


CROSSRAIL: STUDIES OF COST-EFFECTIVENESS BY LUL/BR AND BY DOT
CONSULTANTS

A. Introduction

1 In May 1993, the Prime Minister decided that the CrossRail
Bill should proceed to its Commons Second Reading on condition
that the scope for cost savings should continue to be
investigated urgently but thoroughly. Following consideration
by DOT, Treasury, LT/LUL and BR on how best to undertake the
investigation, LUL/BR embarked on a study involving a detailed
evaluation of each key element of the CrossRail project as
defined in the Bill. The aims of that study have been to
recommend the final form of the project including any additional
project elements and to indicate which elements might be financed
privately and which publicly.

2 Some two months into the LUL/BR study period, consultants
were appointed by DOT to build on the work so far done by LUL/BR
by doing their own evaluations of key elements of the project as
defined in the Bill and by looking as well at any alternatives
which seemed to them 1likely to compare favourably with the
project as defined in the Bill.

B. Costs

3. The project as defined in the Bill is estimated by LUL/BR
to cost some £1.7bn at March 1990 prices. DOT's consultants
point out that that estimate would rise to some £2.7bn in
November 1993 prices if full account were taken of inflation,
rolling stock costs and contingencies.

4. DOT's consultants also point out that, of the £1.7bn total
cost, nearly half is attributable to five central area stations -

- Tottenham Court Road (£250m), Bond Street, Farringdon and
Liverpool Street (£150m each) and Paddington (£100m).

5. Of the five central area stations, Bond Street and Liverpool
Street have the strongest economic/financial case, followed by
Tottenham Court Road. Neither Farringdon nor Paddington could
be justified on purely economic or financial terms.

6. There could be scope for achieving further cost reductions
by:

reducing station sizes by changing from 2 ticket halls
to. . 1;

reducing tunnel diameter;

standardising escalators; and

deleting provision for expansion, eg reducing platform
and train lengths.




The £1.7bn cost of the full scheme could be reduced to:

i. £1.5bn by changing from 5 double-ended, to 5 single-
ended, central area stations;

£1.4bn by changing from 5 double-ended, to 3 single-
ended, central area stations and by reducing train
frequencies from 24 to 22 trains per hour; or

£1.3bn by changing from 5 double-ended, to 2 single-
ended, central area stations and by reducing train
frequencies from 24 to 14 eastbound and 16 westbound
trains per hour.

C. Benefits

8- LUL/BR have identified several factors which have resulted
in an improvement in the economic performance of the scheme.
Among these is an increase in the benefits by some 15% because
the proposed train service now better reflects forecast demand
by, for example, the provision of limited stop services to
shorten journey times and because of improvements in the design
of stations to facilitate access to trains. Other changes to the
economic appraisal include a measure of the benefit of safety
related expenditure and the revaluation of costs and benefits to
a 1993 base: since the previous estimates were made, the real
project costs have risen less than the forecast value of the
benefits.

9. LUL/BR estimate that with these revisions the full Crossrail
scheme would have a benefit:cost ratio of between 1.4:1 and 1.7:1
depending on the forecasts of the growth in Central London
employment (see Section 4 below). DoT's consultants have not had
the opportunity to make corresponding revisions to their
appraisal but estimate that the full scheme could have a
benefit:cost ratio 1.2:1 even on relatively modest forecasts of
growth in demand. In addition the consultants have estimated
that the three lower cost options (see paragraph 7 above) could
have benefit:cost ratios ranging from 1.0:1 to 1.4:1. The
consultants and LUL/BR are broadly agreed that the most cost-
effective option would be to have two central area stations at
Bond Street and Liverpool Street plus a third central area
station at either Tottenham Court Road or Holborn. Extra central
area stations could be added at Paddington or Farringdon only by
allowing a cost increase greater than any benefit increase that
could be achieved by their addition.

D. Forecasts of Employment in Central London

10. The 1989/BR/LT Central London Rail Study (CLRS) report
showed that, with the rate of growth then pertaining in commuting
to Central London, Crossrail would be required by 2001. The
Crossrail team's 1.4:1 ratio quoted by DOT's consultants for the
full Crossrail scheme was based on the growth forecast assumed
in the CLRS report and on an assumption that the project would
be taken forward as a public sector project attracting major
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social benefits and, to a lesser extent, increasing the rail
operators' revenues.

11. Central London employment has fallen by about 20% since
1989. The estimates used by DoT's consultants assume a growth
in Central London employment of around 15% on the present
depressed levels by 2001 and this would produce a benefit cost
ratio for a publicly funded reduced scheme of around 1.4:1.
There is inevitable uncertainty about the future of employment
in and commuting to Central London. The pattern has been one of
long term decline over the 1960s and 70s which was arrested in
the 1980s, partly because the proportion of manufacturing
employment, which had largely accounted for the decline, had
become relatively insignificant in the total.

E. Scope for Private Finance

12. Both studies suggest that the project might be attractive
to the private sector as a joint venture although the conclusions
of Bovis Gibb are more uncertain. Our analysis of both sets of
figures shows that if the public sector accepts an 8% return in
terms of social benefits on its share of the project costs, the
nominal return to the public sector from the reduced scheme is
of the order of 20%, even on the operators' low demand forecasts
given their specification of the scheme. Our consultants and
those working for the operators view this as an investment
project which is within, albeit towards the lower end of, the
range for a privately financable project.

Public Transport London Division
Department of Transport

7 January 1994




OPERATORS' REPORT: SUMMARY

The operators (British Rail and London Underground) looked at the

Crossrail scheme as at present envisaged and at the alternative
northerly alignment via King's Cross. They did not look at other
alternatives, but as noted below they have commented on the

possibilities identified by Bovis-Gibb.

2. The operators have identified three versions of the Crossrail
scheme, each of which they conclude is worthwhile. These three

schemes are:

the full project, as originally planned, with stations
at Paddington, Bond Street, Tottenham Court Road,
Farringdon and Moorgate, and with a range of through

services;

'a reduced scheme', with three stations, probably at
Bond Street, Tottenham Court Road and Moorgate (though
there might also be a case for Farringdon). Services
would be between Shenfield in the east and Reading and
Aylesbury in the west, with a peak frequency of 22

trains per hour;

a further reduced 'core scheme', with stations only at
Moorgate and Tottenham Court Road. Services would be
between Shenfield and Slough, with a peak frequency of

around 16 trains per hour.




3. The reduced scheme is costed at 86% of the cost of the full
scheme. The core scheme is costed at 70% of the cost of the full

scheme.

4. On the balance between costs and benefits, the operators

conclude that all three schemes produce positive benefit-cost
ratios (which they put at between 1.4 and 1.7). But in addition
the operators have carried out further transport modelling which
indicates that the benefits of the scheme are some 25% larger
than previously calculated; these extra benefits take the form
of reduced journey times and crowding relief. The operators
calculate that this increases the benefit-cost ratio of the full

scheme from 1.4 to 1.7.

5. The operators have also tested the full scheme against two
lower demand scenarios, one assuming little future growth in
central London employment, and the other (the "central forecast")
assuming some growth, but at a lower level than the 1989 Central
London Rail Study. The operators calculate that both scenarios
produce positive benefit-cost ratios for the full scheme, at 1.37
for the 1lowest growth scenario, and 1.52 for the central

forecast.

6. On finance, NatWest Markets, who are advising the operators,
conclude that the full scheme, and the reduced and core versions,
could produce a positive return for the public and private
sectors as a joint venture (assuming that the private sector
bears about half the capital costs and all the operating costs).

The public sector returns would be in the form of social benefits




(such as time savings) gained by passengers and road users.

NatWest Markets see the reduced scheme (that is, with medium cost

reductions) as being the preferable option for financing.

7. The operators do not see merit in an alternative route via
King's Cross. It would be more expensive to build, and would
have lower benefits, reflecting the fact that passengers would
not be taken so close to their destinations. It would also pose

operating difficulties.

8. Overall, the operators conclude that it is possible to
develop Crossrail as an operationally and financially viable
scheme, either at the level originally proposed or at lower
levels, even though these lower levels would not capture all the
benefits of the full scheme. (Provision could be made for future
expansion.) The operators argue that sufficient finance could
be raised through debt and equity for 51% of the gross project
cost. They recommend that the Bill should proceed through the
Parliamentary process, so that further development and business

planning can be undertaken to determine the optimum scheme.

9. As a separate exercise, London Underground have conducted a
preliminary assessment of +the various alternative options
involving modifications to the existing London rail network put
forward by Bovis-Gibb. None of the schemes is wholly ruled out,
but London Underground are doubtful about the benefits in
relation to the costs, especially in comparison with Crossrail.
They see operational difficulties in some of the proposals,
particularly the running of Heathrow Express services to the

City via the northern part of the Circle Line.




BOVIS-GIBB REPORT: SUMMARY

Bovis-Gibb conclude that Crossrail as at present conceived is a

well engineered and operationally efficient scheme; the cost

estimate appears robust. Of the central London stations, they

conclude that there should be stations, with one entrance only,
at Moorgate and Bond Street plus either Tottenham Court Road or
Holborn. The cases for Paddington and Farringdon are doubtful;
further work needs to be done. More work also needs to be done
on various possible cost reductions in the basic scheme,
particularly omitting the scope for future expansion of the
stations (the promoters envisage providing for potential
expansion to handle 12-car trains instead of 8-car, and to have
two ticket halls rather than one); in fact Bovis-Gibb suggest

that the possibility of 6-car trains should be looked at.

2. Bovis-Gibb see no advantage in an alternative route for

Crossrail via King's Cross.

