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The Hinton Lecture, the premier annual lecture of The Royal Academy of Engineering, is named
after the late Lord Hinton of Bankside OM KBE FRS FEng, the first President of The Academy
which, on its formation in 1976, was known as The Fellowship of Engineering.

Lord Hinton was one of the 20" century’s most eminent engineers. Starting in engineering in 1917
as a sixteen-year old apprentice with the Great Western Railway at Swindon, Christopher Hinton
gained first class honours at Cambridge in the Mechanical Sciences Tripos, then worked for Brunner
Mond (later ICI), being seconded to the Ministry of Supply during the Second World War.

In 1946 he was appointed Deputy Controller of Production, Atomic Energy, and in 1954 Member
for Engineering and Production when the United Kingdom Atomic Energy Authority was formed.
His organisation was responsible for designing and building the factory at Springfields for extract-
ing uranium, for building Windscale with its production piles and complex chemical plants, the
diffusion plants at Capenhurst, the first industrial nuclear plan at Calder Hall and the fast breeder
reactor at Dounreay.

In 1957 Christopher Hinton became the first chairman of the newly-created Central Electricity
Generating Board. Following the conferment of a Life Peerage in 1965 he was an active member
of the House of Lords and a highly successful first Chancellor of the University of Bath. His
achievements throughout a long and distinguished career were recognised by honours and awards
from the nation, from countries overseas, from the engineering and scientific establishments and
from academia. He remained active in retirement until his death in 1983 at the age of 82.

During his retirement, as President of the Council of Engineering Institutions (CEI) from 1976,
Lord Hinton was involved in the final stages of the creation of The Fellowship of Engineering in
that year. Under the CEI Charter, its President was also the President of the newly-formed
Fellowship. Lord Hinton assumed that post with enthusiasm and energy, and over the next five
years was instrumental in developing The Fellowship’s activities and administration. One of the
activities was the introduction in 1977 of an annual Distinction Lecture which was given each year
until 1981 when it was renamed the Hinton Lecture in his honour, following his retirement as
President.
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John Armitt was appointed Chief Executive of Railtrack PLC on 14 December 2001. He has
extensive experience in the building, civil engineering and industrial construction markets, having
joined John Laing in 1966 as a civil engineer. From 1987 — 1993 he was Chairman (International
and Civil Engineering Divisions) for John Laing plc.

From 1993 to 1997 Mr Armitt was Chief Executive of Union Railways where he was responsible
for developing the Channel Tunnel Rail Link. In 1997 he joined the Costain Group plc, also as
Chief Executive, and is credited with rescuing the company.

He was awarded the CBE in 1996 for his contribution to the rail industry. He is a Fellow of The
Royal Academy of Engineering and of the Institution of Civil Engineers.
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Britain’s railways have gone through considerable upheaval in the last ten years but it is worth
remembering that it is not for the first time. To start, [ would like to briefly remind ourselves of the
past, as what seems new today is not necessarily that original.

The development of Britain’s rail network had helped to create, and then support, the phenomenal
industrial revolution of the 19" Century. The founding engineers, some such as George Stephenson
self-taught, others like Brunel educated sons of academic engineers, fuelled by speculative equity,
laid down track and developed engines in an orgy of raw energy.

Between 1820 and 1870, 15,000 route miles of track were thrown down and 100,000 tunnels,
major viaducts and bridges erected in a highly competitive environment. Whilst steam driven
construction plant was emerging, the vast bulk of the work was hand built by thousands of men
known as navigators or navvies whose industrial origins could be found in the building of the canal
system, itself now consigned to literal backwaters by the iron horse and the railway. The origins of
the separation of the engineer and the contractor came at this time as early engineers realised they
could not organise and finance the physical work, at the same time as their energies were required
to survey, design, obtain parliamentary consents and keep their financiers happy. Major contractors
such as William Brassey built corporate empires which did not always survive the major risks they
took on at home and overseas, building to tighter prices and more demanding programmes.

Finance and politics were central to the process. Fortunes were made and lost in a frenzy of
speculation. The engineers’ forecasts of the costs were like today’s, often underestimated, whilst
the demand and revenue forecasts were equally optimistic.

The railway had as many objectors as supporters and so politicians became engaged in lending
either their support or opposition. The first Act of Parliament permitting the building and operation
of a passenger railway was for the Stockton to Darlington in 1821. Thousands of separate Acts
were consequently passed, with 272 in 1846 alone.

