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Forewords
Introduction from Abfly
ABFLY is pleased to introduce this study, which is the culmination of several year's campaigning for
improvements and a more frequent service on the Abbey line. This study, the first part of which was
financed by our group with a crowd funding campaign along with support from local councillors from
their locality budgets, provides a workable and cost-effective solution which would enable an
enhanced half-hourly frequency train service to be operated on the line.
The Abbey line fulfils an important link between St Albans and Watford and is currently an underused
asset; the chronic road traffic congestion in the area for much of the day demands that solutions be
found sooner rather than later, and this study is key to meeting that.
The study provides details of the costs, operational and revenue implications of the increased train
service, highlighting the potential of how it might be funded by third-parties such as developers, and
also suggests some economical ways of operating the service on the line without affecting the
passenger experience to help sustainability. The relatively-simple infrastructure intervention
recommended for the line would transform the current service provision, and make the service much
more attractive to both current and potential users at a fraction of the cost of road based
improvements, plus would also be environmentally better.
We are grateful to the Abbey Line CRP and ACoRP for their financial assistance on the second part of
this study and to The Railway Consultancy for working so constructively and generously with us on this
important and valuable report.

Foreword from the Chairman of the Abbey Line Community Rail Partnership,
County Councillor Derek Ashley
I welcome this report as a major contribution to the case for developing the Abbey Rail Line to serve
the growing population that live and work along the congested St Albans - Watford corridor.
It complements the work done by Hertfordshire County Council. Major housing developments are
planned for this part of the county and the impacts are likely to be significant, with traffic congestion
predicted to increase further. The recently-adopted Local Transport Plan sets out the County Council’s
long-term transport strategy and provides a framework to guide all our future transport planning and
investment. The improvement of services on the Abbey Line provides one of the important stepping
stones to address the transport needs of current and future generations and this study fits perfectly
with the listed aspirations of the County Council and of the Abbey Line Community Rail Partnership.
The Community Rail Partnership were pleased to support this study. It will, no doubt, provide a firm
foundation for future discussions with our partnership members – the Train Operating Company, local
Councils and their elected representatives, Network Rail and the Department for Transport.

Derrick Ashley
Chairman of the Abbey Line Community Rail Partnership
Hertfordshire County Councillor
Executive Member, Growth, Infrastructure, Planning and the Economy
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Foreword from the Association of Community Rail Partnerships (ACoRP)
ACoRP are pleased to have been able to support this study through funding from the DfT's Designated
Community Rail Development Fund. Community rail is all about ensuring communities get the most
from their railways and this work aligns with ACoRP's aims of seeing a rail network which promotes
sustainable and healthy rail travel, develops social and economic links and engages the local
communities' voice in railway development to meets their needs and deliver social benefit.

Paul Webster
Operations Manager ACoRP

Foreword from the Elected Mayor of Watford
Watford Borough Council, as an active member of the Abbey Line Community Rail Partnership,
welcomes this report setting out the case for investing in improving train services along this line. The
Abbey Line is such an important route for many people who travel to and from Watford. Since I was
elected, I have been working to try to improve our public transport to ease congestion on our roads.
A more frequent, reliable train service will be essential to the successful implementation of those
plans.

Peter Taylor
Elected Mayor, Watford Borough Council

Foreword from the Leader of St Albans City Council:
I am delighted to be able to support this study which has now been published. As we progress the St
Albans Local Plan there is a strong need for additional transport capacity and infrastructure other than
roads to support economic development. We now have something in place to discuss and progress
for current and future generations

Alec Campbell
Leader, St Albans City Council
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Executive Summary
After infrastructure simplification by British Rail, the ‘Abbey line’ between Watford Jc and St Albans
Abbey has been limited for many years to a 45-minute frequency service, but this is sub-optimal for a
railway operating in a largely-urban environment, and various suggestions have been made to
overcome this. This report details work carried out to assess the technical and economic feasibility of
installing a low-cost passing loop along the line, to enable the service to be improved to half-hourly.
The project has been a collaborative effort, and the Railway Consultancy wishes to thank Abfly, ACoRP
and local authorities for their support.
The context for renewed interest in improving the line is that, in addition to background rail demand
growth, specific and substantial local developments are expected near the line, both near Watford
Junction station and on the Radlett aerodrome site. Rail improvements also fit in to wider planning
and transport policy objectives.
Our analysis identified Bricket Wood as the best location for a passing loop. In order to minimise costs,
lengthening the existing platform there, to achieve a solution pioneered at Penryn in Cornwall,
appears promising. We have developed a technical solution (“option E”) which minimises signalling
costs, subject to some operational constraints, and an increase in journey times of 3 minutes for
passing trains. There is an 80% probability of the capital costs of this option being <£8.6m.
The major scheme benefit is in the reduction in passenger waiting times. Construction of a demand
model covering the local area and 10 representative traffic sources/destinations elsewhere enabled
us to estimate the value of this benefit, once the model had been calibrated on existing conditions,
and demand growth from both background trends and the local developments added.
The increases in demand, revenue and time savings resulting from the passing loop were compared
against the costs of achieving this. As well as the capital costs, significant operating costs are also
incurred, notably in extra traincrew and trainsets. Scheme appraisal showed that the value of the
scheme benefits was sufficient to compensate for the capital expenditure, but not the operating costs.
A two-pronged strategy is recommended to address this issue, by seeking ways of reducing the
operating costs, and other sources of funding income. Particularly promising for the latter are
potential development gain monies from a large local housing development at Radlett Aerodrome.
However, the status of this passing loop project needs to compared to other local transport ideas, also
designed to address the worsening transport problems of the area. Our quantification of costs and
benefits associated with a proposed passing loop at Bricket Wood should enable this possibility to be
considered appropriately against other, larger and thus-far less-enumerated suggestions, be those for
road improvements of the development of a guided bus system. The feasibility study reported here
also provides the evidence base on which to implement the passing loop improvement in a rather
shorter timescale than many of the other options, so we recommend it for due consideration.
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1
1.1

Introduction
Background

The Watford – St Albans Abbey line survived the Beeching cuts of the 1960s and has operated at
minimal cost ever since. Infrastructure rationalisation effectively reduced the line to a 6 ½-mile-long
siding; there are no points or signals except at Watford Junction, and the only operational equipment
is related to the level crossing at Watford North. The time taken for a journey along the line (c. 16
minutes) unfortunately means that it is not possible to provide a half-hourly servce, which might be
seen to be the minimum appropriate in a largely-urbanised area. Instead, the frequency generally
offered is every 45 minutes, this fitting in with a round-trip time which includes a few minutes’
recovery time. Nevertheless, this does not mesh well with any of the services with which one might
connect at Watford Junction, either for trips to/from London or points North.
About a decade ago, considerable thought was given to converting the line into tram operation, a
suggestion which would also have had the benefits of enabling extensions from both ends of the route
into the town/city centres of Watford and St Albans respectively. However, the costs which would be
incurred in the conversion, plus the costs of a stand-alone operation, were deemed too great for this
suggestion to be taken forward (although the actual values of those costs have been difficult to obtain
by the public).
The line has enjoyed considerable local support over the years; an Abbey Station Action Group was
founded in 1989, and morphed into ‘Abfly’ in 1995. The Abbey Line Community Rail Partnership was
one of the original CRPs designated by the Department for Transport in 1995. Hertfordshire County
Council has also been supportive, not least in financial contributions to the CRP, and encouragement
to the train operators.
Since rail privatisation in 1995, the Abbey line has been part of franchises concentrating on outersuburban traffic on the West Coast Main Line. This is a mixed blessing, since these have typically been
focussed on that other traffic (e.g. Northampton/Milton Keynes – London, which is far more important
commercially), and have been managed distantly (e.g. from Birmingham). Nevertheless, a range of
improvements have come about, including the provision of ticket machines at all stations, and a ramp
at St Albans Abbey making the station less inaccessible for the mobility-impaired. However, these
improvements (whilst welcome) do not address the key issue of poor train service frequency.
The Railway Consultancy has been significantly involved with the line since 2006, not least in
organising a 7-year programme of passenger counts and surveys. During that period, broadly in
keeping with rail traffic nationally, demand increased by c. 25% (even though there was little, if any,
improvement in the service on the line). RCL was therefore pleased to be invited to undertake a
feasibility study into the potential for infrastructure works to enable a more frequent service to be
operated.
This high-level study for Abfly has been financially-supported by the Abbey Line CRP and ACoRP
(through a DfT grant).

1.2

The Location

In order to provide a more frequent service (ideally, regular at half-hourly intervals), it is logical to look
for a location about half-way along the line section being investigated.
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F IGURE 1: ABBEY LINE STATIONS

At present, trains spend slightly longer at the Watford Junction end (typically 8 minutes) than the St
Albans Abbey end (typically 5 minutes), which makes some sense because other operational activities
may be required (for instance, it is where traincrew are swopped over, when appropriate). This might
make a slight difference to the optimum location where trains pass. However, if train services are to
run half-hourly, locations for trains to pass are likely to be in the Garston – Bricket Wood area.
Nevertheless, it should be acknowledged that one of the problems with designing infrastructure
around a particular train service is that it may be unhelpful for other service patterns.

F IGURE 2: GARSTON STATION , LOOKING NORTH TOWARDS BRICKET W OOD
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2

The Strategic Case for Intervention

This section describes the context of the line and its rail passengers, and the fundamental reasons why
improving train service frequency addresses key issues and therefore could be worthwhile.

2.1

Inadequate Train Service Frequency and Variable Timings

The main objective of the investment options considered here is to increase passenger demand and
revenue by increasing train service frequency from its currently-unattractive 45-minute intervals. We
should point out that the impacts of lower service frequencies are greater for short-distance journeys,
of which waiting for trains forms a greater proportion. The economic theory of generalised cost, on
which transport planning is based, reflects changes in their proportionate (not absolute) context.
Competition against car (where waiting times are effectively zero) is certainly important in this
corridor, even though the parallel road (the A412/A405/B4630) suffers from traffic congestion).

