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The Larvge Llectron Positron (LEP} collider, st present being construcied by the

Euvopean Laborstory oy Particle Physive (CERW

is lovated adjacent o ewisting laboratory

facilities in the bediock strata f the TLemaw Plaln and Jurd Foothills., This piper describes the

techiniques wsed to encdvete the main btunnel.

INTRODUCTTION

The collider is to b installed in s
e 8 kw o Tong guassi-citoular tunnel and cavern
complex and is desigred Yo provide sub-nucleic
particie collisions st high energy Jevels of up
tor B0 CeV. The results of these high-energy
collisions, initidlly between elevtrons and
positrons, will be observed din four experi-
mental zones sited wround the maghine peri~
phery  laes fig. 1.

The site was chosen to ovplimige the
technival snd engineering feasibility of the
comstruction, end minimise environmental im-
paet . The wain design parameters which dictated

the eholce of site were o Yo ineorporalte smigli-.

ing CERM installatioens into the projecl net-
work, in. partiealar Yo allow particlestrensier
from the exizting Super Proton Bynthretron
TEREY wevklerstor ving, Tt limib ewcevebion iw
srfzvourabls yrovnd medias and to site the shailtl
gecsss and surface imstallatiens in sreas of
Tow population.

MACHINE LAYOUT

The Main Tunnel with 2 360 » nominal
finished dismeter {orosg-section, see fig. 2§
consiste of elght clvevlar arces and eight
straight sectlons, within which the particle
tollision points are positiosned. T redute the
Pength of ‘excavation in the limestones form-
stionme, Yhe wmewimow deplth of the btinwel Beloww
ground Level, and thus possible witer pressure
under -Lhe Jury messif, and 1o aveld ewerwvation
of-moraine deposites Toy the tunnel dnd under-
ground hall construction. the tunnel pline is
slightly dnelined ot 3 -gradient of 1.43%, the
base point of the structure Being situated 4t &

TpEint oL1%0 m WE el Point ¥

At the eight intersection points, dreess
to the ring will BHe provided by shatt ar by
shafl and bunsel @ 80 Points 2, 4, d-and 5 are
sited the Initisl sspefigental Ralls snd sszo-
Ciated strpetures, hovsing Yhe paching services
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and providing Tlsdissn between workings {ses
gL 30, Closd bo Folal by where LEP will
coppect with the 8PS syelew, bwe invection Lan-
nels have bwen egcavaled be Link the twe econs
plewes and allow pestiele trangfer:

Holsting buildings ot the shatt hesds
provide sceess te the sachiné and egperiment
Hells &% wach intersection peint. These of ths
hall complewes have three verlicyl shafte with
finished dinmeters of .00 w (fof machine
sooees Yy 1000w UHor s¥periment aedesEy ) offe
set Trom the wmain hell and §.00 m (for person-
Ael sdoess) . Polnts l and L have bwo shatis
gaehy oy PO wodies cand Lo LW ol EITR 0w
respectively. Three shafte were Bepavited to
aswist the wivi]l engivesring and installetion
work. AL Poimts 3,95 and 7 access will be
provided by shaft (dia, 700 0w, @t these
points Connerting gallevies and funcbisn
chawbers will by constrocred 2% the wein
tonnel intersectionsg.

BB UNDERBREUND
SIRLCTURES,
By

SITE GEOLOGY

The LEP tumnel awd gssveinted struvetyres
are mainly eited in the bedrock strats »f tThe
Lemen Flain, and oy o distance ob some 2.9 ke
fPwo the essters ewtrewe of tThe Jurd mowntainsg.

Molasge, the plain bedrock; consisty of
in drrvegulsy series ol warl and sawdstons
strata of varying thickness (0.3 3.0}
these strate are overlain, unconlorwably, by &
series ol glavial moraine Jdeposits Teee fiyg.
43 These -depssits, ofiten aquifers, are con-
sistent with neither depth nor Foriyon and
presented wovariety of problemws durivg the
indtial shaft sinking phase of the project.

