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Overview
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"l't: Global Desian Effort Conventional Facilities and Siting

What is Conventional Facility (CF)?

 Conventional facility is composed of
— underground accelerator tunnels accessed from surface facilities with shafts

— and equipment which provides accelerators with electricity, cooling-water,
and ventilated air.

Surface facilities

i':" T “i.ﬂ

Shafts / Sloped #li Electricity
Cooling-water

Ventilated air

Accelerator tunnels
(underground)

© Rei.Hori
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What is required for CF?

e Civil Engineering
—  Surface, Access, Underground

Plan
#13 ~6.7 km
_____ Access ?9ip£s_#l #1 #5 #3 ﬁg\ #2 #4 #6 #10  Service Tunnel
ST °  Beam Tunnel
#12

~31 km (for construction of 500-GeV ILC)
Wite Length (for future upgrade to 1 TeV)

A

Elevation

1

a

-13 (170,000m?) ~100 m

~ 330,p00m*

| ]

~70 km ( 1,160,000m?
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What is required for CF? ettt e 0t

Conventional Power

Area RF Conv NC Water | Cryvo | Emer Total
System Power Magnets | Systems Power | (by area)

1A Sources e 105 | 119 | o073 1.27 | 046 | 0.06 4.76
o Electricity 275kV (=220 MW)
eC r I C I 411 | ra2 | so0 127 | 046 | 021 22.27

Sources et

DR 14.0 1.71 7.02 0.66 1.76 | 0.23 26.29
RTML 7.14 | 378 4.74 1.34 0.0 0.13 17.14
Main Linac T2 | 13.54 0.78 0.86 33.0 0.4 134.21
BDS 0.0 1.11 2.57 3.51 033 | 0.20 7.72
Dumps 0.0 3.83 0.0 0.0 0.0 0.12 3.05
Totals (by system) | 102.0 | 32.5 25.6 170 ,36..0) 1.4 L‘J]G.S)
66 kV
| 31 ?
~Skm ~100 m
N e LW — —H— «—H—]]]
_ v
6.6 kV
Elevation
0~15km 0~2.5km 0~70m
> > 400/200/100 V
66kV 6.6kV
» 6.6kV
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What is required for CF?

Y ‘ 0 0 I I n _Wat e r Summary of heat loads broken down by Area System
Area System LOW Chilled Water Total
(MW) (MW) (MW)
w q
] Sources e~ 2,880 1.420 4.300 * 2 Cooling
Sources et 17.480 5.330 22.810 Towers
DR e~ 5,838 0.924 0.762 rate for
DR et 5.838 0.924 0.762 N ehyy B
— — e ml'll P 548 GPM
RTML 0.254 1.335 10.589 sl aa M PUMPS
Main Linac 56.000 21.056 77056 g sty 410 TON
EDS 10.290 0.082 11.272
18"
5,856 GPM Dumps 36.000 0.000 Pé’*gs “ 2w
Total Heat Load (MW) 182 ) 2 328 TON
PUMPS #2 CHILLER
surface @ oG —
water/glycol
29.4 deg.
&= [
% E 18" 437 GPM
|8 5 856 CPM
R

HEAT = 1,2 MW
E Eéc;rm? R l . ( —‘ E‘iéLANGER 328 TON
z 4,880 TON Elevation
O, PUMPS &
: 437 GEM
service
. e
tunnel 32.2 deg; QWGPM 718 GPM T\ k;
' N YT —~ b GHILLED WATER DISTRIBUTION Lr L
> e I 2,628 P 3
o [ 2HBCPM ppocess WATER DISTRIBUTIO
=] WATER SKID
35deg. 9 #0.5 deg. FOR RACKS
LCW WATER AT~11 deg. ~BKW rack load per RF
SKIDS 1 5kld per & RF =1 wir skld per 4 rf racks
134 KW per RS
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Conventional Facilities and Siting

