




















42.

44.

45,

gases lighter than air {(e.g. natural gas). However, the behaviour of an LPG
above ground release is complex, dependent upon the manner of release (e.g.
phase, pressure etc) and environmental and climatic conditions (wind
conditions, topography etc). Large, low momentum releases in still conditions
may be expected to behave in the manner described above but often smaller
releases at pressure in typical wind conditions will quickly mix with air and

behave as a neutrally buoyant gas.

LPG escaping from underground pipes has been shown to behave in a manner
similar to natural gas. When a hole is formed on a buried pipe, the soil around
the pipe provides a resistance to the escape of gas from the pipe. In some
cases the soil will plug the hole and effectively there will be liftle or no escape
of gas from the pipe. Previous experimental work on underground releases of
natural gas has indicated that the rate of escape into the soil could be up to
approximately 50% of the rate calculated for a release into air in exfireme
cases. The rate of cscape into the soil is a function of the size of hole,

operating pressure, density of the gas and permeability of the soil.

The presence of soil around the failure of a low (< 75 mbarg) or medium
pressure (> 75 mbarg < 2barg) LPG pipeline will reduce the amount of gas
that is released compared to a release directly to the atmosphere. As the gas
escapes into the soil it will travel in the direction of least resistance to flow.
When the surface above the failure is ‘soft” (e.g. soil, grass) the gas is likely
to vent through the upper surface. However, when the surface above the
fajlure is ‘sealed’ (e.g. by a tarmac or concrete covering) the gas may travel
large ‘laterally’ in the soil. This is especially likely to happen if there are
tracking routes in the ground along which the gas can travel easily. Examples
of these are disused drainage pipes, a sandy or gravel pipe bed or the routes of

other pipes.

The research that I conducted determined that escapes from pipes buried
beneath ‘sealed” surfaces are detectible using gas detection equipment (e.g.

gas surveyor) and bar-holing techniques.

With the information gathered in the research I was able to develop a suitable

leakage survey that enabled the detection of small gas escapes from pipes
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buried beneath both soft and hard surfaces and this has been incorporated into

the Calor Pipework Inspection Strategy.

Gas Build-Up within a Building

46.

47.

48.

Ignition of a flammable gas/air mixture may occur within a building when
there is a coincidence of a leak on a service pipe of a particular size, suitable
environmental conditions that lead to a flammable atmosphere and an active
source of ignition. In most instances where LPG enters a building, it is
detected by persons present (LPG has a pungent odour added to make it
detectible at very low concentrations) and appropriate emergency actions are

taken (e.g. ventilate the building, do not operate electrical switches etc).

For gas/air mixtures there are limits of composition between which flame
propagation can occur but outside which self-sustaining flames cannot cxist.
These limits are known as the 'flammability limits' and are usually expressed
as percentages of gas in air by volume. The lower flammability limit (LFL),
also known as lower explosive limit (LEL), is the fuel lean concentration
below which a flame will not propagate. The upper flammability limit (UFL),
also known as upper explosive limit (UEL), is the fuel rich concentration
above which a flame will not propagate. The flammability limits for LPG are
approximately 2 — 10% gas in air and for natural gas are approximately 5 —

15% gas in air.

Initially a release occurs from the failure of a LPG service pipe and the gas
moves in a spherical direction as it migrates through the soil. A proportion of
the gas may enter the building through the walls, floor or through passages
created by utility ducts/services. Airflow forced through gaps in the room
fabric due to externally tmposed static and velocity pressure, creates an
internal air velocity, which provides a ventilation pattern and mixes with the
gas to form a gas/air mixture. Some of the gas may be entrained upwards to
be exhausted from the room and some of the air may be entrained within the
gas resulting in the dilution of the gas layer. If the rate of gas diffusion into
the room is high and the airspeed low, a layer with a gas concentration above

the LEL will develop. Conversely, if the rate of gas diffusion into the room is
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49.

50.

51.

low and the airspeed high, then the layer will have a gas concentration below

the LEL.

