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1. Introductory Summary
1.1 The Wivenhoe Park Crossing comprises a user worked crossing with
telephone accommodating a private right of way for vehicles and a public right
of way on foot over the railway line between Hythe and Wivenhoe, to the
south of Colchester. It is located close to the south-west corner of the
Colchester campus of the University of Essex, a substantial, dynamic and
growing institution with a high reputation for academic excellence..
1.2  The proposal is to extinguish the private right of way. There is no current

proposal to close the public right of way. The former stiles to the north side of
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the crossing were replaced by “cycle-friendly” pedestrian gates in about May
2017.

The Wivenhoe Park crossing is rarely used for vehicular traffic and the risks
associated with gates being left open by cyclists have been significantly
mitigated by the installation of the pedestrian gates. To the best of the
University’s knowledge, there have been no accidental fatalities on the

crossing and certainly no incidents involving vehicles.

Although the private right of way may not directly benefit the University, the
proposal to provide an alternative right of access for the persons entitled to
the vehicular right of way by a route which includes land owned by the
University and others would have a severe adverse impact upon the
University and its population which is disproportionate to the benefit of the

closure.

The University does not make observations on any other proposed crossing

closure.
History

The construction of a railway from Hythe to Wivenhoe was authorised by a
Private Act of Parliament which received Royal Assent on 13 August 1859.
The Act incorporated the Tendring Hundred Railway Company, with power to
purchase lands, houses, and other property compulsorily for the purposes of
the said intended railway'. The route of the new railway traversed part of
Wivenhoe Park, part of a large private estate then owned by Mr. John Gurdon

Rebow.

The Hythe to Wivenhoe railway was opened by in 1863. It is assumed the
Wivenhoe crossing was established where the line crossed the path of an
established way leading to the River Colne. The line was extended

' The London Gazette, 30 November 1858, Issue 22205, p 5242; Issue 22298, 16 August 1859, p

3110
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incrementally to reach the terminus at Walton-on-Naze in 1867. The company
underwent various amalgamations before nationalisation of the railways under
the Transport Act 1947. The infrastructure of the railway devolved to Network

Rail along with other former assets of British Railways after the collapse of

Railtrack plc.

In May 1961, the Chancellor of the Exchequer accepted the advice of the
University Grants Committee to authorise the establishment of four new

universities, including one at Colchester?.

A 200 acre site at Wivenhoe Park, adjoining the railway, was acquired for the

new university by Essex County Council from Mr. Charles Michael Gooch.

The University was established in 1963 and it was incorporated by Royal

Charter in 1965.
The University today

The University is an exempt charity subject to the provisions of the Charities
Act 2006 and regulated by the Higher Education Funding Council for England.
The governing body is the University Council, the members of which are the

trustees of the University.

In June 2017, the University was adjudged to have delivered consistently
outstanding teaching, learning and outcomes for its students and to have
achieved gold standard within the Teaching Excellence Framework. It is
referenced by QS World University Rankings as being in the top 2% of
universities in the world, and as a world leader in social sciences and
management, with internationally recognised strengths in the arts and

humanities.

In the year 2015/16 the University had a total of 10,414 undergraduates;
3,230 postgraduate students; and 2,167 full time equivalent staff, spread over

three campuses. The Colchester campus is by far the largest, with 11,539

2 HC Deb 18 May 1961 vol 640 cc160-1W
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students.

This year the Colchester Campus has a total of 10,871 students, of whom
9,850 live on campus or within postcodes CO1-CO4 (being the immediate

area surrounding the campus).

The University's Strategic Plan 2013-19 set out its purpose to contribute to
society through excellence in research and excellence in education. It aspires

to a 50% increase in student numbers.

The University's current projections, based on historic growth data, estimate
that the Colchester Campus will have 14,472 students by 2019/20 and 19,609
by 2024/25. Of those, it is projected that 12,133 and 16,405 respectively will

reside either on campus or within postcodes CO1-CO4.

In addition to being home to more than 20 academic departments and
schools, the Colchester campus is also host to the "Knowledge Gateway
Research Park” an adjoining 43-acre site, which is intended by 2025 to be the
location of choice in the eastern region for knowledge-based enterprises in
science, technology and the creative sector. The first phase, Parkside Office
Village, is already home to close to 20 growing businesses and work is under

way on a £10 million Innovation Centre to accommodate more than 50
growing start-ups.
Policy EC1 of the draft Colchester Borough Local Plan (in consultation from

16 June 2017 to 11 August 2017) recognises and supports the University's
plans for growth.

The University Quays area

The University arranges the provision of student accommodation on and off
campus. A substantial complex of off-campus accommodation is the
University Quays. This is a site adjacent to the River Colne, to the west of the
railway, at the south end of the un-adopted road known as Lightship Way.

Constructed in 2002/03 the University Quays comprise accommodation for
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some 780 students in three purpose-built blocks. It is linked to the north-west

corner of the main campus by a footbridge over the railway.

On the east side of the footbridge a new complex of accommodation for some
650 students, known as The Meadows, was completed in 2013. A second
phase of development at The Meadows is under way, which will provide a

further 640 units of student accommodation.

The freehold for these developments is held on behalf of the University by a
wholly-owned subsidiary company, Universal Accommodation Ltd, which in
turn has leased the land on long leases to a consortium called ULiving
comprising a housing provider, Derwent Housing Association Ltd (t/a Derwent

Living) and a developer, Bouygues Development.

In addition to the University accommodation, several thousand students
occupy privately-owned accommodation in the vicinity of the Quays and there
are several bars, focd outlets and other facilities in the adjacent areas which

are frequented by students throughout the day and night.

On the accompanying copy of sheet 42, the land and buildings coloured blue
are student accommodation buildings leased by Universal Accommodation
Ltd to ULiving. The area shown coloured pink on the same sheet comprises

privately-owned student accommodation.

The University Quays area and the footbridge are a key transit area, providing
a principal access route for students and staff of the university, and for visitors
and people employed in the “Knowledge Gateway”, to and from the campus. It

is heavily used both by pedestrians and cyclists.
University’s transport policies

The University actively promotes healthy commuting and active lifestyles
amongst its staff and students. Its Environmental and Sustainability Policy
seeks to achieve the reduction of its environmental footprint by, amongst other

things, encouraging and promoting the increased use of sustainable transport
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methods. As part of that it has Invested heavily in cycle infrastructure around

its site.
The Wivenhoe Trail

The Wivenhoe ftrail is a well-used path which runs beside the tidal river
between Wivenhoe and the Hythe. It has permissive use for cyclists and it
forms part of National Cycle Route 51. As well as being a significant leisure
amenity it also provides an important route for people coming to and from the

campus.

To the south of the University Quays area, the trail runs along the crest of the
seawall embankment or bund which keeps the river from flooding the

adjoining marsh meadows.

Further south, the Wivenhoe Park Crossing provides access to and from the
Wivenhoe trail to and from a track over which there is a public right of way
which leads to Boundary Road along the south of the University's Wivenhoe

Park campus.

In addition, there is a permissive cycle path which the University has

constructed to connect the crossing to the heart of the campus.

It is understood that in future the path will become designated as part of the
Salcott to Jaywick section of the English Coast Path® under the provisions
Part IX of the Marine and Coastal Access Act 2009, which is due for

completion as a whole project by 2020.
The Application and Proposed Order

On 31 March 2017 Network Rail Infrastructure Ltd (“Network Rail”) applied
pursuant to section of the Transport and Works Act 1992 for an Order under

® England Coast Path - Stretch Progress 30th June 2017,

https://www.gov.uk/government/uploads/system/uploads/attachment_data/file/622621/coastal-access-

england-map.pdf
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sections 1 and 5 of the Act in the terms of the draft Order (“the Proposed

Order”) accompanying the application.

In addition to the Proposed Order the application was accompanied by copies

of:

. an Explanatory Memorandum;

. a Statement of aims;

. a Report summarising consultations undertaken (“Statement of
Consultation”);

. Funding proposals;

. an Estimate of cost of carrying out the works;

. Works and land plans and sections;

. a Book of Reference;

. a Request for deemed grant of planning permission, with statement of
proposed planning conditions;

. a copy of a screening decision given by the Secretary of State under
Rule 7 of the Applications Rules that no statement of environmental
information is required; and

. a Design Guide document.

In the following paragraphs references to the Proposed Order, the Statement

of Aims etc are references to those documents.

The Statement of Aims (required by Rule 10(2)(c) of the Transport and Works
(Applications and Objections Procedure) (England And Wales) Rules 2006)
states, at paragraph 8, that there are a number of proposed or future projects
across Anglia route to improve efficiency, reduce journey times, and meet
growing demand which the level crossing closures and downgrades in the
Proposed Order would facilitate, including:

. Transfer of Cambridge-area signalling to the Romford Route

Operations Centre
. Greater Anglia franchise commitments to improve services

. Great Eastern Main Line improvements (“Norwich in 90”)
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. Crossrail 2
. Implementation of Digital Railway technologies

At paragraph 15 the Statement of Aims further states that closing or modifying
the level crossings will bring the following benefits:

a. Improving the safety of level crossing users, railway staff, and passengers
b. Creating a more efficient and reliable railway

c. Reducing the ongoing operating and maintenance cost of the railway

d. Reducing delays to trains, pedestrians, and other highway users

e. Facilitating capacity and line speed increases on the network in the future.

Article 5(3)(c) of the Proposed Order provides that Network Rail may construct
and maintain within the Order limits such works as are required to provide the
private rights of access to the extent specified in column (1) of Schedule 3
(land in which private rights of access may be acquired). (Paragraph (3) is

subject to paragraph (5), but that does not concern land in Schedule 3.)

Article 18(1)(a) of the Proposed Order provides that Network Rail may acquire
compulsorily so much of the land shown on the deposited plans as lying within
the limits of deviation and described in the Book of Reference as may be
required for the purposes of the authorised works and may use any land so
acquired for those purposes, or for any other purposes that are ancillary to its

railway undertaking as existing from time to time.

Article 21(1) of the Proposed Order provides that Network Rail may acquire
compulsorily such rights of access or other easements specified in column (2)
of Schedule 3 (Land in which private rights of access may be acquired) over
the land specified in column (1) of that Schedule as may be required for the
benefit of the land specified in column (2) of that Schedule on behalf of the

owner of the land for the time being.
The Wivenhoe Park Crossing proposal

Article 27(1)(c) of the Proposed Order provides that all private rights of way
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over Wivenhoe Park crossing between points P290 and P291 in the Parish of
Wivenhoe Borough of Colchester, County of Essex, (shown on sheet 43 of the

works and land plans) are extinguished.

The effect of extinguishing such rights is to leave two parcels of agricultural
land to the west side of the railway without vehicular access. Those parcels
are identified by cross-hatching on plan sheets 42 and 43. That land requires
appropriate maintenance and management which is generally carried out by
heavy farm machinery, for instance tractor-mounted grass and hedge cutting

machinery.

In order to provide vehicular access to that land Schedule 3 to the Proposed
Order specifies land between points P289A, P289B, P289C and P289D on
sheet 42 of the works and land plans (land in which private rights of access

may be acquired).

The land so identified between points P289A and P289B on sheet 42 includes

land within the freehold of Universal Accommodation Ltd at University Quays.

Point P289A is the point where Lightship Way joins the public highway. It is
within the land described by the Book of Reference as parcel 01 in the

Borough of Colchester.

The Book of Reference describes parcel 02 in the Borough of Colchester as

1857.66 square metres of public highway (Lightship Way).

The title of Lightship Way became vested in the Crown as bona vacantia,
having formerly been the property of Europe (OB) Ltd, a company dissolved

via voluntary strike-off in March 2010%.

On 5 June 2014 in pursuance of the powers granted by Section 1013 of the
Companies Act 2006, the Treasury Solicitor as nominee for the Crown

disclaimed the Crown's title (if any) in the property’. The effect of the

* The London Gazette, 16 March 2010, Supplement 822482, p 1746
® The London Gazette, 10 June 2014 Issue number 60891, p 11553
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disclaimer is that the freehold title has been extinguished and the property has
reverted to the Crown Estate by way of escheat. The Crown Estate does not
have the usual responsibilities of a landowner and it does not manage, insure,

repair or look after land which has become the subject of escheat.

The University is not aware of any evidence of dedication of Lightship Way to
public use before March 2010. It is understood that it is not a highway
maintainable at public expense within the meaning of section 36 of the

Highways Act 1980.

The route described passes onto parcel 03, Ballantyne Way, which is part of
the Universal Accommodation Ltd estate, and thence to parcels 04 and 06
which are described as 1704.83 square metres of paving, and 195.80 square
metres of paving and public footpath forming part of Student Residence (The
Quays). The footpath is part of the Wivenhoe trail described above.

Parcels 07 and 08 in the Borough of Colchester described in the Book of
Reference comprise 242.28 square metres 56.46 square metres of public
footpath (EX/127/129) and shrubbery forming part of The Quays, and leading
to Point P289B on sheet 42.

Point P289B on sheet 42 appears to be the Salary Brook Sluice which,
although not identified as such in the Book of Reference, is believed to be an

asset of the Environment Agency.

Parcels 09 and 10 comprises a further 906.30 square metres and 550.62
square metres of the public footpath (EX/127/129), a continuation of the
Wivenhoe trail to the south of the Salary Brook Sluice. That land is believed to

be in the ownership of Colchester Borough Council.
Public consultation controversy

Public consultation was undertaken in June 2016 on initial options for changes
at the Wivenhoe Park Crossing. The initial summary sheet used in the
consultation (Summary Sheet - June 2016) stated that the proposed change
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was to close the level crossing to all vehicles but retain for pedestrians. There

was no proposal to remove the stiles.

The proposal was immediately controversial. It generated by far the highest
level of responses to the first round of consultation, 71 by comparison with the
next highest, E41 Pagets, which generated 50 responses (see Statement of
Consultation, section 4, table 4.2). There was a negative response rate of
92% negative (“strongly disagree” or “disagree”). Ten more detailed
responses were received objecting to the proposal and none in support (ibid.
table 4.3).

A census exercise was undertaken in June/July 2016. It showed significant
use by both pedestrians and cyclists. However, as it took place during the
University’'s summer vacation, the findings may not be representative of use

during term time.

Subsequently, a revised summary sheet (Summary Sheet - September 2016),
reported the outcome of the first round of consultation and the census
exercise. It also set out Network Rail's level crossing risk assessments using
the All Level Crossing Risk Model (ALCRM). It stated that Wivenhoe Park
level crossing currently had an ALCRM score of B4, which was considered
high risk®. It stated that key issues related to gates being left open, short
sighting time, large numbers of users, frequent trains and sun glare. It further
stated there were 2 incidents of misuse, 4 near misses and no accidents at

this crossing between 2011 and 2015.

The accompanying plan (Drawing No MMD 367516-E57-GEN-003 qualified
the proposal as being to extinguish the private right and remove the vehicular

provision if a suitable alternaive acces for current users could be found.

6 A Review of Network Rail's All Level Crossing Risk Model (ALCRM) by the Health and Safety
Laboratory in 2008 [RSU/08/16] noted that there are a number of limitations to the model that

users need to be aware of, which make it particularly sensitive to the number of users and

number of trains and less sensitive to other local crossing factors.
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The second-round consultation generated fewer responses in relation to the
Wivenhoe Park Crossing proposal, but the number remained comparatively
high (ibid. table 4.4). It also generated 3 further detailed responses in
objection to the proposal (table 4.5). The more detailed summary of feedback
shows that improved design of the foot crossing for cyclists (removal of the
stiles and replacement with “cycle-friendly” gates) had a significant impact on

reducing opposition. However, the balance of opinion remained negative.
The University’s concerns

The University has concerns about the proposed diversion route (shown on
drawing no MMD367516-E57-GEN-005 of the Design Freeze drawings
contained in the Design Guide) and about each of the parcels of land
numbered 01 to 10 described by the Book of Reference in the Borough of
Colchester. In particular, there appears to have been no risk analysis carried
out by or on behalf of Network Rail in respect of the proposed alternative

access.

Route to Colne Causeway. From the junction of Boundary Road with the
B1028 Colchester Road, the proposed route to Lightship Way via the A133
Clingoe Hill and A134 Eastern Approach to the Colne Causeway roundabout

involves a detour of about 12 miles along a route which suffers from heavy

traffic and which is not well suited to heavy agricultural machinery.

Lightship Way. Parcel number 02 is in a very poor and hazardous state of

repair. Use by heavy agricultural machinery will exacerbate that. Uncontrolled
parking means that it has become a choke-point for buses which are regularly
held up. The lack of ownership responsibility means that neither parking nor

repairs and maintenance can be enforced.

The University pays for the street-lighting in order to maintain the safety of its
students and staff in this area but it does not seek to become the owner of the

land.
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It is inappropriate that Lightship Way should be permitted to remain like this. It
is recognised that Network Rail could acquire a new freehold from the Crown
but it is doubtful whether it would wish to assume the responsibility of
ownership or the costs of bringing the roadway up to standard for adoption by

the local highway authority.

Ballantyne  Way. Parcel 03 is land privately owned by Universal

Accommodation Ltd. The University does not wish its subsidiary or lessees to

have to assume added burdens of maintenance.

The University is a long-term investor in its infrastructure and it is also
concerned that the proposed right of way across the land owned by Universal
Accommodation Ltd may fetter its future development plans. The existence of
permanent rights in the land may render it impossible to develop the area
without added expense and potential difficulty in negotiating development
contracts with potential joint venture companies or partners due to additional

rights and restrictions on the use of the property.

Ballantyne Way is also exposed to the same safety risks as the paved area in

front of University Quays.

University Quays. For the reasons described above, the University Quays

area is not only a residential area with student accommodation but it is a
critical transit area between the footbridge leading to the main University
campus and, to the north, the private accommodation, shopping,
entertainment and other facilities in Hythe and in the Colchester town centre;

and, to the south, the Wivenhoe trail.

The route of the proposed replacement right of way is entirely unsuitable for

this type of traffic because of the nature of the existing route and its users.

The risks of injury and damage presented by the presence of heavy
machinery, which may be dangerously shaped, with multiple sharp, metal
surface, and which often suffers from poor visibility, moving through crowds of
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young people who are focused upon their academic or social lives, and some
of whom may be chaotic in their self-organisation, are all too obvious to need

spelling out in detail.

As a responsible occupier, the University finds the proposal poses an
unacceptable risk, even if the use by such traffic is low. The burden of
measures to mitigate the risk is disproportionate to the advantage which

National Rail may achieve from closing the vehicular crossing at Wivenhoe

Park Crossing.

Furthermore, as well as unnecessarily compromising the safety of the
University population, the use of this area by through traffic consisting of
heavy vehicles will increase the wear and tear of the paved surface and place

an added burden of repair upon the University’s subsidiary or its lessees.

On 30 September 2016 agents instructed on behalf of Network Rail, Gately
Hamer, confirmed the existing infrastructure at University Quays is not

suitable for agricultural vehicles.

Wivenhoe trail. The Wivenhoe trail as it leaves the open paved area between

the accommodation blocks and the river, becomes very narrow. Use by large
heavy machinery will obstruct use by the many walkers and cyclists who use

the trail and it will create an unnecessary risk of accidents.

Where the trail becomes more open, it follows the crest of the sea defence
bund. Again, the trail is too narrow for large heavy machinery to pass cyclists
and walkers, who will have to step off the trail. It will become less accessible

to impaired mobility users.

There is risk of accidents by pedestrians, buggy users or cyclists falling down
the sides of the embankment when avoiding such machinery. Worse, there is
a risk of the heavy machinery leaving the path and sliding down the

embankment and causing damage.

The University is concerned that National Rail does not appear to have carried
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out any analysis of the load-bearing embankment to ascertain whether it is
capable of safely bearing the load of heavy machinery and what added
burdens of maintenance or risks to the integrity of the bund will ensue from

intensified use.

Salary Brook Sluice. The sluice is a large concrete structure and the trail

follows over the top of it. Again, the path is narrow and it presents a further
risk of conflict between agricultural traffic and other users of the Wivenhoe

trail. It presents an unnecessary risk of annoyance or injury for pedestrians

As with the embankment, there appears to have been no analysis of the load-
bearing capacity of the sluice structure to ascertain whether it is capable of
safely bearing the load of heavy machinery and what added burdens of

maintenance will ensue from intensified use.

That is of concern to the University because safe and reliable operation of the
sluice is believed to be of great importance to the prevention of flooding at and

around the student accommodation The Meadows.

Costs

The Estimate of Costs accompanying Network Rail's application provides a
global sum of £608,917 for the costs of acquisition of land and rights over

land. It does not break down that sum down any further.

Conclusion

It is difficult to see how the proposed closure of the private crossing at
Wivenhoe Park Crossing would facilitate any of the projects identified in

paragraph 8 of the Statement of Aims.

On the evidence provided it is equally difficult to see how it would bring any of
the benefits identified at paragraph 15 of the Statement of Aims. The vehicular
gates can be kept locked to prevent unauthorised use and the risk of
unauthorised users forcing them has been substantially mitigated by the
provision of “cycle-friendly” pedestrian gates. That addresses one of the key
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issues identified in the risk assessment for the crossing mentioned in the

revised summary sheet.

The fact that the public right of way is being retained for pedestrians means
that the impact of the proposed closure of the private crossing would have

barely any impact, if at all, on matters identified as benefits.

In the circumstances, it is difficult to see that the other risk factors identified in
the ALCRM model are significantly affected, if at all. In any event, the
mitigation of those risks was not clearly identified, if at all, as an objective in

the Statement of Aims.

It is difficult to see how the costs of acquiring land and rights in order to

achieve such alternative access can outweigh any benefits.

The closure of the private right of way at the Wivenhoe Park Crossing and the
provision of alternative vehicular access for agricultural machinery to maintain
the parcels of land which otherwise would have no vehicular access, will
impose burdens and risks which would fall substantially upon the University,

but also upon the public generally. It will also diminish the amenity value of the

Wivenhoe trail.

In all the circumstances, the proposed closure is unnecessary and, insofar as
it may not be inconsistent with the stated aims of the application, it is

nonetheless wholly disproportionate to them.

For the foregoing reasons, the University opposes the applications insofar as

it relates to the Wivenhoe Park Crossing.

sined 2, |

Dated < & &
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Extract from the London Gazette, Issue 22205, p.5242

Extract from the London Gazette, Issue 22298, p.3110

Extract from Hansard, HC Deb 18 May 1960 vol 640 cc160-1W
England Coastal Path — Stretch Progress Map dated 30 June 2017
Extract from the London Gazette, 16 March 2010, Supplement 822482,
p.1746

Extract from the London Gazette, Issue 60891, p. 11553

A Review of Network Rail's All Level Crossing Risk Model (ALCRM) by Dr
Shane Turner of Health and Safety Laboratory

Photographs of poor state of repair at Lightship Way

Current and projected student numbers at University of Essex
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5243 THE LONDON GAZETTE, NOVEMBER 30, 1858.

sory powers intended to be applied for as afore-
said, & book of reference to such plans, and a copy
of this notice as pnblished in the London Gazette,
will, on ov before the 30th day of November
instant, he deposited with the Clerk of the Peace
of the county of Glamorgan, at his office at Cardiff,
and that a copy of the said plan, book of reference,
and notice, will also, on or before the same day, Le
deposited with the parish clerk of the parish of
Llandaff, at his residence ; and that printed copies
of the Bill for effecting the objects aforesaid will
be deposited in the Private Bill Office of the House
of Commons, on or before the 23rd day of
December next.
Dated this 11th day of November, 1858

[In Parliament, Session 1859.]
Tendring Hundred Railway.
(Bailway from The Hythe, Colchester to Wivenboe,

in Essex.]
PPLICATION is intended to be made to
[‘ Parliament, in the next session thereof, for

leave to bring in a Bill for the following or some
of the following (among other) purposes i—

1. To make and maintain a railway, with all
necessary works, stations, approaches, and conve-
niences comnected therewith, commencing by a
junetion with the Hythe Branch of the Colchaster,
Stour Valley, Sudbury aud Halstead Railway, in
the parish of Saint Andrew Greenstead, in the
borough of Colchester, at or near the spot where
the said branch divides itself into two forks, passing
through or into the parishes of Saint Andrew,
Grecustead, and Saint Botolph, in the borough of
Colchester, and Saint Mary Wivenboe, otherwise
Wivenhoe, all in the county of Essex, and termi-
nating in the said parish of Saint Mary Wivenhoe,
otherwise Wivenhoe, in or near a piece of garden
grouud, belonging to Elizabeth Jones and Harriet
Higgenbotham, and iu the occupation of William
Jolliffe, adjoining the public road, leading from
Wivenhoe to Colchester, and also terminating at
or near the bank of the river Colne, near the South
Woestern boundary of the ship-yard, occupied by
Messts. Harvey and Sons, in Wivenhoe aforesaid.