What is required for CF?
e Ventilated Air

Smoke exhaust duct
1200

Smoke exhaust fan

HVAC reguirements

Location Temperature | Dewpoint | RH Air Flow
(drybulb)
e- Source 29°C <13°C [ «<35% | 27 m/min
Damping Ring 40°C <13°C | <20% | 27 m/min
Main accelerator service tunnel 20°C <13°C | <35% | 27 m/min
Main Linac beam tunnel (not contr.) =30°C <13°C [ «<35% | 27 m/min
BDS beam tunnel 20-32°C <13°C [ «<35% | 27 m/min
IR hall 20-32°C <13°C [ <35% | 27 m/min

Cooling tower
Exhaust fan
Ground a o | 4
- )
O Chiller -
handling unit é’
Supply alr duct
S00¢
Chilled water Drain Cooling Water
3604 x 2 100 4606 x 2
1 Heet exchanger Heat
exchanger
Drain tank
1o

Accellarator tunnel

Utility tunnel

Schematic diagram of HVAC system AL hee,

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

Alr handling unlt for Access Hall
(In case of fire,supply extra alr
to Beam Tunnel to pressurlze 1)

A }—|~— Smoke exhaust fan
4 Alr exhaust fan tunnels

r4'44 fQevery other access point

S Ground

—

Air handling unit
— for Access Hall

f@* |=— Smoke exhaust fan

Alr handling unit for
tunnel@every other
4 access point
Ground

Access Tunnel

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

Access Hall

complete air exchange every 6 hours e

HVAC & SMOKE EXHAUST SYSTEM
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What is required for CF?

 Potable water and drainage system

M RILREBEARBIER
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1L Global Design Effort

What is required for CF?
 Cryogenic system

Electron side Positron side =

: i Legend:
Positron linac - @ 2Kcryoplants
@  4.5Kcryoplants
¢ 10 Distribution boxes
Transfer lines

Electron linac

Kaeg:i-ali:.re 13 g

Undulato Crab-pavity .
Final dr_i.:ublat '. .
DR wifgglars”/
Elevation : Lo#L S i i
Access Points #11 #7 #5 #3 #13ﬂ#12 #2 #4 #6 #10
| — [ 1

T T t

~100 m
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Tunneling
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How are the Accelerator Tunnels designed?

. 1-tunnel scheme vs 2-tunnel scheme

ILC

&

monorail vehicle
klystron

cryogenic Tl
module ==
Availability
path
auxiliary
beam
line
pulse
cables
waveguides high voltage

Cost performance

power cables

water flow line
water return pipe

(From TESLA Design Report)
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Main Linac Tunnel
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. How were the dlrnensmnsldetermmed? ~1.5 x tunnel diameter, necessary for maintenance,
—  Length, diameter, distance between tunnels, necessary for excavation, emergency egress ;
. How are the accelerator components located? enough for radiation shield E

o P ) 1-] 4
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How to excavate tunnel

 Drill with/withoutsBlast
—> short tunnel

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

LN

£ & 10m
Wi %4on |

P =
am

L Eat -

From materials of Japan Construction Mechanization Association (JC g

e Tunnel Boring Machine (TBM)

I:> |0ng tunnel © Rei.Hori

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

Kawasaki Heavy Industries, Ltd.

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

A Eurostar high speed passenger frain 1200m/month.
leaving the EuroTunnel.

e

- . i t
One of the world's largest tunnel boring machines. It has a
diameter of more than 14 m.
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Tunnel Boring Machine (TBM)
 Open type (firm bedrock)

— High speed, anchored to side wall by “GRIPPER”

(55

L7V AL DHREL ., SR A ED, 2T A v o F
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2, JtNE T RAER - 24 ¥ — 2k G L TR,

3 VLRI T O X RS0 Hilh Tkl fie T4,

LG T, DDA - This kb, HiNERGR - Bl

TExT,
A
WS £ CRUF A RGE, o~ oK A0 8L
S THIEEO ARMCE B TERS.
hpn FERRRERGR asavns (GUst GRIPPER
: o ' _f‘ T T ? T tzuﬁ 1 T | J ’ -| =
e e P T g Sl i
= ; ai
s €d — wt’@: _
W AN - x 2 1.&\ — |
\F12298 \ ANPIAT FWIILIE . AfE—L \ b

CUTTER BELT CONVEYER

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

— Anchored to side wall by “GRIPPER" or to concrete segment by “JACK”

LSS TIEY ) S THEEIZ R e >T FTARM AT AR 4
FOMIE. BRI TR AV MR IAEE ST —AF Y v od
THEEL S .