& combinatisn of dlaphragu walling and freesing
was nEtesgary to effect exeavation below the
deep water<tablas .

The different Faoies ol the Molasse cor=
respond to the following descriptions

< Quartze-feldspathie samdstone,; bedded in
{hicksesses of gpprovimately 1.0 te 1.8 w
and ol wassive onspeet - The gementation of
thess bede 15 HWighly variable and can chan-
g within the seme styrilay dw geéneral, the
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Fig, b= Simplified Geological Sechion:

cewentation bs faivly phor,
fatgey grained sandsiones,
i driable.

wotebly dn the
where The ronk

o Mariss et orelatively high oiay content;
vosseesing slicken, stristed, fraclure
swrfates, generally orientated at 20 oy
30 degress to . the herizoenial . Inthe
vast o waiority of cages the fractutes
are cloged, orvcawionally being tilled
with a sofl wrgillsceous vricaleitie
materisl. These consolidaled warls aller
in the presence of alr or water and
vapidly Tevse thely wmychanical strength.

= Bandy marls represent the dntermedidte
fapies between the sandstones dnd marls.
They ave generally pooriv stratitied
and less wensitive v wlteration thin
the way is

Geoberhnically the yotk support pzobiéms
are almost eyelusively gssociated with the
relatively wedak marl strateal AlTheough nol
normally very thitk, these baads osecur fra-
quently. and &t varyving Reights within the rock
ggcavationg. . They are Sensitive to wlteration;
hydration dr desiecation of the surface ooeur=
ving and swelling, st depth, 1% possible in
saturated gones . Dwing to Ythe unpredistable
gocuTrence of these bandy during excgvalion,
temporary support wechinlisms werg systenat v
eally dwstalled for all the underground
spenihgs.

Ingenersl, The Molasse vepresents a
good Tuanel ling medivw Loy ‘erdavation by
wmevhanicsl maans, the majority of wnixeial
compressive strengths resting in the range
froa B to 28 MPa {see Tig. 5} Il shows large~
geale hemogenelty, over the dres of concern Lo
tHe Project  and has exitremely low permeabili«
Py Ulegs than 1o 18- wmisd, 0L End methane
(hydrotarbon products of the Molasseld intlow
has been gneountered I the voarsergrainsd
sandstones, bult the reck siesals de id genvral,
gagaturated, containing dntersticial water
el
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Characth. Uniits Marls I Marl/Ssto | ot ﬁfjﬁfj
a8 % 70-78 8095 #5395 F5-T00 86.7
Butk Density .| kNIm3 245 254 238 267 53
Permeabilily 10 mss “f <0f ¢F <ff “@f
LS. MPa 33 94 §6 223 1275
TS ] 0.50 157 106 233 14y
£tfany) MPa 225 820 1260 2780 W3
Ciwence % m & 30 " o -
f,;ﬁkﬁed W 110 l 1% 15 153 137

Fig. 5~
GEOTECHNICAL CHARACTERISTICS “OF THE MOLASSE LITHOTYPES.

hoseries ol boreholes and slectrical
soundings were made in the Plain teo provide de-
tail on the geotechnical tharacteristics v the
glacial morainé overburden, Molasse gnd, gbove
gl the position ol the reckhasd. Teophysical
prospection by serial infrarved and vadar photes
graphy wis pearfodmed and gave a - precise in~
sightintoeothe hydrogeological network o the
region s Investigations rarried oot da the Plyin
led: to the decision being taken th orientate
the tunnel so as to aveid execavation in the
glagial-moraines.

Whersas the rock mechanies charseléristios
of the Molagse were slready well known, a3
undergrovnd works, in particulsr the §P5, had
previgusiy been excavaled in this material,

those of the Jurs were far from evident and &
comprehensive site Investigation pregrimme wWis
gndertaken to confirm the geology and define
the hydrological and geotechnical characteris-
tics of the reock mass al deplh.

