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0 Abstract 
 
This paper describes a section of the Civil Engineering Works for one of the largest multi-disciplinary 
international projects in Europe, the Large Hadron Collider (LHC) at CERN (European Organisation 
for Nuclear Research), near Geneva 
 
The paper concentrates on the complex interfaces associated with Package 3a of the LHC project, 
describing the originally planned arrangements, the working arrangements and formal changes 
adopted to ensure the success of the project. 

1 Introduction 

1.1 CERN – the organisation 
CERN was established in 1953 by twelve nations forming the Conseil Européen pour la Recherche 
NucléaireTPD

i
DPT as a shared particle physics research facility.  CERN’s first particle accelerator, the Proton 

Synchrotron, has a circumference of 200m, and achieved impact energies of 28GeVTPD

ii
DPT. 

 
Subsequent accelerators increased in both circumference and energy, culminating in the 1980’s with 
the construction of the LEP (Large Electron Positron) collider.  The LEP infrastructure is a tunnel ring 
of 27km circumference, creating impacts between electrons and positrons at up to 200GeV.  
Electricity consumption peaks at 130-160MW, with an annual consumption of some 1000GWh, 2/3 
that of the neighbouring city of Geneva. 
 

 
Figure 1 - Aerial photograph with acceleratos superimposed.  Geneva airport at right.  (CERN 

photo) 
 



CERN now numbers 20 member statesTPD

iii
DPT, with several countries outside Europe participating in 

research work and supporting the LHC project.  CERN has a permanent staff of some 3000 scientists, 
engineers and administrators, with a further 6500 visiting researchers. 

1.2 LHC – the project 
The LHC (Large Hadron Collider) will be housed within the existing LEP tunnels, although 
substantial new underground and surface structures are required to house experiments, operational 
equipment and to allow assembly and installation of LHC equipment. 
 

 
Figure 2 -Artist's impression of LHC within existing LEP tunnel (CERN Photo) 

Magnets used to accelerate, steer and focus particles on their 11 000 laps per second will be super-
cooled using liquid helium.  Particle detectors for the four experiments TPD

iv
DPT at LHC will weigh up to 

12500t when installed; there will be over 8000 individual electromagnets set around the ring to 
maintain and focus the particle beam. 
 

 
Figure 3 - The 7 000 tonne ATLAS Detector for Point 1  (CERN photo) 

With a design impact energy of 1250TeVTPD

v
DPT. (impacting lead nuclei) and 14TeV (proton beam 

collisions), LHC will be the most powerful particle accelerator of its kind.  It is hoped that the LHC 
will provide positive evidence of the existence of the Higgs' Boson TPD

vi
DPT, a fundamental subatomic particle 

which has hitherto only been demonstrated theoretically. 
 



The conversion of the LEP to form the LHC is planned to take 7½ years, and includes Civil 
Engineering work, dismantling and decommissioning of the existing LEP equipment and the 
fabrication, installation and commissioning of the new LHC machine. 
 
The LHC project has a capital value of 2 660 million Swiss Francs (MCHF), £1 110 M. 

1.3 LHC Civil Engineering 
LHC Civil Engineering surface works includes items such as the construction of hangars measuring up 
to 141m long and 23m high for the assembly and lowering of experiments, a number of compressor 
buildings for cryogenic helium, various shaft-head buildings and helium tank assemblies, as well as 
general infrastructure works.  Capital value of the Civil Engineering work is 350MCHFTPD

vii
DPT (£146M), 

13% of the overall LHC. 
 

 
Figure 4 - New LHC  surface and underground infrastructure (shaded) LEP (modified from CERN 

original) 

 



Underground works include the construction of caverns measuring up to 35m(w) x 56m(l) x 42m(h), 
shafts sunk using conventional and ground freezing techniques, TBM and roadheader tunnels and 
various enlargements and connection chambers. 
 

 
Figure 5 - Underground Works at Meyrin, with 35m span UX15 cavern (EDF/KP) 

Civil Engineering work for LHC is divided into three packages.  Packages 1 and 2 cover major surface 
and underground works, each package operating exclusively at one location.  Package 3 has work 
distributed around the perimeter of the ring, and has two construction Contracts, 3a and 3b. 

