-fire” sub-model) and the other for pipeline punctures (usually referred
to as the “ jet-fire” sub-model).
The trench-fire sub-model represents a vertical rectangular flame with dimensions calculated
from the release rate at 30 seconds according to the formulae:Flame Height = 5.2 . volflo0.57
Flame Width = 2.7 . volflo0.43
where volflo is the flow rate in m3/s, set equal to the flow rate in kg/s divided by 0.72. The
surface emissive power is set to a uniform 256 kw/m2 and the humidity to 50%. No account is
taken of the effects of wind on the flame.
The jet-fire sub-model represents a vertical cylindrical flame with dimensions calculated from
the release rate according to the formulae:Flame Height = 4.64 . volflo0.63
Flame Diameter = 0.69 . volflo0.666
Lift Off Length = 4.3 . volflo0.22.
In this case the surface emissive power is set to 300 kw/m2, and again the flame is insensitive to
the effects of wind.

4 Fire Models in PIPERS
Being a development tool, PIPERS currently has all of the models of MISHAP01, plus an
additional flash-fire model, plus models for:a dome-fire,
a grounded-jet-fire,
a crater-jet-fire, and
a pool-fire.
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Some of these models may be removed in due course, and other models may be added. PIPERS
does not currently have models for explosions and spray-jet-fires, although it will be seen later
that they have occurred in some of the accidents examined.
The scenarios in MISHAP are modified in PIPERS to allow an alternative approach to the
study of gas releases and to accommodate the other fire models, where appropriate, for
studying liquid releases. The PIPERS gas, non-flashing liquid and flashing liquid event trees
are shown below, with the various scenarios in the final column in each case. The branch
probabilities can be edited by the user and the values shown here are only for illustration.
Gas:-

Non-flashing liquid:-

Flashing liquid:-
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4.1 The Additional Flash-fire model
PIPERS has embedded within it the HGSYSTEM program as an alternative means of
calculating the dimensions of a flash-fire. The same general assumptions are made; the gas is
assumed to lose all its momentum before leaving the crater and to drift under the influence of
the wind. Again the lower flammable limit contour is used to identify the area within which all
persons are assumed to receive a fatal dose.

4.2 The Dome-fire
The dome-fire model was developed with a view to representing two directly opposed jets of
gas interacting within a crater, it being imagined that such interaction may produce a highly
turbulent volume of gas with jets emerging spasmodically in random directions. The effect is
assumed to be the same as that of a steady hemispherical flame centred over the break at
ground level, and it is this hemispherical flame that is modelled.

4.3 The Grounded-jet-fire
Laboratory tests at small scale and CFD calculations performed at HSL Buxton have
suggested that when a jet emerges from a hole in the side of a pipeline and strikes the edge of a
crater it can leave the crater in an almost horizontal direction close to the ground. Consequently
such jets are referred to as “grounded-jets”. More recent work, including field scale tests cosponsored by HSE and Transco, shows that they are less likely to occur at field scale than at
laboratory scale. A horizontal jet-fire can be modelled in PIPERS by placing four emitters on a
horizontal line at right angles to the pipeline at a height set by the user. The emitters have
strengths with the same proportions as in the JIF/MAJ3D vertical jet-fire model.

4.4 The Crater-jet-fire
The crater-jet was also provided as a response to CFD simulations. These calculations suggest
that a hole at the bottom of a pipeline can result in a jet emerging from the edges of the
resulting crater. Thus setting the area of the exit orifice for the jet to the area of the hole in the
pipeline would not be satisfactory in this case. In the crater-jet model the diameter of the exit
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orifice for the jet is equal to that of the crater. This means that the calculated velocity of the jet
is lower, the flames are higher, and they are affected to a greater extent by the wind.

4.5 The Pool-fire
PIPERS incorporates a model for a burning liquid pool. It has been in use in standalone form
within HSE for some time, with the name POOLFIRE6. It is used in two different ways in
PIPERS.
The first is to calculate the thermal radiation from a pool of liquid that ignites immediately. It is
assumed that the pool is circular and its size is calculated as a balance between the rate of
liquid being added by leakage from the pipeline and the rate of liquid being consumed by
burning.
The second is to represent the case where ignition of the pool is delayed. In this case, until
ignition occurs, the pool will continue to grow until the liquid leaking from the pipeline is just
balanced by, say, percolation into the ground or losses into drains. The shape of the pool is
likely to be influenced by local topography, but PIPERS assumes it to be circular. No
assistance is provided in the model to assess this, except that a maximum pool diameter of 100
metres is suggested.

5 Methodology for the Study
5.1 Reports Obtained and Studied
Lists of reports are available describing accidents that have occurred in the USA and Canada
involving the transportation of flammable fluids by pipeline. The reports are produced and
published by the US National Transportation Safety Board and by the Transportation Safety
Board of Canada.
As it is generally impossible to determine the type of accident from the published titles, it was
decided to obtain and read all of the reports. Many proved to be not relevant to the assessment
of MISHAP and PIPERS. These “irrelevant” reports are summarised in Appendices to this
report, as follows:Most of the pipeline accidents that are the subject of Safety Board reports are the
result of failures of low-pressure distribution pipelines leading to explosions and fires
in buildings. Summaries are in Appendix A.
Other pipeline accidents, involving Asphyxiation, Controlled Ignition, Over-pressure,
Pollution, Station Fires, Toxic Releases, Underwater Ruptures, and Unignited Releases
are summarised in Appendix B.
Those accidents that are relevant to MISHAP and PIPERS, and the details of the analyses that
have been performed, are described in Appendices as follows:Pipelines carrying natural gas – Appendix C;
Pipelines carrying non-flashing liquids – Appendix E; and
Pipelines carrying flashing liquids – Appendix F.
Reports have also been obtained describing ignited releases of natural gas from pipelines under
experimental conditions. Analyses of these data are contained in Appendix D.
Summaries of the findings follow in Section 6 (Natural Gas), Section 7 (Non-flashing Liquids)
and Section 8 (Flashing liquids). The recommendations that stem from them are in Section 9.
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5.2 Comparison of Burn Areas
Generally our methodology has been to compare the size of the observed burn area around the
site of each release with the size of the burn area that the models predict.
In general, the area burned around a fire provides an indication of the shape and strength of the
flames. Burn areas must, however, be treated with caution as they can be influenced by a
variety of factors. For example, if the land is covered by snow the burn area will be reduced
because the snow must be melted and the water evaporated before burning can take place. Burn
areas in wetland and in paved areas are similarly reduced. On the other hand, in dry
undergrowth fire may spread, particularly in windy conditions. Alternatively the size and
direction of the flame may change during the fire if the wind changes, also extending the burn
area. Because of these variabilities no single case can be relied upon to draw conclusions; a
broad view must be taken.
The burn area predicted by the fireball model is taken to be the area within the thermal flux F
(in kW/m2) which satisfies the criterion for spontaneous ignition of American whitewood,
which is typical of a range of species of wood, viz:(F – 25.6) * t 0.8 = 167.6
where t is the duration of the fireball in seconds. For prolonged events such as the jet-fire
the burn area is taken as the area within the 25.6 kw/m2 contour.

6 Releases from Pipelines carrying Natural Gas
6.1 Reported Releases
Seventeen reports from the USA and Canada, listed below and describing ruptures of natural
gas pipelines, were selected as being relevant to MISHAP and PIPERS.
Bealeton, Virginia
Beaumont, Kentucky
Cartwright, Louisiana
Edison, New Jersey
Farmington, New Mexico
Houston, Texas
Hudson, Iowa
Ignace, Ontario
Jackson, Louisiana
Lancaster, Kentucky
Latchford, Ontario
Lowther, Ontario
Maple Creek, Saskatchewan
Monroe, Louisiana
Natchitoches, Louisiana
Potter, Ontario
Rapid City, Manitoba

NTSB/PAR-75-02
NTSB/PAR-87-01
NTSB/PAR-77-01
NTSB/PAR-95-01
NTSB/PAR-75-03
NTSB/PAR-71-01
NTSB/PAR-83-02
TSBCanada, AppF
NTSB/PAR-86-01SUM
NTSB/PAR-87-01
TSBC/P94H0036
TSBCanada, AppE
TSBC/P94H0003
NTSB/PAR-75-01
Docket CP65-267
TSBCanada, AppA
TSBC/P95H0036

09/06/74
27/04/85
09/08/76
23/03/94
15/03/74
09/09/69
04/11/82
10/03/85
25/11/84
21/02/86
23/07/94
20/08/85
15/02/94
02/03/74
04/03/65
15/07/92
29/07/95

In addition, an incident at Kansas City in which gas escaped from a 5” hole in a high-pressure
pipeline hit by an excavator was studied (NTSB/PAR-78-05, 12/07/78). Finally, reports were
obtained describing experimental ruptures of pipelines; namely two large scale experiments
carried out in Canada and four smaller scale experiments carried out by Advantica at the
Spadeadam Test Facility in Cumbria. Information on all releases is summarised in Table 1.
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Air Temperature
(oK)
298
292
307
286
272
305
271
275
296
286
290
285
271
291*
269
289
287
60*
60*
60*
60*
Freezing
60*
Freezing
60
57
64
60*
82
Freezing
60*
Freezing
60*
87

Humidity (%)

242**
425
182
91(North)
124**
171**
442
335
244**
249**
329**
227**
318
300
400

213

500 diameter
Not reported
Not reported

Gas Temperature
(oK)
298*
336
307* (90km)
286* (50km)
278-283 (46km)
305*
271* (100km)
305*
336* (5km)
286* (11km)
300* (22km)
300 (12km)
291 (44km)
291* (36km)
309 (2km)
289* (far)
310* (0.2km)

Canada 1
914
60
288*
Yes
296***
45***
500 diameter
Canada 2
914
60
288*
Yes
298***
34***
“400 downwind”
Spadeadam 6-9
152
284*
Yes
284
70-82
Not reported
Notes:* assumed value
** assuming a circular burn area
*** values obtained from the Canadian Weather Archive for Regina, Saskatchewan
Figure in brackets under Gas Temperature is the distance of the failure from the upstream compressor station.
An incident at Kansas City in which gas from a 5” long hole in a high-pressure pipeline caught fire has also been studied.

Bealeton
Beaumont
Cartwright
Edison
Farmington
Houston
Hudson
Ignace
Jackson
Lancaster
Latchford
Lowther
Maple Creek
Monroe
Natchitoches
Potter
Rapid City

Pressure
(bar g)
50.5
69.7
54.1
68.2
32.9
55.5
57.7
66.5
71.4
69.4
68.95
67.89
83.22
56
54.6
69.07
60.68

Width of
Burn Area (m)
125
152
242**
270
182
47(E), 52(W)
124**
171**
110
324
244**
249**
329**
227**
150
200
200

Diameter
(mm)
762
762
508
914
324
355
508
914
762
762
914
914
1067
762
610
914
1067

Length of
Burn Area (m)
213

Location

Full
rupture?
Yes
Yes
Yes
Yes
Yes
Split
Yes
Yes
Yes
Yes
Yes
Yes
Yes
Probably
Yes
Yes
Yes

Table 1 – Summary of Natural Gas Releases

6.2 Performance of the Fire Models
The Table below summarises the comparison of observed and calculated burn areas in sixteen
of the seventeen rupture accidents. The report of the seventeenth case, Hudson, describes the
observed burn area only as “several acres” and so provides an insufficient basis for numerical
comparisons. In the cases of Ignace and Maple Creek, there are good reasons to believe

that the ground was snow covered, and this would restrict the observed burn area.
Table 2 - Comparisons for Accidental Releases

Incident

Observed
Burn Area
(sq.m)

Jet-fire
Jet-fire
Dome-fire
(JIF/MAJ3D) (PIPEFIRE)
Calc/Obs
Calc/Obs Calc/Obs

Fireball
Calc/Obs

Ignition probably immediate:Bealeton
20,800
7.0
Beaumont
29,700
5.5
Cartwright
46,000
1.4
Jackson
38,200
4.4
Lancaster
60,000
2.6
Maple Creek
85,000
5.3
Monroe
40,500
3.7
Rapid City
196,200
1.0
Ignition probably delayed:Edison
104,000
Not relevant
Farmington
6,500
Not relevant
Houston
9,000
Not relevant
Natchitoches
55,850
Not relevant
Time of ignition not known:Ignace
23,000
6.1
Latchford
47,000
3.1
Lowther
48,600
2.5
Potter
162,000
1.0

0.1
0
0.1
0.4
0
2.6
0.3
0.3

2.6
2.0
0.5
1.6
1.0
4.0
1.4
1.0

2.8
2.2
0.7
1.8
1.1
2.5
1.5
0.9

0
0
0
0.3

0.9
0.8
1.4
0.6

0.9
1.6
2.0
1.0

1.8
0
0.5
0

4.0
2.0
1.9
0.6

4.0
2.0
1.8
0.6

Similar comparisons were made for the Test Releases in Canada and at Spadeadam.
By inspection of the Tables, noting that the calculation is conservative if Calc/Obs is greater
than 1 and non-conservative otherwise, the models were seen to perform as follows.

6.2.1 Fireball
The fireball model is only applicable in cases where there was immediate ignition. In four of the
cases ignition was probably delayed, so the fireball model was not run for these cases. For the
twelve cases where ignition was probably immediate or may have been immediate, the burn
area calculated by the fireball model equals or exceeds the burn area observed by a substantial
margin. This observation aligns with a conclusion of the first report.
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6.2.2 Vertical jet-fire (JIF/MAJ3D)
In the great majority of cases the vertical jet-fire model in MISHAP98, JIF/MAJ3D, seriously
under-predicts the burn area following a rupture. This observation aligns with a conclusion of
the first report.

6.2.3 Vertical jet-fire (PIPEFIRE)
The additional vertical jet-fire model in MISHAP01, PIPEFIRE, calculates burn areas in
reasonable balance with those observed, ranging between slight underprediction to somewhat
greater overprediction.
Further study, detailed below, shows that PIPEFIRE generally provides a conservative result
except in those cases where the pipeline ends were not aligned after the rupture, or where the
gas was deflected.
For three incidents where it seems likely that the pipe ends were misaligned, Edison, Potter and
Rapid City, a variant of the PIPEFIRE model was used to represent two separately located
flames, each using half the flow rate of the single PIPEFIRE flame. Because Edison was a
delayed ignition the equilibrium flow rate was used. For the other two cases, thought to be early
ignitions, the average flow over the first 100 seconds was used. The target flux in these cases
was raised from the 25.6 kw/m2 threshold to the flux required for a dose over 100 seconds,
29.8 kw/m2. The results are tabulated below, and it can be seen that a very good match to the
observed burn area was achieved,
Table 3 - Comparisons for Misaligned Pipe Ends
Incident

Edison
Potter
Rapid City

Calculated
Length, Width,
(m)
431, 286
608, 406
680, 462

Observed
Length, Width,
(m)
425, 270
600, 400
725, 490

Note

Equilibrium flow
0-100 second flow
0-100 second flow

6.2.4 Dome-fire
The Dome-fire model generally produces burn areas similar to those calculated by PIPEFIRE.
6.3 Observations on the Shape of Burn Areas
In general, the fireball and vertical jet-fire models used in MISHAP and PIPERS calculate a
circular burn area, either centred on the rupture or slightly offset due to tilting of the flame in
the wind. There is one case where the reported burn area is explicitly described as circular
centred on the rupture; that of Farmington. It is believed that the Canadian Test 1 also
produced a circular burn area; one paper refers to the “grass burned radially out to about
250m”. Both these incidents were in calm conditions and in both the pipeline was isolated and
under pressure.
A preponderance of incident reports, however, describe a non-circular burn area not centred on
the break. There are a number of reasons why this could occur:Tilting of the flame in the wind,
Imbalance in flows from the two pipe-ends,
Misalignment of the pipe-ends, and / or
Deflection of the gas streams, by pipe fragments, rocks and so on.
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6.3.1 Tilting of the flame in the wind
Tilting of the flames in the wind is reported in the second Canadian test and in the Spadeadam
experiments. In the Beaumont case the centre of the burn area was displaced along the pipeline
in the downwind (also downstream) direction from the rupture site.

6.3.2 Imbalance in flows from the two pipe-ends
It is interesting to note that the two Spadeadam Tests where there was a substantial imbalance
between the flows from the two pipe-ends apparently produced heat flux contours with a
smaller off-set than was seen in the two Tests where flows were balanced. The effects of the
wind in tilting the flame, ~5m/s during the unbalanced tests and ~9m/s during the balanced
tests, were clearly influential.
In the second Canadian test, the wind-speed was 6m/s. The flame was tilted in the wind, but
when the flow was deliberately unbalanced, the flame straightened to a vertical position. In
calm conditions, the flame might well have been tilted in the direction of greatest flow. The
report provides details of the maximum distance to heat fluxes but does not record whether the
measured point was downwind or downstream, or elsewhere.

6.3.3 Misalignment of the pipe-ends
It is clear that in some cases the burn areas are offset along the direction of the pipeline
irrespective of the wind. The Edison and Rapid City cases are the clearest example of this
phenomenon. Such effects cannot be attributed to the wind as in both cases the conditions were
described as calm or having gentle winds. It is believed that a burn area with its centre located
away from the rupture occurs either when the broken pipeline ends are substantially out of
alignment, or when some of the gas is deflected, say by pieces of the damaged pipe. In these
cases separate flames can be produced from the two pipe sections and the burn area can be
long and narrow. The Rapid City report shows two very clear areas of intense heat upstream
and downstream; it shows pipe-ends out of alignment, and two clear trenches cut by the gas in
the crater.
The pipe-ends may be misaligned because the failure occurs on a bend in the pipeline, or may
occur as a result of the massive reaction forces produced by the flow of the gas.
It is believed that when the rupture occurs on a bend the asymmetry can cause the burn area to
be centred away from the pipeline. At Edison the area of burn was centred some 17 degrees
away from the pipeline. It is known that the pipeline had been laid with a bend of 17 degrees at
or near the rupture site; therefore it is likely that the gas emerged in the direction of the
upstream pipeline. However, in the Beaumont case, the fact that the rupture was on a bend in
the pipeline seems to have made little difference to the location of the burned area.
It is possible that the pipe-ends moved out of alignment in the Jackson case because it was
stress on the unsupported pipeline that caused the rupture. The observed aspect ratio of the
burned area, 440m long and 110m wide, is difficult to explain without assuming two narrow
almost horizontal flames. Unless there were other factors involved, the probable explanation is
two jets emerging from the two pipe-ends with minimal interaction.
At Monroe, 210m (700ft) of ground were described as “scorched along the pipeline right-ofway.” In this case the upstream valve closed rapidly, so that the main flow was from nominally

11

downstream. There was a downward bend in the pipeline at the rupture site and the pipeline
itself was under stress from the waterlogged clay in which it was laid. It seems very probable
that the gas emerged almost horizontally from the exposed end of the pipeline.
The report of the Potter case makes no mention of pipe-end misalignment, but we suspect that
it may have occurred, simply because the PIPEFIRE model substantially underestimates the
burn area.

6.3.4 Deflection of the gas streams
In the case of Bealeton the burn area was located almost entirely downstream of the rupture. It
is known that, as the pipeline ruptured, a flap was blown back over one end of the pipe. The
pipeline “was ripped open, laid out flat, and blown back over the north end (downstream end)
of the pipe.” This would have deflected the gas from the downstream end and probably
deflected the gas from upstream. It seems possible that the flames at Potter were similarly
affected, though this conjecture is based solely upon the fact that the burn area was greater
than would otherwise be predicted.
In the Hudson case, the shape of the burn area was not reported, but a photograph of the flames
shows a substantial length of ground engulfed, of the order of 50-75m, apparently along the
length of the pipeline. A fragment of the pipeline downstream remained attached and could
have deflected the gas.
The winds in the Natchitoches case may have played some part in shifting the centre of the area
of burn through the 30 degrees observed. It seems more likely, however, that the deflection was
primarily from large pieces of pipe fragments that remained attached to the pipeline. Deflection
of the jet towards the horizontal also seems to have occurred. The flames were close to ground
level 100m from the rupture, since glass and metal were melted at that distance.
Of even greater significance, so far as risk calculation is concerned, are those accidents where
the flames appear to have emerged at right angles to the direction of the pipeline. Examples of
these are the Cartwright, Houston and Lancaster cases. In the Cartwright case, the excavation
machinery that caused the break remained over the crater. It is possible, therefore, that the gas
was deflected off it. Also the report states that some “of the gas was vented horizontally
because torn pipe segments deflected it.”
The Lancaster incident also suggests deflection of the gas; there was a large burn area to the
upwind side of the pipeline. The pipeline was reported as “resting on a rocky ledge” and
sketches show several large pieces of pipeline fragments in and around the crater. The pipeline
was within 20m of a highway and running almost parallel to it at the point of rupture. The most
likely explanation of the burned area thus appears to be deflection of the gas by a combination
of rocky terrain, foundations of an adjacent highway and fragments of the pipeline.
In the case of Houston, an explosion after gas had entered a house caused most of the damage.
Despite the masking effect of the explosive damage, it is clear that a jet-fire was formed by the
gas emerging at right angles to the pipeline through a split. As a result the burned area was in a
direction perpendicular to the pipeline axis.
6.4 Explosions
Explosions were mentioned in a number of reports. Where the explosion damage was
significant, it resulted from an explosion in a confined space, in houses at Houston for example.
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No significant free-air explosions were reported. This is confirmed by the Canadian full-scale
tests where the over-pressure at 15m was no more than 10kPa.
6.5 Implications for Modelling
Vertical flames can be reasonably well modelled by PIPEFIRE, but there are two other
situations that should be considered; a double flame that seems to occur when the ends of the
pipeline are out of alignment and a flame from deflected gas that can be centred well away
from the axis of the pipeline.
The former is important because the flux from two small flames is greater than the flux from
the equivalent single flame. In addition the two flames will appear at either side of the break
extending the length over which the flux poses a hazard. It would appear that PIPEFIRE could
handle such a situation by calculating the fluxes from the flame as the sum of the fluxes from
two vertical flames, separated by twice the calculated flame width and each generated by half
the total release
Deflected flames are important because they can result in a much greater hazard length than
present models would suggest. (Cartwright and Lancaster incidents) The effect was masked in
the case of Houston by the explosion that occurred when gas ignited in houses. Had the gas
ignited immediately, then the results would have been a greater hazard range than that
predicted. It is fortunate that significant deflections of the gas seem to be relatively unusual
(less than a quarter of the cases examined here) so that the effect on overall risk is less
significant. Nevertheless some sort of a model for an off-axis flame would be a necessary
addition to the program if all situations encountered were to be modelled explicitly. It was
found that, in the one case where the burn area was well defined (Lancaster), a reasonable
approximation to the observed burn area could be achieved by placing the vertical flame a
calculated flame width off the axis of the pipeline. It should be noted that in this case the
maximum distance to the edge of the burn, perpendicular to the pipeline axis was similar to that
calculated by the fireball model.

7 Releases from Pipelines carrying Non-Flashing Liquids
7.1 Reported Releases
Fourteen National Transportation Safety Board Reports describe releases of non-flashing
liquids. Of these, one involved asphyxiation and three did not ignite. Descriptions of each of the
ten ignited release are provided in the Appendices and a summary is provided in Table 4. As
can be seen, nine of the ten releases produced pool-fires, but most included other hazards.

7.2 Pool-fires
In all but one of the ignited releases, the consequence was a pool-fire. Some other form of fire
frequently accompanied this pool-fire; see later. In every case, however, the pool-fire was not
as calculated by PIPERS since PIPERS assumes that the liquid forms a circular pool.
The most extreme example of the effect of a non-circular pool-fire is the Bayamon incident. In
this case, the flammable liquid, gasoline, was carried down a waterway for two miles before it
found a source of ignition. The liquid on the surface then burned back along canals (both
underground and over-ground) and a creek, at a speed of about 12 mph, until it reached the
pipeline. Quite clearly, calculations based upon a circular pool around the rupture would give
zero risk at a distance of two miles from a pipeline.
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At Fairbanks three burn areas were created. The first burn area was around the break, as might
be expected. The two other areas of burn formed long narrow extensions radiating from the
main pool and were probably the result of crude oil being carried on fire-fighting water. (The
water was not being used to put out the fire; rather it was being used to prevent the fire
spreading to adjacent buildings.)
At Hearne, the flammable liquid flowed along the surface of a stream and also formed a pool
on a stock pond. The fire had three distinct zones: around the rupture, along the stream (550m
long) and on the pond.
At Jacksonville, a pool of flammable liquid formed in a dammed up stream some 100m from
the break. At Kaycee, the flammable liquid pool was confined to an excavated ditch. In the
Long Beach and Mounds View incidents the liquid flowed along streets before igniting.
The Lima case was closest to the PIPERS calculation, although even here the pool-fire was
elliptical, probably because the ground sloped away from the break.
In the Los Angeles fire more serious fire types masked any effects of a pool-fire.
In the Roseville case no pool-fire occurred; the spray from the break ignited to form a sprayjet-fire.
In all cases of a non-flashing liquid forming a pool-fire, the relative heights of the pipeline and
the target were important. Those on lower height-above-sea-level (HASL) contours than the
pipeline were at greater risk than those on higher HASL contours. The Bayamon and Hearne
cases show the important part that watercourses can play in extending the hazard range. In the
case of Jacksonville, the liquid travelled some distance underground. This demonstrates that
care must be taken not to assume that a target will necessarily be protected by an intervening
rise in the ground surface; the underlying geology may be important. Where the pipeline is near
a road or other impermeable surface, the liquids may be carried some distance from the break
as in the case of Long Beach and Mounds View.

7.3 Explosions
PIPERS does not include an explosion model. In three cases, Fairbanks, Roseville and Hearne,
significant explosions occurred. All of these were the result of vapours finding sources of
ignition inside buildings. In all three cases, they produced fatalities.
At Fairbanks, a pump was started while the system was under maintenance. The crude oil
sprayed from an unbolted flange and formed a flammable vapour that exploded. A second free
air explosion occurred after the force of the first explosion had demolished the building.
At Hearne, vapours from a large release of crude oil entered a house and found a source of
ignition. The vapour exploded, flashed back to the liquid on an adjacent stream, burned as a
pool-fire down to a stock pond and back up to the pipeline.
At Roseville, a pump casing failed and the gasoline, spraying from the gap between the pump
and its base, formed an inflammable vapour cloud. An explosion occurred when an electrical
spark ignited the cloud as a pump was switched off.
There were minor explosions reported in four other cases: Jacksonville, Kaycee, Los Angeles
and Mounds View.
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Gasoline
3,000
18
Waterway
Yes
No
No
No

Substance
Length of burn (m)
Width of burn (m)
Terrain
Pool-fire
Flash-fire
Explosion
Spray-jet-fire

Notes
*
Bay
NTSB-PAR-80-6
Fai
NTSB-PAR-78-2
Hea
NTSB-PAR-73-2
Jac
NTSB-PAR-71-2
Kay
NTSB/PAR-86/01
Lim
NTSB-PAR-76-3
Lon
NTSB-PAR-81-4
Los
NTSB-PAR-76-8
Mou
NTSB/PAR-87/02
Ros
NTSB-PAR-81-3
** Not known but probably small

Bay

Location *

Crude oil
380
250
Station
Yes
No
Yes
Yes

Fai

Kay
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Crude oil
31
12
Station
Yes
No
No
Probable

Lim

30/01/80
08/07/77
14/05/72
03/09/70
23/07/85
17/01/75
01/12/80
16/06/76
08/07/86
16/04/81

Gasoline
Kerosene
Not
122
known
**
Rocks & Pool Excavation
Yes
Yes
Yes
No
Yes
Possible
No
Probable

Jac

Bayamon, Puerto Rico
Fairbanks, Alaska
Hearne, Texas
Jacksonville, Maryland
Kaycee, Wyoming
Lima, Ohio
Long Beach, California
Los Angeles, California
Mounds View, Minnesota
Roseville, Minnesota

Crude oil
550
**
Waterway
Yes
Yes
Yes
Possible

Hea
Naphtha
170
80
Streets
Yes
No
No
No

Lon

Table 4 - Summary of Non-flashing Liquid Releases

Gasoline
100
70
Streets
Yes
Yes
Minor
Yes

Los
Gasoline
365
36
Streets
Yes
No
Minor
No

Mou

Gasoline
50
50
Station
No
Yes
Yes
Yes

Ros

7.4 Flash-fires
Flash-fires figured in four of the reports studied: Hearne, Jacksonville, Los Angeles and
Roseville. In general, the flash-fire itself was not significant compared with other hazards. At
Hearne, there was a flash-fire following an explosive ignition in a house. The flash-fire ignited
crude-oil liquid to form pool-fires.
At Jacksonville, although there were no resulting fatalities, the flash-fire ignited clothing
showered with liquid. The accident occurred when a spray of gasoline produced flammable
vapour that was ignited by a backfire from an excavator engine. A flash-fire was also the
source of ignition for a damaging spray-jet-fire in the Los Angeles and Roseville incidents. It
would seem that flash-fires generally presented a low hazard in themselves, but acted as the
pilot for a pool-fire or a spray-jet-fire.

7.5 Sprays
Non-flashing liquids appear to be significantly more hazardous when they are in the form of
sprays. In seven of the cases; Fairbanks, Hearne, Jacksonville, Kaycee, Lima, Los Angeles and
Roseville, the liquid broke up into small droplets on release. This was sometimes due to its
being forced from a split or, in the Jacksonville and Roseville cases, by striking a hard surface.
The consequences of a spray may be the formation of a vapour cloud, leading to flash-fires or
explosions. Sometimes, as in the Los Angeles and Roseville cases and possibly in the case of
Lima, the spray itself ignites and presents a hazard.
In the case of Roseville, the spray was from a broken pump. It produced an explosive vapour
that was ignited by switchgear. The spray-jet-fire then continued for some time causing breaks
in other pipelines and their fittings.
The spray-jet-fire itself was the most serious hazard in the Los Angeles case. Gasoline from a
pipeline that had been struck by an excavator in a street, sprayed over the sidewalk (pavement)
and adjacent buildings. The spray rapidly produced vapour that created a fog-like atmosphere
over the area. Ninety seconds after the break, the vapour found a source of ignition and ignited.
Flames, initially in the form of a flash-fire, engulfed the length of a block, scaled from an
Internet map as 100m. It should be noted that the break that allowed a spray-jet to form,
probably allowed the liquid to travel further than from a full rupture. The pipeline fire then
continued, probably as a spray-jet-fire, but possibly as a pool-fire. The buildings, drenched in
gasoline, would also have contributed significantly to the size of the blaze; the intense heat
initially hampered rescuers.
At Kaycee, Jacksonville and Los Angeles, the liquid showered over the casualties, drenching
clothing moments before ignition.

8 Releases from Pipelines carrying Flashing Liquids
8.1 Reported Releases
Thirteen North American reports were found to describe releases of flashing liquids.
Descriptions of each are provided in the Appendices. They are summarised in Table 5 below.
Several of the reports state that, in the USA at least, the number of casualties from accidents
involving pipelines carrying flashing liquids far exceed, mile for pipeline-mile, those from
flammable non-flashing liquids.
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8.2 Explosions
Three of the releases, Brenham, North Blenheim and Franklin County (also referred to as Port
Hudson) resulted in significant explosions. In Brenham, an ethane-propane mixture escaped
from an underground cavern where it was being stored as liquid under pressure. North
Blenheim was the result of a burst pipeline; the propane vapour flowed down into a valley
where it was ignited. The Franklin County report describes a large explosion that was the result
of a pipeline rupture.
In the Brenham and the Franklin County incidents, the explosion was significantly more
hazardous than the flash-fire. A map showing both the burn area and the location of damaged
buildings appear in the Brenham report; the burn area is considerably smaller than the area
damaged by explosion. In the Franklin county case an aerial photograph is overlaid with a
marked burn area of 3,716m2; houses within a 2-mile radius (32,500,00m2) were extensively
damaged.

8.3 Flash-fires
The flash-fire was the most significant event in 7 cases: Austin, Devers, Donnellson, Lively,
Meridian, North Blenheim, and Ruff Creek. In the Brenham and the Franklin County incidents,
there was a large flash-fire, but the damage from the explosion was orders of magnitude more
hazardous.
The general scenario was the same in each case. The flashing liquid was released and formed a
vapour cloud. After a delay, sometimes of many minutes, the cloud was ignited, frequently by a
vehicle entering the cloud. Sometimes the vehicle would stall and the driver, attempting to restart, would ignite the release. In other cases the source was within a building, a refrigerator
starting for example. In some cases the exact source could not be determined.
The modelling of the flash-fire in PIPERS makes the assumption that the vapour loses all its
momentum on release and then disperses in the wind. It is clear from the reports that this is not
generally the case. It was found that the vapour, heavier than air, tended to flow under the
influence of gravity into low-lying areas. The most extreme example of this was at Ruff Creek,
where the vapour drifted down a valley for 1200m, producing a very long but narrow area of
burn.

8.4 Fireballs / Jet-fires / Pool-fires
In general it is not clear from the calculations whether the release will form an evaporating
pool, a gaseous jet-fire or a spray-jet-fire. In most of the cases where ignition was delayed, the
area damaged by an explosion or flash-fire far exceeded that from the jet-fire and masked its
effects. There were three cases where the ignition was almost immediate: Ackerly, Regina and
West Odessa. In the Regina case, it seems likely that there was an initial fireball, because the
fire from a relatively small release was observed from several miles away. The fireball
described in the West Odessa case was not the type of fireball modelled by PIPERS. It
occurred some five minutes after ignition when part of the release, high above the ground and
probably still in droplet form, failed to disperse and ignited.
PIPERS has a pool-fire model and a gaseous jet-fire model; it has no model specifically
designed to cater for a spray-jet-fire. It was found in the Regina case that the jet-fire had a
greater hazard range than the pool-fire. The opposite was true for the Ackerly case. The
severity of Ackerly was, in fact, under-estimated by all the PIPERS models. This may be due
to the lack of a realistic jet-fire model for a rupture; the JIF/MAJ3D implementation models the
flame as an unobstructed jet-flame. It was very difficult to draw any conclusions from the
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Regina report, because it was a very complicated fire. West Odessa was certainly a pool-fire
since the diameter of the pool was described.
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Aus
NGL
No
Yes
Yes
Yes
No
Vehicle
starter
13,000

NTSB-PAR-82-2
NTSB-PAR-73-4
NTSB/PAR-93/01
NTSB-PAR-76-5
NTSB-PAR-79-1
NTSB-PAR-72-1
NTSB/PAR-98/02/SUM
NTSB-PAR-76-1
NTSB/PAR-91/01
P94H0018
NTSB/PAR-76-7
NTSB-PAR-78-1.
NTSB/PAR-84/01

Ack
Eth-Prop
Yes
Yes
No
Unlikely
Report
Drilling
Rig
240,000
75,000

Dev
Eth-Prop
No
Yes
Yes
No
No
Vehicle

Don
Prop
No
Yes
Yes
No
No
Possibly
in house
304,000

Ackerly, Texas
Austin, Texas
Brenham, Texas,
Devers, Texas
Donnellson, Iowa
Franklin County, Missouri
Lively, Texas
Meridian, Mississippi
North Blenheim, New York
Regina, Saskatchewan
Romulus, Michigan
Ruff Creek, Pennsylvania
West Odessa, Texas

743,000

Bre
Eth-Prop
No
No
Yes
No
Yes
Vehicle

** Five minutes after start of pool-fire; mushroom shaped.

Note
*
Ack
Aus
Bre
Dev
Don,
Fra
Liv
Mer
NBl
Reg
Rom
Ruff
Wes

Burn Area(m2)

Location *
Substance
Fireball
Jet-fire
Flash-fire
Pool-fire
Explosion
Ignition source
40,000

Liv
But
No
Yes
Yes
No
No
Vehicle
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27th September 1981
22nd February 1973
7th April 1992
12th May 1975
4th August 1978
9th December 1970
24th August 1996
21st May 1974
13th March 1990
10th May 1994
2nd August 1975
20th July 1977
15th March 1983

Fra
Prop
No
No
Yes
No
Yes
In a
building
3,716

Mer
NGL
No
Yes
Yes
No
No
Possibly
Vehicle
162,000

Table 5 - Summary of Flashing Liquid Releases
NBl
Prop
Yes
Yes
Yes
No
Yes
Probably
a vehicle
210,000

Reg
Eth/Prop
Possible
Possible
No
Possible
No
Electric
Motor
200,000
25,000

Rom
Prop
Possible
Possible
No
Possible
No
Not known

Ruff
Prop
No
Yes
Yes
No
No
Vehicle
starter
108,000

West
LPG
**
Yes
Yes
Yes
Unlikely
In a
building
16,000

9 Summary and Recommendations
9.1 Natural Gas Summary
This extended study has confirmed the conclusions of our earlier study, that for pipelines
carrying natural gas the fireball model produces generally conservative results so far as burn
area is concerned, but that the JIF/MAJ3D jet-fire model is substantially non-conservative.
For nine of the sixteen accidental releases studied, the PIPEFIRE jet-fire model produces a
conservative result, and in one further case it is acceptably close to the observed result. For
three of the remaining six cases modelling a twin flame based on PIPEFIRE produces a
conservative result. For the final three cases, where the gas appears to have been deflected
horizontally at right angles to the direction of the pipeline, the observed burn area presented a
greater hazard than could be estimated by PIPEFIRE with either a single or a twin flame. The
non-conservatism in this part of the modelling needs to be balanced against the undoubted
conservatism in the fireball model, and elsewhere, when used in an integrated pipeline risk
assessment.
The Dome-fire model produces burn areas similar to, and in most cases slightly greater than,
those produced by the PIPEFIRE vertical jet-fire model.
Only one out of the sixteen incidents (Houston) indicates that the delayed remote ignition of
methane from a rupture could present a hazard. In PIPERS the hazard from such a release is
modelled as a flash-fire. At Houston, the gas was released from a long split in the pipe and had
significant momentum in a direction at right angles to the pipeline. The consequence was an
explosion followed by a jet-fire.

9.2 Non-Flashing Liquids Summary
PIPERS includes two pool-fire models that are used to model the consequences of a release of a
non-flashing liquid such as gasoline (petrol). Our study shows that neither adequately reflects
the real behaviour of non-flashing liquids released from pipelines. This is because, in general,
topography plays a major part in determining the hazard range.
Explosion and flash-fire consequences are not catered for in PIPERS. In some ways these two
events are quite similar. In both cases, the ignited area is bounded by the lower flammable /
explosive limit. The PIPERS flash-fire model assumes all persons within the lower flammable
limit receive a dangerous dose or become fatalities. The danger outside the burnt zone caused
by an unconfined explosion of vapour from a non-flashing liquid is unclear since, in all cases
reported, the casualties were caught within the explosive vapour.
The effects of sprays are not catered for in PIPERS although they presented a significant
hazard in probably six of the ten cases examined. If incidents within pumping stations are
excluded then sprays were probably significant in three out of the remaining seven cases.

9.3 Flashing Liquids Summary
Probably the most serious deficiency in the modelling of hazards from releases of flashing
liquids is the lack of an explosion model. In two cases this was the principal hazard from the
release.
The effect of topography on delayed ignition is also not modelled satisfactorily. In a number of
cases, the heavy vapour flowed down valleys. The PIPERS model of a cloud dispersing in the
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wind is not an accurate representation of such a scenario. The two dispersion models,
CRUNCH and HGSYSTEM generally gave very different results. CRUNCH seemed to underestimate the cloud size while HGSYSTEM over-estimated it. Neither program produced
circular clouds under low wind-speeds as might be expected. HSE may wish to consider
testing other dense gas dispersion models, such as GASTAR or DRIFT, in this application.
It is not obvious, when using PIPERS, whether a jet-fire or a pool-fire model is more
appropriate since the release model fails to provide an indication of the state of the substance as
it leaves the pipe. Some form of decision aid would be beneficial.
The JIF/MAJ3D jet-fire model almost certainly under-estimates the hazard distances for a
rupture. A similar module to the PIPEFIRE model for methane would be a useful addition.
It would be useful to be able to handle mixtures of liquids in PIPERS. At present the only
option is to repeat the calculations for each substance included and then take a view on the
most reasonable, given the mixture’s proportions.

9.4 Recommendations for Gaseous Releases
Consideration should be given to extending the PIPEFIRE model within MISHAP01/PIPERS
to cover those cases (about 20%) where a double flame is produced, and to incorporate into the
programs a model to handle those cases (about 20%) where gas is deflected horizontally.
The Dome-fire model appears to provide similar results to PIPEFIRE, but seems to provide no
obvious advantages over the latter. It could safely be removed from PIPERS now that
PIPEFIRE is available.

9.5 Recommendations for Liquid Releases
It is clear that the models used in PIPERS can severely underestimate the consequences of a
liquid release. This is primarily because they take no account of topography. It is recommended
that the risks currently calculated by PIPERS for a pipeline containing a flashing or nonflashing liquid should be treated with great caution.
Consideration should be given to developing a new methodology for estimating the risks from
pipelines carrying liquids, taking account particularly of the topography in the vicinity of the
pipeline. If a digitised contour map were available then a computer-based system could be
developed. Otherwise some non-computer-based method would be needed. If cases such as that
at Bayamon are to be covered then distances of up to three kilometres “downhill” from the
pipeline route would need to be covered. Risks from explosions and spray-jets should also be
included.
For flashing liquids and for mixtures, better characterisation of the release source term would
be advantageous.

30.08.2002
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APPENDIX A
FAILURES OF LOW PRESSURE PIPELINES
LEADING TO EXPLOSIONS AND FIRES
NOT RELEVANT TO MISHAP AND PIPERS

A.1

ALLENTOWN, PENNSYLVANIA, AUGUST 8, 1976
Source of the Data
A report from the USA National Transportation Safety Board No NTSB-PAR-77-2 available
from the National Technical Information Service, Report No PB-268 938 (24 pages)
Description of incident
This report describes explosions and fires which occurred when a sinkhole formed under a cast
iron natural gas main. The gas main fractured under its own weight at a corrosion point created
by touching a copper pipe. Gas entered buildings, found a source of ignition and exploded. The
ground above the sinkhole then collapsed, breaking the gas main in several places. The gas in
the sinkhole ignited, hampering rescue efforts.
The report found that there was:a lack of organisation at the scene,
a lack of emergency training,
a misleading statement in the gas company’s guide to fire fighting,
a lack of combustible gas indicators, and
a lack of guidance on isolating gas mains
Because of the prevalence of sinkholes (holes formed in limestone by water erosion), the Safety
Board recommended investigation of the area by ground penetrating radar.
This report is not relevant to MISHAP or PIPERS, because it describes explosions and fires in
buildings as a result of leakage of natural gas from a distribution system.

A.2

Table 1
Allentown ‘76 Summary
Location
Allentown, Pennsylvania, USA
Date and Time
8th August 1976, 2pm
Substance
Natural Gas
Diameter of Pipeline
4 inch
Nominal Wall thickness
0.40 inches
Pipeline Pressure
8 inches of water
Depth of Cover
3 ft
Pipeline
Cast iron main
Coating
Not coated
Sinkhole length
10ft
Sinkhole width
4ft
Sinkhole depth
8ft
Time from break to explosion
Less than ½ hour
Time from explosion to arrival 4 minutes
of fire-fighters
Time from explosion to arrival 10 minutes
of gas employees
Time from first explosion to 26 minutes
second explosion
Time from arrival of gas 2½ hours
employees to shut down
Time from shut-down to self Almost immediately
extinguishing of flame
Weather
Cloudy and mild, there had been heavy rain 3inches over 2
days
Air temperature
71oF
Cause of failure
Fracture of a gas main over a sinkhole
Location of source
Break
Fire
Yes
Gas Explosion
Yes
Table 2
Allentown ‘76 Chronology
Time

Action

13:30+
14:00
14:04
14:10
14:15
14:26
16:43

First main break
First explosion
Fire-fighters arrived
Gas company employees arrived
Gas flow turned off in damaged house, ventilation of houses started
Second explosion, and sinkhole caved in, fire in sink hole
Gas main capped, gas fed fires extinguished

A.3

ALLENTOWN, PENNSYLVANIA, JUNE 9, 1994
Source of the Data
A report from the USA National Transportation Safety Board No NTSB/PAR-96/01 available
from the National Technical Information Service, Report No PB96-96501 (94 pages)
Description of incident
This report describes an explosion and fire that occurred when natural gas from a distribution
pipeline entered an apartment block and exploded. The pipeline failed at a coupling that was
placed under tension by the pipeline being exposed and unsupported during excavation work.
There was one fatality, 5 serious and 60 minor injuries.
The excavation work had started about two weeks before the incident. The position of the gas
service line was marked in yellow on the asphalt surface. During the excavation the soil type
was mis-evaluated and no shoring was used. The west side-wall slipped into the excavation,
removing support from about 30ft of pipeline. The gas company were not informed and they
made no site visits. Subsequently, pieces of asphalt were seen falling on the exposed pipe. The
coupling, now under tension, failed when vibrated by the actions of a hydraulic hammer nearby
and put under further tension by movement of an excavator.
The report found that the excavator:failed to shore up the excavation,
failed to inform the gas company that the pipe had been exposed, and
failed to call the emergency services as soon as gas was detected.
Other findings included:The gas company were found to have failed to carry out any inspections during the
excavations.
The Pennsylvania excavation damage prevention plan could be improved by requiring
the excavators to mark the planned area of excavation before the utilities marked their
facilities.
The explosion could have been avoided by the fitting of excess flow valves.
If gas detectors had been fitted then evacuation would have occurred earlier.
A substantial proportion of the report, 24 pages, is devoted to discussions, within the gas
industry and between the regulators, concerning the use of excess flow valves.
This report is of no relevance to our study as it describes an explosion and fire in a building.

A.4

Table3
Allentown ’94 Summary
Location
Allentown, Pennsylvania, USA
9th June 1994, 6:58pm
Date and Time
Natural Gas
Substance
2 inch
Diameter of Pipeline
0.154
Nominal Wall thickness
55psig
Pipeline Pressure
About 3 ft
Depth of cover
Steel
Pipeline
Plastic (X-Tru-Coat), impressed cathodic protection
Coating
133 ft
Length of Pipeline
¼ inch between pipe and coupling
Size of hole
~14 minutes
Time from fire to first explosion
Time from first explosion to second ~5 minutes
explosion
Time from first explosion to shut down
17 minutes
Gas Explosion
Yes
Table 4
Allentown ’94 Chronology
Time

Action

~18:45
18:48
18:55
18:58
18:59
19:03
~19:03
19:15

Pipeline coupling was broken
Gas company informed
Housing authority informed
First explosion occurred
Fire department called
Gas company employee arrived
Second explosion and fire occurred
Valve closed - gas fire died out

A.5

ANNANDALE, VIRGINIA, MARCH 24, 1972
Source of the Data
A report from the USA National Transportation Safety Board No NTSB-PAR-72-4 available
from the National Technical Information Service, Report No PB-214 328 (38 pages)
Description of incident
This report describes explosions and fires that occurred in three houses due to the leakage of
natural gas. There were three fatalities.
The leakage was caused by an excavator snagging a gas main, pulling it out of a coupling. The
gas migrated through a 5 inch size rock fill that had been placed around utility pipe-work and
entered the houses. The gas company officials on scene finding gas in the trench did not
recognise the possibility of gas entering the buildings.
The report found that the gas company had:an inadequate public awareness campaign,
failed to avoid excessive workload for its dispatchers,
failed to determine whether gas was entering a structure,
had a practice of restricting operation of valves to its pressure division,
had a practice of not marking valves in the field, and
did not provide sufficient equipment to squeeze off gas mains.
The report also found that there was a lack of liaison between the County and the excavator
company.
This report is not relevant to our study since it describes an explosion and fire in a building
caused by the release of natural gas from a distribution line.

A.6

Table 5
Annandale Summary
Location
Annandale, Virginia, USA
Date and Time
24th March 1972,
Substance
Natural gas
Diameter of Pipeline
2 inches
Pipeline Pressure
22psig
Depth of Cover
24 inches
Pipeline
Gas distribution main
Time from break to arrival of gas ~¾ hour
crew
Time from arrival of crew to ½ hour
explosions
Time from explosions to gas 1¼ hours
shut-down
Time from gas shut-down to fires 38 minutes
under control
Weather
No frost
Air temperature
33oF
Wind direction
Not known
Wind Speed
17 knots gusting to 25 knots
Cause of failure
Excavator pulled main from coupling
Fire
Yes
Gas Explosion
Yes
Table 6
Annandale Chronology
Time

Action

07:50
07:55
08:00
08:20
08:30-08:40
08:36
09:00
09:00-09:05
09:05
09:15
09:30
09:30-09:31
09:46-09:49
09:52
10:30

Gas pipe snagged by excavator
Gas company informed that 2inch main had been pulled
Resident at 4909 detected gas smell
Crew sent to scene
Gas crew arrived, did not squeeze off the gas or evacuate
Resident at 4909 reported gas smell to Gas company
Explosion in 4911
Explosions in 4909 and then explosion and fire in 4907
Fire-fighter arrived
Police started evacuation
Serviceman sent to 4909
First set of valves closed
Second set of valves closed
Main squeezed and flow stopped
Fires under control

A.7

ATLANTA, GEORGIA, AUGUST 31, 1972
Source of the Data
A report from the USA National Transportation Safety Board No NTSB-PAR-73-3 available
from the National Technical Information Service, Report No PB 223 336 (26 pages)
Description of incident
This report describes explosions that occurred in a school annexe, when gas from a cracked cast
iron main entered the school through the ground. There was one fatality and seven persons
injured. The gas main failed because it was subjected to a bending stress through soil settlement
at a point on the pipe where corrosion (graphitization) had occurred.
The report found that the gas company:failed to have written emergency procedures,
failed to have a pre-planned shut-down procedure,
failed to test for gas in the building,
failed to notify the school authorities,
failed to shut off the supply of gas, and
failed to notify police and fire officials.
The report contains appendices which report on metallurgical examinations of cast iron mains in
the New York area and a distribution of cast-iron main breaks by size of main.
The report is not relevant to MISHAP or PIPERS because it describes explosions in buildings as
a result of a release of natural gas from a distribution system.
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Table 7
Atlanta Summary
Location
Atlanta, Georgia, USA
Date and Time
31st August 1972, 9am
Substance
Natural gas
Diameter of Pipeline
6 inch
Pipeline Pressure
10 psig
Depth of Cover
3 ½ to 4 ft
Pipeline
6 inch cast iron gas main
Size of break
¼ inch separation
Time from gas company 49 minutes
informed to arrival on scene
Time from arrival of gas 35 minutes
company to explosion
Time from explosion to gas shut Nearly 4 hours
off
Air temperature
Mid 60’s to high 70’s
Fire
Yes
Gas Explosion
Yes
Table 8
Atlanta Chronology
Time

Action

07:25
07:34
08:25

Gas detected, students not permitted to enter the building.
Gas company informed
Gas company employees arrived, requested a sleeve for the repair and
excavated down to the main
Two explosions and a gas fed fire
Pressure on the main started to be reduced
Pressure reduced to 5psig and stopper bags fitted
Gas flow stopped and fire out.

09:00
10:15
11:25
12:55
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BOWIE, MARYLAND, JUNE 23, 1973
Source of the Data
A report from the USA National Transportation Safety Board No NTSB-PAR-74-5 available
from the National Technical Information Service, Report No PB-238 039 (38 pages)
Description of incident
This report describes explosions and a fire that occurred when natural gas, which had been
leaking from a flaw in a plastic main, entered the house and ignited. The gas had probably been
leaking, undetected, for at least 5 months,.
Although adequate odorant had been added to the gas, it had been adsorbed by the soil and,
when combustible gas indicators were used in the area, large numbers of pockets of gas at
explosive concentrations were found. Gas and telephone connections were shut off and the area
was evacuated. Gas from the leak had been trapped in an underground “reservoir” formed by
soil strata of sand and gravel under clay. It took over a year for a combination of bore holes and
fans to dissipate the gas. Following the accident, steps were taken to avoid relying upon odours
in this particular area. Leak surveys were made more frequently and employees were trained in
vegetation surveys. Gas detection and alarms were fitted in 12 homes.
The crack in the pipe was caused by stress at a place on the pipe where there was an occluded
particle, possibly present since manufacture.
This report is not relevant to MISHAP or PIPERS since it describes an explosion and fire in a
building caused by leakage of natural gas from a distribution pipeline.
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Table 9
Bowie Summary
Location
Bowie, Maryland, USA
Date and Time
23rd June 1973, about 8am
Substance
Natural gas
Diameter of Pipeline
½ inch
Pipeline Pressure
20 psig
Depth of Cover
40 inches
Pipeline
High density polyethylene Marlex TR212 service pipe
Coating
Uncoated
Time from detection to explosion Not detected
Time from explosion to arrival of A few minutes
fire-fighters
Time from explosion to gas 50 minutes
company contacted
Time
from
gas
company A few minutes later, gas crew 50 minutes later
informed to arrival
Time from gas company arrival Not shut down
to shut down
Time from gas company arrival 3 hours 20 minutes
to repair leaks
Weather
Rainy
Air temperature
65-82oF
Wind direction
From the north west
Wind Speed
4.2mph gusts to 14mph
Cause of failure
Crack in pipe, probably caused by an occluded particle
Fire
Yes
Gas Explosion
Yes
Table 10
Bowie Chronology
Time

Action

~08:00
~08:05
08:50
before 09:40
09:40
~12:05
13:00

Explosion and fire occurred
Fire fighters arrived
Gas company informed serviceman arrived a few minutes later
Fires extinguished
Gas crew arrived with combustible gas indicators
Source of leak discovered.
Leak repaired, explosive concentrations of gas were still being found
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CHARLESTON, WEST VIRGINIA, DECEMBER 2, 1973
Source of the Data
A report from the USA National Transportation Safety Board No NTSB-PAR-74-4 available
from the National Technical Information Service, Report No PB 236 479 (36 pages)
Description of incident
This report describes an explosion and fire that occurred when natural gas, leaking from
corrosion holes in a gas main, migrated through the soil under a concrete drive and entered a
house, found a source of ignition and exploded. There were three fatalities and two serious
injuries.
Gas odours had been detected the day before the explosion, but not reported. The gas company
were found to provide inadequate public education. Safety messages were buried in the
“Gaslight” promotional material.
The report is not relevant to MISHAP or PIPERS because it describes an explosion and fire in a
house, caused by leakage of natural gas from a distribution pipeline.
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Table 11
Charleston Summary
Location
Charleston, West Virginia, USA
Date and Time
2nd December 1973, 3:30pm
Substance
Natural gas
Diameter of Pipeline
2 inch
Pipeline Pressure
39psig
Depth of Cover
24 inch
Pipeline
Steel
Coating
Not coated, not cathodically protected.
Time from detection to explosion
More than a day
Time from explosion to arrival of fire- 20 minutes
fighters
Time from explosion to gas company 12 minutes
contacted
Time from gas company informed to About 20 minutes
arrival
Time from gas company arrival to shut Main not shut down
down
Time from gas company arrival to repair 3 hours
leaks
Weather
Unseasonably warm
Air temperature
62oF
Wind direction
Southerly
Wind Speed
6 knots
Cause of failure
Corrosion holes in an unprotected steel gas main
Fire
Yes
Gas Explosion
Yes
Table 12
Charleston Chronology
Date/Time

Action

1/12/73
2/12/73,~12:00
2/12/73, 15:30
2/12/73, 15:42
2/12/73, 15:50
2/12/73,~16:00
2/12/73, 16:28
2/12/73, 18:00
2/12/73, 19:00
2/12/73, 23:40
3/12/73, 00:30
24/12/73

Gas odours & excessive flame heights, gas company not contacted
Visitor complained of strong gas odour, gas company not contacted
Explosion occurred
Gas company informed
Volunteer fire fighters arrived
Gas company arrived
Charleston fire brigade arrived.
Fire extinguished
Corrosion holes found and repaired
Fires re-ignited
Fires finally extinguished
Another corrosion leak reported, discovered and repaired
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CHICAGO HEIGHTS, ILLINOIS, MARCH 13, 1986
Source of the Data
A USA National Transportation Safety Board Report No NTSB PAR 87/01/SUM available from
the National Technical Information Service, Report No PB87-916504 (6 pages)
Description of incident
This summary describes an explosion and fire which occurred when an excavator pulled a
distribution pipe from a coupling. The excavation should have been carried out by hand close to
the marked pipeline. Gas entered a house, ignited and exploded, there was 1 fatality and
8 people injured.
The Safety Board indicate that the accident would not have occurred had excess flow valves
been installed. The report found that the gas company failed to advise the excavation contractor
to evacuate houses and failed to use emergency services to evacuate houses.
The report is not relevant to the study because is describes an explosion and fire in a building.
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Location
Date and Time
Substance
Type of Accident
Causes
Time from release - explosion
Time from explosion to shut
down and fire extinguished
Diameter of Pipeline
Pipeline Pressure
Depth of Cover

Table 13
Chicago Heights Summary
Chicago Heights, Illinois, USA
13th March 1986; 8:00 am
Natural Gas
Explosion and Fire
Snagging of a pipeline by an excavator
½ hour
¾ hour
¾ inch
28psig
30 inches
Table 14
Chicago Heights Chronology

Time

Action

07:30
07:37
07:50
~07:53
08:00
08:45

Excavator snagged gas line
Gas company informed
Gas crew arrived at wrong crew
Gas crew arrived on scene
Gas valve to house closed; but explosion occurred
Gas shut off using a rubber plug
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CLEAR LAKE, IOWA, JULY 12TH 1983
Source of the Data
A report from the USA National Transportation Safety Board No NTSB/PAR-84/02 available
from the National Technical Information Service, Report No PB84-916502 (84 pages)
Description of incident
This report describes the rupture of a 2 inch natural gas plastic distribution pipeline near to two
apartment blocks at Clear Lakes, Iowa on 12th July 1983. The rupture was caused by the failure
of a butt-fusion joint. Gas entered the apartment blocks and was detected by one of the residents
at 8am. Gas officials were on the scene within an hour. Over two hours after the report of the
leak the gas exploded in one of the blocks and then burned.
The safety board found that there was:a delay in shutting off the gas supply,
a failure to evacuate the apartment blocks,
a failure to switch off the electricity supplies, and
a failure to ventilate the apartments.
It was believed that a ‘cold weld’ was the reason for the failure of the joint.
This report is of no relevance to the study because it describes the failure of a relatively low
pressure pipeline in the distribution network. The damage was caused by a gas explosion in a
confined space and the burning of a building rather than radiated heat effects.
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Table 15
Clear Lake Summary
Location
Clear Lake, Iowa, USA
Date and Time
12th July 1983, 11:15am
Substance
Natural Gas
Type of Accident
Explosion and fire
Causes
Crack in a butt-fusion joint in a plastic main caused by a cold
weld
Time from leak detected to 3 hours 15 minutes
explosion
Time from explosion to shut- 4 hours 15 minutes
down
Pipeline Pressure
60psig
Weather
Clear, visibility 15 miles
Air temperature
85oF
Wind direction
From south-west
Wind Speed
7 knots
Table 16
Clear Lake Chronology
Time

Action

08:00
08:25
09:15
10:40
11:10
11:15
15:30

Leak detected
Serviceman arrived
Gas crew arrived
Pipe exposed
Superintendent arrived
Explosion occurred
Gas flow stopped and fire stopped
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CLINTON, MISSOURI, DECEMBER 9, 1972
Source of the Data
A report from the USA National Transportation Safety Board No NTSB-PAR-74-3 available
from the National Technical Information Service, Report No PB 230 617 (24 pages)
Description of incident
This report describes explosions and fires in commercial buildings caused by natural gas from a
cracked main entering buildings. There were eight fatalities and seven persons injured. The
main failed because of heavy corrosion which allowed the pipe to fail under tension caused by
soil settlement, movement and compaction. The frozen ground prevented the gas from rising to
the surface; rather it migrated underground to the buildings.
The report found that the gas company:failed to provide written emergency procedures,
failed to have a pre-planned shutdown procedure,
had incomplete emergency procedures,
had a lack of formal leak investigation training,
failed to provide details on positions of emergency valves to all field staff, and
were reluctant to close designated emergency valves cutting off customers
The gas company would have been aware of the leak as it occurred had there been a telemetry
link to the flow rate meter at the regulator station.
This report is not relevant to MISHAP or PIPERS because it describes an explosion and fire in
buildings caused by the release of natural gas from a distribution pipeline.

