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What is Conventional Facility (CF)?
•• Conventional facility is composed ofConventional facility is composed of

–– undergroundunderground accelerator tunnels accelerator tunnels accessed fromaccessed from surface facilities surface facilities withwith shaftsshafts
–– and equipment which providesand equipment which provides accelerators withaccelerators with electricity, coolingelectricity, cooling--water, water, 

andand ventilated air.ventilated air.

Accelerator tunnelsAccelerator tunnels
(underground)(underground)

Surface facilitiesSurface facilities

Shafts / Sloped tunnelsShafts / Sloped tunnels ElectricityElectricity
CoolingCooling--waterwater
Ventilated airVentilated air

© Rei.Hori
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What is required for CF?
•• Civil EngineeringCivil Engineering

–– Surface, Access, UndergroundSurface, Access, Underground

RTML+ML+BDS ~31 km (for construction of 500-GeV ILC)

#1
#13

#12

Access Points #11 #7 #5 #3 #2 #4 #6 #10

~50 km Site Length (for future upgrade to 1 TeV)

Beam Tunnel
Service Tunnel

DR ~6.7 km

RTML ML ML ML ML RTMLBDS BDS

Plan

Surface Facilities ~140

Access Shafts/ Sloped Tunnels ~13 ( 170,000m3)

Underground Structures ~ 330,000m3

~100 m

Beam/ Service Tunnels ~70 km ( 1,160,000m3)

IR(UNDe+)

Elevation

ＤＲ

ＩＲ

~10 m
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What is required for CF?

•• ElectricityElectricity

~100 m

Elevation

275 kV (~220 MW)

Main Substation 
(275 to 66 kV)

6 Shaft-base substations 
(66 to 6.6 kV)

66kV 6.6kV 400/200/100 V

Local transformers

6.6kV

0~15km 0~2.5km 0~70m

66 kV

6.6 kV

Main Substation Shaft-base substations

~5 km

~15 km

1 Surface substation
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~100 m

Elevation

~5 km

#11 #7 #5 #3 #2 #4 #6 #10

What is required for CF?
•• CoolingCooling--WaterWater

water/glycol
29.4 deg.

32.2 deg.

35 deg. ±0.5 deg.
ΔT~11 deg.



8

Conventional Facilities and Conventional Facilities and SitingSitingGlobal Design EffortGlobal Design Effort

1-10 October 2007   Second International Accelerator School for Linear Colliders

What is required for CF?
•• Ventilated AirVentilated Air

68,000 m3/hr
15% (10,200 m3/hr) vented

24-27deg.
40% humidity
27m/min

complete air exchange every 6 hours
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What is required for CF?
•• Potable water and drainage systemPotable water and drainage system



10

Conventional Facilities and Conventional Facilities and SitingSitingGlobal Design EffortGlobal Design Effort

1-10 October 2007   Second International Accelerator School for Linear Colliders

What is required for CF?
•• Cryogenic systemCryogenic system

#1
#13 #12Access Points #11 #7 #5 #3 #2 #4 #6 #10

RTML ML ML ML ML RTML
BDS BDS

~100 m

IR
(UNDe+)

Elevation
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Tunneling
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How are the Accelerator Tunnels designed?
•• 11--tunnel scheme tunnel scheme vsvs 22--tunnel schemetunnel scheme

Cost performance

Availability

ILC TESLA/ XFEL

(From TESLA Design Report)
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Main Linac Tunnel

•• How were the dimensions determined?How were the dimensions determined?
–– Length, diameter, distance between tunnels,Length, diameter, distance between tunnels,

•• How are the accelerator components located?How are the accelerator components located?
–– CryomoduleCryomodule, klystron, , klystron, 

•• SubSub--subsub--subtitlesubtitle

~1.5 x tunnel diameter,
necessary for excavation,
enough for radiation shield

necessary for maintenance,
emergency egress

necessary for installation
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How to excavate tunnel

•• Tunnel Boring Machine (TBM)Tunnel Boring Machine (TBM)
long tunnellong tunnel

–– High speed (10~30 m/day), expensive High speed (10~30 m/day), expensive 
machine with long delivery periodmachine with long delivery period

•• Drill with/without BlastDrill with/without Blast
short tunnelshort tunnel

–– Low speed (~5m/day), lower cost, noisyLow speed (~5m/day), lower cost, noisy

The oldest train tunnel was constructed 
between Riverpool and Manchester in 1826. 
The Euro Tunnel is 52km long including  two 
7.6m diameter main tunnels and one 4.8m 
tunnel for service. Four Japanese TBMs of 
the total eleven TBMs excavated the main 
tunnels 20km each from the French side. The 
maximum excavation speed reached 
1200m/month.