A series of borsholes was drilled from
the surlave, one of which was sunk Yo over -3
thousand metres. to determine the conformity
and natore of the Jurs massif. The borehole
investigations were vonplemented by the driving
of an. egplovation tunnel of 3.8 m diametar,
wxeavated by & Robbing full-face Tunnel~ Boring
Mayekine (TBMY. This tunnel was driven frowm the
Plain bedrock through the unconformity, inty
the limestone slrats of the Jursy it enabled
the nature of the contact zene belween the twe
rock fTormations Vo be svamined insdetail and
allowed the dn-gitu conditions dn the lTimestons
strata to be assessed wore dccurately:  The
tunnel itself was iwplanted: so sgs to provide
sceess during the sxcavation stage and, once
the LEP -mychine is operationsl, ft will
avcommodate the Main Tunwel servive supply.

The tocks intersected within the wountain
formation ave mainly limestones with some mirl
interbedding and one of the Lretygeous and
Jurassie periody; they were found to ventain an
jmportant aguifey, the principal spring line of
whieh appesrs at the base of the slope between
500 and 600 w ASL, &t the contrat between the
Timestone formwations anyd the Molasge. In gene-
ral, within the pisdmont strats. the rock
guafity and structural compeltence, as suyrmiged
from the site investigation, were good to ex-
cellent (CSIR values) wep f£ig #. There ezisty
however , within the limestones, karstic phe-
womena, fault and fracture zones, which wers
found te be partially or sompletely filled with
relatively ungtable sandisili or clay material:

Hauterivian and Upper  Valanginian Lower Valang. BERRIASIAN PURBELK
Charact: Units 7
- - . Lorraterie Béds hoiry -
’ Red-Lst Lst-Marl Marl Bst-Marble Lste LstMarl] et Lst Mart
RO o 52-90 $0-74 40-74 60-96 7895 41-86 6897 28 7594
Bulk /3 264 255 237 %9 27 23 29 2.7 257
Density 3 ) ) - ) § ¢ ) .
Permeability| m/s 12 x 2077 08 x w7 orx 077 wpte 2 07 s xS 13.x 907
ucs. Pz 65 | 33 54 %5 93 20 130 1 e
TS MPa 62 .3 a7 a 69 25 &2 0.3 s
£ {tang] MPs 21800 6200 - 4£1300 27000 Loo0 L0000 27900 S0
Length. of
Pacaage. | ™ 350 726 SRS ) 1w , 560
Strata
Fhickn, o 40 5 5 35 25 30

Fig. 6 - MAIN GEOTECHNICAL CHARACTERISTICS OF THE JURA STRATA
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These faults are normelly subvertical, either
Iying at right angles or ‘parallel to the main
tgnnel agis. -

Owing to the presence of these unstable
gones, Iying at depth (100-130 m) below the
watertable, the ides of using 3 TBM to perform
the mein tunnel emecavatiow in the Jura wis
abandoned. Preference was given to convention-
41 drill and blast techniques where the per-
formance of auxilidry works, necessitated by
the changing in-sityu conditions, greuting and
rock support would not be hampered by the pre-~
sence of o full- face machine.

THE MAIN TUNNEL

In the wolasse straty of the plain,
the Main Contraetor, EBurslep, an International
Congortiuvm (Fougerolle (Fi; Philipp Holzmann
(W 6.Y, Entrecansles vy Tevors {8p), Rothplety
Lienhard (CHY, Impresa-Astaldi (1)), emploved
three Wirth fullfece THMs tev-szcavalte the main
tonnel . The Contractor im the Jura, “GLLT
{Locher (CH), C.8.C. (CH), Chantiers HModernus
(FY, Intrafor- Cofor (F), Haresel (W.G.) and
Wayss-Freylag (W:6.)) used conventienal drill
and blast technigques for all the sxcavation
work.