2.2

Support for Transport Policy Objectives

The Abbey line is recognised by local authorities as an important element of the transport network in
South West Hertfordshire (SWH), as it provides both a useful transport link and also supports a range
of development opportunities. As a consequence, improvements to it are a key part of the Transport
Planning package for the whole SWH area (see Figure 2).

F IGURE 3: S OUTH WEST HERTFORDSHIRE PACKAGE 4: ST A LBANS – WATFORD C ORRIDOR
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A particular element of interest in package 4, which summarises aspirations for the St Albans –
Watford corridor, is the construction of a park & ride facility in the Cottonmill/Park Street area (policy
SM13). This could provide easy access for motorists into St Albans, as it lies very close to the A414
strategic road. Whilst it might be built as a separate station, this would lead to several stations being
very close together (How Wood, Park Street and Cottonmill) and so other options necessarily include
double-ending Park Street to provide access at the Cottonmill end, or moving Park Street a few
hundred metres Northwards, to be more convenient for park & ride purposes.

2.3

Support for Housing and other Economic Growth in the Corridor

The Abbey line is also important in supporting the locations required to deliver the housing and other
development growth needed within local plans. A number of sites are worth mentioning, as likely to
contribute significantly to potential demand for rail services on the line.
First, a very large number (2300) of new dwellings are expected to be located on the old Radlett
Aerodrome site, and named Park Street Garden Village. Based East of Frogmore, many of these will
be conveniently-located for How Wood station, from which a footpath/cycleway is expected to lead
directly into the centre of the development.
Secondly, Watford Borough Council has put together a Master Plan for redeveloping the area around
Watford Junction station as a high-density hub, supported by the rail services in various directions.
Buildings of up to 14 storeys are envisaged, decreasing in height as one moves away from the station.
Some developments are rebuilds of existing buildings, whilst others are new; several already have
planning permission or are even under construction. Development includes land on both sides of the
Abbey line (i.e. both on the current concrete works site, to the South, as well as towards St Albans
Road, to the North). As well as residential units, new office space of well over 10,000m 2 is also
expected. In total, this will completely transform the nature of Watford Junction station, and how it is
used, as can be seen from the 3d model view of the Masterplan, shown as Figures 4 & 5.

F IGURE 4: WATFORD JUNCTION A REA: 3D M ODEL V IEW FROM SOUTH -EAST
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F IGURE 5: WATFORD JUNCTION A REA: TYPE OF DEVELOPMENT PROPOSED

Developments at a number of other sites relevant to the line included within the summary in the Table
below. The importance of these is that the vast majority of these developments are within easy
walking distances of stations, giving rail a potential edge over other modes of transport.
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Location

Dwellings

Radlett Aerodrome (Park Street/How Wood)
Hanstead House (former HSBC Training Centre) (Bricket Wood)
Farriers Wood, Bucknalls Lane (2018) (Garston/Bricket Wood)
Total residential units (St Albans City Council area)
Clarendon House 33 Bridle Path
149 St Albans Road
Caledonian House, 39 St Albans Road
16-18 St Albans Road
37-39 Clarendon Road
94-98 St Albans Road
Watford Junction Network Rail/Concrete works sites
Total residential units (Watford Junction plan area)

2,300
138
55
2,493
41
146
93
90
154
1,100
2,500
4,124

Econ. Active
Population
3,450
207
83
3740
41
146
93
90
154
1,100
2,500

T ABLE 1: NEW HOUSING BEING D EVELOPED AROUND THE ABBEY L INE
Source: first two columns: Abfly; column 3 RCL estimates, assuming that half the population are economicallyactive, and that Watford-area developments are in flats containing 2 people, and the rest in houses containing
3 people

2.4

Ability to use innovation and other contractors for project delivery

Network Rail has historically been relatively expensive in its project delivery, but there has been recent
eagerness by Government and others to enable some rail infrastructure works to be undertaken by
third parties, the creation of a separate East-West Rail Company to deliver the Oxford – Cambridge
scheme being a particular case in point. Previous examples of privately-funded infrastructure (e.g.
Warwick Parkway station and Evergreen 1 projects) have been seen to be reasonably successful – and
to have provided comparable, if not cheaper, costs. There may also be potential for innovation on this
line (which is largely separate from the main national rail network), which might not be realised if
Network Rail adopted its normal policies and standards.

2.5

Summary

The catchment area of the Watford – St Albans area which the Abbey line serves is over 200,000
people. Committed and planned developments are expected to increase the numbers of both
residential population and employees in the coming years, for which the current train service is illequipped to serve.
Barriers to increasing rail use include:
1. Difficulties in accessing stations;
2. Poor facilities at stations;
3. Shortcomings of the train service; and
4. Problems in getting from the terminating station to the final destination.
The purpose of this study is to develop solutions to address the third of these barriers, recognising
that attention to the other three has been at the heart of work by Abfly and the Community Rail
Partnership over the last decade or so.
The case for intervention has got stronger over the years, as the base level of demand has increased.
The expected (revenue, time saving and wider economic) benefits are therefore higher than they
would have been, at previous times when investment in this line was considered. Rail demand is
expected to continue to grow in general, but there are various reasons why stronger growth is
expected in this corridor.
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3

Preliminary optioneering

3.1

Design objectives

The high-level design objectives we have sought to achieve in the development of a solution are as
follows:
•
•
•
•

3.2

Provide infrastructure that will enable service frequency to be doubled whilst ensuring
operational robustness and efficiency
Maximise the cost-efficiency of any new solution
Ensure that new facilities are compliant with current accessibility guidance from the
Department for Transport (DfT)
Avoid any land take that might trigger expensive and lengthy planning procedures such as a
Development Consent Order or Transport and Works Act Order

Option A: Dynamic passing loop between Garston and Bricket Wood

A dynamic passing loop is a long length of parallel track enabling both trains to pass at speed – ideally
without slowing down. This is (in theory) a very efficient way of increasing the frequency of the service
but it is dependent on accurate timekeeping for both trains as a delay for one train can immediately
impact on the other.
The length of a dynamic loop is dependent on how much timetable resilience is needed – which may
not be much on a closed-system like this, but if trains are significantly delayed, there can be substantial
delays to passengers on a train sitting in a loop waiting for the other train to pass. Factors that dictate
the length of the loop include the line speed, the signalling system and overlap lengths, and level of
timetabling tolerance required.
A train travelling at 50mph (the local line speed) covers about 22m per second. The closing speed of
two trains in opposite directions is therefore about 44m per second. In order to provide a 30-second
tolerance, this implies a loop length of 1.3km – in addition to that required for trains to enter the loop
and for signalling to have proved them clear of the previous signalling section with enough time to
avoid each train slowing down.
In effect, most of the section between Garston and Bricket Wood would need to be double-tracked
and the presence of overbridges such as the M1 could limit the available length to about 1.5km. All
the Overhead Line Electrification (OLE) would need to be reconstructed because the existing cantilever
supports are where the second track bed would need to be.
On this high-level basis, we concluded that this option was probably theoretically possible but likely
to be disproportionally expensive and likely to introduce an operational constraint that would be very
intolerant of variances in the train timings.

3.3

Option B: Passing loop at Garston

A static passing loop at Garston was considered in the desktop study because it is closer to the
timetabled half way point and would therefore reduce impact on operational flexibility.
From the desktop study we determined that:
•

It was likely to be difficult to construct a second track and platform within the Network Rail
(NR) boundary)
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•
•

•
•

A passing loop would be slightly hemmed in by the single-track underbridge over the Gossamers
A potential underpass access to Fourth Avenue would unlock access for a lot of pedestrians
from the West who otherwise have a much longer walk. This could be worth doing even if the
passing loop is not located here
The same underpass would avoid the cost of a bridge and could probably be fairly easily be
constructed in a long weekend
There would be no real vehicular access possible (as now), and while this can be a positive thing,
it does disadvantage PRMs

Although the underpass idea was attractive in principle, as was the potential to unlock more of the
housing to the West of the railway, the probable difficulty of constructing a second platform and
passing loop in this location meant that it was unlikely to be fruitful to continue pursuing this option.
Although we were not able to visit Garston station for a site visit as part of this current work, we have
been there before, and were again able to view the location from the train window. These initial views
suggest that space is very limited for a platform, and that the ground levels relative to the track were
not as low as expected, effectively ruling out an underpass.

3.4

Option C: Static passing loop immediately south of Bricket Wood station

A static passing loop immediately to the south of Bricket Wood station would avoid the cost of a
second platform and associated bridge works, making it less expensive than an in-station option.
Trains to St Albans Abbey would wait in the loop for the London-bound service to depart the Bricket
Wood station.
However, it would incur the same track, signalling and electrification costs as an in-station option and
would add generalised journey time cost implications for every northbound journey.
From a passenger experience perspective, it would be very frustrating for passengers to be on a train
that waited short of Bricket Wood to allow the Watford Junction-bound train to pass before pulling in
to stop at the station.
Therefore, although this option would probably be cheaper than others, we considered that the
passenger experience would significantly detract from the benefits and decided not to pursue it
further.

3.5

Option D: Passing loop with two platforms at Bricket Wood

The option to provide a static passing loop at Bricket Wood is potentially attractive because:
•
•
•

There appears to be sufficient space for the northbound platform
It is close to the route midpoint by distance, so would have a reasonably low impact on the
timetable
There is an existing public footbridge to the north of the station which might be repurposed as
the station footbridge. It could potentially be connected to the platforms by ramps (which
would require a continuation of the current open platform policy, so no problem expected
there)

Some initial photographs and videos helpfully provided by Abfly indicated that:
•

The existing footbridge is in poor condition and was perhaps originally designed for two tracks,
but the current alignment goes through the middle to give headroom for the overhead line
electrification
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•

The public footpath between Station Road and Black Boy Wood road looked too steep
approaching the footbridge on each side to meet DfT accessibility requirements

The working proposition therefore was to offset the Northbound platform slightly to the South, so the
two tracks can merge into one under the footbridge. If necessary, the footbridge may have to be
reconstructed (re-using the existing abutments) to enable PRM access.