A.18

Table 17
Clinton Summary
Location
Clinton, Missouri, USA
Date and Time
9th December 1972, 6:06pm
Substance
Natural gas
Diameter of Pipeline
4 inch main
Pipeline Pressure
17psig
Depth of Cover
2ft
Pipeline
Cast iron
Size of break
Pulled apart 1/3 inch mis-aligned 1/3 inch
Time from break to informing 25 minutes
gas company
Time from informing to arrival 10 minutes
of gas company
Time from arrival of gas 50 minutes
company to explosion
Time from explosion to shut 2½ hours
down
Time from shut-down to fires About six hours
under control
Weather
Top 6-8 inches of ground frozen, 1-2 inches hard-packed
snow
Air temperature
0oF
Cause of failure
Cracked gas main
Location of source
Pulled apart
Fire
Yes
Gas Explosion
Yes
Table 18
Clinton Chronology
Time

Action

16:40
17:05
17:15
17:45
18:06
18:30
19:00-19:15
19:45
~ midnight

Break in main, odour of gas in building soon after
Gas leak reported in office building
Gas serviceman arrived, called for supervisor ¼ hour later
Supervisor arrived
Explosion and fire
First valve closed
Two more explosions
Second Valve closed
Fires under control
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COOPERSBURG, PENNSYLVANIA, FEBRUARY 21, 1973
Source of the Data
A report from the USA National Transportation Safety Board No NTSB-PAR-74-1 available
from the National Technical Information Service, Report No PB 288 673 (24 pages)
Description of incident
This report describes an explosion and fire in an apartment block that occurred when a gas main
carrying natural gas cracked at a welded joint. There were five fatalities and 16 persons were
seriously injured.
The welded joint failed during excavations required to construct a sewer parallel to the pipeline.
Some parts of the sewer route were through rock, so that dynamite charges had to be used.
These charges were higher than permitted by state regulations for blasting operations near to
marked gas pipelines. The excavation should have been carried out in three small stages rather
than a single large one.
The report found that the Municipal Authority failed to respond to warnings from the gas
company, despite an earlier leak caused by blasting activity.
The gas company were found to have:failed to respond to warnings from their own inspector about charge sizes,
failed to have an inspector permanently assigned to the site,
failed to have a pre-planned emergency procedure, and
failed to rapidly isolate the failed section of pipe.
This report is not relevant to MISHAP or PIPERS since it describes an explosion and fire in a
confined space as a result of leakage from a distribution gas main.
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Table 19
Coopersburg Summary
Location
Coopersburg, Pennsylvania, USA
Date and Time
21st February 1973, 11:52 am
Substance
Natural gas
Diameter of Pipeline
8 inch
Pipeline Pressure
50psig
Depth of Cover
30 inches
Pipeline
Steel
Coating
Neither coated nor wrapped
Length of Pipeline
More than 4 miles between emergency valves
Size of crack
180 degrees ~¼ inch at widest opening
Time from blast to gas odour
~ ½ hour
Time from report to arrival of 9 minutes
Gas Company employees
Time from arrival of gas 1 minute
employees to explosion
Time from explosion to shut ~80 minutes
down
Time from shut-down to self 2¾ hours
extinguishing of flame
Air temperature
42oF
Cause of failure
Excessive blasting charges close to the pipeline
Location of source
12 o’clock to 6 o’clock away from direction of blast
Fire
Yes
Gas Explosion
Yes
Table 20
Coopersburg Chronology
Time

Action

10:30 & 11:15
11:42
11:51
11:52
13:13
up to 15:00

Charges detonated
Blasting contractor informs gas crew of gas odour
Gas crew on site, start to evacuate apartment block
Explosion occurred
Valves closed on affected section
Gas continued to burn
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CORDELE, GEORGIA, FEBRUARY 21, 1980
Source of the Data
A report from the USA National Transportation Safety Board No NTSB-PAR-80-5 available
from the National Technical Information Service, Report No PB81-105 629 (19 pages)
Description of incident
This report describes an explosion and fire that occurred when a pipeline was broken and pulled
out of a coupling by an excavator. The pipeline break was capped, but the failed coupling
remained undetected. No gas odours were detected, despite the fact that gas was escaping from
the coupling at 22psig for 3 days. Insufficient records were kept to determine whether sufficient
odorant was being injected. The gas entered a jewellery store, reached an ignition source and
exploded. There were three people killed and five injured.
The report found that the municipal gas company:failed to have a public education programme,
failed to locate gas lines by safe means before excavating,
having snagged a service line, failed to check for additional damage,
had no daily gas odorant records or effectiveness tests,
failed to immediately report the accident, and
did not have adequate maps of the service lines.
This report is not relevant to MISHAP or PIPERS because it describes an explosion and fire
caused by the release of natural gas from a distribution system.
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Location
Date and Time
Substance
Diameter of Pipeline
Nominal Wall thickness
Pipeline Pressure
Depth of Cover
Pipeline
Length of Pipeline break
Weather
Air temperature
Wind direction
Wind Speed

Table 21
Cordele Summary
Cordele, Georgia, USA
21st February 1980, 11:10am
Natural gas
1 inch
Not known
22psig
Not known, more than 24 inches
Steel
Pulled 11½ inches out of coupling
No rain
Mid 60’s F
From south west
8-10km/s
Table 22
Cordele Chronology

Date/Time

Action

18/2/80, 08:30
21/2/80, 11:10
21/2/80, 11:14
21/2/80, 11:18
21/2/80, 11:36
21/2/80, 11:50

Excavator snagged a service line and pulled pipe from coupling
Explosion and fire
Fire-fighters contacted
Fire-fighters arrived
Gas company official arrived
Gas to area shut down
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COVE POINT, MARYLAND OCTOBER 6, 1979
Source of the Data
A report from the USA National Transportation Safety Board No NTSB-PAR-80-2 (36 pages)
Description of incident
This report describes an explosion and fire in an electrical sub-station caused by leakage of
liquefied natural gas (LNG), mainly methane, at -260oF. The liquid, leaking from a pump,
vaporised, passed through an electrical conduit, 210ft long, to the sub-station. The employee
noticed the leak and walked to the sub-station to turn off the pump. Since the gas had no odour,
he did not know that the sub-station contained an explosive gas-air mixture. When he switched
off the pump, it is assumed that a spark from the contactor triggered the explosion which
severely injured him and killed a colleague who was with him. Debris from the explosion was
found up to 200ft away. The substation was destroyed and oil-cooled electrical transformers
released cooling oil which formed a pool fire.
This report is not relevant to MISHAP or PIPERS because it describes an explosion and fire as a
result of gas entering a building.
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Table 23
Cove Point Summary
Location
Cove Point, Maryland, USA
Date and Time
6th October 1979
Substance
LNG (Liquefied Natural Gas)
Type of Accident
Explosion and fire
Causes
LNG vaporising, passing through a pump seal and a conduit into
an electrical sub-station where it was ignited by a contactor.
Time from leak discovery to 15 minutes
explosion
Time from explosion to shut- Started immediately, completed in 5 minutes
down
Time from shut-down to 50 minutes
extinguishing of flames
Time from explosion to 55 minutes
switching off gas flow
Gas Pressure
60 psig
Weather
Surface visibility 5 kms
Air temperature
50oF
Wind direction
From the west-south-west
Wind Speed
5km/s
Humidity
86%
Table 24
Cove Point Chronology
Time

Action

03:20
03:35
04:30
04:30

Leak discovered
Explosion occurred
Fire extinguished
Gas flow shut off
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DERBY, CONNECTICUT, DECEMBER 6, 1985
Source of the Data
A report from the USA National Transportation Safety Board No NTSB/PAR-86/02 available
from the National Technical Information Service, Report No PB86-916503 (38 pages)
Description of incident
This report describes an explosion and fire which occurred in a restaurant when natural gas
escaped from a fractured cast iron main. The gas main fractured as a result of nearby excavation
work. Gas migrated through an aqueduct into the basement of the building, found a source of
ignition and exploded. There were 6 fatalities and 14 people were injured.
The damage occurred because each of the three parties involved; the resident engineer, the
contractor and the gas company, assumed it was the other party’s responsibility to protect the
gas main.
The report found that the contractor:failed to shore the excavation, and
failed to take responsibility for protecting the gas main.
The report found that the gas company:failed to assign an inspector to patrol the excavation,
failed to maintain field contact with the contractor,
failed to use leak detectors,
failed to take appropriate steps as soon as feasible to protect the gas main, and
failed to consider replacing the main, due to be replaced in 2 years time.
The report found that the resident engineer:failed to caution the contractor about shoring trenches, and
failed to alert the contractors or gas company to the proximity of the gas main.
This report is of no relevance to MISHAP or PIPERS, as it describes an explosion and fire in a
building following a release of natural gas from a distribution pipeline
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Table 25
Derby Summary
Location
Derby, Connecticut, USA
Date and Time
6th December 1985, 3:55pm
Substance
Natural gas
Diameter of Pipeline
3 inch
Nominal Wall thickness
0.3 inches
Pipeline Pressure
1psig
Pipeline
Cast iron corroded to 40-50%
Coating
Not coated
Length of Pipeline break
Pipe displaced 1 inch below and 1/8 inch left
Time from odours detected to Not contacted
gas company contacted
Time from odours detected to 65 minutes
explosion and fire
Time from explosion to arrival 3 minutes
of fire brigade
Time from explosion to arrival Not known
of gas company
Not known
Time from fire to shut down
Time from explosion to self 3½ hours
extinguishing of flame
Weather
Trace of snow
Air temperature
20-35oF
Wind direction
From the north east
Wind Speed
Light
Cause of failure
Fracture of cast iron main by tamping after nearby
excavation
Location of source
7:30 o’clock
Fire
Yes
Gas Explosion
Yes
Table 26
Derby Chronology
Time

Action

14:50
15:55
15:56
15:58
17:00
17:30
19:30

Gas odours detected by excavator operator, no report to gas company
Explosion occurred
Fire fighters contacted
Fire chief arrived and put disaster plan into effect
Gas detected in sewers
Dug down to 3 inch main at junction with 12 inch main, closed it off
Fire suppressed
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EL PASO, TEXAS, APRIL 22, 1973
Source of the Data
A report from the USA National Transportation Safety Board No NTSB-PAR-74-2 available
from the National Technical Information Service, Report No PB 229 868 (17 pages)
Description of incident
This report describes an explosion and fire that occurred when natural gas leaked from a gas
main reducer into an apartment block, found a source of ignition and exploded. There were
7 fatalities and 8 serious injuries.
Six weeks before the explosion, a routine leak survey had detected gas. Nine days before the
explosion, a gas company crew was sent to search for the leak. They were unable to find it and
re-filled the excavation. Six days before the explosion, they returned and were still unable to
find the leak. They discovered an old disused corroded steel main, however, and presumed that
the gas was escaping from it. The excavation was carefully re-filled, but the road surface was
not re-paved.
After the explosion, three leaks were discovered; a ¼ inch corroded hole, a corroded pinhole
and a break at the threads of a 6inch to 2inch reducer. It is most likely that the ¼ inch corroded
hole was detected by the leak survey but the gas which exploded had been released from the
cracked reducer. It is likely that the reducer cracked as a result of stress placed upon it by the
excavation work and settlement of the ground afterwards due to road traffic over the fill.
The report found that the gas company:failed to locate the corrosion leak,
failed to determine absolutely the absence of a leak in the main,
failed in its public education campaign, and
failed to protect the excavation by a slab or temporary metal plate
This report is not relevant to MISHAP or PIPERS because it describes an explosion and fire in a
building caused by release of natural gas from a distribution pipeline.
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Location
Date and Time
Substance
Diameter of Pipeline
Pipeline Pressure
Depth of Cover
Pipeline
Time from break to explosion
Time from fire to shut down
Weather
Air temperature
Wind direction
Wind Speed

Table 27
El Paso Summary
El Paso, Texas, USA
22nd April 1973, 6:15 am
Natural Gas
2 inches
20psig
24 inches
Failure was in a 6inch to 2 inch cast iron reducer
A few hours to a few days
15 minutes
Clear and dry
50oF
Northerly
9-12 knots
Table 28
El Paso Chronology

Date / Time

Action

9/3/73
13/4/73
16/4/73
21/4/73
22/4/73,~06:00
22/4/73, 06:15
22/4/73,06;22
22/4/73,06:30
22/4/73,06:45
22/4/73,10:20

Gas survey showed a gas leak
Search for leak - not found - excavation re-filled
Further search for leak - not found - excavation re-filled
Gas odour detected but not reported to gas company
Strong odour of gas in apartment, not reported
Explosion occurred
Gas company informed
Fire-fighters arrived and closed the gas valve
Gas crew arrived
Leak exposed, gas supply shut off
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FORT WORTH, TEXAS, OCTOBER 4, 1971
Source of the Data
A report from the USA National Transportation Safety Board No NTSB-PAR-72-5 available
from the National Technical Information Service, Report No PB-214 777 (18 pages)
Description of incident
This report describes an explosion and fire which occurred when a number of connections
between service lines and natural gas mains failed. The gas entered a house and caused an
explosion and fire. There was one serious injury.
The breaks in the line were caused by a combination of
poor joints - too high a temperature and/or long heating time,
short re-enforcing sleeves - external forces flexed the fusion welds,
heavy construction traffic after laying, and
heavy rain which caused the clay soil to expand.
This report is not relevant to our study because it describes a leak of natural gas from a
distribution line leading to an explosion and fire in a building.
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Table 29
Fort Worth ’71 Summary
Location
Fort Worth, Texas, USA
Date and Time
4th October 1971, 4:30 am
Substance
Natural gas
Diameter of Pipeline
¾ inch service line connected to 4 inch main
Pipeline Pressure
20psig
Depth of Cover
Originally 48 inches, reduced to 40 inches
Pipeline
Polyethylene
Time from explosion to arrival 8 minutes
of fire- fighters
Time from explosion to arrival 40 minutes
of gas employees
Time from gas employees 20 minutes
arrival to gas shut down
Time from gas employees 2 hours 35 minutes
arrival to leak discovered
Weather
Heavy rain all day
Cause of failure
Cracks in service connection to main
Location of source
9-3 o’clock
Gas fire
Yes
Gas Explosion
Yes
Table 30
Fort Worth ’71 Chronology
Time

Action

04:30
04:34
04:38
05:10
05:17
05:30
shortly after
07:45
Later

Explosion occurred
Gas company informed
Fire-fighters arrived
Gas company employees arrived
Fire extinguished except for gas flame
Gas company employees searched for leaks
Valves closed, gas flame extinguished
Cracked service connection discovered.
Four further cracked service connections found
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FORT WORTH, TEXAS, MARCH 12, 1986
Source of the Data
A report from the USA National Transportation Safety Board No NTSB/PAR-87/03 available
from the National Technical Information Service, Report No PB87-916503 (62 pages)
Description of incident
This report describes an explosion and fire in a building caused by an excavator snagging a gas
distribution pipeline, piercing it and pulling it out of a coupling. The gas from the hole vented
harmlessly, but gas from the pulled out pipe entered a building, found a source of ignition and
exploded.
The line had been marked up to the curb, the gas official probably though that the line had been
capped at that point, since it was not shown on his map. He could, however, have found from
meter records that it was still live across the street.
After the break, the gas company failed to call out the emergency services that would have
evacuated buildings. The gas crew concentrated on attempting to stop the gas rather than
evacuating buildings, checking for gas in buildings and ventilating them.
The report found that the gas company had:incorrect maps,
inadequate formal training of staff, particularly experienced staff,
inadequate written procedures for line marking,
inadequate emergency response procedures, and
failed to contact the emergency services
This report is not relevant to MISHAP or PIPERS because it describes an explosion and fire
caused by natural gas entering a building from a break in a distribution line.
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Table 31
Fort Worth ’86 Summary
Location
Fort Worth, Texas, USA
Date and Time
12th March 1986, 10:09
Substance
Natural gas
Diameter of Pipeline
2 ½ inch
Pipeline Pressure
22psig
Depth of Cover
18 inches
Pipeline
Steel
Coating
Not coated
Length of Pipeline
104ft
Length of Pipeline pull out
10ft
Time from break to detection
Immediate
Time from detection of break 5 minutes
to gas company informed
Time from gas company 20-25 minutes
informed to arrival
Time from gas company ½ hour
arrived to explosion
Time from explosion and fire 15 minutes
to shut down
Time from explosion to fire 2-9 minutes
fighters arrival
Time from fire fighters arrival Not known
to fire extinguished
Weather
No rain
Air temperature
62-67oF
Wind direction
From the west
Wind Speed
10-12 knots
Cause of failure
Unmarked service pipe snagged by excavator pulled from
coupling
Fire
Yes
Gas Explosion
Yes
Table 32
Fort Worth ’86 Chronology
Time

Action

09:15
09:20
09:40
09:45
10:09
10:11
10:18
10:24

Gas service pipe snagged by excavator
Gas company informed
Gas crew arrived
Gas supervisor arrived
Explosion
Deputy fire chief arrived
Fire-fighters arrived
Valve closed
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FREMONT, NEBRASKA, JANUARY 10, 1976
Source of the Data
A report from the USA National Transportation Safety Board No NTSB-PAR-76-6 available
from the National Technical Information Service, Report No PB-275 363 (26 pages)
Description of incident
This report describes an explosion and fire in a hotel caused by the leak of natural gas from a
2 inch plastic pipe, pulled out of its compression fitting by thermal contraction. There were 20
fatalities and 39 people injured.
When the pipe was installed inside an existing steel pipe, the weather was hot (100oF); the
probable ground temperature was 66oF. At the time of the accident the gas temperature was
24oF and the ground temperature was 36oF. The previous day another pipe had pulled out of its
coupling 3 blocks east of the hotel.
The line was not installed according to manufacturer’s instructions and the quality of the
workmanship was poor:the pipe had not been anchored in the steel casing,
the ends of the pipe were not straight,
the pipe was mis-aligned in the coupling, and
the stiffener in the pipe under the coupling was an incorrect type.
The gas company’s emergency provisions were inadequate in the areas of:employee training,
availability of emergency equipment,
emergency communications,
public education,
liaison with fire and police officials,
spacing of distribution valves, and
lack of maps of valves to facilitate emergency shutdown.
This report is of no relevance to MISHAP or PIPERS because it describes and explosion and
fire in a building caused by leakage of gas from a distribution system.
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Table 33
Fremont Summary
Location
Fremont, Nebraska, USA
Date and Time
10th January 1976, 9:32 am
Substance
Natural gas
Diameter of Pipeline
2 inch
Nominal Wall thickness
0.216 inch
Pipeline Pressure
13psig
Depth of Cover
52 inches
Pipeline
DuPont PE2306, ASTM 2513
Coating
None
Length of Pipeline
348ft
Length of Pipe pulled out
2 3/8 inch leaving 5/16 inch opening
Time from detection of odour to 3¼ hours
report to gas company
Time from report to arrival of Gas 8 minutes
company
Time from arrival of Gas company 82 minutes
to explosion
Time from explosion to shut down 2 hours
at gas station
Time from explosion to shut down 5 hours
at site
Plastic pipe pulled out of coupling by thermal contraction
Cause of failure
Yes
Fire
Yes
Gas Explosion
Table 34
Fremont Chronology
Time
04:50
08:02
08:10
09:10
09:32
11:30
14:30
20:00

Action
Odour of gas detected
Odour reported to gas company
Gas serviceman arrived, but returned to gas company for equipment
Four gas company officials on-site checked for leaks with CGI
Meter indicated gas, order to evacuate was given, but explosion occurred
Gas company shut off gas supply at regulator stations
Four gas mains cut and capped
Gas check still showed 60-70% gas concentration
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INDEPENDENCE, KENTUCKY, OCTOBER 9TH, 1980
Source of the Data
A report from the USA National Transportation Safety Board No NTSB-PAR-81-1 available
from the National Technical Information Service, Report No PB81-207102 (36 pages)
Description of incident
This report describes two explosions and fires in a High School that occurred when a gas
coupling pulled out of a gas service line in the school boiler-room. The service pipe was
connected to a gas main, but gas company records failed to show the connection. The gas main
was being up-rated by controlled pressure increases. The second explosion would not have
occurred if an excess flow valve been fitted or if a shut off valve (that could not be located
because its lid was buried) had been closed,
The report is not relevant to the study because is describes an explosion and fire in a building.
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Table 35
Independence Summary
Location
Independence, Kentucky, USA
Date and Time
9th October 1980, 11:55
Substance
Natural Gas
Type of Accident
Explosion and Fire
Causes
Controlled increase in pressure on a gas main to which low
pressure couplings were fitted. Couplings failed
Time from release to first About 5 seconds
explosion
Time from first explosion to 30 minutes
second
Time from second explosion 1 hour 15 minutes
to shut down
Pipeline Pressure
165 psig
Pipeline
API 5L Grade B steel
Diameter of Pipeline
4½ inch
Nominal Wall thickness
0.188 inch
Weather
Clear skies
Air temperature
70’s F
Wind direction
From the north-east
Wind Speed
Moderate
Table 36
Independence Chronology
Time
11:55
12:00
12:15
12:25
13:40

Action
Gas leak and explosion
Gas employees on scene
Pressure reduced by throttle valve
Second much larger explosion
Flow stopped
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INDIANAPOLIS, INDIANA, DECEMBER 9, 1990
Source of the Data
A report from the USA National Transportation Safety Board No NTSB/PAR-92/01 available
from the National Technical Information Service, Report No PB92-916501 (52 pages)
Description of incident
This report describes an explosion and fire that occurred on a USA army base. Natural gas from
an uncapped disused service line entered buildings, found a source of ignition and exploded. An
inadequately trained engineer opened a valve by mistake while a leak was being investigated.
Two people were killed and a further 5 seriously injured.
The emergency response personnel were unable to identify the valves required to isolate the
leak because the gas system had been modified several time since its installation and what data
was available was inaccurate and incomplete. The leak from the system, that occurred at the
start of the incident, was caused by inadequate fusion joints on the plastic pipes. The army had
not adequately overseen the installation and modification of the system. There was no written
emergency plan and insufficient training, resources and oversight to operate the system safely.
The then current armed forces gas system practices were not as complete or as stringent as
Federal standards.
The probable cause of the explosion was a failure of the Army to construct, maintain and
operate the Fort’s gas distribution system in accordance with its own and the industry’s
standards. After the accident, the local gas company installed a completely new pipeline system
and took over responsibility for its operation.
This report is not relevant to MISHAP or PIPERS because it describes a release of natural gas
from a distribution system, leading to an explosion and fire in buildings.
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Table 37
Indianapolis Summary
Location
Indianapolis, Indiana, USA
Date and Time
9th December 1990, 9:17pm
Substance
Natural gas
Diameter of Pipeline
2 inch
Pipeline Pressure
26psig
Pipeline
Steel
Coating
Coated and wrapped
Length of Pipeline rupture
Open end of pipe
Time from gas odour reported to 5 minutes
fire fighters arrival
Time from fire fighters arrival to ~ 1 hour
shut down
Time from restoration of gas to ½ hour
explosion
Time from explosion to shut down
7 minutes
Time from shut down to gas fed Immediate
fires extinguished
Time from shut-down to fires under 23 minutes
control
Time from shut-down to all fires Nearly 2 hours
extinguished
Air temperature
42oF at 18:00
Wind direction
From the south west
Wind Speed
8mph
Cause of failure
Opening a valve by mistake on an uncapped unused line
Fire
Yes
Gas Explosion
Yes
Table 38
Indianapolis Chronology
Date/Time

Action

17:42
17:47
~18:40
until 21:17
19:30
20:45
21:17
21:24
21:47
23:17

Odour of gas reported to Army fire department
Fire fighters arrived and confirmed presence of gas in buildings
Gas turned off, pilot lights extinguished
Various valves opened / closed to try and isolate leak
Gas turned back on for about 1 minute, increasing gas odours
Gas turned on again
Explosion and fire occurred
Gas supply shut down
Fires under control
Fires extinguished
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KANSAS POWER AND LIGHT CO., SEPTEMBER 1988- MARCH 1989
Source of the Data
A report from the USA National Transportation Safety Board No NTSB/PAR-90/01 available
from the National Technical Information Service, Report No PB90-916501 (128 pages)
This report was superseded by report NTSB/PAR-90/01; PB90 916503, mainly because of
publishing errors. Since the accidents are not directly relevant to MISHAP and PIPERS, the
newer report has not been read through.
Description of incidents
This report concerns a series of five pipeline accidents that occurred over a 7 month period on
the gas distribution lines of the Kansas Power and Light Company. Generally the failures were
associated with corrosion of pipes in the distribution network. The failures resulted in a fire and
four explosions and fires. The explosions were the result of natural gas entering buildings and
reaching a source of ignition.
A large proportion of the report (38 pages) is associated with Kansas Light and Power
Company’s post accident plans for surveying and replacing pipes. The report also contains
many references to the use of excess flow valves that would have prevented or mitigated the
effects of pipe failure.
PIPERS and MISHAP do not model explosions resulting from gas entering buildings and do
not, in general apply to small scale accidents. The report is not, therefore, of direct relevance to
this study.
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Location
Dates
Substance
Type of Accident
Causes

Table 39
Kansas City Summary
Kansas City-Topeka area
16th September 1988 to 29th March 1989
Natural Gas
Explosions and Fires
Corrosion in distribution pipes
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LAKE CITY, MINNESOTA, OCTOBER 30, 1973
Source of the Data
A report from the USA National Transportation Safety Board No NTSB-PAR-73-1 available
from the National Technical Information Service, Report No PB221 393 (18 pages)
Description of incident
This report describes an explosion and fire in a department store caused by leakage of natural
gas from a failed coupling. There were 6 fatalities and 10 persons injured.
The failure was caused by a pipeline being snagged by an excavator and pulled 15ft out of a
coupling and snapped in two. The gas company employee plugged the end of the pipe, not
realising that the 15ft of pulled pipe must mean that a coupling had failed. The gas from the
failed coupling started migrating through the soil into the basement of the store where it was
ignited by a store employee switching off the basement lights. The gas company employee had
no key for the shut off valve, neither did the service crew that arrived later. The valve was
closed by a wrench.
The report found that the gas company:failed to mark the service line,
had only one valve designated as ‘emergency’ for the whole town,
failed to evacuate buildings, and
failed to immediately close the valve because of a lack of a valve key.
The report also found that the gas crew failed to bring a valve key to the emergency. Mention is
also made of excess flow valves as a way of avoiding this type of accident.
This report is not relevant to MISHAP or PIPERS because it describes a failure in a gas
distribution system leading to an explosion and fire.
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Location
Date and Time
Substance
Diameter of Pipeline
Pipeline Pressure
Depth of Cover
Pipeline
Coating
Length of Pipeline
Length of Pipeline puled out
from coupling
Time from damage to gas
company informed
Time from gas company
informed to arrival on scene
Time from gas company arrival
on scene to explosion
Time from explosion to fire
Time from fire to shut down
Time from shut-down to fires
under control
Cause of failure
Fire
Gas Explosion

Table 40
Lake City Summary
Lake City, Minnesota, USA
30th October 1973, 4:15pm
Natural Gas
¾ inch
36 psig
3 ft
2 inch steel
Coated and wrapped
154 ft plus 120 ft - 274ft total
11½ ft
15 minutes
10 minutes
10 minutes
55 minutes
15 minutes
1 hour 45 minutes
Gas line snagged by an excavator
Yes
Yes
Table 41
Lake City Chronology

Time

Action

16:15
16:30
16:40

Excavator snapped service pipeline and pulled it 15ft out of coupling
Gas company informed
Gas company employee arrived at the scene, attempted to reduce the flow by a
wooden plug, attempted to turn off a valve, but had no key
Explosion occurred
Fire-fighters arrived
Gas fed fire started
Gas shut off using a wrench - still no key
Fire under control
Crane arrived to raise the collapsed roof

16:50
16:53
17:45
18:00
19:45
20:00
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LAWRENCE, KANSAS, DECEMBER 15, 1977
Source of the Data
A report from the USA National Transportation Safety Board No NTSB-PAR-78-4 available
from the National Technical Information Service, Report No PB 286 345 (56 pages)
Description of incident
This report describes an explosion and fire that occurred when natural gas from a plastic main
entered buildings, found a source of ignition and exploded. There were two fatalities and 3
serious injuries.
The main thrust of the report concerns the practice of inserting plastic pipes into old gas mains
and the use of couplings on lengths of pipeline over 100ft without anchors. A series of tests on
the way in which thermal contraction forces allow the pipes to move in the couplings over
several years are described (11 pages).
The report found that the gas company:failed to anchor the pipe,
failed to use compatible couplings and pipe stiffeners,
failed to make joints in accordance with written procedures,
failed to cut the pipe with proper cutters,
failed to have the work supervised by an inspector,
failed to designate emergency shut-off valves,
failed to show emergency valves on maps provided to call out staff,
failed to have an emergency plan or to train personnel for emergencies, and
failed to have an installation inspector.
The report also requests the re-consideration by the US Department of Transportation of
unconstrained plastic couplings. It also suggests strongly worded warning literature be included
with all boxes of couplings supplied.
This report is not relevant to MISHAP or PIPERS since it describes an explosion and fire in a
building caused by leakage of natural gas from a distribution main.
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Table 42
Lawrence - Summary
Location
Lawrence, Kansas, USA
Date and Time
15th December 1977, 12:50am
Substance
Natural gas
Diameter of Pipeline
2.375 inch
Nominal Wall thickness
0.216 inch actual 0.23 inch average
Pipeline Pressure
30 psig
Depth of Cover
36 inches
Pipeline
Du Pont ALDYL “A” polyethylene ASM PE2413
Coating
Not coated
Length of Pipeline
394ft
Size of hole
Pulled out of coupling
Time from detection of odours to ~¼ hour
explosions
Time from detection to gas Not contacted until after explosion
company contacted
Time from explosion to arrival of 3 minutes
fire-fighters
Time from explosion to gas 7 minutes
company contacted
Time from gas company contacted 10 -15 minutes
to arrival
Time from gas company arrival to 25 minutes
shut-down
Time from shut-down to fires ~20 minutes
extinguished
Gas consumed by the fire
20,000 cu ft
Weather
Clear
Air temperature
48oF, although it had been cooler earlier
Wind direction
From the north west
Wind Speed
1mph
Cause of failure
Plastic pipe pulled out of coupling by thermal contraction
Fire
Yes
Gas Explosion
Yes
Table 43
Lawrence Chronology
Time

Action

00:50
~01:05
01:20
01:23
01:30
01:40
02:05
02:25

Pipe pulled out of its compression coupling
Odour of gas detected, not reported
Explosions occurred
Police and fire-fighters arrived
Gas employees contacted
First gas employee arrived
Valves closed, gas fed fires receded, buildings checked for odours
Pressure dropped to zero, fires extinguished soon after
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LONDON, KENTUCKY, JANUARY 16, 1979
Source of the Data
A report from the USA National Transportation Safety Board No NTSB-PAR-79-2 (23 pages).
Description of incident
This report describes an explosion and fire that occurred when gas entered a building from a
corroded gas main via a sewer, found a source of ignition and exploded. The main was being
up-rated to a higher pressure. Because of the time of day, there were no fatalities or serious
injuries.
The report found that the gas company:had no written instructions for up-rating,
failed to increase the pressure in stages,
failed to review the facilities to be up-rated,
failed to check that the pipeline held its pressure,
left the pipeline at full pressure over a weekend,
failed to check for leaks, by testing in sewer manholes, and
failed to follow their own corrosion control standards.
This report is of no relevance to the study, since it describes an explosion and fire in a building
caused by the failure of a distribution system.
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Table 44
London Summary
Location
London, Kentucky, USA
Date and Time
16th January 1979, 19:30pm
Substance
Natural gas
Type of Accident
Explosion and fire
Causes
Gas escaping from a corroded hole in a gas main that was
being up-rated form ¼ psig to 17psig.
Time from leak to explosions
Up to 36 hours
Time from explosion to shut 10 minutes
down
Time from shut down to Just over 2 hours
building fires extinguished
Pipeline Pressure
17psig
Pipeline
Steel, second hand, no coating, no cathodic protection
Diameter of Pipeline
7 inch
Depth of cover
57 inches
Nominal Wall thickness
0.25 inch
Weather
Cloudy
Air temperature
47oF
Wind direction
From the south
Wind Speed
5mph
Table 45
London Chronology
Date/Time

Action

15/01/79
16/01/79
16/01/79, 21:30
16/01/79, 21:40
16/01/79, 23:45

Leak probably started
Leaks repaired, some gas lines disconnected
Two explosions and a fire which spread to eight premises
Gas supply turned off
Fires extinguished
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NEW YORK CITY, NEW YORK, APRIL 22, 1976
Source of the Data
A report from the USA National Transportation Safety Board No NTSB-PAR-76-2 available
from the National Technical Information Service, Report No PB 252 022 (24 pages)
Description of incident
This report describes an explosion and fire in a commercial building. It was caused by an over
pressure water tank bursting and breaking a badly fitted coupling on an internal natural gas
pipeline. The gas spread throughout the building, sucked up the lift shaft by the movement of
the lift. The gas found a source of ignition and exploded. There were no fatalities, but 70 people
were injured, mainly by flying gas.
The report found that
there was a lack of regulation concerning proximity of pressure vessels to gas systems,
there were no regulations for gas alarms (fire and smoke alarms are required), and
the regulation that requires pipeline operators to be responsible for piping inside
buildings is unrealistic.
This report is not relevant to MISHAP or PIPERS because it describes an explosion in a
building caused by the release of natural gas from a service pipe.
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Table 46
New York Summary
Location
New York City, New York, USA
Date and Time
22nd April 1976, 6:57pm
Substance
Natural gas
Diameter of Pipeline
6 inches
Pipeline Pressure
7 inches of water
Depth of Cover
Inside building
Pipeline
Failed joint only 3 threads instead of 9½ threads were
engaged.
Coating
None
Time from break to detection ~¼ hour
of gas
Time from detection of gas to ~¼ hour
explosion
Time from explosion to arrival 7 minutes
of fire fighters
Time from explosion to arrival 13 minutes
of gas company
Time from arrival of gas 15 minutes
company to shut down
Time from shut-down to self Immediate
extinguishing of flame
Cause of failure
Badly fitted coupling struck by a burst over-pressured water
tank
Location of source
Pipe completely broken
Fireball
No
Jet-fire
No
Fire
Not significant
Gas Explosion
Yes
Table 47
New York Chronology
Time

Action

~18:30
18:57
19:04
19:10
19:25

Gas pipe broken
Explosion occurred
Police and fire fighters arrived
Gas company arrived
Curb valve closed and gas fed fire extinguished
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NORTH RICHLAND HILLS, TEXAS, OCTOBER 4, 1971
Source of the Data
A report from the USA National Transportation Safety Board No NTSB-PAR-72-3 available
from the National Technical Information Service, Report No PB-213-615 (19 pages)
Description of incident
This report describes two explosions and fires which occurred when a distribution pipe cracked
at a coupling. The pipeline was galvanised and the electrochemical effects of the dissimilar
metals produced hydrogen embrittlement. The swelling and cracking of the clay soil under the
effects of rain caused the pipe to fail.
The report found that the gas company:failed to close valves to isolate the mains,
failed to evacuate adjacent houses, and
had inadequate liaison with the fire department.
This report is of no relevance to MISHAP and PIPERS because is describes an explosion and
fire in a building due to the failure of a gas distribution system.
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Table 48
North Richland Hills Summary
Location
North Richand Hills, Texas, USA
Date and Time
4th October 1971, 4:45 am
Substance
Natural Gas
Diameter of Pipeline
1¼ inch
1
Nominal Wall thickness
/8 inch
Pipeline Pressure
20-25psig
Depth of Cover
48 inches
Pipeline
Steel
Coating
Not coated, galvanised
Time from leak to first Unknown
explosion
Time from first explosion to 19 minutes
arrival of fire-fighters
Time from first explosion to 70 minutes
arrival of gas company
Time from arrival of gas 104 minutes
company
to
second
explosion
Time from arrival of gas 2 hours 35 minutes
company to leak repair
Cause of failure
Hydrogen embrittlment of a pipeline subjected to stress caused
by swelling of clay soil in rain.
Location of source
In a thread at the top of the pipe
Fireball
No
Jet-fire
No
Flash-fire
No
Gas Explosion
Yes
Table 49
North Richland Hills Chronology
Time

Action

04:45
05:04
05:35
05:55
06:21
07:39

Explosion and fire started; one person evacuated, 3 fatalities
Fire-fighters arrived.
Gas company informed
Gas employees arrived at scene and began leak search
Fire extinguished
Explosion in garage of neighbouring house, 1 fatality, evacuation of four block
radius of the scene
Further gas employees arrived
Leak discovered and repaired.

08:15-08:30
08:30
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PHILADELPHIA, PENNSYLVANIA, MAY 11, 1979
Source of the Data
A report from the USA National Transportation Safety Board No NTSB-PAR-79-3. (24 pages)
Description of incident
This report describes an explosion and fire which occurred due to a break in a cast iron gas
main. The soil around the gas main was eroded over a long period of time, initially by leaking
lateral pipes on a sewer that caused a water main to crack. The water excavated a large hole 44ft
long, 20 ft wide and 10 ft deep, but the road was supported by a concrete slab and trolley lines
abandoned in place. The gas main, unsupported over the 44 ft length finally collapsed, releasing
gas into the cavern. The gas migrated into an adjacent tavern, ignited and exploded. The gas in
the cavern also exploded. There were 6 fatalities and 19 injuries
In one of the appendices a Gas Steady State Model, used to estimate the gas loss, is described.
The report is not relevant to the study because is describes an explosion and fire in a building.
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Table 50
Philadelphia Summary
Location
Philadelphia, Pennsylvania
Date and Time
11th May 1979, 15:05
Substance
Natural Gas
Type of Accident
Explosion and fire
Causes
The collapse of an unsupported cast iron gas main
Time from release to detection
15 minutes
Time from detection to explosions
20 minutes
Time from explosion to shut down
105 minutes
Pipeline Pressure
6 inches of water
Pipeline
Cast iron gas main
Diameter of Pipeline
8 inches
Gas lost
152.76 mcf
Weather
Raining
Air temperature
Mid 80’s F
Wind direction
From the east
Wind Speed
Light
Table 51
Philadelphia Chronology
Time

Action

14:30
14:45
15:00
15:05

Gas main collapsed, mains pressure fell, alarm raised.
Bus driver detected gas odours and telephoned gas company
Gas serviceman arrived, discovered explosive concentrations in a manhole
Tavern exploded, second explosion in cavern, other buildings evacuated, windows broken
to ventilate buildings
Fire-fighters called
Fire-fighters fight fires
Gas engineers sealed main with grease at one end
Gas flow stopped

15:07
15:12
15:40
16:50
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PHOENIX, ARIZONA, SEPTEMBER 25, 1984
Source of the Data
A report from the USA National Transportation Safety Board No NTSB/PAR-85/01 available
from the National Technical Information Service, Report No PB85-916501 (28 Pages; very poor
copy)
Description of incident
This report describes an explosion and fire which occurred when gas from a three inch split in a
plastic pipe allowed gas to enter two apartments where it found a source of ignition and
exploded. There were five people killed and seven seriously injured.
The report highlights a potential problem with pipelines constructed using Acrylonitrile
butadienne styrene (ABS). These are susceptible to attack by liquids found in natural gas. The
scale of the problem could not be determined because of a lack of statistics.
The report also identified a lack of co-operation between the gas employees and the fire-fighters
and police. A memorandum of agreement proved worthless because the fire department had not
promulgated the implementation procedures prior to the incident.
This report is not relevant to MISHAP or PIPERS because it describes an explosion and fire in a
building caused by the release of natural gas from a distribution pipeline.
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Table 52
Phoenix Summary
Location
Phoenix, Arizona, USA
Date and Time
25th September 1984, 3:30am
Substance
Natural gas
Diameter of Pipeline
1¼ inch
Pipeline Pressure
30psig
Depth of Cover
31 inches
Pipeline
Acrylonitrile butadienne styrene (ABS) Kerona type I grade II
Coating
Not coated
Length of Pipeline break
3 inch long split
Time from detection of gas Not reported
odours to reporting
Time from detection of gas 3½ hours
odours to explosion / fire
Time from explosion to arrival 5 minutes
of fire fighters
Time from explosion to arrival 25 minutes
of gas company
Time from arrival of gas 2 hours
company to shut down
Time from shut-down to self Almost immediately
extinguishing of flame
Time from shut-down to fires ¾ hour
extinguished
Weather
Light rain showers
Air temperature
87oF at 00:00 to 79oF at 05:00
Wind direction
Shifting from 240 to 120 degrees
Wind Speed
Variable 0-4 knots
Cause of failure
Cracking from a chemical reaction of the pipe with liquids
inside
Location of source
Bottom of pipe
Fire
Yes
Gas Explosion
Yes
Table 53
Phoenix Chronology
Time

Action

~00:00
03:30
03:35
03:42
03:55
06:00
06:43

Gas odours detected but not reported
Explosion occurred
Fire fighters arrived
Gas company notified
Gas employee arrived
Gas closed off by stopple, gas fed fires ceased
Fires extinguished
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PORTALES, NEW MEXICO, JUNE 28, 1982
Source of the Data
A report from the USA National Transportation Safety Board No NTSB-PAR-83-1 available
from the National Technical Information Service, Report No PB83-916501 (34 pages)
Description of incident
This report describes an accident in Portales, New Mexico, in June 1982, when natural gas
exploded in a house. 5 people died immediately, a further person died later. The accident
occurred some 37 days after a contractor’s excavator pulled up the gas pipeline; lack of
adequate maps of the gas distribution network was the cause of the initial break. The break was
repaired, but it was not realised that the pipeline had been pulled out of a compression joint at
the gas main. When the consumer was reconnected, sufficient gas flowed through the hole left
in the ground for appliances to continue to operate satisfactorily, but gas also percolated into the
ground. This was not detected because the odour was lost by the rain dampened soil. The gas
finally reached the house, its concentration reached the lower flammable limit and, when the gas
reached a piloting source, exploded.
The report is of no assistance to our study because it concerns an explosion in a building and a
release from a low pressure natural gas pipeline.
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Table 54
Portales Summary
Portales, New Mexico, USA
28th June 1982; 3:20am
Natural Gas
Explosion and Fire
37 days before a distribution pipeline was pulled out of
couplings in two places. One was discovered the other was not.
to 37 days

Location
Date and Time
Substance
Type of Accident
Causes

Time from release
explosion
Time from explosion to fires 1 hour 8 minutes
extinguished
Time from extinguish to 1 hour 51 minutes
flow stopped
Pipeline Pressure
25-60 psig

Table 55
Portales Chronology
Time

Action

23/5/82
28/6/82 03:30
03:41
04:00
04:38
06:29

Pipeline snagged
Explosion occurred 37 days later
Fire-fighters arrived
Gas company arrived
Gas supply turned off at meter - fire extinguished
Gas supply turned off at leak
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SAN JUAN, PUERTO RICO, NOVEMBER 21, 1996
Source of the Data
A report from the USA National Transportation Safety Board No NTSB/PAR-97/01 available
from the National Technical Information Service, Report No PB97-916501 (82 pages)
Description of incident
This report describes a propane gas explosion in a commercial building. Gas odours had been
reported in the basement of the building several times for at least a week before the incident.
Gas had migrated from a crack in a gas main, stressed during water main excavations. Three gas
crews had attempted to detect the gas. Gas had not been detected in the building because, once
the air conditioning was started, the odour was dissipated. Holes were made outside to test for
gas, but they were not deep enough and no gas was detected.
On the morning of the explosion air conditioning contractors were doing monthly maintenance
on the system, which had a electric motor powered fan in a heat exchanger in the basement.
When this motor was switched on, the propane ignited and exploded. There were 33 fatalities
and 25 serious injuries. Had the explosion occurred later in the day the casualties could have
been an order of magnitude greater.
The report found that the gas company had:poor management and training,
poor public education,
poor record keeping,
inadequate leak surveys,
inadequate excavation damage prevention, and
failed to safely abandon inactive gas services.
The regulatory bodies had:failed to oversee effectively the pipeline safety programme in Puerto Rico, and
failed to require the gas company to correct identified safety deficiencies.
This report is not relevant to MISHAP or PIPERS because it describes an explosion and fire in a
building as a result of a leak of propane from a distribution system.
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Table 56
San Juan Summary
Location
San Juan, Puerto Rico, USA
Date and Time
21st November 1996; 8:30 am
Substance
Propane / Air mixture
Type of Accident
Explosion - no fire
Causes
A plastic main was cracked where it had been disturbed by the
laying of a water main above it. Gas migrated into the basement
of the building and was ignited when a fan motor was started.
Time from laying water 5 years
main to detection of gas
odour
Time from report of gas At least a week, probably 1½ weeks
odour to explosion
Time from explosion to 30 days
completion of search &
rescue
Pipeline Pressure
7 inches of water
Pipeline
Polyethylene plastic
Diameter of Pipeline
1¼ inch
Air temperature
72-85oF
Table 57
San Juan Chronology
Date / Time

Action

1991
before 14/11/96
14/11/96, 08:22
14/11/96, 09:30
15/11/96, 08:15

16 inch water main installed over gas pipeline
Gas odours detected
Gas odours reported to the gas company
Technician checked basement for gas but misused the detector.
Gas crew arrived, no smell of gas in the basement, no gas detected outside
underground old line disconnected from main
Odours in basement strong enough to make person dizzy.
Gas crew arrived, no smell of gas in the basement, no gas detected outside
underground in new holes. Instrument used tested; no faults
Air conditioning contractors arrived
Gas crew arrived, no gas detected outside in existing holes. Gas detected in
three new holes
Explosion occurred.
Search and Rescue ceased

18/11/96
20/11/96
21/11/96, 06:45
21/11/96, 07:30
21/11/96, 08:30
21/12/96
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SHARPSVILLE, PENNSYLVANIA, FEBRUARY 22. 1985
Source of the Data
A report from the USA National Transportation Safety Board No NTSB/PAR-85/02 available
from the National Technical Information Service, Report No PB85-91650 (28 pages)
Description of incident
This report describes an explosion and fire that occurred when a plastic main pulled out of a
coupling due to thermal contraction of the plastic main. The natural gas migrated through the
soil and a sewer system, entered a tavern, where it ignited and exploded. There were two
fatalities. Later, there was also a second explosion across the street. The gas main was 1500 ft
long and had been installed during warm weather. The wrong type of coupling had been used
and, over successive winters, tension in the pipeline due to thermal contraction pulled the
pipeline out of the coupling.
The gas company was found to have failed to recognise the seriousness of the leak, reported by
a police patrolman, and failed to evacuate buildings.
The report is not relevant to the study because it describes explosions and fire in buildings.
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Table 58
Sharpesville Summary
Location
Sharpsville, Pennsylvania, USA
Date and Time
22nd February 1985, 3:15
Substance
Natural Gas
Type of Accident
Explosion and Fire
Causes
Pullout of a gas main from a coupling due to thermal contraction
and the wrong coupling, exacerbated by the gas company failing
to recognise the seriousness of the leak.
Diameter of Pipeline
6 inch gas main
Pipeline Pressure
50psig
Pipeline
Dupont Aldyl “A” polyethylene 2306 SDR11.5 plastic pipe
Length of Pipeline
1500 ft
Time from release to 15 minutes
detection and gas company
informed
Time from detection to first 35 minutes
explosion
Time from first explosion to 4 minutes
second
Time
from
company 45 minutes
informed to arrival of
serviceman
Time from explosion to shut 1 hour
down
Weather
Hard rain
Air temperature
46oF
Wind direction
230o
Wind Speed
12 knots
Table 59
Sharpesville Chronology
Time

Action

02:25
02:40
02:43
02:55
03:15
03:19
03:19
03:25
04:00
04:15
05:30

Gas main pulled out of coupling
Gas leak reported by police patrolman
Gas company informed
Leak located by patrolman
Sharpsville Inn exploded and caught fire
Fire-fighters arrived
Explosion in Steel fabrication plant across the street
Gas serviceman arrived on site, radioed for emergency assistance
First valve closed - no effect
Second valve closed - gas flow ceased
Fires under control
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SOUTH CHARLESTON, WEST VIRGINIA, OCTOBER 17TH, 1983
Source of the Data
A report from the USA National Transportation Safety Board No NTSB/PAR-84/04 available
from the National Technical Information Service, Report No PB84-916504 (50 pages)
Description of incident
This incident occurred when a 3 inch distribution pipeline 50ft long that had been capped at its
end, but left connected to a main, was struck by an excavator at 11:15am. The long length of
pipeline was left under pressure because the valve at the connection to the main was
inaccessible (it was buried 7ft deep), and because the main was to be re-routed within a short
period of time. The pipeline was punctured by the excavator and also broken out of the valve
connecting it to the main. Gas company officials arrived on the scene within minutes and
attempted to find valves to shut of the gas, but documentation was insufficient. They failed to
evacuate a Food Hall. Gas migrated underneath a tarmac parking area and entered the Food
Hall. At 1:52pm (2 ½ hours after the break) the Food Hall exploded. There were no fatalities.
The report is of no relevance to our study because it describes a gas explosion in a building.
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Location
Date and Time
Substance
Type of Accident
Causes

Table 60
South Charleston Summary
South Charleston, West Virginia, USA
17th October 1983, 11:15
Natural Gas
Explosion and Fire
Excavator snagging a distribution pipeline. One puncture and
one pullout was detected, but a second pullout was not noticed.
to 2 hours 37 minutes

Time from release
explosion
Time from explosion to shut 1 hour 28 minutes
down
Time from shut down to fires 40 minutes
extinguished

Table 61
South Charleston Chronology
Time

Action

11:15
11:20
12:10
13:52
15:20
16:00

Excavator snagged pipeline
Gas serviceman arrived
Supervisor arrived
Explosion occurred
Gas flow ceased
Fires extinguished
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STANDARDSVILLE, VIRGINIA, OCTOBER 24, 1979
Source of the Data
A report from the USA National Transportation Safety Board No NTSV-PAR-80-3 (41 pages)
Description of incident
This report describes an explosion and fire that occurred when an excavator snagged a gas
distribution pipeline, breaking it on a connection inside the basement of a building. The gas
ignited and exploded, injuring 13; property damage was extensive. The report found that the
architect failed to mark the service line on the plans and failed to notify the gas company. It also
found that the gas company and the contractor, both aware of the activities and the active gas
lines, failed to communicate. The lack of a “one-call” system also contributed to the accident; a
list of “one call” organisations is included in an appendix.
The report contains a discussion on the use of “excess flow valves” and their economic
justification. A list of accidents which could have been avoided had such valves been used is
included in an appendix.
The report is not relevant to the study because is describes an explosion and fire in a building.
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Table 62
Standardsville Summary
Location
Standardsville, Virginia, USA
Date and Time
24th October 1979, 10:12 am
Substance
Natural Gas
Type of Accident
Explosion and Fire
Causes
Gas pipeline snagged by an excavator, broke inside a
building
Time from release to explosion
12 minutes
Time from explosion to arrival of 3 minutes
fire-fighters
Time from explosion to arrival of 18 minutes
gas company
Time from arrival of gas 90 minutes
company to cut-off
Pipeline Pressure
15psig
Pipeline
Coated steel
Pipeline Length
20 ft from curb valve, 48½ ft from main
Depth of cover
24 inches
Diameter of Pipeline
1¼ inch
Weather
Partly Cloudy skies
Air temperature
40’s F
Wind Speed
Moderate
Table 63
Standardsville Chronology
Time

Action

10:00
10:10
10:12
10:15
10:25
10:45
10:50
12:20
14:00

Break occurred
Gas company informed
Explosion occurred
Fire-fighters arrived.
Start to shut down supply to Standardsville
Gas main vented to reduce pressure
Gas company arrived
Gas main shut off
Fires extinguished
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WASHINGTON, D. C., OCTOBER 30, 1979
Source of the Data
A report from the USA National Transportation Safety Board No NTSB-PAR-80-4. (29 pages)
Description of incident
This report describes an explosion and fire that occurred when natural gas entered a house from
a pipe that had pulled out from a coupling, by a combination of snagging by an excavator and
vibration from a tamping machine. The explosion injured three people in a car. Fire-fighters
evacuated buildings and turned off gas to nearby buildings.
The report found that the excavators failed to request the gas company to mark its lines. The
lack of a “one-call” system in Washington DC was also identified as a contributing factor.
The report is not relevant to the study because is describes an explosion and fire in a building.
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Table 64
Washington Summary
Location
Washington DC
Date and Time
30th October 1979, 11:36 am
Substance
Natural Gas
Type of Accident
Explosion and Fire
Causes
Plastic pipe in a corroded steel pipe snagged by an excavator
and pulled out of a coupling.
Time from release to explosion About 2 hours
Time from explosion to arrival 1 minute
of fire-fighters
Time from explosion to arrival 20 minutes
of gas company
5 inches of water
Pipeline Pressure
Plastic pipeline coupled to a steel pipeline
Pipeline
81ft plus 15ft of steel pipeline.
Pipeline Length
24 inches
Depth of cover
Diameter of Pipeline
1 inch plastic and 1½ inch steel.
Weather
Clear, Visibility 8 miles
Air temperature
57oF
From north east
Wind direction
6km/hour
Wind Speed
Table 65
Washington Chronology
Time

Action

about 9:30am
11:36
11:37
11:55

Contractors left area; gas probably leaking at this time
Explosion occurred
Fire-fighters arrived
Gas company arrived, excavated the pipe and plugged it.
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WILLIAMSPORT, PENNSYLVANIA, JANUARY 25, 1977
Source of the Data
A report from the USA National Transportation Safety Board No NTSB-PAR-77-4 available
from the National Technical Information Service, Report No PB-277 052 (23 pages)
Description of incident
This report describes explosions and fires that occurred when natural gas from an inadequate
weld in a distribution main, stressed by excavation activity, failed. Gas entered houses, found
sources of ignition and exploded. There were two fatalities and 23 injuries.
The gas main had been installed with poor quality welds that were not detected during gas
company inspections. It was uncovered during excavations and, through inadequate support and
back-fill, was placed under tension. The pipeline had failed, with much less serious
consequences 3 years earlier.
The report found that the gas company:failed to detect the sub-standard weld when it was made,
failed to ensure that excavation did not place strain on the pipeline,
failed to detect accumulation of gas in the second house that exploded,
failed to warn the fire-fighters of the hazard,
had inadequate emergency plans,
had inadequate training programme, and
had inadequate documentation of its valve locations.
This report is not relevant to MISHAP or PIPERS because it describes explosions and fires
which occurred when natural gas from a distribution system entered buildings.
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Table 66
Williamsport Summary
Location
Williamsport, Pennsylvania, USA
Date and Time
25 January 1977, 1:36am
Substance
Natural gas
Diameter of Pipeline
4 ½ inches
Nominal Wall thickness
0.250 inch
Pipeline Pressure
10psig
Depth of Cover
48 inches
Pipeline
API 5L Grade B
Coating
Not coated
Length of crack
4 inches long ¼ inch wide
Time from break to explosion
Not known
Time from explosion to arrival 4 minutes
of fire-fighters
Time from explosion to arrival 34 minutes
of gas employee
Time from explosion to shut- Not shut down
down
Time from fire to discovery of Nearly 10 hours
break
Air temperature
Below 0oF for an extended period frost penetration 56 inches
Wind direction
Calm
Wind Speed
Calm
Cause of failure
Crack in poor quality weld
Location of source
Underside of pipe
Fire
Yes
Gas Explosion
Yes
Table 67
Williamsport Chronology
Time

Action

01:36
01:40
01:51
02:10
02:39
03:15
04:00
08:00
12:00
21:30

First explosion
Fire-fighters arrived and detected strong gas odours
Gas odours reported to gas company
Gas company serviceman arrived from home with no tools
Second house exploded
Evacuation started
Fully equipped gas crews arrived
Gas leak survey crew arrived and determined extent of gas migration
Broken weld exposed
Area cleared of gas accumulations
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WINTON-SALEM, NORTH CAROLINA, JANUARY 18TH 1988
Source of the Data
A report from the USA National Transportation Safety Board No NTSB/PAR-88/01 available
from the National Technical Information Service, Report No PB88-916501 (52 pages)
Description of incident
The report describes a Natural Gas Explosion and Fire at a Motor Inn. The accident occurred
when a heavily corroded pipe, that was placed under shear stress by the gas meter, failed. Gas
then entered the boiler room of the Motor Inn and, when the quantity of gas became sufficient to
create an explosive mixture, the explosion occurred.
The incident is of no relevance to MISHAP or PIPERS since it describes an explosion caused
by a release from a relatively low pressure (5 bar) distribution line into a building.
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Location
Date and Time
Substance
Type of Accident
Causes
Time from release to
explosion
Time from explosion to shut
down

Table 68
Winston-Salem Summary
Winston-Salem, North Carolina, USA
18th January 1988; 2:25am
Natural gas
Explosion and Fire
Corroded pipe failed under sheer stress
5 minutes
1½ hours

Table 69
Winston-Salem Chronology
Time

Action

02:25
02:30
02:36
03:32
04:07

Leak occurred
Explosion occurred
Fire fighters arrived
Gas foreman arrived
Gas flow stopped
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$%,/ENE TE;$S 'ECE0%E5    $S3+<;,$T,ON
Source of the Data
A report from the USA National Transportation Safety Board No NTSB-PAR-76-4 available
from the National Technical Information Service, Report No PB 257 166 (22 pages)
Description of incident
This report describes an accident in which six persons died when the excavation in which they
were working filled with hydrogen sulphide (H2S) from a crack in a pipeline carrying “sour”
crude oil. The crack was in a three month old repair weld, placed under stress by excavation
for that repair and excavation at the time of the accident.
The repair crew failed to follow the company’s written procedures. They had no breathing
apparatus, no gas detection equipment and no ropes connected to their belts. Only one or two
people should have been in the excavation at any one time.
The gas was not detected until it was too late, because exposure to H2S reduces the sense of
smell before producing paralysis.
This report is of no relevance to MISHAP or PIPERS because the release did not ignite.