27 IR 7 4 R AT RF Vo TR OE T
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 ABIEOD — LFREZED. B — L PSSR O X DREENA L
Ao X AIE AN AT -

WA SR R ORI, MR L O R CE T ie T
_jn)}-*j‘ﬂ-’iiru%_ F—T71¥alb—bryo¥ FTAARABAZ AN v ¥ FEEDBRE ¥ T 7AAILTS 1
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From materials of Japan Construction Mechanization Association (JCMA).
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l'u; Global Design Effort

Tunnel Boring Machine
e “Shield Machine” (soft sail)

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

FIBS 6 L e

F—NAVIS—)LF

OFEHImiEH . &I AMET O vy-RERIC
RO, —)URBICP ISV ATE—X N (M)
DHEETD.

{3 | o b o1

REA R (AT Va
@ 3,100 E KX —ILFS -
5 ™ Mg
B K R :450m e
3OEﬂX:SO4m 1O FApRrer
O7 —TF 21—y DREICRD. b My
AEEERADQICET D,
oa—;ungmmmn‘amﬁﬁaﬁu.
L EICEHNS.

From materials of Japan Construction Mechanization Association (JCMA).
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Tunnel Boring Machine (TBM)

e Variation (soft soil)

Sharply-curved Tunnel Expansion Overlapped Double Tunnel
2 R SR S T : E&F‘iﬁ%ﬂﬂﬂ{iﬁﬁ

hysELb R —ILE TG (R R —ILE 238 UL

o —husARO—9 350mm 6,140 AKX —ILE

HoS@OAZ ER 300mm HETahs - 20mR

JRECHEH (HUHR) T AYATL (W) Hin
W 12,190 H7420 W 10,680 H 6,090 W 4,290 H 2120
BRI —ILE RBEES—ILE REE—ILE,

90-degree Branch Tunnel with Non-circular Profile
EARETTH FE PSR 4% ol

WA — LK

A (B HH)

W 4,380 H 39080 BxEL—ILF
#EM(BTETH)
W 5420 H7950 BEtEZ—ILF

E g

From materials of Japan Construction Mechanization Association (JCMA).
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TBM Train

« TBMis along train
(~100m) composed of
a cutter head and
following cars.

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

« One TBM excavates 5
to 10 km according to
a given construction
schedule.
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TBM Construction Speed (1)

e Averaae construction speed with TBM has been improved.

5000 , ,
agan — #MOE O J?:} 0
oo - ORO&E
amon —| *XEOE + ")

¥

~ Q

i 3000 - Q*—‘ 3

o 2500 ) (Y

ﬁ 2000 ‘Q:J > %—

180.0 p'ﬂ ./_V'l

1000 D—O+ . %

50.0 * ) %
a0

1150 1965 1sm 1ans =80 1985 1880 1Ees o0 20056 2010

TBMERIR L

F3.2.6 EAIMMBENTESAE (F5H)

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

. (Definition) Tunnel length /overall construction days x 30.

. The monthly construction speed in Japan is 252 m averaging 48 tunnels longer than 2000 m
constructed using TBM since 1986.

. Excavation speed recently became increasing by improving TBM, peripheral technology, and operation

performance, reaching 473 m at maximum.
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TBM Construction Speed (2)

e Construction speed depends on the geology and quality of
bedrock at which ILC is constructed.

20m/H

16m/B

12m/B

AMEEERE | 000 PR - - — -

10000

225 TEMERIBUESSOFYEE 327 BIEEROTHAE (SHB)

(From “Current Status of TBM and Rapid Excavation Technology”, Japanese Association of tunneling Technology, Sep. 2006)
. Construction day includes TBM operation, supplementary works, and break days. Net TBM
operation days are around 55%.