2, The bill “will incorporate a Company for the
furegoing objects, and will give to the same Com-
pany, power to purchase lunds, houses, and other
property compulsorily for the purposes of the said
intended railway, and to levy tolls, rates, and
charges in respect thereof ; and it will incorporate
witl itself all or some of the provisiong of *“The
Companies Clauses Consolidation Act, 1845;” “The
Lands Clauses Cousolidation Act,1845;” aund “The
Railways Clauses Consolidation Act, 1845.”

3. The said Bill will enable the proposed Com-
pany o the one hand, and the Eastern Counties,
Norfolk, and Eastern Union Railway Companies
on the other hand, to cnter into mutual arrange-
ments or agreements with respect to the manage-
ment, maintenance, and use of the said intended
railway, and with respect to the receipt and appor-
tionmont of the tolls rates, and charges to be made
in respect of the traffic of the said railway, and the
approprintion and division of the profits derived
from the eaid traffic, and for this purpose the Bill
will. if necessary, authorize the appointment of a
joint committee or joint committees, and for that
purpose will, if needful, extend the powers of the
Acts relating to the Eastern Counties, Norfolk, and
Eastern Union Railway Companies, or any of
them. N

4, Duplicate plans and sections, describing the
Tine, situation, and levels of the proposed uew line
of railway, and the lands, houses, and other pro-
perty, in or through which it is to be made, tugether

with a book of reference to such plans, containing
the names of the owners and lessees, or reputed
owners and lessecs, and of the occupiers of such
laods, houses, and other property; also a published
map with the line of railway deliveated theteon,
50 as to shew its general course and direction, and
n copy of this notice, will, on or before the 30th
day of November instant, be deposited for public
inspection with the Clerk of the Peace for the
county of Essex, at his office at Chelmeford, and
on or before the same day, a copy of so much of
the said plans, sections, and book of reference, ag
relates to each of the parishes in or through which
the said railway will lF))e made, and a copy of this
notice will be deposited with the parish clerk of
each such parish, at his place of abode, and in the
caso of any extra-parochial place, then with the
parish clerk of the parish immediately adjacent
thereto.

Printed copies of the proposed Bill will be depo-
sited in the Private Bill Office of the House of
Commons, on or before the 23rd day of December
next,

Dated this nintb day of November, 1858.

Westminster Improvements,

(To Alter the Constitution of the Weostminster
Improvement Commission ; to make other Pro-
visions as to the Appointment of Commis-
sioners ; Provisions as to Meetings of Bond-
holders ; Sale and Lease of Lands discharged
from Incumbrances; Application of Funds;
Arrangements with Creditors ; -Provisions as
to Winding-up the Affairs of the Cowmission ;
Borrowing Power ; Amendment of Acts.)

TOTICE is hereby given, that application is
intended to be made to Parliament in the
ensuing session, for leave to bring in a Bill to
alter, extend, and amend, or repeal and consolidate
all or some of the powers and provisions of ¢ The
Westminster Improvement Act, 1845;” *“The
Westminster Imprevement Aect; 1847 ;" ¢“The
Westminster Improvement Act, 1830 ;% “The
Westminster JTmprovement Act, 18535 and “The
Westminster Improvement Act, 1855;” and *'T'he
Westminster Land Company’s Act, 1855 ;” and to
effeet all or some of the following purpeses (that
is to say) i—

To alter the constitution of “ The Westminster
Improvement Commission,” und to make further
and other provisions in reference to such Com-
mission and the appointment or election of Com-
missioners.

To make provisions and regulations for meetings
of bondholders in reference to all or some of the
objects of the intended Bill, and to confer upon’
them certain rights and privileges.’

To empower the VWestminster Improvement
Commission, as proposed to be recomstituted, to
sell, lease, and dispose of all or any part of the
property acquired or to be acquired under the
powers of the said Improvement Acts, or of any
lands vested in trustees for the existing Commis-
sioners, or the creditors of such Commissioners,
dischavged from all incumbrances and outstanding
estates whatsoever, and to make provision for the
payment and application of the purclinse money
through the Court of Chancery, or in such other
manner as Pavliament may dircet, and also to
empower the Commissioners to be appointed under
the provisions of the said Lill, to make and enter
into agreements and arrangements either by way
of compromise or otherwise, with persons chiiming
to be ereditors of the said Coramission, in respect
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An Act to cnable Charitable and Provident |

Societies and Penny Savings Banks to invest all
their proceeds in savings banks.

An Act to authorize the inclosure of certain
lands in purseance of a special report of the In-
closure Commissioners of England and Wales.

An Act to repeal the Thirty-first section of the
Act of the sixteenth and seventeenth years of
Victoria, chapter ninety-five, and to alter the
limit of the number of European Troops to be
maintained for local service in India.

An Act to make further provision concerning
the Court for Divorce and Matrimonial Causes,

An Act for regulating Measures used in Sales
of Gas.

An Act for amending the Acts for the better
regulation of Divisions in the several counties of
England and Wales,

An Act further to continue the Exemption of
certain charities from the operation of the Chari-
table Trusts Acts.

An Act to afford facilities for the more certain
Ascertainment of the Law administered in one
part of Her Majesty’s Dominions when pleaded
in the courts of another part thereof,

An Act to amend the law concerning the Police
in counties and boroughs in England and Wales.

An Act to provide for the establishment of a
reserve force of men who have been in Her
Majesty’s service,

An Act to provide for the payment of debts
incarred by boards of guardians in unions and
parishes and boards of management in school dis-
tricts.

An Act to amend “ The Galway Harbour and
Port Act, 1853.”

An Act to repeal a certain toll levied upon
fishing vessels passing the Nore.

An Act to extend the powers of an Act passed
in the thirteenth and fourteenth years of Her
Majesty, chapter one hundred and eleven, relating
to the laying down of railways at Holyhead Har-
bour.

An Act to empower the Commissioners of Her
Majesty’s Works and Public Buildings to acquire
additional space for the western approach to
Westminster New DBridge.

An Act to make better provision for the man-
agement and application of the Newcastle-under-
Lyme Burgesses’ Lands, to repeal and amend the
Act relating thereto, and for other purposes.

An Act for regulating the Bombay, Baroda, and
Central India Railway Company, and for making
provision with respect to the capital of the Com-
pany, and for other purposes.

An Act to embank and reclaim from the sea
certain waste lands subject to he overflowed by
the tide, and forming part of Chichester Harbour.
in the county of Sussex,

An Act to enable the Herne Bay and Faver-
sham Railway Company to extend their railway to
Margate, to change their name, and for other
purposes connected with their undertaking. )

An Act for the amalgamation of the East Lan-
cashire Railway Company with the Lancashire
and Yorkshire Railway Company, and for other
purposes.

An Act to authorize the Leeds, Bradford, and
Halifax Junction Railway Company to convert
their mortgage or bond debt into shaves or stock,
and for other purposes, K

An Act to alter, amend, and extend the Acts
for inclosing, embanking, and draining the marsh
called Malltraeth and Corsddaugan, in the county
of Anglesey; and to provide for the maintenance
of the embankments and drainage; and for other
PUPPOSES. N R -
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An Act for making a Railway from the Trent
Valley Railway ‘at-Nuneaton,-in the county of
Warwick, to Hinckley, in the county of Leicester;
and for other purposes.

An.Act to authorize the construction of a rail-
way from Hungerford, in Berkshire, to Devizes,
in Wiltshire, to be called “ The Berks and Hants
Extension Railway.”

An Act for incorporating the British and
Canadian Telegraph Company, and for other
purposes.

‘An Act to enable the Victoria Station and
Pimlico Railway Company to raise further sums
of money. '

An Act to authorize the South Staffordshire
Railway Company to acquire certain lands and
raise additional capital, and for other purposes.

An Act for enabling the London and North
Western Railway Company to coustruct new
works and acquire additional lands in the counties
of Lancaster and Northampton, and for other
purpaoses.

An Act to authorize the maintenance and use
of the Silverdale and Newcastle-under-Lyme Rail-
way, and the use of the Extension Railway to the
Newcastle-under-Lyme Canal, and for other pur-

oses.
g An Act to enable the Waveney Valley Railway
Company to extend their railway from Harlesten
to Bungay and Ditchingham, and for other pur-
poses relating to the snme Company.

An Act for establishing-railway communication
between Loughton, Epping, and Chipping Ongar,
in the county of Essex, and for other purposes.

An Act to enable the Norwich and Spalding
Railway Company to extend their railway from
Holbeach to Sutton Bridge, in Lincolnshire,

An Act to authorize the construction of a rail-
way from the Hythe, in the neighbourhood of
Colchester, to Wivenhoe, in Essex, to be called
“The Tendring Hundred Railway.”

An Act to afford facilities for raising funds for
the completion of the Bridport Railway, and to
authorize the lease thereof to the Great Western
Railway Company. .

An Act for making a railway from Knighton to
Llandrindod, in the county of Radnor, to be called
«“The Central Wales Railway,” and for other
purposes. .

An Act to enable the Colne Valley and Hal-
stead Railway Company to extend their railway
from Halstead to Haverhill, in the county of
Essex.

An Act for improving, paving, draining, and
lighting the burgh of Falkirk, and for regulating
the supply of water within the burgh; and for
providing for the transference of the property of
thé stintmasters and feuars of Ialkirk to the
magistrates and council ; and for other purposes.

An Act for authorizing the Lancaster and Car-
lisle Railway Company to make new works, and
to make arraogements with other companies, and
to raise further funds, and for other purposes.

An Act for making a railway from the Coul-
tershaw Branch‘of the Mid-Sussex Railway, to the
town of Midhubst, in the county of Sussex.

An Act for making a branch from the North
Staffordshire ¢ Rdilway, in the parish of Stoke-
upon-Trent, in the county of Stafford, and for ex-
tending the fime for completing certain works, and
for authotizing arrangements with the London and
North-Western Railway Company, and for other
purposes. :

An Act for enabling the Stockton and Darling-
ton Railway Company to make » new railway and
other works, and for other purposes.

An Act to extend the Wells und Fakenham
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New Universities

HC Deb 18 May 1961 vol 640 cc160-1W

Mr. Hornby asked the Chancellor of the Exchequer whether he has now received a report from the University Grants
Committee about the need for more new universities.

M. Selwyn Lloyd Yes. The University Grants Committee have advised me that, within the scope of the building
programme which | have already announced, four new universities, in addition to those which are already being
established at Brighton, Norwich, and York, should be established as the best means of providing places for some of
the increased number of students who will be coming forward in the coming years. The Committee have advised that
three of the four should be at Canterbury, Colchester, and Coventry. They are considering where the fourth should be
located, and hope to report on this in the next two or three months.

It is the Committee's view that the question of the establishment of any more new universities beyond these four must
await the report of the Committee on Higher Education under Lord Robbins. I should explain that the University
Grants Committee are not proposing any new university for Scotland because it is expected that the expansion of the
existing Scottish institutions, under the building programme I have already authorised, will provide the additional

places needed.

I have accepted this advice. In working out the detailed proposals, the promoters will take into account the existing
provision and plans for other forms of higher education in the areas concerned. I have authorised the University
Grants Committee to enter into discussions accordingly with the Promotion Committees in Kent, Essex, and

Warwickshire.

httn://hansard.millhanksvstems.com/written answers/1961/mav/18/new-universities 05/07/2017




England Coast Path - Stretch Progress

North Gare to South Bents

South Bents to Amble

Amble to Bamburgh

Bamburgh to the Scottish Border (including Holy Island)

Aust to Brean Down

Brean Down to Minehead
Minehead to Combe Martin
Combe Martin to Marsland Mouth
Marsland Mouth to Newquay
Newquay to Penzance

Gretna to Allonby
Allonby to Whitehaven
Whitehaven to Silecroft
Silecroft to Silverdale

Penzance to St Mawes
StMawes to Cremyl|

Cremyll to Kingswear Berwick-

Walney Island
upon-Tweed

Silverdale to Cleveleys
Cleveleys to Pier Head, Liverpool
Birkenhead to Welsh Border

Kingswear to Lyme Regis
Lyme Regis to Rufus Castle
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Rufus Castle to Lulworth Cove
Lulworth Cove to Kimmeridge Bay
Kimmeridge Bay to Highcliffe
Highcliffe to Calshot

Calshot to Gosport

Isle of Wight

Gosport to Portsmouth
Portsmouth to South Hayling Island
South Hayling Island to East Head
East Head to Shoreham

Shoreham to Eastbourne
Eastbourne to Camber

Camber to Folkestone

Folkestone to Ramsgate

Ramsgate to Whitstable

Isle of Sheppey

Whitstable to Iwade

Iwade to Grain M Leeds
Grain to Woolwich

Tilbury to Southend-on-Sea
Southend-on-Sea to Wallasea Island
Wallasea Island to Burnham-on-Crouch
Burnham-on-Crouch to Maldon
Maldon to Salcott

Mersea Island

Salcott to Jaywick

Jaywick to Harwich

Harwich to Shotley Gate

Shotley Gate to Felixstowe Ferry

Felixstowe Ferry to Bawdsey
Bawdsey to Aldeburgh
Aldeburgh to Hopton On Sea
Hopton On Sea to Sea Palling
Sea Palling to Weybourne
Weybourne to Hunstanton {
Hunstanton to Sutton Bridge
Sutton Bridge to Skegness
Skegness to Mablethorpe
Mablethorpe to Humber Bridge
Humber Bridge to Easington
Easington to Filey Brigg

Filey Brigg to Newport Bridge
Newport Bridge to North Gare
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FINAL GAZETTE NOTICES -CONTINUED
ESCROW CAPITAL LIMITED
ESKAYNINE LIMITED

ESKIN LIMITED

ESOC FOOTBALL MANAGEMENT LTD.
ESPI GROUP LTD

ESPIRIT DE BEAUTE (SPIRIT OF
BEAUTY UK) LIMITED

ESR TCM LIMITED

ESSAY ENTERPRISES LTD

ESSEX BIKE ZONE LIMITED

ESTATE SERVICES UK LTD

E TAILERS UK LIMITED

E T C SERVICES (UK) LIMITED
ETHNIC ELEPHANT LIMITED

ETL MOTION LIMITED

ETOILE UK LIMITED

E TO E (HOLDINGS) LIMITED
E2STORES UK LIMITED

EUAN BASS LIMITED

EUCV BATI CONFORT LTD

EUCV BATI CONFORT UK LTD

EUCV BONANET LTD

EUCV BONANET UK LTD

EUCV DPS TRANS UK LTD

EUCV DPS TRANS LTD

EUCV FIRST CLASS CASINO SCHOOL UK
LTD

EUCV I&P UK LTD

EUCV I&P LTD

EUCV K&K MEDIA LTD

EUCV K&K MEDIA UK LTD

EUCV LEMOINE & CO UK LTD

EUCV LEMOINE & CO LTD

EUCV ROBBYS AUSTRIA GRILL LTD
EUCV RCBBYS AUSTRIA GRILL UK LTD
EUDOXIA LTD

EU-KNIT LIMITED

E U LABOUR LTD

EU RETAIL LTD

EURC CO GROUP LIMITED

EURC SERVICES UK LIMITED
EUROASTA SOLUTIONS LTD
EUROCASTLE TRADING COMPANY LIMITED
EUROCOMM SECURITIES UK LIMITED

EURO-CONSULTING UND SERVICES LIMITED

EURODERM UK LTD

EURODERM CS LTD

EURODERM CEE LIMITED

EUROJOB BRITANIA LTD

EUROLINK EXCHANGE (U.K) LIMITED
EUROMAX CAPITAL SERVICES LIMITED
EUROMONIATIS LIMITED

06417936
06418744
06287696
05894972
06662535
04221717

06661254
05952136
06665706
06033293
05886606
05106407
05896581
05446195
06668438
06665554
06735942
06411011
06667642
06667659
06667561
06667632
06667497
06667585
06656084

06662260
06662148
06666662
06666640
06666556
06666620
06666740
06666781
05318110
05900096
06663916
06660385
05604541
06659844
06398678
03864096
05196310
05762527
06533433
06533448
06527648
06337079
05894013
06182773
05880777

EURO MOTOR COMPANY LIMITED

EURCNOVA MANAGEMENT LIMITED

EUROPANOW LIMITED

EUROPEAN COLLEGE OF TECHNOLOGY LTD

EUROPEAN GPS TRACKING LIMITED

EUROPEAN HEALTH PARTNERSHIP LIMITED

EUROPEAN PRECISION MOTION SYSTEMS
LTD

EUROPEAN SATELLITE TV ASSOCIATION
UK LTD

EURCPEAN SPAS LIMITED

EUROPE FREIGHT LINE LTD.

EUROPE INT'L DRESS ASSOC LIMITED

EUROPE MARKETING SERVICE LIMITED

EUROPE (OB) LIMITED

EUROCPOWER ELECTRICAL PRODUCTS (UK)
LTD

EUROPRODUCTS GERMANY LIMITED

EUROSOMA LIMITED

EURO SPECTRUM LIMITED

EURO STRATEGIC FINANCE LTD

EUROTRUCKING & LOGISTIC LTD.

EURC XPRESS (UK) LIMITED

EURUSS IMPEXCO (UK} LTD

EUS PROPERTIES 3 LIMITED

E UTILITIES LIMITED

EVANS & ASSOCIATES LTD

EV CREATIVE LIMITED

EVELITH AVIATION LIMITED

EVELYN-CLAIRE THERAPIES LIMITED

EVENCHIEF LIMITED

EVENT ARRANGEMENTS LIMITED

EVENTEMPS LTD.

EVENT FENCE LIMITED

EVENT MANAGEMENT & LOGISTICS LIMITED

EVENT MASTER LIMITED

EVENTRICITY UK LIMITED

EVENTS & OCCASIONS LIMITED

EVENT SITE MANAGEMENT CENTERS
LIMITED

EVECORMOND LIMITED

EVEREST CAPITAL MANAGEMENT LIMITED

EVEREST LANGUAGE SCHOOL LIMITED

EVERGREEN CAR WASH LIMITED

EVER 1924 LIMITED

EVERTON HAULAGE LIMITED

EVERY LTD

EVERYTHING CATERING LIMITED
EVERYTHING FITNESS ORIENTATED
LIMITED

EVIATION INTEGRATED SOLUTIONS
LIMITED

06662224
04622280
06332592
05891152
06330818
04392188
05256639

06002545

06413122
04938424
06657796
05322624
04109580
06656448

05780826
06439337
06337069
05188285
04657309
05270090
06663265
06660685
05761555
04311080
06666900
06417338
05970725
02478669
05448035
06659809
05525789
03851676
06271143
05602762
04933221
05972344

06659685
06714934
05566661
06666634
04564386
04098732
05480225
043947035
05102323

05948826

16/03/2010
16/03/2010
16/03/2010
16/03/2010
16/03/2010
16/03/2010
16/03/2010

16/03/2010

16/03/2010
16/03/2010
16/03/2010
16/03/2010
16/03/2010
16/03/2010

16/03/2010
16/03/2010
16/03/2010
16/03/2010
16/03/2010
16/03/2010
16/03/2010
16/03/2010
16/03/2010
16/03/2010
16/03/2010
16/03/2010
16/03/2010
16/03/2010
16/03/2010
16/03/2010
16/03/2010
16/03/2010
16/03/2010
16/03/2010
16/03/2010
16/03/2010

16/03/2010
16/03/2010
16/03/2010
16/03/2010
16/03/2010
16/03/2010
16/03/2010
16/03/2010
16/03/2010

16/03/2010



ENVIRONMENT & INFRASTRUCTURE

ENVIRONMENT &
INFRASTRUCTURE

Planning

TOWN PLANNING

DEPARTMENT FOR TRANSPORT

TOWN AND COUNTRY PLANNING ACT 1990

THE SECRETARY OF STATE hereby gives notice of the proposal to
make an Order under section 247 of the above Act to authorise the
stopping up of a western part width of Richmond Road at Catterick, in
the District of Richmondshire.

IF THE ORDER IS MADE, the stopping up will be authorised only in
order to enable development as permitted by Richmondshire District
Coungil, under reference 13/00353/FUL.

COPIES OF THE DRAFT ORDER AND RELEVANT PLAN will be
available for inspection during normal opening hours at Catterick
Library, Gough Road, Catterick Garrison, North Yorkshire DL 3EL in
the 28 days commencing on 10 June 2014, and may be obtained, free
of charge, from the Secretary of State (quoting NATTRAN/Y&H/
S247/1383) at the address stated below.

ANY PERSON MAY OBJECT to the making of the proposed order
within the above period by writing to the Secretary of State, National
Transport Casework Team, Tyneside House, Skinnerburn Road,
Newcastle Business Park, Newcastle upon Tyne, NE4 7AR or
nationalcasework@dft.gsi.gov.uk, quoting the above reference. In
submitting an objection it should be noted that your personal data
and correspondence will be passed to the applicant to enable your
objection to be considered. {f you do not wish your personal data to
be forwarded, please state your reasons when submitting your
objection.

Dave Candlish, Department for Transport (2142392)

DEPARTMENT FOR TRANSPORT

TOWN AND COUNTRY PLANNING ACT 1990

THE SECRETARY OF STATE hereby gives notice of the proposal to
make an Order under section 247 of the above Act to authorise the
stopping up of a rectangular shaped northern part width of Hawthorn
Grove comprising footway which lies adjacent to the southern
boundary of the Builder's Yard between No. 3 and No. 9 Hawthorn
Grove at Heworth, in the City of York,

IF THE ORDER IS MADE, the stopping up will be authorised only in
order to enable development as permitted by City of York Council,
under reference 12/03041/FUL.

COPIES OF THE DRAFT ORDER AND RELEVANT PLAN will be
available for inspection during normal opening hours at The Library,
Museum Square, York, YO1 7DS in the 28 days commencing on 10
June 2014, and may be obtained, free of charge, from the Secretary
of State (quoting NATTRAN/Y&H/S247/1378) at the address stated
below.

ANY PERSON MAY OBJECT to the making of the proposed order
within the above period by writing to the Secretary of State, National
Transport Casework Team, Tyneside House, Skinnerburn Road,
Newcastle Business Park, Newcastle upon Tyne, NE4 7AR or
nationalcasework@dft.gsi.gov.uk, quoting the above reference. In
submitting an objection it should be noted that your personal data
and cotrespondence will be passed to the applicant to enable your
objection to be considered. If you do not wish your personal data to
be forwarded, please state your reasons when submitting your
objection.

Dave Candlish, Department for Transport (2142382)

Property & land

PROPERTY DISCLAIMERS

NOTICE OF DISCLAIMER UNDER SECTION 1013 OF THE

COMPANIES ACT 2006

DISCLAIMER OF WHOLE OF THE PROPERTY

T S ref: BV21404727/1/CE

1 In this notice the following shall apply:

Company Name: VENGA LIMITED

Company Number: 044305655

Interest: leasehold

Title number: NYK285900

Property: The Property situated at 5 Little Stonegate, York YO1 8AX

being the land comprised in the above mentioned title

Treasury Solicitor: The Solicitor for the Affairs of Her Majesty's

Treasury of PO Box 70165, London WC1A SHG (BX 123240

Kingsway).