B.2

Location
Date and Time
Substance
Diameter of Pipeline
Nominal Wall thickness
Pipeline Pressure
Depth of Cover
Pipeline
Coating
Excavation length
Excavation width
Excavation depth
Weather
Air temperature
Wind direction
Wind Speed
Humidity
Cause of failure
Location of source
Fireball
Jet-fire
Flash-fire
Gas Explosion
Flame Length

Table1
Abilene - Summary
Abilene, Texas, USA
1st December 1974, 6pm
Crude Oil containing hydrogen sulphide
26 inch
0.312 inch
155psig
Excavated
API 5L;-52
Coal tar primer, bitumastic enamel, fibreglass and asbestos felt
wrapped, Cathodically protected.
20ft
8ft
8ft
Calm
38oF
Calm
Calm
50%
Crack in a repair weld
5-6 o’clock
No
No
No
No
None
Table2
Abilene - Chronology

Time

Action

06:30
13:00
just before 18:00
18:00
18:25
18:40

Leak detected
Excavation started
Crack enlarged
Gas detected but six overcome by gas
Rescuers arrived - all six had died
Pipeline shut down
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3,TTS%85*+ 3ENNS</9$N,$ NO9E0%E5    $S3+<;,$T,ON
Source of the Data
A report from the USA National Transportation Safety Board No NTSB-PAR-72-2 available
from the National Technical Information Service, Report No PB 211 000 (24 pages)
Description of incident
This report describes the asphyxiation of six gas company employees in a gas vault.
The gas company had decided to add an over-pressure relief valve in place of an oil-seal
device, to meet federal regulations. (In fact the proposed changes would not have met those
regulations). The changes had been designed without a site visit and required the unnecessary
replacement of an outlet valve. No written procedure for the change had been made, so it was
not apparent that there would be difficulty in avoiding gas flows into the gas vault from the
low pressure system. No respirators or air moving equipment were available to the
employees.
Two employees had entered the vault in order to remove the outlet valve while it was still live
in order to save the time that would have been taken to excavate and stop the gas flowing
back from downstream. They were overcome by the lack of oxygen that had been forced out
of the vault by the escape of natural gas. Four others entered the vault to rescue them and
were also overcome.
This report is of no relevance to MISHAP or PIPERS since it is not an ignited release.

Location
Date and Time
Substance
Size of vault
Pipeline Pressure

Table 3
Summary - Pittsburgh
Pittsburgh, Pennsylvania, USA
17th November 1971,
Natural Gas
6ft by 8ft by 6ft 5in entered by a 2ft by 3ft manhole
òpsig
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$T/$NT$ *EO5*,$ 'ECE0%E5    NO ,*N,T,ON
Source of the Data
A report from the USA National Transportation Safety Board No NTSB-PAR-78-3 available
from the National Technical Information Service, Report No PB 294 650 (19 pages)
Description of incident
This report describes a release of gas that occurred when an 8 inch I-beam pile ruptured a gas
main. The release did not ignite and there were no deaths or injuries.
The report found that:the gas company failed to mark all its lines near the site,
the contractor failed to note the gas main marked on a blueprint,
the gas company failed to designate an appropriate valve as an emergency valve,
municipal government projects were exempt from notification of utilities, and
liaison between gas company and contractors was inadequate.
The report is not relevant to MISHAP or PIPERS, because it describes an un-ignited release
of natural gas from a distribution pipeline.
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Location
Date and Time
Substance
Diameter of Pipeline
Pipeline Pressure
Pipeline
Length of Pipeline
Length of Pipeline break
Time form break to report
Time from report to arrival of
fire-fighters
Time from report to arrival of
gas company employees
Time from arrival of gas
company to shut down
Time from shut down to area
declared safe
Area of burn
Wind direction
Wind Speed
Cause of failure
Location of source

Table 4
Summary - Atlanta
Atlanta, Georgia, USA
1st December 1977, 1:00pm
Natural Gas
12 inch
10psig
Cast Iron
1000ft
Half the diameter, 13 ft of main replaced
11 minutes
6 minutes
8 minutes
96 minutes
1 ó hours
No ignition
From the south west
16mph
Main struck by an 8 inch pile
Side
Table 5
Chronology - Atlanta

Time

Action

13:00
13:11
13:17
13:19 on
13:25
14:10
14:30
14:45
16:00

Gas main ruptured
Gas company and fire brigade informed
Fire-fighters arrived
Gas company employees start arriving
Gas detected in buildings; evacuation started
Evacuation complete
Isolation valve located, not µemergency’ and under 8 inches of asphalt
Isolation valve closed
Area declared safe
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C$//$N'E5 ONT$5,O  0$5C+  NO ,*N,T,ON
Source of the Data
A single page (Appendix D) of a report from the Transportation Safety Board of Canada
describing Natural Gas Pipeline Ruptures on pipelines operated by TransCanada Pipelines
Limited.
Description of incident
This appendix describes a release of natural gas from a pipeline rupture. It is not relevant to
MISHAP or PIPERS because the gas did not ignite.

Location
Date and Time
Substance
Diameter of Pipeline
Nominal Wall thickness
Pipeline Pressure
Depth of Cover
Pipeline
Coating
Product Temperature
Length of Pipeline
Size of break
Crater length
Crater width
Crater depth
Distance to pipeline fragments
Time release to ignition
Time release to shut-down
Time from shut-down to
extinguishing
Area of burn
Area of heat affected
Product released
Weather
Air temperature
Wind direction
Wind Speed
Barometer reading
Humidity
Cause of failure
Fireball
Jet-fire
Flash-fire
Pool-fire
Gas Explosion
Flame Length

Table 6
Summary - Callender
Callander, Ontario, Canada
2nd March 1986
Natural gas
914mm
9.14mm
6,261kPa
Not known
Not known
Primer, polyethylene tape & kraft paper, cathodic protected
299oK at pumping station 16.8km away
Not known
31m long
31m
Not known
over 4m
185m north of rupture
No ignition
Not known
No ignition
No ignition
No ignition
Not known
Not known
Not known
Not known
Not known
Not known
Not known
Not known
No
No
No
No
No
None
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C$5',N$/ ONT$5,O  'ECE0%E5   NO ,*N,T,ON
Source of the Data
Appendix B of a report from the Transportation Safety Board of Canada describing Natural
Gas Pipeline Ruptures on pipelines operated by TransCanada Pipelines Limited. TSB
Occurrence No P91H0041. (4 pages)
Description of incident
This appendix describes a release of natural gas from a pipeline rupture. It is not relevant to
MISHAP or PIPERS because the gas did not ignite.

Location
Date and Time
Substance
Diameter of Pipeline
Nominal Wall thickness
Pipeline Pressure
Depth of Cover
Pipeline
Coating
Product Temperature
Length of Pipeline
Size of break
Crater length
Crater width
Crater depth
Distance to pipeline fragments
Time release to ignition
Time release to shut-down
Time from shut-down to
extinguishing
Area of burn
Area of heat affected
Product released
Weather
Air temperature
Wind direction
Wind Speed
Barometer reading
Humidity
Cause of failure
Fireball
Jet-fire
Flash-fire
Pool-fire
Gas Explosion
Flame Length

Table 7
Summary - Cardinal
Cardinal, Ontario, Canada
8th December 1991 04:45
Natural gas
508mm
6.4mm
6335kPa
Not known
Not known
Primer  Dearborn 240 coal tar enamel -bituminous enamel,
glass fibre inner-wrap, enamel-impregnated glass fibre
outer-wrap and kraft paper covering
Not known
25km
25.7m rupture
17.8m
9m
2.7m
20m
No ignition
35 minutes
No ignition
No ignition
No ignition
3,128,000m3
Cloudy, small accumulation of snow
271oK
No wind
No wind
Not known
Not known
Stress Corrosion Cracking
No
No
No
No
No
None
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COC+5$NE ONT$5,O  -$N8$5<   NO ,*N,T,ON
Source of the Data
Appendix B of a report from the Transportation Safety Board of Canada describing Natural
Gas Pipeline Ruptures on pipelines operated by TransCanada Pipelines Limited. TSB
Occurrence No P91H0117. (5 pages)
Description of incident
This appendix describes a release of natural gas from a pipeline rupture. It is not relevant to
MISHAP or PIPERS because the gas did not ignite.

Location
Date and Time
Substance
Diameter of Pipeline
Nominal Wall thickness
Pipeline Pressure
Depth of Cover
Pipeline
Coating
Product Temperature
Length of Pipeline
Size of break
Crater length
Crater width
Crater depth
Distance to pipeline fragments
Time release to ignition
Time release to shut-down
Time from shut-down to
extinguishing
Area of burn
Area of heat affected
Product released
Weather
Air temperature
Wind direction
Wind Speed
Barometer reading
Humidity
Cause of failure
Fireball
Jet-fire
Flash-fire
Pool-fire
Gas Explosion
Flame Length

Table 8
Summary- Cochrane
Cochrane, Ontario, Canada
15th January 1991, 10:00
Natural gas
762mm
9.53mm
6310kPa
Not known
Not known
Tar coating
Not known, but 35.89km from compressor station
29km
25.5m rupture
49m
33m
3m to 7m
Not known
No ignition
About 8 minutes
No ignition
No ignition
No ignition
1,220,000m3
Mainly cloudy, light snow
278oK
North west
15km/h
Not known
Not known
Stress Corrosion Cracking
No
No
No
No
No
None
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)O5T ST -O+N %5,T,S+ CO/80%,$  'ECE0%E5   NO ,*N,T,ON
Source of the Data
Transportation Safety Board of Canada Occurrence No P92V0001. (4 pages)
Description of incident
This report describes an accident in which a cleaning pig seriously injured a pipeline
employee. The pig had been loaded into the launching barrel and, as pressure was applied, it
was noticed that an O-ring was leaking. Only part of the chamber was vented so that, when
the O-ring was being inspected, the pig was blown out of the chamber, striking the operator.
There was no significant release of natural gas from a pipeline rupture. It is not relevant to
MISHAP or PIPERS because their was no ignition.

Location
Date and Time
Substance
Diameter of Pipeline
Nominal Wall thickness
Pipeline Pressure
Depth of Cover
Pipeline
Coating
Product Temperature
Length of Pipeline
Size of break
Crater length
Crater width
Crater depth
Distance to pipeline fragments
Time release to ignition
Time release to shut-down
Time from shut-down to
extinguishing
Area of burn
Area of heat affected
Product released
Weather
Air temperature
Wind direction
Wind Speed
Barometer reading
Humidity
Cause of failure
Fireball
Jet-fire
Flash-fire
Pool-fire
Gas Explosion
Flame Length

Table 9
Summary - Fort St. John
Fort St. John, British Columbia, Canada
2nd December 1992, 16:15
Sour natural gas H2S (3-7%)
26 inch
Not applicable
Not known
Not applicable
Not applicable
Not applicable
Not applicable
Not applicable
None
None
None
None
None
No ignition
Not known
No ignition
No ignition
No ignition
Not known
Not known
Not known
Not known
Not known
Not known
Not known
Inadequate operating procedures
No
No
No
No
No
None

B.10

*/EN$9ON S$S.$TC+E:$N )E%58$5<    NO ,*N,T,ON
Source of the Data
A report from the Transportation Safety Board of Canada No P96H0008 available on the
internet as www.bst-tsb.gc.ca/eng/reports/pipe/1994/ep96h0008.html (23 pages)
Description of incident
This report describes the failure of a pipeline carrying crude oil, due to corrosion. There were
no injuries and the environmental damage was minimal because the ground was frozen and
the clean-up was completed before the spring thaw.
The report found that the rupture initiated in a zone of narrow, axial, external corrosion near
to the seam weld, assisted by stress corrosion cracking. The polyethylene tape coating had
disbonded, creating an area that was shielded from cathodic protection. The report contains a
considerable amount of information on neatral-ph stress corrosion cracking and narrow axial
external corrosion.
This report is not relevant to MISHAP or PIPERS because it describes a release that did not
ignite.
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Location
Date and Time
Substance
Diameter of Pipeline
Nominal Wall thickness
Pipeline Pressure
Depth of Cover
Pipeline
Coating
Product Temperature
Length of Pipeline
Size of break
Crater length
Crater width
Crater depth
Distance to pipeline fragments
Time release to ignition
Time release to shut-down
Time from shut-down to
extinguishing
Area of burn
Area of heat affected
Product released
Weather
Air temperature
Wind direction
Wind Speed
Barometer reading
Humidity
Cause of failure
Fireball
Jet-fire
Flash-fire
Pool-fire
Gas Explosion
Flame Length

Table 10
Summary - Glenavon
Glenavon, Saskatchewan, Canada
27th February 1996, 06:19
Crude oil
864mm
7.14mm
4945kPa (maximum)
0.9m
Stelco Pipe Mill API 5L; grade ;-52 Double submerged
arc weld
Self adhesive polyethylene tape, cathodically protected
Not known
(39 miles) within 7 minutes
1.760m
Not known
Not known
Not known
Not known
No ignition
Initiated within a minute, closed down within 10 minutes
No ignition
No ignition
No ignition
800m3, of this 600m3 were recovered
Clear skies
250oK
from the north west
20-25km/h
Not known
sub-zero temperatures
Near-neutral stress corrosion cracking
No
No
No
No
No
None
Table 11
Chronology -Glenavon

Time

Action

06:19
06:20
06:26
06:30

Rupture occurred at MP506.6830
Shut down of pumps initiated
Valves closed at MP504.860 and 543.980
Valves confirmed closed

B.12

0$5,ON9,//E ONT$5,O T+ -8NE   NO ,*N,T,ON
Source of the Data
A report from the Transportation Safety Board of Canada No P90H0606. (17 pages 
glossary)
Description of incident
This report describes a release of natural gas from a pipeline rupture. It is not relevant to
MISHAP or PIPERS because the gas did not ignite.

Location
Date and Time
Substance
Diameter of Pipeline
Nominal Wall thickness
Pipeline Pressure
Depth of Cover
Pipeline
Coating
Product Temperature
Length of Pipeline
Size of break
Crater length
Crater width
Crater depth
Distance to pipeline fragments
Time release to ignition
Time release to shut-down
Time from shut-down to
extinguishing
Area of burn
Area of heat affected
Product released
Weather
Air temperature
Wind direction
Wind Speed
Barometer reading
Humidity
Cause of failure
Fireball
Jet-fire
Flash-fire
Pool-fire
Gas Explosion
Flame Length

Table 12
Summary - Marionville
Marionville, Ontario, Canada
6th June 1990, 17:05
Natural gas
324mm
6.4mm
4,700kPa
1.2m
Page Hersey Tubes Ltd. 1957, API 5L;
Primer and Dearborn 240 asphalt enamel  kraft paper
Not known
Not known
80mm2 hole
4.6m
1.5m
1.7m
None
No ignition
2 hours 45 minutes
No ignition
None
None
1,070,000m3
Sunny with cloudy periods
293-294oK
From the south south-west
13-22 km/h
Not known
Not known
Pipeline struck by a cable plough
No
No
No
No
No
None

B.13

0,SS,SS$8*$ ONT$5,O -$N8$5<    NO ,*N,T,ON
Source of the Data
A report from the Transportation Safety Board of Canada No P96H0004 available on the
internet as www.bst-tsb.gc.ca/eng/reports/pipe/1994/ep96h0004.html (11 pages)
Description of incident
This report describes a release of aviation fuel, from an underground pressurised aircraft
fuelling system, probably caused by corrosion. The release did not ignite and there were no
casualties.
The report findings also include:there was no maintenance and operations manual or training programme,
there was no emergency response manual or training programme,
there were no manuals or policy directives concerning leak checks,
the pipeline monitoring and control system did not meet current standards,
the leak detection equipment did not meet current standards,
part of a terminal building had been built over the pipeline,
the operator could not immediately determine the quantity of fuel lost, and
there are no national standards for commodity pipelines at airports
This report is not relevant to MISHAP or PIPERS because the release did not ignite.
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Location
Date and Time
Substance
Diameter of Pipeline
Nominal Wall thickness
Pipeline Pressure
Depth of Cover
Pipeline
Coating
Product Temperature
Length of Pipeline
Size of break
Crater length
Crater width
Crater depth
Distance to pipeline fragments
Time release to ignition
Time release to shut-down
Time from shut-down to
extinguishing
Area of burn
Area of heat affected
Product released
Weather
Air temperature
Wind direction
Wind Speed
Barometer reading
Humidity
Cause of failure
Fireball
Jet-fire
Flash-fire
Pool-fire
Gas Explosion
Flame Length

Date/Time
19/1/94,11:30
19/1/94,14:30
19/1/94,later
19/1/94,later
19/1/94,later
20/1/94,00:01
21/1/94,13:30
later

Table 13
Summary - Mississauger
Mississauger, Ontario, Canada
19th January 1994, 1130
Aircraft fuel. Jet A flash point 38oC
254 mm
Not known
1241 kPA
Not known
Not known but 22 years old
Concrete, cathodically protected
Not known
Not known
Not known
None
None
None
None
No ignition
9ò hours reopened after 37ò hours
No ignition
No ignition
No ignition
6000 litres
Clear, drifting snow
252oK
From the Southwest
19 knots
Not known
Not known but temperatures below freezing
Not determined, probably external corrosion
No
No
No
No
No
None
Table 14
Chronology - Mississauger

Action
Fuel observed on tarmac, cleaned up
Fuel observed on tarmac, rising from cracks between concrete
Fuel finding its way to creeks; absorbent booms placed
One emergency valve closed, another not closed, (broken sheer pin)
Access to other valves blocked by frozen sludge in chamber
Fuelling system shut down, heaters start to melt the sludge
Spectacle blinds used to close section, fuelling system restarted
Suspect pipe abandoned, filled with concrete

B.15

0ONT5E$/ 48E%EC  )E%58$5<   NO ,*N,T,ON
Source of the Data
A report from the Transportation Safety Board of Canada No P94H0005. (2 pages)
Description of incident
This report describes a release of petroleum products from a pipeline rupture. It is not relevant
to MISHAP or PIPERS because the substance did not ignite.

Location
Date and Time
Substance
Diameter of Pipeline
Nominal Wall thickness
Pipeline Pressure
Depth of Cover
Pipeline
Coating
Product Temperature
Length of Pipeline
Size of break
Crater length
Crater width
Crater depth
Distance to pipeline fragments
Time release to ignition
Time release to shut-down
Time from shut-down to
extinguishing
Area of burn
Area of heat affected
Product released
Weather
Air temperature
Wind direction
Wind Speed
Barometer reading
Humidity
Cause of failure
Fireball
Jet-fire
Flash-fire
Pool-fire
Gas Explosion
Flame Length

Table 15
Summary - Montreal
Montreal, Quebec, Canada
24th February 1994,
Petroleum products
273mm
Not known
Not known
Not known
Not known
In a casing
Not known
8km
Not known
None
None
None
None
No ignition
Not shut down
No ignition
No ignition
No ignition
Not known
Not known
Not known
Not known
Not known
Not known
Not known
Corrosion pit at 3 o’clock position
No
No
No
No
No
None

B.16

3,N. 0O8NT$,N %5,T,S+ CO/80%,$  OCTO%E5   NO ,*N,T,ON
Source of the Data
A report from the Transportation Safety Board of Canada No P90H1006. (10 pages)
Description of incident
This report describes a release of natural gas from a pipeline rupture. It is not relevant to
MISHAP or PIPERS because the gas did not ignite.
Table 16
Summary - Pink Mountain
Location
Pink Mountain, British Columbia, Canada
Date and Time
6th October 1990, 15:45
Substance
Natural gas
Diameter of Pipeline
762mm
Nominal Wall thickness
9.5mm
Pipeline Pressure
4909kPa
Depth of Cover
1.22m on a 30 degree slope
Pipeline
API 5L;-52
Coating
Dearborn Primer Pipe Enamel with Peace River fibre inner
wrap, type W-85 and outer wrap 14-pound Mica
278-280oK
Product Temperature
Length of Pipeline
Not known
Size of break
5.2m split rupture
Crater length
Not known
Crater width
Not known
Crater depth
Not known
Distance to pipeline fragments Not known
Time release to ignition
No ignition
Time release to shut-down
About 30 minutes
Time from shut-down to
No ignition
extinguishing
None
Area of burn
None
Area of heat affected
2,470,800m3
Product released
Mainly clear skies
Weather
About 273oK
Air temperature
Not known
Wind direction
Not known
Wind Speed
Not known
Barometer reading
Not known
Humidity
Excessive axial loading causing a wrinkle - slope movements
Cause of failure
No
Fireball
No
Jet-fire
No
Flash-fire
No
Pool-fire
No
Gas Explosion
None
Flame Length

B.17

ST /EON 0$N,TO%$ OCTO%E5    NO ,*N,T,ON
Source of the Data
A report from the Transportation Safety Board of Canada No P94H0048 available on the
internet as www.bst-tsb.gc.ca/eng/reports/pipe/1994/ep94h0048.html (4 pages)
Description of incident
This brief report describes the rupture of a pipeline on over-pressure due to pumping against a
closed valve. The release did not ignite.
This report is not relevant to MISHAP or PIPERS because the release did not ignite.

Location
Date and Time
Substance
Diameter of Pipeline
Nominal Wall thickness
Pipeline Pressure
Depth of Cover
Pipeline
Coating
Product Temperature
Length of Pipeline
Size of break
Time release to ignition
Time release to shut-down
Time from shut-down to
extinguishing
Area of burn
Area of heat affected
Product released
Weather
Air temperature
Wind direction
Wind Speed
Barometer reading
Humidity
Cause of failure
Fireball
Jet-fire
Flash-fire
Pool-fire
Gas Explosion
Flame Length
Flash-fire
Pool-fire
Gas/Vapour Explosion
Flame Length

Table 17
Summary - St. Leon
St Leon, Manitoba, Canada
3rd October 1994,
Crude Oil
Not known
Not known
1127psi
Not known
Not known
Not known
10.18km
Not known
No ignition
Not known
Not known
No ignition
No ignition
4000m3 of which 2860m3 was recovered
Not known
Not known
Not known
Not known
Not known
Not known
Pumping against a manually closed valve
No
No
No
No
No
No
No
No
No
No ignition

B.18

S8N'5,'*E ONT$5,O  'ECE0%E5   NO ,*N,T,ON
Source of the Data
A report from the Transportation Safety Board of Canada No P93H0047. (3 pages)
Description of incident
This report describes the failure of a spring cylinder linear actuator. One employee was
injured when the actuator burst. There was a small release of natural gas. It is not relevant to
MISHAP or PIPERS because the gas did not ignite.

Location
Date and Time
Substance
Diameter of Pipeline
Nominal Wall thickness
Pipeline Pressure
Depth of Cover
Pipeline
Coating
Product Temperature
Length of Pipeline
Size of break
Crater length
Crater width
Crater depth
Distance to pipeline fragments
Time release to ignition
Time release to shut-down
Time from shut-down to
extinguishing
Area of burn
Area of heat affected
Product released
Weather
Air temperature
Wind direction
Wind Speed
Barometer reading
Humidity
Cause of failure
Fireball
Jet-fire
Flash-fire
Pool-fire
Gas Explosion
Flame Length

Table 18
Summary - Sundridge
Sundridge, Ontario, Canada
5th December 1993, 14:38
Natural gas
Not applicable
Not applicable
Between 3,792 and 6,040kPa
Not applicable
Not applicable
Not applicable
Not known
Not applicable
Not applicable
Not applicable
Not applicable
Not applicable
Not applicable
Not ignited
Not shut down
Not ignited
No ignition
No ignition
Small amount
Not known
Not known
Not known
Not known
Not known
Not known
Bursting of actuator due to failure of a regulator valve.
No
No
No
No
No
None
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:,NNE3E* 0$N,TO%$  SE3TE0%E5 
Source of the Data
A report from the Transportation Safety Board of Canada No P90H0929. (14 pages)
Description of incident
This report describes a release of propane from a pressure relief valves. The propane
vaporised and formed a cloud which was carried 400m by the wind onto a Highway. Twenty
minutes after the release a four vehicle accident occurred, caused by the reduced visibility.
The accident could have been avoided if the station had an automatic flaring system. The
valves were not connected to the SCADA system so that the operators were not aware of their
operation.
The report is not relevant to MISHAP or PIPERS because the propane did not ignite.

Location
Date and Time
Substance
Diameter of Pipeline
Nominal Wall thickness
Pipeline Pressure
Depth of Cover
Pipeline
Coating
Product Temperature
Length of Pipeline
Size of break
Crater length
Crater width
Crater depth
Distance to pipeline fragments
Time release to ignition
Time release to shut-down
Time from shut-down to
extinguishing
Area of burn
Area of heat affected
Product released
Weather
Air temperature
Wind direction
Wind Speed
Barometer reading
Humidity
Cause of failure
Fireball
Jet-fire
Flash-fire
Pool-fire
Gas Explosion
Flame Length

Table 19
Summary - :innepeg
Winnepeg, Manitoba, Canada
29th September 1990, about 06:03
Propane
Not applicable
Not applicable
3035kPa
Not applicable
Not applicable
Not applicable
Not known
Not applicable
None
None
None
None
None
No ignition
35 minutes
No ignition
No ignition
No ignition
At least 29.9m3 up to 51.2m3
Fog reduced visibility to 3km
271-272oK
From the Northwest
15km/h
Not known
Not known but below freezing
Filter blocked, regulator failed, pressure relief valves operated
No
No
No
No
No
None

B.20

CENT5$/,$ 0,SSO85, -$N8$5<    O9E535ESS85E
Source of the Data
A report from the USA National Transportation Safety Board No NTSB-PAR-82-3 available
from the National Technical Information Service, Report No PB82-916503 (43 pages)
Description of incident
This report concerns an accident which destroyed 12 buildings and produced moderate to
severe damage to a further 32. The accident occurred when an excavator broke a pipe
connected to a control valve. This resulted in the low pressure main, normally operated at
0.47psig, being pressurised to 47psig. A relief valve, that should have vented the main at this
pressure, had been disabled.
This report is of no relevance to the present study since it does not describe the breaking of a
high pressure pipeline.

Location
Date and Time
Substance
Type of Accident
Causes
Time from accident to
fires
Time to station shutdown
Time to system shutdown
Pipeline Pressure
Weather
Air temperature
Wind Speed

Table 20
Summary - Centralia
Centralia, Missouri, USA
20th January 1982, 10:30am
Natural gas
Over-pressure
A control pipe connected to a pressure regulator was broken.
Pressure in the main increased. A relief valve did not operate
Almost immediate
14 minutes
1 hour 6 minutes
47psig
Cloudy skies
30’s F
Moderate
Table 21
Chronology - Centralia

Time

Action

10:30
10:31
10:38
10:44
11:36

Excavator snagged a control line on a regulator valve
First fire reported
Gas serviceman arrived at failed control line
Faulty station shut down
All stations shut down

B.21

C+,C$*O ,//,NO,S -$N8$5<   30  O9E535ESS85E
Source of the Data
A report from the USA National Transportation Safety Board No NTSB/PAR-93/01/SUM
(17 pages) available from the National Technical Information Service, Report No
PB93-916501
Description of incident
This report concerns explosions and fires in houses caused by a sustained over-pressure in a
natural gas distribution pipeline. This was caused by operator error and by the failure of a
valve being used to temporarily bypass a regulator that was under maintenance. The high
pressures produced large flames from pilot lights and allowed gas to escape into buildings.
The fires and explosions that resulted from this over-pressure killed four people, injured four
and damaged 14 houses and three commercial premises.
It is of no relevance to our study since it describes fires in buildings caused by an overpressure on a distribution system.

Location
Date and Time
Substance
Type of Accident
Causes
Time from incident to shut
down
Time from shut-down to end of
emergency

Table 22
Summary - Chicago
Chicago, Illinois, USA
17th January 1992; 3:45pm
Natural gas
Over-pressure in a distribution system
Operator error
50 minutes
Several hours

Table 23
Chronology - Chicago
Time

Action

15:45
15:57
16:00
16:22
16:26
16:35

Main over-pressured cause by error at a regulator station E&G
First Fire call
First Fire fighter at the scene
Two-person crew at G&C station and vented gas from vault
Entered vault at G&C closed it down
E&G station closed down - pressure fell to zero.

B.22

E$ST %OSTON 0$SS$C+8SETTS SE3TE0%E5    O9E535ESS85E
Source of the Data
A report from the USA National Transportation Safety Board No NTSB/PAR-84/05 available
from the National Technical Information Service, Report No PB84-916505 (27 pages)
Description of incident
This report describes the over-pressuring of a gas distribution system caused by the flooding
of a vault containing a vent that was not watertight and the failure of a second regulator due to
unsecured weights in the mechanism. The situation was exacerbated by a slow response to
visual and audible alarms by dispatchers and a failure of communications between gas
company departments.
The over-pressure in the system caused large flames from some pilot lights and appliances,
blew out some pilot lights and appliances, releasing gas into buildings. A restaurant filled
with gas and there was an explosion. There were no casualties.
The report is not relevant to MISHAP or PIPERS because it does not describe the breaking of
a pipeline.
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Location
Date and Time
Substance
Type of accident
Pipeline Pressure
Time from over-pressure to
alarm
Time from alarm to recognition
by gas company
Time from recognition of
problem to shut-down
Time from shut down to normal
pressure
Air temperature
Wind direction
Wind Speed
Dew-point
Gas Explosion

Table 24
Summary - East Boston
East Boston, Massachusetts, USA
23rd September 1983
Natural Gas
Over-pressure
At least 0.60psig possibly up to 2psig
Almost immediate
33 minutes
1 hour 7 minutes
ò hour
56oF
300o
12 knots
40oF
Yes in a restaurant
Table 25
Chronology - East Boston

Time

Action

02:50

Water from a broken water main flooded gas vault at Porter and Bremen Street.
(P&B)
Visual and audible alarm from Eagle Square regulator station (ES)
Second visual and audible alarm from ES
Fire-fighters started to receive calls from a resident reporting high pilot lights,
high appliance flames, sounds of rushing gas, gas odours.
Rivermore Station (RS) started to receive telephone calls about gas odours,
high pilot lights etc.
Serviceman arrives at first residence and reports high pressure. to RS
RS representative calls dispatcher at ES. Call out emergency crews.
Commercial Point (CP) dispatcher lowers pressure from 8psig to 4psig
Supervisor reaches P&B
High pressure gas flow stopped
Pressure back to normal

02:50
02:53
03:00
03:02
03:23
soon after
03:43
04:20
04:30
05:00

B.24

)O5. S+O$/S SO8T+ C$5O/,N$ -8NE    3O//8T,ON
Source of the Data
A report from the USA National Transportation Safety Board No NTSB/PAR-98/01 available
from the National Technical Information Service, Report No 98-916502 (40 pages)
Description of incident
This report describes the release of fuel oil into a river, following the rupture of a pipeline.
The cause of the rupture was a pressure surge on a pipeline that had been corroded. The
corrosion had been detected some 17 weeks earlier and restrictions placed upon the operation
of the section of pipeline; a maximum suction pressure at the downstream station of 100psi. A
further restriction of 374psig was placed upon the maximum allowable pressure at the
crossing a week later. A few days later a hydraulic engineer set a maximum pumping power
at the downstream station of 5,000hp. These restrictions had been ignored by the operations
staff; no specific measures were taken by the company to enforce the restrictions or to
monitor them.
The pressure surge arose because a pump failed to start in a pumping station and the operator,
not realising this, shut down another pump in the same station. This caused the first surge,
that led to a downstream station shutting down, causing a second surge. This caused the
pumping station upstream of the rupture site to shut down, causing the third surge that
ruptured the pipeline 5 miles away. In order to try and avoid over-pressure on the system, a
pump upstream was started. This increased the flow from the rupture for 4 minutes.
The report found that the pipeline operator:failed to enforce restrictions to keep within safe operating limits,
failed to provide adequate training of staff to deal with emergencies, and
used work schedules that allowed operators to suffer from fatigue.
This report is of no relevance to MISHAP or PIPERS, because it describes a release that was
not ignited.
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Location
Date and Time
Substance
Diameter of Pipeline
Nominal Wall thickness
Pipeline Pressure
Depth of Cover
Coating
Length of Pipeline rupture
Fish kill
Cost of cleanup
Liquid released
Weather
Air temperature
Wind direction
Wind Speed
Humidity
Cause of failure
Location of source
Fireball
Jet-fire
Flash-fire
Gas Explosion

Table 26
Summary - Fork Shoals
Fork Shoals, South Carolina, USA
26th June 1996, 11:54pm
Number 2 fuel oil
36 inches
0.281 inches
328psig 5miles downstream
Under water.
Protective coating washed away by river
34 inch crack opened to 16 inches
35,000 fish
14M  6.5M compensation to South Carolina
957,600 American gallons
Overcast skies, visibility greater than 10 miles
73oF
East north east
6 knots
Dew point 63 oF
Pressure surges on a corroded pipeline
Top of pipeline
No
No
No
No

B.26

Table 27
Chronology - Fork Shoals

B.27

/OC8ST *5O9E 9,5*,N,$  3O//8T,ON
Source of the Data
A USA National Transportation Safety Board Report No NTSB-H=H MAP-80-6
Description
This is a map showing the release from a pipeline described in our earlier study, see
CRR 294/2000; Appendix ???
0$N$SS$S 9,5*,N,$ 0$5C+ T+   3O//8T,ON
Source of the Data
A USA National Transportation Safety Board Report No NTSB-H=M MAP-80-5
Description
This is a map showing the release from a pipeline described in our earlier study, see
CRR 294/2000; Appendix ???

B.28

S$N )5$NC,SCO C$/,)O5N,$ $8*8ST    3O//8T,ON
Source of the Data
A report from the USA National Transportation Safety Board No NTSB/PAR-82-1 available
from the National Technical Information Service, Report No PB82-916501 (27 pages)
Description of incident
This report describes the puncture of a 16 inch natural gas pipeline by a drilling machine. The
released gas did not ignite. However it took over 9 hours to shut off the gas because of
inadequate maps, inaccessibility of one emergency valve and the failure of a further
emergency valve that had seized. The pipeline contained small quantities of polychlorinated
biphenyls (PCB’s) in oil that were released from the break as a fine mist. About 500 gallons
of entrained oil was lost (though the low concentration of PCB’s meant that only a total of 1ô
ounces was released. This contaminate was cleaned up at a cost exceeding 1,000,000.
The report is of no relevance to the study because the gas did not ignite.

Location
Date and Time
Substance
Type of Accident
Causes
Time from release to shutdown
Pipeline Pressure
Weather
Air temperature
Wind direction
Wind Speed
Location of source

Table 28
Summary - San Francisco
San Francisco, USA
25th August 1981
Natural gas containing PCBs
Toxic release -gas did not ignite
Drill punctured a gas main. The gas travelling at high speed
through the pipe entrained oil containing PCB’s
9 hours 10 minutes
32psig
Clear skies
70’s F
From the west
Brisk
On the side of the pipe
Table 29
Chronology - San Francisco

Time

Action

13:33
14:02
14:38
15:04
16:12
17:45
20:43

Drill punctures main
Gas crews arrive
5 valves listed closed, but gas continued to flow
Further valve closed, but gas continued to flow
Further valve closed, but gas continued to flow
First attempt to fit repair sleeve
Repair sleeve fitted and gas flow stopped
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)$,5)$; CO8NT< 9,5*,N,$ OCTO%E5    ST$T,ON ),5E
Source of the Data
A report from the USA National Transportation Safety Board No NTSB/PAR-84/03 available
from the National Technical Information Service, Report No PB84-916503 (40 pages).
Description of incident
This report describes an explosion and fire caused by the release of gas from a dismantled
control valve. An annual operating and maintenance inspection of a control valve was being
undertaken. A Senior Instrument Technician was instructed by telephone by the foreman to
“by-pass” the station. This required the station valves to be repositioned to direct gas around
the station control equipment and to isolate the segment of piping in which the control valve
was located. The technician had not been trained to carry out the task. The foreman failed to
properly check the work on his arrival. The valve in question was dismantled under pressure
and separated into two parts leaving a 6 inch diameter opening through which gas escaped.
Everyone escaped from the building. The foreman returned 5 minutes later, however. When
the gas exploded and ignited the foreman was killed. It was decided to close three valves,
located at 60 - 75feet from the station. Due to the intense heat, those closing the valves had to
be protected with water spray.
So far as MISHAP and PIPERS modelling is concerned, this accident does not provided
sufficient information for a full simulation. However, the height of the flames (over 100ft)
from a release where the jet is obstructed by the roof of a two storey building is of note. Also
the heat from the flames at ground level was such that water spray was used to allow access to
valves 60-75feet from the flames.
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Location
Date and Time
Substance
Diameter of Pipeline
Nominal Wall thickness
Pipeline Pressure
Depth of Cover
Pipeline
Coating
Length of Pipeline
Length of Pipeline rupture
Crater length
Crater width
Crater depth
Distance to pipe fragments
Time from fire to shut down
Time from shut-down to self
extinguishing of flame
Area of burn
Area heat affected
Gas consumed by the fire
Weather
Air temperature
Wind direction
Wind Speed
Barometer reading
Humidity
Cause of failure
Location of source
Fireball
Jet-fire
Flash-fire
Gas Explosion
Flame Length
Initial Flow Rate
Flow rate after 900 seconds

Table 30
Summary - Fairfax County
Fairfax County, Virginia, USA
October 13th 1983; 10:13am
Natural Gas
6 inch
Not known
150psig
Above ground in a gate station
Control Valve on a pipeline
Not applicable
Not known
Not applicable
Not applicable
Not applicable
Not applicable
Not applicable
72 minutes
Almost immediate
Not known, but there were gas fires
Not known
Not known
Visibility 8 miles; partial cloudy skies
In the 70’s (F)
From the south east
13 knots gusting to 21 knots
Not known
Not known
Dismantling of a valve under pressure
Valve
No
Obstructed
No
Yes, in the confined space of the building
Over 100 feet high
Not known
Not known
Table 31
Chronology - Fairfax County

Time

Action

10:13am
10:18am
10:20am
11:25am

Valves separated
Foreman re-entered building; explosion and fire
Fire Service arrived
Valves closed; fire extinguished shortly afterwards

B.31

3,NSON $/$%$0$ $8*8ST    ST$T,ON ),5E
Source of the Data
A USA National Transportation Safety Board Report No NTSB/PAR-86/01/SUM available
from the National Technical Information Service, Report No PB86-916502 (5 pages)
Description of incident
This report describes an accident in a plant for liquefying methane. During routine
maintenance, liquid methane was fed into an aluminium tank. An aluminium plate, seen
leaking earlier, that was welded to the tank, was propelled through the air and struck a
building 24ft away. Methane escaped from the hole and a little while later it ignited; six
people were injured.
Post accident inspection of the plant revealed many deficient maintenance conditions: missing
identification tags, gauges with glass missing, electrical junction boxes open, covers on
equipment not positioned correctly and so on. The emergency manual had not been kept up to
date. Staff were not following written procedures for carrying out maintenance work.
This report is a summary report and information supplied is sparse. It is not relevant to
MISHAP or PIPERS because it does not describe a release from a pipeline.

Location
Date and Time
Substance
Time from release to fire
Time from release to fires
extinguished
Cause of failure
Jet-fire
Flash-fire
Gas Explosion

Table 32
Summary - Pinson
Pinson, Alabama, USA
22nd August 1985, 10:50am
Liquefied natural gas that vaporised in a vessel
Within minutes
1 hour
Weld failure on a pressure vessel
Yes
No
No
Table 33
Chronology - Pinson

Time

Action

10:50
11:50

Release occurred
All fires extinguished
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:,N'SO5 ONT$5,O  )E%58$5<   ST$T,ON ),5E
Source of the Data
A report from the Transportation Safety Board of Canada No P92S0001. (13 pages  glossary)
Description of incident
A pipe that had been blocked by ice was being heated by a steam heater. When the ice melted
liquid propane reached a flange held in place by bolts that had not been correctly tightened.
Propane was released and was ignited, probably by the steam heater. Two high pressure
propane lines were ruptured by the fire, adding to the flames.
This report is not relevant to MISHAP or PIPERS because it describes the release of propane
from a loose flange rather than a burst pipeline.

Location
Date and Time
Substance
Diameter of Pipeline
Nominal Wall thickness
Pipeline Pressure
Depth of Cover
Pipeline
Coating
Product Temperature
Length of Pipeline
Size of break
Crater length
Crater width
Crater depth
Distance to pipeline fragments
Time release to ignition
Time release to shut-down
Time from shut-down to
extinguishing
Area of burn
Area of heat affected
Product released
Weather
Air temperature
Wind direction
Wind Speed
Barometer reading
Humidity
Cause of failure
Fireball
Jet-fire
Flash-fire
Pool-fire
Vapour/Gas Explosion
Flame Length

Table 34
Summary - :indsor
Windsor, Ontario, Canada
13th February 1992, 09:40
Liquid Propane
6 inch flange
Not applicable
Not known
Not applicable
Not applicable
Not applicable
Not known
Not applicable
Loose flange, pre-used gasket.
None
None
None
None
About a minute
Initiated 10-15 seconds
4 hours, small fires for a further 13 hours.
Not known
Not known
Not known
Traces of snow
278-283oK
Northwest
Not known
Not known
Not known
Not known
No
No
Yes
No
Yes
Not known
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Source of the Data
A report from the USA National Transportation Safety Board No NTSB-PAR-74-6 available
from the National Technical Information Service, Report No PB 238 158 (29 pages)
Description of incident
This report describes two toxic release of anhydrous ammonia from a pipeline. The releases
did not ignite. In the first accident there were two serious injuries, neither fatal. In the second,
there were no serious injuries.
In both accidents, the pipeline failed because a block valve on the pipeline failed to open. In
the first accident, the pipeline ruptured at a place where it had been damaged, gouged and
dented, by excavation work. The pipeline failure is not described in the second accident.
The report found that there was a lack of information and a lack of adequate alarms on the
pipeline system.
This report is not relevant to MISHAP or PIPERS because it describes a non-ignited toxic
release.
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Table 35
Summary - First Accident - Conway
Location
Conway, Kansas, USA
Date and Time
6th December 1973, 4:30am
Substance
Anhydrous ammonia NH3
Diameter of Pipeline
85/8 inch
Nominal Wall thickness
0.156 inch
Pipeline Pressure
At least 1200psig; could have been 1600psig
Pipeline
API grade 5L ;-46 electric resistance welded
Coating
Tape wrapped
Length of Pipeline
289 miles, 8.7 miles after 28 minutes
Length of Pipeline rupture
12ò inches long 5 inches wide
Crater length
7ft
Crater width
7ft
Crater depth
6ft
Time from pump start to
5-10 minutes
pump shut down
Time from failure to
10 minutes
casualties
Time from failure to
58 minutes
isolation
Area of vapour path
8 miles long ó mile wide
Area affected
Cloud visible ò mile downwind, invisible but very irritating to
eyes, nose & mouth for a further 3 ò miles detectable to 4 miles.
Liquid released
89,796 American gallons
Weather
Clear, ground covered with snow, ice & sleet
Air temperature
Low 20’s F
Wind direction
From Northwest
Wind Speed
5-10mph
Location of source
Bottom of pipeline
Table 36
Chronology - First Accident - Conway
Time

Action

04:12
~04:20
04:30
04:32
04:37
04:40
04:48
04:58
05:00
11:56
14:00

Pump started at Borger, Texas, Valve at Conway, Kansas fails to open
Pump stopped by operator
Serious leak reported at Conway, Kansas, Sheriff’s department notified
Borger station contacted
Sheriff’s department notified Highway Patrol
Lorry drivers enter vapour zone
Pipeline identified
Pipeline isolated to 8.7 mile section
Highway blocked
Highway re-opened
Pipeline plugged, 400-500 ft section isolated
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Table 37
Summary - Second Accident - Hutchinson
Location
Hutchinson, Kansas, USA
Date and Time
13th August 1974, 1:00pm
Anhydrous ammonia NH3
Substance
85/8 inch
Diameter of Pipeline
0.156 inch
Nominal Wall thickness
1520psig
Pipeline Pressure
API grade 5L ;-46 electric resistance welded
Pipeline
Tape wrapped
Coating
289 miles, 9 miles after 55 minutes
Length of Pipeline
11,000
Fish kill
Liquid released
133,980 American gallons

Time

Table 38
Chronology - Second Accident - Hutchinson
Action

unknown
12:25
12:31
12:38
12:40
12:44
13:00
13:04
13:45
13:55
15:45

Pump started at Borger, Texas, Valve at Conway, Kansas fails to open
Pump stopped on over-pressure 1450psig
Pump restarted manually
Pump stopped on over-pressure
Pump restarted manually
Pump stopped on over-pressure
Line failed
Sheriff’s department notified
Valve closed south of leak
Valve closed north of leak; pipeline isolated to 9 mile section
Air-blower on site, but vapours had dispersed
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Source of the Data
A report from the USA National Transportation Safety Board No NTSB-PAR-80-1.
(27 pages)
Description of incident
This report describes the rupture of a pipeline and subsequent fire that occurred when an
anchor handling boat raised a pipeline with a grappling hook in the mistaken belief that a lost
anchor had been caught.
The contractor was setting anchors for a drilling rig. The pipeline was not marked because it
was more than 500ft from the place where a drilling rig was to be located. In the event, since
anchors were dragging because of the soft sea bottom, secondary anchors more than 500ft
from the rig were placed. When one of these was lost, the anchor laying contractor attempted
to recover it with a grappling hook, not knowing that they were close to the natural gas
pipeline. There were two fatalities, lost overboard from the boat, and 5 serious injuries.
Although an 7.8 mile section was shut down within 2 minutes the gas in the pipe continued to
fuel a fire for 30 minutes. The report provided no information on the flame height.
The report includes an appendix which lists 42 pipeline incidents in the gulf of Mexico
between 1967 and 1979.
The report is of no relevance to our study, since PIPERS and MISHAP do not handle
underwater releases.
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Location
Date and Time
Substance
Diameter of Pipeline
Nominal Wall thickness
Pipeline Pressure
Depth of Cover
Pipeline
Coating
Length of Pipeline
Length of Pipeline rupture
Time from fire to shut down
Time from shut-down to self
extinguishing of flame
Gas consumed by the fire
Weather
Air temperature
Seas
Wind Speed
Cause of failure
Fireball
Jet-fire

Table 39
Summary - Louisiana
New Orleans, Louisiana, USA
15th July 1979, 7:30 am
Natural Gas
14 inch
0.5 inch
900psig
On the sea floor in 300ft of water
API 5L; Grade 51 seamless steel line pipe
1 inch concrete
7.8 miles
100ft gap - pipe also broken near to the base of the
platform
2 minutes
30 minutes
2,638Mcf
Good visibility
80-83oF
1ft, current 3-4 knots in south to south-easterly direction
Calm
Pipeline raised by a grapple
Yes
Yes
Table 40
Chronology -Louisiana

Time

Action

07:20
07:30

Pipeline caught by grappling hook and raised 225 ft
Pipeline ruptured, compressors shut down automatically, gas vented. Check
valve 7.8 miles away shut down automatically.
Shut down complete, but gas continued to escape
Gas flow out of the pipe ceases

07:32
08:00
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Source of the Data
A report from the USA National Transportation Safety Board No NTSB/PAR-90/02 available
from the National Technical Information Service, Report No PB90-916502 (98 pages)
Description of incident
This report concerns the rupture of an underwater 12 inch natural gas pipeline in the Gulf of
Mexico at Sabine Pass Texas, USA. The rupture was caused by a fishing boat carrying about
220 tons of fish striking the pipeline. The resultant fire produced flames estimated to be 100 ft
high and which engulfed most of the length of the 176.5 ft vessel. The accident resulted in 11
fatalities, two persons were seriously injured and one sustained minor injuries. The probable
cause of the accident was the failure of the pipeline operator to maintain the pipeline at the
required burial depth.
Because the release was underwater the flame sizes would not necessarily be similar to those
of an onshore release. The report has no direct relevance to our study.
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Location
Date and Time
Substance
Diameter of Pipeline
Nominal Wall thickness
Pipeline Pressure
Depth of Cover
Pipeline
Coating
Length of Pipeline
Length of Pipeline rupture
Crater length
Crater width
Crater depth
Distance to pipe fragments
Time from fire to shut down
Time from shut-down to self
extinguishing of flame
Area of burn
Area heat affected
Gas consumed by the fire
Weather
Air temperature
Wind direction
Wind Speed
Cause of failure
Location of source
Fireball
Jet-fire
Flash-fire
Gas Explosion
Flame Length

Table 41
Summary - Sabine Pass
Sabine Pass, Texas
October 3rd 1989
Natural Gas
16 inch
0.312 inch
835 psig
Less than 6 inches where
API 5L;52 seamless / cold extruded steel. Design
press.1200psig
Somastic coated  2 inch concrete coating.
16.78 miles
10 feet
Greater than 10 feet
Not known
5 feet
Not known
4 hours
About 12 hours
Not Applicable
Almost all of the 176.5 ft of the vessel - about 140ft
25 million cu ft
Clear - “no significant cloudiness”
79oF
South Easterly
7-9 knots
Struck by a Fishing Boat carrying 220 tons of fish at 2-3knots
10 feet under water 1.82 miles upstream from compressor
station, 16.78 miles downstream of the start of the 12 inch
section.
Reportedly observed 15 minutes after the rupture
Not a vertical jet-fire as described by PIPERS
No
An explosion is mentioned but it was probably not a gas
explosion, rather the sound of the pipeline rupturing.
100ft high - about150ft along the boat
Table 42
Chronology - Sabine Pass

Time

Action

5:45pm
5:50pm
6:00pm
6:20pm
6:45pm
7:35pm
by 7:45pm
9:15-9:45pm
9am

Boat moves backwards
Pressure reduction detected
Rupture occurred - immediate fire and explosion
HI 86 platform shut down
Gas control informed
Downstream valve closed
HI 116 and HI 139 platforms closed down
HI 71A platform closed down, but continued to leak slightly
HI 71A secured - fire ceased
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Source of the Data
A USA National Transportation Safety Board Report No NTSB/PAR-98/01/SUM available
from the National Technical Information Service, Report No PB98-916501
Description of incident
This summary report describes a rupture and fire that occurred when a dredge pierced a gas
pipeline with a “spud” (a kind of anchor). The operator was aware of a pipeline in the area,
but was incorrectly advised of its location by the gas company. The pipeline ruptured and the
released gas ignited. There were no fatalities or serious injuries. The report also found that the
vessel owners did not formally record the number of persons on the vessel.
This summary report does not include sufficient information for a simulation by MISHAP or
PIPERS. There is no details of hole size, flame size, weather, and so on. Also the release was
under water.