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

. Tunnel construction speed seems to increase as the tunnel length increases up to 4000m.
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TBM Performance in the world

« Among 654 tunnels constructed by TBM since 1986, Japan did 111,
USA, 106, Switzerland 81, Italy 30, Germany 11, ...

« Small (<3.5m) size are dominant in Japan, middle (3.5-7m) size in the

US and EU.
B 111
FOE 1 |
Bk i
1992007527 M I
"A 1 ] L
TR ]
732, | Fran S 7 AR R 105 =
WFFIA, ]
mE, &
T=RFAIT. 13 £ Switzerland ¥
A 2 CHing
-1z ltaly
EEER 0 s TAE E i ] 250
TR T
BshOR (S 850m) D0  ( 50m< @ S 7.00m]
OADR (100 & S 10.00m DA 000 &
E3.1.2 {5 0HET =80 5m3 # & 3.1.7 #ROMEHN- 88 EIRM

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

Equipment passageway

4Ht

Section A-A

i 1% ‘
Travelling|Cran
2 T 20T

25

Section B-B

35

W
"‘-\_._"_
B_1 | 3 H‘"‘—.
| ‘H?‘ 5
T (5315’— T i) —
al roAER A ATNO % N
5 k\‘“/l IJ_/\-_LI L/k—éy}\--"’)_ o ir_
A ervice Cavern & BDS Oetectars Hall i L 1] L
BOS Oetectars Hall 120 & T6x 39m
_4 | 2 shafis #1Em
B
| | elling Crane &O0T Service Lavern
Beam Tunnel e Sarvice Funnel 1e2 £ 76T 403 15 15m
| = |
| o STEL PLATIORME _'E s1kEL PLaTE .. mm
- | ]
o
| ﬁ il Survey Gallery Service Funnel
120 5 5
Ll =T
ILC - BOS - DETECTORS HALL AFEA LAYOUT AMD SECTIONS (PLSH FULL DFTION) I
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Conventional Facilities and Siting

Positron Generator Hall

In general oval shape is stable for the section
profile for underground structure.

On the other hand, the efficient profile for facility
IS rectangular shape.

The design depends on the geology.

e+ACC 1o D.4GeV

et Target B

A

t }

231 (04GeY positron genarator)

. 1
Positron generatg
in “1.2km area” ¢
Beamline.

br hall
the e-

_>)>_

A-A

Stress concentrates/at the,corner
(<25MP3)

Design example

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

1-10 October 2007
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Conventional Facilities and Siting

How to construct Large Hall
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Construction speed = ~1,200 m* /week

From materials of Japan Construction Mechanization Association (JCMA).
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NrybhBwE :31m3
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From materials of Japan Construction Mechanization Association (JCMA).
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Detector Hall 16mf Shaft

SAFE ARER
MODULARE COMCEETE STRUCTLRE WEMTILATION DOUCT
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Jom

k] o)1

17

I
VENTILATION DUCTS o 1100 J%

i T ST
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l.lb Global Design Effort

e+Source/ML 14m¢ Shaft at Point 3

SAFE SRES
WYERTILATION ILCT
MODULAR CONCRETE STRUCTLRE
{ RAFE APEA )
WENTILATION DUCTS & 100 '\DE {Ej@ VENTILATION IUETS ¢ 1100
FOR BEAM TUNKEL ] FOR ZERVICE TUMNEL
i
— s e — T
I o & 18 & HeET
55490
i
i
|
TITIITITIITITTT]
/ CARLES LADDERS
b WOOULAR STEEL STRLCTURE
POWER CARLES
LADDERE SAFETY CHUTE
SURVEY PIPE
< 3003
ML SHAFTS 2, 3, 4, 3
AMD BTML SHAFTS 10, 11
__-m e AR M 1 A [
ILC -NL-HTML MAIH SHAFTS (14ME3) SECTION s |51 | O CE-1.1610.0002] 5T
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1L Global Design Effort