The major lines were developed for the carriage of goods as much as for passengers, taking over
from the canals at a time when roads were useless for carrying the raw materials and finished
products of the revolution. The owners of the Midland Line, when building St Pancras station,
ensured that it utilised stone and bricks from the Midlands, thus earning revenue as they built their
fantastic station and hotel. The undercroft of the station was specifically laid out to ensure the
efficient storage of the beer barrels of the Trent Valley brewers.
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The network, 20,000 miles long and twice as long as the one we have today, was essentially
complete by 1920. A series of mergers and acquisitions between the numerous owners created
in 1923 the great railway companies of the interwar years. The Great Western, Southern, London
North Eastern Railway and London Midland and Scottish dominated. Each employed tens of
thousands of lowly paid workers within military style hierarchies. By the late 1930’s competition
from the road transport was real and some companies were beginning to face hard times.

In 1946 the Railway companies were nationalised into a single entity, their infrastructure exhausted
by wartime demand with minimal upkeep. There can be little doubt that fervent nationalisers did
not realise the demands the Railway would put on the Exchequer, nor did they realise the scale of
the infrastructure which needed more than an uncertain annual allowance to allow for a proper
maintenance and renewal programme. By 1964 reduced demand as motor car use expanded
meant that a review of real need was required. The result was Dr Beeching’s programme which
saw 5,000 miles of the network closed in 5 years along with 2,000 stations closed, and 250 train
services withdrawn.

In engineering terms the railway was changing. Electrification had first appeared on the
underground as early as 1890 (the City and South London Railway). Above ground on the mainline
railway the Southern had adopted the third rail 750 DC system in the 1920s, the prime motivation
being low running costs and greater efficiency.

Steam, however, held on to the intercity routes until the 1960s, replaced by a diesel building
programme over the decade from 1955.

Before the Second World War, work started on overhead electric schemes. The first - from
London Liverpool Street and Shenfield - was completed in 1948 at 1500V DC. In the 1950s the
overhead line was standardised on AC at 50 Hz and the early lines converted to 6.25 kV, the
maximum given small electrical clearances under bridges. As the Clean Air Acts reduced pollutants,
the lines were further uprated to 25 kV within the same clearances between 1976 and 1987.

Behind the scenes the real controllers of the railway have always been the signallers and their
control system.

The block system, whereby a train cannot enter a section of track until the preceding one has left
the section, has developed from tokens given to the driver on entry, handed over on exit, to flags,
to semaphore signals controlled by wires, to electrical control of lights. The principle of interlockings
whether by mechanical means or today by computer programmes creating the block or safe
routing to protect against collision has been consistent. When accidents do occur it is very rarely
due to system failure but human error overriding or ignoring the systems.

I end this introduction by bringing us to 1993 and privatisation. This privatisation was, however, not
simply a transfer of ownership from the state to private equity and debt but also for the first time
a separation of track from rolling stock with train access by commercial contract. Britain was not
in fact the first country to create this split. Sweden had created Banverket as infrastructure
controller but it was and still is, state owned. The arguments for and against separation continue.
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Traffic Management System (ERTMS), particularly on high speed lines and now mandated by a
European Interoperability Directive, full ATP is delivered over a longer period. This report is now
with the Department of Transport.

ERTMS is a signalling control system that enables the information to be displayed in the drivers
cab rather than on lineside posts and can take control from the driver if necessary. The system
can be implemented in several different ways potentially using radio. Trials are currently underway
in Europe. UK network implementation is currently costed at between £4 — £6bn. It will save 1
— 2 lives per year over TPWS but the same options will also enable better utilisation of network
capacity through improved signalling control.

Another important planned improvement to the rail network is to the communication system between
the driver and signal control. Today this is effected by a mixture of line side telephones and in-cab
radio systems. The in-cab systems are up to 18 years old and not all of them work in tunnels and
certain locations. We are currently introducing a scheme known as GSM-R which will provide a
new in-cab system capable of operating anywhere on the network. Target completion is 2006.
In addition, a new fixed telecoms network is being planned for completion in 2008 which will
replace the current life expired system. This has inevitably involved “do you own or lease”, “do
you utilise off track systems” choices. Our view is that we should have our own track side
system for these vital safety controls.