Location
Date and Time
Substance
Diameter of Pipeline
Nominal Wall thickness
Pipeline Pressure
Length of Pipeline
Time from fire to shut down
Time from shut-down to self
extinguishing of gas flame
Time from extinguishing of gas
flame to all fires out

Table 43
Summary - Tiger Pass
Tiger Pass, Louisiana
23rd October 1996, 4:50 am
Natural Gas
12 inch
Not known
930psig
2 miles downstream, 9 miles upstream - 11 miles
About 70 minutes
About 1 hour
6 hours
Table 44
Chronology - Tiger Pass

Time

Action

04:50

Rupture occurred, valve 2 miles downstream closed automatically, gas quickly
ignited
Valve closed on platform, 9 miles upstream of rupture
Gas flow stopped, gas-fuelled fire ceased
Vessel fires extinguished

06:00
07:00
13:00
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Source of the Data
A report down-loaded from the Internet on:www.bst-tsb.gc.ca/eng/reports/pipe/1996/p96h0012/ep96h0012.html
Description of incident
This report concerns the rupture of a 864-millimetre pipeline under a river in Canada. The
rupture occurred at 18:15 eastern standard time (EST), on 15 April 1996, and was followed by
an explosion and fire at 18:29 EST. The explosion and fire resulted in the loss of a house
178.1 m south of the rupture site. Trees and other vegetation on both sides of the river were
damaged or destroyed, 97,800m3 of natural gas was lost.
This report was studied under a previous contract. It is not relevant to MISHAP or PIPERS
since it describes a release of natural gas underwater.
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Location
Date and Time
Substance
Diameter of Pipeline
Nominal Wall thickness
Pipeline Pressure
Depth of Cover
Pipeline
Coating
Product temperature
Length of Pipeline
Size of break
Crater length
Crater width
Crater depth
Distance to pipeline fragments
Time from release to ignition
Time ignition to shut down
Time from shut-down to self
extinguishing of flame
Area of burn
Area heat affected
Product released
Weather
Air temperature
Wind direction
Wind speed
Barometer pressure
Humidity
Cause of failure
Gas flow
Fireball
Jet-fire
Flash-fire
Pool-fire
Gas Explosion
Flame Length

Table 45
Summary - La Salle
La Salle River Crossing, Manitoba, Canada
15th April 1996, 18:15
Natural gas
864 mm.
12.7 mm
5000 kPa - 50bar
more than 1.3 m, on the river bed
359 MPa SMYS, pipe grade 5L;, constructed in 1962
Wet applied mastic, resin insulating film, fabric
reinforcing, hot rolled outer film
Not known
18 km
6.325m rupture
17 m
13.5 m
5m
40 m on the river bank and on the river bed
about 14 minutes
30 minutes
15 minutes
Not known
160 m radius
97,800 m3
Clear skies, scatted clouds at 5,000 m, 24 km visibility
275 oK
From North Northwest
3.3 m/s
101.15 kPa
30%
Corrosion 5.8 mm deep at 2 o’clock, land movement
Not known
Fireball reported (see later)
Not reported
Not reported
No
Explosion reported
Not reported
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Table 46
Chronology - La Salle
Time

Action

18:15
18:29
18:45
18:46
18:48
18:56
19:00
21:28

Break occurred
Gas Ignited
Shut off started
Pressure 6km upstream fell below 3450 kPa
Isolation complete
“Fireball” report
Major fire self extinguished
Residual flame self extinguished
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Source of the Data
A report from the Transportation Safety Board of Canada No P91H0109. (21 pages)
Description of incident
This report describes a release of propane from a pipeline rupture. The pipeline had a history
of pinhole leaks and one other rupture. Deficiencies in the SCADA system were identified by
the fact that alarms were ignored for 10 minutes. In view of the quantity of propane released
and the variable wind direction, there was concern expressed that the controlled ignition
(flaring) operation was not carried out in a completely safe fashion.
The report is not relevant to MISHAP or PIPERS because the release was ignited under
controlled conditions.

Location
Date and Time
Substance
Diameter of Pipeline
Nominal Wall thickness
Pipeline Pressure
Depth of Cover
Pipeline
Coating
Product Temperature
Length of Pipeline
Size of break
Crater length
Crater width
Crater depth
Distance to pipeline fragments
Time release to ignition
Time release to shut-down
Time from shut-down to
extinguishing
Area of burn
Area of heat affected
Product released
Weather
Air temperature
Wind direction
Wind Speed
Barometer reading
Humidity
Cause of failure
Fireball
Jet-fire
Flash-fire
Pool-fire
Gas Explosion
Flame Length

Table 47
Summary - Broadview
Broadview, Saskatchewan, Canada
9th January 1991, probably around 19:15
Liquid Propane
168.3mm
4.78mm
7396kPa
Not known
API 5L-;42
Not known
Not known 22km downstream of compressor
120km initially 30km between valves
250mm along a seam
Size unknown
Size unknown
Size unknown
None
Controlled ignition 22 hours after release
1ò hours to 120km, 2 ó hours to 30km
Not known
20ft diameter to LFL
Not known, grass and hay field
791m3
Not known
236-260oK
Westerly
20km/h
Not known
Not known, but below freezing
Defective longitudinal seam weld
No
Flared
No
No
No
Not known
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Source of the Data
A report from the Transportation Safety Board of Canada No P93H0007. (2 pages)
Description of incident
This report brief describes a release of sour gas from a pipeline rupture The report is not
relevant to MISHAP or PIPERS because the release was ignited under controlled conditions.

Location
Date and Time
Substance
Diameter of Pipeline
Nominal Wall thickness
Pipeline Pressure
Depth of Cover
Pipeline
Coating
Product Temperature
Length of Pipeline
Size of break
Crater length
Crater width
Crater depth
Distance to pipeline fragments
Time release to ignition
Time release to shut-down
Time from shut-down to
extinguishing
Area of burn
Area of heat affected
Product released
Weather
Air temperature
Wind direction
Wind Speed
Barometer reading
Humidity
Cause of failure
Fireball
Jet-fire
Flash-fire
Pool-fire
Gas Explosion
Flame Length

Table 48
Summary - Vancouver
Vancouver, British Columbia, Canada
13th May 1993, 02:43
Sour gas
Not known
Not known
Not known
Not known
Not known
Not known
Not known
Not known
Not known
Not known
Not known
Not known
Not known
~3 hours
Automatically within 2 minutes
Not known
Not known
Not known
Not known
Not known
Not known
Not known
Not known
Not known
Not known
Gouge in the pipe wall
No
No
No
No
No
Flared
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A report from the USA National Transportation Safety Board No NTSB/PAR-75-2 available
from the National Technical Information Service, Report No PB 244-547 It was studied under
a previous contract. Since that contract, an additional pipeline rupture model has been made
available in MISHAP 2001 and has been used to calculate a burn area.
'HVFULSWLRQ RI ,QFLGHQW
This report concerns the rupture of a 30 inch natural gas pipeline in a rural area near to
Bealton, Virginia, USA. It occurred at 10:05 p.m. on June 9th 1974. The resulting fire burned
an area about 213 metres long and 122m wide.
The report found that:the rupture was caused by hydrogen-stress cracking in a hard spot,
the hydrogen was formed by reaction between soil moisture and a hard spot,
the automatic valves failed to operate because their setting was too coarse,
detection was made difficult by open crossovers on the looped line, and
a wrong valve was closed because of operator error in analysing pressure drop.
This report is relevant to PIPERS and MISHAP 2001 because it describes the local ignition of
natural gas from a ruptured transmission pipeline. It was investigated during the previous
contract and will also be used in this study.
SXPPDU\
Location
Date and Time
Substance
Diameter of Pipeline
Nominal Wall thickness
Pipeline Pressure
Depth of Cover
Pipeline
Coating
Product Temperature
Length of Pipeline
Size of break
Crater length
Crater width
Crater depth
Distance to pipeline fragments
Time from release to ignition
Time ignition to shut down
Time shut-down to self
extinguishing of flame
Area of burn
Area heat affected
Product released
Weather
Air temperature
Wind direction
Wind Speed

Bealeton, Virginia, USA
9th June 1974; 22:05
Natural gas
762 mm (30 inch)
7.9mm (0.312 inch)
50.5 barg (718PSIG)
Not known; 1m assumed
API 5L;-52 double-submerged-arc-welded,
Hot tar enamel, fibre glass wrap, asphalt impregnated felt
Not known; 5.7 miles downstream of compressor
24.5km (15.3 miles)
Rupture 16.8m (55ft) long
36m (118ft)
11m (37ft)
2.1m (7ft)
Maximum 91m (300ft)
Within seconds
Between 55 and 105 minutes
Between 2ò and 3ò hours
213m (700ft) by 122m (400ft)
Not known
Not known
Fair with 12 miles visibility, broken cirrus at 25,000ft
298oK (76oF)
From the south
3.6m/s (7 knots)
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Barometric pressure
Humidity
Cause of failure
Fireball
Jet-fire
Flash-fire
Pool-fire
Gas/Vapour Explosion
Flame Length

Not known
Not known; 60% assumed
Hydrogen-stress cracking in a hard-spot, 9 o’clock position
Not reported
Reported from aircraft 100miles away
Not reported
No
Not reported
Not known

CKURQRORJ\
Time

Action

22:05
22:15
22:24
23:00
23:50
01:50
02:30

Rupture occurred
Fire observed from station 180
Line A (not ruptured) shut down
Line A closed at MP 1573.02
Recognised that B line had failed, but automatic valves had isolated it
Small fire at the pipe
Fire was out

SNHWFK RI $FFLGHQW SLWH
The report contains a sketch of the site: see below, showing the position of the pipe fragments,
but also the “approximate periphery of completely burned trees (no dimensions taken)”.
Scaling the drawing from the distance to the furthest fragment; number 16, at 300 ft gives us
an area of burn as follows:Length of 186m
Width of 127m at the widest point
Alignment about 9 degrees to the pipeline; 60 degrees (East-Northeast)
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CDOFXODWLRQV
The MISHAP 2001 program was used to calculate the effects of a rupture on this pipeline. The
temperature of the methane in the pipe was not available and so a brief sensitivity check was
made at 10oK above and 10oK below the air temperature. The results are shown below
Release Temperature (oK)
288
298
308

Table1 Release Rate versus Temperature
30 second Release Rate (kg/s) 15 minute Release Rate (kg/s)
1695
695
1529
651
1462
633
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As can be seen the 30 second release rate varies by 0.75%/oK and the 15 minute by 0.48%/oK.
Since the effect is relatively small the air temperature was arbitrarily used in the simulation.
The result is shown in graphical form below.

MISHAP 2001 uses a fireball model to calculate the effect of the immediate ignition of a
release. The very high flow rate in the first few seconds (up to 30 seconds) is assumed to
generate a spherical flame just touching the ground. The results are shown below.

The distance to spontaneous ignition was calculated to be 215m; this is equivalent to a circular
burn area 430m in diameter.
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MISHAP 2001 has two models that can be used to calculate the effects of a vertical jet-fire;
they are JIF and PIPEFIRE. The results from these modules are shown below. In the case of
JIF the wind-speed was patched to 3.6m/s. PIPEFIRE ignores wind-speed.
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JIF suggests a burn area extending downwind to 38m and upwind to 20m; a circle of 58m
diameter, offset downwind by 9m. PIPEFIRE suggests a much larger area: a circle of 262m.
The PIPERS Dome-fire module produced the following result:-

This is equivalent to a circle of 274m, slightly greater than the PIPEFIRE result.
OEVHUYDWLRQV
In this incident, the ignition was immediate; the report states that the release “ignited within
seconds”. MISHAP 2001 would, therefore, assume a fireball type event occurred. This would
generate a circular burn area 430m in diameter. The report, however, indicates that the burn
area was not circular. The burn width was 122m and the length was 213m; considerably
smaller than the fireball model calculated. If a fireball occurred, then its effect was smaller than
would be suggested by the calculation. This might be because the amount of methane involved
was smaller, producing a smaller flame, or it could be that the centre of the fireball was much
higher than assumed; MISHAP 2001 places the centre of the fireball at one fireball radius
above the ground; the lower surface of the fireball just touches the ground.
The two vertical jet-fire models produced very different results. JIF calculated a 58m diameter
circle, but this would be masked by the fireball event. PIPEFIRE suggested a significantly
larger area some 262m in diameter. This result provides a calculated width twice that observed;
the calculated and reported lengths are comparable. Similarly the Dome-fire module calculated
a conservative result.
The burn area was offset to a considerable distance downstream. The report states that the
“line was ripped open, laid out flat, and blown back over the north end (downstream end) of the
pipe.” This appears to suggest that the jet from the downstream end would have been deflected
back by the flap. The momentum of the gas clearly carried it downstream. Note that this does
not affect the risk calculation in the present case because a break in the pipeline is assumed to
be equally probable at any position on the pipeline.
%XUQ $UHD 0DWFKLQJ
The table below shows the positions and powers of two emitters.
Table2 Positions and Powers of Emitters
Parameter
Value
Emitter 1 Power
9.35kw
Emitter 1 Distance downstream from crater
122m

C.7

Emitter 1 Height above ground
Emitter 2 Power
Emitter 2 Distance downstream from crater
Emitter 2 Height above ground

128m
0.54kw
15m
15.6m

These parameters were obtained using a burn-area-matching program BurnFit. This places the
emitters on a straight line passing through the crater. The straight line formed an angle of
9 degrees with the pipeline direction in the horizontal plane. The sum of the powers of the
emitters was made to total that calculated in MISHAP 2001. Because the plan of the burn area
was incomplete an elliptical area was assumed close to the crater.
The drawing below shows the result of the matching program. The black area is the burn area
that matches the calculation, the light grey shows areas where there was no burn, but
calculation suggested there should have been, and the dark grey shows areas that were burned
but the calculation would suggest they would not have been.

CRQFOXVLRQV
The fireball model appears from this report to be rather conservative.
The calculated burn area according to the JIF model would be completely masked by the
fireball event.
The PIPEFIRE model appears to be slightly conservative. The Dome-fire model seems to be
even more conservative.
Two emitters placed on a straight line through the crater can model the burn area reasonably
accurately.
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A report from the USA National Transportation Safety Board No NTSB/PAR-87/01 available
from the National Technical Information Service, Report No PB87-916501 (with Lancaster 57
pages) This report was studied under a previous contract. Since that date a ruptured pipeline
jet-fire model has been added to MISHAP 2001 and PIPERS and so further work has been
carried out.
'HVFULSWLRQ RI ,QFLGHQW
This report concerns the rupture of a 30 inch natural gas pipeline in a rural area near to
Beaumont, Kentucky, USA at 09:10 on 27th April 1985. The rupture was caused by the
reduction in pipe wall thickness by atmospheric corrosion within a vented casing shorted to the
pipeline. The resulting fire burned an area about 213m long and 152m wide.
The report findings also concluded that:Federal requirements do not address atmospheric corrosion within casings, and
the pipeline pressures were allowed to be higher than current limits because of
“grandfather” clauses
This report is relevant to PIPERS and MISHAP 2001. It was investigated during the previous
contract and will be used in this study also.
SXPPDU\
Location
Date and Time
Substance
Diameter of Pipeline
Nominal Wall thickness
Pipeline Pressure
Depth of Cover
Pipeline
Coating
Product Temperature
Length of Pipeline
Size of break
Crater length
Crater width
Crater depth
Distance to pipeline fragments
Time from release to ignition
Time ignition to shut down
Time shut-down to self
extinguishing of flame
Area of burn
Area heat affected
Product released
Weather

Beaumont, Kentucky, USA
27th April 1985, 09:10
Natural Gas
762mm (30 in)
11.9mm (0.469in)
69.7 barg (992 PSIG)
1.8m (6ft)
API spec 5L, ;65 grade
Coated – type not known 3miles downstream of 344oK compressor - say 336oK
29km (18 miles) after 1hr 21min
Rupture 9m (30ft) long
27.5m (90ft)
11.6m (38ft)
3.7m (12ft)
Not known
Probably immediate absolute maximum 5 minutes
2 hour 21 min
Over 1 hour
213m x 152m (700ft x 500ft)
Not known
3283m3 (116000cu ft)
Warm sector, east of slow easterly moving frontal system
overcast skies and scattered rain showers.
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Air temperature
Wind direction
Wind Speed
Barometric pressure
Humidity
Cause of failure
Fireball
Jet-fire
Flash-fire
Pool-fire
Gas/Vapour Explosion
Flame Length

292oK (66oF)
From Southwest
3.13m/s (7mph)
Not known
Not known; 60% assumed
Corrosion 8.6mm deep at top of pipe in casing
Not reported but probable
Probably, but shape of flames not reported
Not reported
No
Not reported
Not known

CKURQRORJ\
Time

Action

09:10
before 09:15
09:15
09:23
10:31
11:43

Rupture occurred
Release ignited
Compressor shut-down
First isolation valve closed
Second isolation valve closed and flames reduced
Major fire out, small fires at each pipe end.
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The report contains a sketch of the accident site, reproduced below.
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CDOFXODWLRQV
MISHAP 2001 was used to calculate the release rate from the rupture. The results are shown
in graphical form below. The release rate at 30 seconds was 1837kg/s falling to 775kg/s after
15 minutes.

Because the release was almost immediate, MISHAP 2001 would include the effects of a
fireball. The result is shown below.

The result of the fireball calculation produces a circular burn area of radius 230m (459m
diameter).
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The fireball would be followed by a jet-fire. MISHAP 2001 has two methane vertical jet-fire
models JIF and PIPEFIRE. The results from these models are provided below. For JIF the
wind-speed was patched to 3.16m/s.
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The two models produce very different results. The JIF model calculates that there would be no
burn area caused by the jet-fire. The PIPEFIRE model would suggest a circular area some
278m in diameter.
The PIPERS Dome-fire module calculated the following:-

This is equivalent to a circular area of burn some 290m in diameter.
OEVHUYDWLRQV
The point is made in the text that the temperature of the product in the pipeline can be quite
high, just after a compressor; “temperatures «. 160oF or more.” Because the rupture was
within 3 miles of a compressor station, a relatively high gas temperature 336oK was assumed.
The report also indicates that the ground temperature close to the rupture was high, 150-170oF
or 340-350oK, several hours after the rupture. This suggests that the ground was subjected to a
heating effect for much longer than the fireball model would suggest. The fireball generates
substantial levels of flux but for a short period.
The winds in this case were over 3m/s from the southwest. This may have moved the burn area
through the 15 or so degrees observed.
The fireball model calculated a circular area 458m in diameter. This is much larger than the
213m by 152m area reported. The reason for this might be that a proportion of the initial
release was dispersed, rather than taking part in the fireball. Another possibility is that the
fireball had a higher elevation than that assumed; the fireball was assumed to just touch the
ground.
The JIF model calculates that there would be no burn area from this release. This is because
the flame is modelled as if it were a flare emerging from a stack, with the flame at a high
elevation.
The PIPEFIRE model suggests a circular burn area with a 278m diameter centred on the
rupture. This compares reasonably well with the reported burn area of 213m long and 152m
wide. PIPEFIRE is over conservative by about 30% on the length, but about 1.8 times on the
width.
The Dome-fire model is even more conservative; its calculated diameter was 290m; 36% on the
length and almost double the reported width.
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It should be noted that the centre of the burn area was not at the rupture. Rather it was located
downstream of the break. There was a larger length of pipeline downstream of the break. This
would tend to generate a greater flow from the upstream direction. The downstream location of
the centre of the burn area was perhaps due to the momentum of the gas; though the alignment
of the pipeline would have placed the centre of the burn further west if this were the sole
reason. The wind was from the southwest so that this probably played a part in the location of
the burned area. Note that such an anomaly does not affect the risk calculation since the
probability of a break is the same along the length of the pipeline.
It should be noted that the break was at a bend in the pipeline (see sketch); MISHAP 2001
takes no account of such features. In this case it does not seem to have affected the outcome.
%XUQ $UHD 0DWFKLQJ
The table below shows the positions and powers of two emitters placed on a straight line
through the crater. These parameters were obtained using a burn-area-matching program
BurnFit. The sum of the powers of the emitters was made to total that calculated in MISHAP
2001.
Table3 Positions and Powers of Emitters
Parameter
Value
Emitter 1 Power
10.82kw
Emitter 1 Distance downstream from crater
70.5m
Emitter 1 Height above ground
128m
Emitter 2 Power
0.68kw
Emitter 2 Distance downstream from crater
-0.5m
Emitter 2 Height above ground
-1.02m
The negative values for distance downstream and height of the second emitter indicates that it
is upstream of the crater; in this case almost coincident with it.
The plan below shows the result of the matching program. The black area is the burn area that
matches the calculation, the light grey shows areas where there was no burn, but calculation
suggested there should have been, and the dark grey shows areas that were burned but the
calculation would suggest they would not have been.
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CRQFOXVLRQV
The fireball model provides a conservative estimate of the effect of a release.
The JIF model under-estimates the effect of a flame from a ruptured pipeline. The PIPEFIRE
model is conservative. The Dome-fire model is still more conservative.
None of the models suggest that the burn area would be substantially displaced downstream
and/or downwind.
The burn area can be obtained to a reasonable accuracy by two emitters; one coincident with
the crater and the second about 70m downstream and 128m above the ground.
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C$5T:5,*+T /O8,S,$N$ T+ $8*8ST 
SRXUFH RI WKH 'DWD
A report from the USA National Transportation Safety Board No NTSB-PAR-77-1 available
from the National Technical Information Service, Report No PB268-606.
'HVFULSWLRQ RI ,QFLGHQW
This report concerns the rupture of a 20-inch natural gas pipeline at Cartwright, Louisiana,
USA. At approximately 1:05pm on 9th August 1976, a rupture and a fire occurred. A road
grader gouging the pipeline caused the rupture.
The report findings also concluded that:Only one of two machinery operators was aware of the pipeline,
The pipeline had not been lowered or cased when the road was constructed,
The pipeline company’s warnings to the authorities were not heeded,
The authorities did not warn the pipeline company about the work, and
There was no “one call” system in operation.
This report was studied under a previous contract. It is of relevance to PIPERS and
MISHAP 2001 since it describes an obstructed release ignited locally.
SXPPDU\
Location
Date and Time
Substance
Diameter of Pipeline
Nominal Wall thickness
Pipeline Pressure
Depth of Cover
Pipeline
Coating
Product Temperature
Length of Pipeline
Size of break
Crater length
Crater width
Crater depth
Distance to pipeline fragments
Time from release to ignition
Time ignition to shut down
Time shut-down to self
extinguishing of flame
Area of burn
Area heat affected
Product released
Weather
Air temperature
Wind direction
Wind Speed
Barometric pressure
Humidity

Cartwright, Louisiana, USA
August 9th 1976, 13:05
Natural gas
508mm (20in)
6.35mm (0.25in)
54.1barg (770 PSIG)
Road grader dug down to gouge pipeline
81.8 MPa SMYS, Youngstown Steel,
None
Not known, but 90km from Clarence Compressor station
18km (11.28 miles)
Full rupture dimensions not known
13.7m.(45 ft)
7.6m (25 ft)
3.05m (10 ft)
Not known
Within seconds
40 minutes and 60 minutes
Not known
1.2 Ha (3 acres) of woodland & 3.6 Ha (9 acres) of grass
and trees
Not known
Not known
Clear skies
307oK
From the north north-west
Less than 4.5m/s (10mph)
Not known
Not known
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Cause of failure
Fireball
Jet-fire
Flash-fire
Pool-fire
Gas/Vapour Explosion
Flame Length

Gouge by a road grader
No
Vertical and grounded jets
No
No
No
30-45m (100-150ft) horizontally and over 60m (200ft)
vertically

CKURQRORJ\
Time

Action

13:05
13:15
13:45
14:05

Break occurred, gas ignited within seconds
Break detected by monitors (100 PSIG pressure drop)
Valve at Milepost 107.68 closed
Valve at milepost 107.68 closed
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3KRWRJUDSK DQG SNHWFK RI $FFLGHQW SLWH
There is an aerial photograph of the site, reproduced below. Unfortunately it is not very clear,
even in the original.
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The photograph was adjusted to take account of perspective. The result is shown below.
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From this image, the schematic below was drawn up

Griffin Road was re-named Parish Road 241 and then Scenic Road. The direction of north was
confirmed by consulting Internet maps. I am grateful for the assistance provided in locating the
site by Marc Taylor, a Realtor in the area.
The report does not include any distances to buildings. There is, however, included in the
report, a scale drawing of the relative positions of the pipeline and the ditches either side of the
road. Note the burnt tree stumps in the area from the southwest of the rupture, through the
south of the rupture, to the northeast of the rupture. This would seem to correspond to the area
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referred to in the report as:- “A one-storey frame house, a mobile home, an automobile, a road
grader .... and about 3 acres (1.2 Ha) of woodland.”
The area of 1.2Ha supports our estimate of scaling. Using this scaling the distance to the frame
house would be about 30m and to the mobile home about 50m.
The report also refers to another area of burn in the following terms:- “Heat from the gas-fed
fire or grass fires also destroyed a one storey frame house, ..... and about 9 acres (3.6Ha) of
grass and trees.”
We presume that the frame house is to the northwest of the rupture, (upwind) and about 100m
away.
The report also mentions a “one storey brick house .... damaged by the radiated heat from the
gas-fed fire”.
The photograph is not clear enough to be sure, but this might lie to the North East of the
rupture; approximately in the crosswind direction. If so this would have been about 45m away
from the rupture.
The flames were described as “blow torch-like”. There was a vertical flame described as over
200 feet (60m) high, but the main damage was caused by the gas horizontally “deflected to the
east and the south-west”. The size of these deflected flames is described as 100-150 feet (3045m). The report indicates that “Some of the gas was vented horizontally because torn pipe
segments deflected it.” Perhaps these were kept in place by the vehicle that caused the gouge,
abandoned with a tyre over the site of the rupture.
The report describes the pipeline system as being triangular, connecting “Clarence Compressor
Station, Sterlington Compressor Station and the Bistineau Storage field”. The pipelines cannot
have taken a direct route, because had they done so, Cartwright would not have been on an
east-west route, lying as it does almost due east of the Bistineau lake but south west of
Sterlington. The milepost 124.9 near to Calhoun, mentioned in the text, places the break on the
southwest to northeast section between Clarence and Sterlington.
CDOFXODWLRQV
MISHAP 2001 was used to calculate the release rate from the pipeline. The release rate at
30 seconds was calculated to be 545kg/s, falling to 276kg/s after 15 minutes.
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The report indicates that the release was immediately ignited. MISHAP 2001 treats this as a
fireball followed by a jet-fire. The fireball results are shown below.

MISHAP 2001 thus calculates that the circular burn area from the fireball would be 282m in
diameter.
MISHAP 2001 includes two vertical jet-fire models, JIF and PIPEFIRE. The results for these
are shown below. In the case of JIF the wind-speed was patched to 4.5m/s.
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The JIF program calculates a burn area extending 38m downwind and 23m upwind; equivalent
to a circular area of 61m diameter offset downwind from the rupture by 8m. The PIPEFIRE
model takes no account of the wind and so generates a circular burn area 164m in diameter
centred on the rupture. The flame height was calculated by PIPEFIRE to be 227m.
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The PIPERS Dome-fire model was used to calculate an area of burn.

The calculated Dome-fire results show a circular burn area of 198m diameter.
OEVHUYDWLRQV
MISHAP 2001 does not have a model to handle an obstructed release. In this case the gas was
deflected so that the flames travelled along the ground. The fireball model calculated an area of
burn extending over 6Ha; 1ó times the 4.8Ha reported. A fireball event would thus mask the
jet-fires. Other incidents lead us to believe that the fireball model may be over-conservative and
so it is worth considering the jet-fire alone. This is particularly so since the PIPEFIRE model is
supposed to replace both the jet-fire and the fireball models.
The JIF model calculates a burned area of 0.3Ha and the PIPEFIRE model an area of 2.4Ha.
The Dome-fire calculated an area of 3.1Ha. All of these models under-estimate the reported
burned area of 4.8Ha. This is almost certainly because of the deflection of the gas jets by the
pipe fragments (as described in the report), but also by the road grader. The flame height
reported was 61m (200ft); this does not compare well with the 227m flames calculated by
PIPEFIRE and the 125m calculated by JIF.
There is a major anomaly in the report; the burned frame house 100m from the rupture to the
northwest. If the reported wind direction is correct, then the house was upwind of the break.
The burn was therefore unlikely to have been caused by the spreading of grass fires. A check
on meteorological data at Alexandra Airport 100km south gave the peak gust wind direction
from the northeast: inconclusive.
The report mentions gas which “vented to the east and west sides of Griffin Road along the
pipeline right of way”. Later in the report flames are described as “deflected to the east and the
south-west”. It may be that the flames were also deflected to the northwest. Certainly the road
grader was south of the rupture. The photograph, however, though not very clear, does appear
to show a heavily burned area to the southwest. The area to the northwest seems to be less
burned except for the one storey frame house. There are a number of possible explanations.
The house fire was initiated by a fireball event.
Clear mid-summer skies and high temperatures may have lowered the
Building Spontaneous Ignition Threshold
The wind may not have been from the north-northwest in that area
CRQFOXVLRQV
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This report is important because it describes deflected jet-flames that remained close to the
ground. Unfortunately there is very little quantitative data that can assist in the modelling of
such events. It is by no means certain, but it seems likely that this case provides evidence for a
fireball event, though less severe than one involving the whole of the initial release, and
obstructed jets with flames deflected along the ground.
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E',SON NE: -E5SE< 0$5C+ 5' 
SRXUFH RI WKH 'DWD
A report from the USA National Transportation Safety Board No NTSB/PAR-95/01 available
from the National Technical Information Service, Report No PB95-916501
'HVFULSWLRQ RI ,QFLGHQW
This report concerns the rupture of a 36 inch natural gas pipeline at Edison Township, New
Jersey, USA. It occurred at 11:55 p.m. on 23rd March 1994. The rupture was caused by metal
fatigue that produced a crack, formed in a gouge to the pipe made after 1986, when the pipeline
was internally inspected. The resulting fire had flames reported to be 400 to 500 ft high. Heat
radiating from the fire ignited several building roofs in a nearby apartment complex.
The reports findings also included the following conclusions:likelihood of excavator damage is increased by no requirement for marking,
instrument inspection of pipelines can identify defects before a rupture occurs,
good toughness properties reduce the likelihood of brittle failure ruptures,
excavation on industrial sites was not stressed in surveillance procedures,
employees on the industrial site were not warned of the pipeline existence, and
lack of automatic valves exacerbated damage to buildings,
This report is relevant to PIPERS and MISHAP 2001. It was investigated during the previous
contract and will also be used in this study.
SXPPDU\
Location
Date and Time
Substance
Diameter of Pipeline
Nominal Wall thickness
Pipeline Pressure
Depth of Cover
Pipeline
Coating
Product Temperature
Length of Pipeline
Size of break
Crater length
Crater width
Crater depth
Distance to pipeline fragments
Time from release to ignition
Time ignition to shut down
Time shut-down to self
extinguishing of flame
Area of burn
Area heat affected
Product released
Weather
Air temperature
Wind direction

Edison, New Jersey, USA
March 23rd 1994; 23:55
Natural gas
914.4(36 inch)
17.1mm(0.675 in)
68.2barg (970PSIG)
3.7m (12ft)
API 5L – 52
1 inch thick somastic
Not known, but 50km from compressor at Lambertville
17km (10.78miles)
23m (75ft) rupture
43m (140ft)
20m (65ft)
4.3m (14ft)
More than 244m (800ft)
Minutes later
2ò hours
Not known
135m upstream and cross-stream, 290m downstream and into
apartment area
Not known
8,100,000m3 (287 million cu ft)
Skies cloudy, visibility 15 miles
286oK (55oF)
No wind
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Wind Speed
Barometric pressure
Humidity
Cause of failure
Fireball
Jet-fire
Flash-fire
Pool-fire
Gas/Vapour Explosion
Flame Length

Calm
Not known
Not known 60% assumed
Gouge in pipeline 1:30 o’clock which grew through metal
fatigue Reduction in wall thickness 26%
Not an immediate ignition - ignition was 1-2minutes after
rupture
Yes
Not reported
No
Not reported
120-155m(400-500ft) high flames

CKURQRORJ\
Time

Action

~23:55
~23:56-23:57
01:35
02:00
02:25

Pipeline ruptured
Gas ignited
1st downstream valve (20-88) closed
2nd downstream valve (20-122) closed
Upstream valve (20-77) closed
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SNHWFK RI $FFLGHQW SLWH
The sketch below was taken from the report.

It is presumed that the building 10 nearest to the rupture was, in fact building 12 in the text,
which was “fully involved” in the fire on the arrival of the fire fighters. A check on the scale
was made. The distance to fragment 17 (north east of the rupture) was scaled as 893ft; the text
refers to “more than 800ft” and “as far as 800ft”. Fragment 20 was 70ft from building 24
agreeing with the text.
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CDOFXODWLRQV
MISHAP 2001 calculated the release rate for the gas. The results are shown in graphical form
below. The release rate at 30 seconds was calculated to be 3305kg/s and 1536kg/s at
15 minutes.

The ignition of the release was definitely delayed in this incident. Thus MISHAP 2001 would
not include the fireball model in its assessment. The two vertical jet-fire models, JIF and
PIPEFIRE were used to calculate the burned area. The results are shown below.
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As can be seen, JIF calculates a zero burn area. This is because the flames were calculated to
be so high in the air that they had negligible effect at ground level. PIPEFIRE on the other hand
calculates an area with a diameter of 350m.
The results from the PIPERS Dome-fire model are shown below:-

Dome-fire suggests an identical area to PIPEFIRE; a 350m diameter circle.
OEVHUYDWLRQV
This release was delayed. The report states, “within 1-2 minutes of the rupture, one of several
possible sources ignited the escaping gas”. The fireball model within MISHAP 2001 would
not, therefore, be applied. A fire that started after the initial rapid release of gas caused the
whole of the burn.
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The strange result produced by JIF (a zero burned area) was caused by the assumptions
inherent in the model; that the flames are similar to those produced by a flare stack. In turn this
means that, close to the ground, the gas in the jet is so concentrated that it cannot burn. The fire
itself is thus so high in the air that its ground level flux falls to below 25.6kw/m2. Clearly this
was not the case at Edison.
The actual burn area was about 135m either side of the rupture (a total of 270m). It also
extended upstream from the rupture by a similar amount. Downstream the burned area
extended to a distance of 290m from the rupture. The total distance burned in a direction
parallel to the pipeline was therefore 425m; significantly greater than the 350m calculated by
PIPEFIRE and Dome-fire. The flames also burned buildings at 290m in a direction making an
angle of about 45 degrees with the pipeline.
The PIPEFIRE model calculated a flame height of 636m and a flame width of 101m. The
report includes a not very clear photograph of the flames. This appears to show the flames at
about 45 degrees, then rising vertically over a fire engine. The caption by the picture reports
flame heights of 400-500ft (120-150m); much lower than those calculated.
The heat at the closest of the apartments, 165m from the rupture, was significant. There are
reports of “exploding «. apartment windows”. “The inside walls were starting to smoke” on
the third floor. Close to Apartment 12, the heat “cracked the tail gate lenses and began to char
the paint on one fire truck”. On the northwest, 150m from the rupture, the fire was making
automobiles “too hot to touch, was melting the light lenses and other plastic parts and was
causing glass windows to shatter”.
A contour map of the area shows the 100ft contour NGVD (National Geodetic Vertical Datum
of 1929) passing between buildings 9 and 11; all the buildings were therefore close to the 100ft
contour. Buildings 12, 11, 24, 21 and 22 were all between the 100ft and the 80ft contour lines.
Buildings 10, 9 and 20 were just above the 100ft contour. The ground above the pipeline was
at a height of around 90ft NGVD, placing the pipeline height at about 80ft NGVD. The
apartment blocks would have received a somewhat greater heat flux due to their height;
(3 storeys) perhaps 11m. This would bring them closer to the flames (120-150m high).
Compared with the flame height, however, the variation in ground level (6m maximum) and the
height of the buildings were not significant.
It should be noted that there is an inconsistency between the drawing and the position of the
pipeline as marked on aerial photographs of the site. There are also inconsistencies between the
photographs. The photographs all show the pipeline running parallel to the railroad on the west
side of the crater. The photograph taken after the accident shows the crater at the bend. Other
photographs taken earlier show the failure after the bend, with the pipeline direction closer to
the apartments. The text also states that the pipeline “turned northward about 17 degrees”. If
the rupture occurred on or upstream of the bend then this would mean that the gas from
upstream would probably emerge from the crater in the direction of the upstream pipeline; east
south-east; towards the apartments.
The centre of the burned area was located about 90m east-southeast of the rupture (near to the
final µn’ of “Detention basin”). The pipeline is shown in the drawing towards the north of the
crater and a photograph of the crater also seems to show it offset from the pipeline centre. This
is certainly consistent with the gas emerging in an east southeasterly direction. The gas flowing
back down the pipeline would have made some contribution to the burn around the rupture so
that the centre of the burn from the upstream flow alone might be expected to be even closer to
the buildings; perhaps into the “Tennis courts” area.
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The photographic evidence and the elliptical shape of the burn area suggest a tilt to the flame.
%XUQ $UHD 0DWFKLQJ
A burn-area-matching program BurnFit was used to find a best fit to the burn area using two
emitters. These are constrained to lie on a straight line through the crater and to have a total
power equal to that calculated by MISHAP 2001. The table below shows the positions and
powers of these two emitters. The burn area was rotated by 18 degrees in order to place the
crater and the centre of the burn on the centre line of the drawing. Note that this figure is
similar to the pipeline bend of 17 degrees mentioned in the report.
Table4 Positions and Powers of Emitters
Parameter
Value
Emitter 1 Power
15.91kw
Emitter 1 Distance downstream from crater
188.8m
Emitter 1 Height above ground
150m
Emitter 2 Power
5.175w
Emitter 2 Distance downstream from crater
-7.5m
Emitter 2 Height above ground
-6.0m
The negative values for distances indicate that the second emitter is located upstream of the
crater.
The plan below shows the result of the matching program. The burn area that matches the
calculation is shown in black and the light grey shows areas where there was no burn, but
calculation suggested there should have been. The dark grey shows areas that were burned but
the calculation would suggest they would not have been.
The irregular shape of the burn area is probably due to the urban environment; banks, area of
asphalt and so on. Despite this, a reasonable fit is obtainable with the two emitters.

C.33

)OX[ 0DS
Working on the assumption that the flame was in two parts, one from downstream, the other
from upstream, a modified version of the Fluxmap program using PIPEFIRE emitters rather
than point emitters was tried. This gave a far larger width of burn than observed. It was
realised that the flow rate used was the 30 second flow rate, but the gas ignited 1-2 minutes
(60-120 seconds) after the rupture. By 100 seconds the calculated flow rate had fallen to
2100kg/s closer to the steady state flow rate of 1532kg/s. The Fluxmap program using half of
the 1532kg/s flow rate for each flame gave the results shown below:-
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These results compare reasonably well with the observed width of 270m. The observed
upstream distance of 135m is over-estimated by 60% but the downstream distance of 290m is
under-estimated by 25%. The overall length is, however close to the 425m reported and this
would provide a calculated risk slightly higher than the actual burn area would suggest.
CRQFOXVLRQV
JIF significantly under-estimates the seriousness of this incident; its model does not accurately
describe a fire from a ruptured pipeline. PIPEFIRE and Dome-fire both under-estimated the
extent of the burn area. PIPEFIRE seems to have over-estimated the height of the flames.
The centre of the burn area was not over the rupture site; rather it was located downstream of
the break. The probable explanation of this is that the pipeline ends were mis-aligned so that
two flames were produced. The effects of two point emitters, one almost coincident with the
crater and a second one downstream of the break may represent the burn area reasonably
accurately.
Two PIPEFIRE flames sharing the steady state flow rate also fit the burn area to a good
approximation.
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)$50,N*TON NE: 0E;,CO 0$5C+  
SRXUFH RI WKH 'DWD
A report from the USA National Transportation Safety Board No NTSB-PAR-75-3 available
from the National Technical Information Service, Report No PB-250 774 (26 pages)
'HVFULSWLRQ RI ,QFLGHQW
This report describes the rupture of a natural gas transmission line and a subsequent fire. There
were three fatalities.
The pipeline was under static conditions when it failed. It appeared that, minutes after the
rupture, and before the fire, three onlookers arrived at the scene in a pickup. The source of
ignition is not known, but it could have been an attempt to re-start the stalled pickup. The gas
ignited and the occupants of the pickup were killed; two in the pickup, the third 30ft away.
The report is relevant to PIPERS and MISHAP 2001 because it describes an ignited release
from a ruptured natural gas transmission line.
SXPPDU\
Location
Date and Time
Substance
Diameter of Pipeline
Nominal Wall thickness
Pipeline Pressure
Depth of Cover
Pipeline
Coating
Product Temperature
Length of Pipeline
Size of break
Crater length
Crater width
Crater depth
Distance to pipeline fragments
Time from release to ignition
Time ignition to shut down
Time shut-down to self
extinguishing of flame
Area of burn
Area heat affected
Product released
Weather
Air temperature
Wind direction
Wind Speed
Barometric pressure
Humidity
Cause of failure
Fireball
Jet-fire

Farmington, New Mexico, USA
15th March 1974, 3:45am
Natural gas
324mm (12ô in)
6.35mm (0.25 in)s
34.9barg (497psig); line in a static condition 50oF
0.76m (30 inches)
A O Smith flash welded steel
Not coated, initially no cathodic protection
278-283oK (40-50oF)
100km (46.316.0miles initially), 14.3km (8.9 miles) after
75 min
2.4m (8 ft) rupture
13m (40ft)
5.2m (17ft)
3m (10ft)
30m (98 ft) south
8 minutes
~67 minutes
76 minutes
91m (300ft) diameter
Not known
Not known
Not known
272oK (30oF)
From the west
Slight breeze
Not known
0% (below freezing)
Corrosion at the bottom of the steel pipeline to 40% thickness
No, Time from rupture to fire was 8 minutes
Yes
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Flash-fire
Pool-fire
Gas/Vapour Explosion
Flame Length

Probably not, release was not obstructed
No
No
~100m (several hundred feet)

CKURQRORJ\
Time

Action

03:45
03:53
04:45
05:00
06:16

Rupture occurred
Release ignited
Valve closed at MP50.4 south of the break
Valve closed at MP41.5 north of the break
Fire self extinguished
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SNHWFK RI $FFLGHQW SLWH
This sketch was reproduced from the report. The 100yd circle was added.
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CDOFXODWLRQV
MISHAP 2001 was used to determine the release rate from the rupture. The results are
provided in the graph below. The release rate at 30 seconds was calculated to be 118kg/s
falling to 63kg/s after 15 minutes. The release ignited after about 8 minutes so the release rate
at 500 seconds, 70kg/s, was used in subsequent calculations.

The two MISHAP 2001 jet-fire models were used to calculate a burn area. Because the ignition
was delayed, no MISHAP 2001 fireball event would have occurred. The wind was “slight” so
that for JIF the default wind-speeds of 2m/s and 5m/s were used. The results are shown below.
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The JIF model calculated a zero burn area for the lower wind-speed At the higher windspeed an
downwind burn distance of 29m and an upwind distance of 17m provides a circular burn area
some 36m in diameter offset by 6m downwind. The PIPEFIRE model, on the other hand,
calculated a circular burn area of 41m radius (81m diameter).
The PIPERS Dome-fire model produced the following result:-

This result represents a circular area over the rupture with a diameter of 114m.
OEVHUYDWLRQV
The report is extremely useful because almost all of the parameters required by MISHAP 2001
are defined. The time of ignition was recorded by a stopped wrist watch (though it may not
have been set accurately). Based on this, the time from rupture to fire was probably 8 minutes.
The report indicates that “delay between rupture and ignition «. is not unusual”.
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The actual burn area was described as “earth within a 300ft (91m) diameter was charred”.
Thus the PIPEFIRE model slightly under-estimates the burn area. It should be noted that the
temperatures were below freezing, so the humidity would have been much lower than the 50%
used by PIPEFIRE. When this is accounted for, PIPEFIRE extended the burn area to 98m
diameter; greater than the 91m reported. The report describes flames “several hundred feet
high”; PIPEFIRE calculates 71m (233ft). Note also that the distance to 1800tdu was 43m; all
the casualties were within this distance.
The Dome-fire model appears from this incident to be conservative; it suggests a 114m
diameter compared with the91m reported.
The JIF model on the other hand clearly does not apply in this case. This is because it models
the release as if it were from an unobstructed stack; the flame is so high above the ground that
it is calculated to have little effect. The adjacent pipeline, 4ft away, was red-hot from the
flames that must have been close to it.
Another interesting point to arise from this report is that of human behaviour. People do not
always run from an non-ignited release. The report states that it “could not be determined why
the truck was driven to the failure, considering the roar of escaping gas”, and tyre tracks
“indicate that the truck reached its final location after the rupture and before the ignition”. The
driver “may have driven towards the roaring sound to discover its source.” (It was 3:45am, an
unusual time to be out in a truck accompanied by a child.) As a result two passengers (woman
and child) died in the truck and the driver some 10m from it.
The section of pipeline was isolated to 8.9 miles 1 hour after the rupture. The fire self
extinguished 76 minutes after this.
%XUQ $UHD 0DWFKLQJ
The circular burn area centred on the rupture implies that emitters placed above the break may
represent the burn area.
CRQFOXVLRQV
This report provides good correlation between the calculations of PIPEFIRE and the actual
area of burn. It also indicates that Dome-fire is somewhat conservative and that JIF is not
appropriate to this type of release.
The assumption that people will run from an non-ignited release is questionable. It may even be
that curiosity will attract people to a gas release, thus increasing the risk of dangerous dose or
death from a delayed ignition.
Point emitters located above the break may represent the burn area.
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+O8STON TE;$S SE3TE0%E5 T+ 
SRXUFH RI WKH 'DWD
A report from the USA National Transportation Safety Board No NTSB-PAR-71-1 available
from the National Technical Information Service, Report No PB202868
'HVFULSWLRQ RI ,QFLGHQW
At 3:40pm on 9th September 1969, a 14inch pipeline carrying natural gas at 780 psig, ruptured
in a residential area 3ó miles north of Houston. The gas entered houses and, some eight to ten
minutes after the rupture, reached a source of ignition. The resulting explosion destroyed 13
houses between 24ft and 250ft from the rupture.
SXPPDU\
Location
Date and Time
Substance
Diameter of Pipeline
Nominal Wall thickness
Pipeline Pressure
Depth of Cover
Pipeline
Coating
Product Temperature
Length of Pipeline
Size of break
Crater length
Crater width
Crater depth
Distance to pipeline fragments
Time from release to ignition
Time ignition to shut down
Time shut-down to self
extinguishing of flame
Area of burn
Area heat affected
Product released
Weather
Air temperature
Wind direction
Wind-speed
Barometric pressure
Humidity
Cause of failure
Fireball
Jet-fire
Flash-fire
Pool-fire
Gas/Vapour Explosion
Flame Length

Houston, Texas, USA
September 9th 1969; 15:40
Methane
355mm (14in)
6.35mm (0.25 in)
55.5 bar (789PSIG)
Not known
ERW API 5L Grade B
Not known
Not known
16.6km (112-101.7 miles)
14.8m (48ft 7.5in) rupture
Not known
Not known
Not known
Not known
8-10 minutes
About 1ò hours
About 5 hours
Approx. 91m (300ft) north, 47m (154 ft) east, 52m (170ft)
west
Not known
Not known
Not known
305oK (89-90oF)
From the east north-east.
3.6m/s (7 knots)
Not known
Not known
Weld Failure about 2o’clock looking downstream
No
Yes
Yes
No
Yes blast damage 52m (170ft) west, 91m (300ft) north, 47m
(154ft) east
38m (125ft)
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CKURQRORJ\
Time

Action

15:40
17:08
17:10
22:00 approx.

Rupture occurred
Downstream valve closed
Upstream valve closed
Gas fed fires burned out

SNHWFK RI $FFLGHQW SLWH
The report provides a sketch of the accident site, reproduced below. Although the drawing is
marked “not to scale” the distances marked are reasonably self-consistent and are in general
accord with an Internet map (see below). It is reasonable to assume that the houses in Estrellita
Drive to the east and Well Place to the west were undamaged.
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CDOFXODWLRQV
The release rate calculated by MISHAP 2001 is shown below. The release rate at 30 seconds
was calculated to be 225kg/s and 119kg/s at 15 minutes.

The MISHAP 2001 flash-fire module, CRUNCH and the HG Systems model in PIPERS, gave
the following results with the wind-speed patched to 3.6m/s. Note that the difference between
weathers 1 and 2 is due to the stability factor, F for night, D for day-time.
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The Weather 2 results are the most appropriate, since the release was during the day. The
length of the cloud was calculated to be 220m by CRUNCH. HG Systems calculated 551m.
The half widths calculated were both about 14m.
The vertical jet-fire models JIF/MAJ3D and PIPEFIRE produced the following results, with
the wind-speed patched to 3.6m/s.
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As can be seen, the distance calculated by JIF/MAJ3D for length of burn downwind was 11m;
it was 2m upwind. PIPEFIRE, which takes no account of wind, provided a burn distance of
63m; a circular burn area of 126m diameter.
The PIPERS Dome-fire model was also used to calculate a burn area.
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The Dome-fire model calculated a burn area that was circular and 150m in diameter.
MISHAP 2001 does not include an explosion model.
OEVHUYDWLRQV
There are three aspects to this report that are relevant to MISHAP 2001. The first is that there
was an explosion. Secondly, there was substantial crosswind damage to the north; scorched
roofs. Thirdly there was no damage reported to the south of the rupture.
It is clear from the report that there was a significant explosion. “Five houses on the west side
of Elkins Street exploded at this time”. This was not a free-air explosion, but initiated within
the confines of a house filled with gas. Note that only four houses to the west of Elkins Street
are shown as demolished and there was blast damage shown to the east of Kaler Street; it may
be that the report is in error and it was the 5 houses shown as demolished on the east side of
Elkins street that exploded.
The wind direction was east northeast. For a flash-fire, this would place the area of burn to the
west southwest according to our models. The damage to the north-northwest was calculated to
be 14m compared with the observed 100m or so. The results from the PIPEFIRE jet-fire model
would indicate a burn area to 63m, the Dome-fire to 75m. The large area of burn to the north
may be partly due to topography. The report states that “a series of large earth mounds and an
irrigation ditch were located to the south side of the right-of-way and apparently acted as a
buffer, protecting structures in that direction from heavy damage.” The report could be
referring to blast damage, although, from the description, there was little to the south that could
be damaged by a blast. It is more likely, therefore, to be referring to burn damage.
Two photographs from the report provide an indication of the reason for the damage to the
north. The first is of the pipeline showing the rupture after the fires had been extinguished.
Rather than being blown out of the ground, the pipeline had split open over a 14.8m length.
This split at about 2 o’clock would have provided the gas with momentum in a northerly
direction. A photograph of the fire showing what seems to be a flame along the ground in the
northerly direction confirms this. Thus, in the pre-ignition stage, the gas would have been
directed towards the north. Once it had lost its momentum, it would then have been blown
towards the west-southwest.
Whether it was topography or momentum, what is clear is that the gas reached houses in
sufficient concentration to provide a flammable / explosive mixture. The jet-fire, which
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followed the explosion, would also have been displaced to the north perhaps producing the
scorched roofs shown in the sketch map.
CRQFOXVLRQV
In this accident one of the significant hazards was an explosion of gas in a confined space.
MISHAP 2001 does not include an explosion model.
The rupture was in the form of a long split which provided momentum to the gas at right angles
to the pipeline. This is similar to the grounded jet model in PIPERS, but the grounded jet is
only applied to holes at the side of pipelines rather than to ruptures.
The flash-fire model assumes zero momentum. It is very likely that the gas had considerable
momentum at right angles to the pipeline.
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+8'SON ,O:$ NO9E0%E5  
SRXUFH RI WKH 'DWD
A report from the USA National Transportation Safety Board No NTSB/PAR-83/02 available
from the National Technical Information Service, Report No PB83-916502 (45 pages)
'HVFULSWLRQ RI ,QFLGHQW
This report concerns the rupture of a 20 inch natural gas pipeline in a rural area near to
Hudson, Iowa caused by a drain laying plough. The ignition was immediate and there were
fatalities at 300ft. There is a photograph of the flames with the plough visible. Although it was
taken well after ignition, it indicates the qualitative difference between the JIF model used in
MISHAP 2001 and reality, so far as the size and shape of the flames is concerned. The heat
was too intense to allow fire fighters equipped with asbestos shields to close valves at 60ft from
the rupture. Fire fighters, wearing asbestos suits with their own oxygen supply, under a water
mist, accomplished this. There is a scale drawing of the site, but unfortunately the area of burn
is not marked.
Findings within the report also included:the pipeline operator did not have profile maps of its pipeline,
the pipeline employee did not make it clear that pipeline depth could vary,
the contractor wrongly assumed a constant pipeline depth, and
the pipeline employee should not have left the site before work was completed.
SXPPDU\
Location
Date and Time
Substance
Diameter of Pipeline
Nominal Wall thickness
Pipeline Pressure
Depth of Cover
Pipeline
Coating
Product Temperature
Length of Pipeline
Size of break
Crater length
Crater width
Crater depth
Distance to pipeline fragments
Time from release to ignition
Time ignition to shut down
Time shut-down to self
extinguishing of flame
Area of burn
Area heat affected
Product released
Weather
Air temperature
Wind direction

Hudson, Iowa, USA
4th November 1982, 14:15
Natural Gas
508mm (20 in)
7.1mm (0.281 in)
57.7barg (820psig)
0.91m (36 inches)
API 5L;-52
Coated wrapped and cathodically protected
Not known, but over 100km downstream of pumping station
23km (14.3 miles)
19.2m (63ft) rupture
19.5m (64ft)
15m (30ft)
2.75m (9ft)
13.7m (45ft)
Almost immediately
65 minutes to shut down of 23km (14.3 mile) section
10 minutes after local valve closed
30 minutes after 23km section shut down, 10 minutes after
local valve closed
Fatality at about 91m (300ft) due to thermal blast
Several acres of soybean stubble.
1,324m3 (46,800 ft3)
Skies overcast, visibility 14:00 16km (10miles). Had been
snowing
271oK (28oF)
From west north west
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Wind Speed
Barometric pressure
Humidity
Cause of failure
Fireball
Jet-fire
Flash-fire
Pool-fire
Gas/Vapour Explosion
Flame Length
CKURQRORJ\
Time
14:15
14:57
15:20
15:40
15:50

6-8m/s (12-15 knots) gusting to 10-13m/s (20-25 knots)
Not known
Below freezing
Pipeline gouged by a “tile plow” (drain laying plough)
190mm (7.5in) below the top of the 508mm (20in) pipe
Very probable
Yes - photograph available jet was not obstructed
No
No
Probably not
~100m (several hundred feet)

Action
Rupture occurred, pressure drop 10 miles downstream reported
Valves at MP93.75 and MP87.70 closed
Valve at MP79.47 closed (about 4 miles upstream)
but gas still supplied to fire from an adjacent 26inch pipeline
Valves closed 40ft upstream cutting off 26inch pipeline, fire reduced
Fire extinguished Pipeline isolated to 14.3 mile section MP93.75 - MP79.47
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SNHWFK RI $FFLGHQW SLWH
The sketch below was taken from the report. Of the total of five fatalities, only four are shown
on the sketch. The report states that “one of the work crew died within 30ft of the pipeline
rupture”. This was probably the body marker to the southeast in which case the text should
perhaps have read “within 30yds”. The person who was “on the west side of Grundy Road
about 200ft from the rupture”, from the sketch was between 137ft and 172ft. It seems that the
person who “died within 300ft of the rupture” is not shown on the sketch. The crater as drawn
matches the text “30 feet wide, 64 feet long”.
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3KRWRJUDSK RI )LUH
The following photograph of the flames is also taken from the report

CDOFXODWLRQV
MISHAP 2001 was used to calculate the release rate from the pipeline. The release rate was
682kg/s at 30 seconds and 332kg/s at 15 minutes, see graph below.