3. Bovis-Gibb look at likely future demand and the implications
for Crossrail as a joint venture with the private sector. They
point to the fact that employment in central London has not
followed the growth forecast of the 1989 Central London Rail
Study (CLRS - a DOT/BR/LT review); in fact central London
employment has fallen by some 20% since 1989, and there had been
a longer-term decline before the growth of the 1980s. Bovis-Gibb
have therefore taken only 85% of the demand figures for 2001 used
by LT in planning the scheme. (This is very close to the

assumptions now being adopted by DoT for the appraisal of




projects and policies in London).

4. On this basis (and before taking account of the further

scheme development work by the Operators, which produced higher

benefits), Bovis-Gibb looked at nine variants of the scheme. All
have benefit: cost ratios of 1:0:1 or below, with three put at

1.+331- 0o Y.4:1.

5. Bovis-Gibb examine the financing of the project (noting that
'the assumption that there will be some growth in overall demand
would seem to be reasonable'). They assume that a range of
different sources of finance (including debt, equity, fare
revenue and an element of public finance) will be available.
However they express some doubts about timing of the project,
depending on the level of demand, with a view to obtaining a
positive return for the public sector share of the project cost.
)They note that 'as a public sector project, the scheme could be
brought to fruition in a shorter timescale than as a
public/private sector joint venture'.) However they comment that
this 'would not necessarily require a delay in the Bill process'.
Implementation could depend on subsequent analysis of changes in

employment and commuting.

6. Bovis-Gibb have also looked at alternative smaller-scale
schemes, which aim to achieve some of the benefits of Crossrail.
These schemes would involve additions to the existing London rail
networks, and any or all could be pursued on a shorter timescale
than Crossrail, without ruling out any longer term Crossrail

scheme. Bovis-Gibb believe that private finance could be




attracted to these projects.

7. The smaller schemes include running the Heathrow Express to

the City along an upgraded north side of the Circle Line; linking

the eastern end of the Jubilee Line to the Central Line, to
relieve the congested Central Line by providing an alternative
route from the eastern suburbs to the West End; running through
services between Slough and Barking, also via the north side of
the Circle Line; and creating spare capacity on the northern
Circle Line by diverting the Hammersmith and City Line to the
West End via the Bakerloo Line and diverting the Wimbledon branch
of the District Line into the Central Line at Holland Park,
rather than running to Edgware Road. More work would need to be

done on all such options.
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2.0 THE STUDY BRIEF

The brief for the CrossRail cost effectiveness study was contained
within the Terms of Reference issued by the Department of Transport
with the Invitation to Tender dated 15 October 1993. Its main criteria
were:

Purpose of the Study

4 Show how best to achieve the Government’s aims within
the context set by the objectives of the project.

Government’s Aims

i Establish CrossRail as a joint venture attractive to the
private sector;

Improve cost-effectiveness of the project and reduce the
cost to the public sector;

35 Ensure value for money for the public sector contribution.
Objectives of the Project

4 Reduce journey times within the east-west corridor;
= Provide direct access to the central area;

Relieve congestion on existing rail routes to and within
Central London;

Relieve congestion at existing stations;

Provide improved interchange opportunities with existing
and proposed lines;

Provide relief of road congestion by attracting road users on
to CrossRail;

Give wider transport benefits;

Encourage development;

Improve reliability, quality and safety of the railway.
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3.0 THE MINIMUM CORE RAILWAY
3.1 Study Objectives

The CrossRail Project was recommended in the Central London Rail
Study (CLRS), published in January 1989, as an effective option to
relieve congestion on existing lines and cater for future growth.

In order to establish whether CrossRail still effectively satisfies the
objectives set out in the Terms of Reference for the CLRS, the study
team has reviewed the robustness of the CLRS demand assumptions
now that some 5 years have passed since the study was conducted.

The terms of reference of the CLRS were:

¥ To develop a strategy for improving services for passengers
on the British Rail and Underground networks in London, and
to provide forecast demand on the two networks up to the
end of the century, with particular reference to passenger
congestion in the area bounded by the major rail termini and
their approaches.

To have regard to the need to make best use of existing
assets;

To put forward packages of measures, at different forecasts
of demand, the costs of which are justified in terms of
revenues, demonstrating the extent to which proposed
improvements could be financed from fares, and, where
necessary, taking account of quantified benefits;

* To present the strategic choices.
Review of CLRS Assumptions for CrossRail

The forecast demands of Central London employment given in the
CLRS have been reviewed by the study team and are likely to have
over estimated by UP TO 19% the likely total employment for Central
London in the year 2001. The effect of this change on the demand
forecasts, and hence the timing of the CrossRail project, is discussed
in Section 3.10.

CrossRail utilises extensive lengths of the existing Network South
East (NSE) surface railway assets, but does not utilise the existing
London Underground (LUL) assets in Central London. It was assumed
in the CLRS that a comprehensive upgrade of the Underground
network would be completed prior to implementation of the
recommended projects. Much of this upgrade has not been carried out
and is not currently included in the funding programme for LUL.
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The strategy recommended by the CLRS was to build two new lines
in deep tunnel under Central London. Less ambitious projects were
considered, but were rejected because they could not carry the
expected growth in traffic. Subsequently, a decision was made to
proceed with the Jubilee Line Extension which was not considered in
the CLRS and which is intended to support growth in South and East
London. Thus, the underlying demand for CrossRail, and the scope for
congestion relief benefits, is likely to be different to that anticipated
by the CLRS.

At the time the CrossRail Bill was deposited, Government stated a
desire that the scheme be taken forward as a joint venture with the
private sector. This was a new requirement which had not been
considered by the CLRS in developing the scheme.

Objectives for the Minimum Core Railway

This section (Section 3.0) of the study examines whether there is a
Minimum Core Railway which reflects current employment forecasts
and which can meet the Government’s aim to make CrossRail a viable
joint venture with the private sector.

This reduced scheme must still meet the Government objectives set
out in Section 2. The development by the study team of a Minimum
Core Railway has been based on the existing work done by the
CrossRail team, particularly on their incremental analysis of a Basic

Core Railway and the Minimum Feasible Railway which they
considered to be the realistic least cost CrossRail option. The
Minimum Core Railway proposed in this study aims to reduce costs
without sacrificing benefits and to remain generally compatible with
the existing Bill and the CrossRail scheme concept. The principal
features of these options are listed in Table 3.1.




Platform tunnel lengths
Station Platform Lengths
Ticket Halls / Station
Escalator Access - to platforms

-from street level

Number of Central Stations
Chelsea-Hackney line connections
Signalling

Rolling Stock

Enhanced Safety Standards:-
-emergency evacuation
-ventilation shafts
-emergency services access

-trackside walkway
Mobility impaired access

Environmental mitigation
measures againist:-
-operational noise
-vibration
-construction operation

12 car/283m long
12 car/ 283 m long
2 No. sized for 12 car trains
Fully sized shafts with all

machines installed
Escalators

YES at TCR
30 tph

New stock

included
included
included

included
included

included
included
included

8 car/ 190 m long
8 car/ 190m long
1 No. sized for 8 car trains
Fully sized shafts with 1 up
1 down machine
Stairs
2
YES
20tph

Exsisting stock - 20m cars

excluded

1 only
excluded

excluded
excluded

excluded
excluded
not restricted

12 car/ 283m long
8 car / 190m long
1 No. sized for 8 car trains

Fully sized shafts with 1 up
1 down machine
Escalators

2
YES
30 tph

Fire Hardned Stock

included *
included
included

included
included

included
included
included

6 car/ 120m long
6 car/ 120m long
1 No. sized for 6 car trains
Sized for single ticket
hall with appropriate escalators
Escalators
3
excluded
30 tph

New stock - 3 car sets

included *
included
included

included
included

included
included
included
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3.2 CrossRail Routes and Phasing
3.2.1 Route Description

CrossRail has been planned to provide a cross-London link between
the existing suburban railways to the east and west of the capital, as
shown on Map 3.1. It, therefore, has two key route elements:

. A core section of new underground railway linking between
Liverpool Street and Paddington stations, the Central Area
Route;

Connections onto the following NSE and LUL suburban
routes:

= Shenfield to Liverpool Street
* Reading/Slough to Paddington
® Aylesbury/Amersham to Paddington

3.2.2 Central Area Route

The current CrossRail route for the Central London section, from
Paddington to Liverpool Street generally following Oxford Street, is
consistent with the objectives of the scheme. It links the two
terminating suburban services through the City and West End to allow
through services from east and west across Central London. Given
the high costs of building a new underground line, it makes sense
building this line as close as possible to the destinations to which
most people want to go.

The horizontal and vertical alignments for the central area route have
been selected on a sound basis, bearing in mind the wide variety of
underground constraints including piled foundations, ground
conditions, other tunnels for LUL, BR, Post Office and major utilities.
Detailed analysis of route restrictions has been undertaken by the
CrossRail team and gives a good degree of confidence in the route
selected. It is unlikely that there is a viable alternative route through
the central area that would capture sufficient benefits and reduce the
cost or impact of tunnelling through London.

No obvious opportunities for cost saving were found by adopting
steeper gradients with shorter stations so as to achieve shallower
station structures.

3.2.3 Suburban Route Sections

The outer area services planned for CrossRail require the
reconfiguration of existing NSE and LUL services on existing lines
with some key infrastructure, electrification and signalling works to
upgrade the system and provide the necessary linkages.