2 In pursuance of the powers granted by Section 1013 of the
Companies Act 2006, the Treasury Solicitor as nominee for the
Crown (in whom the property and rights of the Company vested
when the Company was dissolved) hereby disclaims the Crown's
title (if any) in the property, the vesting of the property having
come to his notice on 19 March 2014,

Assistant Treasury Solicitor

5 June 2014 (2142901)

NOTICE OF DISCLAIMER UNDER SECTION 1013 OF THE

COMPANIES ACT 2006

DISCLAIMER OF WHOLE OF THE PROPERTY

T Sref: BV21316179/1/DJM

1 In this notice the following shall apply:

Company Name: ACWORTH INVESTMENTS LIMITED

Company Number: 00651930

Interest: Freehold

Title number: EX111287

Property: The Property situated at Land lying to the south of

Laburnum Drive, Chelmsford being the land comprised in the above

mentioned title

Treasury Solicitor; The Solicitor for the Affairs of Her Majesty's

Treasury of PO Box 70165, London WGIA 9HG (DX 123240

Kingsway).

2 In pursuance of the powers granted by Section 1013 of the
Companies Act 2006, the Treasury Solicitor as nominee for the
Crown (in whom the property and rights of the Company vested
when the Company was dissolved) hereby disclaims the Crown's
title (if any) in the property, the vesting of the property having
come to his notice on 4 November 2013.

Assistant Treasury Solicitor

5 June 2014 {2142969)

NOTICE OF DISCLAIMER UNDER SECTION 1013 OF THE

COMPANIES ACT 2006

DISCLAIMER OF WHOLE OF THE PROPERTY

T S ref: BV21404723/1/GT

1 In this notice the following shall apply:

Company Name: EUROPE {OB) LIMITED

Comnpany Number: 04109590

interest: freehold

Title number: EX624829

Property: The Property situated at Three parcels of land lying to the

south east an north west of Colne Causeway, Colchester being the
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EXECUTIVE SUMMARY

Network Rail have recently introduced a new risk modelling tool, the All Level Crossing Risk
Model (ALCRM), and toolkit, the Level Crossing Risk Management Toolkit (LXRMTK), to aid
decision making on level crossing protection.

As part of building confidence in Network Rail’s decisions and proposals for protection at each
level crossing, the Office of Rail Regulation (ORR) need to understand whether the ALCRM is
capable of delivering all that it has been introduced to achieve. As part of this, ORR
commissioned the Health & Safety Laboratory to carry out a review of the ALCRM.

Objectives

The overall aim of the review was to determine whether the ALCRM is capable of fulfilling the
role given to it within Network Rail’s level crossing risk management process.

In order not to duplicate work previously carried out and in response to recent work by ORR,
the Rail Accident Investigation Branch and Coroners’ Inquests, the following three key areas of
level crossing risk have been identified by ORR where particular assurance of the suitability of
the ALCRM for modelling the level of risk is required:

s station foot crossings (SFCs);
s user-worked crossings (UWCs); and

e pedestrian risk in general at level crossings.

The scope of this work was limited to the model as applied to the above three areas.
Implementation of the ALCRM was outside the scope of this work. For the purposes of this
review it has been assumed that the model had been implemented, and data collected and
entered in accordance with Network Rail’s standards and procedures.

Main Findings

The development of the ALCRM is a significant step forward in many respects, for example:

e it is recognised that the model is more sophisticated than models used in many other
countries worldwide;

o the development of a single model for application across all level crossings aids
consistency in the management of risk at level crossings, especially in terms of
prioritising effort; and

¢ hosting the model on Network Rail’s Intranet with all results stored in a single database
enables Network Rail to be consistent in its management of risk in this area and
provides an excellent source of intelligence on level crossings.

Although there appears to be nothing fundamentally wrong with the modelling approach, there
are a number of limitations that users need to be aware of, which make the model particularly
sensitive to the number of users and number of trains and less sensitive to other local crossing
factors. Indeed, if anything, the model is possibly over sophisticated as it takes account of many
factors that have little influence on the estimated level of risk.

Notwithstanding some of the limitations and detailed comments presented in the main report,
the ALCRM appears fit for the purpose intended by Network Rail, as one input to a wider risk
assessment and risk management process, although there are a number of improvements that
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could be made as summarised in the recommendations and as recommended in an earlier review
1
by Sotera .

In terms of ORR, it is important that:

e inspectors are under no illusions about the model — it is one tool and is not the whole
answer; and

e taken with other parts of Network Rail’s processes, the overall approach has the
potential to be fit for purpose.

Recommendations
Recommendations on Network Rail

Recommendations on Network Rail have been prioritised by importance as follows:

e A — short term resolution required. This is an area that potentially could undermine
confidence in the model,;

e B - medium term resolution required;
e C - longer term resolution or minor issue; and

e D —suggestion for development.

Number Priovity Recommendation

| A The number of generic level crossing models should be reviewed. In
particular, consideration should be made for separating the station crossing
models (STATION and STATIONmwI) into separate station crossing and
barrow crossing models (both with and without miniature warning lights),
thus increasing the number of models from 14 to 16.

2 B The scope of the model should be made clear in all publications describing
the model. This is in addition to that contained in the Enhanced Functional
Specification, for example in Network Rail’s Operations Manual.

3 C The inclusion and exclusion of events across the different level crossing
risk models is not intuitive and consistent in all cases. These should be
reviewed by Network Rail taking account of the comments and
observations stated throughout the report. The description of each event
should also be made clear.

4 D Statistical techniques should be considered to estimate event frequencies
for those events currently assigned a zero.

5 D Pedestrian risk modelling at automatic and manual crossings should be
developed and made consistent with the approach adopted for vehicle risk
and pedestrian risk at passive crossings.

! Sotera Risk Solutions Ltd, Independent review of the All Level Crossing Risk Model J1093/Doc001, Issue 2, 2
October 2006, Report for Network Rail.
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Number

6

10

11

Priovity Recommendation

C

The choice of traffic adjustment factors should be reviewed to ensure the
factors applied to each event are intuitive in all cases. The detailed
comments raised throughout the report should be considered as part of this
review.

The consequences assumed for staff shock should be made consistent with
latest Rail Safety & Standards Board advice.

Inputs to the ALCRM that influence risk estimates should be made more
explicit to ALCRM users.

Specific incident data should be collected for the station events as use of
the event profiles from footpath crossings and user worked crossings with
miniature warning lights appears to have little basis.

The comments raised throughout the report relating to the crossing feature
adjustment factors should be addressed.

Given that the ALCRM outputs are very sensitive to the census data,
particularly where counts are low, the quick census appears to be used in
wider circumstances than it was originally developed for and this does not
appear to have been revisited for some time, it is recommended that a
review is carried out of the quick census approach, especially applied to
pedestrian crossings and user worked level crossings.

Recommendations on ORR

Number

12

13

14

Recommendation

ORR should examine the adequacy of NR’s level crossing files to support
a suitable and sufficient risk assessment.

The level crossing risk files appear to be an integral part of the risk
assessment of a level crossing. It is, therefore, recommended that instead
of requesting a risk assessment, ORR Inspectors should request the
relevant level crossing file from the duty holder/NR.

ORR should take this report as the basis for briefing inspectors on what the
ALCRM is, its boundaries and limitations. In particular, ORR should
ensure that relevant inspectors understand the scope of the model,
particularly those areas not included.
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Number

15

16

Recommendation

In order to use the ALCRM outputs to prioritise where to spend effort on
reducing risk it is important that all outputs are used; this includes
individual risk ranking, collective risk ranking and the detailed risk
outputs. These should be utilised along with other intelligence, for
example near misses, incidents and judgement and experience of Network
Rail staff. It is important that ORR are satisfied that such a balanced
approach is taken. Using just one measure of risk, just the rankings or
indeed just the ALCRM output would not be appropriate.

It is recommended that ORR make their inspectors aware as to the
importance of the census data in driving the risk estimates and the
potential uncertainty in this area, dependent on the crossing circumstances
and number of users (especially where low).



1 INTRODUCTION

Level crossings are the main source of train accident risk (i.e. risk from collision between trains
and road vehicles) on the main line railway and a significant source of other public risk. It is,
therefore, vital that these risks are properly managed.

Although established principles and standards, e.g. Railway Safety Principles and Guidance
part 2 section B (RSPG 2E), are in place to guide the selection and design of each level
crossing, successful control of risk requires that guidance to be properly applied. The starting
point at each of the 7,700, or so, level crossings should be the risk assessment process, which in
turn forms part of a robust decision making process.

During 2005-07 Network Rail (NR) introduced a new risk modelling tool, the All Level
Crossing Risk Model (ALCRM), and toolkit, the Level Crossing Risk Management Toolkit
(LXRMTK), to aid decision making on level crossing protection. The changes have been
presented to the regulator (the Office of Rail Regulation (ORR)) as a major step towards
addressing recent concerns arising from inspection, investigation and research work by ORR

and others.

ORR’s confidence in NR’s decisions and proposals for protection at each level crossing will be
enhanced if they have confidence in the underlying process. Some of the assurance ORR needs
on whether the ALCRM is capable of delivering all that it has been introduced to achieve will
come from examining the way in which it was developed and reports from assurance work
carried out for NR.

ORR, therefore, commissioned the Health & Safety Laboratory (HSL) to carry out a focussed
review of the ALCRM.

1.1 OBJECTIVES

The overall aim of this work was to determine whether the ALCRM is capable of fulfilling the
role given to it within Network Rail’s level crossing risk management process.

The overarching aim has been taken to mean:
1. What is the purpose/scope of the ALCRM?
2. Is the purpose met with respect to the three areas identified below?

In order not to duplicate work previously carried out and in response to recent work by ORR,
the Rail Accident Investigation Branch (RAIB) and Coroners’ Inquests, the following three key
areas of level crossing risk have been identified by ORR where particular assurance of the
suitability of the ALCRM for modelling the level of risk is required:

¢ station foot crossings (SFCs);
o user-worked crossings (UWCs); and

e pedestrian risk in general at level crossings.




1.2 SCOPE

The scope of this work was limited to the model as applied to the above three areas.
Implementation of the ALCRM was outside the scope of this work. For the purposes of this
review it has been assumed that the model had been implemented, and data collected and
entered in accordance with NR’s standards and procedures.

The review was focussed on those aspects of the model relating to calculating the level of safety
risk at station crossings, user worked crossings and pedestrian risk in general. The following
areas of the model were not considered as part of this review:

e the cost benefit analysis module;
e operational risk; and

e the train derailment model (only relevant where a train hits a vehicle), which generally
gives only a small contribution to collective risk.

1.3 METHODOLOGY

The approach taken is summarised by the following tasks:

1. Determine the role of the ALCRM, through review of documentation and discussion
with NR;
2. Familiarisation with the model, based on a review of documentation, demonstration of

the ALCRM by NR and discussion with NR;

3. Review the model to determine whether relevant ‘risk-influencing factors’ are
appropriately taken into account (based on consideration of the plethora of previous
research, incident reports, other documentation and discussion with ORR);

4, Investigate sensitivity of the model to changes in risk factors;
5. Review the risk assessment approach within the model; and
6. Report findings.

1.4 CONTEXT OF THE REVIEW AND FINDINGS

It is emphasised that the review is based on the model as described in the Functional
Specification™™ *! and other supporting documentation, supported by discussion with NR, the
Rail Safety & Standards Board (RSSB) and Arthur D Little (ADL). Full access to the model
was not provided by NR for the purpose of this review. However, aspects of the model were
recreated in Microsoft Excel, based on that described in the Functional Specification, to aid
understanding.

In terms of the findings presented in this report, it is important to note that they are based on the
uncalibrated version of the model. At the time of this review (January to May 2008) NR were in
the process of applying the model across all level crossings. It is only after all level crossings
have been assessed that full calibration of the model can be carried out.




1.5

PURPOSE OF THE REPORT

The purpose of this report is twofold:

1.6

firstly its purpose is to present the findings of the review in order to address the aims
and objectives presented in Section 1.1; and

secondly its purpose is to give information to ORR to help ensure that their inspectors
fully appreciate the basis of the ALCRM, its purpose and limitations.

STRUCTURE OF THE REPORT

The remainder of the report is structured as:

Section 2 provides background to the ALCRM,;
Section 3 explores the purpose and scope of the ALCRM,;

Section 4 discusses generically the approach taken by the ALCRM to calculate the level
of risk;

Section 5 explores how pedestrian risk is modelled;
Section 6 explores how risk at user worked crossings is modelled;
Section 7 explores how risk at station footpath crossings is modelled;

Section 8 explores some generic issues, including census data, risk drivers, calibration
of the model and quality assurance;

Section 9 presents overall conclusions;
Section 10 presents recommendations;
Section 11 contains appendices;

Section 12 provides a list of references; and

Section 13 contains a list of the acronyms used throughout the report.




2 BACKGROUND

The All Level Crossing Risk Model (ALCRM)™ ¥ is a tool that allows the level of collective
risk? and individual risk’® to be estimated at an individual level crossing. It estimates the levels
of risk to the following key groups:

e train staff and passengers; and

o level crossing users (pedestrians; cyclists/motorcyclists; and occupants of the following
vehicles: tractor/farm vehicles, buses, heavy goods vehicles (HGVs), van/small lorries,
and cars.

The model considers three accident scenarios:
s collisions between trains and level crossing users;
o collisions between level crossing users and level crossing equipment; and
o other incidents, such as slips, trips and falls of pedestrians on the level crossing.

The ALCRM can also be used to estimate the level of operational risk posed by a specific
crossing. However, as this is outside the scope of the current work it is not discussed further.

The scope of the model is explored in Section 3.2.

The ALCRM is a development of the Automatic Level Crossing Risk Model (the Automatic
Model), which was used by Network Rail from around 1997. That particular model was limited
to automatic level crossings and NR utilised a different risk assessment approach for other level
crossings, for example passive level crossings. Therefore, in terms of consistency the
development of a single model for all level crossings is a significant step forward. In addition to
expanding the scope of the Automatic Model, a number of refinements were made to the risk
modelling such as taking account of?

o the fact that HGVs are more likely to be involved in collisions than other vehicles;

o the fact that heavy vehicles (e.g., HGVs and farm vehicles) are more likely to increase
the likelihood that a collision with a train would result in derailment;

e improvements to traffic flow modelling, taking account of work by Stott™L and

e enhancements to the derailment model following the level crossing collision at Ufton
Nervet in 20045,

These refinements and further background to the development of the ALCRM are discussed in
the ADL report: Development of the All Level Crossing Risk Model, A History, 1993-2007",

21 REVIEW OF THE ALCRM

NR commissioned Sotera Risk Solutions Limited to review the ALCRM functional
specification and software implementation to ensure it was suitable for assessing the risk at
level crossings and for the assessment of possible crossing upgrades. This was done in mid-
2006, prior to implementation of the model.

2 Collective risk is the total risk across all those (defined group or groups) exposed to the hazards.
3 Individual risk relates to the probability of fatality per year to which an individual is exposed.
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The Sotera review!” acknowledged the context in which the ALCRM was to be applied to level
crossing risk management and reviewed the general application of the model across all crossing
types. Their report contains 16 key issues and recommendations and makes 56 suggestions for
improvement with timescales for resolution. The report indicates a thorough study, and ORR
has not challenged the findings.

The report includes comment on the relative levels of calibration for active and passive
crossings, highlighting the low level of calibration for the latter. This reflects history and
availability of data and is likely to persist, albeit to a diminishing degree until the model is fully
populated in 3 years time.

Notwithstanding that review, ORR wished to have a further review carried out in three specific,
and focussed, areas. The choice of these areas is discussed below.

It is important to stress that the further review, which is the subject of this report, has attempted
not to repeat the Sotera review, but to build upon it. However, some overlap is inevitable,
although an attempt has been made to minimise this wherever possible.

2.1.1 Station foot crossings

Station foot crossings (SFCs) are typically characterised by high levels of use that by their
nature occur at times when trains are in the area. These crossings are typically passive, though
in some cases miniature red/green warning lights may be provided to indicate whether it is safe
to cross. Some crossings are linked directly to the platforms, others require users to leave the
platform to access the crossing. Risks are increased by the peak times of use necessarily
coinciding with times when trains are in the area, by potential distraction as passengers focus on
getting to a waiting train, increased noise from train engines and, where more than one running
line is crossed, the failure to take into account the possibility of ‘another train coming’.

There have been a number of fatal accidents and near-misses at these crossings in recent years,
most notably a double fatality at Elsenham station, Essex in December 20051,

Risk at SFCs was assessed qualitatively until the introduction of the ALCRM. The suitability of
quantified risk assessment and the capability of the ALCRM to handle the complex issues at
these locations has not been scrutinised by ORR. After the Inquest into the Elsenham incident,
at which concerns were raised over the risk assessments that had been carried out, the Coroner
directed ORR to audit the ALCRM.

21.2 User-worked crossings

User-worked crossings (UWCs), despite their relatively low levels of use, contribute a
significant proportion of level crossing risk. The characteristics of UWC use are very different
from other level crossing types. The mode of operation requires up to four pedestrian traverses
for each vehicular traverse. This, together with the need to open and close the gates each time
increases the potential for misuse. Risk is also often seasonal and involves a higher proportion
of large and possibly slow moving vehicles than at other crossing types as many such crossings
are on agricultural land.




21.3 Pedestrian risk at all crossings

The Automatic Model’s focus was mainly on the risk to vehicle occupants. Therefore, with the
development of the ALCRM, which covers the risk to pedestrians across all types of level
crossings, opportunity has been taken to consider how well the ALCRM models risk to
pedestrians.

2.1.4 Summary

Each of the above areas has given rise to specific concern within ORR as a result of recent
investigations of incidents or through ORR proactive level crossing work. A detailed review of
the application of the model to these areas will enable ORR to:

e respond to the Coroner’s Direction from the Elsenham Inquest; and

e assess issues of concern from level crossing risk assessment interventions.

Review of issues relating to the implementation of the model by NR are outside of the scope of
this work and, hence, are not addressed.




3 PURPOSE AND SCOPE OF THE ALCRM

In order to address whether the ALCRM is fit for its intended purpose it is first necessary to
consider its purpose and scope. Section 3.1 discusses the purpose and Section 3.2 discusses the
scope of the ALCRM. The scope and purpose is revisited in Section 9 after consideration of the
detailed modelling approach, to consider the question posed by ORR: is the ALCRM fit for its
intended purpose?

3.1 PURPOSE OF THE ALCRM

The purpose of the ALCRM is stated in various documents. For example the Functional
Specification® ! and the ALCRM User Guide™ state that the main purpose of the ALCRM is to
provide a method for assessing safety risks to crossing users, train passengers and train staff at
level crossings on NR controlled infrastructure. It is further stated in the Functional
Specification™ *! that the model will be a key tool to assist NR to manage risks to levels that are
as low as is reasonably practicable (ALARP). It is also emphasised that the model should be
viewed as a tool where model outputs inform the decision-making process and that the model
should not be viewed as a decision making tool itself. It is encouraging to see these statements
emphasised, as a common pitfall in the application of such risk tools across all industries is the
reliance on the numbers fo make the decision, which would clearly be inappropriate.

The Research Brief for the “Design and implementation of the all level crossings risk model™!'"

states that the ALCRM is being used by NR in their safety decision-making process. It also goes
on to state that it is helping to optimise the targeting of risk expenditure to reduce the level of
risk. These statements again can be inferred to mean that the ALCRM is part of a wider process,
but also that the tool is being used to rank level crossings in terms of risk.

The NR standard NR/SP/OPS/100"", and Operations Manual Procedures 5-24!"* and 5-25
provide further written statements as to the purpose of the ALCRM.

Paragraph 5.2.3 of the NR standard NR/SP/OPS/100 states that the ALCRM should be used to
assess risk at existing level crossings, to be supported as necessary by expert judgement or
additional risk assessment processes where appropriate. The essence of this is inferred to mean
that the ALCRM is part of the overall risk assessment process, but this is not clear based on this
statement alone. However, through discussion with NR it was made clear that the intention is
for the ALCRM to form part of a much wider risk assessment process.

Section 5.4 of the Operations Manual Procedure 5-24 discusses the process for what happens
following completion of the risk assessment using the ALCRM. Essentially this focuses on
looking for reasonably practicable measures to reduce risk further. It is stated that the Level
Crossing Risk Management Toolkit (LXRMTK)!*!6] and the Level Crossing Risk Control
Coordinator (LCRCC) knowledge and expertise should be used to identify reasonably
practicable options. The LXRMTK contains a wealth of information that appears able to support
this process.

It is further stated in this procedure (at Paragraph 5.4.4) that an option shall be completed to
record that no further reasonably practicable options have been identified so that a record is
maintained of the decision making process. It is encouraging to see this emphasised. However,
it is not clear based on this statement whether all the options that are considered, but ruled out as
not reasonably practicable, including the reasons, are recorded. Through discussion with NR it
was stated that the purpose of this requirement was to record in the ALCRM that although
optioneering had been considered there was nothing further considered reasonably practicable.
7




The intention was not to record everything that had been considered. However, a record of the
key decision making should be contained in the level crossing files that exist for each crossing.
Based on discussion with NR it appears that the level crossing files form a key part of the record
of a risk assessment for a level crossing. However, as this is part of implementation and,
therefore, outside the scope of this work and NR are still in the process of going through the
optioneering process, the decision making process and the adequacy of the level crossing files
are not explored further here. It is recommended, however, that ORR examine the
implementation of the decision-making process and the adequacy of the level crossing files to
support a suitable and sufficient risk assessment.

Paragraph 5.4.3 of the Operations Manual Procedure 5-24 discusses trigger points where more
effort should be put into looking for reasonably practicable risk reduction measures. These
trigger points are based on individual risk, collective risk and the proportion of risk that relates
to train accident risk. The use of the model in this way indicates that one of its purposes is to
prioritise more effort at those crossings that have the highest risk (either individual or
collective) or where train accident risk dominates the risk profile. This would appear to be
appropriate.

Paragraph 4.1.1 of the Operations Manual Procedure 5-25 states that the ALCRM provides a
collective risk result that permit a CBA to be undertaken as a support to decision making.

The training given by NRI'"! emphasises that the model’s purpose is to help evaluate risk
reduction options and that it is part of NR’s broader risk management of level crossings. It is
also emphasised that the model should be used to support and inform, not make, decisions and
that the results of the model must be used alongside sound engineering judgment and local
knowledge. In terms of the results the following are stated:

“Results of CBA from optioneering is one input to be used to support the
decision making process;

Qualitative factors should also be identified and included in the decision
making process;

Do not blindly rely on the results from the ALCRM,;

Use your expertise and knowledge to include qualitative factors in your
decision-making;

However, remember that demonstrating that risk has been managed to a level
that is so far as is reasonably practicable requires more than just cost-benefit

analysis;

There is an increasing focus on making use of good practice, controlling of
hazards, and consideration of societal/ethical concerns.”

Again the procedures and training material examined all appear consistent in emphasising that
the ALCRM is to be used as part of a wider process.

311 Discussion with Network Rail

Through discussion with NR it was again emphasised that the ALCRM forms one tool in the
decision making process.




At a strategic level one of the key outputs was stated to be the ‘patio graph’, which shows the
position of each assessed level crossing on a matrix of collective risk versus individual risk
ranking. This allows users to see at a glance those crossings where effort should be focussed for
risk reduction, i.e. to support prioritisation. It is also used as a way of easily communicating
information about crossings, which can be broken down in various ways, e.g. across the
country, in an area or across a type of level crossing. The collective risk ranking also, at a
glance, allows a rough and ready estimate of the amount it would be worth spending to reduce
risk further, assuming all risk to be removed.

It is clear that the ALCRM output alone is not expected to be a suitable and sufficient risk
assessment. Instead, the ALCRM along with all the information contained within the level
crossing risk files form part of an overall risk assessment. The files were said to contain the
following types of information (not exhaustive):

¢ relevant level crossing orders;

s plans;

e photographs;

e ALCRM outputs;

e all previous risk assessments;

e correspondence relating to risk reduction measures;
e general correspondence;

e list of authorised users, where relevant;

e relevant incidents; and

o arecord of key decisions.