Major upgrades to the rail network are long term projects often attracting considerable publicity.

The Channel Tunnel Rail Link, West Coast Route Modernisation, Thameslink 2000, the East Coast
upgrade, Cross Country Route Modernisation represent billions of investment, with time frames in
construction up to 10 years and several years of prior engineering development.

In some cases improvements in rolling stock generate the need for infrastructure improvement.
Thus the replacement on the Southern region of the slam door trains will require at least £500m of
investment in improvements to power supplies to cope with the extra demand of high acceleration,
heavier, air conditioned new trains.

Cost and programme on major developments is significantly influenced by the nature of access to
the railway. Naturally train operators want maximum access for their services but unless long
term blockades are introduced, construction work is done on a piecemeal basis. Recent research,
however, indicates that perhaps passengers are more willing to accept major closures or preferably
diversions in return for more certainty once work is complete. The train operators, however,
remain nervous of the long term loss of passengers who switch to other transport modes.

Smaller enhancement schemes can often produce excellent operating improvements and looking
ahead there is a crucial balance to be struck between major, high profile, long term schemes and
achieving improvements through smaller quickly delivered schemes.

I have, on several occasions so far, referred to different aspects of safety on the railway and I
would now like to address that issue in rather more detail.
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There is no doubt that when people travel on trains their expectation of a safe journey is greater
than when driving, travelling by plane or even by ship. There may well be some simple explanations.
For example, we recognise our own and others driving errors. Subconsciously, many are still
puzzled by the ability of hundreds of tons to be raised in the air, whilst whenever we board a ship
we are reminded of life boat drill and often experience the full force and discomfort of the elements.

On trains we jump on at the last minute, there is no security control, little if any safety instruction,
we often stand up throughout the journey and accidents are rare.

So rare, in fact, that in the last 50 years less than 1000 people have died travelling on our railways.
In the same period, 250,000 have died on the roads. Some recent work on why people have died

in rail accidents shows that 80% has been due to operational rather than technical causes.

The principal causes of accidents are:

. Signals passed at danger

. Level crossing mis-use

. Irregular working

. Derailment due to infrastructure defects.

In seeking to prevent accidents we must identify the risks and then the ways to minimise those
risks. The minimisation of risk must be considered within a rational framework under the 1974
Health and Safety at Work Act. The approach in the UK is that risks should be reduced to ‘As
Low as Reasonably Practicable’ or ALARP, a concept initially developed for the Nuclear Industry.

Clearly we need a basis of reasonably practicable and tolerability.

Here you see a representation of Levels of Risk tolerability, which in turn we have applied to three
exposed groups. Employees, regular commuter passengers and other members of the public.
These levels of safety performance are expressed as individual risk of fatality as a result of
exposure to railway operations.

Levels of Risk Tolerability

Risk cannot be
justified on any

Intolerable grounds
As Low as Tolerable

Reasonably Only if risk reduction is
Practicable impracticable or if its cost is
(ALARP) Region grossly disproportionate to the

improvement gained

Broadly Negligible
Risk
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Individual Employee | Individual Passenger | Individual Public
(All trackside staff) | (Regular Commuter)
or public on railway

premises
Intolerable 1in 1,000/yr 1in 10,000/yr 1in 10,000/yr
Broadly
Acceptable 1in 1,000,000/yr 1in 1,000,000/yr 1in 1,000,000/yr

A key requirement of interpreting ALARP is applying an economic test. This test is defined as the
cost being grossly disproportionate to the improvement gained. If our objective is to reduce the
risk of death, then we must put a value on life or the level of investment appropriate to prevent a
fatality. This in personal terms is very difficult but a rational view is important and for the railways
we are currently using £13m. This compares with £1m for roads and £10m for the nuclear
industry. Thus the 1993 decision not to invest in ATP at a cost of £14m can be put in context.
These values are, of course, open to challenge and in the aftermath of a major accident, what has
been described as the outrage factor can push these values up exponentially.

TPWS, represents a cost of £5m per life saved, above the normal level but less than that which
could be called excessive or based on outrage.

Derailment and train collision can be catastrophic events.

