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1.0 INTRODUCTION  
 
One of the biggest challenges facing the construction industry is the need to 
construct essential infrastructure whilst protecting the environment for future 
generations.  The experience of Transport Scotland and their consultant 
Jacobs, in promoting the Upper Forth Crossing at Kincardine provides lessons 
in the adaptation of a construction project to meet the challenges of protecting 
the environment, whilst at the same time balancing engineering and economic 
factors. 
 
This paper describes the scheme history, development and promotion and 
describes how the environmental sensitivities of the Forth Estuary have 
shaped almost every aspect of the scheme including route selection, bridge 
design, construction methods and programme. 
 
The £120m scheme involves construction of a new bridge, 1.2km long, across 
the Forth Estuary, together with associated approach roads, junctions and 
other structures.  The new bridge is one of the worlds longest single push 
launched bridges.  The saltmarsh and mudflats along the banks of the estuary 
at Kincardine form part of the Firth of Forth Special Protection Area (SPA), 
Site of Special Scientific Interest (SSSI) and Ramsar Site.  These areas are of 
international importance as feeding and roosting grounds for several species 
of migratory and over wintering birds.  It is perhaps this feature, more than any 
other aspect of the scheme, which has shaped the promotion and influenced 
the design and subsequent construction of the bridge and associated works. 
 
The Upper Forth Crossing is the largest road project currently under 
construction in Scotland.  A design and build contract for the works was 
awarded in March 2006 to Morgan Vinci, a joint venture between British 
contractor, Morgan Est and French contractor, Vinci Construction Grands 
Projets. Designers for the contractor are Fairhurst and Benaim and Gifford are 
the checker.  
 
Whilst the focus of this paper is on the promotion of the project, as an 
example of good practice in meeting the environmental challenges arising 
from its location, the construction and management of the project to date has 
continued to embody the same positive approach to protecting the 
environment.  
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2.0 SCHEME HISTORY AND BACKGROUND 
 
The village of Kincardine is situated within Fife and lies on the North bank of 
the Firth of Forth.  The village was built in the 17th century on marshland 
reclaimed from the Firth of Forth, and its historic core has been designated a 
conservation area.  Although it is a small village, Kincardine is at an important 
location in the Scottish trunk road network.  The A876 crosses the Forth 
Estuary via the existing Kincardine bridge and leads into the centre of 
Kincardine, where the A977 leads north to Alloa and Perthshire and the A985 
heads east to Dunfermline.  Prior to the opening of the Forth Road Bridge at 
Edinburgh, the existing Kincardine bridge was the farthest downstream road 
bridge across the Forth Estuary, acting as an essential link between the north 
and south of Scotland (see Figure 1). 
 

 
Figure 1 – Location plan and aerial view of Kincardine Bridge 
 
Today the existing bridge still plays an important part in linking large areas of 
central Scotland lying on either side of the Forth Estuary.  It also acts as the 
farthest downstream all-weather crossing of the Forth, being the diversion 
route during high winds when the Forth Road Bridge is closed to high sided 
vehicles. 
 
The A876 road across the existing bridge is heavily used and carries around 
30,000 vehicles per day (AADT) of which a high proportion (13%) are heavy 
goods vehicles.  This proportion is well above the national average of 5.6%. 
As a result, this road has the unenviable reputation of being one of the most 
heavily trafficked single carriageways in Scotland.  The existing bridge and the 
junctions within Kincardine are, at times, unable to cope with the traffic 
volumes and this can lead to congestion in the peak periods on the approach 
roads of the A985, A977 and A876.   
 
This traffic congestion on the trunk roads in the vicinity of Kincardine restricts 
traffic movements in the Forth Valley Area and therefore restrains economic 
growth. Additionally, the level of traffic congestion in Kincardine and on major 
routes leading into Kincardine has led to concerns about its effect on the 
environment and on the quality of life for residents of Kincardine, particularly 
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in terms of air and noise pollution from vehicles. The level of traffic causes 
visual intrusion, road safety dangers and severance for the local community.   
 