From materials of Japan Construction Mechanization Association (JCMA).

© Rei.Hori
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Tunnel Boring Machine (TBM)
•• Open type (firm bedrock)Open type (firm bedrock)

–– High speed, anchored to side wall by High speed, anchored to side wall by ““GRIPPERGRIPPER””

GRIPPER

Excavated muck

CUTTER BELT CONVEYER

From materials of Japan Construction Mechanization Association (JCMA).
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Tunnel Boring Machine (TBM)
•• Shield type (firm and soft mixed geology)Shield type (firm and soft mixed geology)

–– Anchored to side wall by Anchored to side wall by ““GRIPPERGRIPPER”” or to concrete segment by or to concrete segment by ““JACKJACK””

GRIPPER JACK CONCRETE SEGMENT

From materials of Japan Construction Mechanization Association (JCMA).
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Tunnel Boring Machine
•• ““Shield MachineShield Machine”” (soft soil)(soft soil)

–– High speed, anchored to concrete segment, High speed, anchored to concrete segment, totally shielded against soft soiltotally shielded against soft soil

soil

From materials of Japan Construction Mechanization Association (JCMA).
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Tunnel Boring Machine (TBM)
•• Variation (soft soil)Variation (soft soil)

Sharply-curved Tunnel Expansion Overlapped Double Tunnel

90-degree Branch Tunnel with Non-circular Profile

From materials of Japan Construction Mechanization Association (JCMA).
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TBM Train
•• TBM is a long train TBM is a long train 

(~100m) composed of  (~100m) composed of  
a cutter head and a cutter head and 
following cars.following cars.

•• Before Before TBMsTBMs start to start to 
excavate tunnels, they excavate tunnels, they 
are lifted down from are lifted down from 
access points into the access points into the 
underground hall and underground hall and 
assembled.assembled.

•• One TBM excavates 5 One TBM excavates 5 
to 10 km according to to 10 km according to 
a given construction a given construction 
schedule.schedule.
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Automatic Operation of TBM Train

•• VariationVariation
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TBM Construction Speed (1)
•• Average construction speed with TBM has been improved.Average construction speed with TBM has been improved.

•• (Definition) Tunnel length /overall construction days x 30.(Definition) Tunnel length /overall construction days x 30.
•• The monthly construction speed in Japan is 252 m averaging 48 tuThe monthly construction speed in Japan is 252 m averaging 48 tunnels longer than 2000 m nnels longer than 2000 m 

constructed using TBM since 1986.constructed using TBM since 1986.
•• Excavation speed recently became increasingExcavation speed recently became increasing by improving TBM, peripheral technology, and operation by improving TBM, peripheral technology, and operation 

performance, performance, reaching 473 m at maximumreaching 473 m at maximum..

(From “Current Status of TBM and Rapid Excavation Technology”, Japanese Association of tunneling Technology, Sep. 2006)
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TBM Construction Speed (2)
•• Construction speed depends on the geology and quality of Construction speed depends on the geology and quality of 

bedrock at which ILC is constructed.bedrock at which ILC is constructed.

•• Construction day includes TBM operation, supplementary works, anConstruction day includes TBM operation, supplementary works, and break days. Net TBM d break days. Net TBM 
operation days are around 55%.operation days are around 55%.

•• The construction speed depends The construction speed depends not on the type of rocks such as not on the type of rocks such as igneous rock and sedimentary rock, igneous rock and sedimentary rock, 
but but on the condition of bedrock.on the condition of bedrock.

•• Tunnel construction speed seems to increase as the tunnel lengthTunnel construction speed seems to increase as the tunnel length increases up to 4000m.increases up to 4000m.