9m¢ Shaft at Access Points 1.0, 6, 7, 12, 13

MODULAR CONCRETE STRUCTURE
[ SAFE AREA J

YENTILATION DUCTS @ 1140
FOR_BEAM TUNNEL

SAFE AREA

VENTILATION DUCT 400

1430

77

Hedd |

POWER CABLES

=
—
=

CABLES LADDERS
MODULAR STEEL STRUCTURE
SAFETY CHUTE

LADDERS SURVEY PIPE
: (% 200
1.0
SHAFTS |12, 13
6 7
o Pl BE -
L DR-05-AL. (8911 LIn) SHAFT SECTION N S R
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IL Global Design Effort

Detector Hall Shaft Construction (0)
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(From materials of Japan Linear Collider Forum)
~5 month
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Conventional Facilities and Siting

Detector Hall Shaft Construction (1)
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il Conventional Facilities and Siting

1L Global Design Effort

Detector Hall Shaft Construction (2)
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(From materials of Japan Linear Collider Forum)

~3 month (prep.) + ~23 m/month (excav.)
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Detector Hall Shaft Construction (3)
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(From materials of Japan Linear Collider Forum)

~1 month (prep.) + ~4 m/day + ~2 month (cin. up)
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Construction Schedule
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Survey and Alignment

Plan

#13 ~6.7 km
______ Access Points #7 #5 #3 ﬁg\ #2 #4 #6 0  Service Tunnel

________________ )] O (@] @] 1 S (@]

N I " Beam Tunnel
‘\\ 712

~31 km (for construction of 500-GeV ILC)

v

. The geodetic reference frame consists of a reference network of approximately 80 monuments that

cover the site. These monuments are measured at least twice, by GPS for horizontal coordinates,
and by direct leveling for determining the elevations.

Elevation

{— 1

~100 m

I

| AL L 1T T il i
A-om ﬁ v
———

* A geodetic reference network is also installed in the tunnel and in the experimental cavern. The
reference points in the tunnel are sealed in the floor and/or wall (depending on the tunnel
construction), for example, every 50 m. The underground networks are connected to the surface by

metrological measurements through vertical shafts. The distance between two consecutive shafts
does exceed 2.5 km in most cases.
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Survey and Alignment

e The components are aligned in two steps:

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

After all major installation activities are complete in each beamline section,
a final alignment, or so-called smoothing, is performed directly from
component to component in order to guarantee their relative positions
over long distances.

TABLE 4.7-1
Component Alignment Tolerances
Area Type Tolerance
Sources, Damping Offset 150 pm (horizontal and vertical),
Rings and RTML over a distance of 100 m.
Roll 100 prad
Main Linac Offset | 200 pm (horizontal and vertical),
(eryomodules) over a distance of 200 m.
Pitch 20 prad
Roll
BDS Offset 150 pm (horizontal and vertieal),
over a distance of 150 m around the IR.
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Site requirement
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Introduction

e Site requirements

to be able to accommodate all the conventional facilities for the 500 GeV CM
machine;

in addition, the sites needed to have the sufficient length to support an upgrade of
the machine to 1 TeV CM, assuming the baseline main linac gradient.

« Sample site
For this reference design, three ‘sample sites for the ILC were evaluated.
There were two reasons for the use of three sample sites for this reference design:

« This procedure demonstrates that each region can provide at least one satisfactory
site for the ILC. This is important, since it shows that any of the regions has the
potential to be a host for the project.

* The cost of, and technical constraints on, the project could depend strongly on the
site characteristics. Since the actual site is not yet known, it is important to
assess a range of sites with a diverse set of site characteristics, to provide
confidence that when the actual site is chosen, it will not present unexpected
technical difficulties or major surprises in cost.
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FIGURE 5.2-2. Longitudinal Profile _g#" the Arrrem:a,s Site in Northern Illincis

 Geology

Galena Platteville layer which is characterized as a fine to medium grained dolomite,
that is cherty.