In 2003 when the Environmental Statement was published local air quality 
was close to breaching European air quality standards and noise levels at first 
floor façade level were just under 79 dB (A).  As a very general guide 68dB(A) 
is considered to be the trigger level for entitlement of residential properties for 
insulation against traffic noise from new roads, given that other qualifying 
criteria are also met. 
 
In addition to the considerable congestion, it also became clear, in the early 
1990’s that the existing bridge was in poor condition.  The existing Kincardine 
Bridge was opened in 1936 and is approximately 822m long.  It comprises  
varying forms of construction, supported on reinforced concrete piers.  The 
bridge was at that time the world’s longest swing bridge and operated without 
fault until it was officially declared a static structure in the 1980’s.  The bridge 
was designated as a Category A listed building in 2005 (see Figure 2). 
 

 
Figure 2 - Existing Kincardine Bridge   
 
The reinforced concrete southern approach viaduct over the inter-tidal zone 
has deteriorated over time and is in need of replacement.  Temporary 
propping is in place and the bridge will require substantial refurbishment in the 
medium term.  Due to its strategic importance it would not be feasible to close 
the existing bridge without an alternative crossing being in place.   
 
In 1993, the then Scottish Office (now Transport Scotland) and Jacobs started 
work to develop options for a new crossing of the Forth Estuary at Kincardine. 
 
It was apparent from the outset that the ecology of the Forth Estuary, which is 
of international importance, would be a critical factor in the development of the 
scheme.  The saltmarsh and mudflats of the estuary are very high quality bird-
feeding and roosting grounds that attract a number of species of migratory 
birds.  The Forth estuary has been designated a Special Protection Area 
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(SPA) under the Conservation of Wild Birds Directive.  It is also a Site of 
Special Scientific Interest (SSSI) and a RAMSAR site under the International 
Convention of Wetlands of International Importance, especially as waterfowl 
habitat.  
 
 
3.0 ROUTE SELECTION  
 
3.1 Options 
 
In 1993 Transport Scotland commissioned a study of the options available for 
replacement of the existing Kincardine Bridge, and the reduction of traffic 
within the village of Kincardine.  The first report in 1994, based on the 
information available at the time, concluded that a downstream dual 
carriageway bridge, to replace the existing bridge, would be the most 
appropriate solution.  
 
Following further assessment work on the structural capacity of the existing 
bridge, it became clear that the existing bridge could remain in use (with 
refurbishment). At this time concern also began to focus on the newly 
proposed SPA area and the proximity of the downstream dual carriageway 
option to a sensitive lobe of saltmarsh and mudflat and the potential to cause 
disturbance to birds using the area.  This led to the development of a twin 
bridge strategy to address the problems at Kincardine.  Under the twin bridge 
strategy, a new single carriageway bridge was proposed to take traffic to and 
from the Alloa area, with the existing bridge taking traffic to and from the 
Dunfermline area.  This would be in conjunction with a south eastern bypass 
of the village called the Kincardine Eastern Link Road.   
 
A number of twin bridge route options were identified and assessed (see 
Figure 3) and filtering of the initial route options was principally on 
environmental grounds.  The large number of route options was quickly 
refined to two, which were identified as Options A and B.  All of the routes 
considered were specifically chosen to avoid impact on the more sensitive 
parts of the SPA such as Pow Burn Estuary Wildlife Site and Kennet Pans 
Wildlife Site. 
 
In 1996, following public consultation (and completion of assessment work), 
the then Secretary of State announced that a new single carriageway crossing 
(Option A), upstream of the existing Kincardine Bridge was the preferred 
option for a new crossing at Kincardine.  This option was preferred to the 
previous dual carriageway solution as it performed better economically, better 
met scheme objectives and had less risk of ecological impact.  
 
However soon after this announcement there was a change of Government in 
June 1997 which led to a Roads Review and a further re-assessment of route 
options.  Following consultation with local authorities and MPs, the results of 
the Strategic Roads Review were published in 1998 and Ministers reaffirmed 
the earlier decision to adopt for a twin bridge strategy. In November 1999, the 
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commission was announced to take forward the design for the twin bridge 
solution (Option A). 
  