peavation In The Molasse

CEAN ‘had previously used TBMs to sxcavate
an 8 km tennel (8FS)Y in the Molasse.. The rock
lende “itgelf to excavation by wmechanical mesns,
being relatively soft of Tow abrasivity, and
seli- supporting prior to the installation of
support mechanisms, the one exception, is
previously mentioned, being the occasional
sceurrende of thin bands of weak marl {(1-7 HPa)
particularly susceptible to alteration, which,
inthe reet section, vould produce bed separ-
gtion and fallure, under simple “"beanw lozding”.
The presence of these weak, fraectured beds in
the Molasse led to the selection of double
shield TBMs. A second shield was incorporaled
go that & precast conmerete segmental ring could
be erected inside the machine; thusg avoiding
all direct contact with the rock (see fig. 77.
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Fig? - GRELE SHELD WIRTH TON .« SUSLRED DONETIRRAL SECTOw

The set of seguments consisted of four light
roof sections (10 ew thick) and an inver? ele~
ment. - In practice, this method was abandoned
owing -te the difficulty in supporting the
concrete ring against lateral deformation once
it was no longer supported by the second
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shield., It was preferable Yo erect the ring
divectly against the excavation wialls, 2
supplementary element being added Yo thHe
original set of five t¢ incresse the lining's
effective circumference. Full-contact grouling
was practiced im both tases to minimise
alteration of the ercavation surface and
distribute rock loads move evenly onto the
Tightly reinforeed segments.

Euravation Profie

TBM Second Shinid
Soffit Sepmanie
| reNTRE OF LEP RRG

Casteipmsity
Soffit Lining

TREORE TCAL

axs | L HRLE OF TOLERAREE
Hetar Injostion . e e o

BEAN AN

Sieviey Pitar -

binage
Shantirg

SHOWNG THE DRANAGE and
SECONDARY LIRS
[Doike-shicid TR Tesparary Supportt

Blockiig Syobein
Jvedt Sagient
Draiage Chioarst

The third TBM, which was brought in to
docelerate the Works programme;, was of s dif~
ferent design, see fig. ¥ The ¢utting head
and mucking systews were similar Lo those of
the other two machines. but the temporsry
support was dchieved by a combination of witew
mesh, light steel roof-arthes, swellex rocks “
bFolting snd sholterete {nominel thickness
=10 ewm) . The spacing of the arches varied
according to the roof conditions; in the weaker
roof xones, the spacing was rveduced from 90 om
to 507460 cm. Bholerete was applied betwesn 15 m
and 30 m- behind. the head in the foolwalls and
vault respectively. (gee fig. 10) " Fer-all
three TBMs the reinforced invert segueni wis
used to give & rolling foundation for the TBM
platform snd rail anchorage.

£ 7 - TOPENT WIRTH TN < SPPLIFED LONGITUDNNAL SECTIOY

The thres THMs used in the main tunnel
drives, were designed to egcdvate the 4.5 m
dizmeter tunnel on 2 waximum upward gradient of
1,43% and mininum radius of curvature of approgi-
mately 3000 m.  The theoretical performance, 3
sutting advsnce vate of 5.4 mih, was oblained
and surpassed during the ezcavalion cyele of
the drives. The rates of advince were limited
by the performance of back-up work, in parlicy-
latr the linitng placement and mucking opei-
ationg . The double shield machines, which were
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Fig. -~ TEMPORARY SUPPORT .OF THE FAIN TUNNEL
BY ROCK BOLT -AND SHOTLRETE {Dgen TEM)

psed-be ereavare 14 kuw of the wmafn tuanel;
advanced 3t average daily fates of approzima~
tely 2% m. The thivd machiné; which began
excyvation at the end of 1985, averdged over 20
wi/day, once the teething problems, mainly seso-
giated with the gpplication vt the shoterets
had been suormounted:

The eutter configuration for the three TEM
heads ‘was ifdentiecal (32 single and B centrally
aldigned dises). The main difference was noted
fn the installed forward thrust power, which,
as would be espected, was greater for the dou-
ble-shield machine.