The key factors that determine whether a flammable mixture will be formed

within a building, from an underground LPG service pipe are:
« the pipe material,

« the soil type,

s the soil permeability,

+ the surface type (e.g. grass or tarmac efc),

« the operating pressure,

« the proximity of the pipe to the building,

the size of the enclosure in which the gas enters and its ventilation.

The build up of LPG within a building, following the migration of gas from
an underground cscape is a complex process. | have discussed with the HSE
the need to conduct further research and CFD and mathematical modelling
work to develop models (similar to those already available for natural gas} to

predict the build up of LPG within a building.

[ have been asked as to the usefulness of gas detection alarms for LPG. These
are of value, particularly if employed in unoccupied areas and in areas where
LPG can accumulate undetected (e.g. cellars and basements). They need to be
audible and sited at low level. Ideally they should be combined with an
automatic shut-off device (located outside the building and as close as
practicable to the vessel) which would automatically isolate the gas supply in

the event that gas was detected within the building.

Confined Gas Explosions

52,

53.

Whilst accidental gas explosions are always tragic events, they are infrequent
occurrences. Only a tiny proportion of gas leaks have the potential to lead to

an explosion and of those only a fraction actually lead to an explosion.

A significant difference between LPG and natural gas installations is that it is
rare to have an ‘uncontrolled” gas escape from LPG service pipework. An

uncontrolled gas escape may be considered as an escape that continues after
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54,

53,

56.

the supply has been isolated by closing the emergency control valve (ECV)
and vessel isolation valve. When a gas escape has been reported to Calor’s
emergency service the customer is advised to turn off the gas supply at the
ECV and at the vessel isolation valve. This isolates the service pipework

entirely.

I was asked to explain a historic statistic that suggested LPG explosions are
more violent than natural gas explosions. In a totally confined hydrocarbon
gas explosion, the maximum overpressure occurs when the flammable
mixture is close to stoichiometric concentration and is approximately 8 bar.
The stoichiometric concentration may be considered as the theoretically
optimum concentration (i.e. there is just enough oxygen to burn all the fuel).
The stoichiometric concentration for LPG (commercial propane) 1s
approximately 4% gas in air and for natural gas is approximately 9.5 %.
Fuel/air mixtures are also described by their relationship to the stoichiometric
concentration. That is, a conceniration containing more fuel than the
stoichiometric amount (closer to the upper explosive limit) is said to be 'fuel
rich' and a mixture containing less fuel than the stoichiometric amount (closer

to the lower explosive limit) is said to be 'fucl lean”.

As the stoichiometric concentration is lower for LPG than natural gas it may
be considered that LPG escapes into buildings are more likely to reach
stoichiometric conditions than natural gas, but this is offset by the ability to
‘control” most LPG escapes by isolating the supply. It should also be
remembered that an odorant is added to ensure that the gas is detectable at

concentrations of 20% of the LEL and above.

The theoretical maximum pressure that can be generated in a totally confined
LPG explosion is slightly greater than that of natural gas. However, most
buildings are not capable of withstanding anywhere near this pressure and
conscquently, as the pressure rises in the building, the weakest elements fail
and produce a vent through which the pressure is initially relieved. It is the
rate of pressure rise and volume of the enclosure in a vented enclosure that
determines the maximum pressure developed. LPG has the capability of
generating greater pressures in vented explosions than natural gas, but in

general terms, this is not hugely important as all gas explosions can cause
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57.

considerable structural damage. 1 have investigated some LPG explosions
where there has been no structural damage and some natural gas explosions

where the building has been demolished.

1 was asked to comment on whether older buildings are as capable of
withstanding gas explosions as more modemn buildings. It is possible to
design structures that are more capable of withstanding explosions., However,
most buildings are not capable of doing so, whether new or old. In very
simplistic terms, older buildings are often larger and not particularly air-tight.
Consequently they may be less likely to allow a flammable mixture to build

up than a newer more modern building.

Pipework Inspection Strategies

58.

59,

60.

Following the ICL explosion, Dr Terry Ritter and 1 were involved with the
HSE in the development of its “Checking LPG Pipe Work™ leaflet
[[ICL/ 03573-03574]. This document was distributed by Calor to all its

industrial and commercial customers. In addition, Calor established, at the

time, a dedicated helpline and website.