Although not examined as part of this work, the level crossing risk files appear to be an integral
part of the risk assessment of a level crossing. It is, therefore, recommended that instead of
requesting a risk assessment that ORR should request to see the relevant level crossing file. The
adequacy of the files to support a suitable and sufficient risk assessment should be ascertained
by ORR as part of their normal activity.

3.2 SCOPE OF THE ALCRM

The ALCRM applies to all types of level crossings, of which there are over 60U different
types, on NR controlled infrastructure, including both automatic and passive crossings. The
ALCRM contains risk models for 14 crossing types. Therefore, the 60 or so different crossings
on the network have to be represented by one of these 14 crossing types. Appendix A
summarises the generic crossing models and how these relate to the crossing types. While this
appears to be generally reasonable as a pragmatic approach to risk modelling, there is a concern
that the generic crossing in some cases may be too coarse. As an example, consider the generic
station crossing. This is used to model both staff crossings and station footpath crossings.
However, the underlying risk profile is likely to be very different for these types of crossings
due to the different types of users (staff or passengers only accompanied by staff compared with
unaccompanied passengers).

Tt is recommended that NR review the mapping of level crossings to the generic crossing types
and consider the need to expand the number of generic level crossing types modelled by the

ALCRM.



Each generic level crossing within the ALCRM models the following scenarios:

collision between level crossing users and trains;
collision between level crossing users and level crossing equipment; and

other accidents, which includes events such as injuries from slips, trips and falls not
resulting in any collision with a train.

The model incorporates a wide range of hazards associated with the above scenarios. From
discussion with NR there are a number of exceptions, however, which include:

risks to staff that operate crossings — level crossing keeper;

electrical hazards associated with overhead electrification equipment;

signals passed at danger leading to a collision;

signalling wrong side failures;

animals on the hoof (horses are included because they are assumed to be guided);

staff error, e.g. a signaller giving wrong advice to a user at a UWC with a telephone
about a train being in the section; and

dangerous goods (train or vehicle).

NR have stated that although the above issues are not captured by the ALCRM they are covered
elsewhere by NR in its overall risk management processes and that these issues would be picked
up where relevant. This would appear acceptable as long as their overall processes are coherent.
No further discussion of this specific issue is made as it is outside the scope of the current work.

As the majority of the risk is to users of level crossings, which is captured in the model, the
limitations in the scope do not generally appear to be an issue. Notwithstanding this it would be
prudent for the following to be done:

ORR should ensure that inspectors understand the scope of the model, and particularly
those areas not included; and

NR should ensure that the boundaries to the model are clear in any publications
describing the model. This is in addition to that contained in the Enhanced Functional
Specification, for example in Network Rail’s Operations Manual.
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4 ALCRM APPROACH TO MODELLING RISK

This section examines how the ALCRM estimates the level of risk. A more detailed summary of
the modelling approach is provided in Appendix B to aid the reader. Details of the modelling
approach are provided in the ALCRM Functional Specification *. Tt is noted that the
description presented is a high level overview of the modelling approach and does not refer to
some of the detailed subtleties, for example the impact of HGVs and potential derailment of a
train following collision with a vehicle, that are modelled. However, these details generally do
not have a significant impact on the level of risk estimated by the ALCRM.

4.1 MODELLING APPROACH

The approach taken by the ALCRM is to start with a generic model of risk for a given crossing
type (the ALCRM considers 14 generic crossing types). This generic model is made crossing
specific by adjusting the frequency and, to some extent, consequence components of risk to
account for the local situation.

Each generic model is essentially representative of the average level of risk over the crossings
represented by that generic crossing type. This generic model consists of a number of events, for
example pedestrian fails to stop, look and listen, that lead to one of three accident scenarios that
are modelled:

e collisions between trains and level crossing users;
o collisions between level crossing users and level crossing equipment; and

e other incidents, such as slips, trips and falls of pedestrians on the level crossing.

Each event has a frequency of occurrence assigned to it that is representative of the average
situation across a specific crossing type. This frequency has been assigned by analysis of
historical accidents.

To estimate the level of risk for a specific crossing, this generic model of risk is adjusted by
increasing or decreasing each event frequency by a factor that is dependent on inputs to the
ALCRM.

Two key adjustments are carried out:

o alocal crossing feature adjustment factor — which takes account of crossing features and
user behaviour that may influence risk; and

¢ atraffic adjustment factor — to account for the number of users and trains compared to
the average.

The first factor is event specific in that some events are not adjusted, and the others are adjusted
by different factors. Generally factors between 0.3 and 3 are applied to any one event. Indeed,
with the exception of the manual and automatic crossings, it is only some of the events that lead
to a train-user collision that are adjusted. For the manual and automatic crossings some events
that lead to a user-equipment collision are also adjusted. Therefore, as not all events are adjusted
and the adjustment factors are limited in size, the overall change to the frequency of one of the
three accident scenarios for a specific level crossing compared to the average situation is
generally going to be much smaller than 3. The exact change in the scenario frequency is
dependent on the base event frequencies; these vary across the level crossing models.
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The second factor is applied across all events and changes the base frequency by an amount
dependent on either the number of users or the traffic moment (frequency of users multiplied by
the frequency of trains). The factor applied is the ratio of use or moment compared to the
average number of users or traffic moment, respectively, for the crossing type. As this factor is
generally a simple proportion of actual use compared to the average then this can vary much
more than the crossing feature adjustment factor varies.

Consequences per event are generally assumed to be independent of level crossing type; this
appears to be a reasonable assumption.

4.1.1 Risk measures

The ALCRM estimates the level of risk using the following two risk measures:
e collective risk; and
s individual risk of a regular user.
Collective risk, which is the total risk across all those exposed to the hazards, is estimated for a
number of defined groups, where relevant®:
e on-board staff;
*  passengers;
e car occupants;
s van/small lorry occupants;
e HGYV occupants;
o bus occupants;
e tractor/farm vehicle occupants;
e cyclists/motorcyclists; and

e pedestrians.

The total collective risk across all these groups is also estimated. In addition to the absolute
level of risk the ALCRM also categorises the overall level of risk into one of 13 risk categories,
1 to 13. The boundaries between the risk categories are shown in Table 16 in Appendix D. This
category is useful in that it allows crossings to be ranked in terms of collective risk very easily,
but potentially could distract from the groups that are dominating the risk. From discussion with
NR, they are aware of this potential issue and stated that they are emphasising in training and
continually with users that the focus of attention should not be just on the risk category, but also
on the detail.

The level of collective risk estimated by the ALCRM is very sensitive to the number of users
and to a lesser extent the number of trains. Indeed the sensitivity is such that the crossing feature
adjustment factors have little effect on the level of risk. The crossing moment and number of
users drive the collective risk estimate.

* Risk is not estimated for groups that would not use the crossing. For example, risk to vehicular users would not be
estimated at a pedestrian crossing.
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The level of individual risk of fatality is estimated for relevant users of the crossing (not
passengers or onboard staff). This is estimated for a regular user, defined as a user who makes
250 return crossings per year (500 crossings per year in total). Individual risk is calculated as
the fraction of the total collective fatality risk that this hypothetical regular user is exposed to,
and is calculated from the following:

1
[RHSEI' = 500 x CRUSB" ( )
365x Number

user

where

e [R,., 1s the individual risk of fatality for a specified user group, e.g. pedestrian;
e CR,.r is the collective risk of fatality for the specified user group; and

e Number,,, is the number of crossings per day by the specified user group.

As a measure of the level of individual risk of fatality the approach taken is reasonable, as long
as it is recognised that it is the individual risk of a hypothetical regular user. There may be
occasions where an actual user’s level of risk is much higher due to more frequent use of a
crossing. For example, this may occur at user worked crossings where the user could make
many crossings per day. Additionally, this measure takes no account of variations in any group.
For example, a vulnerable user may have a higher level of risk, even with the same exposure.
However, it would not be appropriate, or sensible, to calculate a level of individual risk for all
the different types of user group. This should be addressed outside the model by consideration
of all groups that use a specific crossing (including subgroups) and asking the question what
else can be done to reduce risk? As long as the limitations in this risk measure are understood,
its use is not a concern. Network Rail, in discussion, indicated that such issues are understood
and communicated to users of the model and its outputs.

In addition to the absolute level of individual risk of fatality to users, the ALCRM also
categorises the highest individual risk (from the user groups assessed) into one of 13 risk
categories A to M. The boundaries between the risk categories are shown in Figure 17 in
Appendix D. This category is useful in that it allows crossings to be ranked in terms of
maximum individual risk very easily, but potentially could distract from the groups that are
dominating the risk. From discussion with NR, they appear to be aware of this potential issue
and stated that they are emphasising in training and continually with users that the focus of
attention should not be just on the risk category, but also on the detail. Also, emphasis appears
to be on using both risk measures and not one in isolation.

The level of individual risk estimated by the ALCRM is insensitive to the number of users,
which is as expected. The number of trains is still an important driver, however. Individual risk
of a user increases quite strongly as the number of trains increases. On one hand this feels
intuitive in that an individual has more chances of interacting with a train on any crossing, thus
increasing the level of risk, but on the other hand may be too strong a driver and mask the
deliberate abuse adjustment factor (discussed further in Sections 5.1.2 and 5.2.2.1) which
increases the frequency of abuse at some crossings as the number of trains reduce. Generally,
however, individual risk is more sensitive (compared to collective risk) to the crossing features
and should highlight crossings, with a high individual ranking, where the important risk drivers

exist.
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Emphasis in NR’s Operations Manual Procedures (5.241 is to utilise both the collective risk
and individual risk ranking to prioritise which crossings to visit to consider further additional
control measures. It is noted, however, that additional control measures are still considered for
other crossings, having lower collective or individual risk.

Use of the ALCRM outputs in this way would appear sensible, as long as other factors outside
the model are also considered in order to prioritise which crossings to prioritise effort on. It is
noted that there is nothing to suggest that this is not the case, although the specific issue has not
been explored as it is outside the scope of the current review.

In order to use the ALCRM ouiputs to prioritise where to spend effort on reducing risk it is
important that all outputs are used; this includes individual risk ranking, collective risk ranking
and the detailed risk outputs. These should be utilised along with other intelligence, for example
near misses, incidents and judgement and experience of NR staff. It is important that ORR are
satisfied that such a balanced approach is taken. Using just one measure of risk, just the rankings
or indeed just the ALCRM output would not be appropriate.

4.2 COMMENTS ON THE MODELLING APPROACH

The overall approach of starting with a generic average model of risk and adjusting the event
frequencies to account for the local situation appears, on the face of it, to be a reasonable
approach. However, the approach is dependent on the analysis of accident records and being
able to determine the cause of these accidents from the analysis. This is likely to be very
dependent on the quality of the narratives, which can vary tremendously. Given that different
crossing feature adjustment factors are applied to different events, the way in which the historic
accidents are classified is important. Any uncertainty here will have a direct bearing on the
uncertainty in the estimated level of risk.

In addition, as the frequency of some of the generic events is based on relatively little data, this
introduces uncertainty into the modelling approach. Table 1 summarises the population of train-
user collision events that currently drive the ALCRM frequency estimate. These populations are
based on analysis of accident and incident data over, generally, a nine year period’. The total
number of pedestrian and vehicle events are shown, and also the number of incidents allocated
to two base events, Unknown and Deliberate abuse.

The greatest uncertainty is going to be introduced where absolute numbers are small or where
the Unknown event forms a significant proportion of the events. Based on the above, least
uncertainty will be present when modelling the level of risk at automatic crossings for collisions
involving vehicles. Areas of greatest concern in relation to uncertainty because of low numbers
or significance of the number of unknown events is at closed circuit television protected
crossings (CCTV), manually operated crossings and pedestrian risk across most crossings. In
addition, the distribution in events for automatic barrier locally monitored crossings (ABCL),
footpath crossings protected with miniature warning lights (FPmwl), station footpath crossings
(STATION) and station footpath crossings protected with miniature warning lights
(STATIONmwl) have been based on other crossings without justification. It is noted that the
ongoing calibration of the ALCRM may improve the current situation.

7 For the open crossing model the Enhanced Functional Specification' states the period is 10 years.
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Table 1 Summary of recorded events used as basis of base data®

Crossing" Vehicle Pedestrian
All Unknown Deliberate | All Unknown Deliberate

CCTV 1 0 0 6 2 4
MCB 3 1 1 5 2 2
MCG’
AHB 19 1 8 9 4 5
ABCL Based on AHB (3.6% of AHB incidents)
AOCL 32 3 23 1 1 0
UWC 14 4 7 7 2 3
UWCt 11 1 7 12 4 3
UWCmwl 12 4 10 10 4 3
oC 9 4 4 0 0 0
FP 47 34 9
FPmwl Based on UWCmw! (78% of UWCmwl pedestrian incidents)
STATION Based on FP (7% of FP incidents)
STATIONmw! | Based on UWCmwl (26% of UWCmwl] pedestrian incidents)

In addition to the uncertainty that categorisation of historic accident data can introduce, another
potential issue with the modelling approach can arise because of possible different relative sizes
of the crossing feature adjustment factor and the traffic adjustment factor. As discussed above,

the crossing feature factor is limited in size whereas the traffic adjustment factor is genelally

not limited and applies across all events. Therefore, when the model is applied to crossings that
have a significantly higher or lower frequency of users and/or traffic moment than the average
for that crossing type, the effect of the traffic moment will dominate any effect that the crossing
feature adjustment factor is having on collective risk. This may have the effect of masking the
risk from bad actor crossings, which present high individual risk but have low usage. Indeed
crossings such as CCTV crossings that are extremely heavily used, both by pedestrians and
trains, but are also highly protected and of less concern may be shown to be of a higher risk than
expected. The issue with CCTV crossings was discussed with NR, RSSB and ADL as part of
this review, although calibration of the model was given as the driver behind the apparent
observations. Whilst this may be part of the answer, it is also probable that the sensitivity to
number of users and number of trains is also part of the answer.

It is, therefore, important that NR use the results from the model with caution, especially where
traffic moment and/or user frequency are very different to the average assumed by the model.
This is especially the case prior to full calibration. From discussion with NR, they appear to be
aware of these limitations.

In terms of estimating the level of risk to the different level crossing users, at the detailed level
the ALCRM assumes that the distribution in event frequency applies equally to all sub groups.
For example, the distribution of pedestrian incident events is assumed to be the same for

® Refer to the list of acronyms (Section 13) for a definition of these crossings.
7 Incident data is split between MCB and MCG crossing types.
8 It is assumed that the opportunities for vehicle collision are actually greatest at crossings with a moderate traffic

frequency and high train frequency. This builds on the work of Stottt * 9.
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pedestrians and cyclists/motorcyclists. Similarly the distribution of vehicle events is assumed to
be the same for tractor/farm vehicles, buses, heavy goods vehicles (HGVs), van/small lorries,
and car occupants. This simplifying assumption appears reasonable. Indeed, there currently
would not be sufficient data to support more refined user type event frequency distributions.

4.3 SUMMARY

At a high level the approach taken to estimating the level of risk appears reasonable. A number
of observations have been raised with respect to sensitivity to number of users and number of
trains, and these potentially masking the impact of crossing feature adjustment factors on
collective risk. It is emphasised that the approach is not fundamentally flawed and makes good
use of the data that is currently available. What is important, however, is the basis of how the
base data is adjusted to make the generic model specific to a particular level crossing. This is
explored for the three areas within scope in the following sections. The generic model of risk as
a starting point appears to make best use of the available historic data.

Notwithstanding the above, the approach does introduce a number of uncertainties and may not
rank highly crossings that are high risk with respect to certain features, but not used regularly. It
is, therefore, important that ORR are aware of the limitations in the approach and ensure that the
model is used as one input in managing risk at level crossings, as stated to be the case by
Network Rail and emphasised in the documentation examined.
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5 REVIEW OF THE ALCRM’S TREATMENT OF
PEDESTRIAN RISK

This section of the report considers the treatment of pedestrian risk across all level crossings.
Pedestrian risk at user worked and station footpath crossings are also considered in Sections 6
and 7 respectively, where specifically related to those crossing types. Comments have been
raised based on a detailed review of the ALCRM Functional Specification® * and through
discussion with NR, RSSB and ADL.

Within the level crossing models, pedestrian risk appears to be modelled in two slightly
different ways depending on whether the crossing is passive or not. Section 5.1 explores the
ALCRM’s treatment of pedestrian risk for non-passive level crossings such as automatic
crossings (ABCLs, automatic half barrier crossings (AHBs) and automatic open locally
monitored crossings (AOCLs)) and manually controlled crossings (manual barrier crossings
(MCBs), manual gated crossings (MCGs) and manual crossings protected by CCTV
(MCBcctv)). Section 5.2 explores the ALCRM’s treatment of pedestrian risk for passive level
crossings such as footpath, user worked and open crossings.

5.1 PROTECTED LEVEL CROSSINGS

This section considers pedestrian risk at automatic and manually protected level crossings. Each
step in the risk calculation is explored and summaries of issues raised and observations are
presented in separate subsections.

51.1 Base events

The pedestrian related base events considered by the protected level crossing models are shown
in Table 2. Those events where the calibration data is currently zero are indicated by an
asterisk (¥). As can be seen, the majority of events are currently assumed to have zero
frequency; however, it is noted that the ALCRM is currently being calibrated, which may result
in the base event frequency data changing.

Comments relating to the inclusion or not of the events for specific level crossing models
include:

o FailsToSLL: 1t generally appears reasonable (assuming there is no procedure to the
contrary) that a pedestrian failing to stop, look and listen is not included for protected
crossings. It therefore appears strange that the event FailsToSLL is included for AOCLs
as it is understood that an audible warning is provided for pedestrians as a means of
protection, as well as road traffic signals for vehicle users!'!. Pedestrians are therefore
assumed not to have to stop, look and listen. It appears more appropriate that this event
should be ‘ignores audible warning’. It is noted that the event data for this event is
currently zero, and its inclusion currently has no effect on the calculated level of risk.

s Nip: It appears unlikely that a pedestrian would be able to nip across a crossing at a
MCBccetv, MCB or MCG crossing as the barriers or gates would be fully closed before
a train arrived. Therefore, any incident would have to relate to climbing the barriers or
gates. Clarity on what is meant by the nip event is required.
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Table 2 Protected level crossing pedestrian base events

Crossing: | MCBccty MCB MCG AHB ABCL AOCL
Scenario: |1 2 3|1 2 341 2 3|1 2 3|1 2 3|1 2 3
Evenf

FailsToSLL v

Walks Y Y

Climbs v VoY VY v

Train v V' V' V' V' V'
Unaware V' N V v ' v
Uknown [V ¥ ¥ [N N V[V VY Y VY Y
Second V' V' ' V' v V

Nip v v v v v v
Barrier y v N

Trapped V' S J

RTA y v N R R
Falls N O R e O e N O BN
Gates N v

Key: Scenario | — train-user collision; Scenario 2 — user-equipment collision; Scenario 3 — other

Barrier and gates: The inclusion or not of these events across the manual crossings
does not appear to be consistent. The event name does not help as for example the event
PO _Gates appears to mean both gates and barriers. The event PO_Gates is defined as
“User is injured in operating gates/barrier” and PA_Barrier is defined as “user is hit by
a barrier”. It is not clear why PA_Barrier is not included with automatic crossings (with
barriers), even with a zero frequency assigned. It is also not clear who is injured in
using the gates/barrier (PO_Gates) as crossing keepers are stated as being outside of
scope.

RTA: 1t is not clear why this event has not been included with the manual crossings for
the train user collision scenario whereas it has for the automatic crossings.

Visibility: this event is included for vehicles, but not pedestrians. Clarification of this is
required.

Dazzle: this event is included for vehicles, but not pedestrians. This appears to be on the
basis that the historical data did not include dazzle as a contributory factor. However, as
the potential exists, this event should be included for pedestrians.

Notwithstanding the above, because of the way modification factors are applied to pedestrian
related base events for the protected level crossing models, it currently does not matter how
historic incidents have been categorised between the events. As the same crossing feature and
traffic adjustment factors are applied to each event and the model just adds the event
frequencies together, as long as all historic events have been included somewhere then the
ALCRM will predict the same level of risk. The ALCRM currently does not output the risk
profile at the event level. In any case, it is also noted that many of the comments above relate to

9 See Section 13.2 for a definition of the events.
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events that currently have zero frequency assigned to them. However, the issue is one of
consistency in whether events that have not been observed have been included or not and clarity
on the definition of the events.

As noted above, the majority of the events currently have zero frequency assigned to them.
Whereas this is not an issue in underestimating the historical level of risk, it does mean that the
ALCRM does not consider the level of risk from events that have not occurred, but have the
potential to occur. In other words there appears to be currently little predictive element to the
frequency estimation. Although this is not a straightforward area, NR should consider how
statistical techniques could be used to estimate event frequencies for those events currently
assigned a zero. A similar approach to that adopted by RSSB for the Safety Risk Model (SRM)

may be useful!"”,

One event that particularly stands out due to its zero frequency is that due to a second train.
This is particularly noticeable given the high profile accident at Elsenham level crossing® %],
where a second train was implicated, notwithstanding that the incident was at a passive level
crossing. This is discussed in relation to station footpath crossings (Section 7.1.1) and is

explored no further here.

5.1.2 Crossing feature adjustment factors

The key difference that distinguishes how pedestrian risk has been modelled at protected level
crossings compared with passive level crossings is the crossing feature adjustment factor. For
non-passive level crossings the only crossing feature adjustment factor applied is
m_p_protected'’. This is applied to all the pedestrian related train-user collision scenario events.
This factor is calculated based on the following ALCRM inputs:

e ‘Is the crossing at a or near a station’ — possible answers limited to ‘At station’, ‘Station
can be seen from crossing’ and ‘Not within sight’;

e ‘Is there a higher than usual number of vulnerable people (e.g. elderly, disabled, deaf,
vision impaired, those with learning difficulties”) — possible answers limited to ‘Yes’ or

“No’; and

o ‘Number of Tracks Crossing Traverses’ — the number of tracks is selected from a drop
down box.

Depending on the inputs for each of these questions, the ALCRM assigns factors as follows:
e 1.25if crossing is at station, else (can be seen or not within sight) 1;
+ 1.1 if there are a higher than usual number of vulnerable people, else 1; and

e 1.25 if a user crosses multiple lines, else 1 if a user crosses only one line.

The overall factor (m_p_protected) is calculated as the product of these factors, It, therefore,
varies between 1 if all factors are at their minimum values and 1.72 if they are all at their
maximum values. Pedestrian risk at protected crossings, therefore, appears to be relatively
insensitive to the crossing features.

The ALCRM functional specification™™ states (at page 19) that pedestrian risk is higher if the
crossing is at a station (urgency to catch a train may result in reckless behaviour), there is more
than one running line (users may be caught unawares by two trains approaching together,

10 yariable name given in ALCRM Functional Specificaion'.
19




especially if one is stationary and blocks the view of the approach), and there are a high number
of vulnerable people (such as the elderly, vision impaired, deaf or those in wheelchairs).
Whereas this is reasonable as a high level statement it does not adequately justify how the
factors have been applied.