Because the ignition was immediate, MISHAP 2001 models the accident as a fireball followed
by a jet-fire. The fireball results are shown below.
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As can be seen the fireball model gave a distance to spontaneous ignition of 205m, implying a
410m diameter burned circle.
MISHAP 2001 has two models for a vertical jet-fire, JIF and PIPEFIRE. Both were used and
the results are shown below. The wind-speed was patched to 7m/s for JIF.
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The JIF model calculated a burn area extending 92m downwind and 64m upwind; a circle of
approximately 156m diameter offset downwind by 14m. The PIPEFIRE model, on the other
hand, calculated a circle of 190m diameter; it takes no account of wind in its calculations. In
zero humidity, however, the distance to spontaneous ignition would extend over 127m. The
flame height calculated by PIPEFIRE was 259m; its width was 51m. Using the 15 minute
release rate, the height was still 172m and the width 38m.
The PIPERS Dome-fire model produced the following:-

This represents a circular burn area some 246m in diameter.
OEVHUYDWLRQV
The ignition of the release was immediate and so the MISHAP 2001 program would model this
as a fireball plus a jet-fire. The distance to a 1800tdu dose from the fireball was 237m so that
the most distant casualty at 91m (300ft) was well within the calculated range.
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PIPEFIRE is supposed to take account of the fireball in its modelling and this gave a distance
to 1800tdu of 77m at 50% humidity, 113m at zero humidity; the furthest casualty (91m) would
have been well within this range. The distance to a 1000tdu dose at 50% humidity was
calculated to be the 125m. The Dome-fire model produced a similar result at zero humidity
(105m). The effects of the fireball would mask the JIF model results.
The area of burn was reported as “several acres”; not sufficiently precise to provide any
validation of the distances to 25.6kw/m2. The 205m range for the fireball would extend over an
area of 32 acres. The JIF model would estimate a 4 acre burn area, Dome-fire an area of 12
acres and PIPEFIRE an area of 11 acres at 50% humidity, even larger at 0%.
The text mentions a house located 165m (540ft) away from the rupture, though this house is
not shown on a map of the tiling operation (copyright 1973). No mention is made of damage to
the house, though at this distance it would have been within the 205m range of the fireball and
just within the PIPEFIRE distance to 25.6kw/m2.
There is a photograph of the flames within the report taken at least 15 minutes after the rupture
(long after any fireball event). It is clear from the photograph that there was not a flame lift off
region; a portion of the jet close to the rupture where the concentration of the gas was above the
flammable limit. This effect is clearly observed in stack releases and is modelled as such within
JIF. It is evidence that the JIF model is not applicable to ruptures.
The PIPEFIRE model calculated a flame height of 172m and a width of 38m using the
15 minute release rate. The report describes flames “several hundred feet into the air” as the
gas ignited. The photographs, taken at least 15 minutes after ignition, however, show flames
about 30-40m (100-130ft) high, but 60-80m wide. It appears that the flames from this rupture
were wider than calculated, but also not as high. In the sketch of the accident scene, the
downstream (east) part of the broken pipeline is shown with a torn section of pipe still attached.
The implication is that the upstream and downstream pipes, and the gas jets, would not have
been aligned. The fire could thus have comprised two flames: one from upstream and one from
downstream to produce a wider flame than would be expected from precisely aligned pipe ends.
CRQFOXVLRQV
The report provides some support for the modelling carried out by MISHAP 2001. The
casualties were all located within the range calculated by the fireball model, by PIPEFIRE
(allowing for low humidity) and by Dome-fire.
The JIF model alone would not have included a casualty at 91m, but, since the ignition was
immediate, MISHAP 2001 would have included the effects of a fireball in its modelling.
No mention is made of damage to a house at 165m; this suggests that the fireball model may be
over-conservative.
A photograph within the report suggests that JIF is an inappropriate model for rupture releases.
The photograph also indicates that the shape of the flame, as calculated by PIPEFIRE and the
Dome-fire, may be inaccurate. This may also explain the reason why the house at 165m is not
included in the list of property damaged.
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,*N$CE ONT$5,O  0$5C+ 
SRXUFH RI WKH 'DWD
A single page Appendix F of a report from the Transportation Safety Board of Canada
describing natural gas pipeline ruptures on pipelines operated by TransCanada Pipelines
Limited.
'HVFULSWLRQ RI ,QFLGHQW
This appendix describes a release of natural gas from a pipeline rupture. The release ignited, so
that it would be relevant to PIPERS and MISHAP 2001. Unfortunately the data provided is
rather sparse.
SXPPDU\
Location
Date and Time
Substance
Diameter of Pipeline
Nominal Wall thickness
Pipeline Pressure
Depth of Cover
Pipeline
Coating
Product Temperature
Length of Pipeline
Size of break
Crater length
Crater width
Crater depth
Distance to pipeline fragments
Time release to ignition
Time release to shut-down
Time from shut-down to
extinguishing
Area of burn
Area of heat affected
Product released
Weather*
Air temperature*
Wind direction*
Wind Speed*
Barometer reading*
Humidity*
Cause of failure
Fireball
Jet-fire
Flash-fire
Pool-fire
Gas Explosion
Flame Length

Ignace, Ontario, Canada
10th March 1985
Natural gas
914mm
9.14mm
6,649kPa
Not known
Not known
Asphalt enamel, asbestos felt wrap, cathodically protected
305oK 23km downstream of compressor station
Not known
22.5m long rupture
17m if circular (225m2 area)
17m if circular (225m2 area)
3m
Not known
Not known
Not known
3ò hours
2.3Ha of timber predominately to the North; no damage
695m South
Not known
Not known
Clear, 24.1km visibility
-5.1 to 5.8oC; average over the day 275oK
180o to 310o; average over the day 226o
0 to 7.8m/s; average over the day 4.7m/s (17km/hr )
957.6 to 960.2mb; average over the day 0.958 bar
36-96%; average over the day 60%
Not known
Not reported
Probably
Not reported
No
Not reported
Not reported

*At Dryden, approximately 80 kilometres from Ignace.
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SNHWFK RI $FFLGHQW SLWH
There is no sketch of the accident site in the report.
CDOFXODWLRQV
The release rate calculation gave the results shown in graphical form below. The release rate at
30 seconds was 3082kg/s, falling to 1439 after 15 minutes.

The text does not indicate whether the release was delayed. If it were not delayed, then
MISHAP 2001 would assume the presence of a fireball and would calculate its effects as
shown below.

The burned area would be calculated as a circle of diameter 422m.

C.57

Two vertical jet-fire models are available in MISHAP 2001; JIF and PIPEFIRE. Wind-speeds
in JIF were patched to 4.7m/s and 7.8m/s for weathers 1 and 2. PIPEFIRE does not make use
of wind-speed.

The JIF model would estimate that the area of burn would extend 99m downwind and 71m
upwind in 4.7m/s winds. This is equivalent to a circle some 170m in diameter offset 14m
downwind. For 7.8m/s winds the downwind distance was 139m; upwind it was 93m; equivalent
to circular burn area 232m in diameter offset downwind by 23m.
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The PIPEFIRE model calculates the burn area of 342m diameter.
PIPERS Dome-fire produced the following results:-

This is equivalent to a circular burn area some 342m in diameter.
OEVHUYDWLRQV
The actual area reported as burned was 2.3Ha of timber, predominantly to the north of the
east-west pipeline; equivalent to a circle of 171m diameter. This is a much smaller area than
calculated by the Fireball, Dome-fire and PIPEFIRE models; Fireball calculates 422m, Domefire and PIPEFIRE calculates 342m. JIF calculates 170m in 4.7m/s winds and 232m in 7.8m/s
winds. The time of day when the incident occurred is not known; relative humidity was as high
as 96% early in the morning on that day. This would have reduced the heat received at the
target.
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Information obtained from the Internet on average weather in Dryden, Ontario (80km to the
west) suggests that the ground would have been snow covered. In March the average high
temperature is 0oC, the average low is -13oC and the average precipitation is 35mm. The
average precipitation for the period from November to February, when the temperature is
seldom above freezing, is 140mm; about 1.4m of snow. As a result the flames would have had
to melt the snow and then evaporate it before it could start to burn the ground.
No explanation is given for the offset to the North. This may have been due to the terrain; there
might have been no timber to the south. It could have been due to the wind direction generally
from the south to southwest.
CRQFOXVLRQV
Unfortunately this report provides little useful information. One interpretation of the smaller
burn area than calculated is that the models are conservative. A far more likely explanation
would be that the heat of the flames was absorbed by snowmelt.
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-$C.SON /O8,S,$N$ NO9E0%E5  
SRXUFH RI WKH 'DWD
A USA National Transportation Safety Board Report No NTSB/PAR-86/01/SUM available
from the National Technical Information Service, Report No PB86-916502 (4 pages)
'HVFULSWLRQ RI ,QFLGHQW
This report summarises an accident that occurred when a pipeline ruptured following
excavation work and the replacement of sections of two existing parallel pipelines. The original
pipelines were lifted 4-5ft in order to weld in the new sections. When released, the pipeline
remained 2ft above its original elevation. The space underneath was filled with un-compacted
soil and the pipeline back-filled. Before the back filling was completed, the pipeline was repressurised. The pipeline failed due to stresses caused by the weight of the excavation
equipment on the unsupported pipeline. Five of the excavation staff were killed and 23 other
people were seriously injured.
The report indicates that Federal regulations were violated, because these require the back-fill
to provide firm support under the pipe.
This report is a summary report and the information it provides is therefore rather sparse. It is
of relevance to both PIPERS and MISHAP 2001 since it describes the release of natural gas
from a rupture on a transmission pipeline leading to a jet-fire.
SXPPDU\
Location
Date and Time
Substance
Diameter of Pipeline
Nominal Wall thickness
Pipeline Pressure
Depth of Cover
Pipeline
Coating
Product Temperature
Length of Pipeline
Size of break
Crater length
Crater width
Crater depth
Distance to pipeline fragments
Time from release to ignition
Time ignition to shut down
Time shut-down to self
extinguishing of flame
Area of burn
Area heat affected
Product released
Weather*
Air temperature*
Wind direction *
Wind Speed *

Jackson, Louisiana, USA
25th November 1984, 13:00
Natural gas
762mm (30in)
Not known - 7.92 assumed
71.4barg (1016psig)
Not known .9m assumed
;52 welded to ;65
Not known
Say 336oK (3 miles from compressor at St Francisville)
3 miles south after 2 minutes
Not known
27.5m (90 ft)
7.6m (25 ft)
3m (10 ft)
Not known
Quickly ignited
2 minutes
When isolated from the supply flames reduced rapidly.
290m (950ft) north, 152m (500ft) south, 55m (180ft) east
and west
Not known
Not known
Fog; probably early in the day
296oK; Tmin = 278oK(41oF) Tmax 296oK(73oF)
South-east
3m/s average, 6.6m/s fastest minute, 9m/s gust
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Barometric pressure*
Humidity *
Cause of failure

1.015 bar (29.980 inches of mercury)
57% (57% to 93% during the day)
Stresses on an unsupported pipeline by excavation
equipment. Failure at bottom of the pipe at a weld
Not known
Fireball
Yes
Jet-fire
No
Flash-fire
No
Pool-fire
No
Gas/Vapour Explosion
~100m (rising several hundred feet into the air)
Flame Length
* At Baton Rouge Ryan Airport 50 km south
CKURQRORJ\
Time

Action

13:00
13:02
13:03
13:14

Rupture, quickly ignited.
Valves closed 3 miles south
Fire-fighters contacted
Fire-fighters arrived heat too intense to approach

SNHWFK RI $FFLGHQW SLWH
No sketch of the accident was included in the report. The sketch below was developed from the
text.

CDOFXODWLRQV
MISHAP 2001 was used to estimate the release rate of gas from the pipeline. At 30 seconds
the release rate was 1861kg/s falling to 921kg/s after 15 minutes. See graph below.
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Because the ignition was immediate, “quickly ignited”, MISHAP 2001 would model the release
as a fireball followed by a jet-fire. The results of the fireball model are shown below.

The fireball model calculates a burn area some 462m in diameter, centred on the pipeline.
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Because the reported wind-speed was variable, the default values of 2m/s and 5m/s were used.
As can be seen JIF calculated no burn area at 2m/s. At 5m/s, it calculated downwind distance
to 25.6kw/m2 of 81m; with an upwind distance of 57m, this represents a circular area 138m in
diameter and offset downwind by 12m.
The PIPEFIRE model gave the following result
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This represents a circular area of burn some 282m in diameter centred on the rupture.
The result from PIPERS Dome-fire is shown below:-

Dome-fire calculates a circular burn area centred on the rupture, with a diameter of 294m.
OEVHUYDWLRQV
None of the models provides a burn area that exactly matches the 442m long and 110m wide
burn area reported. The fireball model over-estimates the overall width by about 4 times and
over-estimates the length by about 4%. PIPEFIRE and Dome-fire both over-estimate the width
by about 2ò times and under-estimate the length by 38%. The JIF model calculated no burn
area at 2m/s wind-speed. At 5m/s it significantly underestimated the area of burn; the length of
burn was only about 1/3 that reported, the width was 20% higher. The effects of the fireball
would mask any burn from the JIF model.
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The offset of 69m to the north of the burn area was almost certainly not due simply to the
wind; though the wind was from the southeast. It is possible that it was due to an imbalance in
the flow rates from the downstream and upstream pipes so that the net momentum carried the
flames to the north. It is probable, however, that there was a misalignment of the pipe ends. It
should be noted that the pipeline was under stress caused by the excavation, the lack of
compacted back-fill and the weight of equipment. Misalignment of the pipe ends could produce
two jet-flames in opposite directions parallel to the pipeline.
The flames were reported some 15 minutes after ignition as “a column of flame « rising
several hundred feet into the air”. Using the 15 minute release rate, at 2m/s, the JIF model
calculated a flame length of 161m above a 37m lift-off region; at 5m/s it calculated a 128m
flame with a 26m lift-off. These represent 1ò to 2 times the reported height. Note that no liftoff region was reported. PIPEFIRE calculated a flame height of 307m, some three times larger
than reported.
%XUQ $UHD 0DWFKLQJ
The burn area produced was relatively narrow; 442m long but only 110m wide. A two-emitter
model cannot describe this burn area; emitters providing a 110m width could not generate
much more than a 220m length.
CRQFOXVLRQV
This report indicates that the fireball model is rather conservative. Dome-fire and PIPEFIRE
provides a conservative result in the direction perpendicular to the pipe.
None of the models would suggest the long but narrow burn area observed.
Both JIF and particularly PIPEFIRE appear to over-estimate the flame length.
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.$NS$S C,T< 0,SSO85, -8NE  
SRXUFH RI WKH 'DWD
A report from the USA National Transportation Safety Board No NTSB-PAR-78-5 available
from the National Technical Information Service, Report No PB-290 496 (22 pages)
'HVFULSWLRQ RI ,QFLGHQW
This report describes the piercing of a pipeline by an excavator. The gas did not immediately
ignite; it was some 1ô hours later, while the hole was being repaired, that hand tools ignited
the gas. There were two serious injuries, but no fatalities.
The report found that:the operator failed to locate the pipeline, using test holes, before excavating,
the contractor failed to give adequate instructions to the operator,
the gas company failed to train staff in handling high pressure mains,
there was a failure in communication between the foreman and supervisor,
the gas company allowed improper hand tools to be used to clean the pipe, and
the gas company had no procedures for determining a “safe” working pressure.
This report is relevant to MISHAP 2001 because it describes a jet-fire from a hole in a
pipeline.
SXPPDU\
Location
Date and Time
Substance
Diameter of Pipeline
Nominal Wall thickness
Pipeline Pressure

Kansas City, Missouri, USA
12th June 1978, 3:15pm
Natural Gas
273mm (10.75in)
5.5mm (0.219 inches)
9.1 barg (130psig) when pierced, 7.7barg (110psig) 35mins
before fire, falling at 0.028bar per min
Depth of Cover
0.6m (2ft)
Pipeline
Steel
Coating
Brush coated with tar, cathodically protected
Product Temperature
Not known
Length of Pipeline
3200m (10,440ft) upstream, 600m (2,000ft) downstream
Size of break
127mm (5in) long
Crater length
No crater
Crater width
No crater
Crater depth
No crater
Distance to pipeline fragments No fragments
Time from release to ignition
1ô hours
Time ignition to shut down
2 hours 7 minutes
Time shut-down to self Almost immediate
extinguishing of flame
Area of burn
Not recorded
Area heat affected
Fire-fighters could not get closer than 4.5m (15ft)
Product released
Not known
Weather
Clear skies
Air temperature
298oK (77oF)
Wind direction
From north north west
Wind Speed
5m/s (11mph), but in a valley “slight breeze” reported
Barometric pressure
Not known
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Humidity
Cause of failure
Fireball
Jet-fire
Flash-fire
Pool-fire
Gas/Vapour Explosion
Flame Length

44%
Pipeline top struck by excavator, holed, gas ignited by hand
tools
15m (50ft) high ball of flame
Yes
No
No
Low order “pop”
15m (50ft)

CKURQRORJ\
Time

Action

~13:30
by 14:30
15:00
15:12
15:15
~15:20
17:22

Pipeline struck by excavator, excavator moved back
Gas company repair crew arrived
Excavation around the break completed
Hand tool used to clean clay from the underside of pipe
Gas ignited, probably by spark from the hand tool
Fire fighters arrived
Fire extinguished when pressure reduced to 10psig

SNHWFK RI $FFLGHQW SLWH
The following sketch was taken from the accident report.
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CDOFXODWLRQV
The MISHAP 2001 program was used to calculate the release rate. The graph is shown below.
The release rate at 30 seconds was 11.05kg/s falling to 1.91kg/s at 900 seconds. Because the
ignition was delayed by 1ô hours, a release rate at 6300 seconds, was also calculated; it was
1.22kg/s. This figure was used in the subsequent calculations.
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MISHAP 2001 models a delayed local ignition as a jet-fire. The model used for holes is JIF
and it produced the results shown below.

As can be seen, the distance to a downwind 1000tdu dose using JIF was 1.5 metres at a 5m/s
wind-speed. For a 2m/s wind-speed the downwind dose would have been less than 1000tdu.
The casualties had to escape from the trench in which they were working. When their escape
velocity was decreased to 1m/s, the distance to 1000tdu increased to 12m and the distance to
1800tdu became 4.6m. The calculated flame heights were 12m above a 1.2m lift off region for
2m/s wind-speed and 10.3m above a 0.4m lift-off region for 5m/s wind-speed.
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The PIPEFIRE model was then used in the same way. Note that this model takes no account of
wind-speed. The results are shown below.

As can be seen PIPEFIRE indicates that none of those near the pipe would have received a dose
of 1000tdu. Even when the escape speed was reduced to 1m/s no dose was estimated. An
escape speed of 0.5m/s, however, gave a calculated dose of 1000tdu at 11m.
OEVHUYDWLRQV
The report indicates that the heat from the flames was such that the men “could only get to
within 15 feet (4.6m) of the rupture”. The flux calculated by JIF at this distance would be
6.3kw/m2 in calm conditions, 17.2kw/m2 downwind in 2m/s winds and 10.3 kw/m2 upwind in
2m/s winds. The men approached to within 4.6m of the fire from the upwind direction. At
10.3kw/m2 a 1000tdu dose would be received after 45 seconds and a 1800tdu dose after 80
seconds.
The PIPEFIRE model, takes no account of the tilting of the flame in the wind. It would
calculate a flux of 8.9 kw/m2 at 4.6m. A 1000tdu dose would be received after 54 seconds and
a 1800tdu dose after 97 seconds.
The report indicates that the gas ignited with a pop. Such a minor explosion is clearly
insignificant.
The two gas company employees actually working in the trench suffered serious burns; their
clothing was ignited. The report indicates that both men escaped in the crosswind direction.
The initial release was observed as “a 50-foot-high (15m) ball of flame”. This was probably a
flash-fire in the gas already released and was the probable cause of the ignited clothing.
MISHAP 2001 does not model a flash fire for a delayed local ignition. The size of the flames
calculated by JIF is similar.
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CRQFOXVLRQV
The results obtained by MISHAP 2001 are in reasonable accord with the reported incident.
MISHAP 2001 does not model a flash-fire or a fireball from a delayed local ignition; it would
appear that an event of this type was the cause of the injuries.

C.72

/$NC$STE5 .ENT8C.< )E%58$5< ST 
SRXUFH RI WKH 'DWD
A report from the USA National Transportation Safety Board No NTSB/PAR-87/01 available
from the National Technical Information Service, Report No PB87-916501 (with Beaumont 57
pages) This report was also studied under a previous contract.
'HVFULSWLRQ RI ,QFLGHQW
This report concerns the rupture of a 30 inch natural gas pipeline at Lancaster, Kentucky, USA
at 02:05 on February 21st 1986. The rupture was caused by the reduction in pipe wall thickness
by corrosion that occurred due to insufficient corrosion protection. The resulting fire burned an
irregular area of about 6 hectares.
In addition the findings of the report concluded that:gas company employees were not adequately trained to assess external corrosion,
internal surveys were not identifying many areas of corrosion, and
there was inadequate co-operation with local emergency response teams.
This report was studied under an earlier contract. It is of relevance to PIPERS and
MISHAP 2001 because it describes an ignited release from a transmission pipeline carrying
natural gas.
SXPPDU\
Location
Date and Time
Substance
Diameter of Pipeline
Nominal Wall thickness
Pipeline Pressure
Depth of Cover
Pipeline
Coating
Product Temperature
Length of Pipeline
Size of break
Crater length
Crater width
Crater depth
Distance to pipeline fragments
Time from release to ignition
Time ignition to shut down
Time shut-down to self
extinguishing of flame
Area of burn
Area heat affected
Product released
Weather
Air temperature
Wind direction
Wind Speed
Barometric pressure
Humidity

Lancaster, Kentucky, USA
February 21st 1986, 02:05
Natural gas
762mm (30 in)
9.5mm (0.375in)
69.4barg (987psig)
Not known but 1.8m (6ft) assumed
API spec 5L, ;52 grade
Not known
344oK (160oF) mentioned; 7 miles from compressor
29km (18 miles)
146m (480ft) rupture
152m (500ft)
9.1m (30ft)
1.8m (6ft)
Not known
Almost immediate
41 minutes
1 hour 9 minutes
Over 6Ha (15 acres)
Not known
Not known
Low scattered clouds, high overcast sky
286oK (55oF)
From the Southeast
2.68m/s (6mph)
1.006bar (29.71in)
64%
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Cause of failure
Fireball
Jet-fire
Flash-fire
Pool-fire
Gas/Vapour Explosion
Flame Length

Corrosion 4.7mm at bottom of pipe
Not reported
Probably, but shape of flames not reported
Not reported
No
Not reported
Not known

CKURQRORJ\
Time

Action

02:05
02:15
02:46
03:14

Rupture occurred
Downstream valve closed
Upstream valve closed
Gas fed fires burned out

SNHWFK RI $FFLGHQW SLWH

The report includes what at first sight appears to be an excellent drawing of the site
(reproduced below).
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It should be noted, however, that there are inconsistencies between the text and the figure. The
inconsistencies in the distances are probably just rounding errors; the direction appears to be a
mistake. The text refers to:a house trailer 525 ft North, which is 528 ft Northeast on the map,
a frame house 280ft West, which is 276 ft Northwest on the map, and
a brick house 200ft Southwest, which is 195ft West on the map.
Almost certainly the North marker on the map is correct, since the general direction of the
pipeline on a larger scale map is Northeast. If so, the wind direction (Southeast) was at right
angles to the pipeline.
The scale on the map shows a figure of 1:40. This is clearly incorrect. Probably the diagram is
a photo-reduction from a much larger drawing. 100mm on the drawing seems to be equivalent
to 200m: a scale of 1:2000.

C.75

The text refers to an area of burn extending more than 900ft North and South and 1000ft East
and West. Unfortunately, this does not fit the diagram which is as follows:250m (815ft) North (actually Northeast)
85m (280ft) South (actually Southwest)
94m (310ft) West (actually Northwest)
at least 200m (650ft) probably 260m (850ft) East (actually Southeast)
The text refers to 15 acres (60,700m2) of pasture and woodland burned. This probably includes
the whole of the area shown below the road on the diagram (extrapolating into the area below
that marked), which amounts to about 53,200m2.The additional 7,500m2 is probably the area to
the North of the road bounded by the road, the barn and the burn area.
CDOFXODWLRQV
MISHAP 2001 calculated the release rate as 1741kg/s at 30 seconds falling to 869kg/s by 15
minutes. This is shown in graph form below.

Because the ignition was almost immediate, MISHAP 2001 would include a fireball as one of
the consequences. The results are shown below.
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As can be seen the fireball model calculated a circular burn area some 446m in diameter,
centred on the rupture.
MISHAP 2001 includes two vertical jet-fire models, JIF and PIPEFIRE. The JIF model, using
2.7m/s wind-speeds, indicated that the jet-fire would have a negligible effect. This is because
the model is based upon an unobstructed jet emerging from a stack.
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The PIPEFIRE model produced a burned area some 137m in radius, 274m diameter, centred
on the rupture. PIPEFIRE takes no account of the effects of wind.
The PIPERS Dome-fire model gave the following results:-

This represents a circular burn area centred over the break with a diameter of 286m.
OEVHUYDWLRQV
The actual burn area extended along the pipeline some 250m to the northeast (downstream) and
85m to the southwest (upstream). The fireball model under-estimated the distance downstream
by about 10% and over-estimated the upstream distance by about 2ò times. The extent of the
burn area to the south east of the pipeline is not shown in full, but is was probably about 200260m; close to the 223m calculated by the fireball model. The area to the northwest is shown
as about 94m. The fireball model thus provides a burn area in excess of that reported.
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The PIPEFIRE model, with a circular burn area some 274m in diameter, significantly underestimates the burned area, primarily because of the large burned area to the southeast of the
rupture. Similarly Dome-fire, with a calculated diameter of 286m also underestimates the size
of the burn.
The Fireball, Dome-fire and the PIPEFIRE model, which includes the effects of the initial
release, provide circular burn areas centred upon the rupture. The centre of the burn area,
however, was certainly not over the rupture. Instead it was displaced downstream by 80m and
perpendicular to the pipeline by about 80m. It seems probable that the flames were somehow
deflected to the east.
The downstream component of this displacement was probably due to the greater flow from the
upstream direction, firstly because of the gas flow and secondly because the pipeline length was
shorter upstream. Note that a displacement along the pipeline has no effect upon the risk
calculation because the program assumes that there is an equal probability of a break at any
point on the pipeline. The displacement in a direction perpendicular to the pipeline is, however,
more worrying from this point of view, since it does increase the hazard distances.
Several points are worth noting. Firstly the most distant fragments of the pipe were found to the
east of the pipeline. The houses to the west were destroyed by fire but the house trailer to the
north-east was “damaged «. by debris propelled by the force of the escaping gas”. The second
point of note is that the pipeline “was resting on a rock ledge” and the Highway 52 was only
10m or so from the pipeline and parallel to it. The crater is shown on the sketch of the accident
as slightly offset from the pipeline to the south-east and the crater, 30 feet wide, exposed a
second pipeline 25 feet from the first. A fragment of pipeline is shown in the bottom of the
crater. Taking these pieces of evidence together it seems very probable that the flames were
deflected by a combination of the fragments of pipeline that remained in the crater and the
crater wall itself. It seems likely that the soil would have been more densely packed close to the
highway than in the pasture the other side, causing the gas to emerge as an angled jet.
Eight people were burned in the fire, though there were no fatalities. The casualties escaped
from distances of 61m, 83m and 160m from the rupture. Note that the calculated fireball radius
was 135m, bringing the first two distances within the fireball. The 1000tdu contour was at
357m, the 1800tdu contour was at 273m; all the casualties were well within the dangerous dose
distance and over 50% fatalities would be estimated.
The PIPEFIRE model estimated a distance of 197m to 1000tdu and 125m to 1800tdu. The
Dome-fire estimates were 161m and 127m. These figures also suggest that the number of
fatalities would exceed 50%.
%XUQ $UHD 0DWFKLQJ
The BurnFit program indicated that the best fit, within the constraints of the program was a
single emitter generating a circular burn area.
CRQFOXVLRQV
The MISHAP 2001 fireball model appears to be somewhat over-conservative.
The PIPEFIRE and Dome-fire models under-estimated the area of burn.
The models appear to over-estimate the number of fatalities.
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None of the models; Fireball, PIPEFIRE, Dome-fire or JIF, cater for a situation where the gas
from a rupture is deflected in a direction perpendicular to the pipeline.
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/$TC+)O5' ONT$5,O -8/<  
SRXUFH RI WKH 'DWD
A report down-loaded from the Internet on:www.bst-tsb.gc.ca/eng/reports/pipe/1994/ep94h0036.html
'HVFULSWLRQ RI ,QFLGHQW
This report concerns the rupture of a 914-millimetre (36-inch) natural gas pipeline near
Latchford, Ontario, Canada. At approximately 07:13 eastern daylight time, on July 23rd 1994,
a rupture and a fire occurred. The rupture was caused by the ductile overload fracture of the
pipe as a result of extensive thinning of the pipe wall from external corrosion. The area each
side of the pipeline was cleared of trees to a distance of 31.25 m.
This report was studied under a previous contract. It is relevant to PIPERS and MISHAP 2001
because it describes an ignited release of natural gas.
SXPPDU\
Location
Date and Time
Substance
Diameter of Pipeline
Nominal Wall thickness
Pipeline Pressure
Depth of Cover
Pipeline
Coating
Product Temperature
Length of Pipeline
Size of break
Crater length
Crater width
Crater depth
Distance to pipeline fragments
Time release to ignition
Time release to shut-down
Time from shut-down to
extinguishing
Area of burn
Area of heat affected
Product released
Weather
Air temperature
Wind direction
Wind Speed
Barometer reading
Humidity
Cause of failure
Fireball
Jet-fire

Latchford, Ontario, Canada
23rd July 1994, 07:13
Natural gas
914 mm
9.14 mm
68.95 bar (6895 kPa)
About 0.914 m
448 MPa SMYS, pipe grade ;-65 constructed in 1972
Mastic primer, asphalt enamel, asbestos & kraft paper outerwrap
Not known but 22.098km from compressor
Minimum 22.089 km maximum 44 km
21.76m rupture
36 m
16 m
2-4 m
350m to “rocks and debris”
Not known
See chronology below (minimum 4 - maximum 38 minutes)
80 minutes
47000 m2 equivalent to circle of 122 m radius
75200 m2 equivalent to circle of 155 m radius
4184000 m3
Overcast 1100 m cloud ceiling
290oK
150o(south-southeast)
2.2 m/s
1.0044 bar (100.440 kPa) (753.36 mm of mercury)
Not known
Corrosion 1440 mm by 1210 mm 70% loss of material at
5 - 6 o’clock looking in direction of flow
No-one observed the actual rupture
Shape of jet and height not reported

C.81

Flash-fire
Pool-fire
Gas Explosion
Flame Length

Fire was established before any observation
No
An explosion was reported
Not reported

CKURQRORJ\
Time

Action

07:13
07:25
07:29-07:38
07:45
07:46
07:48-07:49
07:51
08:25
09:10

Rupture occurred
Fire Reported
Initiation of emergency isolation procedures
Emergency shut-down of a compressor was initiated.
Fire crews arrive, fight the forest fire on both sides of the pipeline
Pipeline isolated up-stream of the break
Pipeline isolated by closure of valves.
Small NG fire on up-stream side of break
NG Fire self-extinguishes

SNHWFK RI $FFLGHQW SLWH
No sketch of the accident site is included in the report. The sketch below was developed based
upon information contained within the text. The total distance by road from Haileybury to
North Bay is 147.4km; they are 111km apart as the crow flies. The text indicates that there is
139.2km between station 4110 near Haileybury and North Bay Station 4116. It is therefore
likely that the pipeline follows the route of Highway 11. Confirmation is provided by the
indication that Latchford is some 125.4km from North Bay; the accident was approximately
8km south of Latchford and approximately 117km north of North Bay. Assuming that the
pipeline follows the general direction of the road, then the accident site would approximate to
the sketch below.
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C.83

CDOFXODWLRQV
The results of the MISHAP 2001 release rate calculation are shown below. The release rate at
30 seconds was 3284kg/s and 1519kg/s after 15 minutes.

The timing of the ignition is uncertain; a fire was reported within 12 minutes of the rupture. An
immediate ignition is modelled by MISHAP 2001 as a fireball followed by a jet-fire. The
results for the fireball are shown below.

The fireball model calculated a circular burn area of 430m diameter.
There are two vertical jet-fire models within MISHAP 2001; JIF and PIPEFIRE. For JIF the
wind-speed was patched to 2.2m/s. The results are shown below.
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As can be seen the JIF model calculates a zero burn area. This is because the flame is modelled
as if it was a flare stack, but at ground level As a result the flames would be elevated so high as
to be non-hazardous.
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The PIPEFIRE model on the other hand would suggest a circular burn area of 350m diameter
centred on the rupture; PIPEFIRE ignores the effects of wind on the flames.
The PIPERS Dome-fire model was also used to estimate the burn area.

These results suggest a circular burn area with a diameter of 350m centred over the break.
OEVHUYDWLRQV
Neither the fireball model nor the jet-fire models would suggest that the houses shown on the
sketch, some 360m from the accident would have ignited. No mention is made of damage in the
text.
Trees either side of the 62.5m wide right of way ignited. The 31.25m range is well within the
spontaneous ignition distance for PIPEFIRE, Dome-fire and Fireball models. The area burned
was described as 4.7Ha (47700m2). This is equivalent to a circular area of 246m diameter. The
heat affected area extended over 7.52Ha (75200m2); equivalent to a 309m diameter circle.
This would suggest that the fireball model with a 430m diameter burn area over-estimated the
size of the accident by a factor of 1ô. The Dome-fire and PIPEFIRE models were also
conservative; over-estimating the distance to the edge of the burn by about 50%. If we equate
the “heat affected” area to the piloted ignition contour, then both models over-estimate the
distance to the edge of the area by a factor of less than two times.
CRQFOXVLRQV
The JIF jet-fire model on its own would not calculate an area of burn.
The fireball model provides an estimate of the extent of the burn that was larger than that
reported.
The Dome-fire and PIPEFIRE models calculate a smaller area of burn, but still larger than that
given in the report.
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/O:T+E5 ONT$5,O  $8*8ST 
SRXUFH RI WKH 'DWD
A single page, Appendix E, of a report from the Transportation Safety Board of Canada
describing Natural Gas Pipeline Ruptures on pipelines operated by TransCanada Pipelines
Limited
'HVFULSWLRQ RI ,QFLGHQW
This appendix describes a release of natural gas from a pipeline rupture. The report gives data
on the product temperature at the rupture and at the pumping station. This may be of use in
modelling the size of release. The release ignited, so that the report would be relevant to
PIPERS and MISHAP 2001. Unfortunately the data provided is rather sparse.
SXPPDU\
Location
Date and Time
Substance
Diameter of Pipeline
Nominal Wall thickness
Pipeline Pressure
Depth of Cover
Pipeline
Coating
Product Temperature
Length of Pipeline
Size of break
Crater length
Crater width
Crater depth
Distance to pipeline fragments
Time release to ignition
Time release to shut-down
Time from shut-down to
extinguishing
Area of burn
Area of heat affected
Product released
Weather*
Air temperature*
Wind direction*
Wind Speed*
Barometer reading*
Humidity*
Cause of failure
Fireball
Jet-fire
Flash-fire
Pool-fire
Gas Explosion
Flame Length

Lowther, Ontario, Canada
20th August 1985
Natural gas
914mm
Probably 9.14mm
67.89barg (6,789kPa)
Not known
Not known
Primer, polyethylene tape and kraft paper, cathodic protection
300oK (303oK at pumping station 12km upstream)
Not known
9.4m rupture
28m
Not known
4.9m
320m
Not known
4 hours to fires extinguished
Not known
4.86Ha of brush and timber to the south
Not known
Not known
Some cloud, visibility 24.1km
283oK to 287oK; 285oK average over the day
250o to 320o; average of 288o over the day
2.5m/s to 5.3m/s average 4.2m/s (15.2 km/hr)
988.1 to 992.4mb; average of 0.9906 bar over the day
64% to 96%; average of 82% over the day
Probably stress corrosion cracking
Not reported
Probably
Not reported
No
Not reported
Not reported

* At Kapuskasing, approximately 30 kilometres from Lowther.
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SNHWFK RI $FFLGHQW SLWH
No sketch of the Accident Site was included in the report.
CDOFXODWLRQV
The MISHAP 2001 program was used to calculate a release rate. The results are shown below.
At 30 seconds the release rate would have been 3085kg/s and at 15 minutes is would have been
1687kg/s.

If the release ignited immediately, then MISHAP 2001 would model a fireball followed by a
jet-fire. The fireball model results are shown below.

The fireball model indicates a circular burn area some 394m in diameter centred on the rupture.
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MISHAP 2001 includes two vertical jet-fire models JIF and PIPEFIRE. The results for JIF,
using wind-speeds of 2.5m/s and 5.3m/s, are shown below.

The downwind distance to the edge of the burn area at 5.3m/s wind-speed was 103m; upwind it
was 73m. This is an approximately circular area offset 15m downwind with a diameter of
176m. As can be seen, at 2.5m/s wind-speed, no area of burn was calculated.
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The results from the PIPEFIRE model gave a circular burn area of 342m diameter centred on
the rupture; wind-speed is not used by PIPEFIRE.
The PIPERS Dome-fire model produced the following results:

This result provides a circular burn area of 338m diameter, centred on the rupture.
OEVHUYDWLRQV
The reported burn area was 4.86Ha of brush and timber to the south of the pipeline that runs
from east to west. Were the area to be circular, it would have a diameter of 248m. The
Fireball, PIPEFIRE and Dome-fire models all provide a conservative result. The JIF model is
probably not applicable since it models vertical releases that are unobstructed.
Neither model would suggest that the burn area would be “predominately to the south of the
right of way”. Possible explanations are that:-
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the area north of the pipeline might have been wet land,
the area north of the break might have been paved,
the gas could have been deflected towards the south by pipe or crater, or
the damage to the north may not have been reported; economically insignificant.
If we assume that the burn was symmetrical so that 4.86Ha north of the break also received
more that 25.6kw/m2 of heat flux, then the diameter of the burn would have been 352m. This is
still less than the calculated 394m from the fireball but greater than the 342m diameter from
PIPEFIRE and Dome-fire’s 338m.
CRQFOXVLRQV
Little can be learned from this brief report because the data is rather sparse.
It suggests that the Fireball model is over conservative.
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0$3/E C5EE. S$S.$TC+E:$N )E%58$5<  
SRXUFH RI WKH 'DWD
A report downloaded from the Internet on:
www.bst-tsb.gc.ca/eng/reports/pipe/1994/ep94h0003.html
'HVFULSWLRQ RI ,QFLGHQW
This report concerns the rupture of a 1,067-millimetre (42-inch) natural gas pipeline near
Maple Creek, Saskatchewan, Canada. At approximately 19:40 mountain standard time (MST),
on 15 February 1994, a rupture and a fire occurred. The rupture was caused by the ductile
fracture of a de-lamination in the mid-wall of the pipe. The de-lamination was produced by the
diffusion of atomic hydrogen at inclusions in the pipe steel during normal pipeline operations.
This report was studied under an earlier contract. It is relevant to MISHAP 2001 and PIPERS
because it describes an ignited release of natural gas.
SXPPDU\
Location
Date and Time
Substance
Diameter of Pipeline
Nominal Wall thickness
Pipeline Pressure
Depth of Cover
Pipeline
Coating
Product Temperature
Length of Pipeline
Size of break
Crater length
Crater width
Crater depth
Distance to pipeline fragments
Time from release to ignition
Time ignition to shut down
Time from shut-down to self
extinguishing of flame
Area of burn
Area heat affected
Product released
Weather
Air temperature
Wind direction
Wind speed
Humidity
Barometric pressure
Cause of failure
Fireball
Jet-fire
Flash-fire
Pool-fire

Maple Creek, Saskatchewan, Canada
15th February 1994, 19:40
Natural gas
1067 mm
12 mm
83.22bar (8322kPa)
1.5 m
483 MPa SMYS, pipe grade ;-70 manufactured in 1981
Double wrapped polyethylene tape
291 oK (44km downstream from compressor station)
30 km - 14 km from KP 52 and 16 km from KP 82
21.9 m rupture
Not known
Not known
Not known
125 m
Nearly immediate
2 hours
2 hours
8.50 Ha of pasture to the east and downstream (south-east)
Not known
9,915,000 m3
Clear skies
271oK
From the west
8 - 14 m/s
Not known - low in view of the temperature
Not known
Not known
Reported
Probably
Not reported
No
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Gas Explosion
Flame Length

Not reported
Visible 80km away

CKURQRORJ\
Time

Action

19:40
20:17
20:23
20:39
21:15
02:20
02:25

Break occurred, gas ignited
Upstream compressor stopped, down stream allowed to continue
Pressure fallen to 2800 kPa at KP52
Pressure fallen to 2800 kPa at KP82 which partially closes
Observers arrive - still burning
Valve KP82 finally sealed
Residual flame self extinguished

SNHWFK RI $FFLGHQW SLWH
No sketch was included in the report. The burn area was described as “approximately
8.50 hectares (21.0 acres) in surface area located to the east and downstream of the rupture.”
The direction of the pipeline was from northwest to southeast. The 8-14m/s winds were from
the west.
CDOFXODWLRQV
MISHAP 2001 was used to calculate the release rate from the rupture. The results are shown
below. The release rate at 30 seconds was calculated to be 6242kg/s; it was 2756kg/s after
15 minutes.

Because the gas ignited almost immediately, MISHAP 2001 would model the release as a
fireball followed by a jet-fire. The results from the fireball model are shown below.
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As can be seen, the fireball model calculated a circular burn area some 754m in diameter,
centred over the rupture.
MISHAP 2001 has two vertical jet-fire models, JIF and PIPEFIRE. The former is based upon
a flare stack model and is less appropriate to a rupture than the latter. The results of the two
calculations are shown below. For the JIF model the wind-speeds were patched to 8m/s and
14m/s; the maximum and minimum wind-speeds recorded. Humidity was patched to 0% for
PIPEFIRE.
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The JIF model calculated a burn area extending 289 to 326m downwind; the corresponding upwind figures were 217 and 227m. This would provide an approximately circular burn area of
506m to 553m diameter offset by 36m to 50m downwind. As can be seen, the PIPEFIRE
model that takes no account of the wind estimated a 654m diameter burn area centred on the
rupture.
The PIPERS Dome-fire model was used to obtain a burn area; the results are shown below

The Dome-fire model would estimate a diameter for the circular burned area of 518m.
OEVHUYDWLRQV
The reported burn area was 8.50Ha or 85000m2. If the burn area were circular it would have a
diameter of 329m. As can be seen, all of the models produce significantly larger burn areas
than reported. The accident occurred in February. Records for Medicine Hat some 60km to the
west indicate that the ambient temperature does not rise above freezing from December to
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February. During this period precipitation is a total of 40mm to 55mm; a snow depth of 0.4m
to 0.55m. The most probable explanation for the small burn area was that the ground was snow
covered. Before the ground could be burned, the snow would have to be melted and then
evaporated.
The report indicates that the main area of burn was downstream (south-east) and downwind
(east). It is possible that the relatively high winds 8-14m/s combined with the momentum of the
gas provided the offset of the burn area described.
CRQFOXVLRQV
Unfortunately little can be learned from this report because the ground was almost certainly
snow covered. As a result the burn area was a lot smaller than it would have been in normal
circumstances.
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0ON5OE /O8,S,$N$ 0$5C+  
SRXUFH RI WKH 'DWD
A report from the USA National Transportation Safety Board No NTSB-PAR-75-1 available
from the National Technical Information Service, Report No PB 241 988 (22 pages)
'HVFULSWLRQ RI ,QFLGHQW
This reports the rupture of a transmission pipeline carrying natural gas and the subsequent fire.
There were no casualties. The rupture occurred in a sub-standard girth weld that had remained
undetected. When the rupture occurred, upstream valves closed immediately. The downstream
valve failed to close because it was too coarsely set for the distance to the failure site. The fire
was fuelled by gas flowing back from downstream. The downstream pumping station remained
active to minimise the size of the release. The pipeline, unrestrained within its casing, had been
subjected to repeated periods of stress from the clay soil swelling when wet and cracking when
dry. There may also have been stresses from pipe settlement.
The report raises questions about the advisability of casing pipelines under highways. In this
case the casing may have contributed to the failure. A preferred method might be to use double
coated carrier pipe with greater wall thickness and 100% ; rayed welds. The pipeline would be
coated in concrete and buried deeper below the road.
This report is relevant to our study because it describes the rupture of a natural gas
transmission pipeline.
SXPPDU\
Location
Date and Time
Substance
Diameter of Pipeline
Nominal Wall thickness
Pipeline Pressure
Depth of Cover
Pipeline
Coating
Product Temperature
Length of Pipeline
Size of break
Crater length
Crater width
Crater depth
Distance to pipeline fragments
Time from release to ignition
Time ignition to shut down
Time shut-down to self
extinguishing of flame
Area of burn
Area heat affected
Product released
Weather
Air temperature
Wind direction
Wind Speed

50 miles south of Monroe, Louisiana, USA
2nd March 1974, 11:10am
Natural Gas
762mm (30in)
11mm (0.438 inch)
56barg (797psig) at the rupture
1.95m (6.4ft)
API grade 5L;-52 electric flash weld
Coated, wrapped and cathodically protected
Not known, 36km from Jena Compressor station
71.6km (44.5 miles) as valve 10 closed
12m (40ft) of casing pipe ruptured
30m (100ft)
9.1m (30ft)
7.6m (25ft)
Not known
“Almost immediately”
To a 71.6km (44.5 mile) section in 85minutes
Not known
210m (700 ft) south of the rupture
40,500m2 (10 acres) of forest
1.45x106m3 (53.1x106 ft3)
It had been rainy for previous two months.
Not known (assumed 291oK)
Not known
Not known
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Barometric pressure
Humidity
Cause of failure
Fireball
Jet-fire
Flash-fire
Pool-fire
Gas/Vapour Explosion
Flame Length

Not known
Not known
Failure of a sub-standard girth weld due to repeated soil
stresses. Separated girth weld in top & lower right quadrants
Probably
Yes
No
No
No
Probably grounded over 200m (700ft)

CKURQRORJ\
Time

Action

11:10
11:25
~11:25
11:30
12:15
12:35
13:15

Rupture occurred , upstream valve 10 closed automatically.
Dispatcher informed that pressure had dropped downstream
Upstream station had blown down the line (because valve 10 closed)
Upstream station had been advised of rupture
Fire breaks established for forest fire by state forestry
Downstream valve closed manually
Second fire break established; fire allowed to burn out.

SNHWFK RI $FFLGHQW SLWH
No sketch was provided in the report; the following sketch was developed from the text. A
check was made in the USA Climate Archive for data on wind-speed and direction, but no
information was available.
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CDOFXODWLRQV
MISHAP 2001 was used to calculate the release rate from 30 seconds to 15 minutes. The
release rates were 1675kg/s and 792kg/s respectively. A graph of release rate versus time is
shown below. Only the casing around the pipeline is described as ruptured. It is assumed,
however, that the pipeline also ruptured when the weld failed. Average high temperature values
for February / March taken from the Internet were used.
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Since the ignition was almost immediate, MISHAP 2001 would model a fireball followed by a
jet-fire. The results for the fireball alone are shown below.

The fireball results show a 428m diameter burned area, centred on the rupture.
MISHAP 2001 has two vertical jet-fire models; JIF and PIPEFIRE. Because no information is
available on the wind-speed and direction, default values of 2m/s and 5m/s were used in JIF.
PIPEFIRE does not include wind-speed and direction in its calculation. The results are shown
below.
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As can be seen, the two models produce very different results. For 2m/s winds JIF predicts no
burn area at all. For 5m/s winds the distance downwind extends only 78m and 53m upwind.
This is equivalent to a circular burn area of 131m diameter offset downwind by 13m.
PIPEFIRE on the other hand calculates a circular burn area of 270m diameter: considerably
larger.
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The results from the PIPERS Dome-fire model are shown below

They show a 282m diameter burned circular area centred on the break.
PIPERS includes a grounded jet-fire model to handle releases from holes in the sides of pipes.
This program was patched to model a horizontal release from one end of the pipe. The results
are shown below for the default wind-speeds.

For a downwind release, the flame length would have been 306-394m with the flame starting
some 61-79m from the pipe. It would have been shorter if launched into the wind 90-116m with
a lift-off region of 18-23m.
OEVHUYDWLRQV
This report is interesting because the burn was upstream of the rupture. It has been noted in
previous reports that burns are generally downstream. In this case, the upstream valve was
1 mile from the rupture and closed immediately. The gas flowed back from the downstream
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length of pipeline; 71.6km. Although the downstream compressor stayed on line, this would
have had little immediate effect because it was far from the break.
The fire is described in the report as having “burned 10 acres (4.05Ha) of forest and scorched
the soil for 700ft (213m) along the pipeline right-of-way”. If the burned area were circular then
it would have a diameter of 227m.
The JIF model on its own would not predict such a large burned area. This is because it is
based upon flames from a vertical unobstructed flare stack. In this case, it would appear that
the gas from upstream was rapidly cut off as an automatic valve “closed immediately”. The
downstream valve failed to actuate. It is probable, therefore, that the flame was carried to the
south by the momentum of the gas.
It is also worth noting that “personnel «. bulldozed a fire line through the forest to encircle the
fire and prevent its spread.” The report also mentions that “a second encircling line” was cut. It
is clear that there was a perceived danger of fire spreading through the forest. Part of the
4.05Ha would have been due to this cause.
It is not certain that the pipeline itself ruptured. Mention is made of the replacement of 91ft of
pipe and 80ft of casing. This does not mean that much of the 91ft was ruptured, however; it
could have just been fire damaged. A pipeline profile is included in the report showing pipeline
bends either side of the highway. If the pipeline had ruptured, then it appears that the jet could
have emerged from the pipeline only just touching the lip of the crater. In this case the jet could
have been almost horizontal. The grounded jet model would generate a scorched area in excess
of the reported 213m length if the wind-speed was low or the wind were from the east-northwest sectors.
The Fireball PIPEFIRE and Dome-fire models all calculate a larger burn area than reported.
The fireball results show a 428m diameter burned area, centred on the rupture almost 3ò times
the area reported. PIPEFIRE calculated a 270m diameter area, 11/3 times the area reported. It
should be noted, however, that the gas was rapidly closed off in the upstream direction. If the
flow rate was halved (release from one end of the pipe), then the burn area reduced to 206m
diameter; 80% the area reported. If the pipe did not rupture then the release from the hole
would have been even smaller. Dome-fire calculated a 282m diameter area, 1ò times that
reported, reducing to 226m diameter, 99% of the reported area if the flow rate was halved.
All these calculations have to be treated with caution since:there may not have been a full rupture of the pipe,
there is no data available on wind-speed or direction, and
the fire may have spread through the trees.
CRQFOXVLRQV
Firm conclusions are difficult to draw from this report because certain key data is no longer
available.
The fireball model produced a conservative estimate of the burn area, but would have located
the centre of the burn area over the break.
The JIF model produced a conservative result when the flames were modelled as horizontal.
The PIPEFIRE and Dome-fire models produced conservative results. They too would have
located the burn area over the break.
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A report from the USA Federal Power Commission, Bureau of Natural Gas, Final Staff Report
on Investigation of Tennessee Gas Transmission Company Pipeline No. 100-1 Failure near
Natchitoches, Louisiana March 4, 1965. Docket No. CP65-267, Washington DC, August 12,
1965.
'HVFULSWLRQ RI ,QFLGHQW
This report concerns the rupture of a 24-inch natural gas pipeline near Natchitoches,
Louisiana, USA. At approximately 06:03, on March 4th 1965, a rupture and a fire occurred.
The rupture was caused by the fracture of the pipe as a result of stress corrosion cracking.
This report was studied under a previous contract. It is relevant to MISHAP 2001 and PIPERS
because it describes a jet fire on a transmission pipeline carrying natural gas.
SXPPDU\
Location
Date and Time
Substance
Diameter of Pipeline
Nominal Wall thickness
Pipeline Pressure
Depth of Cover
Pipeline
Coating
Product Temperature
Length of Pipeline
Size of break
Crater length
Crater width
Crater depth
Distance to pipeline fragments
Time from release to ignition
Time ignition to shut down
Time shut-down to self
extinguishing of flame
Area of burn
Area heat affected
Product released
Weather
Air temperature
Wind direction
Wind Speed
Barometric pressure
Humidity
Cause of failure
Fireball
Jet-fire
Flash-fire

Natchitoches, Louisiana, USA
March 4th 1965; 06:03
Natural Gas
610mm (24in)
6.35mm (0.25in)
54.6bar (762PSIG)
1m (40in) 0.71m (28in) also mentioned
Between API ;-46 and ;52
Organic
309oK (96oF)
12.8km (8 miles)
8.2m (27 ft) rupture
23m (75ft) 27ft
9m (30ft) 20ft
4.5m (15ft) 10ft
107m (351ft) maximum
45secs to 1 minute
45-60 minutes
15 minutes
55,850m2 (13.8 acres)
Scorched oval 30.5m (100ft) upstream, 288m (946ft)
downstream
Not known
Crisp and clear
269oK (24oF)
North Westerly also “from the West”
4.44m/s (10mph) reported 85 miles Northwest of the site
Not known
Not known but freezing air temperatures
Corrosion 75% reduction in wall thickness. Initiated 2
o’clock looking downstream
Not an immediate ignition
Like a monster flame thrower
Not an obstructed release remotely ignited
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Pool-fire
Gas/Vapour Explosion
Flame Length

No
An explosion is mentioned, concussion damage reported
Hundreds of feet, as high as 500ft, as high as 1000-1500ft
200 ft wide

CKURQRORJ\
Time

Action

06:03
06:08 / 06:15
06:13 approx.
06:20
06:30 / 06:48.
06:45 approx.

Pipeline ruptured ignited after 30 seconds
Upstream Valve closed 1 mile
Flames started to die down
Gigantic, impressive, roaring fiery torch reported
Downstream valve closed (6.7km (4.2miles) downstream)
Blaze suddenly burned out other sources say more than an hour

SNHWFK RI $FFLGHQW SLWH
The sketch of the accident site, reproduced below, is taken from the report.
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CDOFXODWLRQV
MISHAP 2001 was used to calculate a release rate for the rupture. A graph showing the results
is provided below. The release rate at 30 seconds was 893kg/s falling to 488kg/s after 15
minutes.

The ignition was not immediate; a period of 45-60 seconds was reported between the noise of
the gas release and the ignition. MISHAP 2001 would model this as a jet-fire only release.
MISHAP 2001 has two vertical jet-fire models, JIF and PIPEFIRE. For JIF the wind-speed
was patched to 4.4m/s. PIPEFIRE takes no account of wind-speed. The results are shown
below.
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The results for JIF show a downwind distance to the 25.6kw/m2 contour of 83m; the distance
upwind was calculated as 64m. This is equivalent to a circular burn area 147m in diameter
offset downwind by 10m.
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The PIPEFIRE model calculated a much larger burn area, some 210m in diameter centred on
the rupture site. The calculated flame height was 302m and the width was 58m.
The PIPERS Dome-fire model was also used to calculate a burn area.

The Dome-fire model extended the burn area to a circle of 270m diameter.
OEVHUYDWLRQV
There are several inconsistencies within the report. The rupture is described as approximately 1
mile downstream of the compressor station, a map shows it as about 0.8 miles. A downstream
valve is described as 4.2 miles away, but the valves are variously described as 8 miles apart,
10 miles and as 7 miles.The distance from the station to Red River, the location of the
downstream valve, is described as 5 miles.
The timing of the various incidents is also inconsistent. The delay from rupture to ignition is
described as 20-30 seconds, 30 seconds, 45-60 seconds, and as approximately 2 minutes. The
upstream valve was said to be closed about 5 minutes after the rupture and elsewhere
12 minutes. The flames were said to have begun to die down after 10 minutes. . The
downstream valve was said to be closed after 27 minutes, after 45 minutes and after about 50
minutes. The flames were said to have ceased after approximately 42 minutes.
The height of the flames was variously reported as “high as 1000ft”, “1000 to 1500ft high”,
“as high as 500ft”, “400-500ft”, and “400ft”,
The flame width is reported as 200ft wide in two newspaper reports. It is also reported that
“glass and metal of several of the automobiles were melted”; some 100m from the crater.
The actual area of the burn was reported to be 55,850m2. Scaling from the plan, the width of
the burn was about 265m and the length 320m. The burn area as calculated by JIF was
substantially smaller than this. It was just over half the actual width and just under half the
actual length; 30% of the area. This is because the JIF model is based upon an unobstructed jet
flame with the flame high above the ground.
The burn area calculated by PIPEFIRE was circular, some 210m in diameter. Note, however
that PIPEFIRE assumes 50% humidity. The temperatures were below freezing and the weather
described as crisp and clear. Using 0% humidity, PIPEFIRE gave a distance to spontaneous
ignition at ground level of 143m equivalent to a 286m diameter circle. This is 89% of the
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length of the actual burn, but the width is closer to the actual width. The zero-humidity burn
area is slightly (15%) over the reported area.
The burn area that Dome-fire calculated was also circular and had a diameter of 270m, similar
to the PIPEFIRE result for 0% humidity.
The actual location of the burn area, however, was dramatically different to that calculated.
The centre of the burn was about 140m away from the rupture, on a bearing some 18 degrees
away from the pipeline towards the east. This may have been due, in part, to the 4.5m/s winds
from the west. (Newspaper reports suggest this).
The lack of a significant area of burn in the upstream direction is rather strange; the burn
extended for about 30m. The upstream valves at a compressor station between 0.8 and 1.0
miles away were closed after 5 - 12 minutes. Since there would only be 17,000kg of gas in a
1 mile segment and the flow rate would have been about 250kg/s from the each end, the flow
from upstream would have been exhausted after about a minute. This is confirmed by the
report that indicated that the flames began to die down after 10 minutes.
This would still leave gas flowing back from the downstream end of the pipe; this did not cease
for a further 25-50 minutes. A diagram within the report (see below) show the presumed
development of the rupture which left parts of the ruptured pipe still attached to the pipeline on
the upstream end. It is possible that these pipe segments deflected the gas from downstream
back towards the northeast.