ooy
TEPORARY
SUPPORT
ENCAVATION| | iBoitio Stisig}
T

!

|

The underground spoil from-the face to the
wagons was handled by 3 series of overlspping
conveyor belts. Wagon. interchange . was  per-
formed wsing & trensiation table and zn auto-
matic handling systenm which meant the train
would be moved without Iocomotives being used
(see fig. 127

Machine fype Doublgé%‘?ieid Classic Uniits
Total instelled Power 890 200 kW

4 Hedd ihotors - Power 528 580 K

4 Heat motors ~ Torgue 61274 68275 kN.m
Rotational Speed 7.36 736 - | Lyclessmin.
Gripper Force, max. 20.95 2051 My
Forward Thrust, max. 1264 776 MN

Fig: 11 . TBM MAIN MECHANICAL CHARACTERISTICS.

Fach train conststed of five Mulhavuser
side~ tipping wagons of S w3 capseity.  The
wagoen voluse allowed a THEM advance of 1,20 wu;
torresponding to the léngth of -one segment
pags. Three-auziliary wagong were added for the
transport of persounel, concrele - segment End
ptilities. “The drain havled for-distances of
gver 6 km to reach the base of the wmucking
shaft. )

Excavation Under The Jurs

Conventional drill and blast technigaes
were used to drive the miin tunnel In the Juras
piedmont contract (gee fig. 13Y. "Ag previously
stated, within the limestone, ground coenditions
varied considerably, thHe rock miss contsining
faulited or heavily fraclured zones in whieh
karstic activity is evident.

Fig. 12~ SCHEMATIC REPRESENTATION OF THE TBM AND BACK-UP SERVICES
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Fig: 83 = TYPILAL BLASTING PATTERN, -AS USED FOR THE EXCAVATION OF THE PMAIN TUNNEL
W COMPETENT LIMESTONES [hirs confract)

These zones reguived the use of auziliary
support and grouting osperations, & more flexi~
ble excavation means than that offered by TBM
excavation was selected to facilitate plant
movement and installation at the face.  The
drili-and blast tail mounted. drivage plant
consisted of a-d-boom Atlas Copeo hydraulic
Jumba; Conway loader and-Hagglund wagons exciv-
ating s horseshoe profile-of approzimately
4,8 m:oroof diameter to-give a-3.1 -m pull.

Rock support is normally provided by occasional
Bolting dnd the application of a light shot-
crete Tining (5-10 cmy.

The water inflows encountered during
excavation have risen in some places to over
100 . 1/s and. an hydrostatie head of up to 130 w
has been recorded. The solids content has been
high, giving the impression that a "flushing
sut™ of the karstic networks has taken place,
probably from the rockhesd downwards. Heinw
forcement rings and dinjecliion have been used to
restrict water inflows, preserve the surface
hydrolegical characteristics and completely
Block the arrival of solids

Four injection techniqués have Dbeen
sdopted so far. The first has been vsed in
{imited fault zones and involved the near sur~
faveinjection of & swelling polyurethane based
resine with cement grouting at depth. The se~
cond technigde invelved the creation of a re-
inforced conerete ring prior to undertaking
econgolidation injecticons withid a highly
fracturved Taull sonme. The third technigque
allowed high-pressure injection in front of the
face; the pilet holes, which are drilled sys=
tewmaticslly Yo give & cover of belween 10 and
120w inadvance of the drive, wers used in
this particular dnstance to injecl &1 pressure
when open faultozones were identified o AL-
though only 2 primsry measure, this has allowed
some consolidation of the rotk mass prior to
excavation.  The fourth technique was adopted
after passage into 8 prolonged Tength of frae-~
tured rock in proximity to the limestone-mo-
lagse trengition zene. Heavy faulting was
detected and to ensvre the medivm-term sta«
Bility of the rock complex, privi to the
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pouring of the fimal liming, light cdst~iren
sagments were systematically placed and
concereted-in directly behind the face.
has necessitated the modification of the
blasting rounds and reduced production rates by
svar 0%, Trom 25 te 10 w & weak, bubt it has
gusrantesd the medivm term stability of the
opening and permitted Righ-pressure injection
to be performed in front of and behind the face
with ne risk of inducing teck collapse.