3.6

Option E: Static passing loop with one platform at Bricket Wood

Following discussion at the Abbey Flyers Community Rail Partnership meeting on 29 May 2018, we
investigated further a hybrid between options C and D which is similar to an arrangement used at
Penryn in Cornwall. In order to illustrate how the principle might be applied at Bricket Wood, we have
developed the schematic drawing in Error! Reference source not found.
In this option, a Southbound train would arrive at the new extended platform first, and would be
proved to have stopped before the Northbound train could approach the junction at the southern end
of the station. The Northbound train would then pass the Southbound train in the new loop, and draw
forward, stopping in the existing part of the platform which is now only for Northbound services. As
soon as the Northbound train is in the loop and the single line section to Watford Junction is cleared,
the Southbound train may then depart. The Northbound train is able to continue through the loop
and stop at the Northern part of the platform and continue North when it wishes to.

Platform extended
north for trains to
St Alban’s Abbey

To St Albans Abbey

Platform extended south
for trains to Watford

Station car park

New
shelter

To Black Boy
Wood road

Public footpath

To Watford Junction

‘No access’ area
of platform

NOT TO SCALE

To Station Road

F IGURE 6: PASSING LOOP WITH SINGLE PLATFORM AT BRICKET WOOD

This is a very neat solution that avoids the cost of a footbridge. But it also has a similar operational
constraint to Option C in that, if the Southbound train is running late, the Northbound train will have
to wait in the loop until the route ahead is clear. However, unlike Option C, the undesirable feature
of Northbound services stopping in the loop and then in the station does not take place under normal
operations.

3.7

Selection of solutions for development

It is important to understand the manner in which the proposed solution has become the
recommended one. In some cases of scheme development, various options may be considered until
relatively late in the project, with each having advantages and disadvantages, as shown in the diagram
below.
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F IGURE 7: OPTION SELECTION PROCESS

However, in this case, three of the options had features which contravened the initial requirements.
The dynamic passing loop (Option A) seems viable, but expensive and operationally limiting. The
passing loop at Garston (Option B) seems unlikely to be viable, and inaccessible to vehicular access.
The static passing loop south of Bricket Wood (Option C) seemed cheap but likely to result in a very
unsatisfactory customer experience. Since these options are unlikely to meet the project objectives,
they have not been pursued further.
The passing loop with two platforms at Bricket Wood (Option D) achieves the objectives and provides
the best operational solution. The hybrid single platform loop (option E) similarly meets the objectives,
avoids footbridge costs and can be operationally efficient if trains run to time. The trade-off for these
two options is between capital cost and relative benefits.
We have therefore developed both options D and E to a similar level so that this trade-off can be
better understood.
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4

Option D: Design commentary

4.1 Design proposals
4.1.1 Overview
NOT TO SCALE
To Black Boy Wood road
New (northbound)
platform

New shelter

Station car park
New access
path
To Station Road

F IGURE 8: S CHEMATIC OF TWO -PLATFORM BRICKET WOOD SOLUTION

This option includes a passing loop on the West side of the track at Bricket Wood station as shown in
Figures 8 and 9. In this location, we have included a 2.5m-wide platform suitable for a four-car length
train, accessed via ramps that connect to the existing brick overbridge. A small shelter on the new
platform will provide protection from the elements for waiting passengers.

F IGURE 9: AERIAL MAP LAYOUT OF TWO -PLATFORM BRICKET WOOD SOLUTION

4.1.2 The access ramps
The new platform on the west side would be accessed via a ramped path on an embankment or
retained earth structure that connects to the existing brick overbridge. We would anticipate that the
fill for the embankment would be taken from the existing material that would be otherwise removed
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To St Albans Abbey

To Watford Junction

Break in track
section

New access
path

Public footpath

Second train
(empty coaching
stock moves only)

to make way for the platform. We gleaned from a recent Community Rail Partnership meeting that
the current mound of vegetation hides the original platform that might be refurbished. This will
reduce costs of movement and disposal. There are a range of possible embankment construction
options here that are similar in cost, ranging from gabion walls to geogrid retained earth structures.
On the east side, a new metal ramp structure would be provided to give access to the existing
platform. The metal ramp structure would be required here because of the lack of space available to
construct an embankment.
Given the proximity of the ramps to local housing, we would expect the ramps to include privacy
fencing on the side nearest the railway’s neighbours.
Both the new ramps (and the connection over the existing bridge) would comply with Department for
Transport (DfT) guidance1 on gradients for Persons of Restricted Mobility (PRMs) so that PRMs can
access both platforms satisfactorily.

F IGURE 10: PUBLIC FOOTPATH LEVELS AND GRADIENTS

We had looked at the possibility that the connecting public footpath from Station Road to Black Boy
Wood might be amended as part of this work (though perhaps separately funded) to meet accessibility
standards and hence provide better access to the railway. Our site visit showed us that the existing
gradients are so steep (see Error! Reference source not found.) that this would be a considerable
undertaking involving new structures and a level of expenditure that would be difficult to justify.
Our proposal is therefore to connect the path/ramp to the public footpath either side of the existing
footbridge, and blend the vertical alignment of the path to a gradient consistent with the existing
gradients on each respective side so that, ideally, it is no worse than existing.

4.1.3

The platform

The location of the new platform is driven by two important constraints. The first is the existing
footbridge at the north end of the station; the second is the introduction of signalling. These are
described below.

1

https://www.gov.uk/government/publications/accessible-railway-stations-design-standards
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F IGURE 11: MASONRY ARCH FOOTBRIDGE TO THE NORTH OF BRICKET WOOD STATION

Although the masonry arch footbridge shown in Error! Reference source not found. was probably
built for two tracks originally, the existing track is aligned fairly centrally through the arch to enable
the Overhead Line Electrification (OLE) to pass beneath the structure. This approach is often taken
where headroom is limited, in order to avoid incurring bridge reconstruction costs when electrification
is introduced. The existing platform has been positioned to meet the track in this location, and
therefore it is impractical to move the track to allow a second track through again.
The introduction of signalling is necessary because two trains are working on the same route and must
be protected from each other. This means that there is a minimum distance of 20m from the train
stop point on the platform to the signal, and then a 60m overlap which would allow trains that pass
the signal in error to be automatically stopped before they reach the Fouling Point where they might
conflict with a train coming the other way. The distance between the Fouling point and the switch tips
of the turnout is about 45m.
When these two issues are combined, the effect is that the Northern turnout can only be started
where the footbridge is, and the length of the various distances results in the platform being located
just over 120m from the footbridge. This is slightly further than the 100m needed for the ramp length.

4.1.4 The passing loop
The passing loop is approximately 360m long and is intended to allow for two 4-car train sets to be
brought in (as an Empty Coaching Stock (ECS) move) before being split at Bricket Wood at the start of
the day. Similarly, the two trains on the route will be joined at Bricket Wood at the end of the day.
This unusual arrangement is driven by the desire to minimise signalling costs.
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The signalling and operational strategy proposed is complex in order to avoid the costs of extending
the existing controlled signalling network up to Bricket Wood. This is because an extension of the
existing network would require several miles worth of cabling works, but also the modification of the
control room with possible implications on staff workloads; this can, in some instances, trigger
additional staffing requirements. Although the precise impacts of extending the existing signalling are
not currently known or investigated, it is our experience, and that of our specialist signalling
subcontractor, Kilborn Consulting Ltd, that such amendments invariably unlock a cascade of effects
that rapidly increase the cost of the project out of all proportion.
We have therefore proposed an approach that retains the existing token-operated track operations,
but creates an automatically controlled signalling ‘island’, thus avoiding extensive cabling or impact
on the signaller’s workload. However, it does result in new operational procedures and the need to
extend the passing loop to accommodate a double-length train to be split or joined in the passing
loop. Further explanation of the signalling approach is contained in Appendix 0.
It is our view that cost of the extra length of passing loop is likely to be less than the signalling costs
which would form part of a more conventional signalling extension scheme.

4.2 Design assumptions and constraints
The following have been used as key assumptions or constraints in the design development.
Substantial changes to these assumptions may result in the amendment of the design solution.
Assumption or constraint
Maximum train length

Value
4

Unit
Cars

Train car length

20

m

Max speed over turnouts
Total length required for two trains to split
and join
Signal stand back
Signalling overlap

25
170

mph
m

20
60

m
m

Basis
Discussion with The Railway
Consultancy ref email 26 Feb 18
Discussion with The Railway
Consultancy ref email 26 Feb 18
Based on RT60C data
NR/L2/TRK/2049 A.8.14
Standard preferred distance
Standard distance for 25mph speed
(based on advice from Kilborn
Consulting Ltd)

T ABLE 2: NUMERICAL DESIGN ASSUMPTIONS AND CONSTRAINTS

There are also the following non-numerical assumptions or constraints that have proved important
in the design development:
•

•

•

Assumed that the footbridge at Bricket Wood will remain in situ: Ownership and maintenance
plans unknown. However, it was noted on the site visit that fractures indicate historical distress
suggesting differential settlement (see Error! Reference source not found.).
Assumed that clearance under footbridge at Bricket Wood is not sufficient for two trains (and
electrification): Visual inspection suggests that although the bridge may have been originally
built for two trains, the current alignment of the single track is centred to enable the Overhead
Line Electrification (OLE) to pass under the centre of the arch
Assumed that positioning the track centreline separation at 4.0m instead of the more usual
3.405 will enable the existing track drainage to remain in place: Estimate based on Google
Earth imagery
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•

•

•

Assumed that the Train Operating Company (TOC), drivers’ unions, and NR Signalling will
accept the proposed approach: The signalling proposal is based on a first principles solution
suggested by Kilborn Consulting Ltd to limit the expense of installing signalling infrastructure
Assumed that it is not necessary to amend the public footpath gradient from Station Road to
Black Boy Wood to comply with Department for Transport guidance for Persons with
Restricted Mobility (PRMs): This footpath is already well above the limiting gradients for most
of its length
Assumed that permission will be granted to make local amendments to the public footpath
to connect with the platform access ramp/path: This can be achieved without modification to
the bridge itself, and the footpath gradient can be made more consistent