1.4 Package 3 
Package 3 works are distributed geographically at nine locations around the ring.  The majority of the 
package is constructed by a Taylor Woodrow/ AMEC/ Spie Batignolles TPCI joint venture (TWASB); 
this part of the work is referred to as Package 3a, and is the main focus of the paper. 
 
Package 3a Underground Works include construction of a 51m deep shaft, 3.2km of new tunnels and 
the construction of eleven caverns or chambers. 
 

 
Figure 6 - PMI2 shaft – 18m major axis, 51m deep (Brown & Root/INTECSA) 



 
Surface Works include the construction of four concrete compressor houses typically 50m x 15m in 
plan and 10,5m high, seven steel buildings measuring up to 60m x 60m x 9m high and associated 
roadworks, drainage, foundations and retaining walls. 
 

 
Figure 7 – SMA18 building used for magnet assembly and testing (Brown & Root/INTECSA) 

 
Package 3b is constructed by a Losinger/ Prader/ Scrasa joint venture, under the acronym ATIC.  
ATIC are constructing one 45m deep shaft, 2.5km of tunnel and four chambers or caverns. 
 
Design and site supervision for both Packages 3a and 3b is by the BRI joint venture between Brown & 
Root (UK) and INTECSA (Spain).  A principal subcontract for the design of the concrete structures 
and infrastructure was let to Hidrotécnica Portuguesa (HP) of Portugal. 
 
Package 3a is characterised by the geographical dispersion of the operations and by the corresponding 
complexity of interfaces.  It is highly susceptible to outside influences affecting programme and scope, 
particularly as the operational requirements of the LEP and the future LHC develop.  Many design 
changes were encountered as the future needs became clearer to CERN, and programme changes are 
almost daily occurrences due to the interrelationships of Package 3 works and the overall LHC 
programme.  These frequently imposed changes, often promising major impact on cost and 
programme, combined with a conventional, adversarial form of Contract to give a high potential for 
the project to turn sour and fail. 
 
Capital Value at Contract award of Package 3a was 81,4MCHF (£34M), Package 3b was 20,4MCHF 
(£8,5M).  Together, they represent less than 4% of the LHC project value, but both are on the critical 
path for the entire LHC project. 



 

2 Physical factors 

2.1 Geology 
The Geneva Basin is located between the Jura and Salève mesozoic massifs.  It is a plain formed by 
the filling of a syncline with consolidated tertiary deposits (locally called molasse) of alpine origin.  
This rocky mass is covered by quaternary glacial deposits (moraines) of variable thickness, containing 
several ground water tables. 

 
Figure 8 - Simplified geological map of the area (CERN) 

The moraines were deposited during the Riss and Wurm alpine glaciations.  They comprise fluvio-
glacial deposits (mainly gravels and sands), clayey Wurm deposits corresponding to a glacial retreat 
(slightly compact and permeable), gravels locally known as the ancient alluvium (relatively compact 
containing erratic blocks), and massive and consolidated silty Riss deposits.  There are two types of 
water table in the moraine: one very shallow, fed by surface waters, generally at 2 to 3 m from the 
surface, and deep levels, with water flowing on top of the molasse, fed by the springs located in 
Jurassic materials. 
 
The tertiary molasse consists of alternating, sub-horizontal lenses of sedimentary materials ranging 
from hard sandstones to soft marls.  All the underground works except the upper part of the shafts 
were carried out within the molasse.  The molasse in contact with the moraine is usually weathered to 
a depth of 0,5 to 2,5 m due to the movements of the glacial deposits. 
 
The compressive strength of the sandstones varies from 10 to 40 MPa, and that of the marls from 2 to 
14 MPa.  The marls are very sensitive materials, especially the “grumeleuse” (lumpy) marls, becoming 
weathered by air and water in just a few hours.  In-situ horizontal stresses are often as much as twice 
the associated vertical stress. 
 
The molasse is characterised by low permeability, although some minor water ingress to tunnel works 
was expected. The molasse contains distributed natural hydrocarbon pocketsTPD

viii
DPT, particularly around 

Point 8 of LEP, and is also be heavily fractured in areas. 
 
