1.4 million cubic metres
of achievement

Waiting to cut the ribbon marking the end of
LEP tunnelling. Left to right, M. Meloni,
works director of the Jura tunnelling
consor
tium; M. Masson (wearing coat), mayor of
Crozet (under whose territory the LEP ring
passes); project leader Emilio Picasso; CERN
engineer Bruno Bianchi; and Henri Laporte,
head of CERN civil
engineering.
(Photo CERN

X143.2.88)

After five years of civil engineering
w o r k , the accent at CERN's 26.7
kilometre LEP electron-positron col
lider is n o w on installation. The
first 2.8 kilometre section is n o w
virtually complete and awaits the
first positron test beam this sum
mer, while the preparations for the
four big detectors enter their final
phase.
It was more than a decade ago
that the idea of a large electron-po
sitron ring at CERN first emerged t o
spearhead European high energy
physics effort in the years to come.
LEP's dimensions are a c o m 
promise between capital cost and
energy losses. A s a beam of elec
trons is bent by a magnetic field, it
loses energy ('synchrotron radi
ation'), which has t o be compen
sated by bursts of radio-frequency
energy. The larger the ring, the less
the electron beams have t o be
bent, and the smaller the energy
losses. On the other hand, a larger
machine costs more.
The siting of the ring w a s criti
cal. The existing CERN accelerator
network has to be used t o give the
LEP electrons and positrons their
initial burst of energy. The strin
gent requirements for stable beams
also require the machine t o be built
in firm bedrock. Moreover the ter
rain around CERN is far f r o m flat the Jura range w i t h peaks of 1700
metres is only a f e w kilometres
away.
Between the Jura and CERN, the
underlying rock is 'molasse' - alter
nate layers of sandstone and marl
w i t h all intermediate compositions.
Although requiring some special
measures, this material is relatively

Most of the excavation work for LEP used
roadheaders (left) and full-face
tunnelling
machines
(right).
(Photo CERN

170.7.85)

CERN Courier, June 1 9 8 8

1

CAMBRIDGE
E l e m e n t a r y Particles a n d t h e
Laws o f Physics
The 1986 Dirac Memorial Lectures
The late RICHARD P. FEYNMAN and STEVEN
WEINBERG
These first two Dirac Memorial Lectures are contrasting
variations on the theme of the union of quantum theory
and relativity. The late Richard Feynman discusses the
physical reality underlying Dirac's prediction of antimatter
whilst Steven Weinberg shows how tightly quantum theory
and relativity together constrain the laws of nature.
110 pp. 1988 0 521 34000 4 £7.95 net/$12.95
Now in paperback

Aspects o f S y m m e t r y
Selected Erice Lectures of Sidney Coleman
SIDNEY COLEMAN
This volume is a collection of some of the best of Sidney
Coleman's review lectures on frontier topics in theoretical
high-energy physics.
'This book is a classic'
Physics Today
416pp. 1988 0 521 31827 0 Pb £17.50 net/$27.95

Particles a n d Paradoxes
The Limits of Quantum Logic
PETER GIBBINS
The fierce debate about quantum theory, its challenges to
the laws of classical logic and its suggestion that the physical
world is illogical are reviewed in this valuable introduction
to the philosophy of quantum mechanics
202 pp. 1987 0 521 33498 5 He £25.00 n e f $34.50
0 521 33691 0
Pb£8.95net/$11.95

CORNING FRANCE
OPTICAL DIVISION DIVISION OPTIQUE
44, avenue de Valvins
77210 AVON-FRANCE
Tel.: 33-1!60725000
Telex: 690562 CORFOPH
Fax: 33-1 6 0 7 2 5 8 0 0
The worldwide specialist in glasses for Cerenkov
counters.
Le speclaliste mondial des verres pour compteurs
Cerenkov.

Functional Integrals a n d
Collective Excitations
V. N. POPOV
This book describes the concepts and applications of one of
the most important mathematical tools used in the
theoretical investigation of collective excitations in
statistical physics, such as occur in superfluidity, and in
phase transitions.
Cambridge Monographs on Mathematical Physics
216pp.
1988 0 521 30777 5 £30.00 net/$49.50
Now in paperback

Introduction to
Supersymmetry
PETER G. O. FREUND
This book provides an up-to-date description of the new
ideas involved in formulating supersymmetric theories.
' ... refreshingly unconventional ... can be recommended to
those looking for a brief and not overly technical exposition
of supersymmetry.'
Nature
Cambridge Monographs on Mathematical Physics
152 pp. 1988 0 521 35675 X Pb £8.95 net/$l4.95

Scattering from B l a c k H o l e s
J. A. H. FUTTERMAN, F. A. HANDLER and
R. A. MATZNER
Investigating the propagation of waves in the presence of
black holes, the authors of this book emphasise intuitive
physical thinking in their treatment of the techniques of
analysis of scattering.
Cambridge Monographs on Mathematical Physics
192 pp. 1988 0 521 32986 8 £25.00 net/$44.50
m

Cambridge University

Press

The Edinburgh Building, Shaftesbury Road, Cambridge CB2 2RU, UK.
32 East 57th Street, New York NY 10022, USA.

