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HSL Investigation of ICL Piastics Incident, Glasgow.
Statement for Pubtic inquiry by Dr § J Hawksworth, HSL.
1. Introduction

' work at the Health & Safely Laboratory (HSL) as Head of the Explosion
Safety Unit, a team of professional engineers and scientists (28 staff) that
provide research and support on a range of safety issues including
investigation of industrial incidents and accidents involving explosives and

explosive atmospheres.

My place of work, The Heaith and Safety Laboratory {www.hst.gov.uk), is an
agenocy of the Health and Safety Executive {HSE) employing approximately
380 people. HSL was established in 1995 and provides the majority of RSE's
science and fechnology requirements. Services ave provided on a customer-
contractor basis to not only HSE but alsc to other Government Departments,
the European Union, and other indusirial and governmental bodies in the UK
and overseas. In 2007/08, 20% of HSL's work was underiaken for

organisations other than HSE.

HSL provides forensic support to not just HSE but also to ofher regulalors
including: the Environment Agency, the Police, the ORR and aiso the lrish
{HAS) and Northern lreland Health and Safety Regulators. Support to these,
and other reguiators is often refated to high profile incidents, for example
working with the Environment Agency on the Buncefield explasion, or the
Strathclyde Police on the larkhall explosion where four people were kifled in &
gas explosicn, HSL staff appear as expert witnesses in a range of
prosecutions taken forward by these regulators and the Police.

HSL also underiakes other scientific work for ather Government depariments

on topics as diverse as work on levels of veterinary medicines in the



environment for DEFRA and the suifability of clothing for fire-fighters for the

Department of Communities and Local Government.
2. My Qualifications and Experience

5 My qualifications are a 1% Class Honours Degree in Applied Physics and a
PhD in Physics. Since joining the Health and Safely Laboratory (HSE's
Research and {aboratory Services Division as then known ) in 1893 | have
undertaken research and provided technical advice on various aspects of dust
and gas expiosions. | have also served on national and international
committees deveioping slandards relating to exptosions, their ignition and
prevention, | have published a number of scientific papers in this area, and
have been responsible for UK involvement in a number of major international

projects.

I have worked as lead investigator or as part of the leam, on a number of
incident investigations for HSE and others. These include the Ladbroke Grove
Ra#l Crash, Rose Park Care Home Fire, Buncefield, Cantiey sugar explosion,
Staniow road-tanker explosion, Carmoney Water-Treatment Works explasion
{Northern Ireland). | have appeared as an expert witness in Court, including

Crown Court,
3. My Role in the Investigation

At the time of ICL Plastics incident | was head of a section of approximately
ten scientists specialising in gas and dust explosions (Explosion Control
Section) and was contacted in this capacity by Mr David Richardson of HSE
Edinburgh regarding the incident on 11 May 2004, | subsequently attended
the site on 17 May 2004 at his request. | was then appointed by the HSL
Board as Lead Investigator, and led HSL's input to this investigation working
closely with HSE and the Strathclyde Police (SP) fo coordinate HSL's
activilies with regard to the investigation both on the ICL Plastics site and at

HSL.




% During the early stages of the investigation | warked closely with HSE ang SP
in developing the investigation slrategy, including:

+ Deaveleping the main lines of inquiry onsite with regard {o the potential
sources of explosive atmosphsre;

* Developing the approach for identification, recerding and transfer of
evidence during the extensive operations to clear the site; and

» Developing and managing the pragrammae of ansite and laboratory
WOrK 1o establish the source of explosive atmosphere and the
characteristics of the explosion.