3.2 Availability of new land 
 
Design work for Option A commenced in December 1999. However early on 
in the process a key constraint on the location of the new bridge, the old 
Kincardine Power Station site on the north bank, was partially removed. 
Scottish Power had previously indicated that the site was still required for 
future operations. However in 2000, they advised that the western section of 
the site, comprising coal yards, was no longer part of their future plans. 
 
Given the availability of the power station site, the design development work 
for Option A was halted. A new Option D was identified which took advantage 
of the power station availability and a comparative assessment was then 
carried out on the two upstream routes for the new crossing.  This culminated 
in the announcement by the Minister for Enterprise, Transport and Lifelong 
Learning in December 2002 that the preferred route for the new crossing was 
Option D, through the former Kincardine Power Station. See Figure 4.  
 
During the above comparative assessment of route options, the decision was 
taken by the Minister for Transport and the Environment to advance the south 
eastern bypass of Kincardine (Kincardine Eastern Link Road) in order to 
release some early benefits to the residents of Kincardine.  The Kincardine 
Eastern Link Road (see Figure 5) was opened in 2004 and has removed 
some 80% of traffic from the existing A985 in Kincardine and 40% of traffic 
using the A876 north approach road.  This equates to a reduction in traffic of 
approximately 13,000 vehicles per day through the village compared to the 
previous level of 25,000.  Upon completion of the Upper Forth Crossing works 
and full implementation of the ‘twin bridge’ strategy it is predicted that traffic 
through the village of Kincardine will fall to 3100 vehicles per day. 
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Figure 3 – Twin Bridge Route Options 
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Figure 4 – Route Plan, Options A and D 
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Figure 5 – Kincardine Eastern Link Road 
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4.0 SCHEME DETAILS 
 
The scheme consists of the following elements: 
 
·  A grade separated junction at the existing Bowtrees Roundabout, with 

the M876 traffic crossing over the existing A905. 
·  Upgrading of the existing A876 between Bowtrees and Higgins’ Neuk to 

dual carriageway standard. 
·  Provision of a new at-grade roundabout at Higgins’ Neuk which is 

designed with capacity for 15 years of high traffic growth.  At this 
roundabout traffic travelling to Fife and the East would use the existing 
Kincardine Bridge and Eastern Link Road, and traffic heading to 
Clackmannanshire and north Fife would use the new crossing. 

·  A new wide single 2+1 carriageway crossing of the Forth via a 1.18km 
multi-span viaduct.  This new bridge will land in the site of the former 
Kincardine Power Station. 

·  Continuation of the wide single 2+1 carriageway connecting the bridge to 
the existing A977 Trunk Road. 

·  A new termination roundabout on the A977 at Kilbagie, just south of the 
existing Gartarry roundabout.  

·  The wide single 2+1 carriageway from Higgins’ Neuk roundabout to 
Kilbagie roundabout will be lined and signed to allow alternate 
guaranteed overtaking opportunities. 

·  Overall the main line is 6.4km long, with 3.1km of side roads. 
 
The scheme also includes an extensive network of new cycleways and 
footways (approximately 5km), linking existing desire lines where these have 
been severed by the route of the new road.  See Figure 6 for the overall 
scheme layout.  The total cost of the scheme is approximately £120 million 
including VAT. 
 
Once the new bridge and associated roads are open to traffic, it is the 
intention that the existing bridge will be closed to allow refurbishment works 
to commence.   
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Figure 6 – Scheme Plan 
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5.0 SCHEME OBJECTIVES 
 
The objectives for the new crossing are based on the Government’s five 
criteria for assessing road schemes, which are Environment, Safety, 
Economy, Integration, and Accessibility. 
 
·  Environment: Improve the quality of life for residents in Kincardine by 

reducing the effects of traffic whilst minimising the impact on the 
internationally important ecology of the Forth Estuary SPA, land use, 
landscape and other communities. 