We were also involved with the LPGA and the HSE in the development of
LPGA Technical Memorandum No. 84 (TM84) “Inspection and Maintenance
of LPG Pipe Work at Commercial and Industrial Premises”.
03639] (This is now available free of charge as a download from UKLPG's
website ("UKLPG User Information Sheet No. 157 [[ICL/ 14294-14310|

D). Calor made this document available to its customers by download from its

website.

TM84[[ICL/03626-03639] was very much aimed at the user, to assist them in

undertaking a risk assessment. It was designed to help them identify if their
LPG pipework was at risk and to provide examples of appropriate inspection
strategies. It considers important factors such as pipework material, location,
operating pressure, phase of the LPG (liquid LPG escapes being more serious
than vapour LPG escapes), routing and its point of entry into the building. It
recognises that not all LPG pipework at commercial and industrial
installations is at risk of failure. Changes in installation practice mean that

there are a significant number of LPG service pipes constructed of
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61.

62.

63.

64.

L 2

polyethylene (PE), which is not subject to corrosion. The use of PE in the UIC

LPG industry started in the 1980°s and became widespread in the 1990°s.

Whilst TM84 [[ICL/03626-03639]|was a good initial attempt to raise the issue

with commercial customers both in making them aware of the need to inspect
pipework and prioritise high risk installations, the research that 1 undertook
demonstrated that other factors such as soil type and surface cover (e.g. grass
or concrete) are very important in the development of a risk-based strategy to

prioritise those installations at risk.

I have reached the conclusion that if it is identified that underground metallic
pipework exists at a premise (domestic or industrial and commercial), the
most appropriate action is to prioritise ifs replacement based on risk. This is
because the only reliable currently aceepted method of checking the integrity
of unknown underground metallic LPG service pipework is through
excavation and inspection, and the excavation of a live gas pipe is hazardous
and probably unnecessary given the information that 1 have gained from
rescarch, experience and knowledge. Consequently, this approach has been
incorporated into Calor’s pipework inspection strategy with Calor prioritising
the replacement of its underground metallic distribution network pipework,
through its risk-based replacement model, The metallic pipes are replaced
with polyethylene which has a minimum expected life cycle of 50 years. Of
course, any new system would require an ongoing inspection strategy.

IGE/TD/3 [ICL/05122-05268]| and TD/4 [ICL/ 04963-05105] provide

guidance for the inspection and maintenance of PE mains, services and

service pipework.

Calor has shared this approach with both UKLPG and the HSE and it is my
understanding that the HSE have accepted Calor’s strategy and communicated

this to its Inspectorate.

In my opinion a number of factors should be considered when developing a

specific LPG pipework inspection strategy:

Material of construction
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65.

60.

The age of pipe work

How long it has been buried.

The type of corrosion protection

Phase of LPG in the pipe (liquid or vapour)

Size of pipe

Its operating pressure

Corrosivity of the environment/ground conditions
Soil resistivity

Type of backfill (if known)

Proximity to occupied buildings

Size and type of building (likelihood of gas accumulation in building)
Amount and weight of traffic passing over the pipe
If there have been excavations near the pipe

Failure modes.

In 2007 1 developed Calor’s procedure for the inspection and replacement of
its distribution network pipework. A programme of work has already started
to survey such pipework on an annual basis and to replace any pipework
found to be corroded or defective. In addition, metaltic pipework that does not
require immediate replacement is subject to Calor’s risk assessment and will

be prioritised for future replacement.

The following methodology is used for the maintenance of Calor’s

distribution networks:

Creation of a data file;
Conducting periodic visual nspections;

Undertaking periodic leakage surveys;
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67.

08.

69,

Conducting periodic tightness tests; and
Routine service excess flow valve tests,

An installation file is compiled for Calor’s distribution networks that includes
such information as: the age of pipework; pipework route; its proximity to
buildings; location and type of strategic valves; service isolation valves and
flow lLimiters; the size of the pipework; the materials of its construction;
maximum operating pressure; maximum incidental pressure and safety
devices fitted; type of corrosion protection installed; depth at which the
pipework is buried (if applicable); and monthly consumption of gas against

weather profile (to compile data for potential leakage monitoring).