¢ Due to the scale and compiexity of this investigation | enlisted 2 diverse team
of staff from across HSL (and oulside) to gather evidence on site and carry
out subsequent laboratory analyses and testing. The team of HSL staff
included explosion and fire specialists, mechanical engineers, metailurgists,
video and photographic staff, organic chemists, exposure controt scientists,
biological monitoring scientists and field support scientists. The onsite
investigation involved an aimost continuous HSL presence at the ICL Plastics
site from the 17 May 2004 until 6 July 2004,

i | was personally on site at ICL Plastics on 17-20 May 2004, 26-27 May 2004,
1-3 June 2004, 10-11 June 2004, 18-18 June 2004, 22 to 25 June 2004, 2
July 2004 and 5-6 July 2004 and was in daily contact with key HSE/HSL team
merbers when not onsite. In addition fo my coordinating role, 1 also played an
active part in the onsite work to identify and retain evidence and witness
various activities. Specific examples include the emptying and transfer of the
Liguefied Patroleum Gas (LPG) tank (20 May 2004), excavalion and pressure
testing of the buried LPG pipe (10 and 11 June 2004), cutting of the dispatch-
area steel-floor sections (5 July 2004) and subsequent transfer to Buxion (6

July 2004),



it Following the onsite investigation | continued to oversee a number of aclivities
at HSL fo gather further evidence on the cause of the incident including
metaliurgical examination and testing, mechanical testing and modelling
catculations, explosion testing and analysis, and testing of the LPG and
Natural Gas systems and components. | also organised the testing of specific
components at other test houses/laboratories and personally witnessed the
testing of the LPG regulator at Interiek on 13 August 2004,

4. The Investigation

12 The full delails of this investigation can be found in HSL Report EC/05/15
entitted “ICL Plastics Incident Report: Part 1 Explosion Overview and Process

Safety” and accompanying reports and appendices. in this, my statement, |
summarise the key findings from the invesfigation. — lC.l_/ 86 - Gt @23

4.1 Was there an explosion?

13 The evidence obtained from the investigation clearly indicales that an
explosion cccurred, resuling from (he formation of an explosive atmosphere
in the basement area of the ICL building, which then ignited. The explosion
produced high overpressures, which exerted very large forces on the
surroundings, resulting in faillure of an area of steel floor situafed above the
basement. The high over pressures produced by the explosion acted on the

huilding structure resulting in its collapse.

i+ Damage observed io the steel section of the dispaich floor:

i. Is characteristic of the forces associated wilh the overpressure
generated by a fuel air explosion and not that of a sirple building

coflapse.

ii. Clearly indicates that these large forces were acting in an upward

direction from within the basement area.



iii. Produced a debris patiern with key features (elevated position of
floor sections and unique projection of pieces of the concrete ground
floor adjacent to steel fioor some distance oulgide the building} that are
consistent with the explosion preceding the building collapse and not
the reverse,

5 The exact sequence of events during the explosion is difficult to establish, but
HSL's best understanding is:

i. The ignition most likely occurred in the basement area that was
directly accessed from the stair tower {between the gable end and
Party wall A in Figure 12 of EC/O5/1 5}, based on the direction of fall of
the basement partition walls. This is alsc the arca where Mr Murray
was found, whe presumably had just entered the basement. The
ignition source could have been the operation of the light switch or the

cigarette lighter,

#. The explosive atmosphere in the basement is unlikely to have been
well mixed, and so the duration of the explosion overpressure puise is
liely to have been several seconds. There would have been an initial
period of relatively slow pressure rise corresponding to low speed
laminar flame propagation. The tatter stages of the exniosion would
have invoived interaction befween the flame and piers, walls etc
leading fo flame acceleration and very rapid rates of increase in

pressure.

iii. The explosion produced in the basement would have started to vent
through the doorway (o the siair weill. However, this would have had
only a smail effect on limiting the explosion overpressure as it is
refatively small opening in comparison 1o the volume of the baserent.

iv. At the same time, the explosion overpressure would be exerfing
large forces on the basement walls and ceiling. The weakest parls of
the basement would fail initially, for example the basement party walls.
This wouid have effectively created a single space partially obstructed
by the stone piers. Any explosive atmosphere in these spaces could