·  Safety: Maximise the reduction in risk to users of the A876/A985/A977 
and in particular for non-motorised users in Kincardine. 

·  Economy: Reduce travel costs and aid economic development within 
the adjoining local authorities of Fife, Clackmannan and Falkirk. 

·  Integration: Aid Improvement to local and express bus services and 
integrate with re-opening of the rail line.  Integrate proposal with local 
development plans. Improve transport links to help promote social 
inclusion. 

·  Accessibility: Improve the ease with which individuals can reach 
destinations important to them, in particular public transport, education 
facilities, health and recreational facilities in Kincardine. 

 
The scheme as designed meets the above objectives. 
  
6.0 ENVIRONMENTAL ISSUES 
 
It was recognised from the outset that environmental issues posed the biggest 
risk to the successful promotion of the scheme.  The new bridge had to cross 
saltmarsh and mudflat which extend over almost the full length of the estuary.  
This inter-tidal habitat is protected under European law and international 
conventions, due to its importance for migratory and overwintering birds such 
as Dunlin, Shelduck and Redshank. Figure 7 shows the intertidal habitat in the 
area of the Forth Estuary. 
 
In accordance with the European Habitats Directive, any scheme which 
adversely impacts the integrity of an SPA can only go ahead for reasons of 
‘overriding public interest’.  In such a situation, compensatory measures would 
need to be introduced to ensure the overall coherence of the site was 
protected, and the European Commission would need to be notified.  Such a 
scheme could also only go ahead if there were no alternative solutions.  Due 
to the potential difficulties inherent in taking the scheme to construction if it 
adversely impacted the integrity of the SPA, the project team made intensive 
efforts to ensure the scheme would not have such an impact.  It was also 
considered critical to be able to demonstrate that there were no alternative 
routes possible which had less impact.  It should be clarified that a scheme 
can have very minor impacts on an SPA provided these are not considered to 
impact on the overall integrity of the site.  This environmental constraint has 
shaped almost every aspect of the scheme including route selection, bridge 
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design, construction methods and programme. The next section of the paper 
reflects on the key elements of this process. 
 
Discussions spanning several years were undertaken with Scottish Natural 
Heritage (SNH), who are the government’s main advisor in relation to the 
protection of the estuarial habitats.  The dialogue with SNH was essential to 
the successful promotion of the scheme and at the conclusion of this process 
it was demonstrated, to the satisfaction of SNH, that the works at Kincardine 
would have no adverse impact on the integrity of the SPA.  However, to reach 
this conclusion a lengthy and detailed assessment of the impacts was 
required. The formal outcome of this process was presented through the 
Environmental Impact Statement and the Appropriate Assessment. 
 
The Environmental Impact Assessment considered the development impacts 
on the estuary, including non SPA receptor species such as fish and 
cetaceans, as well as the SPA habitats and species.  It also considered 
impacts on the terrestrial habitat and species affected by the approach road, 
including long established woodland and otters. The Appropriate Assessment 
is an assessment of the implications of a project for a protected site in view of 
the site’s conservation objectives, as required under the Habitats Directive. 
 
The emphasis throughout the process was on the provision of sufficient and 
detailed information to satisfy the environmental regulators.  The difficult 
balance was to be able to provide this information at a sufficiently early stage 
in the development process, as in some respects it is only with the completion 
of the design work that sufficiently detailed information is available to satisfy 
the requirements of the legislation.  This leads to programme risk as 
uncertainty remains around the viability of the scheme until a relativity late 
stage in the programme. 
 
The demands of the assessment process, in particular the potential for 
disturbance to protected bird species, also meant that consideration of the 
proposed construction methodology was as important as the permanent 
impacts of the scheme.  Considerable effort was devoted to developing an 
acceptable method of construction.  This required the construction 
methodology to be considered in much more detail than would normally be the 
case, for a design and build contract. A valuable contribution to the 
development of the specimen bridge design was made through the 
involvement of a specialist construction contractor who had recently been 
involved in constructing a similar bridge in Ireland.  His practical knowledge 
was of great assistance in ensuring that the environmental assessment, 
compulsory land purchase and other statutory processes were based on a 
robust, buildable design. 
 