Route plans are prepared to provide a logical inspection path over all
pipework which is to be inspected. This will enable future inspections to be
conducted in a similar logical manner and any trends observed. All water
crossings are surveyed annually to check for pipe exposure (i.e. to ensure the
pipe is beneath the bed of the watercourse) and to identify any changes to
surroundings, for example riverbeds, riverbanks etc. Above ground pipework
is inspected for mechanical defects, condition of protective coatings, impact
protection etc. Particular attention is paid to the pipework at air/soil

interfaces.

The route of underground pipework is inspected to highlight significant
changes of environment and the possible effect on pipework. Dead or dying
vegetation in the vicinity of the pipework may be an indication of gas leakage
and excavations and other works in the vicinity of a pipework should be
investigated to ensure the pipework is not damaged. The route of underground
pipework is also inspected to monitor the effects on pipework caused by
ground movement and also to check that building, tree planting or
construction activity has not taken place. Features which may be indicative of
ground movement include: surface running water on a dry day; evidence of
significant vehicular damage to footpaths; verges and sunken kerbs,

substantial depressions in otherwise even road surfaces; substantial settlement
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70.

71.

72.

73.

74.

75.

of previously re-instated excavations and cracking of adjacent road surfaces

and kerb edges; and the erection of new street furniture, lamp columns, road

“signs, telephone poles, ete.

Where strategic valves and/or service isolation valves are present, they are

inspected to ensure that they are accessible and their condition is satisfactory.

Leakage surveys on mains and services are carried out using gas surveyors set
to ppm (flame ionisation instruments may be used, e.g. FIM/FID). The
pipework, pressure reducing equipment, valves, meter boxes and any other

equipment is monitored for leakage.

Due to the density of LPG 1t is important to monitor for gas leakage at low
fevel (e.g. drains etc). Underground pipework is monitored by bar-holing (at a
depth no greater than 200mm) at appropriate sections of the pipework.
Strategic valve chambers, service 1solation valve chambers and other utility

valve chambers in the vicinity are opened and monitored for leakage.

Each reading and the location of the reading is recorded. Any indications
which suggest that a hazardous situation may exist should be reported

immediately.

LPG pipework operating in vapour phase is tightness tested at a frequency not
exceeding 10 years. 1t is recognised that it may not be practicable to carry out
a tightness test on LPG mains and service pipework on larger gas networks. In
these circumstances a report is compiled by a Calor Technical Representative

detailing the reasoning for this decision.

Calor fits service excess flow valves (flow limiters) on the service pipework

operating at medium pressure on its distribution networks. Flow limiters arc
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76.

devices that prevent the flow of gas through the service pipework in the event
that there is a significant pressure drop downstream of the valve. These arc

tested for operation at a frequency not exceeding 10 years.

In relation to customer-owned pipework at industrial and commercial
installations, Calor is currently establishing the number of installations likely
to be atfected and is working as explained previousty with UKLPG, other
suppliers and the HSE to target those installations most at risk through the

development and endorsement by the HSE of its risk-based strategy.

L.PG Competencies

77.

78.

79,

It is a legal requirement for persons who carry out “work™ within the
definition and scope of the Gas Safety (Installation and Use) Regulations
(GSIUR) 1998|[ ICL/ 04473-04500] to be a member of a ‘class of persons’
approved by the HSE. Currently, the body approved by the HSE is CORGI. It

should be noted that certain industrial premises (e.g. factories) are currently

exempt from GSIUR.

The Nationally Accredited Certification Scheme (ACS) is a scheme that
requires experienced gas installers be assessed on their competence to carry
out safe gas work, and be certificated to that effect by an approved
Certification body. The scheme is accredited to BS EN ISO 17024 by the
United Kingdom Accreditation service (UKAS) and managed by the ACS

Scheme Commitiee.

The primary function of ACS is to ensure that individuals can be assessed
against a set of national criteria based on current standards, best working
practice and technology. ACS is a requirement for CORGI registration and as
a consequence LPG installers are required to demonstrate their competence,

every five years, in each area of gas work they wish to undertake (a flowchart
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80.

81.

82.