5



then become directly involved in the explosion, if not already. Equally,
any excess of expiosive almosphere present in ihe initial space could
then mix wilh the air fror these spaces to increase the size of the
explosion,

v. The dispatch floor started io lift and break apart, venting the
explosion into the ground floor space as gaps began to appear around
the edge of floor, The indications are that the steel sections lifled at an
angle, the gable end fifting the highest, pivoting about the other end
that was connected to the adjacent concrete floor by Rawl bolts. This
would have tended to direct the outilow of high-pressure gas from the
basement onto the walls at the gable end of the building.

vi. Notwithstanding the venting of the explosion from the basement, the
overpressure could have continued to increase and star removing the
checker plates. By this stage the explosion may have partially
expanded into the ground fioor, or simply could have venled the hot
gases into this space.

4.2 How powerful was the explosion?

Analysis of the structural damage to the steel floor sections indicates an
overpressure of at least 0.692 bar {approximately 0.7 bar} in the basement,
possibly higher. Full details of how this overpressure estimates was obtained
are given in White (2005).

Based on this overpressures it is possible to make a simple estimate of the

minimum volume of explosive atmosphere required.

The maximum pressure that couid be produced dy a gas explosion under
idea! circumstances is of the order of 8 or @ bar absolute {(absolute indicaling
a pressure relative to fotal vacuum) if the basement space were completely
filled with an ideal (stoichiometric) explosive mixture, was completely
enclosed and strong enough to withstend such a pressure. As discussed
above, the basement was not completely enclosed because of the doorway to
the stair well, However, given the large volume of the basement this area



would be relafively ineffective in relieving the explosion and so the basement
¢an be assumed to be totally enclosed.

{4 1tis then possible to estimate the minimum size of explosive cloud of Liquid
Propane Gas (LPG - the explosive gas in this incident) necessary to produce
the overpressures estimated above. Other assumptions that have heen made
includs:

* The explosion process is adiabatic, i.e. there are no heat losses fo the
surroundings.

+ ignition of a stoichiometric propane/air mixture {(4.0% vlv from Kuchta,
1986) in & confined volume will generate an overpressure of 8 bar abs.

* The netinternal volume of the basement of approximately 330 m®,

20 The minimum quantity of propane required o give this over pressure in a
total volume of 330 m? is summarised in Tabie 1. To put this into context,
the value calculated is the minimum volume of ideally mixed explosive

atmosphere required given the assumptions above.

TABLE 1: ESTIMATED QUANTITY OF PROPANE REQUIRED TO
PRODUCE ESTIMATED OVERPRESSURE

Qver- Volume of Voiume of Volume of
pressurg Stoichiometric Propane Gas Liguid Progane

{bar) Cloud {m?) {m%) {Litres)

0.692 3275 1.31 4,81

Using data from LPGA Code of Prachce 1, PART 2, 2003, Appendix A.2 - Typical properlies of

commercial LPG
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4.3 Where did the explosive atmosphere come from?

in this incident there were a number of possibilities for the source of explosive
atmosphere. However, based on the evidence from the investigation the
source was the leaking buried LPG pipe just outside the basement area. LPG
congists mainiy of propane gas and is heavier than air. The damage to the
basement partifion walls supports the presence of an explosive atmosphere
and ignition In this area. The propane found in the blood samples taken from
the deceased individua! found in the basement (Mr Muiray) also supports the
theory of leakage of LPG into the bassment. [n addition, | have been advised
that Mr Murray was the only victim found to have exiensive burns consistent
with engulfment in a gas explosion. Analysis of lhe burn damage to his

clothing also confirms this.

There is little doubt therefore that the explosive atmosphere came from the
ieaking LPG pipe. The issues then are the size and nature of the leak and the
rate at which LPG leaked into the basement and why it wasn't detected. The
metallurgical aspects of the leak were investigated in detail by my celleague
Dr Parroft {2006), which showed that the leak in the pipe was dug o a
combination of corrosion and mechanical load on the pipe associated with
large pieces of concrete resting against it. 1 was not caused by the building
collapse. In his report he describes the openingfieak in the pipe developing in
three stages: initialiy just corrosion, then a combination of mechanical loading
and corrosion accelerating the failure, followed finaily by opening of the crack
due to its weakened state. He suggests that the rate of LPG release
increased during the final period when the pipe was in ils most weakened
state.