Collisions can typically follow from unprotected signal failure. TPWS and ATP are designed to
stop trains in the overrun length before a collision can occur but there are other aspects of signal
design such as sight lines, luminosity and separation of lights which, carefully considered, can
reduce the risk of a driver missing a signal. Every time we have a signal passed at danger, or
SPAD, an investigation is carried out and where there is any possibility that it was a cause other
than by pure driver inattention, a review of the signal and appropriate modification is made.

Derailments are caused by a variety of failures. Typically broken rails, line obstructions, structural
or earthwork failures. Broken rails can, as I described earlier, follow from the recently recognised
phenomena of Gauge Corner Cracking or from impact loading due to wheel flats. We have
recently increased our own detection of train wheel defects and the consequent action by train
operators has co-incided with a drop in the number of rail breaks.

A good example of a lineside obstruction are Level Crossing Incidents. Apart from the fact that
nearly 10 people a year die in road vehicles from these incidents, the risk to passengers from
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derailment is considerable. We therefore have a risk assessment for every one of the 8,000 crossings
on the network, many of which, such as farm crossings, are user controlled. Continuous research
is undertaken to identify more effective ways of providing warnings, whilst the installation of
CCTYV and prosecution of those who misuse or jump crossings has resulted in reduced misuse at
those crossings.

When budgets are tight maintenance of our 65,000 structures is often the first area to suffer, whilst
every day several bridges will be struck by lorries and buses whose drivers ignore warnings or are
unaware of the height of their vehicles.

Earthworks failure has not been a major issue in the past but recent changing weather patterns
have caused deterioration to embankments, particularly in the south and west where they are most
likely to be of clay construction. We are currently increasing our expenditure forecasts to ensure
stability of these structures which can be up to 150 years old.

The engineering process flowing through policy, standards, inspection, execution and verification is
totally dependant on resources, particularly engineers. I have already referred to the shortage of
signalling engineers but the combination of split responsibilities, increasing expenditure on a long
neglected infrastructure and the need to reduce risk and improve quality has increased demand in
all areas. Engineers working on the railways are now recruited from around the world and at
Railtrack we have initiated conversion courses for engineers trained in other disciplines to become
track engineers. The first 30 are now at work.

It is inevitable that the network is not always wholly compliant with standards. This is dealt with
either by considered and permitted derogations or by placing restrictions, typically on the speed, on
operating trains. Temporary speed restrictions (TSR) of 20 mph were imposed across the network
in the immediate aftermath of the Hatfield incident. Today TSR numbers are still in excess of pre-
Hatfield levels. This is due to the continuation of gauge corner cracking, an increasing engineering
workload, risk aversion, the stricter application of standards, inadequate maintenance, or of course,
an increase in defects. The impact of TSRs on daily performance is high. Numerically, it represents
20% of the delay minutes attributed to Railtrck but indirectly reduces recovery capacity in the
event of other system failures and incidents. The identification of defects, which will lead to new
TSRs or the quick removal of applied TSRs, is therefore the highest priority, after direct safety,
work for our track engineers and contractors.

Within Railtrack we refer to Health Safety and Environment. So any presentation would be
incomplete without a description of the key environmental issues for Railtrack.

The key drivers for our Environmental policy are EU and UK Transport Policy, Environmental
Regulation and Directives, Government taxation policy, Government Targets e.g. CO, emissions
and Directions and Guidance we receive from the SRA.

The major environmental issues for us are: operational noise, construction noise, discarded materials,
contaminated land, fuel storage, used ballast, surface water drainage, protected sites, graffiti and
lineside vegetation. The key risks for us likely to lead to prosecution today are contaminated land
and noise.
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Contaminated land exists in may rail depots as the result of a 100 years of activity. Today the
management of diesel and oil storage and distribution in the depots is a key issue. This year we
have had 45 recorded spills.

An increasing risk for the railway industry isnoise. A new European Noise Directive will potentially
lead to significant cost. The primary source of noise, is the wheel rail interface. If it cannot be
resolved at source then the alterative is a noise barrier as close to the line as is practicable. The
first task is to understand current noise levels and we will shortly be starting a major noise mapping
exercise.

On the positive side, Railtrack recycles ballast, rail and sleepers. We manage 330 sites of special
scientific interest, whilst the growing use of rail reflects either a real reduction, or at least reduced
growth, of road journeys and CO, emissions.

Finally, I would like to return to the organisational structure and contractual arrangements for
operating and maintaining the railway.