A number of observations are made:

e It appears strange that the sub-factors are always 1 or greater. It is expected that some
crossings would show lower than average risk and the crossing feature adjustment
factor in such cases would be less than 1. Pedestrian risk across all protected crossings
is, therefore, going to be slightly overestimated. In discussion with NR, RSSB and ADL
it was pointed out that this was a calibration issue, and as such should be addressed
following calibration.

o The basis of the chosen sub-factors (1, 1.1 and 1.25) is not clearly documented. The
enhanced functional specification states that these factors have been derived on the
basis of expert judgement, but does not state the basis of this judgement. In discussion
with NR, RSSB and ADL it was stated that a workshop was used to sense check the
values and also that they are subject to calibration.

e Pedestrian risk at protected crossings is modelled simplistically when compared with
the risk to vehicle users and pedestrian risk at passive crossings. This appears partly
down to the emphasis of the research over the last 10 years, and also possibly due to the
interaction between crossings and the user generally being very different at protected
and manual crossings compared to passive crossings. The current approach appears
inline with current knowledge, although it is recognised that further work by RSSB is
planned in this area.

e It does not appear correct that the same crossing feature adjustment factor is applied to
all pedestrian train-user collision events.

e As no crossing feature adjustment factors are applied to the user-collision and other
accident scenarios for pedestrian related events, the calculated risk may be insensitive to
crossing specific features. How insensitive the calculated risk is depends on the base
event frequencies of the user-train collision scenario compared to the user-equipment
collision and other scenarios and relative consequences. From examination of the
current base event data in the ALCRM Functional Specification™ it appears that the
models least sensitive are MCBcctv, MCB, MCG and AOCL.

513 Traffic adjustment

At protected level crossings, base events frequencies are adjusted by one of the following traffic
adjustment factors:

o P TrafficMoment: the pedestrian traffic moment (number of pedestrian traverses per
day multiplied by the number of trains per day) at the specific crossing relative to the
average pedestrian traffic moment for the crossing type.

e P Users: the number of pedestrian traverses at the specific crossing relative to the
average pedestrian traverses for the crossing type.

In both cases pedestrians include cyclists. With the traffic moment, pedestrians also captures
horses and their riders. It is not clear why horses have not been treated consistently. This should
be reviewed by NR. Indeed, the Enhanced Functional Specification®! states that horses are
outside of scope.
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For the ‘Train-user collision’ scenario the P_TrafficMoment traffic adjustment factor is used in
all cases, which appears reasonable given the level of collective risk will be related to both the
frequency of trains and the frequency of use. For the ‘Other’ scenario the P_Users traffic
adjustment factor is used in all cases, which again appears reasonable. In this case the level of
collective risk will be a function of the frequency of crossing traverses by pedestrians and not
the frequency of trains. For the ‘User-equipment collision’ scenario the P_TrafficMoment traffic
adjustment factor has generally been used. The only exceptions are:

e PO Gates at MCB and MCG level crossings where the P_Users traffic adjustment
factor has been used; and

o PA Unknown at AOCL level crossings where a traffic adjustment factor has not been
defined, which the ALCRM assumes equates to 1.

Generally the choice of the P_TrafficMoment traffic adjustment factor looks reasonable for
situations where the collision is between the user and the barrier or gate, which is only closed
across the road or path when trains are approaching. In this case the level of collective risk will
be related to both the frequency of trains and the frequency of use. Specific comments relating
to the choice of traffic adjustment factor include:

e Tor the Unknown user-equipment scenario events it is not possible to determine which
traffic adjustment factor is most appropriate. However, if it is assumed that these events
are based on incidents with insufficient information to identify the cause and it is
postulated that the most likely user-equipment collision is with the barrier or gate, then
use of the P TrafficMoment traffic adjustment factor would generally appear
reasonable. However, this may not be the case with gated crossings, where gates are
normally closed to the road, and open protected crossings, as discussed below.

o For gated crossings operated by railway staff, RSPG 2¢t!l states (at Paragraph 33) that
the gates are normally kept closed across the road. In which case, use of the P_Users
traffic adjustment factor would appear reasonable. In addition, ADL stated that
defective gates or barriers closing unexpectedly caused two accidents that contributed to
the frequency of this event at manual crossings. In these cases use of the P_Users traffic
adjustment factor would again appear reasonable. However, RSPG 2e also states that
where the rail traffic is much less than the road traffic that the gates may be kept closed
to the railway. In this case use of the P_TrafficMoment traffic adjustment factor would
appear more reasonable. NR should consider capturing information on the normal
configuration of the gates (i.e. open to road traffic or open to rail traffic) and the
ALCRM should use the most appropriate factor.

o For the AOCL crossing, as there is no barrier, any user-equipment collision is going to
be with the lights or other roadside equipment or signs. In which case it would be more
appropriate to use the P_Users traffic adjustment factor as the level of collective risk is
not dependent on the frequency of rail traffic.

As the level of collective risk predicted by the ALCRM is sensitive to the assumed rail traffic
frequency and frequency of crossing traverses it is important that the most appropriate traffic
adjustment factor is used by the model. NR should, therefore, review the frequency adjustment
factors used by the ALCRM taking account of, but not limited to, the above comments.
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51.4 Consequences

The consequences used by the ALCRM in its calculation of pedestrian collective risk are
summarised in Table 3. Table 4 shows the equivalent consequences assumed within version 5 of
the SRMPY,

Table 3 ALCRM pedestrian collective risk consequences®
Event Consequence [Fatality weighted
injuries (FWIs) per event]
Train-pedestrian collision 0.812
Pedestrian-equipment collision 0.016
Other 0.022
Table 4 SRM pedestrian collective risk consequences?®"!

Predicted average fatalities and injuries per event

Passenger/MOP average fatalities and injuries per event Staff shock or
FWl/event Fatalities/event Major Minor trauma/event
Event injuries/event  injuries/event
Passenger struck on 0.8663 0.833 0.333 0.0 0.667
station crossing
MOP struck on non- 0.7914 0.782 0.0873 0.131 0.935
station crossing
AOCL & ABCL 0.6930 0.680 0.120 0.200 0.960
crossings
AHB, MG, MCB, 0.9100 0.905 0.0476 0.0476 0.905
CCTV, allUWC
Footpath crossings ~ 0.6930 0.680 0.120 0.200 0.960
MOP struck/trapped 0.0342 0.0190 0.110 0.834 0.0354
by level crossing
equipment

For collisions between trains and pedestrians the consequence assumed by the ALCRM is in
reasonable agreement with those used by the SRM. The main difference is that the SRM assigns
different consequences to the different level crossing types. The ALCRM assumes that the
consequences per event are invariant, which appears a reasonable assumption for pedestrian
risk. The value used by the ALCRM appears to be about the average assumed by the SRM.

The SRM assumes about 1 staff shock or trauma event per collision. The ALCRM is again
consistent here. However, the SRM (version 5) assumes that 1 shock or trauma event is
equivalent to 0.005 FWI, whereas the ALCRM assumes 0.1 FWI, which is a factor of 20 higher.
Further work has been carried out by RSSB in this area with latest advice™ 2 (April 2008)
being that a Class 1 shock/trauma (caused by witnessing a fatality or being involved in a
collision, derailment or train fire) is equivalent to 0.005 FWI and a Class 2 trauma event (other
causes, such as verbal abuse, near misses and witnessing non-fatal assaults) is equivalent to
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0.001 FWI. As part of the calibration process the ALCRM should be made consistent with latest
RSSB guidance.

For pedestrian-equipment collisions the consequence per event assumed by the ALCRM
appears to be about a factor of 2 lower than that assumed by the SRM. It is possible that the
SRM event is not exactly the same as the ALCRM event, which could account for some of the

difference.

For the other event in the ALCRM it is difficult to make a direct comparison with the SRM as
such an event is split between various events in the SRM. Given this and the insignificance of
the scenario in terms of risk no further consideration of the consequences of this event is made
in this report.

The observed differences, discussed above, should be addressed by NR at the next planned
calibration of the risk model. However, it is noted that the ALCRM outputs will not be overly
sensitive to such differences.

5.1.5 ALCRM inputs
As discussed above the ALCRM only uses the following inputs to calculate the level of risk for
pedestrian users:

e whether crossing is near a station;

e number of tracks;

o whether there are a higher than usual number of vulnerable pedestrians;

e frain frequencies; and

o number of pedestrians, cyclists and horses.

However, the ALCRM requires many more inputs. Most of these appear to relate to the
calculation of risk due to train vehicle collisions, but a number do not appear to be used. The
information collected but not used by the model is of some, but minor, concern due to the
potential in undermining confidence of users. It is recognised, however, that there is benefit in
collecting additional information. For example, information to be used in the wider decision
making process, outside the ALCRM.

Such information that does not influence the calculated level of risk includes:

o orientation of road/path and railway (although used to help users determine whether
direction of the sun is an issue);

e high number of irregular users; and

o are there any planned or any apparent developments near the crossing that may lead to a
change or increase in use.

The following inputs are assumed to relate to vehicles and not pedestrians as they do not
influence pedestrian risk. However, it is not clear that they are only vehicle related in the
ALCRM input screens:

e normal strike-time;
» average time to close gates/barriers; and

e in what proportion of crossing activations does more than one train pass the crossing.
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Automatic crossings only
e Has there been any user abuse of the crossing in the last year;
¢ have there been more than two right sided failures of the crossing in the last year; and

¢ have any actions been taken to mitigate deliberate misuse.

Manual crossings only

o Has there been any user abuse of the crossings in the last year.

In order to reduce any possible confusion the following should be considered by NR:

¢ where unused inputs are for future developments or for use in the wider decision
making process, these should be marked as such; and

e it would be helpful if inputs only relevant for calculating pedestrian risk or vehicle
occupant risk are distinguishable.

It is noted that the ALCRM input screens highlight those inputs that are mandatory, which goes
part of the way to address the above; a small red asterisk is given before the mandatory
questions. However, this appears to include more inputs than those that influence risk. Indeed
some inputs that are not used by the model are shown as mandatory, such as the number of
animals on the hoof. Thus there appears to be some inconsistency; use of these markings should
be reviewed by NR. In discussion with NR it was stated that the model requests more
information than needed to calculate the level of risk. This was stated to be for two main
reasons: in an attempt to move users away from playing with inputs to get the ‘right’ answer;
and, also, as the additional information is valuable in the wider decision making process.

5.1.6 Protected level crossing summary

For protected level crossings the ALCRM does not model how pedestrian behaviour, the
environment or particular level crossings influence the level of pedestrian risk at a particular
crossing. Pedestrian risk appears to be modelled very simplistically and the ALCRM in terms of
collective risk is essentially just ranking level crossings based on scaling average risk by
number of users and rail traffic. Individual risk is a little more sensitive to the crossing features.

5.2 PASSIVE LEVEL CROSSINGS

This section considers pedestrian risk at passive level crossings. Each step in the risk calculation
is explored and summaries of issues raised and observations are presented in separate
subsections. Consequences are not considered here as the same assumptions are used as with the
protected crossings (see Section 5.1.4).

5.2.1 Base events

The pedestrian related base events considered by the passive level crossing models are shown in
Table 5. Those events where the calibration data is currently zero are indicated by an
asterisk (*). As can be seen, the majority of events are currently assumed to have zero
frequency; however, it is noted that the ALCRM is currently being calibrated, which may result
in the base event frequency data changing.
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Comments relating to the inclusion or not of the events for specific level crossing models
include:

o FailsToSLL and IgnoresRL: Inclusion or omission of these events, fails to stop, look
and listen and ignores miniature warning lights, appears sensible and relates to the
protection/warning provided at the crossing.

e Sighting: Tt appears strange that this event is included for level crossings that are
protected by miniature warning lights as there is generally no requirement to look for
trains in these circumstances. In discussion with NR, RSSB and ADL it was stated that
this event also captures insufficient warning time at crossings protected by MWLs. This
appears strange, as the warning time at a MWL protected crossing should be designed
to give adequate warning.

o Train: Inclusion of the event ‘train irregularly on crossing’ appears sensible for those
crossings with warnings of a trains approach, such as with miniature warning lights.
Similarly omission at crossings with no warning measures also appears sensible.
However, it appears strange that this event is included for UWCs with telephones. At
this type of crossing, the telephone is for vehicle users and, generally, not pedestrians.
Pedestrians are required to stop, look and listen.

e Nip: It is not clear why a pedestrian collision with a train as a result of nipping across in
front of the oncoming train is not included at unprotected UWCs. Although this was not
identified in historic incidents, as the potential for such an incident exists this event
should still be included.

e RTA: Inclusion or omission of the road traffic related event is not intuitive across all
level crossing types. For example, it is included at protected UWCs (UWCt and
UWCmwl), but not at unprotected UWCs. It is included at some crossings (FP,
STATIONmw! and FPmwl) where there is no vehicular traffic, which appears strange.
There are also a few instances where RTA is considered as a cause for a pedestrian-
equipment collision, which also does not seem intuitive. In discussion with NR, RSSB
and ADL it was stated that incident data had recorded events relating to vehicles at
pedestrian crossings, possibly where a vehicular crossing was adjacent to a pedestrian
crossing.

*  Gates: Inclusion or omission of the gates related event is not intuitive across all level
crossing types and accident scenarios. It is also not consistent with the protected level
crossing types. It is not clear how gates are implicated in a train-pedestrian collision. If
it is as a result of becoming trapped then this event should be explicit. Inclusion of this
event is not consistent between STATION and STATIONmw! crossings, and between
FP and FPmwl crossings.

As many of the events have zero frequency assigned to them, the comments above are unlikely
to have a major effect on the ALCRM outputs. However, as this may change in the future,
following any recalibration of the model, it is recommended that NR review the events and
ensure that their inclusion is justified. In addition, because different crossing feature adjustment
factors are applied to different events it is more important, than with the protected level crossing
types, that the historic incidents are appropriately categorised between the events.

As noted above, and as was discussed with the protected crossings, the majority of events
currently have zero frequency assigned to them. Again, one event that particularly stands out in
having zero frequency is that due to a second train. This is particularly noticeable given the high
profile accident at Elsenham level crossing® 2%, where a second train was implicated. This is
discussed in more detail in Section 7.1.1.
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The Enhanced Functional Specification' states that the base event frequency at STATION level
crossings has been based on footpath level crossing incidents due to data being unavailable for
station crossings (assumed that 7% of FP events apply to STATION crossings based on relative
crossing populations). It further states that the data for STATIONmw! crossings have been
estimated based on UWCmw! crossings, again due to a lack of data (assumed that 26% of
UWCmw] events apply to station crossings based on relative crossing populations). This does
not seem intuitive. The risk drivers at a STATION crossing with and without MWLs will be
very different to those at a FP or UWCmwI crossing respectively. It is recommended that NR
try and collect more station crossing specific data as soon possible, as use of FP and UWCmwl
data for station crossings currently undermines the ALCRM applied to station crossings.

5.2.2 Crossing feature adjustment factors

For the passive level crossing types a different approach has been taken for the crossing feature
adjustment factor. In this case a different factor has been applied to different events. In
discussion with NR, RSSB and ADL it was stated that the different approach has arisen
primarily as a result of specific research in this area underpinning the approach adopted, as
opposed to less specific research relating to pedestrians at automatic and manual crossings. The
different approach is also as a result of a perception (based on research) of a user’s interaction
with a passive crossing being very different to that with an automatic crossing, due to users
having to make their own decisions at passive crossings.

For most events no crossing feature adjustment factor is applied, which potentially makes the
ALCRM insensitive to specific crossing features. How insensitive the ALCRM is depends on
the frequency of these events relative to those events where a factor is applied, the magnitude of
the factors and the consequences of the events.

Three broadly different crossing feature modification factors are applied to passive crossing
pedestrian events:

» a factor relating to deliberate abuse, i.e. failing to stop, look and listen or ignoring the
miniature warning lights — applied to either FailsToSLL or IgnoresRL events;

e a factor relating to the sighting distance and therefore warning time — applied to the
Sighting event; and

e a factor relating to the chance of getting caught out by a second train — applied to the
Second event.

Each of these broad factors is considered in turn.

5221 Deliberate abuse
For passive crossings, other than those protected by miniature warning lights, the overall factor
applied is an average of the following three factors:

e total number of trains per day — 3 for a low number of trains, 0.3 for a high number and
1 for an average number;

e average speed of trains — 3 for low average speed, 0.3 for fast average speed and 1 for
average speed; and

e spare traverse time — 3 where there is most time, 0.3 where there is least time and 1 for
average time.
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The overall factor, therefore, currently varies between 0.3 and 3 depending on local factors,
specifically train speed, train frequency, warning time (based on sighting distance and train
speed) and crossing traverse time.

The overall variation appears intuitive, i.e. that deliberate abuse is more likely where trains are
least frequent, slow and where there is plenty of time to cross the track, even after seeing a train.
It also appears sensible that the average event frequency is either increased or decreased for a
specific level crossing. The variation (qualitative) of deliberate abuse frequency with these
factors is also supported by research'® > *],

What is not clearly justified in the documentation is the basis of the choice of the specific
factors, 0.3 or 3, and the boundaries in speed, frequency and spare traverse time. The Enhanced
Functional Specification™ states:

“A key principle of the adjustment of the base events by crossing features is that,
for most, the adjustment is set to be over an order of magnitude (i.e. factor of 10).
This means that:

¢ where crossing features increase the base frequency they multiply it by
up to a factor of 3;

» where crossing features decrease the base frequency they multiply it by a
factor with a value as low as 0.3; and

e where crossing features are deemed not to change the average base event
frequency, the multiplier is 17,

It also goes on to explain why a more rigorous mathematical approach is not possible, which
appears reasonable. Essentially the choice of the order of magnitude range is based on expert
judgement and previous experience with the Automatic Model. Additionally, in discussion with
NR, RSSB and ADL it was emphasised that this approach and values had been peer reviewed
by the RSSB ALCRM Project Steering Group and also that these values are still to be calibrated
and are, therefore, subject to change.

In terms of the boundaries, the basis of the choice is not documented in the Enhanced
Functional Specification, although discussion with NR, RSSB and ADL indicated that this was
based on analysis of train speed and frequency distributions rather than a direct link to risk. In
addition, it was stated that the boundaries were chosen so that the factor does not change
suddenly. Again these data are subject to calibration. Although there is nothing fundamentally
wrong with the approach, the basis of the actual choice appears a little weak, especially if the
point below is considered.

Different boundaries have been chosen for open crossings compared with other unprotected
passive crossings. For example, low and high speeds of 7 and 15 mph compared with 40 and 50
mph respectively and low and high train frequencies of 15 and 25 trains per day compared with
45 and 50 trains per day. The difference in boundaries is due to train speeds and frequencies
being much lower at open crossings. The boundaries have been chosen to ensure that the
majority of crossings fall in the average speed range. The choice of boundaries do not appear
intuitive if the different crossing types are compared, as, for example, this says that open
crossings with train speeds of 20 mph are low risk whereas a UWC with a train speed of 20 mph
is high risk. This allows crossings of the same type to be compared, but does not appear sensible
if crossings of different types are compared.

28



It is also observed that the difference between the low and high boundaries is generally quite
small, still making the factors change quickly from 0.3 to 3.

For passive crossings protected by miniature warning lights the overall factor is the average of
the following two factors:

s average speed of trains — 3 for low average speed, 0.3 for fast average speed and 1 for
average speed; and

e spare traverse time — 3 where there is most time, 0.3 where there is least time and 1 for
average time.

The overall factor, therefore, varies between 0.3 and 3 depending on local factors, specifically
warning time (based on sighting distance and train speed for unprotected crossings) and
crossing traverse time.

The only difference here is that the frequency of trains is not taken into account. As the crossing
warns whether a train is approaching it appears intuitive that train frequency is not taken into
account.

It is emphasised that the factors and choice of boundaries are also subject to change via the
calibration process.

An area that the ALCRM does not appear to model appropriately is the warning time for
crossings where whistle boards are installed. Therefore the factor relating to the spare traverse
time may not be appropriate. The ALCRM calculates the warning time based on the input
sighting distances and maximum train speed. However, where there is a whistle board there
could be a longer warning time than calculated. This may mean that the frequency of the
FailsToSLL event is underestimated.

From discussion with NR, RSSB and ADL it was stated that a policy decision was taken not to
model whistle boards within the ALCRM. It is stated in the Enhanced Functional
Specification® that whistle boards were considered to be more appropriately dealt with by
Railway Group Standards than on the basis of risk. It is also noted that whistle boards are the
subject of ongoing research®”’,

NR have a workaround for this limitation whereby the sighting distances entered are adjusted
such that the ALCRM calculates an appropriate warning time. Two scenarios are assessed, one
with and one without the increased warning time. Notwithstanding this solution, NR should
consider making changes to the ALCRM such that the model calculates the warning time
appropriately as there is the potential for errors to be introduced in applying the workaround; it
is noted that this is already included in NR’s ALCRM enhancement list.

Where MWLs are installed the Enhanced Functional Specification states that the ALCRM uses
warning time directly rather than sighting distance, which appears to be appropriate. However,
examination of a selection of ALCRM assessments shows sighting distances and not warning
times as inputs. There therefore appears to be some inconsistency between the specification and
implementation of the specification. It is, therefore, recommended that NR review whether
warning time has been appropriately implemented for passive crossings protected by MWLs.
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5.2.2.2 Sighting

The factor applied to the Sighting events is calculated based on the spare traverse time. Where
there is least time the factor is highest (3), where there is greatest time the factor is lowest (0.3)
and for intermediate times a factor of 1 is applied.

Again justification of the magnitude of the factors is not clearly documented, even though the
general approach appears sensible. The issue discussed above (Section 5.2.2.1) relating to the
calculation of warning times for crossings protected by MWLs or where there is a whistle board
also applies here. However, in this case the frequency of the Sighting events is likely to be
slightly overestimated.

5.2.2.3 Second train

This factor is zero for crossings that cross one line, as expected; in other cases it is calculated
based on the following ALCRM inputs®®’:

e ‘How often does a second train pass the crossing within 20 seconds of the first train’:
possible answers are limited to ‘Usually’, ‘Often’, ‘Sometimes’, ‘Occasionally’ or
‘Rarely or never’ — the ALCRM assigns factors from 3 for ‘Usually’ to 0.3 for ‘Rarely
or never’; and

o ‘What is the chance that the second approaching train would not be seen until the first
train has passed’: possible answers are limited to ‘Impossible’, ‘Likely’ or ‘Possible’ —
factors applied range from 1 for ‘Impossible’ to 0.03 for ‘Possible’.

The overall factor is calculated as the product of these factors divided by 2. It, therefore, varies
between 0.005 and 1.5. Whereas at a high level this approach appears reasonable, it does not
consider the underlying factors that may lead to a user more likely getting caught out by a
second train, for example at a station with a stationary train, large numbers of people crossing or
local distractions. However, the LXRMTK does consider such issues. Therefore, as long as the
ALCRM is used alongside the toolkit and not alone, this should not be an issue.

As with the other factors, the basis of the factors is not clearly documented. They appear to be
based on expert judgement, but subject to calibration. These factors also appear to have changed
in the Enhanced Functional Specification® compared with the Functional Specification™. The
Functional Specification® stated:

Variable Description Value

Cal i 2trains_view_impossible Impossible to see second train approaching ata 1
passive crossing

Cal_i_2trains_view_likely Likely to see second train approaching at a 0.0329
passive crossing

Cal_i_2trains_view_possible Possible to see second train approaching at a  0.143

passive crossing
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whereas, the Enhanced Functional Specification states:

Variable Description Value
Cal_i 2trains_view_impossible Second train would always be seen - the view 0.3
from the crossing is not obscured from either

side

Cal i 2trains_view_likely The second train would not be seen until the first 1
train had passed - the view is usually or always
obscured

Cal_i 2trains_view_possible There is some potential to view the second train 3

before the first train has passed.

ADL stated that this change was due to considering the initial factors to be inappropriate and
therefore proposed changes in the Enhanced Functional Specification. This change is currently
not included in the Enhanced Functional Specification Addenda. It is recommended that this is
added to the Addenda. In addition, the variable names, descriptions and values do not appear
consistent. For example, the variable “...view_impossible” is linked with the description
“always be seen” and the lowest factor. It would appear more intuitive if this variable was
linked with the description “view usually or always obscured” and the highest factor. It is
recommended that NR review these differences and clarify or correct the Enhanced Functional
Specification as required.

5224 Summary

In general, qualitatively, those factors that influence risk appear to do so in an appropriate
manner. These variations appear to be supported by research carried out over the last 10 years.
Most comments raised relate to the basis of the chosen values, which essentially are based on
expert judgement, but are also still subject to calibration and, therefore, change.