%XUQ $UHD 0DWFKLQJ
The burn area matching program BurnFit was used to obtain the best match between the
observed burn area and that produced by two emitters placed on a straight line through the
crater. The plan of the burn area was rotated through 30 degrees with respect to the direction of
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the pipeline in order to place the centre of the burn area on the same Y-axis as the crater. A
plan showing the result is provided below.
The black area is burn area which matches that calculated, the light grey shows areas where
there was no burn, but calculation suggested there should have been, and the dark grey shows
areas which were burned but the calculation would suggest they would not have been.
The sum of the powers of the emitters was made to total that calculated in MISHAP 2001. The
size and positions of the emitters that gave the result below are shown in the table below.
Table 6 Positions and Powers of Emitters
Parameter
Value
Emitter 1 Power
4.91kw
Emitter 1 Distance downstream from crater
161.2m
Emitter 1 Height above ground
54.0m
Emitter 2 Power
0.856kw
Emitter 2 Distance downstream from crater
37.8m
Emitter 2 Height above ground
12.52m
The deflection of the gas away from the pipeline axis by 30 degrees, may have been caused by
the pieces of pipeline on the downstream end of the break which remained attached to the
pipeline.

CRQFOXVLRQV
JIF produces significantly lower hazard distances than encountered because it models the
flames as unobstructed jets.
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PIPEFIRE slightly under-estimated the length of the burn, but, when low humidity was
accounted for, produced a slightly conservative result. Similarly Dome-fire produced a result
close to the burn area reported.
PIPEFIRE and Dome-fire did not centre the actual burn area over the rupture as calculated. It
is probable that the flames were deflected by pieces of pipe still attached to the pipeline. The
possibility of deflection so that the flames are at an angle to the direction of the pipeline
increases the hazard range and therefore the risk.
A two-point emitter model is capable of producing a reasonable approximation to the burn area
observed.
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Appendix A of a report from the Transportation Safety Board of Canada describing natural gas
pipeline ruptures on pipelines operated by TransCanada Pipelines Limited TSB Occurence No
P92T0005. (4 pages)
'HVFULSWLRQ RI ,QFLGHQW
This appendix describes a release of natural gas from a pipeline rupture. This report is relevant
to PIPERS and MISHAP 2001, because it describes an ignited release.
SXPPDU\
Location
Date and Time
Substance
Diameter of Pipeline
Nominal Wall thickness
Pipeline Pressure
Depth of Cover
Pipeline
Coating
Product Temperature
Length of Pipeline
Size of break
Crater length
Crater width
Crater depth
Distance to pipeline fragments
Time release to ignition
Time release to shut-down
Time from shut-down to
extinguishing
Area of burn
Area of heat affected
Product released
Weather
Air temperature
Wind direction
Wind Speed*
Barometer reading*
Humidity*
Cause of failure
Fireball
Jet-fire
Flash-fire
Pool-fire
Gas Explosion
Flame Length

Potter, Ontario, Canada
15th July 1992, 22:42
Natural gas
914mm
9.14mm
69.07barg (6907kPa)
0.91m (1.83 m to bottom of pipe)
Not known, but probably many km from compressor
Polyethylene 919 tape, Primer 960 coating, (45 Polycraft
outer wrap.
Not known
Not known
46.8m rupture
56.1m
13.6m
4.5m
250m
Not known
Shut down soon after ignition
38 minutes
300m north and south, 200m east and west. 162,000m2
(40 acres) of forest. Building 1km away damaged
Heat detectable 3km away
3,500,000m3
Cloudy (12000ft), good visibility
289oK
East north-east (67.5o); (70-130o) at Timmins
13km/hr 3.6m/s Light
0.9768bar
51%
Stress corrosion cracking
Not reported
Yes
Not reported
No
Reported
Observed from 100km distance.

**At Timmins, approximately 50 kilometres from Potter.
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SNHWFK RI $FFLGHQW SLWH
No sketch of the accident site was provided in the report. The pipeline was reported as
following the direction of the Highway 11 that, near to Potter, runs north-northwest.
CDOFXODWLRQV
MISHAP 2001 was used to calculate the release rate from the rupture. At 30 seconds the
release rate calculated was 3474kg/s falling to 1577kg/s after 15 minutes. The results are
shown below.

It is not clear from the text whether the release ignited immediately. Were the ignition to be
immediate, MISHAP 2001 would model this as a fireball followed by a jet-fire. The results
from the fireball are shown below.
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The fireball model calculates a circular burn area of 450m centred on the rupture. This is
slightly in excess of the reported burn width, but less than the burn length. It represents about
93% of the reported burn area. The fireball would be followed by a jet-fire. Light breezes on
the Beaufort Scale are less than 3.3m/s. The results for the JIF model are shown below for
3.3m/s and 3.6m/s wind-speeds.

As can be seen, the downwind 25.6kw/m2 contour at 3.3m/s was at 47m; it was only 27m
upwind. These figures represent a 74m diameter circular burn area, offset 10m downwind. At
the 3.6m/s wind-speed the corresponding figures were 68m downwind, 45m upwind; a 113m
diameter circle, offset 12m downwind. The second vertical jet-fire model PIPEFIRE, that is
wind-speed independent, gave the following result.
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This is equivalent to a 358m diameter burn circle centred on the rupture.
The PIPERS Dome-fire model produced the following:-

This suggests a circular burn area of 358m diameter centred on the break.
OEVHUYDWLRQV
Judging from the extent of the burn area reported, this was a very large fire. An area of
162,000m2 (40 acres) is consistent with a burn area that is 600m (300m north and south) long
by 400m (200m east and west) wide. Damage was reported to a building 1000m away. Even
the MISHAP 2001 fireball model, which is considered to be conservative, under-estimated the
severity by 25% on the length. PIPEFIRE is supposed to take account of the fireball event in its
modelling and if this is the case, the model under-estimates the severity of the accident by 40%
on length and 15% on width. Dome-fire produced a similar result.

C.115

It may be that the pipeline ends moved out of alignment during the rupture so that two flames
were generated, one from each end of the pipeline. Two slightly smaller flames would generate
a greater total flux than a single flame.
)OX[ 0DS
The Fluxmap program was modified to use PIPEFIRE emitters rather than point emitters. It
was assumed that the ignition was immediate and an average flow rate for the first 100 seconds
was shared equally between two emitters. In order to provide a burn area in 100 seconds,
however, the required flux is 29.8kw/m2 so the target flux was set to this figure.The two
emitters were arbitrarily separated by twice the flame width. The results are shown below.

As can be seen the resulting length is some 20% below that reported and the width is some 20%
above that reported; remarkably close to the observed burn area.
CRQFOXVLRQV
The data on this incident is rather sparse. If the data is correctly interpreted then PIPEFIRE
and Dome-fire both under-estimated the extent of the burned area.
If, however, the flame is modelled as two PIPEFIRE flames some two flame-widths apart each
generated from half the calculated flow rate, then a result very close to that reported is
obtained.
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A report down-loaded from the Internet on:www.bst-tsb.gc.ca/eng/reports/pipe/1995/ep95h0036.html
It is also available from the Transportation Safety Board of Canada as report number
P95H0036.
'HVFULSWLRQ RI ,QFLGHQW
This report concerns the rupture of a 1067-millimetre (42-inch) natural gas pipeline near Rapid
City, Manitoba, Canada. At approximately 05:42 on July 29th 1995, a rupture and a fire
occurred. The rupture was caused by the ductile overload fracture of the pipe as a result of
stress corrosion cracking. A second pipeline, exposed by the gas released from the first rupture,
also failed nearly an hour after the first.
The report was studied under an earlier contract. It is relevant to MISHAP 2001 and to
PIPERS because it describes an ignited release of natural gas.
SXPPDU\
Location
Date and Time
Substance
Diameter of Pipeline
Nominal Wall thickness
Pipeline Pressure
Depth of Cover
Pipeline
Coating
Product temperature
Length of Pipeline
Size of break
Crater length
Crater width
Crater depth
Distance to pipeline fragments
Time from release to ignition
Time ignition to shut down
Time from shut-down to self
extinguishing of flame
Area of burn
Area heat affected
Product released
Weather
Air temperature
Wind direction
Wind speed
Barometric pressure
Humidity

Rapid City, Manitoba, Canada
29th July 1995, 05;42
Natural gas
1067mm & 914mm
8.74mm & 9.42mm
60.68 bar (6068kPa )
4m
414 MPa SMYS, pipe grade ;-60 manufactured in 1968
448 MPa SMYS, pipe grade ;-65 manufactures in 1973
Mastic primer, asphalt enamel, asbestos & kraft paper
outer-wrap
310oK assumed; 200m from compressor station
219.76 km
Ruptures 10.5m and 8.5m
51 m
23 m
5m
90m
Immediate
22 minutes
120 minutes
19.62 ha
80 ha
19,600,000 m3
Clear skies, calm to gentle winds
280
Unknown, but winds were calm to gentle
Calm to gentle
101.89kPA
87%
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Cause of failure
Fireball
Jet-fire
Flash-fire
Pool-fire
Gas Explosion
Flame Length

Corrosion 81% of the thickness
A fireball was not reported
Shape of jet and height not reported
The gas ignited immediately - no time for a cloud to form
No
An explosion was reported - probably not a gas explosion
Not reported

CKURQRORJ\
Time

Action

05:42
05:42
06:04
06:34
06:35
07:42
12:30

Rupture occurred
Fire Discovered
Emergency shut-down 110.96 km upstream & 108.8km down stream
Rupture of second pipeline
Second pipeline isolated
Large fires self-extinguished
Minor fires on breaks self-extinguished

SNHWFK RI $FFLGHQW SLWH
The following sketch was copied from the report; valve identities and details of the positions of
the pipe segments were edited out for reasons of clarity. It shows three burn areas, an outer
area labelled “Limit of Ground Burn”, a middle area labelled “Limit of Heat Damaged Clay
Powder (Red)”, and an inner area labelled “Limit of Heat Damaged Clay Porcelin (Grey)”.
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The report also includes drawings of the crater and profiles through the pipeline. These have
been edited for reasons of clarity; information on pipe fragments has been removed and the
profiles have been lined up with the plan views.
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CDOFXODWLRQV
MISHAP 2001 was used to calculate the rate of release from the ruptured pipeline. The
restriction on pipeline length was lifted. Because the break was very close to an operating
compressor, a relatively high product temperature, 310oF, was used A graph of the results is
shown below. The release rate at 30 seconds was 8651kg/s and at 15 minutes was 1327 kg/s.
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Because the release ignited immediately, MISHAP 2001 would include a fireball event within
its modelling. The fireball results are shown below.

The fireball model calculates a circular burn area centred on the rupture, with a diameter of
502m.
MISHAP 2001 has two vertical jet-fire models, JIF and PIPEFIRE. The wind-speeds were
calm to gentle; on the Beaufort scale calm is less than 0.3m/s and gentle breeze is up to 5.4m/s.
These figures were patched into the program and the following results obtained.
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The JIF model produced a zero burn area for the calm conditions. This is because it models an
unobstructed jet-flame with a region close to the ground where the gas is too concentrated to
burn. All the heat is therefore modelled as being far from the ground. At 5.4m/s it produced a
burn area extending 174m downwind and 132m upwind; a circular area of 306m diameter,
offset downwind from the rupture by 21m.
The results from the PIPEFIRE model are shown below.
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The results from PIPEFIRE give a circular burn area of 506m centred on the rupture. Note that
PIPEFIRE uses a humidity of 50%; in this case it was higher than this 87% so that the distance
to piloted ignition should be over-estimated.
The results obtained using PIPERS Dome-fire are shown below:-

The results show a circular burn area some 462m in diameter, centred over the break.
OEVHUYDWLRQV
This is a key report in our study of natural gas incidents. The plan of the accident site provides
details of three nested areas of burn of increasing severity. Full meteorological information is
also provided. There is only one complicating factor;, that is that a second pipeline ruptured
some 52 minutes after the first. This appears to have contributed little to the damage. The
pipeline was smaller and it was shut down within 1 minute. The force of the gas from the first
ruptured pipeline exposed this second pipeline. From the size and shape of the crater, however,
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the gas released from this second pipeline did not significantly enlarge it. In view of this, it is
assumed that the first rupture generated the whole of the burn area.
In the plan view of the site there are three contours of fire damage. The contours, in particular
the outer ones, are affected by the terrain; wet areas, a road, the compressor station yard and so
on. The middle upstream contour is truncated by the station yard. Nevertheless it is possible to
approximate these areas to ellipses (* circles) as in the table below.

Location

Table7 Heat Contours
Centre
Length

Width

Inner upstream**
Middle upstream**
Outer upstream
Inner downstream
Middle downstream
Outer downstream

80m
80m
190m
70m
140m
140m

30m
110m
300m*
70m
290m*
490m*

160m
200m
300m*
240m
290m*
490m*

** offset towards the north by about 15 degrees.
To summarise, the outer area of burn therefore extended 385m downstream from the crater and
had a maximum downstream width of 490m. The burn area extended 340m upstream of the
crater with a width of 300m. The overall length was 725m.
The second drawing shows the positions of the pipe ends after the incident. The surface
contours of the crater are particularly interesting, showing a trench in line with the pipeline
directed downstream and a trench, slightly offset to the north, upstream. Note that the pipeline
pointing upstream is also aligned towards the north at the end. This probably accounts for the
alignment, 15 degrees towards the north, of the inner and middle upstream burn area.
It is almost certain that there were two jet flames produced by this incident. The shape of the
areas labelled “Limit of Heat Damaged Clay Porcelin (Grey)” makes this apparent.
In the profile drawings, note the section B-B which shows the upstream pipeline curving
slightly upwards and the pipeline pointing upstream slightly curved downwards. Note also that
the gas from the two ends of the pipeline cut trenches; the downstream trench (cut by the gas
from upstream) is narrow, probably because the end of the pipe pointed upwards. This means
that the flame from the upstream pipe was probably tilted so that, once the crater was formed,
the jet remained close to the ground. The JIF model would suggest that the gas in the jet close
to the pipe would have been too concentrated to burn. In calm conditions this would place the
start of the burn at 130m from the rupture, for a gentle breeze the figure would be 67m. If we
attempt to model the downstream burn area using JIF by using the flame lift off region to offset
the flame downstream and then starting the flame at ground level then the area of burn
produced by JIF in a gentle breeze extends to 207m downwind and 159 metres upwind, a circle
of 366m diameter offset downwind by 24m.
The upstream trench is wider, probably because the crater base deflected the gas. As a result it
would probably produce a shorter but wider flame, with no lift off region. CFD work suggests
that the jet would emerge at the crater angle, about 18 degrees from the vertical.
MISHAP 2001 models the release from a ruptured pipeline as a single flame. In this case it
seems very likely that there were two, the downstream one producing the greater flux at ground
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level. The results produced by the MISHAP 2001 JIF model on its own under-estimated the
size of the burn area. This is because it models the release as an unobstructed vertical jet-fire
tilted in the wind; in any case the effects of a fireball would mask its burn area in this case. The
fireball model suggests a circular burn area of 502m diameter, PIPEFIRE a diameter of 506m
and Dome-fire a 462m diameter. These are about the same as the diameter of the downstream
burn area of 490m, but wider than the upstream burn area of 305m diameter. Along the
direction of the pipeline, however, the upstream distance to the edge of the burn was about
330m and downstream it was about 370m, a total of 700m.
If the upstream burn area is ignored, then the risk calculation would produce a reasonable
result. Because it is assumed that there is an equal probability of the pipe rupturing at any
point along its length, offsetting the centre of the burn along the pipeline has no effect.
The risk calculation uses pipeline interaction lengths in its calculation. This is the length of
pipe over which a rupture would produce a dangerous dose for a target located a given distance
from the pipeline. For small distances from the pipeline, the interaction length and therefore the
risk would be up to 1.5 times greater than calculated. For larger distances, the smaller
upstream burn would not affect the interaction length. If the upstream and downstream flames
had been identical then the risk would approach 1.5 times greater for all distances from the
pipeline. There would be similar effects upon the risk of death.
%XUQ $UHD 0DWFKLQJ
A burn-area-matching program BurnFit was used to match the observed burn area to that
produced by two emitters placed on a straight line through the crater. The sum of the powers of
the emitters was made to total that calculated in MISHAP 2001. The size and positions of the
emitters that gave the best results are shown in the table below.
Table8 Positions and Powers of Emitters
Parameter
Value
Emitter 1 Power
34.16kw
Emitter 1 Distance downstream from crater
140m
Emitter 1 Height above ground
107m
Emitter 2 Power
19.08kw
Emitter 2 Distance downstream from crater
-246.8m
Emitter 2 Height above ground
-185.75m
Note that the negative results indicate that the second emitter was upstream of the crater
The results are shown in plan form below. The black area is the burn area that matches the
calculation, the light grey shows areas where there was no burn, but calculation suggested there
should have been, and the dark grey shows areas that were burned but the calculation would
suggest they would not have been.
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)OX[ 0DS
A modified version of the Fluxmap program which models the flame as a pair of PIPEFIRE
flames was used. Placing the two flames at the crater produced a diameter for the burn area of
714m, still just below the length of the burn area, but nearly 1ò times the width. Separating the
two flames by 400m, to obtain a width to length ratio similar to that observed, gave a burn
length of 886m and a width of 590m about 20% higher than the observed overall length of
725m and width of 490m.
A number of points are worth noting. Firstly, surface features; roads, wet area and the station
yard played a part in minimising the burn area. Had the road not limited the burn to the north,
with the flame been located over the pipeline, the width would have been closer to 550m. Had
the station yard not masked it, the burn area would probably have extended further west by
tens of metres. It should also be noted that the humidity was high: 87%. Allowing for this the
calculated length reduces to 852m and the width to 534m.
It should also be noted that the calculations show the flow rate falling very rapidly. Although
the flow rate was calculated to be 8652kg/s at 30 seconds, at 100seconds it was calculated to
be only 2518kg/s. The average flow rate between 0 seconds and 100 seconds was calculated to
be 7314kg/s. To obtain a burn area in 100 seconds, however requires a flux of 29.8kw/m2 .
With the flames separated by 306.6m, arbitrarily set at twice the calculated flame width, the
Fluxmap now provides a burned width of 498m. Although the calculated distance from the
centre of the crater to the edge of the downstream burn is less than the observed 385m, the
calculated upstream burn is longer than the 340m observed. The total length of 710m, however,
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is only about 2%, below the 725m observed. The risk calculation would thus provide a result
very close to that expected from the burn area observed. See below.

CRQFOXVLRQV
The fireball model, the PIPEFIRE and the Dome-fire models produce results that are in
reasonable agreement with those reported for the down stream burn area. The position of the
area of burn does not affect the risk calculation.
MISHAP 2001 does not model mis-aligned pipe ends leading to two flames; it is probable that
this was the cause of the two lobe burn pattern observed in this case. The burn matching
program also indicates that the most likely cause of the burned area was two flames.
If the release is modelled using PIPEFIRE as two equal flames, one located upstream of the
crater by the calculated flame width, the other an equal distance downstream, then a burn area
approximating to the observed burn area is obtained.
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C$N$',$N 583T85E TESTS
SRXUFH RI WKH 'DWD
A conference paper (Calgary, October 2000) plus supplementary details supplied to HSE by its
authors.
'HVFULSWLRQ RI THVWV
The paper describes two tests carried out in an area of prairie grassland in Saskatchewan,
Canada, in which a 36” diameter pipeline carrying natural gas at about 60bar pressure was
deliberately ruptured by explosive charges, causing a 12m long section of the pipeline to
become completely detached. In Test 1 the pipeline was initially covered by soil to a depth of 1
metre, the escaping gas being allowed to form its own crater. In Test 2 the pipeline was
uncovered in a preformed concrete crater.
The escaping gas was ignited immediately. Initially the gas was observed to form a roughly
spherical flame. Within seconds the flame began to rise but remained in contact with the
ground via a vertical column of burning gas. The flame reached a quasi-steady state at about 2
minutes and then declined very slowly as the gas flow decreased.
This valuable set of data for validation of the MISHAP/PIPERS models includes graphs versus
time of:release rate
flame length
distance along the ground to heat flux levels of 15, 5 and 1.5kw/m2.
A graph of peak over-pressure versus distance is also included.
SXPPDU\

Location
Date and Time
Substance
Diameter of Pipeline
Wall Thickness
Pipeline Pressure
Depth of Cover
Pipeline
Coating
Product Temperature
Length of Pipeline
Size of break
Crater length
Crater width
Crater depth
Distance to pipeline fragments
Time from release to ignition
Time from ignition to shut down
Time from shut-down to self
extinguishing of flame

Test 1
Saskatchewan, Canada
8th July 1992, 11:00
Natural gas
914mm
Not reported
Approximately 60barg
1m
Specially constructed loop
Bare
Not reported;
288oK assumed
76.74km
12m
27m
20m
6m
Not reported
Immediate
About 15 minutes
Not reported
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Test 2
Saskatchewan, Canada
1st Sept 1992, 11:30
Natural gas
914mm
Not reported
Approximately 60barg
Exposed
Specially constructed loop
Bare
Not reported;
288oK assumed
76.74km
12m
20m
10m
3m
Not reported
Immediate
About 15 minutes
Not reported

Area of burn
Area heat affected
Product released
Weather*

Circular area 250m radius
Not reported
Not reported
Clear skies

Air temperature*
Barometric pressure*
Humidity *
Wind direction

296oK
0.946 bar; falling
45% (43% to 48%)
Calm

Wind speed
Cause of failure
Fireball
Jet-fire
Flash-fire
Pool-fire
Gas/Vapour Explosion
Flame Length
* at Regina some 1-2 hours later

Calm
Explosive charge
Yes
Yes
No
No
Yes
Exceeded 500m at times

400m downwind
Not reported
Not reported
No
cloud,
unlimited
visibility
298oK
0.937 bar
34%
From upstream
(SSW at Regina)
6m/s (5.6m/s at Regina)
Explosive charge
Yes
Yes
No
No
Yes
Exceeded 500m at times

:HDWKHU 'DWD
The paper describes the conditions at the time of Test 1 as calm, and the wind-speed at the time
of Test 2 as 6m/s. No other weather data are included, so air temperature, pressure and
humidity data were obtained from the Canadian Weather Archive for Regina, Saskatchewan.
For the date of Test 1 this showed “clear skies for the morning with light winds, falling to calm
at 13:00”, and for the date of Test 2 “clear skies for the morning with winds rising to a
maximum of 5.6m/s at 13:00”. The location of the test site in relation to Regina is not known.
5HOHDVH 5DWH
The reported gas release rates are sometimes in m3/s “at reference conditions” and sometimes in
kg/s. Using the density of methane at 1bar and 293oK, viz. 0.67kg/m3, to convert all observed
release rates to kg/s gave internal consistency. Our calculations give kg/s.
Because the pressure in the pipeline prior to rupture was set to 60bar in each case the measured
release rates for Tests 1 and 2 were very similar. Comparisons showed that the release rate
calculated by MISHAP/PIPERS was much higher during the first few seconds than that
observed, by more than 50%, but that after 20 seconds the calculated and observed flows were
in agreement to within plus and minus 10%. Some sensitivity analysis around the gas
temperature, pressure, wall thickness and so on did not identify any anomalies.
)LUHEDOO
As ignition was immediate MISHAP/PIPERS would model this event as a fireball followed by
a jet-fire.
Because the pressure in the pipeline prior to rupture was set to 60bar in each case, and because
the fireball model is not sensitive to wind-speed, the calculated fireballs for Tests 1 and 2 were
identical. But the measured heat fluxes in this period were different, being higher in Test 2.
This may be explained by the fact of soil debris being ejected during crater formation in Test 1
and providing some shielding around the base of the flame.
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The calculated fireball emits a constant high heat flux for about 20 seconds. The measured
heat fluxes, shown by radiometers with a response time of less than one second, give some
suggestion of a gradual rise to a peak heat flux at about 20 seconds and a reduction by 30
seconds, but the evidence is not clear. On this basis the duration of the fireball seems to be
reasonably well predicted.
The fireball model predicts spontaneous ignition out to a distance of 219m, somewhat smaller
than the distance of 250m out to which grass was observed to be burned in Test 1, and
substantially smaller than the distance of 400m downwind observed in Test 2. However, no
conclusion on the fireball modelling can be drawn as the text indicates that the fireball was
probably over before the grass ignited; “thermal radiation from the flame eventXall\ ignited the
natural vegetation”.
The test results include a graph of distances along the ground to three levels of heat flux plotted
against time. The fireball model was used to calculate distances to these flux levels.
Comparisons were made and found to lend weight to a conclusion of an earlier study that the
fireball model is conservative.
-HWILUH -,)0$-'
Release rates observed at various times during the release were fed into the JIF/MAJ3D jet-fire
model in order to calculate flame heights and distances to the flux levels at which
measurements were reported. The model failed to produce fluxes as high as the highest level
reported.
For Test 1 JIF/MAJ3D calculates higher flames than those reported. Nevertheless, it calculates
significantly lower heat fluxes at ground level, making it substantially non-conservative. This
aligns with a conclusion of an earlier study. It performs much better for Test 2, for reasons
that are not understood.
JIF/MAJ3D failed to predict a burn area in Test 1, and predicted a maximum distance of 124m
in Test 2. This compares poorly with the observations of burning at 250m in Test 1 and 400m
in Test 2.
-HWILUH 3,3E),5E
Similarly, release rates observed at various times during the release were fed into the
PIPEFIRE jet-fire model in order to calculate flame heights and distances to the flux levels at
which measurements were reported.
PIPEFIRE calculates much higher flames than those reported. Nevertheless its calculated flux
distances are good in Test 1, although showing a trend towards non-conservatism for higher
release rates and short distances. There is more conservatism in the analysis of Test 2, but the
same trend towards non-conservatism is apparent.
The burn area predicted for both Tests by the PIPEFIRE model is circular with radius 167m.
This compares poorly with the observations of burning at 250m in Test 1 and 400m in Test 2.
OYHUSUHVVXUH DQG 0LVVLOHV
The over-pressure measured at about 15m from the break was of a magnitude that could cause
minor damage to buildings but would not be a serious threat to human safety. No information
is given on the distance to which pipeline fragments and crater debris were thrown.
CRQFOXVLRQV
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The release rate model used in MISHAP/PIPERS greatly overestimated the release rate in the
first few seconds of the release, but was accurate to within 10% at later times.
The fireball model overestimated ground-level heat fluxes and is therefore conservative.
Of the jet-fire models, JIF/MAJ3D seriously underestimated ground-level heat fluxes in Test 1,
making it very non-conservative; it performed better in Test 2. PIPEFIRE performed well for
Test 1, although there was a trend towards non-conservatism at higher release rates and shorter
distances; it was more conservative in Test 2.
There does not appear to be a major hazard from over-pressure in a free-air release, other than
very near to the pipeline.

D.5

S3$'E$'$0 583T85E TESTS
SRXUFH RI WKH 'DWD
A BG Technology Report provided to HSE.
'HVFULSWLRQ RI THVW
BG Technology carried out a number of steady-state tests in which natural gas was released
from the two stub ends of a 6” diameter pipeline in a preformed concrete crater at their
Spadeadam Test Site. In some tests the gas was not ignited and gas concentrations were
measured. In Tests 6 to 9, however, the gas was ignited and heat fluxes were measured at a
series of distances in various directions. These tests are therefore relevant to our study.
SXPPDU\
General Information
Location
Date and Time
Substance
Diameter of Pipeline
Depth of Cover
Length of Pipeline
Size of break
Crater length
Crater width
Crater depth
Test 6 Conditions
Air temperature
Wind direction
Wind speed
Barometric pressure
Humidity
Flow Rate
Test 7 Conditions
Air temperature
Wind direction
Wind speed
Barometric pressure
Humidity
Flow Rate
Test 8 Conditions
Air temperature
Wind direction
Wind speed
Barometric pressure
Humidity
Flow Rate
Test 9 Conditions
Air temperature
Wind direction
Wind speed
Barometric pressure
Humidity

Spadeadam, Cumbria
Not known
Natural gas
152mm
Uncovered 0.2m below ground level
280m
1.67m
3.33m pre-formed, aligned roughly north-south.
1.67m pre-formed
0.5m pre-formed
285oK
258 degrees from mag north (a “west-to-east” crosswind)
9.8m/s (20m above ground level)
0.987 bar
81%
47.0kg/s (North) 46.9kg/s (South) 93.9kg/s (Total)
284oK
254 degrees from mag north (a “west-to-east” crosswind)
9.4m/s (20m above ground level)
0.987 bar
82%
22.9kg/s (North) 21.6kg/s (South) 44.5kg/s (Total)
284oK
239 degrees from mag north (a “west-to-east” crosswind)
5.5m/s (20m above ground level)
0.976 bar
70%
18.1kg/s (North) 8.59kg/s (South) 26.7kg/s (Total)
284oK
251 degrees from mag north (a “west-to-east” crosswind)
4.8m/s (20m above ground level)
0.976 bar
70.5%
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Flow Rate

16.1kg/s (North) 8.46kg/s (South) 24.6kg/s (Total)

$QDO\VHV 3HUIRUPHG
The tests were designed to measure steady state release conditions, so no data relevant to our
release rate and fireball models were produced. The measured release rates were entered
directly into the MISHAP/PIPERS jet-fire models. Comparisons of the calculated ground-level
heat fluxes were then made with those measured. The results are shown in the Tables below.
THVW 
Test 6 had a total release rate of about 94 kg/s split equally between the north and south legs,
and there was a crosswind. The flame had a height of 56m, with no lift-off region, and a tilt of
35-40 degrees.
JIF/MAJ3D calculated a total flame length of 50.5m, of which the lower 7.7m was a nonburning lift-off region, and a tilt of 20 degrees. PIPEFIRE calculated a flame length of 83.5m.
Table 3.1 – Comparisons of Heat Fluxes at Particular Distances
Calculated using PIPEFIRE and Observed in Test 6
JIF/MAJ3D
Measured Flux
2
Calc/Obs
(kw/m )
Nominally West of the Crater
15.4
0.93
7.0
0.91
3.7
0.87
2.5
0.83
Nominally South of the Crater
11.7
1.40
10.0
0.92
5.4
0.76
3.6
0.76
2.3
0.63
Nominally East of the Crater
22.1
0.28
10.6
0.34
6.5
0.35
2.5
0.45

PIPEFIRE
Calc/Obs
2.30
2.34
2.46
2.48
3.02
2.01
1.90
2.03
1.84
0.54
0.73
0.83
1.19

The shape of the heat flux contours was estimated to be approximately elliptical, with the
centres of the ellipses about 24-25m downwind.
THVW 
Test 7 had a total release rate of about 44 kg/s split equally between the north and south legs,
with a crosswind similar to that in Test 6. The flame had a height of 40m, with no lift-off
region, and a tilt of 35 degrees.
JIF/MAJ3D calculated a total flame length of 37.2m, of which the lower 5.4m was a nonburning lift-off region, and a tilt of 22 degrees. PIPEFIRE calculated a flame length of 54.5m.
Table 3.2 – Comparisons of Heat Fluxes at Particular Distances
Calculated using PIPEFIRE and Observed in Test 7
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Measured Flux
JIF/MAJ3D
(kw/m2)
Calc/Obs
Nominally West of the Crater
5.3
0.70
2.6
0.68
1.7
0.65
Nominally South of the Crater
14.6
0.77
9.1
0.60
4.7
0.47
2.9
0.49
1.7
0.44
Nominally East of the Crater
11.5
0.29
5.1
0.36
2.9
0.40

PIPEFIRE
Calc/Obs
1.97
2.02
1.99
1.74
1.46
1.29
1.40
1.31
0.62
0.86
1.00

The shape of the heat flux contours was estimated to be approximately elliptical, with the
centres of the ellipses around 20m downwind.
THVW 
Test 8 had a total release rate of about 27 kg/s split in the ratio 2:1 between the north and south
legs, with a crosswind lighter than that in Tests 6 and 7. The flame had a height of 42m, with
no lift-off region, and a tilt of 10 degrees.
JIF/MAJ3D calculated a total flame length of 33m, of which the lower 5.2m was a non-burning
lift-off region, and a tilt of 14 degrees. PIPEFIRE calculated a flame length of 40.8m.
Table 3.3 – Comparisons of Heat Fluxes at Particular Distances
Calculated using PIPEFIRE and Observed in Test 8
JIF/MAJ3D
Measured Flux
Calc/Obs
(kw/m2)
Nominally West of the Crater
14.6
0.51
5.0
0.53
2.2
0.55
1.3
0.58
Nominally South of the Crater
11.7
0.78
9.5
0.44
4.0
0.40
2.4
0.42
1.6
0.44
1.2
0.43
Nominally East of the Crater
11.4
0.37
4.6
0.43
2.2
0.50
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PIPEFIRE
Calc/Obs
1.34
1.45
1.56
1.65
1.68
0.99
1.00
1.09
1.09
1.18
0.83
1.04
1.28

1.5
0.47
1.0
0.48
Nominally North-East of the Crater
8.8
0.51
4.5
0.51
1.9
0.61

1.22
1.28
1.07
1.17
1.48

The shape of the heat flux contours was estimated to be approximately elliptical, with the
centres of the ellipses about 8-9m downwind.
THVW 
Test 9 had a total release rate of about 25 kg/s split in the ratio 2:1 between the north and south
legs, with a crosswind similar to that in Test 9. The flame had a height of 39m, with no lift-off
region, and a tilt of 15-20 degrees.
JIF/MAJ3D calculated a total flame length of 33.1m, of which the lower 5.3m was a nonburning lift-off region, and a tilt of 13 degrees. PIPEFIRE calculated a flame length of 38.9m.
Table 3.4 – Comparisons of Heat Fluxes at Particular Distances
Calculated using PIPEFIRE and Observed in Test 9
JIF/MAJ3D
Measured Flux
2
Calc/Obs
(kw/m )
Nominally West of the Crater
15.2
0.45
5.1
0.47
2.2
0.51
1.4
0.49
Nominally South of the Crater
10.8
0.75
9.0
0.41
3.8
0.38
2.4
0.38
1.6
0.41
1.2
0.39
Nominally East of the Crater
12.3
0.32
4.7
0.39
2.2
0.47
1.4
0.46
1.0
0.44
Nominally North-East of the Crater
10.6
0.38
5.1
0.34
1.9
0.55

PIPEFIRE
Calc/Obs
1.23
1.33
1.45
1.42
1.73
0.99
0.97
1.01
1.01
1.09
0.72
0.95
1.19
1.21
1.18
0.84
0.96
1.37

The shape of the heat flux contours was estimated to be approximately elliptical, with the
centres of the ellipses about 9-10m downwind.
CRQFOXVLRQV
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The performance of both JIF/MAJ3D and PIPEFIRE in calculating flame geometries was
variable, with neither model performing particularly well.
JIF/MAJ3D seriously underestimated ground-level heat fluxes in every Test, making it very
non-conservative. PIPEFIRE performed better, overpredicting the heat fluxes in most, but not
all, cases.
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%$<$0ON 38E5TO 5,CO -$N8$5< T+ 
SRXUFH RI WKH 'DWD
A report from the USA National Transportation Safety Board No NTSB-PAR-80-6 available
from the National Technical Information Service, Report No PB81-204851 In English
(34 pages) and Spanish (34 pages).
'HVFULSWLRQ RI ,QFLGHQW
This report describes an explosion and fire following the rupture of an 8inch pipeline carrying
gasoline at 300psig. The gasoline entered a creek that fed an underground and then overground canal. The gasoline reached a source of ignition and burned back over the
watercourses to the rupture site. There was one fatality; a youth collecting gasoline for
personal use. Once ignited, the gasoline burned back over two miles of waterways, damaging
property within 20ft either side. The pool at the rupture site ignited.
The report found that:there was no “one-call” system to avoid excavator damage,
the highways authority failed to accurately locate the pipeline,
there were no temporary markers on the pipeline, and
the use of heavy construction equipment was permitted while the pipeline inspector
was absent.
This report is of direct relevance to PIPERS.
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SXPPDU\
Location
Date and Time
Substance
Diameter of Pipeline
Nominal Wall thickness
Pipeline Pressure
Depth of Cover
Pipeline
Coating
Product Temperature
Length of Pipeline

Bayamon, Puerto Rico, USA
30th January 1980, 9:50 am
Gasoline
219mm (85/8inch)
5.56mm (0.219 inch)
~20 barg (~300psig)
76mm (3 in) below a water pipeline, normally 0.9m (3ft).
API grade 5L ;-42, ERW
Coated wrapped and cathodically protected
Not known, but over 100km from pumping station
126km (78.2 miles - ~68 miles upstream, ~10 miles
downstream.) 1.8km (1 mile) to upstream automatic valve.
Size of break
150-250mm (6-10 in) by 200mm (8 in)
Crater length
None, pipeline excavated
Crater width
None, pipeline excavated
Crater depth
None, pipeline excavated
Distance to pipeline fragments None
Time from release to ignition
30 minutes
Time ignition to shut down
Already shut down
Time shut-down to self 39 minutes
extinguishing of flame
Area of burn
3000m (2 miles) by 6m (20ft) either side of waterways
Area heat affected
Not known
Product released
294m3 (77,700 US gallons)
Weather
Partly cloudy skies
Air temperature
~308oK (90’s oF)
Wind direction
Not known
Wind-speed
Moderate
Barometric pressure
Not known
Humidity
Not known
Cause of failure
Pierced at top by excavator
Fireball
No
Jet-fire
No
Flash-fire
No
Pool-fire
Yes
Gas/Vapour Explosion
No
Flame Length
Not known
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CKURQRORJ\
Time

Action

09:50
10:08
10:10
10:30
10:35
11:15
11:20
11:30
11:45
12:09
12:30
14:00

Rupture occurred
Pump 68 miles away shut down automatically
Pipeline superintendent notified
Pipeline superintendent arrived at site
Engineers start to contain spill
Trucks and pump arrive to collect the gasoline
Explosions 2 miles downstream on the waterway
Fire burned back to the rupture
Fire-fighters arrive
Fire extinguished at the rupture; gasoline flow had stopped
Other fires under control
All fires extinguished
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0DS RI $FFLGHQW SLWH
The map below was taken from the report.
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CDOFXODWLRQV
The PIPERS program was used to calculate the rate of release of the gasoline. The results
appear in graphical form below. The release rate at 30 seconds was 667kg/s falling to 223kg/s
after 900 seconds.

Ignition occurred some 90 minutes after the rupture and 2 miles away; a delayed ignition.
PIPERS treats this as a bunded pool-fire. PIPERS does not calculate the size of the pool at
present, but a maximum diameter of 100m is normally used within the program. With this
setting, the results are shown below.
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Because the wind-speed and direction are unknown, the standard F2 and D5 weathers were
used. (F/D is the stability factor and 2/5 is the wind-speed in m/s.) The burn areas calculated
extended 69.9m downwind and 62.5m upwind for F2 weather. The areas extended 88.5m
downwind and 54.2 upwind for D5 weather.
OEVHUYDWLRQV
The results of the calculation provided are very different from the results observed. The area
of burn was 6m either side of a canal that was perhaps 6m wide. This would give a burn area
some 18m wide. The length of the burned area was some 3000m long. The area of burn would
therefore be 54,000m2. The calculated burn area, on the other hand, was circular, some 130145m in diameter and displaced 5-15m from the rupture by the prevailing winds. The burn
area calculated would therefore be 16,500m2; less than 1/3 of the area reported.
The hazard range calculated by PIPERS was wind direction dependent to a small degree but
was much lower than the 3,000m reported. This is because PIPERS takes no account of
topography in its calculations. The pipeline was located some 65m higher in elevation than
the creek into which the gasoline flowed on release. Although the one casualty was relatively
close to the rupture, there could have been casualties much further away had people been
using the canal or had they been close to it.
The pipeline was shut down 18 minutes after the rupture; a valve 1 mile upstream closed
automatically. The flow of gasoline out of the pipe continued under gravity because the
rupture site was lower in elevation than the valve. For a delayed ignition, PIPERS makes no
use of the flow rate calculations.
CRQFOXVLRQV
PIPERS takes no account of topography in its risk calculations. Clearly, in cases where a
pipeline is at a higher elevation than a target site, the risk of product flowing down onto that
site must be considered.
PIPERS does not take account of the increased risk that may be posed by the spreading of
gasoline over the surface of a watercourse, that can carry the flammable substance many
kilometres from its source.
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A report from the USA National Transportation Safety Board No NTSB-PAR-78-2 available
from the National Technical Information Service, Report No PB 294 651 (42 pages)
'HVFULSWLRQ RI ,QFLGHQW
This report describes a fire in a pumping station that occurred when a pump was turned on
while a strainer was open under maintenance. The resulting spray-jet ignited and exploded. A
pool-fire was then produced. The accident was the result of “the failure of the poorly coordinated and inadequately supervised personnel” at the pumping station. There was one
fatality and five injuries.
A pump was taken out of service in order to change/clean a strainer. The controls were not
properly locked off or marked. While the machine was open, the pump was switched on,
spraying the area with oil. There was no emergency shut off controls in the pump room and
telephone calls to the control room were misunderstood; the control staff were unable to see
what was happening. The spray ignited and exploded. The strainer opened and released crude
oil that ignited to form a pool-fire in the building.
On August 15th 1977, there was another accident at another station caused by failure to follow
company procedures. The release did not ignite and there were no casualties.
The report is not strictly relevant to PIPERS because it describes an accident involving a
pump in a pumping station. It is worth noting, however, the higher risk associated with sprays
compared with non-spraying releases.
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SXPPDU\
Location
Date and Time
Substance
Diameter of Pipeline
Nominal Wall thickness
Pipeline Pressure
Depth of Cover
Pipeline
Coating
Product Temperature
Length of Pipeline

Fairbanks, Alaska, USA
8th July 1977, 2:38pm
Crude-oil
1.22m (48 in)
Not known
16.5barg (235psig)
Surface - pumping station
Not known
Not known
Not known
787km (489 miles) upstream, 497km (309
downstream
Size of break
Not known
Crater length
Not known
Crater width
Not known
Crater depth
Not known
Distance to pipeline fragments
Not known
Time from release to ignition
Several minutes
Time ignition to shut down
Automatic within seconds
Time shut-down to self 7 hours 21 minutes
extinguishing of flame
Area of burn
2023m2 (ò acre) burned trees and scrub
Area heat affected
Not known
Product released
48m3 (300 barrels)
Weather
Not known
Air temperature
Not known
Wind direction*
From north-west
Wind-speed*
6-7m/s peak (12-13 knots peak) say 5m/s
Barometric pressure
Not known
Humidity
Not known
Cause of failure
Pump turned on while strainer was being serviced
Fireball
No
Jet-fire
Yes - spray-jet
Flash-fire
No
Pool-fire
Yes
Gas/Vapour Explosion
Yes
Flame Length
Not known
*at Mcgrath Airport 400km away
CKURQRORJ\
Time

Action

14:26
14:37
14:39
18:00
22:00

Pump shut down because of low suction (blocked strainer)
Pump restarted
Explosions occurred, station isolated
Fire contained
Fire extinguished
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The report includes a sketch map of the site, reproduced below. It does not have a scale, but
dimensions of the buildings allow an estimate to be made. There is one inconsistency between
the sketch and the text. The Pump and Turbine Building is reported as 84ft long, but scaled
from the sketch it was closer to 184ft. The area of burn was reported as ò acre of burned trees
and scrub growth. If this is the area shown as off-site (outside the dot-dash line on the plan)
and across the road, then this scales to ò to ô acres. The total burn area would therefore have
been about 10,000m2. North is not indicated.

CDOFXODWLRQV
The results of the release rate calculation are shown below. The release rate at 30 seconds was
calculated to be 59,623kg/s and 12793kg/s at 15 minutes.
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PIPERS warns that the release rate calculation can be inaccurate for non-flashing liquids. In
this case the total release was 48m3 or 36,800kg. Even at the calculated 15minute release rate,
36,800kg would be released in less than 3 seconds.
PIPERS models the immediate ignition of a release of non-flashing liquid as a spreading
pool-fire. For the pool-fire model, it was assumed that the 36,800kg was released over 15
minutes; 40kg/s. The wind-speed was patched to 6.5m/s.

The downwind distance to the edge of the burn was calculated to be 40.3m; upwind it was
16.3m. This is equivalent to a circular burn area of 56.6m diameter offset downwind from the
break by 12m. The burn area would be 2,500m2.
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OEVHUYDWLRQV
Strictly speaking this incident is not relevant to PIPERS because it describes the release of
crude oil from equipment in a pumping station. It has been included because it is believed that
a split in a pipeline could produce a similar fire.
In the incident, crude oil was sprayed from an unbolted strainer to produce an inflammable
vapour that was ignited. The top of the strainer then blew back on its hinges to release a
stream of crude oil that “gushed up to the pump room ceiling, struck the overhead beams and
lights and deluged the entire pump room”. There were two explosions, the first “blew the roof
off and blew the walls out”, and the second “was shown on the seismic sensing unit”.
It is presumed that the damage to the trees and scrub was caused by crude oil flowing off-site
to the top left of the drawing. The burn area to the top right of the drawing probably had a
similar cause. Alternatively it was perhaps the result of flames tilted in the wind. The windspeed and direction does not appear in the data archive for any local weather stations; those
used are from Mcgrath Airport about 400km away.
PIPERS models the release of non-flashing liquids, such as crude oil, as pool-fires. In the
incident under consideration the ignition was immediate and so the fire would be treated as a
spreading pool-fire. By making the conservative assumption that the entire product was
released in 15 minutes, the model calculates a burn area ó of that reported. This is almost
certainly because the terrain caused the crude-oil to flow away from the source, possibly
carried on fire fighting water being used to prevent the fire carrying to other buildings.
CRQFOXVLRQV
Because the data on this incident is sparse and the release did not take place from a pipeline, it
is difficult to draw any firm conclusions. Certainly there were significant explosions as a
result of the release; the second of these, following the demolition of the building, must have
been in free air. The one fatal casualty was as a result of an explosion. PIPERS does not
include an explosion model.
There is a known problem with the release rate calculations. PIPERS over-estimated the
release rate by perhaps two orders of magnitude.
The report also provides evidence to support the need to account for topography in the
modelling. It seems likely that the shape of the burn area was due to the flow of the crude oil.
PIPERS does not include topography in its modelling.
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A report from the USA National Transportation Safety Board No NTSB-PAR-73-2 available
from the National Technical Information Service, Report No PB-222 656 (20 pages)
'HVFULSWLRQ RI ,QFLGHQW
This report concerns an explosion and fire caused by the breaking of a crude oil pipeline. The
pipeline had been shutdown and closed in, containing crude oil at an initial pressure of
400psig. Over a 10hour period, as the oil warmed up during the day, the pressure increased to
530psig. At this pressure, the pipeline split at a place where it was heavily corroded. Crude oil
sprayed out of the split to form a vapour cloud and a pool-fire. The released liquid flowed
along a stream and pooled up (1ft deep) on a stock pond 1800ft from the break. When the
vapour cloud reached an ignition source, 4ò hours after the break, it exploded and burned,
killing one person, seriously injuring two others and destroying a house. The liquid in a stock
pond formed a pool-fire. A total of 332,346 American gallons of crude oil escaped and
burned.
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SXPPDU\
Location
Date and Time
Substance
Diameter of Pipeline
Nominal Wall thickness
Pipeline Pressure
Depth of Cover
Pipeline
Coating
Product Temperature
Length of Pipeline
Size of break
Crater length
Crater width
Crater depth
Distance to pipeline fragments
Time from release to ignition
Time ignition to shut down
Time shut-down to self
extinguishing of flame
Area of burn
Area heat affected
Product released
Weather
Air temperature
Wind direction
Wind-speed
Barometric pressure
Humidity
Cause of failure
Fireball
Jet-fire
Flash-fire
Pool-fire
Gas/Vapour Explosion
Flame Length

Hearne, Texas, USA
14th May 1973, 12:30am
Crude oil
219mm (8 5/8 in)
8.2mm (0.322 in)
50.5barg (718PSIG)
~0.5m (~18in)
API 5L;-52 double-submerged-arc-welded,
Primed but not coated or wrapped
294oK, (70oF)
49km (30ò miles)
150mm (6 in) longitudinal split perhaps 25mm wide
Not known
Not known
Not known
No fragments
5 hours
4ó hours
ô hour
550m (1800ft) along stream
Not known, poor photograph of scene
1258m3 (332,346 US gallons)
Cold and wet - ground thermally conductive
May 10th 291oK (64.5oF) May 14th 296oK (72.5oF)
Not known
Not known
Not known
Nor known
Corrosion of pipe led to failure under pressure, crude oil
spray produced vapour that exploded. Pool-fire followed
No
Possible spray-jet-fire
Yes vapours piloted 180m (600ft) away
Yes
Yes in house 180m (600ft) away
~100m (several hundred feet)

CKURQRORJ\
Time
Action
00:30
05:00
05:30
06:20
06:30
06:45
08:00
09:15
10:00

Pipeline failed
Explosion and flash-fire
Fire fighters arrive
Dispatcher notified; started shutting down all lines
Pumping station shut down
Fire burnt out along creek bed
Pipeline identified pipeline and closed valve upstream
Valve closed downstream
All fires extinguished
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There was no sketch of the accident site, but a photograph was included. Unfortunately the
copy was too poor to be used. A best estimate of the accident site was therefore produced
using Internet maps and information contained within the report. It is provided below. It may
not be an accurate representation of the scene.

CDOFXODWLRQV
PIPERS was used to calculate the release rate from the pipeline. The hole was assumed to be
equivalent to a circular hole 75mm in diameter. The results are shown below in the form of a
graph. The release rate at 30 seconds was calculated to be 965kg/s; at 15 minutes it was
256kg/s. The program was patched to check the release rate calculated at 9ò hours, the time
at which all fires were extinguished. (Photographs show that there was still some flow at this
stage). The rate calculated was 143kg/s.
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PIPERS warns that the release rate for non-flashing liquids can be too high. It is known that
the total release was 1,258m3 or 96,500kg over six hours. This is an average of 44kg/s
Because the ignition was delayed, PIPERS would treat the release as a circular bunded poolfire, with a maximum diameter of 100m. The results are shown below for the 2m/s and 5m/s
defaults.

In 2m/s winds, the distance to the edge of the burn downwind was 59.7m; 53.2m upwind. For
5m/s winds, the results were 78.3 and 50.5. This is equivalent to a 113m diameter circle offset
downwind by 3m for 2m/s winds and 129m diameter offset by 14m for 5m/s winds.
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OEVHUYDWLRQV
The hazards arising from this accident were not limited to a pool-fire. The crude oil sprayed
from the hole and the “countryside was showered with crude oil vapours and liquid.” The
crude oil that was released flowed along a steam for a distance of 550m (1800ft) and collected
in a pond. The release ignited when it found a piloting source, probably within a house that
was only 15m from the stream. The result was a flash-fire and an explosion. The crude oil on
the stream ignited to form a pool-fire that extended along the whole length of the stream.
Flames were reported to be “several hundred feet high”. At 1ô hours after ignition, the fires
along the stream had burned out, but fires continued at the rupture and on the pond.
PIPERS has two similar models that it uses to calculate the hazards from non-flashing liquids;
a spreading pool-fire and a bunded pool-fire. Both are assumed to be circular because the
model takes no account of topography. In this case, the terrain had a marked effect. The oil
flowed on the surface of a waterway for a distance of 550m.
For non-flashing liquids, PIPERS does not model a flash-fire or an explosion and this may be
correct for a full rupture. In the case of a hole or a split, however, the result may be a flashfire and/or an explosion if the product is released in the form of a spray to produce a vapour
cloud.
A total of 1258m3 of product was released; it is probable that most of it was involved in the
fire. This is an average release rate of 27.6kg/s (0.036m3/s) over the 9ò hour period. PIPERS
calculates a release rate of 143kg/s after 9ò hours.
CRQFOXVLRQV
PIPERS can significantly under-estimate the risk from a pipeline carrying flammable liquids,
because it takes no account of topography. In this case, the hazard range extended a distance
of over 500m from the pipeline.
Although a warning is given by the program, the release rate calculated by PIPERS was
considerably higher than that reported.
PIPERS models the hazard from a liquid release as a pool-fire. Particularly if the release is
from a hole or split, the resulting spray can produce a flammable vapour that can produce an
explosion in a confined space and a flash-fire.
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A report from the USA National Transportation Safety Board No NTSB-PAR-71-2 (35 pages)
'HVFULSWLRQ RI ,QFLGHQW
This report describes a flash-fire that occurred when gasoline leaked from a 3/16 diameter hole
in a 30 inch pipeline. The appearance of gasoline on a stream was reported to the pipeline
company. They shut down the pipeline and hired contractors to locate the leak. The
contractors made a dam in the stream to collect the gasoline and avoid pollution. They then
dug from the stream, exposing the pipeline until, on moving some rocks, gasoline spurted
from the soil, vaporised and was ignited by a backfire from an excavator. The resulting flashfire injured five persons. The pool of gasoline, held back by the dam, produced flames up to
200ft high. The leak was finally found some 280ft away from the initial excavation and 6-8ft
below the surface. The spill had flowed down between layers of impermeable rock to emerge
near to the stream at a pressure of 14psig.
It is believed that, before the pipeline was laid, it was either struck by lightning or by a strike
from an overhead power sources while being transported on a railway. This caused a crater
1ò inches by 1 inch at the surface tapering to 3/16 inch at the bottom nearly piercing the
pipeline. It finally failed, probably through fatigue on pressure fluctuations.
The report found that there was a lack of liaison between the pipeline operator, their
contractors and the fire service. No safety equipment was in use; hard hats, vapour detectors,
air blowers and so on.
The report is of relevance to PIPERS, since it describes a gasoline flash-fire and pool-fire.
Also of note is the explosion that occurred with the flash-fire.
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SXPPDU\
Location
Date and Time
Substance
Diameter of Pipeline
Nominal Wall thickness
Pipeline Pressure
Depth of Cover
Pipeline
Coating
Product Temperature
Length of Pipeline

Jacksonville, Maryland, USA
3rd September 1970, 5:50pm
Gasoline
762mm (30in)
7.14mm (0.281in)
8.44barg (120psig) before shut-down
1.8-2.4m (6-8 ft)
API 5L; Grade ;52
12.7mm (òin) coating
Not known
2400km (1,500 miles), 6.4km (4 miles) after leak
detection
Size of break
4.76mm (3/16in) diameter
Crater length
No crater but excavation 6m (20ft)
Crater width
No crater but excavation 3.7m (12ft)
Crater depth
No crater but excavation 2.4m (8ft)
Distance to pipeline fragments
None
Time from release to ignition
At least 24 hours
Time ignition to shut down
Already shut down when flash-fire occurred
Time shut-down to self About an hour
extinguishing of flame
Area of burn
Not known
Area heat affected
Not known
Product released
114m3 (30156 US gallons)
Weather
Not known
Air temperature
Warm
Wind direction
Calm
Wind-speed
Calm
Barometric pressure
Not known
Humidity
Humid
Cause of failure
Fatigue of metal in a pre-existing flaw (10 o’clock)in the
pipeline
Fireball
No
Jet-fire
No
Flash-fire
Yes
Pool-fire
Yes
Gas/Vapour Explosion
Yes
Flame Length
60m (200 ft)
CKURQRORJ\
Date, Time

Action

2/9/70, early
2/9/79, 18:19
2/9/79, 18:34
2/9/79, 19:20
3/9/79, 17:50
3/9/78,~19:00
6/9/79

Gasoline odours detected.
Gasoline seen on stream, oil company informed
Pumping station shut down
Block valves closed either side of the leak (about 4 miles)
Flash-fire followed by Pool-fire
Pool-fire extinguished
Location of leak discovered
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The sketch below was obtained from the report

CDOFXODWLRQV
PIPERS was used to calculate the flow rate from the hole. The hole area restriction to
0.00049m2 in PIPERS was lifted. The results are shown below. The calculated flow rate at
30 seconds was 0.37kg/s and at 15 minutes was still 0.37kg/s.
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The release was not ignited immediately; it was at least a day after the break that ignition
occurred. PIPERS would treat this as a bunded pool-fire. The size of the pool-fire is not set by
the size of the release; rather the operator enters the pool size based upon an estimation of the
percolation characteristics of the soil. No account is taken of topography. Using the maximum
pool size, 100m diameter, and patching the wind-speed to zero, the following results were
obtained. As can be seen a circular burn area some 65.3m in radius was calculated.
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The size of the pool-fire in the dammed up stream is not reported, but from the sketch it
appears to be about 30m in diameter. The calculations were repeated for this size of pool and
the results are shown below. As can be seen, the burn area was calculated to be a circle of
23m radius, 8.2m around the edge of the pool.