When working in such a sensitive environment it is also crucial to have a 
genuinely integrated design team.  The environmental specialists must work 
closely with the engineering team and an iterative process is very much 
required to achieve an acceptable design solution.  The iterative design 
process for Kincardine was driven by environmental factors, rather than being 
engineering led, which is quite often the case for large road schemes. 
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Patience, thorough attention to the environmental process and careful 
integration of engineering design with this assessment process were crucial in 
achieving the approval of Scottish Natural Heritage for the scheme. 
 
6.1 Environmental Mitigation 
 
One of the significant features of the scheme is the extensive environmental 
mitigation included in the design.  
 
In particular the opportunity has been taken to create approximately 8 
hectares of new habitat in the estuary, over 10 times larger than the area 
impacted by bridge construction.  The Kennet Pans Managed Coastal 
Realignment area involves removal of an existing sea wall around part of the 
now decommissioned Kincardine Power Station and replacing it on a new 
alignment.  This will allow an area of this brown field site adjacent to the new 
road to flood, creating new saltmarsh and mudflat.  It is hoped that this will in 
future provide valuable feeding and roosting grounds for the protected bird 
species in the estuary. See Figure 8. 
 
Figure 8 – Kennet Pans Managed Coastal Realignment  
 
Other mitigation measures include:- 
·  Landscape planting 
·  Habitat creation – woodland, scrub, rough grassland 
·  Reed translocation 
·  SUDS ponds 
·  Noise barriers, bunds, willow wall 
·  Low noise surfacing 
·  Cetacean watch 
·  Removal of existing hard core ramp from the salt marsh 
·  Avoidance of ‘up lighting’ so as to reduce disturbance to night-time flight 

movements by geese  
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Figure 7 – Special Protection Area 
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Figure 8 – Kennet Pans Managed Coastal Realignment 
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6.2 Bridge Design and alignment  
 
Jacobs, as consultants to Transport Scotland were responsible for the 
development of the Specimen, or outline, design of the new bridge across the 
Forth Estuary.  Particular features of the outline design and construction 
process which were influenced by the location of the scheme within an 
environmentally sensitive estuary site are described below. 
 
A working group including specialists in bridge design, aesthetics and 
construction was set up to develop a design which addressed the various 
design parameters.  These included environmental, engineering, economic, 
aesthetic, navigation and construction considerations. 
 
The working group concluded that a simple, low level viaduct type structure 
best addressed the many design constraints and was most in keeping with the 
surrounding topography.  The recommendations of the working group were 
then written into the design and build contract, as Employers Requirements. 
 
The bridge has been designed specifically to cross the Estuary at a highly 
skewed angle so that the length of protected saltmarsh and mudflat that is 
crossed is kept to a minimum.  The bridge was also designed to provide 
complete bridging of the saltmarsh on the south bank to minimise the footprint 
of the scheme on the saltmarsh.  The more simple large embankment solution 
in this location would have resulted in an unacceptable impact on the 
protected saltmarsh area. 
 
A key recommendation of the working group was that the bridge should have 
singular, rather than twin piers.  The use of singular piers avoided the bridge 
supports appearing like a ‘forest of columns’ when viewed from up and 
downstream. 
 
The demands of the environmental assessment process required detailed 
consideration of the construction method for the bridge.  Discussions with 
SNH focussed on an incremental push launch process with reinforced 
concrete deck sections (assumed to be 22.5m in length for assessment 
purposes) being cast on the north side of the estuary and progressively 
pushed out across piers into the estuary. This method of construction 
minimised the need for construction activity within the estuary and on the 
more sensitive south bank.  As mentioned previously a valuable part of this 
process was the involvement of a specialist construction contractor. 
 
With regard to construction techniques, it was further assessed that a 
temporary jetty was required across the saltmarsh to allow the movement of 
men and materials across this area with the minimum amount of disturbance 
and damage. 
 