It was evident during the investigation that outiet valve on the supply-tank
sited outside the iCL building was not fitted with an excess flow valve. Points

1o note regarding the absence of this vaive are:

i It appears that it probably complies with the LPGA code as such
valves are nol required if the pipe work down stream is 8 mm
diameter of less. On the installation at ICL there was a short section



of 84 mm (i.e. 8 mm nominal bore) internal diameter pipe

immediately down stream of the outlet valve,

Although the leak measured post incident was large, we cannot be
sure of its size prior fo the explosion and building collapse. In any
case, this type of valve is nol designed {o protect an underground
pipe, itis designed to protect against a full pipe break or cleave.

Even if the vaive had been filted, it would have stili passed sufficient
LPG fo give a credible scenario for the explosion based on he flow
calculations below,

74 The guestion is then, at what rate was the LPG released from the leak to find

its way Into the basement? From onsite measurements made and reported in

Section 3 and Appendix A.2 it was found that:

Tracer gas testing {SFg) demonstrated a path from the leak through
to the inside of the basement wall. While this is clearly & significant
finding, because of the major disturbance of the building collapse
the original gas path may have been disturbed or obslrucied, but
nevertheless the orinciples of a route from the feak into the building

was shown.

The leak rate measured, using compressed air at 0.55 bar g, was
very large at 72 ra¥hr. This is equivalent to a leak of 57 mfhour of

propane.

25 Table 2 below shows the flow required 1o produce the LPG/air mixture
volumes shown in Table 1 to give overpressures of approximately 0.7 bar for
different arbifrary time periods. Note these are simple calculations, which
assume no ventilation in the basement. These calculalions are hased on the

leak rate of propane into the basement to form the explosive atmosphere and
not the fatal leak rate from the pine, as we must assume that not afl of the gas

from the leak necessarily found its way into the baseiment,



TABLE 2. ESTIMATE OF LPG FLOW RATE INTO BASEMENT TO
PRODUCE VOLUME OF EXPLOSIVE ATMOSPHERE

Duration (hours) 1 ) 10 24 100

olume of Propane gas {r% Required fiow rate (mhour)

1.31 1.31 , 0.131 |0.0547 | 0.0131

Note: 1 m¥hour = 1000 ftresihour

26 The first point {o note is that thase flow rates are very low compared to the
leak rates measured on site of 57 m%hour propane. Itis clear therefore that in
theory the leak could have occurred a matter of minutes, but possibly hours
before the explosion. In addition, the efficiency of transfer from the pipe ieak
into the basement could have been smatt {e.g. 10%) and ventilation could
have had an effect on the rate of accumulation, afthough the explosive
atmosphere could still have formed within a matter of hours.

27 Why wasn't the leak in the LPG pipe detected just prior o the incident? In
terms of the leaks affect on the LPG oven, lests carried out at HSL indicate
that even a large leak (up fo 22 m%hour) wouid not have had any effect on the
performance of the oven burners, and so in this respect would have gone

unnoiiced.

25 The LPG obviously contained & stenching agent as is normal practice fo
reveal any leak by way of the strong characieristic smell preduced.
Unfortunately i would appear that the smelf was not observed, or if it was it
somehow did not have the desired effect and raise the alarm regarding the
leak.