OEVHUYDWLRQV
This release was unusual in that the rock strata allowed the gasoline to form an underground
column of liquid. The gasoline was detected as it seeped out of the ground some 85m from
the hole. The accident occurred when the movement of rocks by workmen released this
column of liquid, some 14m high. The gasoline sprayed into the air and was ignited by a
backfire from an excavator. The resulting explosion and flash-fire ignited a pool of gasoline
being collected in a dammed up stream.
All the injuries were caused by the explosion and flash-fire. Neither an explosion nor a flashfire is included as consequences of a gasoline release in PIPERS. They clearly can occur if the
gasoline sprays; in this case by striking the ground and the sides of a ditch. None of the
injuries were fatal, although those injured probably received a dangerous dose.
The pool-fire at the stream ignited the trees in the heavily wooded area. Fire fighters
extinguished the gasoline, but it was re-ignited by smouldering debris from the trees. The
actual area burned was not reported and so was probably not significant.
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CRQFOXVLRQV
PIPERS does not include an explosion or flash-fire as a consequence of the failure of a
pipeline carrying gasoline.
PIPERS takes no account of topography in the calculation of hazard distance. In this case, the
pool-fire was about 100m from the break. No account is taken in PIPERS of the effects of
watercourses in increasing the hazard distances by allowing the gasoline to spread out over
the surface to produce a large pool.
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A report from the USA National Transportation Safety Board No NTSB/PAR-86/01 available
from the National Technical Information Service, Report No PB86-916501 (25 pages).
'HVFULSWLRQ RI ,QFLGHQW
This report is concerned with the failure of a pipeline carrying aircraft fuel. The accident
occurred as the pipeline was being lifted in order to clean and to re-coat it. The cause of the
failure was a substandard girth weld and the operator’s failure to identify it when the pipeline
was constructed and when the pipeline was exposed for the re-coating process.
The kerosene sprayed out of a crack in the substandard weld and ignited immediately. The
pipeline then ruptured, releasing kerosene that filled the excavated ditch.
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SXPPDU\
Location
Date and Time
Substance
Diameter of Pipeline
Nominal Wall thickness
Pipeline Pressure
Depth of Cover
Pipeline
Coating
Product Temperature
Length of Pipeline
Size of break

Kaycee, Wyoming, USA
23rd July 1985, 10:30am
Kerosene
219mm (85/8in)
4.8mm (0.188in) at the accident site
30.2barg (430psig)
Exposed
API 5L ;-52
Being re-coated
Not known, but 8 miles downstream of pump
17.1km (11 mile) section
Crack at weld 200 x 4.8mm, then, due to heat, split 2m
(6òft) from the weld 0.76x0.3m (2òx1ft)
Crater length
No crater; 140m (460ft) long ditch excavated down to
pipeline
Crater width
No crater; 1.5m (5ft) wide ditch excavated
Crater depth
No crater; 1m (3òft) deep ditch excavated
Distance to pipeline fragments No pipe fragments
Time from release to ignition
Almost immediately
Time ignition to shut down
35 minutes
Time shut-down to self 12 hours
extinguishing of flame
Area of burn
122m (400ft) long. Pool confined to 1òm wide ditch
Area heat affected
Not known
Product released
169m3 (1074 barrels)
Weather
Cold front passed through between 09:30 and 10:00, broken
cloud cover
Air temperature
~297oK (mid 70’s F)
Wind direction
From 020 degrees flames blown to the south
Wind-speed
4m/s (8 knots)
Barometric pressure
Not known
Humidity
Not known
Cause of failure
Sub-standard weld cracked at top of the pipe, rupture
occurred when the pipeline was heated by the pool-fire
Fireball
No
Jet-fire
Probable, fatalities were showered with kerosene
Flash-fire
No
Pool-fire
Yes; along an excavated ditch 122m (400ft) by 1.5m (5ft)
Gas/Vapour Explosion
No
Flame Length
Not reported
CKURQRORJ\
Time

Action

10:30
11:05
23:00

Pipeline failed; release ignited almost immediately
Pipeline shut down
Pool-fire burned out
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A sketch of the accident site was included in the report; it is reproduced below. Note that the
horizontal and vertical scales are different.
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CDOFXODWLRQV
The release from the split and the release from the rupture were calculated by the PIPERS
program. The split was about 200mm long and a maximum of 4.8mm wide equivalent to a
hole of 35mm diameter. The results of the PIPERS calculation are shown below. The release
rate for the split was calculated to be 38kg/s at 30 seconds and 36kg/s at 15 minutes. For the
rupture, the release rate at 30 seconds was 704kg/s at 30 seconds and 276kg/s at 15 minutes.
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Because the ignition was immediate, PIPERS models the release as a spreading pool-fire. The
results for the split are shown below for 4m/s wind-speeds.

The distance to 1000tdu downwind was calculated to be 20.5m; the upwind figure was 13.7m.
This is equivalent to a circle of 34m diameter offset downwind by 6.8m. The 1800tdu figures
were 17.6m and 13.7m; a circle of 31m offset by 2m. The upwind figures are both 13.7m
because this is at the edge of the pool. The pool diameter for the split was calculated as 27m.
The size of the pool is set by the burning rate that matches the release rate from the pipeline.
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The results for the subsequent rupture are shown below

For the rupture, the burn area was calculated to extend 89m downwind and 61m upwind; a
circle of 150m diameter, offset downwind by 14m. The calculated pool diameter was 111m.
The pool-fire was, however, effectively bunded; held within the confines of the ditch (122m
long by 1.5m wide). The pool-fire model includes a rectangular bund. Unfortunately the
aspect ratio of the bund cannot exceed 2:1 and so could not be used.
OEVHUYDWLRQV
There were two stages in the breaking of the pipeline in this incident. The first was the
cracking of an inadequate weld. This led to a spray of kerosene that ignited and resulted in the
fatality; “the foreman was saturated by the kerosene shower «. he died before he could get
out of the flames”. The report confirms that the fatality was in the crosswind direction (to the
east of the rupture); “ensuing flames were blown south”. There were six further people
injured. One of these, the heavy equipment operator, was located southeast of the break; he
“felt a shower of kerosene, followed by flames”. Another person, a labourer, was in the ditch
(probably north of the break); he “jumped out or was blown out of the ditch”. Another
labourer was south of the break by the wrapping machine. He felt “kerosene spray on his
back. He ran rapidly south along the ditch”. A third labourer was also south of the break. He
“saw kerosene spraying « ran down the ditch and was knocked down and set on fire by the
burning kerosene”. The CPL inspector “standing near the side-boom” to the southeast of the
break was burned critically.
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All those critically injured or killed were within 6m of the break; well within the 15m of the
crosswind distance to 1800tdu provided by the pool-fire model. Despite this, it is clear from
the text that it was not the pool-fire that was responsible for all the casualties; certainly not for
those outside the ditch. Their injuries occurred because they were sprayed with kerosene that
then ignited. It is unlikely that the spreading pool fire would provide a large enough fire to
encompass the range of a spray-jet and the heat flux from it in all cases.
The second stage of the fire occurred when the pipeline ruptured as a result of the heat
generated by the fire caused by the cracked weld. It is possible that this stage also contributed
to the injuries since the timing of this second break is not known; the report uses the words
“later, after the ensuing fire had heated the exposed pipe surface, the longitudinal rupture
occurred”. The resulting pool-fire spread along the 5ft wide ditch for a distance of 400ft. The
pool was thus about 120m by 1.5m. No information on the area burned each side of the ditch
is provided in the report.
CRQFOXVLRQV
The release from the crack was in the form of a spray. PIPERS does not model such a hazard
for a hole in a pipeline carrying non-flashing liquids. The spray had a range of at least 10m
perpendicular to the pipeline and a similar distance downwind. Any person within the range
of the spray could receive serious injuries.
The release from the rupture did not form the circular pool that PIPERS would model,
because the liquid flowed into the excavated ditch. This serves to highlight the fact that
topography plays a part in liquid releases. The downwind hazard range from the rupture was
similar to the upwind hazard range and exceeded that calculated by PIPERS.
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A report from the USA National Transportation Safety Board No NTSB-PAR-76-3 available
from the National Technical Information Service, Report No PB-253 988 (19 pages)
'HVFULSWLRQ RI ,QFLGHQW
This report describes an accident that occurred when an over-pressure, caused by the incorrect
closing of a valve, allowed crude oil to spray from a cracked flange. The crude oil was
ignited, probably when a pickup truck was moved; the driver was killed.
When a valve was closed, either through an electrical fault or by human error, pressure rose
within the pipeline system. The relief valves that were fitted were of small size; only intended
to handle pressure increases due to temperature rises on a shut-in line. A weld flange on a
meter manifold cracked, spraying crude oil into the meter building and probably over a
pickup parked inside. The building controls and lighting were explosion-proof, but starting
the pickup probably ignited the oil and the fire spread back into the building.
A similar over-pressure had occurred previously and larger tanks had been fitted to the relief
system to avoid overflow. The company should therefore have been aware of the potential
problem and fitted properly sized relief valves. A systematic approach to safety analysis
would also have revealed the possibility of failure. Another factor contributing to the accident
was the location of power lines directly over the meter station and control valves. This
prevented fire-fighting activities during the blaze.
This report is of some relevance to PIPERS, since it describes a pool-fire. It also highlights
the increased danger from splits and cracks that can produce inflammable sprays that are a
greater hazard than the substance in liquid form.

E.31

SXPPDU\
Location
Date and Time
Substance
Diameter of Pipeline
Nominal Wall thickness
Pipeline Pressure
Depth of Cover
Pipeline
Coating
Product Temperature
Length of Pipeline
Size of break
Crater length
Crater width
Crater depth
Distance to pipeline fragments
Time from release to ignition
Time ignition to shut down
Time shut-down to self
extinguishing of flame
Area of burn
Area heat affected
Product released
Weather
Air temperature
Wind direction
Wind-speed
Barometric pressure
Humidity
Cause of failure
Fireball
Jet-fire
Flash-fire
Pool-fire
Gas/Vapour Explosion
Flame Length

Lima, Ohio, USA
17th January 1975, 3:00pm
Crude oil
508mm (20 inch)
Not known
36.7-87.2barg (522-1240psig)
Not known
Not known
Not known
Not known
103km (64 miles)  24km (15 mile) loop
356mm (14in) crack; 100mm diameter hole assumed
Not known
Not known
Not known
Not known
About 10 minutes
About 4 hours to closure of valves
About 2 hours
100ft by 40ft meter building  office building  power lines
down
Not known
370m3 (2326 barrels) of crude oil
Not known
Not known
Not known
Not known
Not known
Not known
Over-pressure caused by a closed valve leading to a cracked
flange
No
Probable spray-jet
No
Yes
No
more than 30m (100ft) by 3:30pm
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CKURQRORJ\
Time

Action

14:35
14:45
14:47
14:55
15:03
15:11
15:30
16:45
17:28
18:30
18:42
21:00

Over-pressure detected
Request to shut down pipeline
Emergency shut down started
Lima reported break
Smoke observed at Lima
Terminal in flames, fire-fighting started
Fire- fighting suspended, danger from overhead power lines
Valves south of terminal closed, oil still flowed under gravity
Power removed from fallen overhead lines Fire fighting re-started
First valve at terminal closed
Second valve closed; gravity flow of oil ceased
All fires extinguished
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SNHWFK RI $FFLGHQW SLWH
A sketch of the accident site was included in the report; it is reproduced below.

CDOFXODWLRQV
PIPERS was used to calculate the release rate; the results are shown below. The rate at 30
seconds was calculated to be 460kg/s falling to 414kg/s at 15 minutes and 307kg/s after an
hour.
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PIPERS would model the release as a spreading pool-fire; that is a pool-fire where the release
rate matches the burning rate at a particular pool diameter. The 600 second release rate of
307kg/s was used in the calculation since the delay to ignition was estimated to be
10 minutes. Results are shown below for wind-speeds at default values of 2m/s and 5m/s.

The results show that in 2m/s winds the downwind burn area would extend 54m; upwind it
would extend 47m. This is equivalent to a circular burn area 101m in diameter offset about
3m downwind. At 5m/s the figures would be 69m and 44m; a circle of 113m offset by 13m.
The calculated pool diameter was 87m.
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The reported pool was elliptical with an aspect ratio of about 2:1; equivalent to a 7.6m by
15m rectangular pool. The model was re-run for such a pool. The results are shown below

Note that such a calculation is independent of the release rate. The flame height under these
conditions was calculated to be 18m.
OEVHUYDWLRQV
The oil pool outside the meter building is shown on the drawing as an elliptical area, it is
assumed that it followed a similar shape within the building. If this assumption were correct,
then the area of the pool would have been 116m2 equivalent to a circle of 12m diameter. This
compares with the figures calculated by the pool fire model as about over 100m diameter. The
height of the flames at 3:11pm, about 8 minutes after ignition, was more than 100ft (30m).
This compares with the calculated flame height of over 70m.
The calculation using the reported pool-fire dimensions gave flame heights that were about ò
those reported. About an hour after the break occurred, the fire brought down power lines
some 23m away from the centre of the pool in the crosswind direction. This compares
reasonably well with the crosswind distances to 25.6kw/m2 of 15-20m. Indeed, when the
target height was set to 20m, not unreasonable for power lines, the crosswind range to
25.6kw/m2 extended to 26m for 2m/s winds and 38m. for 5m/s winds.
The report highlights the danger from liquid sprays; “Had the crude oil remained liquid ««..
the spill probably would not have ignited «.. In a carburated state, the moderately volatile
crude oil was hazardous”. This is the probable explanation for the larger flames and the
smaller pool size; a substantial proportion of the release may have been in the form of a spray
with a faster burning rate than would be generated by an evaporating pool-fire.
The shape of the pool was not circular. The most likely explanation is that the ground sloped
towards the south. It is also possible that the momentum of the liquid carried it in that
direction.
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CRQFOXVLRQV
The report is of a release of crude oil from a split. It seems very likely that part of the fire was
formed from the spray. PIPERS does not include a spray model.
The shape of the pool provides some evidence for the effects of topography on liquid releases.
Generally, the calculated results for a pool limited to the dimensions reported are in
reasonable accord with the reported damage. Those using the calculated release rate are quite
conservative.
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/ON* %E$C+ C$/,)O5N,$ 'ECE0%E5  
SRXUFH RI WKH 'DWD
A report from the USA National Transportation Safety Board No NTSB-PAR-81-4 available
from the National Technical Information Service, Report No PB82-102 377 (35 pages)
'HVFULSWLRQ RI ,QFLGHQW
This report describes the rupture of a pipeline carrying naphtha that resulted in a pool-fire.
There were five serious injuries, no fatalities. The same length of pipe had failed three months
earlier.
The pipeline failed because pumps at the shipping points pumped against closed valves at the
delivery points, resulting in an over-pressure. The pipeline failed at a weak spot where the
pipe had thinned by internal corrosion. The dispatchers had no instrumentation or
communication to effectively monitor the pipeline’s operation.
The report found that the operator:had no written procedures for handling suspected leaks,
had no formal training programme for dispatchers,
had no supervisory control or monitor system,
had no established maximum delivery pressures for its pipeline,
failed to monitor recording charts, and
failed to replace full lengths of pipes when a seam failed.
The report also found that other companies involved failed in their maintenance of relief
valves and lacked records on pumping pressures.
This report is of relevance to PIPERS because it describes the rupture of a transmission
pipeline carrying naphtha that resulted in a pool-fire.
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SXPPDU\
Location
Date and Time
Substance
Diameter of Pipeline
Nominal Wall thickness
Pipeline Pressure
Depth of Cover
Pipeline

Long Beach, California, USA
1st December 1980, 6:20pm
Naphtha
273mm (10ôin)
8.7mm (0.344in)
Probably 69.6barg (990psig)
0.91m (36in)
Re-used pipeline probably close to API 5L grade B
equivalent
Coating
Somastic 13mm (òin) thick, cathodically protected
Product Temperature
Not known
Length of Pipeline
17.3km (10ô miles)
Size of break
120-150mm (5-6in) long, 76mm (3in) wide
Crater length
1.2m (4ft)
Crater width
0.9m (3ft)
Crater depth
Probably 0.9m (36in) - just down to pipe
Distance to pipeline fragments
No fragments reported
Time from release to ignition
5 minutes
Time ignition to shut down
Pipeline 20 minutes, Valves 2ó hours
Time shut-down to self 20 minutes after valve
extinguishing of flame
Area of burn
24 houses ~170m by ~80m scaled from Internet map
Area heat affected
Not known
Product released
Not known
Weather
No rain
Air temperature
287-292oK (57-66oF)
Wind direction
Calm
Wind-speed
Calm
Barometric pressure
Not known
Humidity
Not known
Cause of failure
Over-pressure on Pipeline (incorrectly closed valves)
break at top
Fireball
No
Jet-fire
No
Flash-fire
No
Pool-fire
Yes
Gas/Vapour Explosion
No
Flame Length
18-21m (60-70ft) high
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CKURQRORJ\
Time

Action

18:20
18:25
18:27
18:30
18:35
18:45
19:55
20:40
21:00
21:10

Rupture occurred
Pool-fire
Fire fighters called
Fire fighters arrived
Pipeline company contacted to shut down
Pipeline shut down
Pipeline identified
Valve closed upstream
All but small fires extinguished
Valve closed downstream
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The sketch below is copied from the report.
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Because there was no scale on the map, the streets in Long Beach were identified on an
Internet map (see below) and a scale added.

CDOFXODWLRQV
PIPERS was used to calculate the release rate from the ruptured pipeline. The release rate was
calculated to be 657kg/s at 30 seconds and 396kg/s after 15 minutes. The release rate is
shown in graph form below.

The ignition was not immediate; it took some 5 minutes or so to find a source of ignition.
Nevertheless PIPERS would treat the release as a spreading pool-fire; the size of the pool is
set so that the burning rate of the pool matches the release rate. The release rate at
300 seconds (5 minutes) was used. The results are shown below
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The program was patched so that the wind-speed was zero. As can be seen, the burn area as
estimated by PIPERS was circular with a diameter of 158m, centred on the break. The
calculated pool diameter was 86m.
OEVHUYDWLRQV
Scaling from the sketch of the accident scene, the area of burn would be about 12,500m2. The
calculated burn area was just over 19,600m2.
Note that the area of burn was almost entirely to the south of the rupture. The fire was not
influenced by the wind; it was a calm day. Almost certainly the ground sloped to the south;
the waterway shown to the east of highway 710 flows to the south. The report describes the
naphtha “running south in the gutter on Gale Avenue.” The release from the rupture is
described as being “a geyser of liquid 20-30ft high”. The height of the flames is described as
60-70ft high at the rupture site. The calculated flame height was 99m starting 11m above the
pool surface; the vapour just above the pool would be too concentrated to burn. The flames in
the gutter engulfed the first three houses in Gale Avenue. Houses 170m away were affected.
Clearly the results from PIPERS do not provide a good correlation with the accident reported.
This is due to the topography of the site. The released liquid flowed away from the break
downhill in gutters. The result was a much larger hazard distance 170m compared with the
79m calculated. Possibly because of the shape of the pool, the calculated flames were higher
than those reported; 99m compared with 20m.
CRQFOXVLRQV
This report is further evidence of the importance of topography in modelling of hazards from
non-flashing liquids. PIPERS would calculate a hazard distance of 79m from the pipeline; it
was, in fact, over twice this distance.
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/OS $N*E/ES C$/,)O5N,$ -8NE  
SRXUFH RI WKH 'DWD
A report from the USA National Transportation Safety Board No NTSB-PAR-76-8 available
from the National Technical Information Service, Report No PB-264 347 (19 pages)
'HVFULSWLRQ RI ,QFLGHQW
This report describes an accident that occurred when an excavator working on a roadwidening scheme, pierced a pipeline carrying gasoline. The gasoline sprayed from the hole
over adjacent buildings and vehicles, found a source of ignition under a vehicle, produced a
fireball that ignited buildings sprayed with gasoline and flashed back to a pool at the pipeline
break. There were nine fatalities and 14 people were injured.
The depth of the excavation was to be about 24 inches. The pipeline company advised the
highway authority that the depth of cover was shown in records as 42 inches, but that the
pipeline might not be as deep as indicated. The latter piece of information was not passed on
to the contractor or sub-contractor.
The report found that there was a lack of liaison between the pipeline operator, the highways
authority, the main contractor and the sub-contractor.
This report is of relevance to PIPERS since it describes a release from a transmission pipeline.
It serves to highlight the hazard that exists from breaks that produce sprays.

E.44

SXPPDU\
Location
Date and Time
Substance
Diameter of Pipeline
Nominal Wall thickness
Pipeline Pressure
Depth of Cover
Pipeline
Coating
Product Temperature
Length of Pipeline
Size of break
Crater length
Crater width
Crater depth
Distance
to
pipeline
fragments
Time from release to ignition
Time ignition to shut down
Time shut-down to self
extinguishing of flame
Area of burn
Area heat affected
Product released
Weather
Air temperature
Wind direction
Wind-speed
Barometric pressure
Humidity
Cause of failure
Fireball
Jet-fire
Flash-fire
Pool-fire
Gas/Vapour Explosion
Flame Length

Los Angeles, California, USA
16th June 1976, 10:32 am
Gasoline
219mm (85/8in)
5.6mm (0.219in)
38.8barg (550psig)
None; excavated.
API 5L ;-46
Somastic coating, cathodically protected.
Not known
40km (25 miles)
64mm by 127mm (2òin by 5in)
Not known
Not known
Not known
Not known
90 seconds
1-2 minutes
85 minutes
100m by 70m
Building 70m away scorched
Not known
Foggy/hazy, visibility 4.8km (3 miles), broken cloud 400m
1,300ft
291oK (65oF)
From west south west
4.6m/s (9 knots)
Not known
Not known
Excavation damage close to top of pipe
Reported
Yes (spray)
Reported
Yes
Low order
Not known

CKURQRORJ\
Time

Action

10:32
10:34
10:35
10:36
11:10
12:00
12:30
14:00
16:00

Break occurred, automatic alarm raised
Explosion and fire
Pump shut down upstream,
Valves closed upstream and downstream
Valves isolated rupture to 2.5 mile segment
Gasoline pool-fire smothered
Evacuation completed
Building fires under control
Evacuated residents allowed to return
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The sketch below is re-produced from the report.

Because some of the distances on the sketch were not very clear, an Internet map was
consulted and a scale obtained. It was found that the indication of North was incorrect by
several degrees; this has been corrected in the figure. The wind direction was also added.
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CDOFXODWLRQV
The PIPERS program was used to calculate the release rate from a hole of 100mm diameter,
equivalent to the 64x127mm hole produced by the excavator. The release rate calculated was
339kg/s at 30 seconds falling to 210kg/s at 15 minutes.

Because the delay to the ignition was short, 90 seconds, PIPERS would treat the release as a
spreading pool. The gasoline would be assumed to spread out until the burning rate from the
resulting pool matched the release rate. The results are shown below.

The downwind 25.6kw/m2 contour was at 73m, the upwind at 49m. The pool-fire diameter
was 80m; 40m radius.
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OEVHUYDWLRQV
The gasoline emerged from the hole in the pipeline as a spray. As a result, the gasoline did not
simply form a pool, rather it produced a “fog-like atmosphere over the area”. When this
release ignited, about 90 seconds after the break, flames engulfed the whole block, about
100m. Some pedestrians were drenched in gasoline and their clothes ignited. “Ambulances
and paramedics «.. were initially hampered by the intense heat.” Buildings some 70m from
the break were scorched.
It is clear that PIPERS modelling of a spreading pool-fire does not accurately reflect the
observed effects of the break. The sketch shows a spray from the break some 30m wide
striking a building some 30m away. The spray is not shown as perpendicular to the pipeline,
but deflected to the east northeast; downwind. Because the gasoline emerged as a spray, it
was more dangerous than a release in liquid form.
A low-order explosion was also reported, but it is not thought that this was a significant
hazard. A fireball was also reported. It is presumed that this was the igniting of a proportion
of the gasoline released in the first 90 seconds.
The flames “engulfed the gasoline-drenched buildings and flashed back to the gasoline pool at
the pipeline rupture.” Again the flash-fire was probably not a significant hazard because the
ignition was relatively soon after release. The pool-fire size is not reported, but it appears to
be smaller than calculated; there was little damage reported on the southeast side of the
boulevard. Buildings in this crosswind direction were about 25m from the rupture. This is not
altogether surprising, since a proportion of the release was in the form of a spray directed
towards the north.
CRQFOXVLRQV
PIPERS models the release of gasoline (petrol) as a pool-fire. In this incident, the gasoline
emerged from the break as a spray and generated an explosion, a fireball, a flash-fire and a
spray-jet-fire as well as the pool-fire. The pool-fire, as calculated, would not have been large
enough to significantly damage the buildings either side of the boulevard.
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0O8N'S 9,E: 0,NNESOT$ -8/< T+ 
SRXUFH RI WKH 'DWD
A report from the USA National Transportation Safety Board No NTSB/PAR-87/02 available
from the National Technical Information Service, Report No PB87-916502
The map was downloaded from:http://www.i35w.org/35w-atlas/moundsview/atlas/mvB15.htm
The report was studied under a previous contract, but deemed worthy of further study because
of its applicability to PIPERS.
'HVFULSWLRQ RI ,QFLGHQW
On 8th July 1986 at about 4:20am an 8 inch pipeline carrying unleaded gasoline ruptured at
Mounds View, Minnesota. The liquid collected in gutters in the streets for about 20 minutes
before it was ignited when a car entered the area.
The damage to property from the fire included:One house with moderate damage; fire had burned through the front door,
A garage sustained structural damage,
Three other houses sustained minor exterior damage,
Five vehicles sustained damage ranging from paint damage to destruction, and
Twenty-three residences suffered landscape damage
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SXPPDU\
Location
Date and Time
Substance
Diameter of Pipeline
Nominal Wall thickness
Pipeline Pressure
Depth of Cover
Pipeline
Coating
Product Temperature
Length of Pipeline
Size of break
Crater length
Crater width
Crater depth
Distance to pipeline fragments
Time from release to ignition
Time ignition to shut down
Time shut-down to self
extinguishing of flame
Area of burn
Area heat affected
Product released
Weather
Air temperature
Wind direction
Wind-speed
Barometric pressure
Humidity
Cause of failure
Fireball
Jet-fire
Flash-fire
Pool-fire
Gas/Vapour Explosion
Flame Length
CKURQRORJ\
Time
04:20
04:25
04:40
06:00
07:35
08:30
11:00

Mounds View, Minnesota,
July 8th, 1986
Gasoline
203mm (8 in)
Not known
102 bar (1,434PSIG)
Not known
API 5L;, grade 42
Type unknown
Not known but 5 miles from pumping station
16km (10 miles) after shut-down
2.29m (90 inches ) by 8mm (0.31in)
Not known
Not known
Not known
No fragments
~23 minutes
1 hour 40 minutes (remote sites)
1 hour 35 minutes
31m by 365m
Not known
114m3 (30,000 US gallons)
7 mile visibility
294oK (69oF)
From the East-Southeast
3.0m/s (6 knots)
Not known
Not known
Corrosion due to lack of cathodic protection
Reported, but small
No
No
Yes
Minor, a loud noise
Not known

Action
Break occurred
Pump shutdown
Gasoline ignited
Upstream Valve at Milepost 10 closed
Fire at rupture burned out
Start to test storm drains for flammable vapours - found in storm drains on
Woodcrest Drive
All clear given
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A sketch of the accident site was provided in the report. It is re-produced below

Because the above sketch was not to scale a map was obtained from the Internet and is shown
below.
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A larger scale map was also obtained, showing the location of Rice Creek, a waterway
polluted by the release.

CDOFXODWLRQV
The release rate calculated by PIPERS is shown in graphical form below. The release rate at
30 seconds was 741kg/s falling to 400kg/s after 15 minutes.

A period of 20 minutes elapsed between the pipeline rupturing and the pool igniting. PIPERS
would treat this as a delayed ignition and set the pool size according to the percolation
characteristics of the soil. In this case, the gasoline flowed along a road and so the maximum
pool size of 100m diameter would be set. The results are shown below. The distance
downwind to 25.6kw/m2 was 75.5m and upwind was 58.7m.
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The pool-fire model can also handle a rectangular bund. Unfortunately, however, it cannot
handle an aspect ratio larger than 2:1; this incident requires at least 20:1 to model the shape of
the pool.
OEVHUYDWLRQV
The report provides estimates of the size of the release; initially 47kg/s (1539bph) falling to
38kg/s (1200bph) after 2 minutes and a final figure of 13kg/s. PIPERS provides a warning
that flow rates can be significantly over-estimated. This is because the program assumes that
the pumps on the pipeline are able to continue to maintain the pipeline pressure at the pumps.
This is clearly a very conservative assumption; calculated flow rates were an order of
magnitude higher than those reported.
The rupture was adjacent to 5084 Long Lake Drive. The ignition source was an automobile
outside 5200 Long Lake Drive. The fire extended over two blocks north south on Long Lake
Drive and eastwards along Woodcrest Drive. The PIPERS program calculated an
approximately circular burn area of 134m diameter; an area of 14,000m2; the reported pool
was approximately 7,500m2 in extent. The shape of the pool was, however, not circular. The
gasoline flowed along the roads to form a narrow pool 365m long. It is assumed that the
ground was lower to the north of the rupture; although Rice Creek was southeast of the break.
The east southeasterly winds could have had little effect pre-ignition.
If the maximum 100m diameter pool is used in PIPERS, then it would calculate that five or
six houses would have been totally destroyed since they would lie within the pool. A further
four to five houses down wind and three to four houses upwind would have been within the
Building Spontaneous Ignition Distance (BSID) and therefore also destroyed. In fact because
the fire was longer and narrower, the damage was less severe but more widespread.
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The driver of the car that was the source of ignition suffered second degree burns on arms and
legs. This was within the pool at a distance of 280m from the rupture site. Two residents
suffered fatal burns as they escaped from their house on Woodcrest Drive; which house is not
known. Two other non-burn injuries occurred as a result of the accident.
PIPERS does not include an explosion model, however explosions in the storm drains were
causing covers to be blown into the air every so often. It was decided to let the fires burn in
order to minimise the risk of residual explosive vapours in drains and dwellings.
PIPERS takes no account of environmental damage, but :600 fish and other animals were killed in Rice Creek, fed from the storm drains; about
1km from the rupture, and
Gasoline entered the shallow ground water aquifer on Long Lake Road.
CRQFOXVLRQV
This report highlights the importance of topography in the modelling of a release of
flammable liquid. PIPERS takes no account of topography in its calculations.
Although the program warns the operator of the over-estimate, the flow rates calculated are
significantly higher than those reported.
Minor explosions were also reported, though they were of low order. PIPERS has no
explosion model.
The environmental damage was significant; this is worthy of note, but not really applicable to
PIPERS.
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5OSE9,//E 0,NNESOT$ $35,/ T+ 
SRXUFH RI WKH 'DWD
A report from the USA National Transportation Safety Board No NTSB-PAR-81-3 available
from the National Technical Information Service, Report No PB81-236820
This report was studied under a previous contract. It has been subjected to further study
because of its applicability to PIPERS.
'HVFULSWLRQ RI ,QFLGHQW
On 16th April 1980 at 4:45pm, the cast iron base of the newly installed booster pump fractured
under pressure at Roseville Minnesota. As a result gasoline sprayed out under 72psig
pressure, vaporised and exploded, following ignition by electrical switchgear. In turn this
caused other pipes and manifolds to warp and distort, allowing additional gasoline and fuel oil
to be released.
The shutdown of the station was completed within 30 minutes and the fires contained within
1ô hours. (The fires continued to burn under control for 2 days.)
Strictly speaking, this report is not relevant to PIPERS, because the failure did not occur in a
pipeline, but in a pump. It is included because an identical fire could have been produced
from a pipeline under similar circumstances.
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SXPPDU\
Location
Date and Time
Substance
Diameter of Pipeline
Nominal Wall thickness
Pipeline Pressure
Depth of Cover
Pipeline
Coating
Product Temperature
Length of Pipeline
Size of break
Crater length
Crater width
Crater depth
Distance to pipeline fragments
Time from release to ignition
Time ignition to shut down
Time shut-down to self
extinguishing of flame
Area of burn
Area heat affected
Product released
Weather
Air temperature
Wind direction
Wind-speed
Barometric pressure
Humidity
Cause of failure
Fireball
Jet-fire
Flash-fire
Pool-fire
Gas/Vapour Explosion
Flame Length

Roseville, Minnesota, USA
16th April 1981, 4:45pm
Gasoline
203mm (8 inch) pump
12.7mm (ò inch)
5 barg (72psig)
Surface
Pump
Not applicable
Not known
Not applicable
Hole about 150mm (6inch) diameter
None
None
None
None
About 2 minutes
Within ò hour
2 days
1858m2 (20,000ft2 )
Grass fires extended beyond the burn area.
Over 556m3 (147,000 US gallons)
Clear
~290oK (mid 60s F)
From the south south-west
4.5m/s (10mph)
Not known
Not known
Failed casting that had been repaired
No
Spray-jet
Yes
Not reported
Yes
Not known

CKURQRORJ\
Date / Time

Action

16/04/81, 16:45
16/04/81, ~16:47
16/04/81, ~16:47
16/04/81, 17:15
18/04/81

Break occurred
Explosion occurred
Station isolated electrically
Valves closed
Fires burned out
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A plan of the accident site from the report is re-produced below, with the approximate area of
burn superimposed. The burn area was estimated from photographs and the list of damaged
buildings.
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CDOFXODWLRQV
PIPERS was used to calculate the release rate from the hole. The results are shown in
graphical form below. The release rate calculated was 276kg/s at 30 seconds falling to
159kg/s after 15 minutes.

Because the ignition was very soon after the break occurred (about 2 minutes) PIPERS would
model this as a spreading pool-fire. The results of this calculation are provided below.
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As can be seen the downwind distance to the edge of the burn was calculated to be 67m;
upwind it was 43m. The burn area calculated would therefore be an approximate circle of
110m diameter offset towards the north north-east by about 12m.
OEVHUYDWLRQV
Although PIPERS models the release as a spreading pool-fire, it is clear from the report that
other hazards were involved. First of all there was a significant explosion. An “explosion
occurred in the main pump-room« The gauger was killed by the explosion”. There was also
a flash-fire; “the fire flashed back to the ruptured pump”. Finally photographs from within the
report make it clear that there was a spray jet; no mention is made of a pool. It is mentioned in
the report that the range of the spray jet was in excess of the 50 foot Federal regulations. The
gasoline was “sprayed over the tank manifold area”. The vapours also had a greater range;
“hazardous vapours in this accident reached well beyond 50 ft”
It is clear that a hole or a split in a pipeline that results in a spray of liquid could result in
hazards not modelled by PIPERS. The first is the ignition of the spray to produce a spray-jetfire with significant range. The second is the flash-fire and explosion that can occur on
ignition of the vapour cloud downwind of the break.
CRQFOXVLRQV
PIPERS models the release of gasoline from a rupture as a pool-fire. This may occur under
favourable circumstances. As this report demonstrates, however, the release of gasoline from
a hole or a split can result in a vapour cloud explosion, a flash-fire and/or a spray jet. These
are not modelled in PIPERS.
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$C.E5/< TE;$S SE3TE0%E5 T+ 
SRXUFH RI WKH 'DWD
A report from the USA National Transportation Safety Board No NTSB-PAR-82-2 available
from the National Technical Information Service, Report No PB82-916-502 (25 pages)
'HVFULSWLRQ RI ,QFLGHQW
This report describes the rupture of a 12 inch pipeline carrying an ethane-propane mixture in
liquid form at 1100psig. The mixture was 70% ethane / 30% propane, with a specific gravity
of 0.42 at 60oF and 1,000psig. A drilling rig struck the pipeline and the release was ignited
immediately. The mixture expanded by approximately 277:1 as it vaporised. There were four
fatalities. In addition to on-site machinery, 60 acres of cotton and 535,458 US gallons of liquid
were burned.
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SXPPDU\
Location
Date and Time
Substance
Diameter of Pipeline
Nominal Wall thickness
Pipeline Pressure
Depth of Cover

Ackerly, Texas, USA
27th September 1981, 1:38pm
70% ethane - 30% propane mixture in liquid form
324mm (12ô inches)
6.35mm (0.25 inches)
77.3 barg (1100psig)
1.09m (43 inches) but cellar was nearly this deep and drilling
had just started.
Pipeline
API 5L;-32
Coating
Not known, replacement was primed and taped
Product Temperature*
The mean value of atmospheric Tmax and Tmin for the
previous 21 days was 296oK
Length of Pipeline
80km (50 miles)
Size of break
Rupture 4.9m (16ft - 10ft upstream and 6ft downstream)
Crater length
Not known
Crater width
Not known
Crater depth
Not known
Distance to pipeline fragments Not known
Time from release to ignition
Immediate
Time ignition to shut down
1 hour 7 minutes
Time shut-down to self A few minutes
extinguishing of flame
Area of burn
240,600m2 (59.46 acres)
Area heat affected
Not known
Product released
2027m3 (535,458 US gallons)
Weather
Excellent visibility
Air temperature*
~306oK (low 90’s F) Tmax was 94oF
Wind direction
From the west
Wind-speed
Light
Barometric pressure
Not known
Humidity
Not known
Cause of failure
Pipeline struck by a drill bit
Fireball
Yes
Jet-fire
Yes
Flash-fire
No
Pool-fire
Unlikely
Gas/Vapour Explosion
Reported
Flame Length
Not known
* at Midland International Airport 50km away
CKURQRORJ\
Time

Action

13:38
13:40
13:42
13:47
13:55
14:45
minutes later

Rupture and fire occurred; alarms from 4 miles downstream
Confirmation of pressure loss 46 miles upstream and 44 miles downstream
Valve closed 4 miles downstream
Pumps 46 miles upstream off
Location of fire established by drilling consultant
Valve closed 1 mile up-stream
Fire dying rapidly
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SNHWFK RI $FFLGHQW SLWH
The sketch below was copied from the report. Winds were light from the west.

CDOFXODWLRQV
PIPERS was used to calculate a release rate for the liquid. Since PIPERS does not handle
mixtures, ethane was used in the calculation. The release rate at 15 seconds was 814kg/s,
falling to 448kg/s after 15 minutes. Using propane, the release rates were about 1ò times that
of ethane; 1461kg/s and 753kg/s respectively.

F.4

The product was ignited as soon as it was released. PIPERS would treat this as a fireball plus a
jet-fire or a pool-fire. The fireball calculation gave the following result.

As can be seen, the distance to spontaneous ignition would be a circle some 338m in diameter.
If the release was in the form of a vapour, a second hazard would be a jet-fire. Two models are
provided in PIPERS, but one is only applicable to methane. The other model, JIF/MAJ3D gave
the following results with the wind-speed patched to 1m/s.

F.5

As can be seen the downwind distance to 25.6kw/m2 was 69m; upwind it was 59m, giving an
approximate circle some 128m in diameter, offset towards the east (downwind) by about 5m.
The pool-fire model was also used, once again with the wind-speed patched to 1m/s. The use of
the pool-fire model implies that the substance remained in the liquid state both within the
pipeline and while it spread out to form a pool; in this case unlikely.

F.6

The pool-fire calculation suggests that the area of burn downwind would be 142m; it would be
122m upwind. This would give an approximately circular burn area 264m in diameter offset
towards the east by about 10m.
The Dome fire model, intended to model an obstructed jet was also used; the results are shown
below:-

The results from the Dome fire suggest a burned area some 226m in diameter.
The calculations were repeated using propane as the substance. The fireball results are shown
below. This time the diameter of the calculated burn circle was 458m.

F.7

The jet-fire model for propane produced the following. The downwind distance to the
25.6kw/m2 contour was 37m; upwind it was 15m. This is a circular burn area of 52m diameter
offset downwind by 11m.

The pool-fire calculation gave the following result

F.8

As can be seen, downwind the burn area was calculated to extend over 138m; the upwind
distance was 127m. This is equivalent to an approximate circle of 265m diameter offset
downwind by about 5m. The calculated pool diameter was 126m.
The Dome Fire model gave the following results for propane:-

The Dome fire model calculates a burn area some 270m in diameter.

F.9

OEVHUYDWLRQV
Using ethane as the substance released, if the diameter of the actual burn area is compared with
that calculated by the fireball model, it would appear that PIPERS significantly under-predicts
the extent of the burn. The actual burn area was an approximate circle of diameter 550m; that
calculated had a diameter of 338m. The jet-fire model also under-predicted the burn area; a
diameter of 128m was calculated. The pool-fire model, unlikely in this case, calculated a
circular burn of 264m diameter. The Dome fire gave a circular burn of 226m diameter. A
check was therefore made to see if the distance to building-spontaneous-ignition for the
combination of fireball and pool-fire approached the 550m diameter reported. The result for the
combined doses was a circle 336m in diameter. The slightly smaller figure is because the
spontaneous ignition is calculated at 15 minutes.
When the substance used was changed to propane (it was actually a mixture of 70% ethane,
30% propane), then the fireball burn diameter increased to 458m. The jet-fire gave a 52m
diameter burn area. For the pool-fire, the calculated diameter was 265m. The Dome fire gave
270m diameter. These figures are still lower than the 550m observed.
It is clear that, in this case, PIPERS underestimated the consequences of a release of flashing
liquid. There are a number of possible reasons for this. The first is that the damage was caused
by a jet-fire rather than a pool-fire. It is suspected that the jet-fire model does not correctly
represent the effects of a fire at a rupture. Another possibility is that the fireball was larger
than would be calculated by PIPERS because there was a free air explosion that spread the
cloud over a wider area. A third possibility is that the jet was obstructed by the machinery that
caused the rupture and that, as a result, the liquid/vapour was deflected along the ground.
There is another discrepancy that is apparent from the burn area. The area is approximately
circular, but the centre of the circle was not located above the rupture. It was offset towards the
west by some 60m. It should be noted that the winds were light and towards the east. Product
was being pumped from west to east. An easterly offset rather than westerly might be expected.
There are a number of possible explanations for the discrepancy. The report indicates that
“about 10ft of the upstream end of the pipe whipped back towards the south-west” The most
likely explanation, therefore, seems to be that the release was deflected towards the west either
by the pipeline or by the rig that caused the rupture.
CRQFOXVLRQV
PIPERS seems to underestimate the hazard from the immediate ignition of a release of flashing
liquid.
Free-air explosions are a possible consequence of a flashing liquid release; PIPERS does not
include an explosion model.
PIPERS is unable to handle mixtures of liquids.
PIPERS provides the user with no guidance as to whether the jet-fire or pool-fire model should
be used.
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$8ST,N TE;$S )E%58$5<  
SRXUFH RI WKH 'DWD
A report from the USA National Transportation Safety Board No NTSB-PAR-73-4 (24 pages)
'HVFULSWLRQ RI ,QFLGHQW
This report describes a flash-fire that occurred when a pipeline failed, releasing natural gas
liquids (NGL). The attempted re-starting of a stalled vehicle ignited the vapour. The pipeline
failed due to improper pipeline repairs and the heaving and swelling of the soil. Contributing to
the amount of NGL released was the large distance between remotely controlled valves.
This report is of relevance to PIPERS since it describes a flash-fire and a pool-fire.
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SXPPDU\
Location
Date and Time
Substance

Austin, Texas, USA
22nd February 1973; 10:53pm
Natural Gas Liquids - 40% propane, 19% butane, 16% ethane,
plus other liquids
Diameter of Pipeline
273.9mm (10.783 inch)
Nominal Wall thickness
9.47mm (0.373 inch)
Pipeline Pressure
36.9 barg (525psig)
Depth of Cover
1m (40in)
Pipeline
Lap-weld; tensile stress 3445bar (49,000psi)
Coating
Coal tar coated, not wrapped
Product Temperature
Not known but 62km (38.4 miles) from active pumping station
Length of Pipeline
702km(436mile), then 100km(62mile) after 47 mins, 20km
(12.7mile) after 67 mins, 16km(10mile) after 83 mins,
4.4km(2.74miles) after 107mins, 0.8km (ò mile) after317 mins
Size of break
Pipeline separated by 38mm (1ò inches)
Crater length
3.05m (10ft)
Crater width
3.05m (10ft)
Crater depth
Not known
Distance to pipeline fragments No fragments
Time from release to ignition
10-15 minutes
Time ignition to shut down
7 minutes
Time shut-down to self 3 hours 10 minutes
extinguishing of flame
Area of burn
732m (2,400ft) west (land rose to north south and east)
Area heat affected
Not known
Product released
1056m3 (6640 barrels)
Weather
Cloudy
Air temperature
280oK (44oF)
Wind direction
From south-west
Wind-speed
2.7m/s (6mph) at 23:00 to calm at 23:30
Barometric pressure
Not known
Humidity
86%
Cause of failure
Improper pipeline repairs and heaving and swelling of the soil
Fireball
No
Jet-fire
No
Flash-fire
Yes
Pool-fire
Yes
Gas/Vapour Explosion
No shock waves
Flame Length
Visible 10 miles away - photograph available
CKURQRORJ\
Time
Action
22:53
22:54
~23:05
23:12
23:35
23:40
24:00
23:40

Pressure drop observed by dispatchers, pipeline shut down started
Gas operators directed to site.
Flash-fire
All valves shut down upstream, downstream continue to suck liquids from the site
Block valve closed at MP275
Valves downstream closed
Block valve closed at MP262
All valves downstream closed
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02:15

Fire extinguished
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SNHWFK RI $FFLGHQW SLWH
The sketch below is taken from the report; the wind direction was added to it.
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CDOFXODWLRQV
The PIPERS program was used to simulate the break in the pipeline. Because the program
does not handle mixtures of liquids, propane was used as the substance. The pulling apart of
the pipeline, leaving a gap of 38mm, produced the hole. This was modelled as a 200mm
diameter hole. Because no information on product temperature was available, the air
temperature 280oK was used.
A graph of flow versus time is shown below. The calculated flow rates were 953kg/s at 30
seconds and 205kg/s at 15 minutes.
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PIPERS contains two delayed remote ignition models for predicting the effect of a pipeline
break; CRUNCH and HG Systems. These were patched to reflect the wind-speed observed;
2.7m/s. Differences in the results between Weather 1 and Weather 2 are due solely to the
effects of stability (Pasquil F or D). The results are shown below.
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After the flash-fire, PIPERS would treat the remainder of the release as a jet-fire under these
circumstances. The results are shown below for a wind-speed of 2.7m/s and using the
900 second release rate.

The calculation provides a downwind distance to the edge of the burn of 65m, with a
corresponding upwind distance 35m; a circular burn area of 100m diameter offset downwind
by 15m.
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PIPERS is also able to model a pool-fire. The downwind results are shown below, again with
the 900 second release rate and with the wind-speed set to 2.7m/s.

For upwind the distance to 25.6kw/m2 was 52.7m, giving a calculated burn diameter of 126m
offset downwind by about 10m.
The Dome-fire model was also used. It gave the results shown below:-

This is equivalent to a burned circular area of 238m diameter.
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OEVHUYDWLRQV
As can be seen, the two flash-fire models produced very different results. The length of the
cloud was 2400ft (732m), so that it would seem, at first sight, that CRUNCH underestimated
the size of the flash-fire and HG System over-predicted. In actual fact neither is correct, they
both assume that the vapour drifts under the influence of the wind. Referring to the sketch map
above, it can be seen that the wind had very little effect upon the cloud; the vapour flowed
downhill. Both programs overestimated the width of the cloud. It was probably no more than
ten times the width of a car, say 18m, judging from the sketch map (admittedly not to scale).
The jet-fire model calculated a burn area some 130m in diameter centred over the rupture. The
Dome-fire produced a larger burn area 238m in diameter. From the sketch map, the width of
burn at the rupture appears to be about 120m, indicating that the Dome fire model may be
conservative.
A pool-fire involving the propane component of the liquid is unlikely, since the propane would
be flashing within the pipeline. The butane may have been released as a liquid. Clearly the
pool-fire model, which does not take account of topography, does not reflect the 732m by
~18m burn area down the slope; the flash-fire was the most likely cause of this. The sketch
map is not to scale, so an accurate estimate of the burn area around the break is not possible.
The only conclusion that can be drawn is that the burn area indicated by the pool-fire model
25.6kw/m2 contour appears to be conservative; the width appears to be less than 100m.
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CRQFOXVLRQV
The models in PIPERS can significantly under-predict the severity of an accident involving
flashing liquids. This arises primarily from their failure to take account of topography.
The NGL was a mixture of substances. Although propane predominated (40%), the remaining
60% was modelled as if it was propane. This may have had a slight effect upon the results
obtained; the butane may have been released as a liquid. It may be necessary to cater for
mixtures in PIPERS.
PIPERS does not indicate whether the release is in a liquid state as it leaves the pipeline; it is
not apparent to the user whether a pool-fire or jet-fire model is appropriate.
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%5EN+$0 TE;$S $35,/  
SRXUFH RI WKH 'DWD
A report from the USA National Transportation Safety Board No NTSB/PAR-93/01 available
from the National Technical Information Service, Report No PB93-916502 (108 pages)
(Page 2 is missing from our copy.)
'HVFULSWLRQ RI ,QFLGHQW
This report describes an explosion and flash-fire that occurred when an underground cavern
was overfilled with a mixture of natural gases. The mixture, 33% ethane / 33% propane / 14%
n-butane, was released and formed a vapour cloud that was ignited by a motor vehicle. The
resulting explosion damaged property within a two mile radius, there were three people killed
and two seriously injured. The flash-fire burned an area of eight million square feet.
The report found that:the operator was unable to accurately determine the volume of product in store,
the release remained undetected so that there was insufficient evacuation time,
the telemetry system did not display data in a readily interpretable form,
the communications systems were inadequate,
training was inadequate, since it did not include testing or drills,
emergency response training and procedures were inadequate, and
there was inadequate liaison between emergency services and the operator.
Strictly speaking this report is not relevant to PIPERS since it describes a release from a
storage facility rather than a pipeline. It is, however, important because it describes an
explosion as well as a flash-fire; a consequence that is not modelled in PIPERS.
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SXPPDU\
Location
Date and Time
Substance

Brenham, Texas, USA
7th April 1992, 6:09am
Highly Volatile Liquids - 33% Propane, 33%, ethane,
14% n-butane, plus other liquids
Diameter of Pipeline
219mm (85/8 in) pipe released the product
Nominal Wall thickness
Not known
Pipeline Pressure
More than 56barg (790psig)
Depth of Cover
Vapour passed through brine
Pipeline
Not known
Coating
Not known
Product Temperature
Not known
Length of Pipeline
878m (2879ft) of pipeline released the product
Size of break
Open pipeline
Crater length
None
Crater width
None
Crater depth
None
Distance to pipeline fragments No fragments
Time from release to ignition
~30 minutes
Time ignition to shut down
Not known
Time shut-down to self Not known
extinguishing of flame
Area of burn
743,200m2 (8 million square ft)
Area heat affected
Not known
Product released
500-1600m3 (3,000 -10,000 barrels)
Weather
Not known
Air temperature
285oK (54oF)
Wind direction
Northerly
Wind-speed
Less than 1.5m/s (2 knots)
Barometric pressure
1,018mB
Humidity
75% (Dew-point 50oF)
Cause of failure
Overfilling of underground cavern released through brine
ponds
Fireball
No
Jet-fire
No
Flash-fire
Yes
Pool-fire
No
Gas/Vapour Explosion
Yes, 26 buildings in a 2.5km (1ò mile) radius total loss, 33
residences within 2.5-3.2km (1ò -2 mile) radius moderately
damaged. Earth tremor was 3.5-4 on the Richter scale.
Flame Length
Not known
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CKURQRORJ\
Time

Action

06:09
~06:40
06:46
07:03
07:06
07:11
07:13

Hazardous gas detected at the plant from a weep-hole
Gas flows through the pipeline
Phone call to dispatcher from technician at site
Area operator advised dispatcher to shut down; cavern is full
Pipeline into station closed
Pipeline into station reopened at 1,671 barrels/hour
Explosions and flash-fire

SNHWFK RI $FFLGHQW SLWH
The following sketch is reproduced from the report
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CDOFXODWLRQV
The PIPERS program was used to simulate the release of the HVL. The release was not caused
by a break in a pipeline; rather it was due to a cavern being overfilled. Simply to use the length
of the pipe 878m would be unreasonable, since this would restrict the volume of liquid
available. The report indicates that about 1000m3 of liquid was released in about 30 minutes.
This is a release rate equivalent to about 500kg/s. Input parameters were adjusted to provide
this flow rate to the flash-fire models. The wind-speeds were set to 1.5m/s by patches in the
program. The results are shown below.
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As can be seen the two models produce quite different results. The differences in HG Systems
results between weathers 1 and 2 are entirely due to the stability parameters. Taking the HG
Systems results, it can be seen that the calculated burn area was between 800,000m2 and
2,800,000m2 that is of a similar order to the 743,200m2 reported. The CRUNCH model was
orders of magnitude lower than this.
The calculations were repeated for ethane again using about 500kg/s release rate. The results
are shown below
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As can be seen, the CRUNCH calculations for ethane provide a slightly larger cloud. For HG
Systems, the downwind distance was the same, but the width of the cloud was 6% smaller.
OEVHUYDWLRQV
It should also be noted that the burn area was not downwind of the break. Instead of moving
under the influence of the wind, the flammable cloud flowed downhill into the “swale”, “a lowlying stretch of land” some 40ft below the station.
PIPERS does not take any account of explosions. In this accident there was a significant
explosion; 26 buildings in a 2.5km (1ò mile) radius were a total loss, 33 residences within 2.53.2km (1ò -2 mile) radius were moderately damaged. The earth tremor was 3.5-4 on the
Richter scale. A young boy was killed (blunt force trauma) when the force of the explosion
levelled a mobile home close to the site.
The report details the result of an analysis of the explosion damage and concludes that there
were multiple explosions. (Some observers reported three or four.) It is suggested that the
mixture separated into layers, with the lighter ethane supported on the heavier propane, butane
etc. The ignition in the lower layer ignited the ethane which then acted as a pilot for the heavier
hydrocarbons collected in pockets in the terrain. This may explains the asymmetric nature of
the explosion damage.
CRQFOXVLRQV
The HG Systems model of a flash-fire produced a result that was reasonably close to the
observed area of burn. CRUNCH significantly under-predicted the consequences. Neither
model takes account of the important effect of topography on the shape of the flash-fire.
PIPERS does not include an explosion model. In this incident, the dominant hazard was from a
free air explosion that produced significant damage within a 3.2km (2 mile) radius.
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'E9E5S TE;$S 0$<  
SRXUFH RI WKH 'DWD
A report from the USA National Transportation Safety Board No NTSB-PAR-76-5 (17 pages)
'HVFULSWLRQ RI ,QFLGHQW
This report describes a flash-fire that occurred when a pipeline containing an ethane-propane
mixture in liquid form ruptured. The pipeline had been shut down under pressure for several
days. It ruptured and generated a vapour cloud, some 1000ft in the crosswind and 800ft in the
downwind directions. An automobile entered the cloud and ignited the vapour. The occupants
of the car were killed. The accident could have been much worse had the vapour not been
ignited a few minutes after the rupture.
Excavation work had dented and gouged the pipe, reducing the wall thickness. Either pressure
cycling or corrosion under stress caused the rupture.
The report found that the regulations do not require, and the pipeline company did not install, a
sufficient level of communications between control centres and monitoring equipment. The
company also failed to properly inspect the pipeline construction during excavation. The report
also suggests that the employment of the total system concept would have identified these
deficiencies.
This report is relevant to PIPERS, since it describes a flash-fire plus a jet-fire.
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SXPPDU\
Location
Date and Time
Substance
Diameter of Pipeline
Nominal Wall thickness
Pipeline Pressure
Depth of Cover
Pipeline
Coating
Product Temperature
Length of Pipeline
Size of break
Crater length
Crater width
Crater depth
Distance to pipeline fragments
Time from release to ignition
Time ignition to shut down
Time shut-down to self
extinguishing of flame
Area of burn
Area heat affected
Product released
Weather
Air temperature
Wind direction
Wind-speed
Barometric pressure
Humidity
Cause of failure
Fireball
Jet-fire
Flash-fire
Pool-fire
Gas/Vapour Explosion
Flame Length

Devers, Texas, USA
12th May 1975, 12:28pm
LPG - Ethane (90%) - Propane (10%) mixture
219mm (85/8 in)
5.6mm (0.219 in)
100barg (1425psig)
~0.9m (from photograph)
API 5L;-60 electric resistance weld
Polyethylene
Not known, but no flow in the pipeline for 3-4 days
306km (190 miles)
Rupture 1.8m (70 inches)
3.05m (10ft)
3.05m (10ft)
1.5m (5ft)
No fragments
7 minutes
160 mins
4ò hours
305m (1000ft) cross-wind by 244m (800ft) downwind
Not known
2274m3 (14,300 barrels) of LPG
Cloudy
300oK (80oF)
From north-east
2.2m/s (5mph)
Not known
Not known
Earlier excavation damage leading to fatigue cracking under
stress. From the photograph, break started about 2o’clock
No
Yes
Yes
No
No
30-60m (100-200ft)

CKURQRORJ\
Time

Action

12:28
12:35
12:45
13:15
15:00
15:15
19:20
19:45

Pipeline ruptured
Release ignited by an automobile entering the vapour cloud
Sheriff’s department notified
Operator at Houston informed
Valve 8 miles downstream closed
Valve 8 miles upstream closed
Nitrogen injected
Fires extinguished
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SNHWFK RI $FFLGHQW SLWH
The sketch below was taken from the report and the wind direction was added.
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CDOFXODWLRQV
The PIPERS program was used to calculate the release rate of ethane from the pipe. A
restriction, which required the product temperature to be held below 275oK, was removed. The
results are shown below. The release rate at 30 seconds was 338kg/s, falling to 186kg/s after
15 minutes.