F IGURE 12: E XAMPLE FRACTURE TO PARAPET AT NORTH WEST OF THE BRIDGE (ADJACENT TO PREVIOUS REPAIR )

4.3 Risks and opportunities
Risks
Risk

Rating

Suggested mitigation activities

Network Rail / TOCs / Unions / HMRI do not accept
the signalling proposal resulting in a much more
expensive proposal
Electrification system not sufficient to handle
additional loop and power draw from near
simultaneous start of two trains, resulting in
additional power requirements
Signalling overrun risk assessment results in
additional distance needed between the platform
and the crossover leading to increased cost and
decreased ease of access

Medium

Engage with key stakeholders early in the next
phase to explain what we propose and why

Medium

Seek specialist traction power advice in next
stage

Low

Engage with key stakeholders early in the next
phase to explain what we propose and why
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Risk
Local objection to ramps near houses (because of
fear of being overlooked, despite fencing) leads to
additional security measures or delay to the project

Rating
Low

Track drainage needs to be remodelled as a result
of the second track

Low

Suggested mitigation activities
Develop some privacy fencing options and
engage with those who may object early on to
identify their preference; remind them that
their house values will probably benefit from
this project
Seek advice from local Network Rail drainage
engineers

T ABLE 3: P RIMARY RISKS FOR OPTION D

Opportunities
Opportunity

Rating

Adopt the site adjacent to the station car park as a Medium
construction site for contractors
Reconstruct the footbridge with a flat deck
Low
structure, reusing existing abutments, to enable the
track doubling to start further north
Obtain support for trialling Cab Based Train Control Low
(CBTC) signalling system, which could be much
more expensive but separately funded. [This would
be an ideal trial location for this next-generation
signalling system]

Suggested enabling activities
Ask Network Rail for guidance on local land
ownership.
Check if Network Rail is planning to carry out
any major works to this structure in the near
future that might be modified to incorporate
deck reconstruction
Connect with Digital Railway and potential
suppliers of these systems to see if any is
willing to adopt this as a test bed to
demonstrate their equipment to the UK railway
industry

T ABLE 4: P RIMARY OPPORTUNITIES FOR OPTION D

4.4

Costs commentary

F IGURE 13: 'S- CURVE ' OF OPTION D PROJECT COSTS INCLUDING O PTIMISM B IAS AT 51%

We have prepared a high-level cost estimate commensurate with the concept level of design work
undertaken to date. Using ‘all-in’ rates for measured direct costs, and allowances for various on-cost
items such as design, planning, legal and other enabling work, we have developed a cost range as
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illustrated in Error! Reference source not found.. This includes the industry standard ‘Optimism Bias’
(see Appendix B1
Optimism Bias) for this stage and type of project of 51%.
The probability range simply illustrates that our ‘Best Guess’ point estimate is currently £8.9m, and
that we consider there is statistically a 49% chance that the project will be delivered for this cost or
less. Since this level of confidence is probably too low for most funders, we have illustrated the level
of budget required for an 80% confidence level (P80), which can be seen to be £9.9m. We would
recommend that this P80 estimate is the one adopted in further correspondence.
The breakdown of the costs is shown in Figure 14: Breakdown of Option D costs
, illustrating that the Measured Direct costs amount to some 37% of the total cost, the rest being made
up of allowances for enabling activities, and then Optimism Bias on top. Further explanation of the
other cost allowances is shown in Appendix B2 Cost categories
The top five most influential cost
items in the Measured Direct costs
are, in order:
1.
2.
3.
4.
5.

Turnouts
Electrification
Signalling
New track
Up side ramp

These represent the items where the
quantum and variability of cost have
the greatest influence on the final
price and therefore give the priority
for attention at the next stage of
design.
F IGURE 14: BREAKDOWN OF OPTION D COSTS
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5

Option E: Design commentary

5.1 Design proposals
5.1.1 Overview

Station car park

Platform extended
north for trains to
St Alban’s Abbey

To St Albans Abbey

Platform extended south
for trains to Watford

New
shelter

To Black Boy
Wood road

Public footpath

To Watford Junction

‘No access’ area
of platform

NOT TO SCALE

To Station Road

F IGURE 15: PASSING LOOP WITH SINGLE PLATFORM AT BRICKET W OOD

In the selected solution, we have proposed a passing loop on the west side of the track at Bricket
Wood station as shown in Figures 15 and 16. The existing platform is extended to the north and the
south to serve the northbound and southbound services respectively.

F IGURE 16: AERIAL MAP LAYOUT OF PASSING LOOP WITH SINGLE PLATFORM AT BRICKET WOOD

5.1.2 The platform
The Northbound platform extension can be the same width as the current platform and assumes full
use of the existing constructed platform is possible2.
The Southbound platform is constrained to the available land between the track and the adjacent
property. Although we have not been able to measure this directly, it appears to be between 2.5 and
2.9m which is sufficient for a single face platform. However, it does not give much available width for
a shelter and we have assumed a shelter that is longer and thinner than normal will be necessary in
this location.
Because of track points, the minimum distances for positioning of insulating rail joints and train
stopping tolerances, there is a distance of some 75m on the existing platform that would become a

2

The existing platform has a notice preventing passenger access to the northernmost 20m approximately.
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‘no access’ area for the train. This is unfortunate, because it will be confusing for passengers to arrive
at the station and find that the trains do not stop in front of them, and that the existing shelter is nowhere near the trains.
We have therefore provided two new small shelters for each service to provide protection from the
elements for waiting passengers and encourage movement toward the middle of the trains.

5.1.3 The passing loop
The passing loop length is calculated in the same way as Option D.

5.2 Design assumptions and constraints
The following have been used as key assumptions or constraints in the design development.
Substantial changes to these assumptions may result in the amendment of the design solution.
The numerical assumptions used in Error! Reference source not found. for Option D have been
adopted for Option E also.

F IGURE 17: VIEW SOUTH FROM BRICKET W OOD STATION PLATFORM

There are also the following non-numerical assumptions or constraints that have proved important
in the design development:
•

•

•

Assumed that there is sufficient space between the track and the adjacent landowner
boundary that a platform of at least 2.5m width may be constructed.: Ownership and
maintenance access plans are unknown but Figure suggests there is sufficient width available.
Assumed that positioning the track centreline separation at 4.0m instead of the more usual
3.405 will enable the existing track drainage to remain in place: Estimate based on Google
Earth imagery
Assumed that the Train Operating Company (TOC), drivers’ unions, and NR Signalling will
accept the proposed approach: The signalling proposal is based on a first principles solution
suggested by Kilborn Consulting Ltd to limit the expense of installing signalling infrastructure

27

5.3 Risk and opportunities
Risks
Risk

Rating

Suggested mitigation activities

Network Rail / TOCs / Unions / HMRI do not accept
the signalling proposal resulting in a much more
expensive proposal
Electrification system not sufficient to handle
additional loop and power draw from near
simultaneous start of two trains, resulting in
additional power requirements
Track drainage needs to be remodelled as a result
of the second track
Signalling overrun risk assessment results in
additional distance needed between the two
connected platforms leading to increased cost and
decreased ease of access
Local objection to ramps near houses (because of
fear of being overlooked, despite fencing) leads to
additional security measures or delay to the project

Medium

Engage with key stakeholders early in the next
phase to explain what we propose and why

Medium

Seek specialist traction power advice in next
stage

Medium

Seek advice from local Network Rail drainage
engineers
Engage with key stakeholders early in the next
phase to explain what we propose and why

Low

Low

Develop some privacy fencing options and
engage with those who may object early on to
identify their preference; remind them that
their house values will probably benefit from
this project

Rating

Suggested enabling activities

T ABLE 5: P RIMARY RISKS FOR OPTION E

Opportunities
Opportunity

Adopt the site adjacent to the station car park as a Medium
construction site for contractors
Obtain support for trialling Cab Based Train Control Low
(CBTC) signalling system, which could be much
more expensive but separately funded. [This would
be an ideal trial location for this next-generation
signalling system]

T ABLE 6: P RIMARY OPPORTUNITIES FOR OPTION E
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Ask Network Rail for guidance on local land
ownership.
Connect with Digital Railway and potential
suppliers of these systems to see if any is
willing to adopt this as a test bed to
demonstrate their equipment to the UK railway
industry

5.4 Costs commentary

F IGURE 17: 'S- CURVE ' OF OPTION E PROJECT COSTS INCLUDING OPTIMISM B IAS AT 51%

As with Option D, we have prepared a high-level cost estimate commensurate with the concept level
of design work undertaken to date and developed a cost range as illustrated in Figure 18. This also
includes the industry standard ‘Optimism Bias’ (see Appendix B1 Optimism Bias) for this stage and type
of project of 51%.
The probability range for Option E illustrates that our ‘Best Guess’ point estimate is currently £7.6m,
and that we consider there is statistically a 48% chance that the project will be delivered for this cost
or less. Since this level of confidence is probably too low for most funders, we have illustrated the
level of budget required for an 80% confidence level (P80), which can be seen to be £8.6m. We would
recommend that this P80 estimate is the one adopted in further correspondence.
The breakdown of the costs is the same as that shown in Figure 14: Breakdown of Option D costs
because the assumptions for allowances have not changed from Option D for this option.
The top five most influential cost items in the Measured Direct costs are, in order:
1.
2.
3.
4.
5.