(From “Current Status of TBM and Rapid Excavation Technology”, Japanese Association of tunneling Technology, Sep. 2006)
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TBM Performance in the world
•• Among 654 tunnels constructed by TBM since 1986, Japan did 111, Among 654 tunnels constructed by TBM since 1986, Japan did 111, 

USA, 106, Switzerland 81, Italy 30,  Germany 11, USA, 106, Switzerland 81, Italy 30,  Germany 11, ……
•• Small (<3.5m) size are dominant in Japan, middle (3.5Small (<3.5m) size are dominant in Japan, middle (3.5--7m) size in the 7m) size in the 

US and EU.US and EU.

(From “Current Status of TBM and Rapid Excavation Technology”, Japanese Association of tunneling Technology, Sep. 2006)

Japan

USA

Switzerland

Italy
China

Spain

Germany
France
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Underground Hall
(Cavern)
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Detector Hall
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Positron Generator Hall
•• In general oval shape is stable for the section In general oval shape is stable for the section 

profile for underground structure.profile for underground structure.
•• On the other hand, the efficient profile for facility On the other hand, the efficient profile for facility 

is rectangular shape.is rectangular shape.
•• The design depends on the geology.The design depends on the geology.

Design example

Geology data 
For compressive strength of bedrock
~100MPa (>50MPa)

A A’

A – A’

Stress concentrates at the corner
(<25MPa)

Positron generator hall
in “1.2km area” of the e-
Beamline.
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How to construct Large Hall

From materials of Japan Construction Mechanization Association (JCMA).

Construction speed = ~1,200 m3 /week
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From materials of Japan Construction Mechanization Association (JCMA).
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Detector Hall 16mf Shaft
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e+Source/ML 14mφ Shaft at Point 3
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9mφ Shaft at Access Points 1.0, 6, 7, 12, 13
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Detector Hall Shaft Construction (0)

(From materials of Japan Linear Collider Forum)~5 month
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Detector Hall Shaft Construction (1)

(From materials of Japan Linear Collider Forum)

~1.5 month
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Detector Hall Shaft Construction (2)

(From materials of Japan Linear Collider Forum)

~3 month (prep.) + ~23 m/month (excav.)
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Detector Hall Shaft Construction (3)

~1 month (prep.) + ~4 m/day + ~2 month (cln. up)
(From materials of Japan Linear Collider Forum)
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Construction Schedule
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Survey and Alignment

•• The The geodetic reference framegeodetic reference frame consists of a reference network of approximately consists of a reference network of approximately 80 monuments that 80 monuments that 
cover the sitecover the site. These monuments are . These monuments are measuredmeasured at least twice, at least twice, by GPSby GPS for horizontal coordinates, for horizontal coordinates, 
and by direct leveling for determining the elevations.and by direct leveling for determining the elevations.

RTML+ML+BDS ~31 km (for construction of 500-GeV ILC)

#1
#13

#12

Access Points #11 #7 #5 #3 #2 #4 #6 #10

Beam Tunnel
Service Tunnel

DR ~6.7 km

RTML ML ML ML ML RTMLBDS BDS

Plan

IR(UNDe+)

Surface Facilities

Access Shafts/ Sloped Tunnels

Underground Structures

~100 m

Beam/ Service Tunnels

Elevation

ＤＲ

ＩＲ

~10 m

•• A A geodetic reference networkgeodetic reference network is also installed is also installed in the tunnelin the tunnel and in the experimental cavern. The and in the experimental cavern. The 
reference points in the tunnel are reference points in the tunnel are sealedsealed in the floor and/or wall (depending on the tunnel in the floor and/or wall (depending on the tunnel 
construction), for example, construction), for example, every 50 mevery 50 m. The underground networks are . The underground networks are connected to the surfaceconnected to the surface by by 
metrological measurements metrological measurements through vertical shaftsthrough vertical shafts. The distance between two consecutive shafts . The distance between two consecutive shafts 
does exceed 2.5 km in most cases.does exceed 2.5 km in most cases.
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Survey and Alignment
•• The components are The components are aligned in two stepsaligned in two steps::

A A first alignmentfirst alignment is performed to allow connection of the vacuum pipes or is performed to allow connection of the vacuum pipes or 
interconnection of the various devices. This is done using the interconnection of the various devices. This is done using the 
underground geodetic network as reference.underground geodetic network as reference.