The initial CrossRail proposal to link the Great Eastern Inners with the
Thames and Metropolitan suburban services are little changed since

. L 0
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its conception in the CLRS. The CrossRail project team has
concentrated on the refinement of this proposal. A further
examination of alternative suburban routes may be appropriate, since
inter-working services onto more lines could be beneficial to
revenues, even if not to social benefits.

3.2.4 Phasing

CrossRail could be built in phases, either building up from the "Basic
Core Railway" to the "Full Scheme" as suggested by the CrossRail
project team or by constructing, say, the line from the east initially as
far as Tottenham Court Road, with appropriate interim turnback
facilities, for a cost of approximately £1,000 million.

The "Basic Core Railway" approach, even modified further into a
minimum core railway, does not generate a high benefit:cost ratio,
although it would require a smaller absolute capital contribution from
Government. This has been established by the CrossRail team in their
own review of the cost effectiveness of the project.

Building the line in stages is also technically feasible, allowing the
Government contribution to be drawn down over a longer period of
time. There would be some amount of abortive expenditure, for
example, constructing interim turnback facilities at Tottenham Court
Road. However, the overall positive net benefits of the CrossRail
project will only materialise upon the opening of the main
cross-London services, and the phased construction of the project is
unlikely to attract private sector interest in its early stages.

An alternative scenario would be for the Government to demonstrate
commitment to the CrossRail project by agreeing to publicly fund the
initial phase, i.e. Shenfield to Tottenham Court Road based on
CrossRail’s existing proposals, or using the Eastern City Link
alternative as described in Section 4.0. Once this is underway, private
sector involvement to complete the balance of the CrossRail project
might be easier to achieve, and thus realise the full economic
benefits.

3:.2:9 Kings Cross Alternative Routes

Two alternative routes via Kings Cross have been suggested by
petitioners to ease what they consider to be key environmental
problems with the presently planned route.

The first alternative route includes new tunnels from the east via
Moorgate and Farringdon, then to Kings Cross and along Euston Road
to Paddington, making the same connection into the western
suburban lines as the current CrossRail scheme. This route, however,
seems unlikely to offer the same benefits as it misses the key West
End destinations along Oxford Street.

Discussions have been held with the CrossRail team on the
preliminary feasibility work it is undertaking on this alternative route,

A
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and also with the London Transport (LT) Property Board regarding
land-take issues. Important factors that emerge include:

i Ground conditions are worse than the planned alignment;

5 Stations at Baker Street and Euston would have to be larger
than stations on the planned route for operational reasons,
and, in the case of Euston, would be at considerable depth;

The Paddington Station location presents engineering
problems adding to the risks and costs;

The extent of engineering knowledge on the route is
considerably less than on the planned alignment;

The associated social benefits are 15-20% lower than on
the planned CrossRail route.

Cost estimates produced by the CrossRail team show that the Kings
Cross alignment basic cost is 10% higher than that for the proposed
route, with the inclusion of contingencies increasing the cost further
above the proposed route cost.

The route would offer substantially lower transport benefits and,
therefore, the cumulative effect of these lower benefits and higher
costs is a benefit:cost ratio of less than that for the proposed route.

Consequently, if new tunnels are to be built from Paddington to
Liverpool Street, this more northerly route would not be favoured over
the planned CrossRail route.

The second alternative includes new tunnels from the east only as far
as Kings Cross, then surfacing and operating onto a variety of
existing suburban lines. Although shorter and, therefore, cheaper than
CrossRail, this route also misses the West End and is unlikely to
attract a proportional share of the CrossRail benefits. It also assumes
an extension of the tunnelling eastwards to Stratford. This would
increase the cost without providing additional benefits.
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3.3 Stations
3.3.1 Provision of Stations

CrossRail’s currently proposed central area stations are shown on
Map 3.2. The CrossRail project team has conducted incremental
benefit:cost analyses of various station combinations. This has been
on economic rather than financial terms. Based on their analysis, only
Moorgate station appears to be justified in all cases as this is the only
station serving the City.

At least one West End station is justified; at Bond Street, Tottenham
Court Road or Holborn. Generally, whichever station is added first
gives a positive return, with a lower net return for the second and a
negative return for the third. The CrossRail team favours Tottenham
Court Road as the first choice due to its central location and off-peak
traffic potential. It also has potential for interchange with the
proposed Chelsea Hackney Line. Bond Street offers better access to
Oxford Street shopping and valuable interchange to the Jubilee Line
and is their second choice.

The case for Holborn station has been perceived as weak, in part
because it has usually been tested as the third West End station.
However, if assessed incrementally as the first West End station,
there may be a better case for Holborn than for Tottenham Court
Road. This requires further study, in particular, on the relative long
term strategic value of Tottenham Court Road or Holborn. The
combination of Bond Street, Holborn and Moorgate stations would
give an even spacing of stations and hence marginal improvements in
operational characteristics. However, the introduction of a station at
Holborn would require a change to the CrossRail Bill.

Paddington and Farringdon stations currently have costs exceeding
total benefits. Therefore, they cannot be justified purely in financial or
economic terms. However, these are key interchanges to other rail
lines and leaving them out results in an imbalance to the scheme.
Although there is a lack of justification in economic terms of either
station, a station at Paddington might be considered further taking
into account revenue impacts on Intercity and Heathrow Express
services.

The provision of a station at Farringdon has been perceived as
facilitating the redevelopment of the area as well as providing
interchange to other rail services. However, the effect of CrossRail on
regeneration is unlikely to be sufficient to produce the necessary
benefits to justify the station.

There are two further avenues for investigation. Firstly, if station
costs can be brought down, then there might be a case for one or
more additional stations. For example, if station costs can be cut by
half, then the incremental benefit:cost ratios of Paddington and
Farringdon might increase from around 0.6 to 1.2.
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Secondly, benefit estimates might be increased. Although peak traffic
benefits may be over-estimated based on CLRS demands, due to the
use of high employment growth assumptions, the off-peak traffic and
revenue benefits may be under-estimated, at least on a
station-specific basis. The business evaluation by CrossRail has been
based primarily on peak hour traffic models and assuming average
fare levels. This approach tends to under-value interchanges and
network effects since, in the peak hours, most parts of the Central
London network are intensively used. However, off-peak traffic and
revenue are much more sensitive to the number of stations and
opportunities for interchange to connecting lines. Although the
CrossRail team is now estimating all day traffic, using station-specific
annualisation factors, this method may still under-estimate the
revenue potential from new West End stations.

3.3.2 Station Design

The CrossRail team’s current station design for the Minimum Feasible
Railway provides for future expansion from 184 metre to 275 metre
to increase train length from 8 to 12 car. Provision is also made for
ticket halls at both ends of the stations which facilitates emergency
exit and gives a wider catchment area for the railway.

In order to reduce the cost of stations and hence improve the
benefit:cost ratio, it is proposed that consideration be given to
building stations for only 120 metre 6 car operation. This would also
permit the use of single ticket halls. Emergency exit would be required
from the end not served by the ticket hall. Elimination of all provision
for future lengthening and of provision for second ticket halls would
reduce costs by approximately £40 million per station.

These reduced provisions would be worth pursuing since the majority
of the benefits of the stations would still accrue whilst environmental
impact, property acquisition and costs would be reduced.

Detailed re-design of the stations should consider shaft sizes, platform
widths and ticket hall sizes for reduced station lengths and 6 car train
operation. The provision of compact rather than standard escalators
could further reduce costs.

If the CrossRail scheme is progressed, further work should be
conducted to evaluate the benefits and costs of each station.




i suogy

WAANYXITY ¥IS

e dey
SNOILV.LS VA4V TVILNAD

AdNLS SSANFALLDHAAA LSOD TIVISSOAD i A SR &

LYOdSNVYL 40 W= T - S . " F Q4

LNHNLIVdEd dHL “ S e o,
LA . :

133ULS

P

'y




SIR ALEXANDER

CROSSRAIL Bovis GIBB

COST EFFECTIVENESS STUDY & PARTNERS

3.4 Tunnelling

The main running tunnels for the project are currently designed as 6.0
metre diameter. Three principal issues have been identified as
potentially affecting the tunnel diameter:

* Clearance to overhead electrification;
Requirement for track level walkway;
Structural depth for floating track slab.

The Heathrow Express has adopted tunnel diameters of 5.675
metres. This is consistent with overhead electrification (with relaxed
headroom constraints relative to CrossRail) and a platform, rather
than track, level walkway. Agreement would be required from the
London Fire and Civil Defence Authority were CrossRail to accept
platform level walkway provisions as on the Heathrow Express tunnel.

The requirement for floating track slab is driven by the environmental
standards set for re-radiated noise and the close proximity of sensitive
buildings to the tunnel alignment. However, it is not clear that smaller
tunnel diameters would not accommodate the required insulation.

Current cost estimates indicate the cost saving could be of the order
of £10 million if it were possible to adopt a tunnel diameter similar to
Heathrow Express (see Section 3.9). A reduction in diameter would
not affect the provisions in the Bill, but would require alterations
during the detailed design phase.

Consideration has been given to adopting steeper gradients which,
together with shorter stations, might allow a shallower alignment at
stations. However, no significant opportunities for cost savings have
been established.
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3.5 Rolling Stock

A review of the requirement to purchase new, high quality rolling
stock for CrossRail has not produced great potential for reducing
project costs. To meet modern safety standards, new fire-hardened
rolling stock would be required for operation through the CrossRail
tunnel.

However, consideration of the use of dual voltage stock, for example,
on the Metropolitan Line, would minimise the cost of re-electrification
and signal immunisation. Cost savings of up to £100 million might be
achievable if all changes to the Metropolitan Line could be avoided,
although there would be offsetting costs resulting from the operation
of a mixed fleet.