5.2.3 Traffic adjustment

At passive level crossings base events frequencies are adjusted by one of the following traffic
adjustment factors:

o P TrafficMoment: the pedestrian traffic moment (number of pedestrian traverses per
day multiplied by the number of trains per day) at the specific crossing relative to the
average pedestrian traffic moment for the crossing type.

o P Users: the number of pedestrian traverses at the specific crossing relative to the
average pedestrian traverses for the crossing type.

In both cases pedestrians include cyclists. Horse riders are included in the traffic moment, but
not the number of users. As discussed in Section 5.1.3, this does not appear consistent.

For the ‘Train-user collision’ scenario the P_TrafficMoment traffic adjustment factor is used in
most cases, which appears reasonable given that the level of collective risk will be related to
both the frequency of trains and the frequency of use. The exception is the PO_Gates event for
the train-user collision scenario where no factor is defined (interpreted as unity by the model). It
is noted that the base event frequency is currently zero for these events. The choice of traffic
adjustment factor will currently, therefore, have no impact on the calculated level of risk.
However, for consistency it is recommended that this factor should be reviewed by NR.
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For the ‘User-equipment collision’ and Other’ scenario the P_Users traffic adjustment factor is
used in all cases, which again appears reasonable. In this case the level of collective risk will be
a function of the frequency of crossing traverses by pedestrians and not the frequency of trains.

The calculation of pedestrian collective risk in the ALCRM appears to be very sensitive to the
traffic adjustment factors, and therefore the census inputs.

5.2.4 ALCRM inputs

As discussed above, for passive level crossings, the ALCRM only uses the following inputs to
calculate the level of risk for pedestrian users:

e train frequencies;

e train speeds;

¢ sighting distances;

¢ pedestrian traverse times;

e number of tracks;

» how often does a second train pass the crossing within 20 seconds of the first train;

e what is the chance that the second approaching train would not be seen until the first
train has passed; and

» number of pedestrians, cyclists and horses.

However, again (as with the protected level crossings discussed in Section 5.1.5), the ALCRM
requires many more inputs. Most of these appear to relate to the calculation of risk due to train-
vehicle collisions, but a number do not appear to be used in the calculation of the level of risk.
The information collected but not used by the model is of some, but minor, concern due to the
potential in undermining confidence of users. It is recognised, however, that there is benefit in
collecting additional information. For example, information to be used in the wider decision
making process, outside the ALCRM. Such information includes:

s orientation of road/path and railway;
e s there a high number of irregular users?
e are there any whistle boards and distance to them?

s are there any planned or any apparent developments near the crossing that may lead to a
change or increase in use?

s if the gates are left open are trains cautioned (used in the operational risk calculation)?

As with the protected level crossings there are also a number of events that relate to vehicles
and not pedestrians as they do not influence pedestrian risk. However, it is not clear that they
are only vehicle related in the ALCRM input screens.

5.2.5 Passive level crossing summary

Overall, it appears that the ALCRM is not sensitive to local factors that may influence
pedestrian risk. The ALCRM is effectively calculating risk by scaling average crossing risk by
relative pedestrian moment (actual moment divided by average moment for the crossing type).
The conclusion regarding its sensitivity is based on a number of observations:

32




¢ the model is very sensitive to the number of crossing traverses and train frequency, i.e.
the census data, which are likely to swamp any other adjustments;

o only a small number of events are adjusted to take account of local factors (crossing
features), and some of these events have a zero frequency;

¢ the frequency of some of the unadjusted events dominate;
e the crossing feature adjustment factors are relatively small; and

s the overall crossing ratings (individual risk and collective risk) are unlikely to change
even when the crossing adjustment factors are changed from their lowest to highest
values.

Another issue relating to the calculation of pedestrian risk at passive level crossings worthy of
note includes:

o vulnerable pedestrian groups are not explicitly considered by the ALCRM — the only
factor that is used in the risk calculation is that guidance is given for the crossing
traverse time to be increased by 50% if there are vulnerable groups. Increasing this
factor increases the frequency of Sighting events, but reduces the frequency of
deliberate abuse events, e.g. FailsToSLL. Therefore, overall, the estimated risk may not
be increased when the traverse time is increased to account for vulnerable groups.

5.3 PEDESTRIAN RISK SUMMARY AND RECOMMENDATIONS

The approach taken to model pedestrian risk at level crossings differs for passive and protected
crossings. It is recommended that NR review the two approaches and consider a consistent
approach across all level crossings as more relevant research is completed.

A number of comments were raised with the detail in the model. Although, individually each
comment would have little effect on the calculated risk, taken together the effect may not be
trivial. It is recommended that NR review these comments and consider making appropriate
changes to the model, data or supporting justification as required. It is stressed, however, that at
a high level there appears to be nothing fundamentally wrong with the ALCRM’s approach for
the calculation of pedestrian risk.

It is important that inspectors within ORR fully understand how pedestrian risk is modelled and
its limitations. In particular, the following are emphasised:

e the ALCRM generally models pedestrian risk in a fairly simple way — risk to vehicle
users is modelled much more comprehensively, particularly from an abuse perspective;

o pedestrian risk is insensitive to most ALCRM inputs, with the exception of number of
crossing traverses and number of trains;

e the vast majority of inputs entered into ALCRM have no influence on pedestrian risk;
o the assumed census data is critical — this is discussed in Section 8.1; and

o underlying causes that influence risk are generally not considered by the ALCRM,
These would have to be captured outside the ALCRM through use of the LXRMTK and

expert judgement.
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6 REVIEW OF THE ALCRM’S TREATMENT OF USER
WORKED CROSSINGS

The following three generic models within the ALCRM cover user worked crossings:
o  UWC - user worked crossings without protection;
¢  UWCt — user worked crossings with telephones; and

e  UWCmwl — user worked crossings with miniature warning lights.

The approach taken to model risk across the different types of user worked crossings is
essentially the same, with only slight differences dependent on the type of protection, i.e.
telephones, miniature warning lights or none.

This section of the report considers the treatment of pedestrian and vehicle risk across all three
user worked level crossing models.

6.1 CALCULATION OF RISK AT USER WORKED CROSSINGS

The ALCRM calculates the level of risk based on generic crossing event frequencies that are
modified to account for local crossing features and traffic (numbers of vehicles, pedestrians and
trains). Each of these aspects is discussed in the following subsections.

6.1.1 Base events

The base events considered by the user worked crossing models are shown in Table 6 for
vehicle related events and Table 7 for pedestrian related events. Those events where the
calibration data is currently zero are indicated by an asterisk (*). As can be seen, a number of
events are currently assumed to have zero frequency; however, it is noted that the ALCRM is
currently being calibrated, which may result in the base event frequency data changing.

Comments relating to the inclusion or not of vehicle related events for specific level crossing
models include:

o  GatesLO: 1t is not clear why gates left open is not considered as an event at UWCmwl
crossings. This event has been included with the UWC and UWCt models. Leaving
gates open appears to be a strong driver”” for deliberate abuse at user worked level
crossings. In discussion with NR, RSSB and ADL it was stated that this was captured in
the IgnoresRL event. This being the case will not adversely affect the calculated level of
risk, although better consistency would be achieved by separating the events.

e Sighting: It appears reasonable that limited sighting is generally an issue for an
unprotected user worked crossing (UWC), assuming no procedures to the contrary, but
it is not clear why it is an issue for protected crossings where users are not usually
required to stop, look and listen. In discussion with NR, RSSB and ADL it was stated
that this event also captures limited warning time provided by the MWL. As stated
earlier, this appears strange as the warning time at a MWL protected crossing should be
designed to give adequate warning. The description of the event would benefit from
clarification to make clear what is included.

e Visibility: For the train-user collision scenario, it again appears reasonable that visibility
is an issue for unprotected user worked crossings (UWCs), but it is not clear why it is
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an issue for protected crossings where users are not usually required to stop, look and

listen.

e Dazzle: For the train-user collision scenario, it again appears reasonable that being
dazzled by the sun is an issue for unprotected user worked crossings (UWCs), but it is
not clear why it is an issue for protected crossings where users are not required to stop,
look and listen as the modifier applied to this event at UWCs relates to being dazzled
looking up and down the line. The definition of the Dazzle event in the Enhanced
Functional Specification® states: “User unable to see the crossing because of low
sun/other cars’ headlights”, which would be an issue across all UWC types. The Dazzle
event appears to be being applied in two different ways, but the documentation does not
make this clear. This should be clarified in the ALCRM documentation.

Table 6

User worked crossing vehicle events

Crossing:

Scenario:

Event”
FailsToSLL
Phone
IgnoresRL
GatesLO
Sighting
Visibility
Dazzle
Grounded
Brake
Block
Train
Unknown
Second
RTA

Turns

Uwc UWcCt UWCmwl
7 2 3|11 2 311 2 3
N

N

N

Y v
v v v
S R R
VAR A R
v Y v
oA
v v y

v v
A N R
v v v
R N R R
v v v

Key: Scenario 1 — train-user collision; Scenario 2 — user-equipment collision; Scenario 3 — other

12 See Section 13.2 for a definition of the events.
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Table 7 User worked crossing pedestrian events

Crossing: | UWC UWCt UWCmwl
Scenario: |1 2 3 {1 2 3 |1 2 3
Event”

FailsToSLL |+ +

IgnoresRL Y
Sighting v V' y

Train + V*
Unaware N N
Unknown |+ " |+ V" AN AT
Second v 4 v

Nip V' V'

RTA S AR A VA A
Falls ' VA VoY v
Gates R A R v

Key: Scenario 1 — train-user collision; Scenario 2 — user-equipment collision; Scenario 3 — other

Most comments relating to the inclusion or not of pedestrian related events for passive level
crossings, including UWCs, were discussed in Section 5.2.1 and are, therefore, not repeated
here. The only additional comments include:

e Unaware: It is not clear why a user cannot be unaware of an unprotected UWC.

o Dazzle and Visibility: 1t is not clear why these are not specific events for pedestrians, as
they are for vehicle users. This appears to be on the basis that the historical data did not
include dazzle or visibility as contributory factors. However, if the potential exists,
these events should be included for pedestrians.

As many of the events have zero frequency assigned to them, the comments above and in the
earlier sections are unlikely to have a major effect on the ALCRM outputs. However, as this
may change in the future, following any recalibration of the model, it is recommended that NR
review the events and ensure that their inclusion is justified. In addition, because different
crossing feature adjustment factors are applied to different events it is important that the historic
incidents are appropriately categorised between the events.

As noted above, and as was discussed with pedestrian risk and station crossings, a large
proportion of events currently have zero frequency assigned to them, which potentially makes
the ALCRM insensitive to many of the inputs.

6.1.2 Crossing feature adjustment factors

As with all passive level crossing types modelled by the ALCRM, only train-user collision
events are adjusted to take account of specific crossing features.

13 See Section 13.2 for a definition of the events.
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Crossing feature adjustment factors relating to pedestrian events were discussed in
Section 5.2.2, and are not discussed in detail here. This section therefore concentrates on the
factors applied to the vehicle events. For the events shown in Table 6, adjustment factors are
applied as follows:

s afactor relating to deliberate abuse, i.e. failing to stop, look and listen at UWC crossing
types, failing to use the telephone at UWCt crossing types and ignoring the warning
lights at UWCmw! crossing types;

e afactor relating to how often gates are left open — applied to the GatesLO event;

e a factor relating to the sighting distance and therefore warning time — applied to the
Sighting event,;

o afactor relating to whether low sun is an issue — applied to the Dazzle event;

s afactor relating to whether there is a chance of a vehicle getting stuck on the crossing —
applied to the Grounded event; and

s a factor relating to the chance of getting caught out by a second train — applied to the
Second event.

Each of these broad factors is considered in turn.

6.1.2.1 Deliberate abuse

The approach taken differs dependent on the type of protection. For unprotected user worked
level crossings the overall factor is generally the average of the following four factors:

e total number of trains per day — 3 for a low number trains, 0.3 for a high number and !
for an average number;

o average speed of trains — 3 for low average speed, 0.3 for fast average speed and 1 for
average speed;

e spare traverse time — 3 where there is most time, 0.3 where there is least time and 1 for
average time; and

¢ whether gates are left open — 3 when ‘often or always left open’, 1 when ‘occasionally
left open’ and 0.3 when ‘always closed’.

The only exception is where gates are ‘often or always left open’ where an overall factor of 3 is
applied regardless of the other factors.

The overall factor, therefore, varies between 0.3 and 3 depending on local factors, specifically
train speed, train frequency, warning time (based on sighting distance and train speed for
unprotected crossings), crossing traverse time and how often (qualitatively) gates are left open.

The overall variation again appears intuitive, i.e. that deliberate abuse is most likely where
trains are least frequent, slow, where there is plenty of time to cross the track and where gates
are left open. In addition, forcing the factor to 3 when gates are ‘often or always left open’ also
feels reasonable given this risk driver is identified in many accidents at user worked level

crossings.

The approach taken is similar to that applied to the equivalent pedestrian risk event,
FailsToSLL, (Section 5.2.2) with the exception that here there is an additional local factor,
whether the gates are left open. It is not documented why pedestrian deliberate abuse is not

37




more likely when gates are left open, although ADL stated that gates have not been found to be
an influencing factor for pedestrian risk. Given that no evidence to the contrary has been found,
this is considered fit for purpose.

As discussed for pedestrian risk at passive crossings (Section 5.2.2.1), the ALCRM does not
take account of the increased warning time when there are whistle boards installed.

For user worked crossings protected by telephones (UWCt) the following approach is taken.
The factor applied in this case is only dependent on the following question:

o ‘Are the telephones used’? — possible answers include ‘Always’, ‘Sometimes’ and
‘Rarely’.

A factor of 3 is applied for rarely, 1 for sometimes and 0.3 for always.

This approach appears reasonable, although it is not clearly documented why some of the
factors applied for unprotected user worked level crossings are not used in this case, such as
frequency of trains, speed of trains, sighting distances and how often gates are left open, as
these are likely to influence the chance of a collision after not using the telephone.

For user worked crossings protected by miniature warning lights (UWCmwl) an approach
similar to that used for unprotected user worked level crossings is used. The only differences are
that the overall factor is not dependent on train frequency and it is not forced to 3 when the
gates are ‘often or always left open’.

Overall, a slightly different approach has been applied to the different types of user worked
crossings. Whereas most of the differences are understandable given the different types of

protection, some are not.

6.1.2.2 Gates left open

Where gates left open accidentally leads to a train-user collision, the factor applied to the base
event frequency is dependent solely on the question:

e ‘Are the gates / barriers left open at the crossing’? — possible answers include ‘Often or
always left open’, ‘Occasionally left open’ and ‘No always closed’.

In this case a factor of 1 is applied for ‘Often or always left open’, 0.5 for ‘Occasionally left
open’ and 0 for ‘No always closed’.

Whereas the approach taken appears reasonable, the basis of the factors is not clearly
documented other than by reference to expert judgement. However, based on discussion with
NR, RSSB and ADL it is noted that the factors were reviewed by the RSSB ALCRM Project
Steering Group and are still subject to calibration.

Additionally, as all the factors are 1 or less, it appears that ALCRM is potentially
underestimating risk slightly at crossings where gates are always left open, as more of the
historic events than the average would apply in these cases. It is noted, however, that the
interaction between the crossing feature adjustment factor and the traffic adjustment factor may
compensate. Again, these factors are still subject to calibration, which may also address this
issue.

This modifier is only applied to UWC and UWCt crossing types. Currently the UWCmwl
crossing model does not take account of this event as discussed in Section 6.1.1.
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6.1.2.3 Sighting

The factor applied to the Sighting events is calculated based on the spare traverse time as
previously. Again, the ALCRM takes no account of the increased warning provided by whistle
boards as discussed before.

The only additional issue with its application to user worked crossings is its application to those
crossings protected by miniature warning lights as there is no need for a user to stop, look and
listen. Indeed, this factor is not included for user worked crossings protected by telephones.

6.1.2.4 Dazzle

The factor applied to the Dazzle event for unprotected user worked crossings is dependent on a
single ALCRM input:

e ‘Is low sun a problem looking up and down the tracks’ — 1 for ‘low horizon’ and 0 for
‘high horizon’.

The following comments are made relating to this:

¢ the approach taken appears reasonable;

e the adjustment factor is only applied to unprotected user worked crossings, which
appears intuitive if the dazzle event relates to looking up and down the track, but note
the comment relating to the Dazzle event in Section 6.1.1; and

e as the factors are either 1 or 0, it appears that the ALCRM is potentially slightly
underestimating the frequency of events related to a driver being dazzled by the sun.
Where the sun is an issue the average frequency is used and where it is not an issue the
frequency is zero. Therefore, the frequency across all UWCs is always going to be less
than historic experience. Again, it is noted that these values are still subject to
calibration, which may address the issues.

6.1.25  Grounded

The factor applied to the Grounded event for all types of user worked crossing is dependent on a
single ALCRM input:

o “Is there a risk of a vehicle getting stuck’ — 1 for ‘No’ and 1.5 for ‘yes’.

The following comments are made relating to this:

o the approach taken again appears reasonable, that is the average base event frequency is
increased if there is a chance of becoming stuck; and

e as the factors are either 1 or 1.5, it appears that the ALCRM is slightly overestimating
the frequency of events related to a vehicle getting stuck. Where there is no risk an
average frequency is used and where it is an issue the frequency is increased above the
average. Therefore, the frequency across all UWCs is always going to be greater than
historic experience. Additionally, these values are not clearly justified in the
documentation. Again, it is noted that these values are still subject to calibration, which
may address the issues.
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6.1.2.6 Second

The factor applied to the second train event is identical to that used for pedestrian events at
passive crossings; this is discussed in Section 5.2.2.3. It is not clear why the adjustment factor is
not applied to user worked crossings protected by telephones (UWCt), whereas it is applied to
the other types (UWC and UWCmwl).

6.1.2.7 Summary

Some of the key factors (or risk drivers) that influence risk at user worked level crossings,
generally, appear to be taken into account in an appropriate manner, particularly leaving gates
open and not using the telephone. However, a key factor that is not considered by the ALCRM
are crossings that are more susceptible to staff error, for example where the telephone is used
appropriately, but the signaller gives incorrect advice. Although there is an event relating to this,
Train, the frequency of this event is not adjusted to take account of local factors. However, it
would not be appropriate for a risk model such as the ALLCRM to try and model every variation
on the railway. This is not a cause for concern as long as such issues are picked up as part of the
wider risk management processes, as was stated by NR to be the case in discussions with them.

6.1.3 Consequences

The consequences used by the ALCRM in the calculation of risk to vehicle occupants are
summarised in Table 8. Those used for the calculation of pedestrian risk were discussed in
Section 5.1.4 and are presented in Table 3 (page 22). Table 9 shows the equivalent
consequences assumed within Version 5 of the SRM®!,

Table 8 ALCRM vehicle occupant consequences
Event Consequence [FWIs per event] Fatalities per event
Cars and vans
Train-pedestrian collision 0.0085 x train speed 90% of FWIs if train speed > 15
mph else 0
Pedestrian-equipment collision 0 0
Other 0 0
Heavy Goods Vehicles
Train-pedestrian collision 0.0028 x train speed 90% of FWIs if train speed > 15
mph else 0
Pedestrian-equipment collision 0 0
Other 0 0
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Table 9 SRM vehicle occupant collective risk consequences®'!

Predicted average vehicle occupant fatalities and injuries per event

FWl/event Fatalities/event Major Minor
Event injuries/event  injuries/event
Passenger train 0.1472 0.134 0.119 0.254
collision with road
vehicle on level
crossing
AOCL & ABCL 0.0599 0.0451 0.133 0.308
crossings
Open crossings 0.0065 0.00448 0.0134 0.131
Other crossings 0.1981 0.185 0.119 0.236
Non-passenger train 0.1507 0.137 0.124 0.260
collision with road
vehicle on level
crossing
AOCL & ABCL 0.0632 0.0479 0.137 0.312
crossings
Open crossings 0.0245 0.0198 0.0383 0.176
Other crossings 0.2005 0.187 0.123 0.240

The ALCRM is more sophisticated in the way it calculates consequences to vehicle occupants,
when compared to pedestrians in that the train speed is taken into account. The following
comments are made in relation to this:

e The magnitude of the consequences increasing with train speed generally appears a
reasonable assumption, although the basis of the proportional relationship assumed and
the range of validity is not clearly documented.

e It appears appropriate that for a given train speed the FWIs per event are lower for large
vehicles (HGVs, tractors etc) than for small vehicles (cars, small vans etc) given that
their size gives better protection.

o The assumed FWIs for buses does not seem intuitive since it is expected that the level
of collective risk would be greater than for HGVs due to the higher number of
occupants. The ALCRM does not appear to explicitly take the number of occupants into
account in the collective risk calculation. It is noted that in the individual risk
calculation it is assumed that buses have an average occupancy of 10 and HGVs have
an average occupancy of 1.

e Assuming 90% of FWIs are fatalities appears to be a reasonable assumption, even if
very slightly conservative when compared to the SRM average assumptions.

e Assuming that there are no fatalities at low train speeds also appears to be a reasonable
assumption, although the basis of the cut-off at 15 mph is not clearly documented.

e There appears to be no consideration of consequences relating to trains carrying
dangerous goods or vehicles carrying dangerous goods. However, this omission is
unlikely to be significant given the contribution of such events to overall risk at level
crossings.
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e The ALCRM may calculate consequences that are greater than those assumed in the
SRM. For example, a train-vehicle collision in the SRM is assumed to give
approximately 0.15 FWI per event, which equates to an average speed of 18 mph for the
ALCRM to give the same consequence. As it is anticipated that average speeds are in
excess of this then the ALCRM appears to overestimate consequences. However, this
comparison can only be viewed as indicative because the SRM contains many events,
which are modelled in an event tree, and it is, therefore, not a like for like comparison.

e A difference between the approach taken in the SRM and the ALCRM is that the SRM
uses different consequences for different groups of crossing types and the ALCRM uses
the same approach across all crossings. The approach taken by the ALCRM appears
reasonable as the main driver for the consequences is likely to be the speed of the train
and the type of vehicle, and both of these factors are taken into account by the ALCRM.

6.2 SUMMARY

The ALCRM appears to consider the key risk drivers that influence the level of risk at UWCs,
particularly leaving the gates open and not using the telephone. Also, the variation in the
crossing feature factors generally appears intuitive. Again there appears to be nothing
fundamentally wrong in the approach taken to modelling risk at user worked level crossings and
the ALCRM appears valid as one input for prioritising effort at reducing risk further at these
crossings. Notwithstanding this, a number of comments and discrepancies have been noted at
the detailed level, which should be considered by NR. Individually, these issues are likely to be
insignificant in terms of their effect on the calculated level of risk, but together may be more
significant.

In terms of scope, the ALCRM does not cover all issues at user worked crossings. One issue of
particular importance is situations where a signaller has more potential for error in advising a
user that it is safe to cross at a UWC protected with a telephone. This is not an issue in itself as
long as this is considered outside the model, as was stressed by NR to be the case.

One area that differs at UWCs compared to other crossings is that for vehicle users they have to
make 5 crossings in total (4 crossings on foot and 1 in a vehicle) for each use of the crossing
because of having to open and close the gates before and after use. The ALCRM does not
explicitly take the number of crossings into account, but it is implicit in the calculations. This
approach appears reasonable as long as the crossing traverse time entered by users is the total
time to use the crossing, including the 5 traverses. This should be clarified in the documentation
and NR’s Operations Manual.
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7 REVIEW OF THE ALCRM’S TREATMENT OF STATION
FOOTPATH CROSSINGS

Two generic models within the ALCRM cover station footpath level crossings. Both of these
are considered here:

e STATION,; and
e STATIONmwl.

The STATION crossing type captures the following crossings:
e  station barrow crossings;
e station passenger crossings; and

o unprotected staff walking routes.