83.

84.

for the required LPG ACS assessments is given in Appendix 1 jICL/14908
14926]).

Alternatively an operative who has completed a Gas Services, Installation and
Maintenance N/SVQ that has been aligned to the ACS in matters of gas safety

will be deemed as holding a valid certificate of gas safety competence.

There are currently less than 100 LPG installers that possess the relevant
certificates of competence to undertake service pipework replacement at
commercial premises. This means that the LPG industry has a limited
resource available and conseguently priorifisation based on risk is essential.
Furthermore, certain LPG pipeline replacement activities (LPG mains
replacement, re-instatement, trenchless technology, large diameter pipelines)
require knowledge, skills and experience that are possessed by very few

CORGI registered LPG installers, which exacerbates the problem.

Industry via UKLPG has submitted proposals to the ACS Scheme Committee

regarding the streamlining and simplification of the ACS Scheme.

There is a key difference between the requirement for CORGI registration of
natural gas and LPG installers. Mains and service layers working on natural
gas mains and services are not required to be registered with CORGI as the
work they undertake is outside the scope of the GSIUR Regulations.
However, because of the natural gas infrastructure, this work is within the

scope of the Pipelines Safety Regulations (PSR} [[1CL/ 04523-04545})

The following gas distribution (GD) qualifications, previously issued by the
Construction Industry Training Board (CITB), provide evidence of

competency for work covered by PSR:
«  GD 1 (act as mate only)

+ GD 2 (act as mate only)}
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85.

86.

87.

» (D 3 (assist in main laying operations)
o GD 4 (lay services up to and including 63 mm diameter)

« GD 5 (lay services and mains, any diameter).

The following qualifications were issued by operatives working for the former
British Gas and Transco and provided evidence of training, All operatives
who formerly held these qualifications now have to ensure that a new Energy
and Utility Skills Council (EUSC) registration card has been obtained for

these activities:

o PM 3 (pipes up to and including 180 mm)

e PM 4 (all sizes)

o PM 5 (gas distribution)

«  CGLI/CGLI1 Public Utilities Distribution (level 3) Competency based

« CGLI Gas Network Engineering Competency based.

EUSC implemented a new S/NVQ scheme to replace the GD training scheme.
Completion of level one Gas network operations allows an operative to be
registered as a gas distribution assistant. The level two qualification Gas
Network Operations - Service Laying is aimed at senior distribution
operatives employed as service laying team leaders and level two Gas
Network Operations —~ Main Laying is aimed at senior distribution operatives
employed as main laying team feaders. The key guidance documents that
these operatives are familiar with are IGE/TD/3| [ICL/ 05122-05268] |Steel
and PE pipelines for gas distribution and IGE/TD/4 PE and steel gas services
and service pipework [ICL/ 04963-05105]|

Engineers who install LPG distribution networks (mains and service
pipework) are required to be CORGI registered and possess ACS certificates
of competence. The normative documents for installing and testing the

pipework are LPGA Code of Practice 22 LPG Piping System Design and
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88.

89.

90.

Installation [[FCL/ 03027-03094Jand IGE/UP/1 Strength and tightness testing

and direct purging of industrial and commercial gas installations
[ICL/] (this refers to installation pipework not service pipework and is

therefore an incorrect document).

The installation of distribution networks is a highly skilled discipline and this
anomaly 1s confusing. For example, an operative could be installing a 90 mm
natural gas PE main on one day, would not need to be CORGI registered and
would work in accordance with IGE/TD/3 [ICL/05122-05268] pnd 1GE/TD/4
[[ICL/ 04963-05105]} The following day, the same operative may be installing

a 90 mm LPG PE main (which is exactly the same installation practice}, he
would be required to be CORGI registered and work in accordance with

LPGA COP 22|[ICL/ O3027-030941and IGE/UP/1.