The assumptions made in the CrossRail project costing about the
cascading of existing rolling stock may be over-optimistic. The
valuation of replacement rolling stock is very uncertain. LUL is now
proposing to refurbish the 1963 Metropolitan Line stock, prolonging
its useful life well past the proposed opening date of CrossRail. A
more realistic assumption of the cascaded value of rolling stock is
probably to assess it at 50% of its "best user" residual value.

It has not been possible to conduct, within this stage of the study, a
more accurate analysis of the cost, based on the cost of new rolling
stock, the cost of rolling stock that would have been required if there
were no project and the recovery from cascading redundant rolling
stock.

For the social benefit analysis in this report (Section 3.10), rolling
stock costs have been assumed at 50% of the purchase cost of the
new fleet. This has been assumed for all options, including the
alternative investment opportunities described in Section 4.0.

For the financial analysis (Section 3.11), rolling stock has been costed
at its full value with no recovery from cascading. In other words, it
has been assumed that a CrossRail operating entity would be required
to finance the full cost of rolling stock, with the benefit of displaced
stock falling to other parties.
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3.6 Operating Concept

Central to the CrossRail concept is the operation of conventional
mainline rolling stock and full length suburban trains across Central
London. Given the high cost of constructing new tunnels and stations
under Central London, consideration has been given in this study to
the operating strategy and train specification.

CrossRail stations for the full scheme and the minimum feasible
railway are currently designed to accommodate 184 metre long
trains, essentially 8 "Networker" cars. In comparison, other
Underground lines have platforms between 90 and 140 metres in
length. CrossRail also proposes to construct station tunnels for future
operation of 275 metre long 12-car Networker trains. There is
currently no indication as to when these might be required.

One strategy for reducing capital costs without sacrificing benefits
would be to operate more frequent, but shorter trains. Modern
signalling systems could achieve the required capacity with 120
metre trains, allowing a commensurate shortening of the stations.
Shorter stations would also allow reductions in emergency exit
capacity, station ventilation, property take and environmental
impacts. Shorter, but more frequent trains would, however, require
some further changes to signalling on outlying suburban sections,
such as through Stratford where there could be capacity constraints.

The Minimum Core Railway proposed in this study is based upon this
reduced train length with a commensurate increase in train frequency
to maintain the capacity to the same level as proposed by the
CrossRail team for their Minimum Feasible Railway (see Table 3.1).
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3.7 Property Development Aspects

3.7.1 Introduction and Objectives

LUL estimates that property acquisition costs for the proposals in the
CrossRail Bill will be circa £400 million. It has considered private
sector funding and forecast recoveries through property development
of circa £112 million.

The study team has reviewed its proposals with the following
objectives:

* Maximise private sector funding;
Reduce gross property expenditure;
Establish property principles to guide engineering decisions;
Consider property implications of alternative routes.
3.7.2 Property Requirements and Acquisition
The majority of petitions lodged against the CrossRail Bill relate to
property or compensation aspects in the central area. The net
acquisition costs are only a small proportion (13%) of the total project
cost, yet the property implications are of a higher order of importance
due to their effect on landowners and occupiers and the inclusion of a
number of listed buildings.
Property required for the new railway falls into categories:
i Stations and exits;
Temporary working space and access;

Tunnels, track and associated operating space.

The CrossRail Bill contains powers to acquire all the property required.

The CrossRail team proposed a structure whereby major landowners
would transfer their land to a site-specific company in return for
convertible loan stock and thus share in the development potential.
The objective is to defer acquisition cost and perhaps to encourage
external investment in the company.

3.7.3 Compensation Principles

The compulsory acquired property is purchased at open market value.
Additionally, non recoverable disturbance costs are payable.
Landowners and occupiers will inevitably take a full view of their
entitlement to compensation and costs and whilst negotiation and,
ultimately, a Land Tribunal will resolve this, such claims will have a
bearing on the structure proposed by LUL.

o L
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Statutory interest will be payable on the compensation.
3.7.4 Enhancing Value by Development

The development potential of a site depends on a number of very
specific and detailed factors. Evaluation of the potential of individual
sites is outside the scope of this study. Generalisation can be
misleading. However, a number of broad principles can be
established.

» The compensation and disturbance costs payable for a
property in the central area will probably be greater than the
development value of the cleared site;

Development value can be enhanced by the "marriage" of
sites; by increasing the size of buildings over that which
previously existed and by changing the use of the site to
one of greater value;

Individual private property owners/occupiers are unlikely to
contribute to costs in order to influence route or station
locations;

The Planning Authorities will be resistant to significant
changes on building size or use and will seek gain from
major redevelopment proposals;

The long period between acquiring the properties and
releasing them for development increases the risk to market
fluctuation.

Enhanced value by development, particularly in the current
depressed market is unlikely to equal or better the cost of
the loss of asset of the existing buildings by demolition, the
loss of the income stream for the protracted redevelopment
period and the disturbance costs of the existing occupiers.

Unlike the Jubilee Line Extension, CrossRail does not
"unlock” any major redevelopment areas. Benefits to
existing sites are diluted by alternative transport options and
are insufficient to create significant enhancement to specific
property values.

Sud 0 LUL Development Proposals

LUL objectives were:

» To defer property expenditure;

To reduce gross property expenditure;

To retain LUL control over design and development;

98 .
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To achieve value for money in any new proposals.

Detailed examination of site specific proposals do not form part of
this study.

The structure proposed by LUL addresses the objectives, but raises a
number of issues.

LUL proposes to produce the development proposals for the airspace
over ticket hall sites and to dispose of the development rights by long
lease. The justification is:

b To maintain control and use for the safety and protection of
the railway;

To incorporate the required design and structural features in
the design of the ticket hall;

To deal with planning and conservation issues;

In order for LUL to produce development proposals, it must make
commercial development judgements that are best left to a
commercial property developer. The more controls and constraints
that are applied the less attractive and, therefore, the less valuable
will be the opportunity to a developer.

The company structure proposed by LUL assumes the willingness of
major landowners to defer their rights to compensation and to
participate in a long term development venture. Whilst this might be
appropriate for some landowners, many will judge their best course to
be the pursuit of an imaginative claim for compensation and these
claims will become a risk item for the investors in the company.

There must be a question as to the chances of successfully
negotiating the entry agreements with major landowners on the terms
proposed.

3.7.6 Proposals to Reduce Total Property Costs and to Utilise
Private Capital

It is probable that the total compensation costs will out-weigh
recoveries in the absence of a windfall gain of a market improvement
that outstrips carrying costs. It follows that the simplest way to
reduce property costs is to reduce the value of properties to be
acquired. Bearing in mind the weight of engineering costs and the
importance of maximising revenue, property considerations should be
of only medium priority in making route, station and access decisions.
However, each decision requiring property acquisition should be
tested to establish:

* Can the total requirement be reduced?
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Can the requirement be tailored to fit existing ownership
boundaries?

Can listed buildings be avoided?
Can conservation areas be avoided?

Can temporary sites be located on low value sites perhaps
remote to properties?

It is axiomatic that ticket halls and access points need to serve the
greatest concentrations of potential travellers and these are the areas
of greatest property value. It does not follow that entrances need to
occupy prime, high value frontages and savings may be effected by
moving ticket halls and entrances short distances to avoid locations
of high value; without jeopardising pedestrian flows and access. In
particular, there are opportunities for significant cost saving at
Tottenham Court Road and at Moorgate.

Whilst the prospect of premium payments from private property
owners/occupiers is remote, the same may not be true of Local
Authorities, Trade Associations and Business Groupings. Such
collective bodies may be prepared to contribute to costs to influence
routing or entrance/ticket hall decisions. Such contributions would be
justified by the general trading and business benefits and prestige
brought to an area or district. For example, the enhancement
Farringdon would bring to the Smithfield/Clerkenwell area would be of
considerable interest to the City Corporation.

The principal development decision is whether LUL should participate
in the development process, taking a share of any enhanced value
and, inevitably, a share in the risk; or whether the development
opportunities should be offered "clean" to the market. Whichever
route is considered appropriate, commercial development expertise
must be introduced to each proposal before fundamental decisions are
made regarding the scheme.

There are ways in which the proper concerns of LUL can be met, yet
allowing a developer the freedom to use his skills to maximise
potential. An opportunity with hope value will often be more
attractive to the market that one which has reached detailed planning.

Considering the variety of development opportunities and the vagaries
of the property market, it would be prudent to spread LUL’s property
exposure by adopting a number of different disposal methods at
different points of the railway construction period. These could
include:

" Pre-sell development rights, work with the developer on the
ticket hall design and handover at slab level with only
essential minimum controls;
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Design ticket hall to allow flexibility of design in airspace.
Market development rights on completion of slab and outline
planning. Developer to be responsible for detailed planning.
Development period, therefore, excludes railway
construction time;

Enter into a joint venture arrangement on either of the two
previous basis where LUL carries the acquisition and
compensation costs to development completion in return for
a share of profit;

Where there are willing landowners, use the LUL proposed
structure, but modified to introduce commercial
development expertise at an early stage.

Conclusions

The cost of acquisition and compensation for property
requirements will be greater than present day development
value;

Enhancement of development value will be restrained by
planning considerations;

The long period between acquisition and eventual
redevelopment increases risk, but also opportunity for
windfall gain;

Property considerations are outweighed by engineering and
revenue factors;

Commercial property expertise should be introduced as early
as possible and LUL controls should be minimised;

LUL proposed structure will be difficult to deliver;

Examine all property acquisition decisions to minimise and
rationalise land-take and to reduce scope for objections;

Avoid using prime sites and frontages;

Seek premium payment from "collective bodies":

Spread property risk by variety of disposal methods seeking
"up front" input of private sector funding.
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3.8 CrossRail Upgradability
3.8.1 CrossRail Provision

CrossRail’s Central Area stations have been designed to account for
the longer term anticipated growth in passenger demand by extension
to 12 car operation with second ticket halls. The timing of the
demand for expansion had not been identified.