The STATIONmwI crossing type captures the following crossings:

e station barrow crossings with white lights;

e station crossings with miniature stop lights or white lights;
e staff crossings with non-SP42 white lights; and

e white lights at staff walking routes.

The STATION level crossing type captures both pedestrian station crossings and barrow
crossings, where pedestrian crossings are those used by unaccompanied passengers and barrow
crossings are those used by staff and passengers only when accompanied by staff. As the
underlying risk profile is likely to be different for these types of crossings it appears strange that
they have been amalgamated in the ALCRM. The risk calculation would be improved if these
were separated. It is, therefore, recommended that NR consider introducing a station crossing
model (and station crossing with MWL) as well as barrow and barrow with MWL crossing

models.

It is how the ALCRM treats station crossings that are used by passengers that is the subject of
review in this section.

The approach taken to the calculation of risk is discussed in Section 7.1, Section 7.2 discusses
risk drivers identified in the literature on station footpath crossings, Section 7.3 discusses these
risk drivers in relation to the ALCRM and Section 7.4 summarises.

7.1 CALCULATION OF RISK AT STATION FOOTPATH CROSSINGS

The ALCRM calculates the level of risk based on generic crossing event frequencies that are
modified to account for local crossing features and traffic (pedestrian and train). Each of these
aspects is discussed in the following subsections. Consequences that are combined with
frequency to calculate risk are identical to those discussed in relation to pedestrian risk at
protected level crossings and are, therefore, not discussed specifically in relation to station
footpath crossings; see Section 5.1.4.
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7.11 Base events

The base events considered within the STATION level crossing models are shown in Table 10.
Those events where the calibration data is currently zero are indicated by an asterisk (*).
Generic issues in relation to the base events were discussed in Section 5.2.1 in relation to
passive crossings and are not repeated here.

Table 10 STATION level crossing base events

Crossing: | STATION STATION
mwl
Scenario: | 1 2 3 1 2 3
Event™
FailsToSLL \/
IgnoresRL Y
Sighting y J
Train y
Unaware + Y
Unknown V N AEVAR R AV A,
Second y* V'
Nip V' V'
RTA vy
Falls V' v oY V
Gates V' v

Key: Scenario 1 — train-user collision; Scenario 2 — user-equipment collision; Scenario 3 — other

The main differences between the two models in terms of the base events are:

e STATION includes FailsToSLL and STATIONmw! includes IgnoresRL, which is as
expected given the protection measures employed at the two crossing types;

o the event Train is only included where there are warning lights as this considers the
chance of a train arriving when the lights show it is safe to cross, which again seems

intuitive;
e the event RTA is only included in STATIONmw! crossing types. Its inclusion appears
strange as discussed in Section 5.2.1; and

o the event Gates is also only included in STATIONmwI crossing types. Its omission for
STATION level crossings appears strange.

However, the small inconsistencies between the two model types noted above are currently
insignificant as the current calibration data for the affected events is zero.

Y See Section 13.2 for a definition of the events.
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7.1.2 Crossing feature adjustment factors

For the STATION level crossings, only the following three base events, for the train-user
accident scenario, are adjusted to take account of local factors:

e FailsToSLL — pedestrian fails to stop, look and listen (STATION) or IgnoresRL —
pedestrian ignores warning lights (STATIONmwl);

o Sighting — pedestrian caught out by short warning time; and
¢ Second — pedestrian caught out by a second train.
For the other events the average frequency (weighted for traffic moment or use) across all level

crossings is applied to each specific crossing. The way the ALCRM calculates the above three
factors is discussed in Section 5.2.2.

Based on the discussion in Section 5.2.2 the only factors that the ALCRM takes into account in
the calculation of the crossing feature adjustment factors are as follows:

e spare traverse time — difference of time to cross and minimum warning time (from
minimum sighting distance and maximum train speed);

o number of trains per day (not for STATIONmw);

s average train speed;

o the frequency of second trains (qualitative input); and

¢ the chance of not seeing the second train (qualitative input).

There is, therefore, only limited information being used to make the generic frequency data
more crossing specific.

71.3 Traffic adjustment

As discussed in Section 5.2.3, the following traffic adjustment factors are applied to the base
event frequencies:

o P TrafficMoment: the pedestrian traffic moment (number of pedestrian traverses per
day multiplied by the number of trains per day) at the specific crossing relative to the
average pedestrian traffic moment for the crossing type. This is applied to train-user
collision scenario events; and

e P Users: the number of pedestrian traverses at the specific crossing relative to the
average pedestrian traverses for the crossing type. This is applied to the other scenarios,
user-equipment collisions and other.

Application of these factors to the relevant events appears intuitive.
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7.1.4 Sensitivity of risk estimate to inputs

How sensitive the risk estimate is to the input factors depends entirely on the calibration data.
Based on the current event data, the estimated level of risk appears to be fairly insensitive to the
crossing feature adjustment factors and sensitive to the assumed number of trains and number of
crossing users (collective risk only), hence the census data. This is based on the following
observations:

o the frequency for only three events for the train-user collision accident scenario are
adjusted to account for local factors;

e the adjustments made to the frequency data are fairly small, up to 3 at most;

e two of the factors (FailsToSLL and Sighting) act against each other, that is as the
FailsToSLL factor is at its highest value the Sighiing factor is at its lowest and vice

versa;

o the third crossing feature adjustment factor, Second, applies to events whose base
frequency is currently zero. This therefore has no effect on the level of risk;

o the Unknown event, which is not adjusted to account for local factors, has the highest
event frequency; and

o collective risk is essentially proportional to the number of pedestrian traverses.

For a given traffic moment and number of pedestrians per day the crossing risk rankings
(collective and individual risk) are, therefore, fairly insensitive to the crossing feature
adjustment factors. Indeed the risk ratings may not change at all, or only by 1 category as the
inputs are changed from their lowest to highest values. The calculation of collective risk is
being driven mainly by the number of trains per day and the number of pedestrians per day.

7.2 RISK DRIVERS

Risk factors at station footpath crossings have been the subject of detailed consideration over
recent years, either through research or following incidents. As part of work carried out for
ORR to review the Elsenham level crossing risk assessments in place at the time of the
Elsenham incident™, a review of relevant literature was carried out to identify relevant risk
factors at station crossings. The factors identified are included in Appendix C of this report.
That review also considered research carried out by Arthur D Little”™ *! on behalf of RSSB,
Davies Associates’® and applicable Railway Group Standards and Guidance (GURT70118%
and GI/GN7611P"Y) that were in force at the time of the Elsenham incident.

In addition to the above sources of information, consideration of recent, relevant (pedestrian
related) accident reports® 2% 333 suggest the following as risk factors:

o visibility to see train — foggy weather;

e hearing impairment;

e mobility impairment;

e clothing warn by user — large coat with hood because of cold weather;
e user illness;

¢ illumination of crossing;

o failed to stop, look and listen;
46




e sight impairment;
e mud on soles of shoes — leading to slip/fall on crossing;
e distractions; and

e location of facilities, e.g. waiting rooms, vending machines (food and drink), ticket
offices/machines.

7.3 RISK DRIVERS WITHIN THE ALCRM

Although the ALCRM considers many of the risk drivers identified in the research, the majority
of these are only included in a simple sense. That is the frequency of a specific risk driver may
be included, but this generic value is used across all crossings (of that type) without adjustment
for specific crossing features.

Key risk drivers that do not influence the level of risk calculated by the ALCRM are:
e any distractions in the vicinity of the station;
e location of station facilities;
o vulnerable groups;
» large groups using the crossing at once;
s the fact that crossing is likely to be around the time of a train;
o whether there are a mixture of stopping and through trains;
¢ position of warnings (lights or signs);
¢ crossing surface;
s nearby developments; and

e whether gates, where fitted, are left open.

Although these factors are not explicitly modelled within the ALCRM, it is noted that they
could be taken into consideration outside the model; for example, through use of the Level
Crossing Risk Management Toolkit. Use of the model in isolation, without consideration of
such issues, would be a cause for concern.

7.4 SUMMARY

Although there appears to be nothing fundamentally wrong with how the ALCRM calculates the
level of risk at station footpath crossings, the approach adopted is very sensitive to the number
of users per day and the number of trains per day, which is not surprising, but is fairly
insensitive to other local factors that may influence risk. The census data is a key input to the
model, particularly the number of passengers using the crossing.

The model does not consider all key risk factors. Use of the model in isolation would, therefore,
not produce a suitable and sufficient risk assessment. Therefore, as stressed in NR procedures, it
is imperative that the model is used as part of a wider process. ORR should ensure that this is
the case and that suitable records are made by NR of application of the wider process.

The second train event currently has zero frequency assigned to it. This means that the factors
that influence the chance of getting caught out by a second train currently have no influence on
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the level of risk. This appears strange, especially given the high-profile accident at Elsenham®),
It is noted, however, that NR are currently calibrating the model and that this situation may
change. Also, research is ongoing and still being commissioned by RSSB that is focussed on
understanding the risk at station crossings. The LXRMTK also already captures many of the
relevant risk drivers and potential mitigations for reducing risk at such crossings. Therefore,
again, as long as the ALCRM is used as part of a wider process, including alongside the
LXRMTK, the lack of explicit consideration of the key risk factors is not a major cause for
concern. It is anticipated that the ALCRM will develop in this area as more research is
completed. It is recognised that the passive crossing models do not have the benefit of over 10
years of development that the automatic models have had.
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8 REVIEW OF GENERIC ASPECTS OF THE ALCRM

This section discusses those aspects of the ALCRM that are generic across all level crossing
types that were considered as part of this review.

8.1 CENSUS DATA

Based on a review of all level crossing types considered, it is clear that the ALCRM outputs
(especially collective risk) are very sensitive to the assumed census data. The number of user
traverses of the crossing per day and the number of trains per day are key ALCRM inputs. This
in itself is not surprising for a train-user collision as the more trains and the more users there
are, simplistically, the more opportunities there are for an accident.

The ALCRM takes one of three approaches for collecting usage data:
e full census — where observations and counts are made over a 24 hour period;

e quick census — where observations and counts are made over a short period, usually 30
minutes; and

e estimate — where number of user traverses are estimated.

In addition, the ALCRM now allows for two census periods to be taken into account, which is
an improvement on the Automatic Level Crossing Risk Model. This allows for seasonal
variations to be better taken into account as a census can be input for in season and out of
season. The proportion of time that each applies is also entered such that the risk is weighted

across the two periods.

The numbers of users are required for the following groups, depending on the crossing type':
e cars;
e vans/small lorries;
e buses;
s HGVs;
e pedal/motor cycles;
e pedestrians;
e horses/riders;
¢ animals on the hoof, and

e tractors/farm vehicles.

Collective and individual risk are calculated for the majority of these groups. The only
exceptions are horses/riders, which is captured under pedestrians, and animals on the hoof,
which does not appear to be used.

In addition to the number of users, the ALCRM asks for the duration of time that trains run in
the day. This appears to be used as part of the STOTT? model.

55 For some crossings only certain groups of users would use the crossing. For example STATION crossings would
only be used by pedestrians or cyclists.
49




The three types of census used by the ALCRM are discussed in the following subsections.

8.1.1 Full census

A full census takes the count from a 24 hour observation period and the ALCRM uses this data
directly.

8.1.2 Quick census

Operations Manual Procedure 5-23%* states that this is the standard requirement for vehicular
crossings and is the first preference for other crossings. Guidance in the manual states that:

e  duration is 30 minutes; and

e it must be carried out between 0930 and 1630 Monday to Friday.

However, the ALCRM allows users to use any duration for the census. Indeed one of the
assessments examined as part of this work used a period of 60 minutes. This, therefore, does not
appear fully consistent with the Operations Manual. However, as long as the time period is not
significantly different to 30 minutes and level crossing usage is fairly uniform over the duration
of the census, this is not a cause for concern.

In order to calculate the number of users over a day, the ALCRM takes the quick count (over 30
minutes) and multiplies it by 27. For other durations the factor is adjusted in proportion to the
duration compared with 30 minutes; it is multiplied by 30/duration. The assumption that what is
seen in 30 minutes is 1/27 of that seen in a day has been used since the initial version of the
Automatic Level Crossing Risk Model. The history document!® states (at Section 3.2.4) that
field data supports the use of this factor and that for busy crossings the results can be within 10
percent of a full census. However, no further information is given in the documentation
reviewed on what is meant by busy, and what this field data is and how representative it is.

Whereas the approach may be reasonable for busy crossings, or for crossings where there is
small to medium variation in usage over a day, it appears more problematic in other situations.
For example, station crossings may be extremely busy at peak times, but carrying out a quick
census at off-peak times may yield an extremely low count and, therefore, a small day usage
estimate, which may seriously underestimate actual overall usage. In addition, where the quick
census is applied and only 1 to a few uses are seen, the calculated collective risk for the specific
group is going to be extremely sensitive to this count.

Given:

e the ALCRM outputs are very sensitive to the census data, particularly where counts are
low;

e the quick census appears to be used in wider circumstances than it was originally
developed for; and

o this does not appear to have been revisited for some time,

it is recommended that NR carry out a review of this factor (27) and the quick census approach,
especially applied to pedestrian crossings and UWCs.
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8.1.3 Estimated census

The ALCRM user manual® states that an estimated census would not be expected for a crossing
on a road. It is further emphasised in Operations Manual Procedure 5-23P% that estimates
should only be used for very lightly used crossings and suggests areas to consider to support the
estimate. Whereas the guidance looks reasonable, it is imperative that this is fully implemented
and as such ORR should ensure that NR take all reasonable steps in supporting the estimate.

For passive crossings, estimates are based on one of the following inputs:
s Once or twice daily — interpreted by the ALCRM as 1 user per day;
o Weekly — interpreted by the ALCRM as 0.143 uses per day;
o Few times a year only — interpreted by the ALCRM as 0.0329 uses per day; or
e No evidence of use — interpreted by the ALCRM as 0.

It would therefore, given the ALCRM?’s interpretations of the input options, be inappropriate to
use the estimate census where it is anticipated that use will be greater than 1 crossing per day for
a specific group. In circumstances where there is more than 1 user for any specific group, a
quick or full census should be used.

For protected crossings, the ALCRM still allows use of an estimate, although in this case actual
numbers are entered by the user and the user is not restricted to the four categories as above.

8.1.4 Summary

Where there are a large number of users and this is reasonably evenly spread out across the day
use of either the full census or quick census is likely to give reasonable results, However, as the
numbers of users decrease, or the variability in usage throughout the day increases, the
uncertainty in the calculated risk results will grow. It is, therefore, imperative that a thorough
sensitivity analysis is carried out on the assumed number of users, particularly where the
number of users are small or there is significant variation throughout the day.

It is recommended that ORR make their inspectors aware of the importance of the census data in
driving the risk calculations and the potential uncertainty in this area, dependent on the crossing
circumstances and number of users (especially where low or where there are significant
temporal variations).

8.2 RISK DRIVERS

A major improvement on the Automatic Level Crossing Risk Model has been the inclusion of
risk drivers in the output. These flag up particular issues relating to the crossing that are
particularly important in terms of influencing risk.

There appears to be nothing fundamentally wrong with the risk driver flags. These are a useful
addition to the model. However, the only observations made are related to what determines
whether they are output, and whether the name given to them is potentially misleading. The risk
drivers are essentially flags that depend on the ALCRM inputs. They do not relate to the
underlying risk profile within the ALCRM. For example, if the user stated that a second train
“usually” passes the crossing within 20 seconds of the first train and it was “impossible” to see
the second train then “Second train” would be flagged in the output. This would be the case
even if the underlying frequency data for this event was zero, and therefore the risk was also
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effectively zero. However, this has the benefit of pushing users of the model to consider
important issues outside the model, which may be missed if the underlying risk profile drove the
risk drivers.

ORR should be aware of the basis of the risk drivers. Better terminology may be generic risk
factors.

8.3 CALIBRATION

An integral part of the ALCRM is the calibration process, as this directly affects the calculated
levels of risk. The version of the ALCRM reviewed is generally uncalibrated and the comments
raised should be taken in context of this. Some aspects are more calibrated than others,
particularly the automatic level crossings. However, the parts of ALCRM in scope of this
review are the least calibrated aspects. The calibration process is outlined in Appendix J of the
Enhanced Functional Specification®; Table J.7 of the Enhanced Functional Specification
summarises the calibration activities already undertaken prior to the review which is the subject
of this report. Whereas this process looks reasonable, it will be important that application of the
process is fully documented by NR. This is an area that ORR should consider revisiting and
reviewing once the calibration process is complete.

It is noted that NR have a program in place to fully calibrate the model, the first phase being to
collect data for every level crossing so that the population data is accurate.

Table 11 Model limitations where full calibration has not been completed
Crossing Stoft  Reference Interpreter CBA  Limitation
Environment
Y Y Y Y Y The ALCRM is fully calibrated
Y Y Y Y N Operational loss and cost-benefit results
should not be used
Y Y Y N N Results from the ALCRM can be used with

caution, recognising that the weighting
applied by the ALCRM to interpret the
contribution of specific risk factors to the
overall risk score may not be accurate

Y Y N N N Results from the ALCRM should be used to
compare the relative levels of risk between
the same types of level crossing only,
recognising that comparison of the total
FWI/ year value between level crossing
types within the ALCRM or between the
ALCRM and other models may not be

accurate.

Y N N N N Results from the ALCRM should not be
used

N N N N N Results from the ALCRM should not be
used
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Attention is also drawn to Table ].5 in the Enhanced Functional Specification, which is
reproduced in Table 11. Crossing environment, Stott, Reference, Interpreter and CBA are
different classes of calibration constants. This clearly states that in its current state, until
calibration is complete, the results from the ALCRM should not be used or should be used with
caution. This is particularly the case with the passive crossing models.

Following any changes to the calibration constants, ranking of crossings will change and
decisions already based on the results may not be valid. Thus regular changes to this data could
erode confidence in the model for users. NR are aware of these issues and have stated that they
try and avoid regular changes and to warn users of changes and the implications. They have also
instigated a Change Control Panel to oversee all changes to the model (see Section 8.4). The
ALCRM also keeps a copy of the risk assessment results made with the previous set of
calibration constants so that users are able to see the effect of such changes on the risk
assessment for a specific crossing.

8.4 QUALITY ASSURANCE

In order to manage development of the ALCRM and the calibration data NR have set up a
Change Control Panel, which meets every four weeks. This group considers all changes to the
model and implications and must agree such changes prior to their implementation. The process,
as described by NR, appears to be fit for purpose in terms of managing changes to the ALCRM
and its underlying data. It is noted, however, that the process has not been subject to detailed
examination as part of this review.
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9 CONCLUSIONS

Returning to the question posed earlier in this report, is the ALCRM fit for the purpose intended
by NR?

In terms of the purpose of the ALCRM, which is explored in Section 3.1, this is difficult to
define succinctly. However, based on the documentation reviewed and discussion with NR, the
ALCRM is very much intended to form part of an overall process and is planned to be used for
a range of different, but related, purposes.

The ALCRM should not be used alone to make decisions, and it would not itself constitute a
record of a suitable and sufficient risk assessment as required by the Management of Health and
Safety at Work Regulations, 1999%* As one input to a wider risk assessment and risk
management process the ALCRM has the potential to be a valuable tool. However, like any
quantified risk based tool it has the potential to be used inappropriately. It is, therefore, vital that
inspectors within ORR fully appreciate at a high level what the model is based on and most
importantly its limitations and boundaries, so that they can determine the appropriateness of its
use.

An important companion to the ALCRM is the level crossing risk management toolkit
(LXRMTK). The ALCRM will provide a user with pointers in terms of where a level crossing
sits compared to others, in terms of both collective risk and a measure of individual risk.
However, it does not consider all factors that influence risk at a level crossing. Indeed, it would
not be appropriate for such a model to do so. The LXRMTK provides a link between the
pointers in the ALCRM and the management of risk at level crossings. It identifies a vast array
of risk factors across different level crossing types, discusses these and also identifies potential
risk mitigation options. This is a vital resource to be used alongside the ALCRM. Use of the
ALCRM without the LXRMTK, or something similar, would not be appropriate. Key, however,
is creating a suitable record of the thinking that goes into consideration of the risk factors, and
potential mitigations.

In terms of a record of a suitable and sufficient risk assessment, outputs from the ALCRM
would form a minor part. From discussion with NR, the level crossing risk file appears likely to
constitute the record of a suitable and sufficient risk assessment. This would need to be verified
by ORR as part of their normal interactions with NR, however.

How the results are used and interpreted is vital, which is something that ORR should consider
examining once the model is fully calibrated. The overall individual risk and collective risk
rankings only give high level rankings. The detailed results, and most importantly local
knowledge should not be neglected.

A number of detailed issues and observations are raised in this report, of which the key ones are
summarised below:

o The level of collective risk estimated by the ALCRM is very sensitive to the number of
users and to a lesser extent the number of trains. Indeed the sensitivity is such that the
crossing feature adjustment factors have little effect on the level of risk. The crossing
moment and number of users drive the collective risk estimate;

o The distribution in events for ABCL, FPmwl, STATION and STATIONmw! crossings
have been based on other crossings with little basis;
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Some of the event frequencies are based on very little data, i.e. 1 or 2 events. These
introduce much more uncertainty in the risk estimation. This is the case for CCTV
crossings, manually operated crossings and pedestrian events across most crossings;

Many events have zero frequency assigned, which makes the ALCRM insensitive to
some inputs;

The inclusion and exclusion of events between the different level crossing models is not
consistent in all cases. It is noted that the issues are generally associated with events that
currently have a zero frequency assigned, however, and have little effect on the
estimated level of risk;

Prior to full calibration, use of the outputs from the ALCRM should be treated with
extreme caution, particularly for footpath and station crossings;

The basis of the crossing feature adjustment factors appears to be mainly down to expert
judgement. The basis of this judgement is not clearly documented. However, the
ALCRM is not, generally, sensitive to these factors;

In terms of pedestrian risk at protected level crossings the ALCRM does not model how
pedestrian behaviour, the environment or particular level crossings features influence
the level of pedestrian risk at a particular crossing. Pedestrian risk appears to be
modelled very simplistically and the ALCRM in terms of collective risk is essentially
just ranking level crossings based on scaling average risk by number of users and rail
traffic. Individual risk is a little more sensitive to the crossing features;

The ALCRM appears to consider the key risk drivers that influence the risk at UWCs,
particularly leaving the gates open and not using the telephone. Also the variation in the
crossing feature factors generally appears intuitive. Again there appears to be nothing
fundamentally wrong in the approach taken to modelling risk at user worked crossings
and the ALCRM appears valid as one input for prioritising effort at reducing risk further
at these crossings. Notwithstanding this, a number of comments and discrepancies have
been noted at the detailed level, which should be considered by NR. Individually, these
issues are likely to be trivial in terms of their effect on the calculated level of risk, but
together may be more significant; and

In terms of station footpath crossings, again there appears to be nothing fundamentally
wrong with how the ALCRM calculates the level of risk. However, the model does not
consider all key risk factors. Use of the model in isolation would, therefore, not produce
a suitable and sufficient risk assessment. Therefore, as stressed in NR procedures, it is
imperative that the model is used as part of a wider process.

However, it is stressed that development of the ALCRM is a significant step forward in many
respects, for example:

it is recognised that the model is more sophisticated than models used in many other

countries worldwideP®;

the development of a single model for application across all level crossings aids
consistency in the management of risk at level crossings, especially in terms of
prioritising effort; and

hosting the model on NR’s Intranet with all results stored in a single database enables
NR to be consistent in its management of risk in this area and provides an excellent
source of intelligence on level crossings.
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Although there appears to be nothing fundamentally wrong with the modelling approach, there
are a number of limitations that users need to be aware of, which make the model particularly
sensitive to the number of users and number of trains and less sensitive to other local crossing
factors. Indeed, if anything, the model is possibly over sophisticated as it takes account of many
factors that have little influence on the estimated level of risk.