One element of privatisation was the sale of the maintenance and engineering organisations within
British Rail, typically to UK construction companies. British Rail’s design engineering capability
infrastructure was also sold leaving Railtrack with a core resource. In numerical terms 20,000
people had been transferred out of BR’s engineering capability and Railtrack retained 500.

The result is that Railtrack, in order to met its obligations to provide the infrastructure to the Train
Operators has to buy in engineering and construction services.

Railtrack, however, retained the actual operation of the network. Today, of the 13,000 people in
the company, 6,500 are responsible for the signalling operation and control, electrical control centres
and communication control of the network. Whilst the majority of the stations are manned by the
Train Operators, Railtrack manages the largest 16. The network timetable is created by Railtrack,
modified according to demand and reissued every six months as the current Winter or Summer
timetable.

Railtrack itself consists of a centre based at Euston and six regional units called Zones. The
centre sets engineering policy standards and operating procedures and oversees procurement of
all services.

The infrastructure is maintained, renewed or enhanced through a series of contracts between the
Company and external consultants and contractors managed directly by the Zones.

The maintenance contracts today are typically let for five years and the contractor, having been
set standards to be achieved by Railtrack, inspects the Railway, decides on an annual programme
of work which is agreed with Railtrack, plans and executes the work and ensures it is carried out
to the required standard. Separate contracts are let for renewal or enhancement of the network.

Hundreds of separate work packages are carried out every day by 20 major contractors with most
of the materials and construction plant being delivered to location by rail. In order to bring some
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order to this major logistical exercise, Railtrack operates a National Control Centre which, contracting
with the freight train operators and suppliers of bulk materials, ensures that materials and plant are
in the right place at the right time.

Following the Hatfield accident, concern was expressed both by Railtrack and its various

stakeholders as to whether Railtrack had sufficient control of the engineering works carried out on

the network. The result was a restatement of Engineering Policy, set out in these principles :-

* set detailed engineering policies, specifications and key work instructions for maintenance,
renewal and enhancements

* specify the technical competence required to work on the infrastructure

e directly control examination of the network and automate it where possible

* take charge of asset information including current condition data and infrastructure records

* make or control work decisions and prioritisation.

In support of these principles, we are now reviewing and revising the relationship with our
Maintenance contractors. In future, Railtrack will set out in more detail the inspection regime to
be followed and specify the competences required of the individuals carrying out inspection.
Railtrack will interpret the results and determine the work to be carried out on the network by the
contractors and it will take a more intrusive role in the verification of the work.

This is a significant shift of risk and responsibility from the contractors to Railtrack and we are
engaged in agreeing the detail of the contracts, the necessary shift of engineering personnel and
adjustments to the safety case for each maintenance area. There have been calls for all maintenance
to be carried out directly by Railtrack. This would be a massive change and one we do not intend
to pursue. The majority of Railtrack expenditure is spent on maintenance and construction and
whilst we believe we should make the key engineering decisions that ensure the safety and
sustainability of the infrastructure, the physical work should be organised and managed by
contractors who have the necessary skills and resources. This is no different from the oil industry
and other utility suppliers such as water, gas and electricity. Looking forward, working with our
contractors, we have to improve efficiency and productivity in all aspects of the maintenance
process. We have already started by reviewing our approach to possessions management and
control. Possessions are booked months in advance but last minute changes, cancellations of
work and too much time spent setting up and demobilising work all serve to reduce planned access
to the network.

Looking forward, there is much to be done to achieve a stable sustainable network, but I believe
we could be in that position in 3 to 5 years time. Future expansion and enhancement of the
network will be strategic decisions for the SRA.  The last five years have witnessed a 30%
increase in passenger miles travelled with a growth in freight of nearer to 50%. The Government
has set a target of a 50% increase from the year 2000 by 2010 together with an 80% increase in
freight tonnes carried. The further pressure on the infrastructure is obvious. With the increasing
expenditure on maintenance and renewal, the funding of major enhancements will be difficult and
the intention is to turn to privately funded Special Purpose Vehicles. SPVs will entail considerable
risk which I believe will ultimately involve Government. The railway, past and present, has always
required tough decisions, they will continue to need to be made but with the new sense of direction
and control at the SRA, I am confident that with flexibility and pragmatism by everyone in the
industry, we can engineer and deliver a safe, reliable railway for the next 100 years.
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