This has been justified on the basis that it would be cheaper to
undertake the additional work during the initial construction period,
and that, in some cases, it may not have been possible to undertake
any extension or upgrading work at a later stage without severe
disruption or cancellation of services.

The upgradable features incorporated in the CrossRail design include:

» Platform tunnels built for future 12 car CrossRail 341 trains
ie.283m long;

Station platforms built for initial 8 car trains, 190m long;
Two ticket halls provided at each station complete with
access and emergency egress sized for the ultimate 12 car
train services;

Tottenham Court Road station design fully takes into
consideration the possibility of interconnecting tunnels
between CrossRail and the future Chelsea-Hackney line;
Provision for a future station at Holborn;

A signalling system designed for up to 30 trains per hour in
each direction.

The economic case for most of the above upgrading provision is not
clearly established.

Whilst it would be a mistake to build CrossRail with too little capacity,
it would be equally wrong to build it with too much, diverting
resources that could be better invested elsewhere. Given the
long-term decline in Central London peak-hour commuting, one could
argue that CrossRail itself is ample provision for the future, not the
present.

3.8.2 Other Design Enhancements

In addition to the provision for upgrading, there are a number of other
enhancements included in the original design. These are:

* Higher safety standards than those incorporated into
existing systems, especially fire safety;
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Access for mobility impaired passengers;

Environmental mitigation measures, including train operation
induced noise and vibration, and during the construction
phase.

The majority of these enhancements should be included in the project,
principally because:

1) The absence of them could jeopardise the passage of the Bill
through Parliament.

2) A private sector promoter or Joint Venture partner would
not wish to put himself at financial risk because of
retrospective legislation.

Environmental mitigation during the construction period (ie. noise,
dust working sites, and spoil removal by road), however, should be
considered further to establish whether cost savings can be achieved
without unacceptably compromising the level of mitigation.

3.8.3 Design Requirements
The differences between each design concept as envisaged by the

CrossRail team, and those proposed by the study team in arriving at a
cost effective project are shown in Table 3.1.

However, even allowing for the omission of the upgrading provision in
the Minimum Core Railway, the benefit:cost ratio of the project is
only slightly improved. A capital cost saving of between some
£270-480 million can be achieved in infrastructure costs alone, with a
further saving of £120 million on rolling stock.
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3.9 Capital Cost Evaluation
3.9.1 Full CrossRail Scheme
Introduction

This section reviews the cost estimate data for the current CrossRail
proposals made available to the study team and draws on discussions
with CrossRail team regarding estimating principles and methodology.
Given the time parameters of the present study, no attempt has been
made to carry out a full audit of the project’s design and cost status.

Cost Datum

During the development of the project, the CrossRail team has
produced regular updates of anticipated project costs. The dates and
associated reported base values of recent significant milestone
estimates are:

o CLRS January 1989 £885m
5 CLRS 1990 £1,436m
s October 91 £1,703m
» ~ April 93 £1,706m
In October 1993, costs were updated to take account of probable

delays in project implementation. The most likely scenario, deemed
"Case 4", assumed the following project milestone dates:

i Royal Assent 31 Oct 95
e Construction funds available 01 Apr 97
* Construction start 01 Sep 97
% Routewide service 27 Sep 02

On the basis of these programme assumptions, the April 1993 project
estimate of £1,706 million was increased to £1,730 million. This
figure is stated at March 1990 cost levels and is exclusive of:

.y Project contingency and risk allowances;

» The cost of works necessary for the operation of the
CrossRail system, but deemed attributable to core LUL and
BR budgets.

Adding the cost of the above items, and updating to current costs,
results in a median estimate of total project commitment of £2,857
million at December 1993 cost levels. The relationships between




< .

SIR ALEXANDER

CROSSRAIL Bovis GIBB

COST EFFECTIVENESS STUDY & PARTNERS

these various elements of the current project budget are set out in
Table 3.2.

Cost Attribution

CrossRail cost estimates recognise three categories of cost heads for
budgetary attribution, namely:

*

Ringfenced costs;
Safety measures works;
Core budget works.
Ringfenced Costs

Ringfenced costs relate to all works directly attributable to the
CrossRail project, i.e. expenditure that would not otherwise be
incurred in the projects absence. Sunk costs in the project to date
comprise of £56 million actual expenditure through to financial
year 92/93 plus an additional projected £53m expenditure in
93/94.

Safety Measures Works

These are works to the existing Tottenham Court Road LUL
station proposed to reduce overcrowding. Parliamentary Powers
for this work were obtained together with other works at Holborn
and London Bridge stations. The cost of the works at Tottenham
Court Road, £68 million at March 1990 base case, is included in
the project ringfenced total. This would appear to be anomalous,
given the definition of ringfencing described above. However, no
adjustment in respect of this item has been made in the analysis
that follows.

Core Budget Works

These are those works that are essential for CrossRail to meet its
performance specification, but are assumed to be funded from BR
and LUL core budgets. This assumption is justified on the basis
that, if CrossRail were not constructed, the works would still be
necessary if BR and LUL are to maintain their existing services.

The principal components of the estimated cost of £446 million
(March 1990, base excluding contingencies) are:

* Metropolitan line track renewals and c. £100m

resignalling
» Rolling stock c. £300m

The treatment of Metropolitan line costs is reasonable and
appropriate as it is considered to be understood that this line is in

- 98 -
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urgent need of refurbishment. However, the treatment of the
costs of rolling stock is questionable, as discussed below.

Rolling Stock

The total cost of new rolling stock required to operate CrossRail is
€440 million. However, only £140 million of this figure is
attributed to the project ringfenced budget, with the remaining
£300 million attributed to BR and LUL core budgets. This
calculation has been justified by the assumption of a cascade of
the displaced existing rolling stock operating on the Great Eastern
(Shenfield), Thames and Chiltern lines onto other parts of the BR
network. This assumption does not take account of:

- The intention of Government to take CrossRail forward as a
public/private joint venture;

A The imminent privatisation arrangements for BR.

It must be assumed that any future CrossRail operator, as a
stand-alone entity, would be faced with financing the entire cost
of his rolling stock fleet either by capital purchase or by means of
a leasing arrangement within the envisaged future BR framework.

However there would also be some value from the release of the
Great Eastern, Thames and Chiltern rolling stock, which is mostly
quite new, fairly versatile, and likely to find new users through
the rolling stock market.

There is also some value in replacing Metropolitan Line "A" stock.
This stock is being refurbished and in the absence of CrossRail
will need to be replaced sometime around 2020.

As discussed in Section 3.5, for the purposes of project economic
evaluation, it has been assumed that half of the cost of the
proposed rolling stock fleet, or £220 million, is included within
the project ringfenced budget. In the case of the project financial
evaluation the full cost of rolling stock has been assumed to be
attributable to the ringfenced budget. The effect of this latter
adjustment is shown in Table 3.3, showing an increase in
ringfenced costs from £1730 million to £2027 million at March
1990/base cost.

Contingencies and Risks
i) Terminology

The CrossRail team uses the following terminology in connection
with project risks and contingencies:

¥ Base Cost: The minimum cost to construct the project, based
on the known scope at the time of estimate preparation;
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Estimating Contingency: A percentage added to each item of
base cost to allow for estimating uncertainties;

Design Development Contingency: A percentage added to each
item of base cost to allow for risks on the future
development of project scope;

Ceiling Cost: The maximum cost of constructing the project,
comprising the summation of base cost, estimating
contingency and design development contingency;

Median Cost: The most likely cost of constructing the project
and those used in economic and financial evaluation.

Reported Costs

The April 1993 CrossRail estimate contains the following
calculation of project Ceiling Cost:

Base Cost £1,706m |100.0%

Estimating Contingency £161m 9.5%

Design Development Contingency £284m 16.6%

Ceiling Cost £2,152m [126.1%

The same April 93 estimate values, included in the October 93
cost update, were used in calculating the following median cost :

Base Cost £1,730m [(100.0%

Median Contingency £313m 18.1%

Median Cost £2,043m [(118.1%

The median contingency of 18.1% is approximately equal to the
Estimating Contingency of 9.5% plus half of the Design
Development Contingency of 16.6%.

Both the methodology and percentage values used in these
calculations are realistic and appropriate for a project of this
nature at the current stage of its development.

Indexation

At the request of- Government, to ensure compatibility and
comparability of estimates, all CrossRail costs are reported using a
March 1990 cost datum. Adjustments from current cost estimates

~ 3T -
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back to this datum are calculated using the Investment Projects
Inflation Index published by BR as a GDP deflator. The values of this
index at base and current dates are:

* Mar 90 129.0
Dec 93 155.2

This index thus suggests an increase in project capital costs of
20.3% between the above two dates. However, during the same
period, real construction costs have fallen as the industry has moved
from conditions of boom to slump. This fall has been most marked in
the building sector, where one of the most frequently applied
measures, the BCIS Tender Price Index published by the Royal
Institute of Chartered Surveyors, fell from 135 to 109, a reduction of
19.3%. The effect on civils works of an underground nature is more
open to debate, but the reported tender returns for Jubilee Line
Extension works would also seem to point to a substantial fall.