The “Sillon de SPU

t
UP. Genis” feature is a fossil river bed on the interface of the molasse and the moraine.  

Specific ground investigation was carried out to define its depth and the phreatic level.  The TI2 tunnel 
alignment was subsequently modified to pass below the feature at right angles. 



2.2 Construction methods 
Shafts were dug through the moraine and into the molasse to allow the tunnel drives to be excavated 
some 50m below ground.  In the PMI2 shaft (Package 3a), the upper 25m are in moraine, and were 
excavated under the protection of diaphragm walls, restrained at the toe by ground anchors and a ring 
of reinforced concrete (paroi marocaineTPD

ix
DPT).  In both Package 3a and 3b shafts the excavation through 

the molasse is supported by sprayed concrete reinforced with steel fibres and rockbolts. 
 

 
Figure 9 - Spraying concrete, TI2 tunnel at base of PMI2 shaft (Brown & Root/ INTECSA) 

 
The TI2 tunnel (Package 3a) was excavated using roadheaders, while the TI8 (Package 3b) was 
excavated with an open face TBM.  In both cases, a range of support types was designed, depending 
on the quality of the ground.  This approach was most effective in the TI2 tunnel, as the excavation 
system was more flexible and easy to adapt to the actual ground conditions. 
 

 
Figure 10 - Chamber UJ22 connecting new TI2 and existing R22 tunnels (Brown & Root/ INTECSA) 



3 Interfaces 
For interface, read interference - whether good or bad.  Effective management of physical, 
organisational and human factors is possibly more important to the success of this Package than pure 
technical expertise.  Whilst Package 3a may not have structures of the unique scale of the other 
packages, it has many more numerous and complex interfaces to resolve. 

3.1 Physical interfaces 

3.1.1 Construction vs. Research 
CERN remains operational throughout construction, except for winter maintenance shutdowns.  
Although the LEP was to be dismantled during the construction period, the other accelerators would 
remain active throughout. 
 
The cost in lost research time of an unplanned LEP shutdown reaches approximately 2.5MCHF (£1M) 
per day.  Services avoidance and limiting of vibrations and dust nuisance are therefore critical. 
 
The final LEP shutdown was deferred for five weeks, as the research programme had revealed some 
promising results - even after the shutdown, no irreversible actions were sanctioned for a further 
period, in case the LEP should be reactivated after analysis of the results.  This represented a delay of 
several weeks on all subsequent activities, a delay managed through the collaboration described 
below. 
 
The Divisions of CERN have been likened to the Swiss nation, a federation of semi-autonomous mini-
states.  As Package 3 impacts on many of the Divisions, each new activity means starting again with 
addressing operational peculiarities and concerns of the local users. 

3.1.2 Construction vs. Radiation 
During operation, the accelerator tunnels become highly radioactive.  In target zones, where beams 
impact, there may also be residual induced radiation after switch-off. 
 
CERN has strict controls on personal exposure to radiation.  In order to access controlled zones, radio-
protection measures are required (health screening, film badges, radiation checks by CERN personnel, 
dedicated washdowns).  Excavation spoil from close to target areas is checked for radioactivity and 
transported to special disposal sites, under strict transport and handling controls using designated 
“radioactive” plant.  The requirements for designated plant complicate the logistics of construction in 
already constricted areas, in addition to the procedural restrictions. 

3.1.3 Construction vs. Dismantling 
For dismantling and future accelerator operations, CERN is re-classified as a nuclear facilityTPD

x
DPT, and is 

subject to strict and specific regulation.  These “Règles INB” constrain access, requiring physical 
separation between activities, and that every dismantled item be checked for radiation, bar-coded for 
traceability and disposed of appropriately.  Dismantling now vies with Civil construction for already 
limited site space and planning windows, sharing access and storage areas is now impossible.. 

3.1.4 Construction vs. known facilities 
Physical protection measures such as provision of concrete slabs beneath existing roadways to protect 
services, or prohibitions on running construction traffic over critical services - buried at depths of up 
to four metres, gave users comfort against the risk of damage to services.  CERN assisted by shielding 
gas and electrical installations. 