This

The decision Yo change -the eycavation and
suppact technigues was taken after considerzhie
witer and solids inflow was encountered behind
the face in & "karstically enlarged™ faull go-
ne.  This interrupted advanece work, the vail
access-being buried wnder silt/elay Heposits
(2000 m3 approg.y, and nwacessitated the con~-
struction. of 2 heavily reinforced concrete ring
prigor to chemical and high-pressurs cement
grouting st up to 30 bar to cut-0ff solids and
water inflow and consclidate at depth.

The precise detection of such kKarstical«
Iy affected faull sones has tot been straight-
forward, ‘either prior Vvo or during ewcavation,
as the charged water inflow incregsed with time
swing to the wishing out of the 4171 material.
The use of explosives also sgogravated the sitg-
ation having dnitiated “internal erosion”™ with-
in the kKarstic padssages. -For these rfeasons it
was consideéred preferable to support and inject
the limestone strata systematically in-the
fault wone, of 300 m length, rather than risk
possible deterioration of the tunnel walls
after cexcaval fon dnd ‘before placement of tThe

in=situ lining, as would have been possible It
rock support had been Fept to 3 minimum.
Guidance System

The maginuvs allowable displacenent of the

excavated tunnel from its theoretical axis is §
em; thigs telerance Beding given to aceommodate
errors in the survey traverss and those caused
by operational deviation of 1the tunnelling ma~
chine or placemaent of the drill round, but
gtill allow 2 minimum internal e¢ledvance radius
of 1.80 m dcound the theoretical dxis. up on
complation of the finmal linming.

To achieve this aceuracy of funnel align~-
ment the use of gyroscopic theodolites (MOM and
Kernw GAK IIJ) was necessary. o Shaft access at
3.3 knm intervals and conventional thesdslite
technigues ‘alone would not have guaranteed that
the tupnel excavation.kept within the specifica-
tions . The independent True North bearing was
necessary inorder to minimise the errors in-
hervent in Topen traverse® surveving: In the
main tunnel, survey -stations were erected at
40 m intervals and lager guidance orientated
geeordingly.

For the TBM drives station pililars were
installed and "surveyved«in” directly behind the
wucking platform. . The laser; onte in poesition,
wag aligned snd o picked uwp by 4 laser~sensitive
targel, movnted directly behind the hegd of the
TEM.



Machine guidance was schieved by use ot
the "ZED" ‘system. The systewm provided cofi-
tingous readings. on the machine wttitude; slew,
foll, Tookeup and hovigontal-vertical devig-
tion.  In addition the ILED progremme could
predivt futvre deviations on the basis of the
present TBM pezition. thus correstion of the
megeline alignment was possible before wxcav-
ativn.

Despite the added cdomplexity of dviving
& pirculay tunnel the pesitionsl zeeuracy
achieved was wery hRigh., all seven TBM break-
throughs were schieved to an securaey of & % owm
after "blind® drives of appron. 3 km,

FINAL LINING

K secondary cast-in-situ contrate liwing
s being placed for the whole length ol the
main tunmel. This was necessary in . the Plain
to snsure the long-tervre etability of the maehi«
we o partiewlerly in the dnvert section, where
roek altergtion, swelling 2cbtivity end Lhe lack
of ‘& vigid lining could Nave led to Toundation
mivenents and the displacement of LEP appura-
tus oo In the Juras althovgh the rock waw
comparatively hard, 1t was found necegsiry to
place witer-proot PVO sheeling and « sscondary
Iining Yo vesist sgainst waler pressute and
stop weley inflow.