e Construction Methods

Conventional un-shielded tunnel boring machines are used for the tunnels. Production

rate is anticipated to be 30 m/day. Caverns are excavated using drill and blast methods
at 1,200 cubic meters per week.
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Asian Site I A EFET T T S
FIGURE 5.3-2. Longitudinal profile of the Asian Sample Site in Japan
e  Geology
Uniform granite which has
R — = § sufficient strength that the
: 53— . i — : tunnels and caverns do not
= 5 require reinforcement by rock
s AV P St bolts or concrete lining.bl
s gEedh (B el f EES- .
B I"“'““‘”"’“' w | . « Construction Methods
— The access shafts are sloped
s tunnels excavated by NATM
I % P (New Austrian Tunneling
W= S .
(@) Q —— i Method). Main tunnels are
. excavated by TBMs.

FIGURE 5.3-1. Detail of an access ramp for the Asian Sample Site
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European Site

[ ] Sends & Gravels Clayey Morsing [ ] Molssse (Sandstonsa & Mads) %] Limestona

FIGURE 5.4-1. Longitudinal Profile of the European Sample Site near CERN.

« Geology

— Most of the proposed path of the ILC is situated within the Molasse, an impermeable
sedimentary rock of the Swiss midlands laying over the Jurassic Bedrock.

e Construction 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.
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Summary

TABLE 5.5-1

Summary of notable features of the sample sites and construction methodology.

Subject

Americas Region

Asian Region

European Region

Sample site
location

MNorthern inois

near FNAL.

Japan

Geneva Area

near CERN

Land features

200 ~ 240m
above sea level

120 ~ 680 m
above sea level

430 ~ 480 m
above sea level

from surface

Geology Dolomite Granite (sedimentary Molasse (sedimentary
rock in phase-2 extension) [rock / sandstone)
Tunnel depth 100 ~ 150m 40 ~ G600 m 05 ~ 145m

(except 1 valley 30 m)

Aceess paths
to underground
CAVETnS

13 shafts
Om, 14m, 16m diam
100 ~ 135 m deep

=

10 sloped tunnels (7.5m
¥ Tm x 700 ~ 2000m)
and 3 shafts (for IR)

13 shafts
Om, 14m, 16m diam
100 ~ 135m deep

Tunnel
construction

TBEM

TBM

TEM

Tunnel lining

20% of length

100%, of length

1005 of length precast

shotereted shotereted concrete segments
Average tunnel | 30m/day/TBM 16m /day/TBM 25m/day/TBM
excavation speed | (boring) (boring + surface work) |(boring)
Number 9 15 (6 out of 9 accesses 9
of TBMs have two TBMs starting

in opposite directions)

Cavern Drill and blast Drill and blast Road breaker
construction (NATM) /header
Shaft Earth excavation Drill and blast Road breaker /header
construetion / Drill and blast (step by step method) (Morocean method)
New surface 92 166 120
buildings
Distribution 69/34 kV 66,/6.6kV 36kV
voltage

1-10 October 2007

Second International Accelerator School for Linear Colliders

44



8 clobal Design Effort Conventional Facilities and Siting

References

 International linear collider, Reference Design Report, Accelerator,
August 2007, ILC-REPORT-2007-01, http://www.linearcollider.org/cms/

o TUEFEFF I TEFERBRDBFREFEDEEL ), FHLIFI0A. () H
RERBIBIE BRI F I B E R R UIE 7 LI ( Present state
and future prospects of construction machinery for mountain
tunneling work”, October 2001, Japan Construction Mechanization
ASSOCiatiOI‘I), http://www.jcmanet.or.jp/kikaibukai/tunnel/b43.pdf

o [S—NFBEIHTDREIGH. FHIIFI0F25H., () AXERERIEEEF
R ILERENTER R (“The latest information of shield TBM
technology”, 25 October 2001, Japan Construction Mechanization
Association), http://iwww.jcmanet.or.jp/kikaibukai/tunnel/b44.pdf

o [RFDTBMDELELLNSEMILEM. FHL8EAH. (#) AKX, ZINL
g = (“ The latest state of TBM and rapid tunneling technology”,
September 2006, Japan Tunneling Association)

1-10 October 2007 Second International Accelerator School for Linear Colliders 45