In my opinion this is confusing and a shortage of required skills in the LPG
industry as skilled natural gas workers refuse to undertake LPG work due to
the complications and additional cost burden of CORGI registration and ACS
assessment. In August 2008, 1 chaired a meeting between Advantica, Calor,
IGEM and UKLPG. We discussed this issue and proposed a simplification of
standards whereby the normative document for LPG and natural gas mains
would be IGE/TD/3 (this requires the scope of TD/3 to be “widened’ to
include LPG), for LPG service pipework < 32mm would be UKLPG COP 22
and for service pipework > 32mm would be TD/4. To support this IGEM
would provide UKLPG with significant information from TD/4 to make COP
22 a more comprehensive document. Additionally IGEM would limit the
scope of LPG in TD/4 to pipes > 32mm in diameter. Conversely, UKLPG
would remove mains (in their entirety) and service pipework > 32mm from

the scope of COP 22|[ICL/ 03027-03094].

The rationale behind the 32 mm size is that this is a simple way of including
all domestic and small commercial premises (pubs, restaurants etc) within the

scope of a single document. Industrial premises and larger commercial
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91.

buildings would benefit from the additional guidance given in TD/4. | believe
that this s a very simple method of simplifying a complicated issue and

improving LPG installation practices through more comprehensive guidance.

[ was asked to comment on the merit of extending the scope of GSIUR

|{ICL/04473-04500| to include industrial applications. I believe this 1s a good

idea and preferable to altering PSR |{ICL/04523-04545]|, as it will mean gas

installation work in industrial applications will be carried out by competent
CORGI registered installers (the concept of CORGI registration is well
understand by both the LPG industry and SME's). GSIUR is generally
prescriptive in its requirements and this is something that the gas industry
tends to prefer. Gas engineers are used to working within this framework
because it is clearer for them to understand and complements their assessment
under ACS using the simplified approach to standards 1 refer to in paragraph

80 above.

Strength and Tightness Testing

92.

93.

94,

I was asked to comment on strength and tightness testing and whether
tightness testing 1s an appropriate method for determining the integrity of

LPG service pipework.

At the time the guidance was given by Maurice Coleville regarding the ICL
instatlation, a tightness test (correct term for leak test) was understood by the
LPG industry to be an appropriate method for determining the integrity of an

underground pipe.

Calor is now aware of research and historic information available from the
natural gas industry which suggests that the tightness testing of buried
pipework (on its own) does not provide a guarantee of its integrity. A
tightness test should be used in conjunction with other appropriate

methodologies to determine the overall suitability of the pipework for its
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9s.

96.

97.

98.

continued use (e.g. leakage survey, records, operating pressure, material of
construction etc). The HSE's current view is that buried pipework should be
excavated and inspected to determine its condition. This is often not feasible
as excavation on a live gas pipe is hazardous and would therefore increase the
risk of an incident occurring, In addition, this inspection and excavation
methodology is cost prohibitive and this reinforces Calor’s opinion that a

replacement strategy is the best option.

The definition given for a proof test in LPGA Code of Practice No. 22

[ICL7 03027- 03094] is “a pressure test to establish that the mechanical

integrity of pressure containing pipework, fittings and components meets the

required standard”. The definition of a strength test in IGE/TD/4 polyethylene
(PE) and steel gas services and service pipework is “a specific procedure to

verify that pipework meets the requirements for mechanical strength™

The definition for a leak test in LPGA Code of Practice No. 22[[ICL/ 03027- |

03054] 1s ““a pneumatic pressure test to ensure the gas tightness of pipework
fittings and components, may also be used to check the effectiveness of shut-
off devices”. The definition of a tightness test in IGE/TD/4
[[ICL/04963-05105]| is “a specific procedure to verify that pipework meets

requirements for gas tightness™.

A proof test is more correctly known as a strength test and is a pressure test to
determine the strength of a system following its construction and at other

times as deemed appropriate.

A leak test is more correctly known as a tightness test. GSIUR [[ICL/ 04473
04500]detail the legal requirements for tightness testing LPG installations.
Regulation 6 states: "Where a person carries out any work in relation to a
gas fitting which might affect the gas tightness of the gas installation he shall

immediately thereafier test the installation for gas tightness at least as far as
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the nearest valves upstream and downstream in the installation.” |WCL/
04479] Calor’s engineers and contractors are trained to follow these principles

at domestic, commercial and industrial installations.

I confirm that the contents of this statement are true.
Witness Signature:

Date:
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