3.1.5 Construction vs. the unknown 
CERN’s record storage and retrieval system includes regularly updated services plans.  However, 
records of existing facilities are not always comprehensive, and considerable time was invested in 
identifying uncharted services and their owners to agree appropriate actions.  Remnants of previous 
construction work - abandoned services and temporary works, including some adits - are not typically 
recorded; these required detailed investigation.  Fortunately, French contractors employ a high level of 



long-term “staff” operatives, and the LHC sites benefited from the knowledge of men who had worked 
on the initial LEP construction, and who confirmed what many of these features were. 

3.2 Organisational and personal interfaces 
Emotion and ego make human interfaces the most difficult to manage effectively, but they often 
provide the key to the outcome of a complex undertaking.  This project is executed by Joint Ventures 
between different organisations, with different corporate cultures, and with staff of different 
nationalities and backgrounds.  There are particularly strong individual characters, with behaviours 
developed to accentuate strengths or mask weaknesses.  If recognised and managed, this diversity can 
contribute to the success of a project: if not, the resulting conflicts can lead to failure. 

3.2.1 CERN - Civil Engineers 
To protect CERN from Civil Engineers (and vice-versa), each package has a CERN liaison engineer 
appointed as the single point of contact for co-ordination and information supply.  Given the diverse 
interest groups and the existence of small empires within CERN, this role is a particularly difficult one 
to fulfil.  A successful liaison engineer requires strong organisational skills and a well-organised and 
an assertive character to be successful in repelling border incursions whilst maintaining good relations 
with the neighbours. 

3.2.2 Engineer - Contractor 
The settling-in and establishment of positions at the beginning of the Contract, together with a sense of 
mistrust between Engineer and Contractor combined to cause conflict, as nobody knew what 
behaviour to expect from the other party. 
 
This situation was recognised, and action was taken to move away from this atmosphere.  Strong 
personal relationships have now been built at every level. 
 
Corporate fears and tensions on site were subsequently reduced by changes in the Contract procedure.  
Open programme and technical discussions are held within and outside the framework of the 
partnering agreement described below.  Costs are assessed on an open-book basis.  Partnering 
behaviour is seen where no formal partnering is established and the original corporate priorities are 
still in effect. 
 
Although not fully advanced or automated, data is shared between Engineer and Contractor.  
Electronic drawings are exchanged where helpful.  Joint project reports are produced, eliminating 
duplication of work by Contractor and Consultant producing separate reports to Client, joint venture 
partner companies and Project Board members. 

3.2.3 Engineer - Engineer 
Brown & Root and INTECSA individually have experience in a variety of different contract 
environments, from full partnering to more adversarial relationships.  The different domestic and 
international background of the two companies results in different approaches, behaviours and 
priorities.  JV partners have developed to find a middle ground, with procedures and processes 
developed to suit the requirements of the project, whilst preserving the integrity of each parent 
company.  Working processes have led procedures, rather than vice-versa. 
 
The Consultants’ site team was planned as fully integrated, with staff from each partner interleaved at 
all levels and in all functions.  This plan was not realised on site, and a structure was established where 
underground works are supervised by INTECSA staff, and surface works by staff from Brown & 
Root, with a Project Manager fronting the two sub-teams.  The functions are not only separated by 
altitude, but also mirror the Contractor’s structure and the Contract programme.  This apparent divorce 
has not prejudiced the operation of the team.  Although the learning opportunity for individuals to 
operate within a different culture has been lost, there are advantages in ease of communication and in 
having pre-established relationships within each sub-team.  A strong BRI joint team identity has, 
however, been actively developed. 



3.2.4 Change Control 
With the continual evolution of such a complex project, there have been many changes since Contract 
award, and rigorous change control processes are necessary to ensure that the Client’s needs are 
respected, but also to ensure that the right price is paid for work done.   
 
Conventional change notification systems and requests for information operate between Contractor/ 
Consultant and Consultant/ Client. 