21 Possibie ignition sources for propane explosive atmaspheres with air include
sparks {slsctrical, electrostatic or mechanical), hot surfaces and flames. The
most fikely sources of ignition for the propane cloud in this incident include
sparks produced when the light was switched on. For a 240 V mains circuit
the swilching of extremely smalt currents (aporoximately 25 mA in a worst
case tests according to EN 50020:2002 P57 Fig A1 - resistive circuits) are

10
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sufficient to produce incendive sgarks. If the flucrescent light consumed 30W
(conservalive vaiue for fluorescent light) then this would give a steady current
of 1256 mA, and a current much higher than this when the light is switched on.
There is dittle guestion therefore that this would have been incendive. Equally,
the operation of the cigaretite lighter fiint is an ignition source, even if the
fighter did not light. If the lighter did light then the flame is cleatly also a very
effective ignition source.

4.4 Could the explosion have been a resuif of a natural gas leak?

If the explosion were to have been of a nafural gas (methane) explosive
atmosphere, then the explosion behaviour would have been much the same
as for LPG. The ideal (stoichiometric) concentration is higher at approximately
2.5%, so the volumes required wouid be greater. From the point of view of the
behavicur of the explosicn after the ignition there would be little difference
other than in terms of mixing associated with any fayering of the gas because
of the different buoyancy. From the point of view of ignition there is also litlle
difference. However, the main point thaf eliminates natural gas as a source for
the explosive atmosphere in this incident is the fact that no natural gas pipe
work entered the basemeni area. Because of the buoyancy of natural gas
{lighter than air), and the remoteness from the basement of pipework carrying
it, these is no realistic scenario in which natural gas from the pipework would
be able {0 enter the basement, and therefore could not have heen the cause

of the explosion.

4.5 Could the explosion have been the result of an explosible dust

atmosphere?

2y To produce g dust explosion the following are reguired:

i An explosible dust. There were clearly a number of explosible dusts
on sile. However it is not clear that these were present in the
basement area. To produce the overpressures already discussed,

Table 3 summarises the mass of dust required based on a

11
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stoichiometric concentration of 100 g/m® (typical dust concentration
taken from Table A.1 of Appendix A, Eckhoff R i, 2003},

Table 3. Estimated mass of dust required to produce volume of

explosive atmosphere

Over- Calcutated Volume Mass of
pressure of S{oichiometfric | explosible dust
(bar) Cloud (m) (kg)
0.692 221 3.2

il. Dispersal of the dust to form an explosive afmosphere. There
appears to be no clear mechanism for the dispersal of the dust
Pouring from a sack could create an explosive atmosphere which,
when ignited, could stir up further dust. However, there is ne

indication that this had occurred.

fif. Ignition of the dust cloud, For a transient dust cloud (such as might
be produced from the emptying of a bag) the timing of this is critical,
as the optimum concentration and source of ignition need to occur
simuttaneously. In addition, the igrition of a dust cloud is much
more difficult. From Table A.4 of Eckhoff the ignition energy of a
spark (o ignite typical plastic dusts is of the order of 10 or even
100 mJ, compared fo the ignition energy of propane or methane,
which are of the order of 0.25 to 0.4 mJ. The operation of the flight
switch would therefore definitely not be adeguate, and similarly the
sparks from the fiint are very unlikely to be an effective ignition
source. However, the flame from the fighter would be effeciive.

An explosibie concentration of 100 g/m®is & very heavy dust cloud, in which

you would not be able to see your hand in front of your face.

In addition, if this had been a dust explosion then we might have expected
some evidence of this with regard to Mr Murray's injuries, in terms of more
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severe bumns and some burnt deposits on him and his clothing. On the

avaitable evidence this was not a dust explosion.

4.6 Could the explosion have been caused hy an accumulation of

ground borne methane

The possibility of ground borne methane as a source of explosive atmosphere
was investigated extensively by WS Atkins (P Meilcalfe el al, 2006), as
refetred {o in Section 4.3 of my report, Their work provided no evidence that
methane was present or could have been the source of explosive
atmosphere. Their work did, howsver, confirm the presence of propane in the

surrounding area.

5.Summary

in summary, the explosion was caused by ignition of an accumulation of LPG
in the basement of the ICL building. The source of LPG was a leak in a buried

LPG pipe adjacent to the basernent wall.
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