6.3 Programme 
 
The procurement programme hinged on demonstrating (to the satisfaction of 
the competent authority for the SPA (in this case the Scottish Government) 
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and their advisors SNH) that there would be no adverse impact on the 
integrity of the SPA. This was a lengthy process. As stated previously, in 
addition to the preparation of an Environmental Statement an Appropriate 
Assessment also had to be carried out in accordance with the Habitats 
Directive. This assessment needed to be completed to the satisfaction of SNH 
(discussed previously) before the tender process for the design and build 
contract was commenced. 
 
With regard to the construction work it was concluded that work within the 
SPA should be restricted to two consecutive winters to avoid the potential for 
permanent disturbance to the bird populations.  This is a key programme 
constraint given the technical challenges posed by the construction process.  
Bird surveys were carried out pre construction to monitor existing bird 
populations and surveys continue through the construction phase to monitor 
ongoing effects. 
 
 
7.0 CONSTRUCTION 
 
Given the sensitive environmental location of this scheme the design and 
build contract documents include stringent requirements to safeguard the 
environment both during construction and in the long term.  The challenge in 
drafting the contract documents was the need to balance flexibility in the 
design and construction process with sufficiently stringent controls to ensure 
compliance with a robust environmental assessment process.  
 
To implement any changes within the area of the SPA, the contractor needed 
to prove that the impact would be no worse than that already assessed i.e. 
there will be no adverse impact on the integrity of the SPA.  Any such 
changes require the approval of SNH and must be formally submitted and 
approved through the contract.  The Transport Scotland, Jacobs and Morgan 
Vinci teams have worked closely together as the works have progressed to 
ensure the smooth progression of any changes.  This positive approach to 
addressing environmental issues by all concerned is considered to have been 
critical to the success of the scheme to date. 
 
The strenuous efforts made by Transport Scotland and Jacobs to minimise 
the impacts of the scheme on protected habitats during the design 
development and procurement phase, have been embraced by the contractor 
Morgan Vinci who continue to drive the principals of sustainability and 
minimising impacts on the environment, throughout the construction process. 
 
For example, Morgan Vinci introduced a new method of piling for the bridge 
piers which reduced noise, and therefore disturbance to protected bird 
species.  This method of piling also facilitated the use of a temporary gangway 
across the estuary to provide access to each pier during construction.  It had 
previously been assumed that piers would be accessed by boat.  The 
gangway has been covered in a mesh specifically chosen to minimise the 
visibility of construction workers from the estuary.  The use of this enclosed 
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gangway has reduced the potential level of disturbance to birds and is also 
considered safer than taking access to piers by boat. See Figure 9. 
 

 
Figure 9 Bridge Construction 
 
The contractor has also made significant efforts to reduce the volume of 
construction waste.  The project is currently achieving an average 65% 
recycling rate for site generated construction waste (timber, plastic, metal, 
cardboard etc) and has used over 1,000,000 tonnes of waste and reclaimed 
materials (concrete, coal dust, PFA, ballast, blaes etc) for embankment fill.  
Morgan Vinci have also successfully saved saltmarsh vegetation from within 
the coffer dams required for the bridge piers and re-located it, together with 
excavated silts and clays, to help reinstate saltmarsh habitat nearby.  
 
8.0 CONCLUSION 
 
In meeting the challenges posed by this sensitive environment the project 
team has successfully demonstrated that it is possible to implement major 
infrastructure projects whilst truly balancing environmental, engineering and 
economic factors. 
 
The key lessons learnt are that on a site such as this, considerable attention 
to detail is required throughout the environmental assessment process 
including detailed consideration of construction methodology as well as 
design.  Furthermore, a positive engagement between the engineering and 
environmental specialists, working together in an iterative process to optimise 
the design is essential to the development of a scheme which is buildable, but 
minimises environmental impacts.  Finally, a positive approach to addressing 
environmental issues by all parties including client, designers and the 
contractor is considered critical to the success of a project such as this. 
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