2

Individual selection of
characters: 288 possible
combinations on 12
marking wheels with 24
characters each

Precise positioning of code on
cables of different diameters
owing to new micro-setting
mechanism

Advanced built-in setting
mechanism: quick code selection
w i t h o u t interruption of work

Horizontal, vertical and flat lettering on all types of
cables, thin wires, plates and shrinkable sleeves

Paul A , R o t h f u c h s
Fellenbergstrasse 166
CH - 8047 Zurich

T e l . 01 / 4 9 1 5 4 6 8
9 . 0 0 t o 12,00 a . m .

Fax 01 / 4 9 1 9 4 8 5
CERN Courier, June 1988

Built on a tilt. Schematic cross-section
of the
terrain around CERN, showing how the loca
tion of the LEP ring was swung away from
the Jura mountains and tilted. This minim
ized risky tunnelling under the Jura and ben
efited from the 'molasse' (sandstone and
marl) in the plain, good for tunnelling.

g o o d to excavate using roadheaders and boring machines. Its char
acteristics were well charted at
CERN after experience in building
the 7 kilometre SPS Super Proton
Synchrotron ring in the early seven
ties.
The older Jura range w a s sev
erely fractured when the neighbour
ing Alps appeared, so that geologi
cal faults and folds in the Jura li
mestone are c o m m o n , and some
times large.
The first LEP design envisaged a
3 1 kilometre ring, tangential t o the
existing SPS ring (to facilitate injec
tion), but penetrating deep under
the Jura, w i t h rock overburdens of
over 1,000 metres at some points.
T o reduce the penetration under
the Jura, a second solution re
duced the ring t o its present size of
2 6 . 7 kilometres, but maintaining a
position tangential t o the SPS ring
still called for 8 kilometres of tun
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nel under the mountains at depths
of up t o 6 0 0 metres.
Between 1980 and 1 9 8 2 ,
numerous geological, geophysical
and hydrological studies were car
ried out. A 3.6 metre diameter re
connaissance gallery cut one kilo
metre into the Jura f r o m the bot
t o m of a 6 0 metre shaft, while
boreholes were drilled, one over
1 0 0 0 metres deep.
This careful w o r k revealed po
tential difficulties due t o geological
faults and/or underground water,
possibly at high pressure. T o min
imize these risks, known f r o m the
outset, the position of the LEP ring
was s w u n g away from the Jura t o
reduce the amount of tunnel under
the mountains. Inclining the LEP
ring slightly (1.4 per cent) also cut
the depth under the Jura t o less
than 2 0 0 metres.
This bold decjsion - the first
time a major particle accelerator

has been built on a tilt - added t o
the already complex tasks of de
sign and machine assembly, but re
duced the total length of access
shafts, and ensured that in popu
lated areas the machine passes
deep underground.
W i t h the position of the ring
k n o w n , legislative procedures got
underway, complicated by having
t o negotiate w i t h authorities in t w o
countries - Switzerland and
France, each w i t h special require
ments. In France, for example, land
ownership extends in principle t o
the centre of the Earth, so that tun
nelling required individual agree
ments w i t h private landowners.
The implications of the huge ma
chine for its environment were de
tailed in an in-depth study ('etude
d'impact').
W i t h the Swiss authorization re
ceived in June 1982 and the
French 'Declaration d'utilite publi3

LEP Project Director Emilio Picasso (left) and
CERN Director General Herwig Schopper
(right) accompany French President Francois
Mitterrand and Swiss President Pierre Aubert as groundbreaking
for LEP starts on 13
September
1983.
(Photo CERN

que' issued in May of the following
year, w o r k could begin.
On 13 September 1983, the
start of LEP construction was
marked by a formal groundbreaking
ceremony with French President
Frangois Mitterrand and Swiss Pre
sident Pierre Aubert as guests of
honour.
Before attacking the tunnel, ac
cess shafts had to be dug, with
depths varying from 4 0 t o 150
metres. A t some points, special
equipment was brought in t o freeze
the ground so that work could pen
etrate the water tables unhindered.
The 19 access shafts plus the four
huge underground caverns to
house the LEP experiments repre
sent about half of the total excava
tion volume.
W i t h the tunnel being built to
house a particle accelerator hand
ling beams to micron precision,
there was never any question of
4

Specially built by Wirth of West Germany,
the LEP tunnelling machines pushed ahead at
an overall average daily rate of 25 metres.