Turnouts
Electrification
Signalling
New track
Platform decking

These represent the items where the quantum and variability of cost have the greatest influence on
the final price and therefore give the priority for attention at the next stage of design.
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5.5 Comparative cost assessment
Whether the saving of £1.3m (approx. 13%) for Option E against option D is enough to offset the cost
of operational vulnerabilities over the assessment horizon remains to be tested at later stages of the
project.
The cost ranges of each option are largely dictated by features common to both and improving the
design and cost understanding for both designs is likely to result in similar refinements to the cost
range.
It is the differentiating factors such as the extent and cost of the ramps, and the time lost in waiting
on the loop or time taken to walk to houses to the West of the station that are likely to swing the
balance of cost-benefit analysis in favour of one option over another. However, at this stage, we have
the costs for both at a similar level of design and estimation accuracy, and the overall merits of one
over the other will be dependent on the assessment of relative benefits in due course.
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6

Scheme Benefits

6.1

Types of Benefit

Assessment of this project is somewhat complicated by its provision of a wide variety of types of
benefit, which are often valued in different ways. This section sets out the sorts of benefit being
provided, and the general approach to valuing them, in order to see if the scheme is indeed
‘worthwhile’ (however that might be defined).
In any appraisal, it is important to understand what will happen if the project does not go ahead. Here,
the ‘do nothing’ is indeed a status quo in which there is neither service improvement nor
deterioration, but where base demand rises as local population and employment increase, not least
from specific developments around Watford Junction station.

Waiting Times
A simple method of understanding the impact of a reduction in these would be to use a theoretical
approach to estimate the proportionate impact of a reduction in waiting time, and to apply the
relevant response rate. However, results will vary considerably by the different origins and
destinations of trips, which led to the development of a model to provide a greater understanding.
One might also argue that the reduction in waiting times would have a proportionately-greater impact
than suggested above, because there can be additional benefits relating to service regularity, benefits
which are provide by a half-hourly service but not by one which runs every 45 minutes (so is at
different ‘times past the hour’ in different hours).

Improved Access
The suggested design for Bricket Wood also includes improvements to access, but these are very
minor in the overall context, and have not been specifically included in our analysis.

Wider Economic/Social Benefits
Increased access and reduced waiting times will both make the railway service more useful, and
enable local people to access jobs, shopping and other facilities, in St Albans, Watford and London. All
of these have a positive wider socio-economic value, which could be explored in greater detail in more
detailed work. However, this part of Hertfordshire is neither unduly socially-deprived nor distant from
employment or shopping opportunities, so these benefits are thought to be small.

6.2

Demand and Revenue Modelling

Introduction
There is a range of available types of model to estimate demand and revenue for new rail services,
and these are summarised in Appendix C. For the reasons given there, to assist with the assessment
of the benefits, a multi-modal demand model was assembled, using the GCOST™ approach developed
by the Railway Consultancy. This model is a spreadsheet-based model which considers the difficulty
of travel (technically, “generalised cost”) between a range of relevant local and more distant locations,
and allocates traffic between them on the basis of the relative difference in generalised costs, using a
logit model. Base data on trip patterns has been updated using known changes to residential and
commercial development within the catchment of the Abbey line.

The Demand Model and it’s Application
Level of Aggregation
Given the pre-feasibility nature of this study, analysis was conducted on 20 representative zones, of
which 10 were on or about the line (including one around each station) and the other 10 more distant.
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Trips between all 20 and the other 19 zones have been modelled. It is theoretically possible for the
Abbey line to be used by other people, but such trips would have to be extremely obscure (e.g. from
beyond Southampton to North of Bedford, via Watford and changing stations in St Albans), and
therefore we consider these of little consequence.
The model also importantly considers different categories of people, being disaggregated between
peak and offpeak passengers, and those with and without a car available for their journey. Data on
the number of Economically-Active people and household car availability was taken from the Census,
with wards being allocated to stations as shown in Figures 19 and 20.

F IGURE 18: RELEVANT WARDS , S T A LBANS

F IGURE 20: RELEVANT WARDS , W ATFORD
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Generalised Cost data
This was assembled manually for trips by the three key modes of car, bus and train between all 20
zones and each other. Data included that on access and egress (e.g. to/from bus stops and stations),
waiting time, in-vehicle journey time, the number of interchanges required, the fare paid, and a mode
constant reflecting typical preferences for one mode over another (usually, car preferred to train
preferred to bus).
Trip Pattern data
The base trip matrix was derived from the Travel-To-Work (TTW) data shown in the 2011 census data.
Although the Census data is now quite old, it is not thought that there have been huge changes in trip
patterns in this area: Watford, St Albans and London will remain the key destinations for local people.
The TTW data classifies people currently resident in each local authority area of the UK by method of
travel to work and shows the movement between their local authority of residence and workplace.
Unfortunately, the dataset at its lowest output level is presented at district level which covers a larger
area than the trip matrix zones created. Thus, there is need to proportion district output areas into
zones. For example, the Watford Census output area covers the station catchments of Watford Jc,
Watford North and Garston, amongst others. In order to proportion trip data into our matrix zones,
Economic Activity and Workplace population census data by wards were retrieved. This then enabled
the percentages of economically-active and workplace percentages by ward in the Watford area to be
calculated. These wards were allocated to our trip matrix zones thereby allowing a split of the Watford
output area by proportions that represents the relative economic activity of trip-matrix zones.
Model Function
The model compares the generalised cost of travel by the three modes of transport, and allocates
traffic to them on the basis of the relative difficulty of travel by each. The function used to do this is a
logit function, which is widely-used for this purpose in transport planning. It has the property of
allocating broadly-equal mode shares to modes which are of similar quality, but a dominant
proportion of traffic to modes which are clearly superior to others. The constant term in the model
controls the extent to which apparently-inferior modes receive traffic.
Calibration
Transport planning models should never be used to forecast future demand unless they can reflect
existing conditions. We therefore spent considerable time calibrating the model, using as our
calibration targets the station-by-station demand figures provided by ORR for 2017-18. However,
these are known to be under-estimates (especially on the Abbey line, where ticketless travel is a
significant issue), so we were relaxed about achieving estimates of current demand 10-20% above the
current officially-reported figures.
Nevertheless, we did have to make a temporal adjustment to the base trip pattern data, since that
was derived from the 2011 Census. Mid-year population estimates for 2017 were also available from
the Census, which showed that the 15-69 population across the borough of Watford had increased
from 64,961 to 67,329 (a 3.6 % increase) whilst the equivalent figures for St Albans DC were 97,062
and 98,073 (a 1.0% increase). A nominal 2% increase was applied for all other traffic origins.
Calibration requires the adjustment of various parameters, in order to replicate as closely as possible
the observed conditions. Parameters adjusted here included those of parking charges, and the logit
model parameter (which governs the extent to which people choose what appears to be the secondbest travel option).
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Two further particular features of the calibration are worth remarking upon. First, the modal constant
used to define people’s generic preference for one mode over another showed that the Abbey line is
not considered by many to be significantly better than alternative bus mode – presumably because of
its odd timetable interval and relatively high level of cancellations. Secondly, it became clear that the
line’s traffic potential is significantly affected by the ability of local retired people to use pensioners’
free bus passes on the parallel bus routes.
Whilst the method gave a reasonable base for expected trip patterns between zones, there was need
for further adjustment, to make sure trips aren’t over/under estimated. It is fair to assume that not all
residents within a ward will use the “nearest” station. Factors such as living on the wrong side of the
railway or being too far from a specific station may mean some will use another more conveniently
located station – or not at all. This was all considered when adjusting proportions to help create a trip
matrix that reflected reality. Overall, it appears that the catchment areas of Abbey line stations are
relatively small.
Whilst reasonable calibration was achieved, it must be understood that demand forecasting attempts
to replicate complex human behaviour, so all forecasts must be treated with caution.
Trip Matrix Development
However, 2011 data is now out-of-date in terms of its absolute values, and needed to be updated. As
noted above, this was achieved by using the 2017 Census mid-year estimates to multiply up the 2011
ward data by the % increase in adult population at borough level
On the basis that any scheme would take several years to implement, we have sought to produce a
near-future trip matrix which reflects expected short-term demand growth, both for population and
employment, and both in terms of background growth and that associated with specific local
developments.
ONS population projections for the period 2016-26 indicate an average increase of 6.4% for South East
England (outside London). Equivalent figures have been used for other regions. The SE England
average increase has been assumed for any local areas for which we do not have more accurate
information. However, based on a wide range of local development plan and applications data
provided by Abfly (see section 2), we have spent considerable time calculating the likely increase in
population immediately around the line.
Because of uncertainties beyond that date, we have not considered further population increases.
Two sites are of particular interest in generating potential trip destinations: those at Clarendon House
(33 Bridle Path, 1800 m2 of offices) and 37-39 Clarendon Road (c. 11,100 m2 of offices); both of these
are very close to Watford Junction station. Even at a relatively-large amount of space per employee
(say 150 sq ft/person), the former of these is expected to lead to c. 130 extra jobs, and the latter 800.
A future base model was therefore constructed, containing the expected future levels of demand but
the current levels of service.
Application
Replacement data-sets contained the changed waiting and in-vehicle times were therefore prepared.
These data-sets were input into the model, and compared with the existing level-of-service data. The
results reflect the three key benefits of transport schemes: demand, revenues and time savings. Other
benefits can be derived if necessary, from the zone-to-zone data calculations, but these tend to be of
less significance in transport scheme appraisal.
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Results
The first stage of modelling reflected the application of the higher numbers of passengers expected
to use the line in the future, as a result of background and development-specific growth. The second
stage applied the proposed changes to train service. It is important to understand that only the latter
can be counted as directly-consequential benefits to the scheme.
If a passing loop were to be provided at Bricket Wood, it would be possible to increase train service
frequencies, as a result of which waiting times would fall. This is particularly important, as the existing
waiting times are relatively long and we know from research that passengers disproportionately
dislike waiting time (waiting time generally being dis-valued twice as much as in-vehicle time).
However, for those passengers travelling through Bricket Wood, there would be a time penalty, whilst
the two trains crossed. We have estimated this as 3 minutes. Fortunately, this is considerably less than
the saving in waiting time, so the scheme does provide net benefits. We present our indicative results
below. Note that we have separated out the impacts of background growth, installing the passing loop
and getting transfers from bus and car, and generating entirely new trips; this is because such different
types of trips can be treated differently by Government in the appraisal process.
Scenario

Demand (‘000 pass. p.a.)

Current base (ORR)
Current base (modelled)
Future base
With passing loop at BW
Including potential extra
generated traffic
T ABLE 7: DEMAND M ODELLING RESULTS

Revenue (£m p.a.)