This divergence between notional and real world trends in
construction costs should not have a distorting effect on any cost
estimate produced at a particular point in time. It is noted, however,
that the apparent stability of the CrossRail budget over the past two
years since the October 1991 estimate points to an opportunity to
reduce costs in line with construction market conditions.

Conclusions

It is not part of the brief of the current study to carry out a thorough
audit of the CrossRail estimate, and indeed such an exercise would
not have been possible within the time constraints of the study.
However, based on its work within the limited time available, the
study team conclude that:

¥ The scope of the project is generally well defined within the
terms of reference of the project team;

No significant weakness in the estimate build-up are
apparent;

The levels of risk and contingency contained within the
estimate are appropriate for a project of this nature at its
current level of design development;

The estimate should be adjusted to more accurately reflect
the net cost of the rolling stock in the ringfenced budget;

Given this single adjustment, the currently reported project
estimate appears robust and represents a realistic measure
on which to test the viability of the CrossRail scheme as
presently conceived;
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The project estimate represents a solid datum from which to
derive costs for Minimum Core Railway variants of the
present scheme.

3.9.2 Minimum Core Railway

Introduction

This section sets out the features of the "Minimum Core Railway"
proposed in this study that form the basis of economic and financial
modelling of the feasibility of the CrossRail project.

Quantity Increments

i)

CrossRail Study Alternatives
The stage 1 CrossRail Cost Effectiveness Study defined the Basic
Core Railway as a line between Shenfield and Slough, with
stations at Moorgate and Tottenham Court Road. The quantity
increments which were then added to the Basic Core Railway to
arrive back to the full CrossRail scheme were:
1; Extension from Slough to Reading

Extension to Amersham

Extension from Amersham to Aylesbury

2
3
4: Addition of Bond Street station
5

Addition of Farringdon station
6: Addition of Paddington station

The present study has taken the following approach in defining a
Minimum Core Railway (MCR):

Route Network
The extensions of the outer area network (increments 1, 2 and 3)

are included in the MCR. These extensions have a comparatively
low cost, but generate significant benefits.
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iii) Central Stations

The total cost of the five central stations in he existing CrossRail
budget (March 1990, Base Cost) is £800 million out of a total
project cost of £1,700 million, i.e. 47%. Costs of individual
stations are approximately:

Paddington £100 million

Bond Street £150 million

Tottenham Court Road £250 million

Farringdon €150 million

Liverpool St/Moorgate £150 million
In view of these high capital costs, the present study has

considered for economic evaluation a MCR with the following
combinations of stations:

. All five stations

- Three stations: Bond Street/TCR/Moorgate

* Two stations: TCR/Moorgate
Quality Increments
The CrossRail stage 1 study identified seven "quality" increments in
building from its definition of a "Basic Core Railway" back to the
present CrossRail scheme. These increments have been handled in the
present study as follows:

A. Safety in Infrastructure

B. Safety in Rolling Stock

Both these increments are required to meet present day mandatory
safety requirements and are included in whole in the MCR.

C. Mobility Impaired Access

While not mandatory, the provision of mobility impaired lifts has a
high political benefit and a low capital cost (£5 million), and is
included in the MCR.
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D. Environmental Mitigation Measures

The two main elements of this increment are operational noise
mitigation and construction spoil removal by rail. The inclusion of
noise mitigation measures is considered essential to reduce project
risks. Spoil removal by rail may be open to challenge, but has been
included in the meantime.

E. Second Station Ticket Halls

Not included in the MCR: see below for discussion of station
specification.

F. Metro Rolling Stock

See below for discussion on types and specification levels of rolling
stock.

G. Upgradability
No provision for upgradability in MCR. Scheme assumes the use of 6
car trains and 120 metre platforms lengths. See Sections on stations
and rolling stock below. !
Tunnel Diameter
Previous studies have suggested reducing running tunnel diameter as
a means of reducing construction costs. Based on recent tunnel
tenders available to the study team, it is estimated that the savings
for reducing tunnel diameter from the current 6.0 metres would be as
follows:

5.6m (as HEX) £10 million

5.0m £25 million

4.5m £40 million

It can be seen that the saving for reducing to the Heathrow Express
(HEX) diameter is minimal. More drastic reductions to 5.0 metres or
4.5 metres diameter show more significant savings, but would require
a major review of rolling stock configuration and gauge before being
adopted.

The MCR has assumed that the existing 6.0 metres tunnel diameter is
retained. Further work to examine reducing the running tunnel bore
should be undertaken as a future exercise.
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Rolling Stock

i)

Specification

The present CrossRail scheme assumes that all rolling stock
operating on the system will be new, dedicated Class 341 units.
This stock has the following enhancements to the Class 465
Networker specification:

Enhancement t£k/set gm/fleet

23m bodylength 40k 5.7m
Third door 80k 11.4m
Fireproofing 60k 8.5m
25kV OHLE 70k 9.9m
Air Cooling 40k 5.7m
Passenger information 30k 4.2m

Performance enhancements 130k 18.5m

Total 450k 63.9m

The following approach has been taken to these enhancements in
developing a MCR:

* The car extension from a standard 20 metres to 23
metres, and the provision of a third door, have been
omitted;

Fireproofing of stock is mandatory and is retained.

25 kV OHLE equipment is necessary and is included.

Air cooling and passenger information systems have been
retained, but should be the subject of a future value
engineering exercise.

Performance enhancements have been retained as the
study team has not clarified the basis of their adaptions.

It is considered that a general review of rolling stock should be
carried out in the future. In particular, the proposed performance
enhancement (an increase in power of 33% over standard
Networker stock) seems particularly worthy of review.
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Train Configuration

The present CrossRail scheme assumes Class 341 units operating
in four car units which would generally be coupled to form eight
car trains. The MCR instead proposes the use of three car units
operating in six car trains.
Stations
The present CrossRail scheme has central stations designed with
two ticket halls approximately 300 metres apart at each end of
station boxes to cater for future expansion of the system to
twelve car trains.
The MCR assumes that stations will have single ticket halls, with
station box/platform length of 120 metres to suit six car trains. It
should be noted that this reconfiguration would mean substantial
revision of the land-take required at each station location, with a
consequent revision of the powers required in the present
CrossRail Bill.

Summary of Features of MCR

The features of the realistic Minimum Core Railway, as discussed in
this Section, are summarised as follows:

* Full CrossRail outer region network;
Scenarios for five, three and two central stations;
6m diameter running tunnels;
Single station ticket halls;
120m station platform lengths;
Six car Class 341 trains;
Revised Class 341 stock specification;
No upgradability built into the system;
Compliant with current safety standards.
Incorporates MIP lifts.
Allows for environmental mitigation measures.

MCR Capital Costs

The capital costs of the MCR variants that have been subject
economic evaluation are shown in Table 3.4.

.y




SIR ALEXANDER

CROSSRAIL by Bovis GIBB

COST EFFECTIVENESS STUDY & PARTNERS

The following notes should be read in conjunction with this table:

*

Costs have been computed by back-calculation from the
existing CrossRail budget. In the timescale available to the
study, this has involved some fairly broad-brush assumptions.
However, the order of costs derived is believed to be accurate;

Costs contain the same level of contingencies as the existing
CrossRail estimate. As discussed earlier in the review of this
scheme, these contingency levels are considered appropriate;

The costs of rolling stock are shown in the Table fully
attributed to ringfenced costs. In accordance with the
principles discussed earlier in the critique of existing scheme
costs, economic evaluation discounts these costs by 50%.

The MCR programme for discounted cashflow calculation has
been assumed to be the same as that of "Case 4" of the
existing CrossRail scheme.

MCR Scheme Optimisation

It is believed that future scheme optimisation and value engineering
could make further substantial reductions in MCR capital costs. Areas
to be investigated would include:

*

Rolling stock specification;

Further review of safety measures with the Railways
Inspectorate;

Running tunnel diameter;
Station features and layouts;

Procurement strategy and project management costs.




Nov 93
Median Risk Index Base
Subsection % £m % £m + Risk

Land & Property Gross 30.0% 110.7 -28.8% (137.9) 341.7
Land & Property Recovery 0.0% 0.0 -28.8% 371 (92.0)
Running Tunnels 10.0% 20.1 20.3% 449 266.2
Special Works ! 20.0% 4.1 20.3% 5.0 29.6
At Grade Works 15.0% 10.9 20.3% 17.0 100.7
Depots & Stabling 20.0% 3.2 20.3% 3.9 23.1
Central Stations 10.0% 50.3 20.3% 112.3 665.6
Site Investigation : 10.0% 0.9 : 20.3% 2.0 11.6
Service Diversions 15.0% 3.9 20.3% 6.1 36.1
Remedial Works 100.0% 47.2 0.0% 0.0 94.4
Rolling Stock 10.0% 141 20.3% 31.6 187.1
Power & OHLE 25.0% 9.4 20.3% 9.6 56.7
Signalling 25.0% 14.0 20.3% 14.2 84.2
Trackwork 35.9 15.0% 5.4 20.3% 8.4 49.7
Ventilation 10.0% 1.2 20.3% 2.7 15.9
Communications 30.3 25.0% 7.6 20.3% 7.7 45.6
uTs 8.0 20.0% 1.6 ! 20.3% 1.9 115
Depot Equipment 10.0 30.0% 3.0 20.3% 2.6 15.6
Design & Supervision 115.0 0.0% 0.0 20.3% 23.3 138.3
Management 110.3 5.0% 55 20.3% 235 139.3
Royal Assent 38.0 0.0% : : 20.3% 7.7 45.7
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Total Project Budget (Ringfenced) | 1,730.0 18.1% 1  109% 2237 | 227668