Notwithstanding some of the limitations and detailed comments, the ALCRM appears fit for the
purpose intended by NR, although there a number of improvements that could be made as
summarised in the recommendations and as recommended in an earlier review by Sotera”.. It
has to be recognised that the basis of the modelling for the passive crossings is fairly new in
comparison to automatic level crossings, and that research is ongoing.

In terms of ORR, it is important that:

e inspectors are under no illusions about the model - it is one tool and is not the whole
answer; and

e taken with other parts of NR’s processes, the overall approach has the potential to be fit
for purpose.
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10 RECOMMENDATIONS

The recommendations are brigaded into two groups. One group (Section 10.1) relate to
recommendations on improvements to the model. These are recommendations on NR. It is
recognised that some of these may eventually fall on RSSB if further research is deemed
necessary. The second group (Section 10.2) are recommendations on ORR.

In addition to the specific recommendations given below, there are many more detailed
comments and observations made throughout the report, which should also be considered.

10.1 RECOMMENDATIONS ON NETWORK RAIL

Recommendations on NR have been prioritised by importance as follows:

e A — short term resolution required. This is an area that potentially could undermine
confidence in the model;

e B - medium term resolution required;
o C - longer term resolution or minor issue; and

¢ D - suggestion for development.

Number Priority Recommendation

1 A The number of generic level crossing models should be reviewed. In
particular, consideration should be made for separating the station crossing
models (STATION and STATIONmw!) into separate station crossing and
barrow crossing models (both with and without miniature warning lights),
thus increasing the number of models from 14 to 16.

2 B The scope of the model should be made clear in all publications describing
the model. This is in addition to that contained in the Enhanced Functional
Specification, for example in Network Rail’s Operations Manual.

3 C The inclusion and exclusion of events across the different level crossing
risk models is not intuitive and consistent in all cases, These should be
reviewed by Network Rail taking account of the comments and
observations stated throughout the report. The description of each event
should also be made clear.

4 D Statistical techniques should be considered to estimate event frequencies
for those events currently assigned a zero.

5 D Pedestrian risk modelling at automatic and manual crossings should be
developed and made consistent with the approach adopted for vehicle risk
and pedestrian risk at passive crossings.

6 C The choice of traffic adjustment factors should be reviewed to ensure the
factors applied to each event are intuitive in all cases. The detailed
comments raised throughout the report should be considered as part of this
review.
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Number

7

10

11

10.2

Number

12

13

14

15

16

Priority Recommendation

C

The consequences assumed for staff shock should be made consistent with
latest RSSB advice.

Inputs to the ALCRM that influence risk estimates should be made more
explicit to ALCRM users.

Specific incident data should be collected for the station events as use of
the event profiles from footpath crossings and user worked crossings with
MWLs appears to have little basis.

The comments raised throughout the report relating to the crossing feature
adjustment factors should be addressed.

Given that the ALCRM outputs are very sensitive to the census data,
particularly where counts are low, the quick census appears to be used in
wider circumstances than it was originally developed for and this does not
appear to have been revisited for some time it is recommended that a
review is carried out of the quick census approach, especially applied to
pedestrian crossings and UWCs.

RECOMMENDATIONS ON ORR

Recommendation

ORR should examine the adequacy of NR’s level crossing files to support
a suitable and sufficient risk assessment.

The level crossing risk files appear to be an integral part of the risk
assessment of a level crossing. It is, therefore, recommended that instead
of requesting a risk assessment, ORR Inspectors should request the
relevant level crossing file from the duty holder/NR.

ORR should take this report as the basis for briefing inspectors on what the
ALCRM is, its boundaries and limitations. In particular, ORR should
ensure that relevant inspectors understand the scope of the model,
particularly those areas not included.

In order to use the ALCRM outputs to prioritise where to spend effort on
reducing risk it is important that all outputs are used; this includes
individual risk ranking, collective risk ranking and the detailed risk
outputs. These should be utilised along with other intelligence, for
example near misses, incidents and judgement and experience of NR staff.
It is important that ORR are satisfied that such a balanced approach is
taken. Using just one measure of risk, just the rankings or indeed just the
ALCRM output would not be appropriate.

It is recommended that ORR make their inspectors aware as to the
importance of the census data in driving the risk estimates and the
potential uncertainty in this area, dependent on the crossing circumstances
and number of users (especially where low).
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11 APPENDICES

1.1 APPENDIX A  GENERIC LEVEL CROSSINGS IN ALCRM

Tables 12 to 14 below are taken from the ALCRM functional specification™ and ALCRM User
Guide". They show how the various crossing types on NR controlled infrastructure map to the
14 generic crossings modelled by the ALCRM.

Table 12 Passive crossings
Generic
ALCRM Crossing Type
crossing
FPW Footpath with wicket gates
FPG Footpath with bridleway gates
FPX Footpath fenced off
FPK Footpath with kissing gates
r FPO Footpath with undetermined entrance facility
FPS Footpath with stiles
FPT Footpath with turnstiles
FPV Footpath with vehicular gates
oC ocC Open crossing not equipped with road traffic light signals
SBC Station barrow crossing
STATION SPC Station passenger crossing
STAF Unprotected staff walking route
UWB Vehicular and bridleway gates
UwcC Vehicular gates only
UWCB Vehicular lifting barriers
UwWC UWK Vehicular and kissing gates
UWS Vehicular gates and stiles
UWW Vehicular and wicket gates
UwoO Vehicular with undetermined entrance facility
UWCt UWCt Vehicle gates only with telephones
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Table 13 Psudo protected crossings'®
Modelled in Crossing Type
ALCRM As
FPOM Footpath crossing with miniature warning lights
FPmwl FPGM Footpath with bridleway gates and miniature warning lights
FPWM Footpath with wicket gates and miniature warning lights
MBWM Manual barrier with wicket gates and miniature warning lights
MSL Miniature stop lights
MWLB Miniature warning lights: barriers
MWLF Miniature warning lights: bridleway gates
MWLG Miniature warning lights: gates
UWCmwl MWLO Miniature warning lights: open
MWLW Miniature warning lights: wicket gates
UWBM Vehicular with bridleway gates and miniature warning lights
UWCM Vehicular with miniature warning lights
UWCMSL Vehicle gates only with miniature stop lights
UWWM Vehicular with wicket gates and miniature warning lights
SBWL Station barrow crossing with white lights
SIND White lights provided at station crossing
SMWL Station barrow crossing with white lights
STATIONmwl
SBCMSL Station Crossing with Miniature Stop Lights
SWL Staff crossing with non-SP42 white lights
WIND White lights at staff walking route

16 RSGP part 2 section E on page 5 says that MWL crossings can be referred to as Protected Crossings
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Table 14 Protected crossings

Modelled in Crossing T
ALCRM As osstng Lype
ABCL Automatic half barrier crossing (locally monitored)
ABCL Automatic half barrier crossing (locally monitored) equipped for
ABCL-X L
wrong direction movements
AHB Automatic half barrier crossing
Automatic half barrier crossing equipped for wrong direction
AHB-X
movements
AOCL Automatic open crossing (locally monitored)
AOCL-X A_utorpatw open crossing (locally monitored) equipped for wrong
direction movements
AOCL
AOCR Automatic open crossing (remotely monitored)
MCO Open crossing manually operated
MCBecty CCTV Mam.lally cc.mltrolled barriers worked remotely with the aid of closed
circuit television
Mechanically worked lifting barriers operated by gate wheel under
MBW
manual control
MCB/MB Il:/(I)inually controlled barriers worked from adjacent cabin or signal
MCB MCBR Manually controlled barriers worked remotely without CCTV
WB Manually controlled pedestrian barriers
TMOB Trainman operated barriers
TOB Trainman operated electrically powered barriers
MG Manned Gates
MGB Electrically worked boom gates (manual)
MGH Hand-worked manually operated gates
MGL Lever operated manual gates (oil vane)
MCG
MGW Wheel-worked manually operated gates
WG Electrically locked wicket gates
T™MOG Trainman operated gates
TOG Trainman operated manual gates
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11.2 APPENDIXB  THE ALCRM MODELLING APPROACH

The ALCRM consists of 14 models, each representing a generic level crossing type. Mapping
between level crossings types and the generic level crossings within the ALCRM is illustrated
in Appendix A. Each level crossing model estimates the level of risk from the following three
accident scenarios:

e collision between a train and a user;
e collision between a user and level crossing equipment; and
o other, which includes slips, trips and falls and injuries through using the gate for

example.

Each of these accident scenarios is modelled using a simple fault tree as illustrated in Figure 1;
this example is for the collision between a train and a user scenario for the STATION level
crossing model™”. The base events in this fault tree include the following:

e FuailsToSLL — pedestrian hit by train as a results of failing to stop look and listen;
e Sighting — pedestrian hit by train due to inadequate sighting distance;

e Unaware — pedestrian hit by train due to being unaware of crossing;

o Unknown — pedestrian hit by train due to unknown cause;

e Second — pedestrian hit by train due to being caught out by a second train;

e Nip — pedestrian hit by train due to nipping in front of train; and

e Fualls — pedestrian hit by train due to falling on crossing.

Each of these base events are assigned a frequency in the model. This frequency is the number
of times that the event has occurred per year across all level crossings of the specific type. In
this case there are assumed to be 180 STATION crossings”. Therefore a frequency of, for
example, 0.5 collisions per year'’ assigned to the fails to stop look and listen event
(FailsToSLL) means that historically there have been on average 0.5 train-pedestrian collisions
per year as a result of pedestrians failing to stop look and listen across the 180 STATION
crossings and on average 2.8x107 (0.5/180) collisions per year at each STATION level
crossing. The data assigned to each event is predominantly based on analysis of the railway
industry’s Safety Management Information System (SMIS) and HSE data.

The ALCRM takes this base average incident frequency and modifies it to reflect the local
situation. Two adjustments are made to the base frequency to account for:

e crossing features; and

e traffic flow.

Essentially each base event frequency is multiplied by two factors that increase or decrease the
original average frequency. Therefore, for a crossing where a pedestrian is more likely to fail to
stop, look and listen the crossing features factor would be greater than 1. A different factor is
applied to each of the base events considered. The inputs to the model determine the magnitude
of these factors.

7 The 0.5 is used for illustrative purposes only.
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Train-user collision
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Figure 1 Fault tree for collision with pedestrian scenario for STATION crossings

As an example, consider the fails to stop, look and listen event (FailsToSLL) in the fault tree
shown in Figure 1. :

The crossing feature adjustment factor in this case is calculated based on the average of three
factors:

o frequency of trains — factor is 3 for 45 trains per day or less, 0.3 for greater than 50
trains per day, and 1 for frequencies in between (greater than 45 and up to 50 trains per
day);

» speed of trains — factor is 3 for average train speeds less than 40 mph, 0.3 for average
train speeds of 50 mph or greater, and 0.3 for speeds in between (40 mph up to less than
50 mph); and

o the crossing traverse time compared with train sighting time — factor is 3 if the spare
time (difference of pedestrian sighting time and crossing time) is greater than 20 s, 1 if
the spare time is greater than 5 s else 0.3 for lower durations.

Overall the crossing feature adjustment factor is going to be between 0.3 and 3 depending on the
following inputs to the model: train frequencies, train speeds, sighting distances and user
crossing time. The base event frequency FailsToSLL could, therefore, be up to 3 times higher or
lower at a specific crossing depending on these inputs.

For this cause, the model is saying that the risk of failing to stop, look and listen (deliberate
abuse) is greatest where the trains are of low frequency, low speed or whether there is greatest
sighting time

Such an approach is taken with each base event in the underlying fault trees. In many cases it is
noted that no modification factor is assumed and for these cases all level crossings are assumed
to have the same event frequency as the average situation.
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Following modification by the crossing feature adjustment factor, the traffic modification factor
is applied. This takes account of the frequency of trains and frequency of use, crossing traverses,
at the level crossing being assessed compared to the average frequency for crossings of that
type. For events that lead to a collision between users and a train generally'® the factor is the
relative traffic moment, and for the other two scenarios the factor is the relative number of
crossing traverses per day.

The relative traffic moment is the traffic moment (number of trains per day multiplied by
number of user traverses per day) at the crossing being assessed divided by the average traffic
moment across all level crossing of that type. In the case of the STATION level crossing, the
ALCRM currently assumes an average moment of 61 pedestrian.trains day”. Therefore if a
crossing is assessed as having 10 pedestrian traverses per day and 12 trains per day pass the
crossing, this would give a traffic moment of 120 pedestrian.trains day”, and a traffic
adjustment factor of 2 (120/61). Relevant base event frequencies would be increased by this
factor, in this example 2. Essentially the model is scaling the frequency of train-user collisions
by both the frequency of use and the frequency of trains compared to the average.

The relative number of crossings per day is simply the number of crossing traverses at the
crossing being assessed divided by the average traverses across all level crossing of that type.

Once each base event has been multiplied by the relevant crossing feature modification factor
and the relevant traffic adjustment factor, it is then divided by the number of level crossings of
the type being assessed. This then gives the frequency of accidents for the causes being
considered predicted for the specific level crossing being assessed. The frequencies can be
combined (by summation) for a given accident scenario to give the frequency of the accident
scenario, train-user collision, user equipment collision or other, for that level crossing.

Following calculation of the accident frequency for a given level crossing, next the model
considers the consequences. Risk is estimated for the following groups:

e  car occupants;

e van/small lorry occupants;

e HGYV occupants;

s bus occupants;

e tractor or farm vehicle occupants;

s cyclists or motorcyclists;

o pedestrians;

e passengers; and

e staff.

Therefore, the model estimates consequences for each of these groups. It treats consequences
for car and van occupants as the same, HGV, bus and tractor occupants the same, and
pedestrians and cyclists the same. Passengers and staff are treated separately. Most of their risk
comes from the possibility of derailment, which the ALCRM models in some detail. However,
as the contribution to the overall collective risk from staff or passengers is generally small it is

18 For passive crossings this is true. However, with active crossings for vehicle train collisions a more complicated
Sfactor is used. This accounts for the Stott effect!”.
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not considered here, and the reader is directed to the ALCRM functional specification™ and
history document!® for a description.

In terms of train-user collisions:

for vehicle occupants the consequences (in terms of FWIs) per collision is assumed to
vary as a function of train speed (proportional); and

for pedestrians and cyclists there is assumed to be 0.812 FWIs per collision.

In terms of user-equipment collisions:

for vehicle occupants there is assumed to be 0 FWIs per collision; and

for pedestrians and cyclists there is assumed to be 0.016 FWIs per collision.

In terms of other scenarios:

for vehicle occupants there is assumed to be 0 FWIs per event; and

for pedestrians and cyclists there is assumed to be 0.022 FWIs per event.

Collective risk is then calculated for each of the groups considered by multiplying the frequency
of events to that group by the relevant consequence.

Taking the STATION crossing example, collective risk of pedestrians would be calculated as

follows:

considering one accident scenario at a time;

firstly for the train-user collision scenario each base event adjusted frequency
(discussed above) would be summed to give the overall frequency of pedestrian-train
collisions;

as the overall frequency is for collisions between trains and both pedestrians and
cyclists, this frequency is split in the ratio of pedestrian to cyclist traverses to give the
pedestrian-train collision frequency and the cyclist-train collision frequency;

combining the specific user-collision frequency with the relevant consequence from
above gives the collective risk of that group of users colliding with trains; and

once completed for each accident scenario the overall collective risk for a given group
of users is calculated by summing across the three accident scenarios.

For a crossing with pedestrian and vehicle users, as events have been separated between
pedestrians users and vehicle users in the underlying fault tree, the summation would be across
those events relating to either vehicles or pedestrians. A specific vehicle collision frequency
would be calculated in the same way as for pedestrians and cyclists, but in this case the overall
frequency would be split between 5 groups by the ratio of their crossing traverses: cars, vans,
HGVs, buses and farm vehicles.

65



11.3

APPENDIX C

RISK FACTORS FOR STATION CROSSINGS

Table 15 below presents the risk factors identified in Reference 28 as part of reviewing the risk
assessments in place at the time of the Elsenham incident.

Table 15 Risk factors
Risk Factor Comment
Nip across and misuse User crosses in front of approaching train but misjudges time.
Arrival time At station crossings, users are more likely to arrive at the crossing within a

Disregard - user fails to
acknowledge risk of
crossing

Second train comes
Frequency of trains

Regularity of trains

Group usage

Position of warning lights
Usage times

Low train speeds

Unseen train

User perception of train
speed and distance
Foliage

Trespass on rail structures
Sighting distance

Position of safety

Crossing utilisation

Type of trains

short time of a train arriving in comparison to footpath crossings. At station
crossings many people will know the train departure time and so will arrive
shortly before hand, hence the distribution of the utilisation is much closer
to the time when a train is due at the crossing thus increasing the likelihood
of users being at or on the crossing when a train is approaching,

The case of Hendrie v Calendonian Railway Company places the onus on
the user to determine that it is safe to cross.

RSPG 2E 138 states “Users are expected to use reasonable vigilance to
satisfy themselves that no trains are approaching the crossing before they
start to cross the line”.

User waits for train to pass but is caught by second train from opposite
direction.

Crossings with a low frequency of trains are likely to increase the risk
taking behaviour of regular users.

Variations in train schedules, such as engineering works, unexpected delays
to train services, and line speed restrictions etc., all contribute to
fluctuations in trains passing a point at a supposedly ‘known’ time.

People in groups may undertake more risky behaviour, than when on their
own.

The effectiveness of warning lights is influenced by their position.

According to the research quoted in this report (including Ref. 12), risk
taking at level crossings increases during rush hours, at midday and at the
beginning and end of the school day.

Low train speeds may increase the risk taking behaviour of users.

User caught out by negative sighting time (caused by failure of horn to be
sounded and limited sighting distance).

Train speed and distance is underestimated by users, which may result in
increased decision making errors by users at level crossings.

The effectiveness of information on the approach to and at the level
crossing is reduced by overgrown foliage.

Rail structures located at the entrance and exit areas to crossings that appear
suitable for climbing may result in undesirable risk taking behaviour by
members of the public.

Good sighting distance should indicate the level crossing as high risk.

Insufficient space between trackside gate and rail results in potential
obstruction of track by bicycles and pushchairs.

Level crossings with high crossing utilisation increase the risks to users.

Train lines with high frequency of both freight and passenger services may
influence the risk taking behaviour of users.
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Risk Factor

Comment

Crossing surface

Housing developments
Animals:dogs

Number of train lines

Decision point

Trespassers

Noise

Proximity to public houses
Sightlines

Familiarity with crossing

Open gates

Uneven and slippery level crossing surface may present a potential hazard
to those using the crossing.

Housing developments increase road traffic and level crossing use.

Unrestrained dogs may impair their owners concentration while on the level
crossing.

Single train lines may increase the risk taking behaviour of both vehicle
drivers and pedestrians.

An obvious decision point is critical for users at unprotected level crossings.

Food and drink rubbish at a level crossing is often an indicator of young
people using the crossing as a meeting place.

Noisy surroundings may impair the ability of the users to detect trains at
level crossings.

Crossings located on route to public houses may result in increased
violations of crossing procedures.

Restricted or blocked sightlines may encourage users to move past a point
of safety.

Regular users and those living close to level crossings are more likely to
undertake risk-taking behaviour when using the crossing.

Open gates increase the risk to approaching users.
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11.4 APPENDIXD  ALCRM RISK RANKING CATEGORIES

Table 16 Collective risk categories

Risk category Lower risk Upper risk
FWis/year FWistyear

1 5E-2 ©

2 1E-2 5E-2

3 SE-3 1E-2

4 1E-3 5E-3

5 5E-4 1E-3

6 1E-4 SE-4

7 5E-5 1E-4

8 1E-5 SE-5

9 SE-6 1E-5

10 1E-6 SE-6

11 SE-7 1E-6

12 >0 SE-7

13 0 0

Table 17 Individual risk categories

Risk category Lower risk Upper risk
fatalities/year Sfatalities/year

A 1E-3 1

B 2E-4 1E-3

C 4E-5 2E-4

D 8E-6 4E-5

E 4E-6 8E-6

F 2E-6 4E-6

G 1E-6 2E-6

H 5E-7 1E-6

I 2.5E-7 5E-7

J 1E-7 2.5E-7

K SE-8 1E-7

L >0 SE-8

M 0 0
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13 ACRONYMS AND GLOSSARY

13.1 ACRONYMS

ABCL Automatic barrier crossing locally monitored
ADL Arthur D Little

AHB Automatic half barrier level crossing
AOCL Automatic open crossing locally monitored
ALARP As low as reasonably practicable

ALCRM All Level Crossing Risk Model

CCTV Closed circuit television level crossing

FP Footpath level crossing

FPmwl Footpath level crossing with miniature warning lights
FWI Fatalities and weighted injuries

HGV Heavy goods vehicle

HSE Health and Safety Executive

HSL Health & Safety Laboratory

LCRCC Level Crossing Risk Control Coordinator
LXRMTK Level Crossing Risk Management Toolkit
MCB Manual barrier crossing

MCG Manual gated crossing

MWL Miniature warning light

NR Network Rail

oC Open crossing

ORR Office of Rail Regulation

SMIS Safety Management Information System
RSPG Railway safety, principles and guidance
RSSB Rail Safety & Standards Board

SFC Station footpath crossing
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SRM

STATION

STATIONmwl

uUwcC
UWCmwl
UWCt

13.2
Barrier

Block

Brake

Climbs
Dazzle
FailsToSLL
Falls

Foul

Gates

GatesL.O

Grounded
IgnoresRL
Nip

Phone
Redlight
RTA
Second
Sighting

Train

Safety Risk Model

Station crossing

Station crossing with miniature warning lights

User worked crossing

User worked crossing with miniature warning lights

User worked crossing with telephones

GLOSSARY OF LEVEL CROSSING BASE EVENTS

User is hit by a barrier

User has stopped in traffic on the crossing when crossing activates (also
known as blocking back)

User brakes too late to stop before the crossing (includes driver misjudgment,
ice, mud etc.)

User climbs the barrier whilst it is in the closed position

User unable to see the crossing because of low sun/other cars’ headlights
User crosses without stopping, looking and listening

User falls on crossing deck

User (in a vehicle) has stopped foul of a crossing

User is injured in operating gates/barrier

User continues directly onto the crossing because the user worked
gates/barriers have been left open

Vehicle has become grounded on the crossing

User ignored the red light warning (MWL crossings)

User ‘nips’ across because they think they have sufficient time to cross
User failed to phone the signalman (when required)

User ignored the red light warnings (AHB/ABCL/AOCL crossings)

User involved in a road traffic accident at/near the crossing

User unaware of a second train approaching (having seen the first train pass)
User caught unaware by poor sighting distances

Train not expected at level crossing
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Trapped
Turns
Unaware
Unknown
Visibility
Walks

ZigZag

User is trapped on crossing between barriers/gates

User turns onto track thinking it is a road junction

User is unaware of the crossing

Insufficient information to determine the event leading up to the accident
General poor visibility due to weather e.g. rain, fog

User walks around the protecting barriers

User zigzags around the protecting barriers
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2016/17 2017/18 2018/19 2019/20 2020/21 2021/22 2022/23 2023/24 202425
Colchester FT students 10,871 12,416 13,307 14,472 15,477 16,505 17,539 18,574 19,609
Students Living in Towers, South Courts, Wolfson Court, The Houses 2707 2707 2474 2482 2522 2564 2707 2707 2707
Students Living in Meadows and Copse 649 649 1292 1292 1842 1842 2392 2392 2649
Students Living in Quays 780 780 780 780 780 780 780 780 780
Students living at home with parents within postcode C01-CO4 1,957 2,654 2,748 2989 3196 3408 3622 3836 4049
Students Living in private accom within postcode CO1-CO4 3757 4041 4221 4591 4910 5236 5564 5892 6220
Students Living outside CO1-CO4 1021 1585 1792 2339 2227 2675 2474 2967 3203
Total students potentially using the bridge to access campus 6,494 7,475 7,749 8,358 8,886 9,424 9,966 10,508 11,050