240
252
303
381
670

1.37
1.62
1.88
2.35

Value of Time Savings
(£m p.a.)

0.15

N.B. All figures adjusted to include an estimate of the number of passengers travelling to/from but not via
Watford Junction. The absolute figures noted above represent those modelled, which will not be exactly the
same as demand and revenue on the line itself: for instance, revenues will include that attributable to the whole
journey made by a person living next to the Abbey line. Figures are only quoted to this level of accuracy, in order
that the magnitude of small changes may be seen; in practice, results should only be given to 2 significant figures.
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7

Appraisal

The main objective of the investment options considered here is to increase passenger demand and
revenue by increasing train service frequency from its currently-unattractive 45-minute intervals.

7.1

Operational Costing

Running extra trains would obviously incur costs, the main headings of which are:
•
•
•

additional traincrew;
extra track access costs; and
the leasing, maintenance & cleaning of an additional trainset.

Without conducting a full crew rostering exercise, we judge that the enhanced level of service would
require three extra sets of traincrew, and note that the employment costs of each driver and
conductor together are c. £100,000 p.a. Using TOC-derived data from the last year of London Midland
operation (the latest relevant available), extra track access is estimated to be c. £160,000, rolling stock
leasing c. £150,000, and maintenance broadly-similar; combined with fuel costs shows that the extra
mileage would probably cost around £800,000 p.a. in total. We have compared this ‘bottom-up’ basis
to average LM costs, and can confirm that the £800k figure is clearly rather less than use of their
average costs would imply (e.g. because HQ and station costs, amongst others, would remain
unchanged).

7.2

Appraisal Parameters

This appraisal has been undertaken to be as compliant with webtag, the Department for Transport’s
web-based guidance, as possible. The appraisal is based on the difference between the ‘future base’
and ‘with passing loop at BW’ rows of Table 7.
The appraisal makes conventional assumptions about projects being discounted over a life-time of 60
years, at rates of 3.5% p.a. for years 1-30 and 3% p.a. for years 31-60. The discounting means that a
one-year recurring cost of £x is worth £19.75x over the 60 years. However, applying the expected
traffic growth, but also a typical traffic ramp-up curve (to reflect the way in which passengers take
some years to respond to improvements3) and expected increases in VoTT, demand of £x is worth
£21.79x and a time benefit of £x worth £30.43x over the 60 years. This is because relative increases in
the Value of Travel Time have been assumed, in line with DfT forecasts.
Analysis at an even more detailed level could be carried out at a subsequent stage, but may not be
appropriate for a relatively-small scheme such as this. For instance, one might assume that 60% of
new rail trips in the area are abstracted from car, which has environmental and traffic congestion
benefits, but loses the Government a small amount of indirect tax; none of those second-order effects
are included here.

7.3

Appraisal

In order to be able correctly to compare one-off costs with ongoing costs and benefits, we have used
discounted cashflow analysis. The ways in which future costs, revenues and time savings are to be
discounted for public sector investments is stipulated by the Treasury (in “the Green Book”), with
specific rail-based examples and application provided by the Department for Transport (through the

3

We have assumed that only 50% of benefits accrue in year 1, 75% in year 2 and 90% in year 3, with the full
impact of new facilities and their associated demand only becoming apparent from year 4.
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webtag analysis methods). We have applied these to option D in a technical spreadsheet, of which
Table 8 is the summary page.

Abfly Passing Loop Option Assessment
One-off/ NPV
annual
factor
£k
New facilities
Construction costs
Extra train operating costs
Extra cleaning costs
Extra maintenance costs
Commercial income
Additional rail revenue
Financial case
Passenger time saving benefit
Road decongestion benefit

NPV
£k

-8600
-800
-10
-50

1.00
19.75
19.75
19.75

-8600
-15800
-198
-988

260

21.79

5665
-19920

150
26

30.43
47.37

4565
1227

Economic case

-14129

Benefit:Cost ratio

not calculable

T ABLE 8: BRICKET W OOD PASSING LOOP APPRAISAL SUMMARY

As can be seen, the results are somewhat disappointing. Whilst significant extra demand (hence
revenue and time savings) is expected, sufficient to cover the construction costs of the cost-minimised
option developed as part of this work, its value does not cover the extra operating costs, notably those
associated with a second trainset.

7.4

Discussion and Next Steps

On reflection, our results are unsurprising. Rail operating costs on the branch are not being fully
covered now (as one would expect more generally of a British railway branch line in 2019) – the line
is being subsidised. Operating costs will clearly increase with increased service; the proposed service
here increases train miles by 50% (from 4 trains in 3 hours to 6 trains in 3 hours). Although there would
be some efficiency savings (potentially in traincrew utilisation) with a higher-frequency service, the
number of trainsets needed will need to double, so costs will rise significantly. Paying for this would
only be possible if the increase in demand and revenue was at least as great as the increase in
operating costs, but this is generically unlikely (given that service frequency is only one element of
passengers’ journeys by rail).
The value of time savings and other benefits generated from improving the line therefore need to
cover, not only the capital costs of any works, but also the increased operating shortfall. Even if the
former of those have been minimised (as this project has demonstrated is possible), they struggle to
cope with the latter.
This leads to a consideration of how the operating shortfall might be reduced. Two costs seem to us
to be relatively high. First, vehicle leasing and maintenance costs are disproportionately high because
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4-car trains are leased for a line with a maximum trainload of about 150 passengers – who could fit
into two carriages. However, any search for a replacement type of train needs to take into account
the following:
(i)

(ii)

(iii)
(iv)

The minimum train size on this line needs to be able to cope with 150 passengers, so some of
the cheapest options (e.g. Parry People-mover vehicles) simply do not have the capacity
required;
The only existing 2-car Electric Multiple Units (EMUs) in Britain are being used for train
lengthening for South Western, and they are dc 3rd rail-only versions not originally designed for
conversion to ac overhead traction;
The costs of adapting any older longer designs are unlikely to be trivial, since it is usual in longer
multiple unit trains for the traction gear not to be housed in the end vehicles;
Any train types selected would incur significant extra overhead depot costs (e.g. spares,
maintenance knowledge) if not of a design already familiar to/being maintained by the
appropriate depot (here, Bletchley);

This seems to lead to possibilities being either the 3-car Class 323s currently used by London Midland
in the Birmingham area (although we understand that most, if not all, of these are being transferred
to Greater Manchester), or an electric variant of the Class 230 Vivarail train, of which diesel versions
are currently being acquired for the Bletchley-Bedford line. Whilst our advice would be for both of
these options to be investigated at a high level, we are aware that Vivarail are positively interested in
this opportunity, so we recommend that they are contacted as soon as possible – not least because
use of shorter trains could reduce leasing costs and thereby improve the existing economics of the
line.
The other disproportionate cost element is that of the conductors. The role of these staff on the Abbey
line focusses on opening and shutting the doors, after which it is very difficult to collect fares and/or
offer any customer service, as the stations are too close together to do so. Although conversion to
driver-only-operation clearly has political and industrial relations risks, it would permit the on-train
member of staff to collect a greater proportion of the revenues, thereby increasing the line’s income.
On the income side, we note that the availability of free travel to pensioners on competing local bus
services is a recognised problem for local rail services around the country. One study we are aware of
noted a 20% reduction in local rail demand when free bus travel was introduced. Income on the Abbey
line is therefore lower than it might be, which further prejudices the economics.
However, a sensitivity analysis of our appraisal shows that, even if the operating costs were reduced
by £0.25m p.a. and the income increased by a similar amount, the scheme would still not achieve the
desired appraisal result.

38

8

Conclusions, Recommendations and Next Steps

8.1 Conclusions
The Watford Jc – St Albans Abbey rail line is currently hampered by a lack of a passing place. Because
of continuing local residential development, service levels (generally of 45-minute frequency) are
increasingly regarded as inadequate, but require a passing place if this frequency is to be improved.
Five options have been examined as possible sites for this loop, and those at Bricket Wood station
were found to be the best. A range of works, covering turnouts, track, electrification, signalling, and
platforms would be needed to deliver this. Using a conventional design of passing loop with separate
platforms for traffic in each direction, there is an 80% probability of delivering these works for just
under £10m, but a more unorthodox design with a single long platform split into two (as used at
Penryn, in Cornwall) could reduce this cost by over £1m. Both solutions have included careful thought
about how to minimise signalling costs, and therefore come with associated restrictions on train
service set-up/shut-down and recovery.
A preliminary costing of the train service, however, shows that the extra mileage would probably cost
around £800,000 p.a. There are two main reasons why the costs are unhelpfully high:
(a) 4-car trains are in operation, whereas we really only need 2-car sets. At present there are no
available electric 2-car trains, although VivaRail has offered to produce such vehicles;
(b) the line incurs the costs of 2-person traincrews, even though the conductor role adds a lot of cost
and not much value, as they have neither the time to check tickets properly nor to offer customer
service.
It would appear that the economic value of the increased passenger revenue and passenger time
savings resulting from the improvement in service frequency from every 45 minutes to every 30
minutes is likely to cover the capital costs of works, as described above. Unfortunately, it is certainly
not able to cover the extra operating costs, since (for instance) an extra trainset and three more
traincrews would be needed. This result is not unsurprising: the Abbey line is currently in receipt of
subsidy because it does not cover its operating costs, so a further increase in costs would have to lead
to a very significant passenger response in order to improve matters. As waiting times are only part of
passengers’ journeys, and because the scheme (in order to minimise capital expenditure) requires
trains to wait whilst passing, there is a small increase in journey times for passengers travelling
through Bricket Wood, the benefits are simply not large enough to provide the response required.
So, whilst the scheme has considerable merit with associated economic benefits, at present these do
not seem large enough to lead immediately to a decision to proceed.