Core Budget Works 446.0 10.0% g 20.3% 99.6 590.2

Total Project Commitment | 2,176.0 16.4%  ‘ . 128% 3233 | 2857.0

'(\/,W{ " TABLE 3.2
EXISTING CROSSRAIL BUDGET
APRIL 93 ESTIMATE WITH OCTOBER 93 "CASE 4° ADJUSTMENTS




. Nov 93
Median Risk - Base
Subsection % £m . Em |+ Risk

Land & Property Gross 30.0% 110.7 (137.9) 341.7

Land & Property Recovery 0.0% 0.0 37.1 (92.0)
Running Tunnels 10.0% 20.1 449 266.2
Special Works 20.0% 4.1 5.0 29.6
At Grade Works 15.0% 109 17.0 100.7

Depots & Stabling 20.0% 3.2 3.9 23.1

Central Stations 10.0% 50.3 112.3 665.6

Site Investigation ; 10.0% 0.9 - 2.0 11.6
Service Diversions : 15.0% 3.9 6.1 36.1

Remedial Works 100.0% 47.2 0.0 94.4
Rolling Stock : 10.0% 439 98.0 580.7

Power & OHLE 25.0% 94 9.6 56.7
Signalling 25.0% 14.0 14.2 84.2
Trackwork 15.0% 5.4 8.4 49.7
Ventilation 10.0% 1.2 2.7 15.9
Communications ! 25.0% 7.6 7.7 45.6
uTs ; 20.0% 1.6 i 19 11.5
Depot Equipment 30.0% 3.0 2.6 15.6
Design & Supervision 0.0% 0.0 23.3 138.3
Management 5.0% 5.5 235 139.3
Royal Assent 1 0.0% 0.0 7.7 45.7

© O NO O bd WON = =

Total Project Budget (Ringfenced) - 16.9% 342.9 o 2901 2,660.4

Core Budget Works 10.0% 119 26.6 157.6

Total Project Commitment 16.5% 2,818.0

TABLE 3.3
EXISTING CROSSRAIL BUDGET
ADJUSTED FOR FULL ROLLING STOCK COST




. ':Railplan Service Infra- Rolling . %
Run No | Stations tph Structure Stock Total £m | ' Crossrail

EXISTING CROSSRAIL

4508 | P,B,T,F.M Full Network

4508 P,B,T,F.M Full Network

. EXISTING CROSSRAIL (BCR)

4514 | TM Slough - Shenfield

CROSSRAIL VARIANTS, 6 CAR TRAINS

4534 P,B,T,FM Full Network
4536 P,B,T,F.M Full Network
4522 B,T.M Full Network

4524 B,T.M Full Network

CROSSRAIL VARIANTS, 8 CAR TRAINS

4532 | P,B,T,FM Full Network

4520 | B,TM Full Network

4526 | T,M Full Network

P: Paddington

B: Bond Street

T: Tottenham Court Road

F: Farringdon

M: Moorgate/Liverpool Street
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3.10 Economic Evaluation
3.10.1 Methodology

The economic evaluation of the CrossRail options has been based on
output from London Transport’s RAILPLAN model with a lower level
of demand (15% lower) than that used by London Transport (LT).
Previous CrossRail tests have made use of a 2001 matrix which is
now recognised to be a highly optimistic level of demand as it does
not take into account the slump in demand since 1988. Based on an
analysis of passenger counts at London Underground stations over
the period 1986 to 1991 (approximately 60 stations) and Department
of Transport statistics, it is apparent that the forecast 2001 demand
matrix currently being used by LT for evaluating CrossRail is of the
order of 15% to 20% too high.

The study team, therefore, has applied a global factor of .85 to the
2001 demand matrix used by LT. Given the timescale available, this
approach is considered reasonable. All CrossRail tests which have
been fed into the economic evaluation shown in this report are based
on this lower level of demand.

It has also not been possible to run LT Distribution and Modal Split
and Highway Decongestion models. However, from previous work
carried out by LT, it has been possible to estimate the benefits of
highway decongestion and increased revenue from increased rail
patronage resulting from mode transfer (Road-Rail).

Highway benefits have been assumed to be the same for all CrossRail
tests. However, for those tests with lower frequencies (i.e. 14 and 16
tph) and a reduced service pattern (i.e. Shenfield - Slough only), the
highway decongestion benefits are likely to be lower. Similarly, for
those tests with frequencies greater than 24 tph, the highway
decongestion benefits may be higher.

Validation of the RAILPLAN model against the LTS model for the
CrossRail scheme carried out by LT Planning, has shown that, given
identical coding, the two models produce slightly different results and
therefore some scaling down of the RAILPLAN passenger hours was
carried out to ensure compatibility between the two models.
However, the RAILPLAN model used by the study team has a number
of network coding improvements compared to the LTS model and the
coding of the CrossRail scheme itself is more compatible with current
designs. There are therefore differences in model results between
RAILPLAN and LTS.

3.10.2 RAILPLAN Results

The RAILPLAN model was used to evaluate the consequences of
modifications to the proposed CrossRail scheme at the lower level of
demand (i.e. 15% reduction). In addition to the proposed scheme,
two main variants were considered, 6 car trains with 6 car stations
and no upgradability, and 8 car trains with 8 car stations with no
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upgradability. For each of these options, various station combinations
and frequencies were considered. In all, nine CrossRail tests were
modelled using RAILPLAN. A review of the RAILPLAN results is
contained in Appendix E.

3.10.3 Economic Evaluation

The economic evaluation has been carried out using the same values
of time and other key assumptions as used by London Transport for
the evaluation of CrossRail. A spreadsheet based economic evaluation
model was developed and calibrated to London Transport’s evaluation
for the full CrossRail schemes. The Net Present Values (NPV) and
benefit:cost ratios, together with a breakdown in benefits for the nine
CrossRail tests, are shown in Table 3.5. All figures are in millions of
pounds (Em) in 1993 prices, discounted to 1993 using an 8%
discount rate. A more detailed explanation of the cost:benefit analysis
assumptions is shown in Appendix F.

The economic evaluation shown in Table 3.5 indicates that all the
tests carried out have benefit:cost ratios of at least 1:1. However,
only three of these tests have benefit:cost ratios of 1.3 and above,
two of which are 6 car options and one an 8 car option.

Both of these options assume no upgradability of the stations. Of the
options evaluated the option with the highest benefit:cost ratio is that
with a full network service pattern, central area stations at Bond
Street, Tottenham Court Road and Moorgate (with no upgradability)
running 6 car trains at a frequency of 30 tph. The benefits of running
a higher frequency service with smaller trains is clearly shown and
serious consideration of this option is recommended. Clearly, the
availability and value of the additional 6 train paths on BR (RailTrack)
lines to the west and east of London needs to be explored.

The analysis in this section of the report assumes a wholly public
sector project. When considering the benefit:cost ratio for the project
as a joint venture with the private sector, there will be an impact on
the cost side since the total project costs are increased because the
private sector demands a higher return, but the Government will only
have to contribute a proportion of the total costs. According to
current guidelines, there would also be an impact on the benefit side
through loss of revenue. The CrossRail team have shown that moving
the project from the public sector to a joint venture with the private
sector reduces the benefit:cost ratio. This could be important since
the project is marginal as a public sector development and the
involvement of the private sector may cause the Government’s
contribution to become unattractive.

There is, arguably, further impact on the benefit side through the
effect on other Government entities, in particular LT and BR (including
its privatisation), and because risk is being transferred to the private
sector. However, how such benefits should be quantified and
included, if at all, involves the consideration of a range of issues
across different areas.

i ko
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Stations

Route

Service
tph

PT Time
Benefits

PT
Congestion
Benefits

Highway
Benefits

Generated
Revenue

Total
Benefits

Net Present
Value

Benefit
Cost
Ratio

EXISTING

CROSSRAIL

P,B,T,F,.M

Full Network

24 each way

£2020m

£1695m

CROSSRAIL VARIANTS, 6 CAR TRAINS

P,B,T,F,.M
P,B,T,F.M
B,T,M

B,TM

Full Network

Full Network

Full Network

Full Network

24 each way
30 each way
22 each way

30 each way

£1723m

£2006m

£1540m

£1963m

£1484m

£1548m

£1366m

£1453m

CROSSRAIL VARIANTS, 8 CAR TRAINS

P,B,T,F,.M
B,TM
™™

™™

Full Network
Full Network
Full Network

Slough Shenfield

24 each way
22 each way
14eb & 16 wb

14eb & 16 wb

£1922m

£17694m

£1227m

£1137m

£1514m

£1412m

£1201m

£1113m

P: Paddington
B: Bond Street

T: Tottenham Court Road

F: Farringdon
M: Marylebone

TABLE 3.5

ECONOMIC EVALUATION OF CROSSRAIL OPTIONS
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3.11 Project Structure and Financing

3.11.1 Project Structure

The involvement of the Government is essential for the successful
completion of the CrossRail project as a joint public/private sector
venture. Furthermore, the classification by H. M. Treasury of the
project as a private one is vital. There is, therefore, a need to
structure the project in a manner acceptable to Government with the
maximum transfer of risk to the private sector, subject to the
willingness of the private sector to take on risk.