In the Plain, & draingge system was placed
between the tewpoerary and fingl Tinings,
Locally, where water or hydrocarbon sespige was
npted, PVG sheeting wae sdded to give a water-
ptoel passage. buot genmerally du the vault 30 cm
wide bands of dryinsge shesling were uveed.
These bands werg placed ppposite shrinkags
Jeint dnitiaters, which were gast inte The main
Tintng.  The PFlain mein-tunnel telestopic
shuttering, which gave povr lengths ol approw.
40w, used these Veshaped negalives of § o
depth, placed sirevmferentially 4t % m inter-
vals to localise the crestion of shrinksge
fractures to the wone where the drainage
exigted and away from The monorail -anchorage
ingsrte.  This welthod proved highly svecessial
8- vary Little Cissuration was neted in the
wmass of the concrate pours and & cifcums
ferential fractiure ovcurtved systematicaliy at
the base of the V-shaped cut,

Dragindge was wotl congidered precelicable dn
the Jurs as draw-down of the grovndwelsey teble,
whivh had proveoked considerable envivongentsl
diseussion during the sxcavation phase. and the
méintengnes of ¢ drainsge system in & vadio=
aetive gone would have proved problematic.
Furthermore the grouting. which had been
carried out during the excavation slage, was
nogt performed systematically along the length
of the tunnmel awd gave no gudrantes ss to the
leng-ters watertighivess In the surrosunding
rotk wass .

The Tining thickness varied according to
the ezcavation and support mechanismg used. Im
the Jurs & 80 cm ocast-in~site lining was wsed
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to take rock and full hgdrostatic hedd presso-
ress Inothe Pladn the secondary lining varied
from 20 to 2% em within the TBM temporsry
sapport profiles.

MACHINE INSTALLATION

Installation of the main tunnel eguipesent
{the-monsrail for tramsport, ‘the magnets,
vacueum system and associated apparatus) began
snee the first tunnel octant and shatfl scoess
Had been completed. ~ This will enable the work
to be staggered over a lonmger period, thus
kesging the peak manpower reguirsment to a mi-
wimom snd redueing the time between final com-
pletion of the Civil Enginesring Works and
commissioning of the machine.

Fip 8 FIISHED LEF TUNKEL

LONCLUSIONS

The excavetion of the mein tennel in-the
Flain by TBY Has nol presented any major
technical problewms, neilther during the sxeav-
dtion, temporary support or final lining
phagses.  In the Jure the intersection of open
fault sones, sffected by karstic sctivity: has
necessitated changes in advance and suppert
technigues.

In the Plaisn the concept of placing the
concrete segments within the second shield was
zhandoned sf¥er 300 w of tunnel hed been
ercavated. The various blocking wecheniswms
{polyurethane mousses) used To Timit lateral
deformation of the sidewzll segmeni Joints
failed to grovide the pecessary vigidity.  The
full segmental temporary lining s provided by
the two double~shield michines; has proved to
give betier wediun~tern stability %o the
ppening. HBefore the secondary lining was
placed in the shoterete sections (open TEM
sgeavationd donsiderable remedial work was
necesssry In the inverl, where swelling
movement was generated (approz. 00 m in
F000 wy.  Im the shoterele zones the ¢lsan~
ing operatiovns, necessary before the installa-
tion of the drainage systewm and pouring of the
cast~in-sity I'ining, have been considerably
wmore complicated owing to the local deterior~
ation of the shotevrete shell and the presence
of shoteréte rebound in the invert wesiion.



In the Jura the decigion to use conven-
tional- deill and Blust techniques appears to
have been vindicgted by the considerablie dmount
of grouting and support work neceéssary to per~
form the deivage dn the fault yones (repregents
ing over 30% of the effective work timeld.  The
use of Tight cast-iren tubbing is at present
allowing.a systematic approach. to-be adopted in
the egcavation support end injection of the
tunnel dnd as final  lining operations are being
periormed simultansoeusly, the final completion
deadline should be met to allow the LEF
experiments to take plice from esrly 198%
onwardse.
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