8.2 Recommendations
This project has clearly identified a scheme variant which is more cost-effective than many other
proposals for this line. We have also identified indicative operating costs, and this suggests that there
may be some value (for the continuation of existing operations, as well as future ones) in investigating
ways of reducing these costs.
Whilst other rail schemes have progressed elsewhere on a similar level of economic appraisal, these
have been successfully-promoted on the basis of supporting regeneration and accessibility to key
employment centres. However, whilst none of those criteria are particularly applicable to the situation
of the Abbey line, there is still some potential for taking this forward politically or to support other
policy objectives – for instance, in comparison with other, road-based, schemes which may be seen to
be unaffordable or environmentally-unacceptable.
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8.3 Next steps
Railway planning is an iterative process, so refinements to calculations are usual. On a technical level,
the next steps should perhaps include more detailed investigations into the top five most influential
capital cost items described above, in order to refine the cost estimates. The next stage should also
attend to the risks and opportunities identified to reduce the former and increase the latter as much
as is practicable within the confines of the study.
The next stage of technical work might also aim to include open dialogue with Network Rail in order
to obtain information about the condition and plans for specific assets. It is likely that this work will
require their formal engagement through an Asset Protection Agreement (an ‘APA’ or ‘AssPro’), which
can be expensive. Further progress on this design can be made without their involvement, but this
will mean some risks will remain unquantified or unknown until that point.
On the policy and political side, the results demonstrated in this report need to be brought to the
attention of those developing transport policy within the area. The figures developed here need to be
compared to some of the other aspirations for local transport improvements (e.g. road enhancements
or a guided busway), to put them into context: a passing loop at Bricket Wood is clearly practicallyachievable in the near future, and at relatively low cost. The rail option fully supports the objectives
set out in local policy documents (see section 2), so the sources of funding available to support those
policies should be investigated as ways of enabling this project. We note, in particular, the scale of the
proposed housing development at Radlett Aerodrome and hence the planning gain resulting from it.
Against a background of progress of similar small rail developments elsewhere in the country, we
would hope that this project can also move forward (despite its relatively-weak Cost:Benefit ratio),
given appropriate local political and community support.
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Appendix A
A1

Signalling and operational strategy

Introduction

These notes have been prepared on the basis of technical advice provided by Kilborn Consulting which we have
simplified further here for the lay reader. The objective was to identify a signalling solution at lowest cost to the
project, examining two specific variants - traditional and next-generation.

A 1.1 Traditional signalling
The first is a solution using traditional signalling principles such as Solid State Interlocking (SSI) or Computer
Based Interlocking (CBI), which both depend on lineside signals. The existing signalling at Watford Junction is
understood to be a SSI system, which is progressively being replaced across the country by CBI systems.
Although it may be possible to save some costs by re-using parts salvaged from decommissioning activity
elsewhere on the network, other factors to consider are the reducing number of people with experience in
installing and maintaining such systems, and the cost implications of changes in the control centre as well as the
lineside equipment. Even small additions have to be evaluated for their impact on the signaller’s workload, and
if it is ‘the straw that breaks the camel’s back’, it can trigger the cost of additional signalling staff which is a long
term operational cost.

A 1.2 Next-generation signalling
The second signalling system is a Cab Based Train Control (CBTC) system which provides Movement Authority
and speed advice to the driver through an in-cab display. It depends on radio-based communication systems to
determine the type, location and speed of each train on the network and uses that information to advise drivers
what action to take.
The European Train Control System (ETCS) Level 2 which provides cab-based advice but uses track detection
systems to determine train location is only just being rolled out in Europe. Level 3 removes the need for trackbased detection systems and is still under development and trial.
The benefits of Level 2 and particularly Level 3 signalling are intended to be the more efficient use of trains on a
congested network, allowing trains to be sequenced closer together. On this route, such benefits are likely to be
minimal and therefore Level 2/3 is not necessary to generate efficiency benefits.
However, the features of this project make it an attractive option for a live trial system:
•
•
•
•
•
•
•
•

Short length railway – so limited infrastructure (radio mast) costs
No tunnels – so GPS-based location can be used without complication
No interconnecting railways – so no operational pollution from other services
No freight – so no long, heavy trains with different braking patterns to allow for
Consistent train units – so all vehicles are one type, making calculations easy
Limited vehicles on the system – so very few vehicles (perhaps 4 or 5) need to be fitted out
No large gradients – so braking calculations are easy
One level crossing – allowing testing of the system with a manageable number of level crossings

The hope is that if the UK’s Digital Railway or potential Level 3 Manufacturers can be persuaded to adopt this
project to demonstrate their equipment in the hope of winning much larger contracts elsewhere, then the
system may be provided free or at nominal charge to the project.

A2

Strategy

A 2.1 Next-generation signalling option evaluation
Kilborn Consulting has evaluated both of these generic options and concluded that although the next-generation
signalling approach would be ideal, the current trend in Network Rail’s Digital Railway programme is to focus on
improvements to the control centre traffic management system because this is anticipated to give best value
for money. Other lines have already been identified for ETCS testing and it seems unlikely that a new trial site
would be adopted in line with the timings for this project whenever it goes ahead. Therefore it seems that
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although it could be worth lobbying manufacturers and Digital Railway just in case, this is a risky strategy to
commit to.

A 2.2 Traditional signalling
There are sub-variants to a traditional signalling solution, but we have focussed on a solution designed to avoid
changes to the signalling control centre and hence removing the risk of control centre and staffing costs. This is
achieved through the creation of a ‘signalling island’ that is automatically controlled without need for oversight
by the local signaller at Wembley. This approach is valid for both Options D and E, though we have used Option
D for illustration the principle is the same.
In this option there are four track sections, controlled by axle-counters (or possibly track circuits within the
loops):
•
•
•
•

Watford Junction to the London End of the loop
St Albans Abbey to the Country End of the loop
The Down Loop (northbound)
The Up Loop (southbound)

New colour-aspect signals are provided in advance of each track section break point. Points would be set to
ensure that each loop track is one-way i.e. northbound trains go to the west loop, and southbound trains to the
east loop.

A 2.2.1 Normal passenger operations
During normal passenger operations, four-car trains would depart from opposite ends of the route i.e.
Watford Junction and St Albans Abbey at approximately the same time. Each would have signalled
clearance to approach the loop and continue on to the end of the loop where it would stop in the platform
until the single line ahead is shown clear.
Shortly after a train enters the loop, the single line section behind it will be cleared so that the train in
the other loop can travel into it. Both trains then continue on into the single line sections to the other
end of the line where they can stop and then repeat the exercise in reverse.

A 2.2.2 Start of the day
The complex part of this strategy is how to get two 4-car units into and out of the line such that each train
only has permission to move when the line ahead is definitely clear. At the moment, each train is directed
by the signaller from the depot to the Abbey Line, where the driver has a ‘token’ to prove that their train
is the only train on that route. The token is handed back at the end of the day. If we are to avoid signalling
control for the whole route, then movement authority still has to be controlled even without a signaller.
Our proposal is to bring both trains in together as a single 8-car train. The driver of the lead train (“Train
A”) takes the token. The driver of the attached train (“Train B”) remains in their cab.
The A+B train travels to Bricket Wood as an Empty Coaching Stock (ECS) move (i.e. without passengers).
At Bricket Wood, the A+B train splits into separate trains A and B. Train A then departs for St Albans
Abbey.
As soon as it enters the single line section to St Albans Abbey, the protecting signal on the Bricket Wood
Down (northbound) platform will turn red so the driver of Train B cannot accidentally proceed beyond
the end of the platform, though Train B will move forward to the end of the platform ready to enter
service.
Train A can enter service from St Albans Abbey and will have signalled movement authority into the
Bricket Wood Up (southbound) platform (and beyond to Watford Junction). When Train A is in the Up
platform at Bricket Wood, and Train B is in the Down platform, Train B can also depart as a passenger
service. Each then begins their cyclical routine through the day.
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NOT TO SCALE
To Black Boy Wood road
Train B
(when splitting)

To St Albans Abbey

To Watford Junction

Break in track
section

Position of returning
train A when joining
To Station Road

F IGURE 21: S CHEMATIC OF SIGNALLING SOLUTION (USING OPTION D AS AN EXAMPLE )

A 2.2.3 End of the day
At the end of the day, both trains must return to Bricket Wood – Train A in the Up platform, Train B in
the Down platform – and all passengers must disembark from Train A.
Train B continues on to St Albans Abbey where all passengers disembark and the train comes out of
service. The remaining moves of the day are ECS moves. Train B returns, stopping at the signal protecting
the Up loop. Meanwhile, Train A pulls forward to the signal on the up loop. The driver would then
execute a Calling On procedure by operating a one-time operation push button in a secure locked cabinet
for operation by the driver of the first train to clear a subsidiary aspect on the protecting signal.
The Calling On would allow the Train B driver to approach Train A at very low speed. As Train B clears the
St Albans Abbey section, the signal behind it would revert to normal operation. Once both trains A and B
are in the Up loop section, they can be joined together using normal procedures as in a depot or terminus,
at which point it is a single ‘A+B’ train. The driver of Train A still has the token, and is able to drive as an
A+B train back to Watford Junction where the token can be handed back as it leaves the Abbey Line.

A 2.2.4 Recovery of defective vehicles
In the event of one of the trains failing now, a recovery train leaves the depot at Northampton and rescues
the defective train on the Abbey Line, taking it to Northampton before returning to then take over the
Abbey Line service. This is a very time consuming and frustrating exercise for passengers.
In the event of a failed train with two trains on the system, the following approach is proposed, but would
be subject to detailed discussion with the operator.
Once a train is declared as needing to be taken out of service (Train A), the other train (Train B) would
also need to be taken out of service temporarily as soon as is practicable, probably at either St Albans
Abbey or Watford Junction. It would then return to be used as a rescue train in a similar manner to that
which occurs currently. It would take the failed train to Watford Junction and normally use one of the
vacant electrified sidings. It would then return into service and run as a single train does now until the
end of the day. Meanwhile, the operator could send a rescue vehicle down from the depot at
Northampton to collect the failed train and bring it to the depot for repairs.
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Although this leaves the Abbey line with a reduced service for the rest of the day (we think it is likely to
be too disruptive to reinstate a two-train service in the middle of the day) it does at least restore a service
much quicker than is currently the case.