4 Contractual Background 

4.1 Procurement of Consultants & Contractors 
The procurement process for project design and construction began in 1995 with the public invitation 
by CERN for interested engineering consultants.  Together with the requisite technical capability, the 
Joint Ventures bidding for the work were evaluated against weightings reflecting the various 
countries’ current workload and budget contributions at CERN.  The British/ Spanish/ Portuguese 
Membership of the Brown & Root/ INTECSA/ HP consortium was chosen to reflect the relatively low 
involvement of Anglo-Iberian companies at CERN. 
 
After a six month pre-qualification, fifteen groups were invited to bid for three work packages under 
FIDIC based Consultancy Agreements.  Following a two-month bidding process and three months’ 
tender evaluation, the Consultancy Contract for Package 3 was let to BRI in March 1996. 
 
In 1998, after two years’ design work, Package 3a construction was let to the TWASB Joint Venture.  
A modified FIDIC contract TPD

xi
DPT was chosen as the formal instrument for the Construction works. 

 
Having experienced difficulties in the original construction of the LEP tunnels during the 1980's, 
CERN are determined to play a proactive role in the administration of each Contract.  Whilst 
maintaining the Consultant’s role as Employer’s Representative, the Contract was modified to require 
CERN agreement to decisions regarding time and cost: CERN’s constitution requires that either the 
CERN Council or CERN management take all finance related decisions. 
 
Consultants from each of the 3 works Packages were involved in agreeing the FIDIC modifications for 
the Construction Contracts. 

5 Collaboration 
The scientific requirements for the LHC project were - and still are - constantly changing, resulting in 
large amounts of change to scope and programme. 
 
The costs of the Package 3 contract began to rise to the extent that, by July 1999 – one year into the 
construction - the contract value had increased by 34%.  Based on Brown & Root’s experience in 
establishing and operating partnering arrangements, CERN approached BRI to facilitate a 
collaborative arrangement between CERN and TWASB.  In this arrangement, the construction JV is 
incentivised to minimise cost escalation, even though the work content and variations were increasing 
the scope of the work.  Brown & Root have extensive experience of working in Alliance and 
Partnering projects where target cost contracts are the focus of collaboration resulting in a sharing of 
cost savings between the partners.  In September 1999, CERN and TWASB agreed the draft of a 
collaborative arrangement facilitated by BRI, and supplementing the original Contract.  This 
Supplemental Agreement entitles TWASB to a 30% share of all savings based on a revised baseline 
programme, target cost and scope of work.  The Agreement covered the outstanding underground 
works. 
 
The Agreement was formalised late in 2000 and includes the formation of a Project Board (including 
CERN, BRI and TWASB) and an integrated project team ethos.  The foundation for the collaborative 
approach is the formal application of Value Engineering TPD

xii
DPT.  This is achieved by regular workshops 

where ideas - no matter how wide ranging - are evaluated, costed and approved by the integrated team.  



The VE proposals that offer significant savings to the project are fully evaluated and approved, then 
reported up to the Project Board for sanction to implement. 
 
At the time of writing, 16% of savings on the revised target cost had been achieved by the 
collaborative approach, as a result of Value Engineering changes and general economies and 
efficiency. 
 
The Project Board allows the integrated team to administer the Agreement on a day to day basis.  The 
Board's main role is to ensure that the team strive for cost reduction without compromising safety, 
quality or the scope of work. 
 
Whilst civil engineering professionals on construction sites may strive to work in a collaborative 
manner, they can only do so within the framework of the Contract at hand.  The modified FIDIC 
document remains the formally contracted framework, but on a day to day basis the spirit of the 
collaborative Agreement is gradually allowing all parties to be more trusting, open and positive in 
solving problems. 
 
With the Contractor's overhead and tendered profit protected, he is truly engaged in the process of 
saving costs by proactive sharing of ideas. 
 
There remain cultural issues to collaboration in a multinational arena such as CERN and it is vital that 
these are managed. 

6 Summary 
The construction phase of Package 3a of the LHC project presents major challenges in interfacing and 
in providing the required product at an acceptable price and within the necessary timescale.  The 
package had all the ingredients for a cost-inflationary and claim-filled, delayed outcome.  Interfaces 
have been carefully managed, and a formal Agreement establishing collaborative working, 
incentivisation and Value Engineering has been established.  By adopting these measures, the risk of 
Contract failure has been turned around. 
 

7 References and Notes 
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