The allocation of risk between the various parties involved in a private
infrastructure project would be achieved through contracts specifying
in detail the terms under which payments must be made, the
specification of each party’s obligations, circumstances under which
liabilities arise and a definition of force majeure events. The
inter-relation between the different parties is shown schematically
below:

Crossrail - Commercial Structure

SHAREHOLDERS

PUBLIC
SECTOR
BODIES

FINANCIAL
INSTITUTIONS

juauiwwo)

CONSTRUCTION - LENDING
CONTRACTOR CROSSRAIL - BANKS
PROJECT

COMPANY

(commercial and EIB)

OPERATION/
MAINTENANCE
CONTRACTORS

PASSENGER INSURANCE
USAGE COMPANIES
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In order to maximise the amount of private sector funding that can be
raised for the CrossRail project company, as much risk as possible
must be passed on via the individual contracts. Most of the cost and
performance risk associated with construction and operation, in
principle, may be passed to the construction and
operation/maintenance contractors respectively. Many other risks,
such as physical loss or damage, may be insured against and,
therefore can be passed by implementing a comprehensive insurance
package. This leaves the level and robustness of the revenue as the
major risk being taken by the project company and it is this,
therefore, that largely determines the capacity of the project company
to raise funds from the private sector.

The level of revenue is a forecast figure based on assumptions about
the future usage by passengers which itself will depend on the
assumptions made about the economic activity and social trends
expected within London and the surrounding areas. In assessing a
potential level of revenue, private sector lenders and investors will
look at the reasonableness of the underlying assumptions, investigate
the sensitivity of the revenue to a change in the underlying
assumptions and compare the forecast revenue level with that seen
historically, adjusting for variations in the underlying factors.

The usage level seen will depend on the diversion of demand between
competing traffic modes and on the overall level of demand. Diversion
itself depends on the relative fare levels as well as many other
individual factors associated with the convenience of one route over
another. The fare level has been assumed to be the same as other
public transport fare levels and so should not have an influence.
Assumptions have been made about the other factors in the transport
planning model (RAILPLAN) used to generate the passenger miles and
there is a risk that these do not reflect what passenger behaviour will
actually be.

For the overall demand level, a starting place for producing a forecast
is to look at historic data. Over the past thirty years there has been
an overall downward trend in the number of people entering London
during the morning peak period (7-10 am). The outlook in Central
London for employment growth is uncertain, but, combined with an
expected increased in off-peak travel in the future, the assumption
that there will be some growth in overall demand would seen to be
reasonable. This is the assumption underlying the usage figures used
here, with the increase in passenger miles once the new facilities are
open arising from a transfer of demand from other transport modes.

It is assumed that the full operation of the proposed CrossRail scheme
would be the responsibility of the CrossRail project company with the
risk of operation being largely passed on to an operator through an
operating contract. As originally conceived, CrossRail was assumed to
be operated by a joint BR/LUL team. For this to be acceptable to the
private sector, appropriate contractual arrangements between these
entities and the project company would need to be put in place, so
ensuring that the operator takes the risks associated with operation.
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However, it is not clear whether it will be practical to follow the
original concept for the operation of CrossRail because of the
intention to create BR franchises. It is also not clear what appetite
there is within the private sector to take on railway operation. Some
further thought, therefore, may need to be given to this area to
ensure that a successful project structure can be created. One
immediate step for consideration would be the formation of CrossRail
as a Government Company independent of LT and NSE and reporting
directly to the Government. Such a company could then become the
initial vehicle for moving the project into the private sector.

3.11.2 Financing Structure

This section considers the financing plan proposed by NatWest
Capital Markets for the CrossRail Project Team.

Funds from five different sources are assumed to be available:
a) Internally Generated Funds

It is assumed that the project company will derive the
benefit of the revenue from the BR line(s) included in the
proposed CrossRail schemes from the start of the
concession period (1 April 1996). In this way the project
company should receive revenue while the new facilities are
being constructed and so have access to it as a source of
financing for construction. However, the revenue has risk
associated with it and its contribution, therefore, will be
discounted by the banks.

Senior Debt

The amount of senior debt available to the project company
is assumed to be maximised. As discussed in Section
3.11.1, the capacity of the project company to raise finance
will depend on the amount of risk left within the company.
The maximum amount that will be available will depend on
the net cashflow providing the banks (including the EIB,
assuming it is willing to lend on a project basis) with
adequate cover through a minimum annual cover ratio and
through the concession continuing for a sufficient period
after the debt is due to be repaid.

In addition to the robustness of the project itself, there will
be other constraints on the amount of debt that might be
available to the project. There will be a loan size above
which the banks will not lend to a single borrower. Banks
will also look at the precedents set by previous similar
projects in deciding how much as a proportion of total cost
they will lend. Experience on other projects will also have a
major impact on the banks’ appetite for the project, for
instance, the unsuccessful project financing of the Orly VAL
Line in Paris. In addition, the difficulties seen with the
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Eurotunnel financing may have made some banks wary of
UK transport projects.

The very large size of the project, at least as originally
conceived, is also likely to be an important factor. There are
relatively few international banks who are active in project
financing and for a project of such a size most of them
would need to be involved at an underwriting stage.
Similarly, a project with such a debt facility would require a
very large number of banks to be involved at the syndication
stage and, inevitably, would include banks with little or no
experience of project financing. For instance, for the
Eurotunnel project there were 50 underwriting banks with
the number of banks participating after syndication rising to
around 200. This is likely to result in poor terms being
achieved compared with projects of smaller size, in
particular loan maturity.

It is not at all certain that such a large amount of money
could be raised by the project company in the current
market. At the time the project is expected to be taken to
the market it may well be competing with the High Speed
Rail Link project for funds. In addition, the Eurotunnel
project will have a considerable influence on banks’ views
on transport projects for some considerable time to come,
although by the time CrossRail would be taken to the market
the performance of Eurotunnel will be much clearer.

Mezzanine Funds

A tranche of mezzanine financing is assumed to be
available. This has been assumed to be in the form of
sub-ordinated debt which only pays out the interest due on
maturity. Thus, it is equivalent to a zero-coupon bond.

The source of the mezzanine tranche is assumed to be
financial institutions. There is some precedent of such funds
being available, in particular, for the Queen Elizabeth Il
Bridge and Second Severn Bridge projects, but not on the
scale of the proposed CrossRail scheme. It is not clear,
therefore, that any such funding would be available, but a
moderate level has been assumed for the purpose of the
current analysis. To the extent mezzanine finance is not
available, the shortfall may be made up from shareholder
funds.

Shareholder Funds

A tranche of shareholder funds is assumed to be available.
For ease of modelling this has been assumed to have the
same characteristics as the mezzanine tranche, i.e. a
zero-coupon bond, except that the return assumed is higher.
However, the size of the proposed scheme is such that the
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project company would have to be floated on the Stock
Exchange and, therefore, it is unlikely that the shareholder
funds would be provided by such an instrument. The most
common form of shareholding in quoted companies is
equity, although derivative products are becoming more
widespread.

Grant

To the extent that there is a residual funding requirement
over and above the assumed maximum of the other sources
of finance, it is assumed, for the purpose of the current
analysis, that the shortfall will be funded by the Government
through grant financing. However, an alternative would be
for the Government to provide its contribution in the form of
subsidy during the operating period or indeed a combination
of grant and subsidy.

In practice, it may be possible to reduce the funding
requirement during the construction period by leasing some
of the assets, for instance, the rolling stock. However, this
would result in an increase in the cost base during the
operating period which would need to be covered by a larger
subsidy from the Government. Regardless of the form in
which the Government contribution is made, a commitment
to make the funds available will be required to allow
drawings to be made on the private sector funding. The
attractiveness of the alternative forms will depend on
political factors, which may also determine from which part
of the Government the funds are provided, as well as the
relative cost.

To the extent that the Government contribution is made
later rather than earlier, this will increase the real amount
required and, since private sector finance is more expensive
than public sector funds, will also increase the real cost in
discounted terms. However, the size of the Government’s
contribution is such that it is likely to have to spread the
contribution over several years at least in order to avoid
disrupting funding availability for the wider spending
program.

Based on the preliminary cost and revenue assumptions
given in Appendix F the indicative level of grant funding is in
the region of (50%). However, this result is highly
dependent on the net revenue assumed, i.e. the difference
between the fare charged and operating costs on a per
passenger mile basis, and while there is some confidence in
the fare level, the appropriate operating cost figure is much
less certain and requires further investigation.
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4.0 ALTERNATIVE INVESTMENT OPPORTUNITIES
4.1 Study Objectives

Section 3 of this report has considered in detail the CrossRail scheme
as planned and variations to the scheme. However, the cost reduction
proposals and enhancement of benefits still leaves the project, at
best, marginal as a private/public joint venture. In particular as the
underlying Central London growth forecasts themselves are now
unlikely to be achieved within the envisaged timescale of the project,
less capital - intensive projects could be re-considered.

London Transport have themselves identified a range of opportunities
for infrastructure investment in the Underground system that would
provide significant benefits. The study team has also studied a
number of alternatives which seek to achieve some of the perceived
objectives of CrossRail, but at reduced cost and complexity and with
potential for private financing.

An extensive list of London rail investment opportunities were
identified within the target price range. Six were selected which were
felt to address best the perceived objectives of the CrossRail project.
Of these, five fell within a cost range of £100 million to £300 million.

Schemes were selected primarily according to the extent that they
address "CrossRail type objectives". Some of the other schemes
which were not studied further, such as the Finchley Road Link, East
London Line Extensions, Croxley Link, and some free-standing
components of the much larger Northern Line and Thameslink
projects, may also offer good returns and be suitable for private
finance, but were considered t<ns1:XMLFault xmlns:ns1="http://cxf.apache.org/bindings/xformat"><ns1:faultstring xmlns:ns1="http://cxf.apache.org/bindings/xformat">java.lang.OutOfMemoryError: Java heap space</ns1:faultstring></ns1:XMLFault>