195.9.83)

(Photo CERN
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A LEP tunnelling breakthrough.
Project lead
er Emilio Picasso with (centre)
tunnelling
team leader M. Bacuzzi and (right) LEP Divi
sion Leader Gunther PI ass.
(Photo CERN

312.7.86)

moving its path t o avoid obstacles
encountered on the w a y - the ring
as designed on paper had t o be
faithfully cut through rock and
stone.
Tunnelling w o r k was dividing
into t w o separate projects. The 2 4
kilometres through sandstone and
marl were attacked by the 'Eurolep'
consortium (led by Fougerolle of
France, w i t h Astaldi of Italy, Entrecanales Y Tavora of Spain, Philip
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Holzmann of W e s t Germany and
Rothpletz, Lienhard of Switzerland)
using three full-face tunnel boring
machines specially built by W i r t h of
W e s t Germany. Built t o cut at up
t o 5.4 metres per hour, these ma
chines and their crews performed
magnificently, w i t h a record eighthour shift advance of 23 metres, a
record daily push of almost 6 0
metres, over 2 0 0 metres in one
five-day week, and 7 6 0 metres in

one m o n t h , and an overall average
of 2 5 metres per day.
T o complement the sterling
w o r k of CERN's o w n survey spe
cialists (see April 1984 issue, page
103), tunnelling was guided by a
laser/computer system from the
UK, ensuring that deviations aver
aged o n l y a f e w centimetres.
The double-shield support sys
tem allowed an initial prefabricated
concrete lining t o go up as the
rams progressed, making for rapid
progress and continuous tunnel
support. The final tunnel lining w a s
poured later w i t h the tunnel floor.
T o feed LEP, t w o mighty plants
can provide over a hundred cubic
metres of concrete per hour.
Despite inevitable delays and
hitches in a project of these dimen
sions (petrol deposits were twice
encountered, requiring removal of
2 5 0 tonnes of hydrocarbon-bearing
material), this portion of the tunnel
w a s completed in January 1 9 8 7 ,
just t w o years after the first 170
ton boring machine was lowered
into position.
Auxiliary galleries, shafts and
caverns were handled by an army
of roadheaders, w i t h temporary
support provided by shotcrete,
wire mesh and rockbolting ('New
Austrian tunnelling method').
The potentially problematic 3.5
kilometre stretch under the Jura
was tackled by a second consor
tium (led by Locher of Switzerland,
w i t h Les Chantiers modernes and
Intrafor-Cofor of France, CSC Impresa Costruzioni of Italy, and C.
Baresel and W a y s s and Freitag of
W e s t Germany).
Protected by probe borings t o
gauge the rock ahead, careful drill
ing and blasting by the 'Canadian
cut' technique went remarkably
well until September 1 9 8 6 , w h e n ,
w i t h some three kilometres of tun
nel already accomplished, the
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teams were stopped by a 100
litre/second inrush of water f r o m
behind!
Progress w a s halted for several
months while the tunnel lining and
the surrounding rock were solidly
reinforced and delicate probing
tried t o ascertain the extent of the
problem ahead. After the resump
tion of tunnelling last year, a se
cond water problem resulted in
further delays before w o r k could
begin again last autumn.
A t a poignant moment earlier
this year, the clearing of the last
f e w metres of rock w a s screened
t o an audience of several hundred
people in the huge experimental
hall at Point 4 , 150 metres below
ground.
Despite the delays, the progress
of the overall project continues re
latively unperturbed, thanks t o
some highly flexible planning and
resource control gymnastics behind
the scenes. By the end of the year,
the tunnel lining will be complete,
providing the final insulation
against all natural eventualities.
In total, the LEP tunnel, shafts
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A Under the Jura mountains,
tested the rock ahead.

careful

probing

w 3 kilometres into the Jura mountains, LEP
tunnelling was temporarily stopped by an in
rush of water from behind the rock face.

and pits required the removal of
1.4 million cubic metres. Despite
being equivalent t o about a third of
the Great Pyramid, this spoil is n o w
almost invisible, having been dis
charged close at hand (making also
for minimal intrusion by heavy road
transport), thanks to excellent co
operation •With local authorities. In
addition, the road system in France
w a s substantially improved, funded
by local and central French govern
ment and by CERN.
Although civil engineering w o r k
is not yet complete, the LEP tunnel
is a great achievement, especially
for the teams of Henri Laporte (civil
engineering) and Michel Mayoud
(surveying) and all their advisors
and contractors.
Despite a big safety drive, three
fatal accidents occurred under
ground and t w o more (not con
nected w i t h the tunnelling and
which could have happened any
where, anytime) on the surface. A
plaque will be mounted t o c o m m e 
morate these five men w h o lost
their lives in this gruelling endeav
our.
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