After all major installation activities are complete in each After all major installation activities are complete in each beamlinebeamline section, section, 
a final alignment, or a final alignment, or soso--called smoothingcalled smoothing, is performed directly from , is performed directly from 
component to component in order to guarantee their relative posicomponent to component in order to guarantee their relative positions tions 
over long distances.over long distances.
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Site requirement
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Introduction
•• Site requirementsSite requirements

to be able to accommodate all the conventional facilities for thto be able to accommodate all the conventional facilities for the 500 e 500 GeVGeV CM CM 
machine; machine; 

in addition, the sites needed to have the sufficient length to sin addition, the sites needed to have the sufficient length to support an upgrade of upport an upgrade of 
the machine to 1 the machine to 1 TeVTeV CM, assuming the baseline main CM, assuming the baseline main linaclinac gradient.gradient.

•• Sample siteSample site
For this reference design, three For this reference design, three ‘‘sample sites for the ILC were evaluated.sample sites for the ILC were evaluated.
There were two reasons for the use of three sample sites for thiThere were two reasons for the use of three sample sites for this reference design:s reference design:
•• This procedure demonstrates that each region can provide at leaThis procedure demonstrates that each region can provide at least one satisfactory st one satisfactory 

site for the ILC. This is important, since it shows that any of site for the ILC. This is important, since it shows that any of the regions has the the regions has the 
potential to be a host for the project.potential to be a host for the project.

•• The cost of, and technical constraints on, the project could deThe cost of, and technical constraints on, the project could depend strongly on the pend strongly on the 
site characteristics. Since the actual site is not yet known, itsite characteristics. Since the actual site is not yet known, it is important to is important to 
assess a range of sites with a diverse set of site characteristiassess a range of sites with a diverse set of site characteristics, to provide cs, to provide 
confidence that when the actual site is chosen, it will not presconfidence that when the actual site is chosen, it will not present unexpected ent unexpected 
technical difficulties or major surprises in cost.technical difficulties or major surprises in cost.
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•• GeologyGeology
Galena Platteville layer which is characterizedGalena Platteville layer which is characterized as a fine to medium grained dolomite, as a fine to medium grained dolomite, 

that is cherty.that is cherty.
•• Construction MethodsConstruction Methods

Conventional unConventional un--shielded tunnel boring machines are used for the tunnels. Producshielded tunnel boring machines are used for the tunnels. Productiontion
rate is anticipated to be 30 m/day. Caverns are excavated using rate is anticipated to be 30 m/day. Caverns are excavated using drill and blast methodsdrill and blast methods
at 1,200 cubic meters per week.at 1,200 cubic meters per week.

Americas Site
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Asian Site

•• GeologyGeology
Uniform granite which has Uniform granite which has 

sufficient strength that the sufficient strength that the 
tunnels and caverns do not tunnels and caverns do not 
require reinforcement by rock require reinforcement by rock 
bolts or concrete bolts or concrete lining.bllining.bl

•• Construction MethodsConstruction Methods
The access shafts are sloped The access shafts are sloped 

tunnels excavated by NATM tunnels excavated by NATM 
(New Austrian Tunneling (New Austrian Tunneling 
Method). Main tunnels are Method). Main tunnels are 
excavated by excavated by TBMsTBMs..
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•• GeologyGeology
–– Most of the proposed path of the ILC is situated within the Most of the proposed path of the ILC is situated within the MolasseMolasse, an impermeable , an impermeable 

sedimentary rock of the Swiss midlands laying over the Jurassic sedimentary rock of the Swiss midlands laying over the Jurassic Bedrock.Bedrock.
•• Construction MethodsConstruction Methods

– Shielded Tunnel Boring Machines (TBM-S) with a prefabricated concrete segment lining are 
used for the long tunnels. An average daily advance of 25 m/day is assumed.

European Site
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..

Summary
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