A 2.3 Outcomes
With the proposed approach, there would be no need for signaller intervention, other than for the train entering
or leaving, as is believed to be the case at present and therefore signaller workload impacts should not be an
issue. There would also be no need for the ‘signalling island’ at Bricket Wood to interact with the rest of the NR
signalling system and no need to amend the NR signalling.
However, the potential problems include: •

The required length of the loop to accommodate splitting and joining – which has now been
incorporated in the design and costs
• Staff concerns over the change in train operation, this should not be underestimated and needs careful
handling
• Train Operating Company acceptance
• Obtaining approval for novel operation
On balance, we therefore consider this is likely to be the most cost-effective approach we can propose that
meets the criteria.

44

Appendix B
B1

Cost pricing notes

Optimism Bias

Optimism Bias is a much-misunderstood concept and is not the same as risk or contingency. It is a
means by which the calculated and risk-adjusted costs are increased by a factor that recognises that
projects of this type statistically increase from their early estimates by about this amount. Whereas
cost estimates and risks are calculated – as here – based on a prescribed set of works, this is only
accounting for the ‘known knowns’ (the things we know we know) and the ‘known unknowns’ (the
things we know we don’t know).
Optimism Bias recognises that at the very early stages of projects there are ‘unknown unknowns’,
which are the things we don’t know we don’t know. The reason that these are unknown is simply a
function of the limited time, budget, site investigations and stakeholder engagement thus far, and
that such matters can often reveal issues that could not have been foreseen in the early stages of a
project.
Nevertheless, Government guidance is that while projects may adopt the risk-adjusted figure before
Optimism Bias for project management purposes, the full estimate including Optimism Bias is the
figure to be used for business case development when applying for Government funding, and
therefore we have shown this amount represented as a probability range.

B2

Cost categories

The following terms are used to describe the ways in which different parts of the cost build up are
included.
Term
Typical contents
Measured Direct Costs These are the construction costs built up on a quantities x rates basis. It
will include all items for which a specific quantity has been determined
Additional Direct Cost An allowance for general more detailed items not measured because it
Allowances
would take a disproportionate time to develop the detail required to
develop unit rates or quantities relative to the improvement in accuracy
gained
Indirect costs
These are the costs relating to enabling work such as design, contractor
preliminaries (site accommodation, access, security, admin, attendant
labour, plant, temporary works, health & safety, insurance etc.), project
management, possessions, compensations, and Network Rail Asset
Protection
Land and property
Land take, compensation, environmental and consultation and legal costs
costs
Optimism Bias
Allowance for ‘unknown unknowns’
T ABLE 9: EXPLANATION OF COST CATEGORIES

B3

Assumptions

We have outlined the major design assumptions within the text of this report.
•
•
•

Costs are stated at 2018 prices
Unit rates are in some cases based on historical rates uplifted by the Rail Cost Index produced by the
Building Cost Information Service (BCIS) from the Royal Institution of Chartered Surveyors (RICS)
Unit rates have been based on a range of sources from supplier quotes to other publicly available
project estimates. Where we are uncertain as to the accuracy of specific unit rates, this is reflected in
the cost range and contingency for each line item
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•

•
•
•

B4

The probability range is determined from a modified ‘three-point estimate’ approach with data
presented as a normalised curve. It is intended to articulate the degree of confidence in both quantity
and unit rates accuracy as aggregated up to the overall project. As a statistical representation of oneoff projects it would be difficult to ‘prove’ the accuracy of the approach, however, the process is based
on similar accepted industry methods (Gantt chart analysis; Monte Carlo analysis) and is considered
reasonable for this stage of design.
Design would be in accordance with Network Rail standards
All costs other than Measured Direct costs are considered as percentage allowances based on industry
experience and are provisional sums
Access costs will be reasonable based on normal negotiations with local land owners

Exclusions

There are some types of costs that we have not included within this estimate.
•
•
•
•
•
•
•
•
•

VAT
Land purchase or leasing costs
Costs associated with any resulting train modifications or driver training
Environmental, geological, or dimensional survey costs
Environmental protection measures
Inspection or rehabilitation of track drainage
Inspection, design or modifications to the existing brick arch footbridge
New mains or statutory undertakings costs, including temporary diversions
Maintenance costs
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Appendix C

Techniques for Estimating Rail Passenger Demand

There are a wide range of techniques for estimating the demand for railway services, ranging in scope,
complexity and accuracy. There are two basic approaches – aggregate approaches (top-down methods
using market data) and disaggregate approaches (bottom-up methods using data taken from
individual passengers and residents).

Trip Rates
Perhaps the simplest way of estimating the demand for a service is through the application of trip
rates. For a given size of population, the number of trips may be relatively constant. One might
therefore estimate the number of trips at a completely new site from its population. The main problem
with this approach is that it does not take into account the distribution of trips. For a railway network,
with a limited number of stations and lines, this is a critical issue. If demand is not to the places that
the railway serves, the size of the population is virtually irrelevant. Local pressure for stations may
need to be resisted if the railway is in an inappropriate direction. For instance, residents of Soham in
Cambridgeshire have long campaigned for a station, but trains would run between Ely and Bury St
Edmunds. As the favoured destination is Cambridge, which would require a change of trains, the
station is unlikely to be successful, and demand estimates based on its population will be misleading.

Gravity Model
The distributional element of trip-making is taken care of in a gravity model. This recognises that trip
rates vary by distance as well as the size of population. The formula normally used for it is:

Tij = k 

where

Pi  Pj
Dij2

Tij is the number of trips between places i and j
Pi and Pj are the populations of the two places
Dij2 is the distance between the two places
and k is a constant.

This method enables rail planners to discern between alternative destinations. If these are not located
on the rail network, then rail trips to and from them will not be assumed. However, the primary
weakness of this approach is that it takes no account of service quality. In reality, the level of rail trips
will also depend upon road speeds on parallel roads. Where roads are substantially improved, rail
demand falls off; if the railway is subsequently upgraded, or the road gets congested, rail demand may
build up again.

Network Models
In areas where there is a great deal of planning activity, it may make sense for a local authority or
transport provider to set up a network model. This will contain information about the current number
of trip ends, the networks of the different modes, and the service patterns of different public transport
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alternatives. As this data collection exercise is substantial, its costs make it too expensive for most
applications outside metropolitan areas.
However, once collected, demand can be assigned across the network very easily, and estimates made
of the potential use of new facilities and services. The demand may be assigned between modes using
a logit model, which allocates traffic dependent upon the difficulty of using them. This latter is usually
measured in ‘generalised cost’, which may be considered by the layman as an index of hassle. To the
economist, it represents a measure of disutility. The mode with the least hassle (or least disutility of
use) will be that which is favoured in an ‘all-or-nothing’ model. The logit model, however, is more
realistic, in assigning demand across a range of modes, although of course that with the lowest
generalised cost gets the largest share. The logit statistical function, however, also allocates significant
amounts of traffic to alternatives which are close in generalised cost; conversely, as generalised costs
increase, the proportion of traffic forecast to use them falls off steeply.

Stated Preference
The main weakness of a network model is its difficulty in representing qualitative elements e.g. seat
comfort, the ability to listen to one’s own music, lack of information etc. These issues, which are
difficult to quantify, are collectively described as modal preferences. A second problem area
associated with network models has been their deterministic nature e.g. if an alternative is better in
generalised cost terms, then most traffic will be allocated to it. In reality, however, this may not occur,
especially if the potential traveller has no experience of the new alternative. It may be, for instance,
that it is intended to introduce a tram system, but most British residents have not travelled on a tram
for generations. Its benefits may therefore not be understood.
By describing the constituents of tram travel, however (e.g. the quality of stops, the smoothness of
the ride, the appearance of the vehicle), and trading these off against variables which are understood
(e.g. fare), it is possible to ascertain valuations of qualitative elements of the journey. Stated
Preference analysis is the recognised technique for doing this, but it does require considerable
fieldwork and analysis if robust results are to be obtained. SP results fed into a network model whose
mode choice is allocated using a logit function would, however, provide the best method available, if
resources permitted.

The GCOST model
Many schemes and options, however, are only analysed at the feasibility stage. A full SP analysis at
this level of detail would be prohibitively expensive. The Railway Consultancy Ltd has therefore
developed the GCOST model, which is a time-efficient and cost-effective way of analysing options
for new stations and services.
The GCOST model is a spreadsheet-based model constructed as a series of Excel worksheets (see
below). Each of the first five comprises details of an element of the journey, for a range of pairs of key
traffic origins (Os) and destinations (Ds). The data is collected separately for peak and offpeak
conditions, and for the main modes involved e.g. car, bus, train, park & ride. Journey elements which
may be appropriate include access (e.g. walking to the station), waiting, in-vehicle time, the number
of interchanges, and public transport fares and car parking charges. The sixth sheet calculates the
generalised cost for each O:D pair.
The seventh sheet contains some global information about trips, which can be adapted to the
circumstances. It may be that Journey-to-Work data is available from the Census, or perhaps only
settlement size data exists, in which case a gravity model would be used to estimate the likely volumes
of traffic (by all modes) between Origins and Destinations. Critically, however, the main part of this
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sheet comprises a nested logit model, which allocates traffic between the various modes. It does this
by ‘nesting’ similar modes, such as Car type and Public transport type modes, and using LogSum to
find the probabilities.

Car

Drive

Public Transport

Kiss

Bus

Train

Figure C1. Nested Logit Model Structure

It is calibrated to reproduce existing data – a small-scale survey may be needed here, in order to
ensure that the model is working correctly. Once calibrated, however, the model can be used to
forecast new situations, by varying the input data to reflect options for the future – perhaps faster
services, or a new station. The number of trips on the proposed service is a key output.
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Figure C2. GCOST Model Structure

Other outputs, however, are also easily derived. With information already known on both fares, and
the number of trips, by Origin:Destination pair, revenue can also readily be calculated. With the
number of trips and total time known, time savings between options are also easily derived – and this
can form the basis of a preliminary Cost:Benefit Analysis (for Government grants).
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