PIPERS incorporates two models for a flash-fire CRUNCH and HG Systems. These were
patched to use a wind-speed of 2.2m/s. The results are shown below:-
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After the flash-fire, the release may have continued to burn as a jet-fire or a dome-fire. The JIF
model gave a zero hazard distance. The results from the Dome-fire model are shown below:-

The calculated burn diameter was 142m.
OEVHUYDWLRQV
As can be seen, the CRUNCH results under-predict the extent of the burn. Using the D weather
conditions (it was 12:35pm) HG Systems would predict a downwind hazard range slightly
greater than that observed; 325m compared to 244m. The reported width of the cloud to the
north-west was 305m, about 1ò times the size calculated, but to the south-east it was only
30m; about 1/8 of the 222m calculated. The overall width reported, 335m, was about ô of the
calculated width of 444m.
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There is a comment on the overall size of the cloud in the report. “This accident would have
been much more severe if the vapour cloud had not ignited so soon”; ignition occurred seven
minutes after the break. The asymmetric nature of the crosswind burn area is probably the
result of the position of the split; about 60o below the vertical. This would give the substance a
certain amount of momentum in the westerly direction; at right angles to the pipeline.
What is more difficult to explain is the substantial burn area to the north. It was not caused by
the momentum of liquid flowing in the pipeline before the break, because the pipeline was
“closed in under pressure” - no flow. The length of the pipeline to the northeast of the break
was several times longer than the length to the southwest. PIPERS modelling suggests that the
longer the pipeline, the lower the release rate. With the restriction to 18km lifted, the release
rate for the 43km length from the rupture to the southwest was 2ò times that of the 262km
length from the rupture to the northeast. When the valve to the southwest was closed to give a
12km distance to the rupture, PIPERS would suggest that the flow would be over four times
greater from the southwest.
Another possibility is that of topography. A contour map of the site was not available and the
report indicates that the terrain is level. It might be that there was a hollow to the north of the
break or that the railroad and highway were on an embankment. If either was the case then the
gas could have flowed to the north under gravity.
The report indicates that the area was wooded. It may be that the fire simply spread through the
trees.
After the flash-fire subsided, the fire continued as a jet-fire. PIPERS has two models for
vertical flames, a jet-fire based upon the Chamberlin model and PIPEFIRE, a model designed
for a methane release and therefore not appropriate for ethane. Because the pipe was split near
to its top and, once formed, the vapour would not strike the crater, the Chamberlin model might
be expected to produce a reasonable result. JIF produced a zero hazard distance however.
The Dome-fire calculated a distance to spontaneous ignition of 71m. The burned area to the
west, however, only extended for 32m from the break, indicating that the Dome-fire model may
be over-conservative.
The flame length calculated by JIF at 30 seconds (165m) was higher than the 30-60m (100200ft) reported. Note, however, that there is no indication of when the flame height was
observed. At 15 minutes (900 seconds), the flame length calculated by JIF had fallen to 127m
CRQFOXVLRQV
PIPERS does not handle mixtures of flashing liquids. The calculations ignored the 10%
propane and treated the whole release as ethane.
The incident does not provide a validation of the flash-fire model because the vapour ignited
before the cloud had reached a steady state set by dispersion. It would appear, however, that
the CRUNCH model substantially under-predicts the cloud size. The HG Systems result was
much closer.
No validation of the jet-fire model was possible because the calculated effects were
substantially less than the effect of the flash-fire. The reported flame height was smaller than
calculated, but this could be due to the timing of the observation.
The Dome-fire model appeared to be conservative.

F.32

The area of burn to the north may be due to topography or it may be that the longer length of
pipeline to the north-east of the break provided lower flow from that section and the momentum
of the flow from the south-west carried the vapour northwards. PIPERS assumes that the break
in a pipeline is at its mid-point.
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'ONNE//SON ,O:$ $8*8ST  
SRXUFH RI WKH 'DWD
A report from the USA National Transportation Safety Board No
(39 pages).

NTSB-PAR-79-1

'HVFULSWLRQ RI ,QFLGHQW
This report concerns the rupture of an 85/8 inch pipeline carrying liquid propane at 1266psig.
The liquid vaporised and dispersed until it reached a source of ignition. The resultant flash-fire
burned 75 acres of farmland and woods. The jet-fire that followed burned with flames up to
400ft high for about 3ò hours.
The report is of relevance to PIPERS since it describes a flash-fire followed by a jet-fire on a
transmission pipeline.
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SXPPDU\
Location
Date and Time
Substance
Diameter of Pipeline
Nominal Wall thickness
Pipeline Pressure
Depth of Cover
Pipeline
Coating
Product Temperature
Length of Pipeline

Donnellson, Iowa, USA
August 4th 1978, 12:02am
Propane
219mm (85/8 in)
4mm (0.156 in)
89barg (1266psig)
1.2m (4 feet)
API 5L; Grade 52
Coated, wrapped and cathodically protected
Not known, but no flow in pipeline
~260km(160miles), 188km(117 miles) after ò hour,
7.7km (4.8 miles) after 1 hour
Size of break
838mm (33 in) rupture
Crater length
Not known
Crater width
Not known
Crater depth
Not known
Distance to pipeline fragments None recorded
Time from release to ignition
Within a few minutes
Time ignition to shut down
1hour
Time shut-down to self 2ò hours
extinguishing of flame
Area of burn
304,000m2 (75 acres)
Area heat affected
Not known
Product released
596m3 (157,500 US gallons)
Weather
Clear; visibility 20-25km (12-15 miles)
Air temperature
~287oK (upper 50s F)
Wind direction
North north-westerly
Wind-speed
2-4m/s (4-8 knots)
Barometric pressure
Not known
Humidity
Not known
Cause of failure
A dent and a gouge at 4 o’clock on installation, lowering of
the pipeline 3 months earlier, followed by overload fracture
Fireball
No
Jet-fire
Yes
Flash-fire
Yes
Pool-fire
No
Gas/Vapour Explosion
No
Flame Length
120m (400ft)
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CKURQRORJ\
Time
several minutes
before midnight
00:02
0023
00:30
01:00
03:30

Action
Rupture occurred
Flash-fire
117 mile Farmington spur isolated
Upstream valve at MP32 closed
Downstream valve at MP36.8 closed
Fire burnt itself out

3UHVVXUHV
Time

Pressure

23:59:33
00:06
00:15
00:23

1266psig at Farmington
800psig at Farmington
200psig at Iowa City
Farmington spur isolated
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There is also a close-up photograph in the report of the destroyed farm in the centre of the
above picture. This includes a number of vehicles and the semicircular track in the centre of the
above photograph. Assuming 6 metres for a car in alignment with the semicircular track, that
feature would be approximately 30m in diameter. In turn this gives a length along the road of
about 600m. The width of the road is also available in the report from a sketch of the pipeline
profile; it is about 60ft or 20m. Again scaling from the picture, this gives a maximum length of
the burn at right angles to the road of 500m.
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An adjusted photograph to take account of the viewing angle is provided below. The report
indicates that an area of 300,000m2 (75 acres) was burned which agrees reasonably well with
our scaling. The highway was identified as being north of the break, so that north is at the top
of the photograph. A map on the Internet shows highway 2 as being an east-west road. The
winds were 2-4m/s from the north-northwest.
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CDOFXODWLRQV
The release model in PIPERS produced the results shown below. The release rate at 30 seconds
was 557kg/s falling to 324kg/s after 15 minutes.

The two flash-fire models in PIPERS; CRUNCH and HG Systems, produced the following
results at 2m/s
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The following results were obtained with the wind-speed patched to 4m/s
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PIPERS includes two vertical jet-fire models, JIF and PIPEFIRE, the latter only applies to
methane releases. The JIF results are shown below:-

As can be seen the downwind distance to 25.6kw/m2 was calculated to be 83m with 2m/s windspeeds and 139m with 5m/s wind-speeds. The corresponding upwind figures were 61m and
85m. Flame heights were 154m and 126m.
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The Dome-fire model gave the following results:-

This is equivalent to a circular burn area some 198m in diameter
OEVHUYDWLRQV
At 2m/s and 4m/s wind-speed, the CRUNCH module under-predicted the size of the vapour
cloud. On the other hand, the HG Systems module over-predicted the area in all cases. The
observed half width was about 300m and the length of the cloud in the direction of the wind
was about 400m. This over-prediction may be due to ignition taking place only minutes after
the release. The model failed, however, to predict the position of the cloud; the models assume
that the cloud will drift down-wind. In fact, as indicated in the report, topography plays a far
more important role. The vapour spread through the area, “following the contours of the land”.
The height of the flames from the jet-fire was reported to be 400ft (120m) this is relatively
close to those calculated. The effects of the flash-fire would mask the effect of the dome-fire or
the vertical jet-fire flame on the burned area.
CRQFOXVLRQV
This incident highlights two areas where the PIPERS models fail to produce realistic results.
The first is that CRUNCH seriously under-estimates the size of a cloud for propane. The
second is that PIPERS takes no account of the effect of topography on the cloud. In practice,
unless the ground is flat or perhaps if the wind-speed is very high, it would appear that the
location of a flash-fire depends upon the surrounding terrain.
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A report from the USA National Transportation Safety Board No NTSB-PAR-72-1 (43 pages)
plus a paper on the explosion (26 pages)
'HVFULSWLRQ RI ,QFLGHQW
This incident is unusual in that it describes an explosion of propane in free air, although an
explosion in a building triggered it. There were no fatalities and only 10 minor injuries, mainly
because the area was rural and also local residents evacuated the area. The rupture was caused
by the failure of an inadequate longitudinal weld that had suffered internal corrosion; the line
had eleven times the typical industry failure rate. The report also found that the time taken
between detection of the rupture and the shutdown was due to the lack of automatic or remotely
operated valves.
The report includes, as an appendix, statistics on pipeline failures for 1968 and 1969. Attached
to the report was a paper on the detonation itself which described how a large proportion of the
propane release could have been within upper and lower flammable limits.
The explosion hazard cannot be modelled by PIPERS because it only models the effects of heat
flux. It is, however, worth noting the effect of topography on a gas cloud, since this is relevant
to our flash-fire models. The report is, of course, of importance to HSE because an explosion is
one of the possible consequences of a pipeline rupture.
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SXPPDU\
Location
Date and Time
Substance
Diameter of Pipeline
Nominal Wall thickness
Pipeline Pressure
Depth of Cover
Pipeline
Coating
Product Temperature
Length of Pipeline
Size of break
Crater length
Crater width
Crater depth
Distance to pipeline fragments
Time from release to ignition
Time ignition to shut down
Time
shut-down
to
self
extinguishing of flame
Area of burn
Area heat affected
Product released
Weather
Air temperature
Wind direction
Wind-speed
Barometric pressure
Humidity
Cause of failure
Fireball
Jet-fire
Flash-fire
Pool-fire
Gas/Vapour Explosion
Flame Length

Port Hudson, Franklin County, Missouri, USA
9th December 1970, 10:20pm
Propane
219mm (85/8 in)
7mm (0.277 in)
66.2barg (942psig)
~1.5m; estimate from photograph
Manufactured 1930-31; electric resistance weld
Non-coated, cathodically protected since 1941
Not known
1095km (680 miles)
2m (77 in) long 100mm (4in) maximum width
3m (10ft)
3m (10ft)
1.2m (4ft)
No fragments
22 minutes
Already shut down
12 hours 40 minutes
3716m2 (400,000 ft2)
Not known
721m3 (190,596 US gallons), 129m3 (31,752) in explosion
Partly covered, light thin cloud; temperature inversion at
600-750m (2000-2500ft)
274oK (34oF)
From the north-east
2.5m/s (5 knots)
Not known
Not known
Failure of longitudinal weld, internally corroded pipe bottom;
pipeline was subjected to slightly higher pressure than normal.
No
No
Yes
No
Yes, damaged houses in a 20km (13mile) radius, detected on
seismograph 88km (55 miles), equiv. 45tonnes(105lbs) TNT
Not known - difficult to estimate from photograph (page 15)
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CKURQRORJ\
Time

Action

22:20
22:21
22:42
22:44
23:30
00:00
11:00

Rupture occurred, noise of rupture heard 450ft away
Shut down initiated
All stations shut down
Explosion occurred
Valve 6 miles downstream closed
Valve 2 miles upstream closed
Flames extinguished

E[SORVLRQ 'DPDJH
Distance from explosion
ò mile
2 miles
2-7 miles
7-12 miles
55miles away

Damage
Person knocked down by the force of the blast
Major structural damage to 14 house
Minor structural damage to additional 14 houses
Widows damaged in 37 dwellings.
Minor structural damage to 17 houses
Window damage to 124 buildings
Windows blown out in 12 commercial buildings
Windows broken in 87 houses
Detonation felt, reading of 3.5 (2.2x10-3mm. vertical ground
displacement)on a seismograph
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This photograph of the accident site is taken from the report
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The photograph of the accident site was adjusted to take account of perspective in order to
show the area of burn in proportion.

The area of burn was then cut out, rotated to make north vertical and pasted onto a scale map.
The result is shown below.
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CDOFXODWLRQV
The release rate calculated by the PIPERS program is shown in graphical form below. The
release rate at 30 seconds was 490kg/s and at 900 seconds was 281kg/s.

The two PIPERS models CRUNCH and HG Systems were then used to calculate the burn
area. The wind-speed was patched to 2.5m/s.
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OEVHUYDWLRQV
As can be seen the CRUNCH module significantly underestimates the size of the vapour cloud.
The HG Systems module under-predicts the distance downwind by a factor of two. It
considerably over-estimates the width of the cloud, however, so that the area of the cloud is
over two orders of magnitude greater than reported.
The reason for the underestimation of the distance downwind is given in the report. The vapour
cloud was observed to flow “into a valley”. In other words the effect of gravity on the heavierthan-air cloud added to the effect of the wind. This also reduced the width of the cloud.
The reason for the over-prediction of the overall area is because the cloud was ignited before it
could reach its full potential size; the limit set by dispersion of the gas below its flammable
limit. A source of ignition was reached after 24 minutes at 1500m from the rupture.
An explosion caused most of the damage at Port Hudson. Although the explosion was initiated
in a building, the whole of the cloud became involved. The consequences were extensive with
major structural damage to two miles and minor damage to seven miles. The over-pressure was
easily detectable 55 miles away.
CRQFOXVLRQV
This report highlights three inadequacies in the PIPERS program. The CRUNCH program
under-estimates the vapour cloud size for a propane release; the HG Systems model perhaps
over-predicts the cloud size.
The PIPERS program takes no account of topography and this aspect played a greater role in
the shape of the vapour cloud than wind dispersion.
PIPERS does not include an explosion model; it was an explosion that created the greatest
hazard.
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A USA National Transportation Safety Board Report No NTSB/PAR-98/02/SUM available
from the National Technical Information Service, Report No PB98-916503. (34 pages)
'HVFULSWLRQ RI ,QFLGHQW
This report describes the release of butane from the rupture of a pipeline, weakened by
corrosion. A vehicle ignited the release some time after the break had occurred. The flash-fire
killed the two occupants of the vehicle.
The report found that the operators had insufficient public education on the dangers of liquefied
petroleum gases and that they failed to take sufficient steps to avoid corrosion on their
pipelines.
This report is of relevance to PIPERS since it describes a flash-fire and a jet-fire.
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SXPPDU\
Location
Lively, Texas, USA
Date and Time
24th August 1996, 3:26pm
Substance
Butane
Diameter of Pipeline
203mm (8in); probably 219mm (85/8 in) OD
Nominal Wall thickness
4.8mm (0.188in)
Pipeline Pressure
89.5barg (1273psig)
Depth of Cover
Not known
Pipeline
API 5L, Grade ;-46
Coating
Spiral wrapped polyolefin tape
Product Temperature
Not known
Length of Pipeline
113km (70 miles)
Size of break
318mm (12òin) long rupture
Crater length
Not known
Crater width
Not known
Crater depth
Not known
Distance to pipeline fragments
Not known
Time from release to ignition
About 15 minutes
Time ignition to shut down
About 1 hour
Time
shut-down
to
self 25ò hours
extinguishing of flame
Area of burn
450m by 90m approx.
Area heat affected
Not known
Product released
Not known
Weather*
Thunder and rain
Air temperature*
301oK (82oF)
Wind direction*
From the south south-west (170o)
Wind-speed*
2m/s (4.4mph)
Barometric pressure*
0.993 bar (29.326 inches of mercury)
Humidity*
Between 47% and 91% during the day
Cause of failure
Corrosion of the pipeline at 4 o’clock
Fireball
No
Jet-fire
Yes
Flash-fire
Yes time from break to ignition ~ ó hour
Pool-fire
No
Gas/Vapour Explosion
No
Flame Length
Not known
* obtained from the Internet, Dallas International Airport 80km away from Lively
CKURQRORJ\
Time

Action

15:26
15:29
15:36
15:39
~15:40
16:20
16:37
18:00 next day

Rupture occurred
First SCADA alarm
Second SCADA alarm - pump shut down
Rupture reported by resident
Release ignited
Isolation valve closed upstream
Isolation valve closed downstream
Pipeline plugged, fire extinguished
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The sketch in the report is not to scale and so it was impossible to estimate the size of the
burned area from that information alone. A map of the area taken from the Internet was
therefore used to obtain a scaled map and the sketch from the report was adjusted in size and
shape to match the map. The result is shown below.
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CDOFXODWLRQV
PIPERS was used to calculate the release rate from the rupture. The results are shown below.
The release rate was 598kg/s at 30 seconds, falling to 344kg/s at 15 minutes.

The ignition occurred about 15 minutes after the rupture. PIPERS models this as a flash-fire.
Two flash-fire models are available within PIPERS, they are CRUNCH and HG Systems. The
results for each with the wind-speed patched to 2m/s are shown below.
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As can be seen, CRUNCH calculates a distance downwind of 51m and a width of 58m giving a
burn area of about 5,000m2. HG Systems, on the other hand, for daytime weather (Pasquil D),
calculates a distance downwind of 551m and a width of 1072m, giving a burn area of
approximately 125,000m2. Note that both calculations assume that the cloud will be blown
downwind.
The flash-fire was followed by a jet-fire at the rupture site. Only one of the PIPERS models,
JIF, is appropriate for butane; PIPEFIRE is used for methane only. The results of the JIF
calculation with wind-speeds set to 2m/s is shown below
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The downwind distance to 25.6kw/m2 was calculated to be 81m: 53m upwind providing a
circular burn area 134m diameter offset by 14m downwind.
The Dome-fire model gave the following result:-

As can be seen the diameter of the circular burn area would be 202m.
OEVHUYDWLRQV
The length of the burn area, taken from the sketch map, was about 450m with an area of
40,500m2, giving an average half width of about 45m. This means that CRUNCH underestimates the extent of the cloud because the calculated downwind limit is too small. HG
Systems on the other hand calculates a wider cloud than was encountered and so over-estimates
the area by a factor of about three. Note, however, that the cloud ignited about 15 minutes after
the rupture. The extent of the cloud could have been greater if it had not been ignited at that
stage.
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Both models assume that the cloud will be down-wind of the rupture site. The observed burn
area had a significant westward component. If the wind direction was from the south southwest, (the weather station used was 80km away), then another factor was involved in shaping
the cloud. Without a contour map of the area, it is not possible to confirm the hypothesis that
topography played a part; the heavier than air cloud flowed downhill.
The effects of the flash-fire masked the burn from the jet-fire and the dome fire.
CRQFOXVLRQV
Neither of the flash-fire models in PIPERS correctly predicts the area of burn involved or its
shape, width to length.
CRUNCH under-estimated the size of the flash-fire
It is possible, though not certain, that topography played a part in determining the shape of the
cloud that caused the burnt area.
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A report from the USA National Transportation Safety Board No NTSB-PAR-76-1 (25 pages)
'HVFULSWLRQ RI ,QFLGHQW
This report describes a flash-fire that occurred when a pipeline transporting natural gas from a
gathering line ruptured. The gas formed a flammable vapour cloud that was ignited by an
unknown source. There were 5 fatalities and one serious injury. The rupture was caused by
internal corrosion of the pipeline by water H2S and CO2 and hydrogen embrittlement that was
not controlled by infrequent scraper operations and inadequate inhibitor practices.
This report is relevant to PIPERS in that it describes a flash-fire. The information is rather
sparse, so that it was difficult to draw conclusions from the modelling.
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SXPPDU\
Location
Date and Time
Substance

Meridian, Mississippi, USA
21st May 1974, 10:05pm
Natural gas plus some petroleum liquids, water H2S and
CO2.
Diameter of Pipeline
168mm (65/8in)
Nominal Wall thickness
5mm (0.188in)
Pipeline Pressure
21.1barg (300psig)
Depth of Cover
0.9m (3 ft)
Pipeline
API 5L;-42 electric resistance weld
Coating
Coated and wrapped, No cathodic protection
Product Temperature
Not known, but 2 ò miles from compressor 366oK (200oF) ,
say 350oK
Length of Pipeline
19km (12 miles)
Size of break
1.356m (533/8in) split, maximum opening - 387mm (15óin)
Crater length
3m (10ft)
Crater width
3m (10ft)
Crater depth
1.8m (6ft)
Distance to pipeline fragments No fragments
Time from release to ignition
20 minutes
Time ignition to shut down
Not known
Time shut-down to self Several hours
extinguishing of flame
Area of burn
162,000m2 (40 acres)
Area heat affected
Not known
Product released
Not known
Weather
Light rain
Air temperature
298oK (77oF)
Wind direction
No wind
Wind-speed
No wind
Barometric pressure
Not known
Humidity
Not known
Cause of failure
Internal corrosion of the pipeline by water H2S and CO2 and
hydrogen embrittlement, at bottom of the pipe
Fireball
No
Jet-fire
Yes
Flash-fire
Yes
Pool-fire
No
Gas/Vapour Explosion
No
Flame Length
~100m (several hundred feet) high for 5-10 minutes
CKURQRORJ\
Time

Action

21:45
22:05
next morning

Pipeline failed
Gas ignited
Flames from rupture and liquid soaked ground still burning
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The sketch below was taken from the report on the accident. There is no map or photograph
showing the burn area, but it is given as 162,000m2 (40 acres) equivalent to a circle of radius
230m.
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CDOFXODWLRQV
The PIPERS program was used to calculate the hazards posed by the accident. The results of
the release rate calculations are shown below. The release rate was 10.79kg/s at 30 seconds,
falling to 6.08kg/s at 15 minutes.

The two models, CRUNCH and HG Systems were used to calculate the area of a flash-fire.
When the wind-speed was patched to zero, neither module ran correctly. The wind-speeds were
therefore set to a minimum; 0.0011m/s for CRUNCH and 0.05m/s for HG Systems. The
results are shown below.
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As can be seen, the CRUNCH program calculated a very substantial cloud size 6500m long
and 280m wide. This is rather strange since, with such a low wind-speed, a circular area of
burn would be expected. HG Systems produced a much lower cloud size 35.5m long and 4.4m
wide. Neither correctly reflected the burn area of 162,000m2.
The JIF/MAJ3D model was run to determine the effect of the jet-fire. The burn distance for this
relatively small release was zero.
The results for PIPEFIRE are shown below.

As can be seen, the model calculated a circular area of burn with a 19m radius.
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OEVHUYDWLRQV
The ignition in this accident was delayed; it occurred some 20 minutes after the rupture.
Nevertheless, the report mentions “an initial blast, a ball of fire” and “flames several hundred
feet high roared for 5 to 10 minutes”. This does not seem to be characteristic of a methane
release.
The explanation lies in the text where it mentions both flames from the rupture, but also
“hydrocarbon-soaked ground”. The pipeline was gathering natural gas and “casinghead gas
from several oil wells”. It is clear that the natural gas was a mixture of methane, and other
heavier hydrocarbons. The initial fire was quite probably a pool-fire of these heavier
components.
Unfortunately without more information on the composition of the substance, this means that
few conclusions can be drawn from this incident.
CRQFOXVLRQV
Few conclusions can be drawn from this report, because it appears that the gas involved was a
mixture of methane and a number of other hydrocarbons. One aspect that is of concern is that
with very low wind-speeds the dispersion models do not predict a circular cloud.
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A report from the USA National Transportation Safety Board No NTSB/PAR-91/01 available
from the National Technical Information Service, Report No PB91-916501 (65 pages) (Page 8
is missing on microfiche.)
'HVFULSWLRQ RI ,QFLGHQW
This report describes a flash-fire that occurred when a girth weld failed inside a casing due to
stress corrosion cracking. Propane was released, vaporised and flowed downhill into a village
where it found a source of ignition. The resultant explosion and flash-fire killed two people and
injured seven, two seriously.
About three weeks before the accident, a maintenance crew had excavated and jacked up the
pipeline in order to replace seals and insulators in a casing where the pipeline passed under a
road. They were not trained to do the work and did not follow company procedures. They
caused high stresses in the pipeline that led to its failure.
The report concluded that there were:No explicit handling instructions for the maintenance work,
Inadequate written procedures,
Insufficiently trained and supervised employees were assigned to the task,
Inadequate system monitoring equipment,
Inadequate means of stopping the flow once the break had occurred, and
Inadequate procedures for public education
This report is relevant to PIPERS because it describes a flash-fire resulting from the release of
propane from a transmission line.
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SXPPDU\
Location
Date and Time
Substance
Diameter of Pipeline
Nominal Wall thickness
Pipeline Pressure
Depth of Cover
Pipeline
Coating
Product Temperature
Length of Pipeline

North Blenheim, New York, USA
13th March 1990, 7:32 am
Propane
219mm (8.625in)
9.5mm (0.375in)
47.9barg 682psig
2.4m (8ft )
Jones and Laughlin API 5L; grade B high frequency welded
Tape wrap, felt overlay
Estimated 283oK (50oF)
58.6km (36.43miles) downstream 13.7 km (8.53 miles)
upstream
Size of break
19mm (ôin) gap where pipeline pulled apart
Crater length
Not known
Crater width
Not known
Crater depth
Not known
Distance to pipeline fragments None
Time from release to ignition
Less than 10 minutes
Time ignition to shut down
Pump stations: 11 minutes, 9 miles: 1ò hours, 1 mile: 21
hours
Time shut-down to self 1 hour 20 minutes
extinguishing of flame
Area of burn
21Ha (52 acre) wooded area - significant fire damage
Area heat affected
Not known
Product released
More than 380m3 (100,000 US gallons)
Weather
Partly cloudy
Air temperature
272oK (30oF)
Wind direction
Little wind
Wind-speed
Little wind
Barometric pressure
Not known
Humidity
Below freezing
Cause of failure
Stress corrosion cracking, circumferential pipe fracture
caused by lifting pipe during maintenance
Fireball
Delayed ignition, but “large fireball” reported
Jet-fire
Yes, fire at each end of the casing
Flash-fire
Yes
Pool-fire
No
Gas/Vapour Explosion
Low order 2 concussions in rapid succession
Flame Length
Not known, vapour cloud “about ò mile in the sky” “a
geyser « ~60ft into the air”
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CKURQRORJ\
Date, Time

Action

13/2/90, 07:32
13/2/90, 07:39
13/2/90, 07:42
13/2/90, 07:50
13/2/90, 08:14
13/2/90, 09:02
14/2/90, 04:40
14/2/90, 06:00
14/2/90-17/2/90

Pipeline ruptured. Rate of pressure change too small to alarm
Shut down procedures started, flash-fire probably occurred
Flash-fire occurred before this time
Pipeline closed at each end
Fire-fighters arrived
Valves closed 8.53 miles upstream, 0.82 miles downstream
Stopple fitted 100ft upstream
Fire self extinguished
Recurrent forest fires

3KRWRJUDSK RI WKH $FFLGHQW SLWH
The report contains an aerial photograph of the accident site, reproduced below.
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A map of the area was downloaded from the Internet and, after adjusting for perspective, the
burn area was overlaid upon it. The result is shown below

CDOFXODWLRQV
The data from the report was fed into PIPERS and the following results obtained. The release
rate was 397kg/s at 30 seconds falling to 226kg/s at 15 minutes.
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CRUNCH and HG Systems require a wind-speed to be provided. These were set to the
minimum possible 0.15m/s in the case of CRUNCH and 0.1 in the case of HG Systems. The
results are shown below.
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As can be seen, the models produce very different results. CRUNCH clearly underestimates the
severity of the incident. HG Systems, on the other hand, produces a rather strange result; a very
wide cloud 86km by 2.2km under F weather and 45km by 3km under D weather. With no wind
a circular cloud would be expected.
PIPERS has two vertical jet-fire models that calculate the effects of a jet-fire. The PIPEFIRE
model only applies to methane. The other model JIF produced a zero burn area.
The Dome-fire module produced the following result:-

This is equivalent to a 174m diameter circular burn area.
OEVHUYDWLRQV
Judging from the burn pattern, the actual size of the cloud was about 250,000m2 equivalent to
a circle of radius 280m. Note, however, the large part played in the shape of the cloud by
topography. The cloud was reported as “moving rapidly downhill towards the village, which
was 3,000ft south «. and 200ft lower in elevation”.
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It should also be noted, that the cloud had probably not dispersed to its maximum size before it
found a source of ignition; the flash-fire occurred a maximum of 10 minutes after the rupture.
Although explosions were reported, “persons reported feeling two concussions in swift
succession”, the two fatalities were caused by burns.
The effect of both the Dome-fire and the vertical jet-fire were masked by the effects of the
flash-fire. The width of the burn at the rupture is of the order of 200m.
Another point worthy of note from the report is the concern expressed by the NTSB about
highly volatile liquids such as liquefied petroleum gas (LPG). “Although LPG was involved in
only 10% of the reported 2881 liquid pipeline accidents and leaks, it caused 62% of the
34 fatalities and 51% of the 65 injuries.”
CRQFOXVLRQV
There are several points of relevance to PIPERS from this report.
The first is that an explosion was reported. PIPERS does not include an explosion model.
The second point is that the shape of the release was dependent to a large extent upon the
topography of the region. PIPERS takes no account of the effect of topography on the hazard
range.
Thirdly, the CRUNCH model under-predicted the size of the cloud. HG Systems, while
providing a very conservative result, calculated a cloud shape that was far from the circular
one that would be expected.
There are comparatively large hazards from pipelines containing highly volatile liquids
compared with other liquid carrying pipelines.
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A report from the Transportation Safety Board of Canada No P94H0018 available on the
Internet as www.bst-tsb.gc.ca/eng/reports/pipe/1994/ep94h0018.html (14 pages)
'HVFULSWLRQ RI ,QFLGHQW
This report describes the rupture of a pump and then pipelines containing ethane and propane.
The pump had been in service for 15 years, but through an oversight had never been serviced.
There were no injuries as a result of this incident.
The report findings included:alarm messages on the SCADA system were interpreted as instrumentation errors,
leak alarms were displayed but ignored until verbal warnings of a fire, and
two features of the new SCADA system were not functioning.
This report is of relevance to PIPERS since it describes the release of a flashing liquid from a
transmission pipeline and its ignition.
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SXPPDU\
Location
Date and Time
Substance
Diameter of Pipeline
Nominal Wall thickness
Pipeline Pressure
Depth of Cover
Pipeline
Coating
Product temperature
Length of Pipeline
Size of break
Crater length
Crater width
Crater depth
Distance to pipeline fragments
Time from release to ignition
Time ignition to shut down
Time from fire to self
extinguishing of flame
Area of burn
Area Heat affected
Product released
Weather
Air temperature
Wind direction
Wind-speed
Barometric Pressure
Humidity
Cause of failure
Fireball
Jet-fire
Flash-fire
Pool-fire
Gas Explosion
Flame Length

Regina, Saskatchewan, Canada
10th May 1994, 01:56
Ethane and propane in separate pipelines
323.9mm
12.7mm
8140kPa
Above ground
CSA standard CAN/CSA =245.1 grade 52 category III ERW
Painted above ground polyethylene tape underground
Not known, but 38miles downstream of pump station
15 miles at time of rupture
74 cm rupture
None
None
None
Not known
Less than 1 minute, probably immediate
Pumps 1 hour 4 minutes, Valves 1 hour 54 minutes
9 hours 34 minutes
250m diameter (4Ha to the west and 16Ha to the east.)
Not known
2596m3 from the mainline, 467m3 from the lateral plus 453m3
from a propane lateral.
Overcast sky
286oK
From the south-east and then the north-west
12.2m/s - 15m/s (44km/h to 60km/h)
Not known
Not known
Bearing on a pump that had not been maintained
Possibly, one was reported
Possible
No
Possible
No
Not known
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CKURQRORJ\
Time

Action

01:56
01:57
01:57
02:05
02:07
02:50
03:00
03:16
03:48
03:50
05:38
11:30

Leak detected by SCADA system
Fire at Diversion Terminal observed from airport
Communications lost with Diversion Terminal
Alarms acknowledged, but ignored by control centre operator
Fire reported from airport
Control centre operator informed of fire by telephone
Pumps shut down
Technician arrived to investigate
Valve closed at MP454
Valve closed at MP439
Mainline ruptured
Fire at rupture self extinguished

SNHWFK RI WKH $FFLGHQW SLWH
No drawings were included in the report; the sketch below was developed from the text in the
report and may not be very accurate. The wind direction is not shown; initially it was from the
southeast, but in the later stages it was from the northwest.

)XUWKHU ,QIRUPDWLRQ
There were four stages to the fire. First there was a fire at the pump at 01:56. This was a
significant event, observed from 8km away. It caused the propane lateral to fail at 03:54,
2 hours later, releasing 453m3 of propane. The main line ruptured in the fire at 05:38;
3ò hours after the initial failure. At some stage the block valve on the ethane lateral failed
releasing 467m3 of ethane. A total of 2,596m3 of ethane was released from the mainline and the
pump.
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The pump manufacturer indicated that the suction and discharge bores were 40mm and 50mm
diameter. The report indicates that the pump and motor were blown off so that the release
orifice would have been the sum of the bore areas equivalent to a 64mm diameter hole.
CDOFXODWLRQV
The release rate for the pump connections was calculated using the PIPERS program. The
result is shown below. The release rate at 30 seconds was 133kg/s falling to less than 127kg/s
after about 3 minutes and 114kg/s after about 10 minutes.

The fireball model produced the results shown below:-

The fireball height (diameter) was calculated to be 45m; probably visible from the airport some
10km away as described. The size of the jet-fire and the pool-fire would not be large enough to
account for the burn area.
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The breaking of the propane lateral would have substantially increased the size of the fire.
PIPERS was used to calculate the release rate using a 200mm hole. The results are provided
below in graphical form.

The release rate was 1482kg/s at 30 seconds, falling to 352kg/s after 15 minutes. The fireball
event calculations are shown below

The calculated burn area for the fireball was a 250m diameter circle centred on the break.
If the product emerged in vapour form, then a jet-fire would be the result. The jet-fire model
produced the following, with the wind-speeds set to 12.2 and 16.6m/s.
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At 12.2m/s wind-speeds the downwind distance to the edge of the burn was 303m and the
upwind was 119m giving a circle of 422m, offset by 92m. At 16.6m/s the downwind distance
was 323m and upwind was 115m, giving a circle of 438m offset by 104m.
The pool-fire model was then used, again with the wind-speeds set to 12.2m/s and 16.6m/s.
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As can be seen the downwind distance to the edge of the 25.6kw/m2 contour for 12.2m winds
was 205m and upstream about 101m This is equivalent to a burned circular area of 306m
diameter offset by 52m. At higher wind-speeds 16.6 the distance to the downstream edge of the
burn was calculated to be 216m; upstream was 97m. This is equivalent to a 313m diameter
circle offset by 60m.
Returning to the main pipeline, the system was losing ethane at a reducing rate 114kg/s at 15
minutes 58kg/s after 1 hour and 33kg/s when the mainline failed. Thus PIPERS would suggest
that most of the 2596m3 reported to be lost from the mainline was from the pump connection.
In fact the release rate from the pump connection could have reduced in the latter stages as the
reduction in pipeline pressure allowed the ethane to be released in gaseous form. At about
35barg, 43% of the starting pressure, and at a substance temperature of 286oK the release
would become fully gaseous. Note however that the product would be cooled through
evaporation and heated from the fire so that caution is needed with this figure. The loss of the
substance in gaseous form was calculated to be of the order of 18% of the liquid release. The
final rupture of the main pipeline probably added little to the burn.
OEVHUYDWLRQV
The burn area reported was a total of 20Ha: equivalent to a 500m diameter circle. Certainly the
initial release from the pump pipe-work would not produce such a large area. It is believed that
the rupture of the propane lateral was the main cause of the burn. However, none of the
PIPERS models calculated such a large area of burn from the rupture of the propane lateral.
One possible explanation for this, however, arises from the fact that the wind direction changed
through 180o during the fire. This would mean that the down-wind burn area could realistically
be used as a radius of burn. This would set the jet-fire burn diameter to 606m to 646m and the
pool-fire to 410m to 430m; either side of the area observed.
CRQFOXVLRQV
This was a very complex fire with four stages. To complicate matters further, the direction of
the quite high winds altered during the course of the fire. It is difficult, therefore, to draw firm
conclusions from the observations. Generally, however, PIPERS was reasonably successful in
calculating the area burned.
The results obtained depend to a small extent upon the type of fire modelled, which, in turn,
depends upon whether the release is in liquid or vapour form. This may be determined by
calculation and would be a useful output from the release model as a guide to the user.

F.76

5O08/8S 0,C+,*$N $8*8ST  
SRXUFH RI WKH 'DWD
A report from the USA National Transportation Safety Board No NTSB-PAR-76-7 (18 pages)
'HVFULSWLRQ RI ,QFLGHQW
This report describes a fire that occurred when a pipeline containing liquid propane ruptured.
The rupture was caused by propagation of surface cracks resulting from excavator damage that
had occurred, probably three years earlier, and by a pressure surge caused by the failure of an
operator to open a valve at the receiving end of the pipeline. There were nine people injured,
but no fatalities.
This incident describes a release that can be modelled by PIPERS. Both a fireball model
(ignition before 30 seconds) and jet-fire and pool-fire models were used because the exact
timing of the rupture could not be determined.

F.77

SXPPDU\
Location
Date and Time
Substance
Diameter of Pipeline
Nominal Wall thickness
Pipeline Pressure
Depth of Cover
Pipeline
Coating
Product Temperature
Length of Pipeline
Size of break
Crater length
Crater width
Crater depth
Distance to pipeline fragments
Time from release to ignition
Time ignition to shut down
Time shut-down to self
extinguishing of flame
Area of burn
Area heat affected
Product released
Weather
Air temperature
Wind direction
Wind-speed
Barometric pressure
Humidity
Cause of failure
Fireball
Jet-fire
Flash-fire
Pool-fire
Gas/Vapour Explosion
Flame Length

Romulus, Michigan, USA
2nd August 1975, 1:51 am
Propane
219mm (85/8in)
7mm (0.277in)
77.3barg (1,100psig)
Not known
API 5L grade B seamless steel
Coated and wrapped, cathodically protected
Not known
~32km (~20 miles)
610mm (24in) x 25mm (1in) 150mm hole equivalent
3.7m (12 ft)
3.7m (12ft)
2.1m (7ft)
Not known
Not known, but could have been immediate
About 3 minutes
Over an hour,
Ground area engulfed - 180m (600ft) diameter. Houses over
45m (150ft) from the rupture destroyed
Houses further than 45m (150ft) damaged.
380m3 (100,338 US gallons)
Cloudy
296oK (73oF)
From south south-west
2.2m/s (5mph)
Not known
Humid
Pressure surge, corrosion in excavation damage
Possible
Possible
No
Possible
No
150m (500ft)

CKURQRORJ\
Time
Action
01:28
About 01:45
01:50
01:51
About 01.53
01:53
01:57
03:00

Propane fed into the pipeline received into storage cavern, generating back
pressure as cavern with closed valve filled.
Low flow control at pumping station activated and manually reset
Rupture occurred
Propane ignited
Excess flow shut down the pumping station
Fire department notified
Fire-fighters arrived
Pipeline isolated over a five mile section, propane allowed to burn out.
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The sketch below is copied from the report.

CDOFXODWLRQV
PIPERS was used to calculate the release rate from the pipeline. A 150mm diameter hole was
used as the release size; the split was 610mm by 25mm. A graph of release rate versus time is
shown below. The release rate at 30 seconds was calculate to be 726kg/s and 154kg/s after
15 minutes
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The timing of the ignition is uncertain, but it was probably less than two minutes. In view of
this the fireball model was used as well as the jet-fire and pool-fire models.
The result of the fireball model is shown below.

As can be seen the calculated burn area would be a circle of diameter 166m.
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The jet-fire model results are shown below; the wind-speed was patched to 2.2m/s

The distance downwind to the 25.6kw/m2 contour was 105m; it was 79m upwind. This gives
an approximately circular burn area with a 184m diameter offset by 13m by the wind.
The PIPERS pool-fire model, with the wind-speed patched to 2.2m/s, gave the following:-
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The downwind distance to 25.6kw/m2 was 115m; upwind it was 92m; equivalent to a circular
burn area, about 207m in diameter and offset by 11m by the wind.
OEVHUYDWLRQV
The burn area produced by the accident was reported to be a 180m (600ft) diameter circle. The
fireball model calculated a burn diameter of 166m and a fireball diameter of 115m. The
reported height of the flames; 150m (500ft) and the fact that the fire “diminished rapidly and
receded to the rupture site” suggests that the main damage would have been caused by a
PIPERS fireball type event. Interestingly, the pool-fire and the jet-fire, both calculate
substantial burn areas; 184m and 207m diameters respectively.
The flame heights calculated by PIPERS for the jet-fire and the pool-fire are also of the same
order as that reported (150m). The jet-fire flames were calculated to be 197m and the pool-fire
flames were calculated to be 134m. In both cases the flames would be elevated above a zone
where the high concentration of the vapours would inhibit burning. For the jet-fire the unburned
height was calculated to be 32m and for the pool-fire 19m. No such areas were reported, but
hey could have existed.
CRQFOXVLRQV
In this case each of the three PIPERS models calculated a burn area similar to that reported.
No assistance is provided to the user of PIPERS in the selection between jet-fire and pool-fire
models.
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A report from the USA National Transportation Safety Board No NTSB-PAR-78-1 (42 pages)
'HVFULSWLRQ RI ,QFLGHQW
This report describes a flash-fire that occurred when propane leaked from a cracked pipeline.
The starter motor of a truck ignited the propane about 1ò hours later. It produced a flash-fire
some 300ft wide and 4,300ft long and a jet-fire that burned for 14ò hours. There were two
fatalities, occupants of the truck.
The safety board found that the gas company took a long time to determine that there was a
leak and took a long time to isolate the section once the leak was discovered.
This report is relevant to PIPERS, since it describes a flash-fire plus jet-fire.
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SXPPDU\
Location
Date and Time
Substance
Diameter of Pipeline
Nominal Wall thickness
Pipeline Pressure
Depth of Cover
Pipeline
Coating
Product Temperature
Length of Pipeline
Size of break

Ruff Creek, Pennsylvania, USA
20th July 1997, 04:30am
Propane (3.85% ethane)
324mm (12ôin)
7mm (0.281in)
31.6barg (450psig)
Not known, buried depth 0.9m (30in) mentioned
API-5L seamless steel
None
Not known, but 70km (44 miles) from pumping station
113km (70 miles)
250mm (10in) opened 3-6mm (1/8 to 1/4in) = 38mm diameter
hole
Crater length
Not known
Crater width
Not known
Crater depth
Not known
Distance to pipeline fragments Not known
Time from release to ignition
1ò hours
Time ignition to shut down
2ò hours
Time shut-down to self 12 hours
extinguishing of flame
Area of burn
90m (300ft) diameter around the rupture plus 1200m x90m
(4000ft x 300ft) down the valley
Area heat affected
Not known
Product released
286m3 (75,600 US gallons)
Weather
Fog had lifted, unlimited visibility
Air temperature
295-300oK (70-80oF)
Wind direction
Calm
Wind-speed
Calm
Barometric pressure
Not known
Humidity
Humid and warm
Cause of failure
Stress corrosion cracking; stress caused by subsidence after
mining rupture at the top of the pipe
Fireball
No
Jet-fire
Yes, after the flash-fire
Flash-fire
Yes 90m (300ft) wide by 1340m (4,300ft) by 9.1m (30ft)
high
Pool-fire
No
Gas/Vapour Explosion
No
Flame Length
At 06:05, 30m (100ft) high. At 06:45, 21m (70ft) high. At
09:05, 12m (40ft) high. At 13:00, 2-2.5m (6-8ft) high.
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CKURQRORJ\
Time
04:30
about 6:00
06:05
06:45
07:05
07:15
07:20
07:38
08:30
20:30

Action
Pipeline ruptured
Truck stalled in propane cloud
Tried to re-start the engine, gas ignited and flashed back 300ft to the rupture
and 4,000 ft along a stream.
Fire-fighters and police arrived, gas companies in the area contacted
Columbia Gas Company representative arrived; identified propane
Consolidated Gas company contacted
People’s (sister company) foreman headed for the site
People’s foreman closed valve ò mile south (upstream) of fire
People’s foreman closes valve 6ò miles north (downstream) of fire
Flames extinguished
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The sketch of the accident site below was taken from the report. In order to emphasise the
shape of the burn area, a second sketch, which follows, was developed showing the overall
length
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CDOFXODWLRQV
The PIPERS flow rate program produced the results shown in the graph below. The flow rate
at 30 seconds was 39kg/s falling to 38kg/s after 15 minutes.

Although the weather was calm, both flash-fire models, CRUNCH and HG Systems, require a
non-zero wind velocity. The wind was patched to 0.1m/s in both cases. The results appear
below
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As can be seen the CRUNCH model calculates a relatively small cloud; HG systems produces
a much larger cloud. In both cases the width to length ratio appears incorrect for zero windspeed. A circular cloud might be expected.
The release rate model was patched to provide a release rate after 2ó hours, when 70ft high
flames were reported. The JIF/MAJ3D jet-fire model calculated 75m high flames but provided
a zero hazard; the flash-fire was so dominant that little can be deduced from this. The
PIPEFIRE model is designed for methane releases only.
OEVHUYDWLRQV
The actual cloud shape was far from the circular one that might be expected from a release in
calm conditions. In fact topography played a key role. The cloud was long and narrow; 1200m
by 90m flowing down a valley.
The actual area of the cloud was 110,000m2. In general, CRUNCH under-estimated the cloud
size. The HG Systems result over-estimated the cloud size.
CRQFOXVLRQV
This report provides evidence for the importance of topography in calculating the effects of
flash-fires from the release of flashing liquids. PIPERS takes no account of topography in its
calculations.
The CRUNCH module seems to seriously under-estimate the size of the vapour cloud. The HG
Systems module seems to over-estimate. Both modules produce anomalous non-circular results
in low / zero wind-speeds.
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A report from the USA National Transportation Safety Board No NTSB/PAR-84/01 available
from the National Technical Information Service, Report No PB84-916501 (47 pages)
'HVFULSWLRQ RI ,QFLGHQW
This report describes the rupture of a LPG pipeline by a mechanical drill or auger. The release
exploded and ignited producing a pool-fire that burned for 11 hours. About 4 acres of land was
damaged.
This report is very important to our study because it describes a release of LPG under
conditions that are relatively well defined in the report. There are photographs of the flames, an
accurate estimate of flame height and reasonable meteorological information.
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SXPPDU\
Location
Date and Time
Substance
Diameter of Pipeline
Nominal Wall thickness
Pipeline Pressure
Depth of Cover
Pipeline
Coating
Product Temperature
Length of Pipeline
Size of break
Crater length
Crater width
Crater depth
Distance to pipeline fragments
Time from release to ignition
Time ignition to shut down
Time shut-down to self
extinguishing of flame
Area of burn
Area heat affected
Product released
Weather
Air temperature
Wind direction
Wind-speed
Barometric pressure
Humidity
Cause of failure
Fireball
Jet-fire
Flash-fire
Pool-fire
Gas/Vapour Explosion
Flame Length

West Odessa, Texas, USA
March 15th 1983, 7:25pm
Liquefied Petroleum Gas; Butane? For a Butadiene plant
203mm (8 in) probably 219mm (85/8in)
4.8mm (0.188in)
75.6barg (1075psig)
0.406m (16in)
API 5L;-42
No reference to coating; in photograph appears non-coated
Say 290oK; 14 miles from pump station
46km (28.5miles)
610mm (24in) rupture
Not known; 460mm (18in) diameter hole bored by auger
Not known
Not known
Not known
Maximum of 3 minutes; probably less than 1 minute
1ô hours
9ó hours
16,000m3 (4 acres) equivalent to a circle 72m radius
Not recorded
Not known
32km (20 miles) visibility, partly cloudy skies
About 293oK Max 71oF min 52oF
At 19:35 from the south west. At 22:30 shifted to northerly
At 19:35 7.5m/s (17 mph) with gusts to 9.8m/s (22mph), also
estimated as 13m/s (30mph). At 22:30 gusts to 18m/s
(40mph)
Not known
Not known
Struck by a drilling auger caused a full rupture
Yes 5 minutes after pool-fire started “mushroom shaped”
Spray jet
Small; from pilot light back to pool
Yes 45m (50yard) diameter
Reported but probably not - no blast damage
Reported by helicopter altimeter as 168m (550 feet )

CKURQRORJ\
Time

Action

19:25
19:30
19:40
20:10
20:24
21:10
22:20
01:05 to 06:50

Rupture occurred
Pressure at pumping station fallen from 1120 to 160 psig
Receiving station pumps stopped.
Receiving station requested to restart
Valve (MP77.5) about 2miles downstream closed
Valve at (MP71) about 4.5 miles upstream closed
Valves at (MP80.5) about 5 miles downstream closed - no effect
Temporary plug 0.5 miles upstream and flow of LPG ceased
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The sketch below was taken from the accident report.
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The sketch was marked “Not to Scale”, so a check was made against an Internet Map,
reproduced below.

Based on the Internet map, a Scale was added to the sketch. Also added were wind direction, a
50 yard radius circle (the pool diameter) and a circle equivalent to 4 acres (the burn area.).
CDOFXODWLRQV
The PIPERS program was used to calculate the release rate from the pipeline, assumed to be
containing butane. The results are shown below. The release rate at 30 seconds was 583kg/s,
falling to 331kg/s after 15 minutes.

F.93

The two flash-fire models, CRUNCH and HG Systems were used to calculate the burn area
from this source, with the wind-speed patched to 7.5m/s. The results are shown below.

As can be seen, CRUNCH calculates that the vapour cloud would extend some 100m
downwind in daytime weather (Pasquil D) and be 30m wide. This is sufficient in extent to
reach the presumed source of ignition in the adjacent homes. HG Systems calculates a larger
cloud 325m long and 134m wide; an area of about 30,000m2.
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The report also describes a pool-fire. The PIPERS pool-fire model was used to calculate the
area that would be burned.

The pool-fire model calculates the downwind distance to 25.6kw/m2 as 115.5m, the
corresponding upwind distance was 66.8m. This gives a total burn area of about 25,000m2.
The pool diameter was calculated to be 82m. Since this was larger than the 45m (50 yards)
mentioned in the report, the pool-fire model was re-run with the pool diameter set to 45m. The
results are provided below.
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The downwind extent of the burn for this smaller pool was calculated to be 66.9m, the
corresponding upwind distance was 41.1m. This gives an overall area of burn of 9,000m2.
The fireball that is described in the report does not correspond to the fireball model provided by
PIPERS. The PIPERS model assumes that the initial release is immediately ignited. In this
case, the fireball occurred about 5 minutes after ignition of the release.
OEVHUYDWLRQV
This report describes the release of a flashing liquid that was ignited within three minutes,
probably in less than a minute. The report describes how “LPG escaped, spraying high into the
air and onto the ground where it formed a pool of liquid «. 50 yards in diameter”. The vapour
from the pool formed an inflammable cloud that ignited when it reached a source of ignition.
The flames flashed back to ignite the pool.
The size of the flash-fire calculated by CRUNCH was relatively small compared with that
produced by HG Systems; about 2,000m2 versus 30,000m2. The area calculated by
HG Systems would be twice that of the observed burned area. PIPERS does not attempt to
partition the release into product used in a flash-fire and that used in a pool-fire. A pool-fire
was reported, so that the whole of the release was not available to form a flash-fire.
The pool-fire burn area for a spreading fire, is somewhat larger than that observed. It is
somewhat smaller, however, for a release restricted to 45m diameter. It is quite possible that
the pool was somewhat larger than 45m but less than the 80m. Some product was sprayed high
into the air and at least a proportion of this would have been dispersed rather than falling back
into the pool. Part of the burnt area could have been the result of the flash-fire.
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The description of the fireball is interesting. “About 5 minutes after the deflagration, the
vaporised LPG, that was being blown high into the air by the pressure within the pipeline,
ignited and formed a mushroom-like fireball”. This is not the type of fireball, modelled in
PIPERS, that uses the large release of the first 10-30 seconds as its source. It seems unlikely,
in view of the pool-fire calculations, that the fireball played much part in the burn area.
CRQFOXVLRQV
The PIPERS program provides a reasonably conservative estimate of the effects of the ignition
of a butane release that formed a burning pool.
The CRUNCH model calculated a smaller burn area than HG Systems. It is not possible to
determine which was closer to the actual cloud size, because the effects would be masked by
the pool-fire.
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