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Introduction

ILC AREA SYSTEM AND LAYOUT
Introduction
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ILC Area Systemy
- Superconducting Electron/Positron Linear Accelerators-

(4) Ring To Main Linac (RTML) (5) Main Linac(4) Ring To Main Linac (RTML)

(3) Damping Ring (DR)

(5) Main Linac 
(ML)
x 560

~31 km
D i Ri (DR)

e+ Source
Expansion to

~50 km 
(for 1 TeV)

Damping Ring (DR)

e+ Source

(2) Positron (e+) Source (1) Electron (e-) Source(7) Experimental Hall

e- Main Linac (ML)
e+ Main Linac (ML)RTML RTMLBeam Delivery System (BDS)

4

(6) Beam Delivery System (BDS)



Design Progress from 2005 to 2009
Reference Design Report (RDR) published in 2007.
Re-baselining for cost containment undergoing.

Baseline Configuration Document

BCD (2005)( )

Reference Design Report

RDR (2007)
Current Baseline

Strawman Baseline forStrawman Baseline for
Technical Design Phase2 
(2010-2012)

SB2009
Re-baselining
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Re baselining



COST IMPACT ON SINGLE‐TUNNEL
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Construction Cost ProfileConstruction Cost Profile

60%~60%
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Main Linac (ML) RF Unit in RDR
T i t l l t fi ti‐ Twin-tunnel accelerator configuration -

Service Tunnel

AC plug-in power: 150 kW
Output pulse: 120 kV x 130 A = 15.6 MW peak, 1.6 ms, 5 Hz
Averaged output power: 124.8 kW
Modulator Efficiency: 83%
Power loss: 25 2 kW

Input RF power: ~100 W
Input DC pulse: 15.6 MW peak, 1.6 ms, 5 Hz
Output RF pulse: 10 MW peak, 1.565 ms, 5 Hz
Averaged output power: 78.25 kW
Klystron Efficiency: 65% Power loss: 25.2 kWKlystron Efficiency: 65%
Power loss: 46.55 kW

Beam Tunnel
Power Loss: ~5.6 kW (7%)

37.956 m

e- ML 282 RF units
e+ ML 278 RF units

Total 560 RF units

Field gradient: 31.5 MV/m
Energy gain per RF unit : 850 MeV
(with 22% tuning overhead)
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Total 560 RF units (with 22% tuning overhead)



RDR(2007) to TDR(2012)( ) ( )
‐ Cost Containment ‐

• RDR: 6.62 BILCU* (4.80 Shared + 1.82 Site Specific) + 14.1 kPerson
• SB2009: 7 working assumptions with ~13% cost reduction
• One of the most cost-effective assumptions is:

(*: 1 ILC Unit = 1 US 2007$ (= 0.83 Euro = 117 Yen))

ML tunnel length = 22.635 km
(Very rough estimate:
If tunnel unit cost/km = 10 MILCU, Single tunnel cost = 226 MILCU
This is ~ 10% of CF cost (2,472 MILCU in RDR),

~3.4% of Total construction cost.
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SINGLE‐TUNNEL CONFIGURATION
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ML Single-Tunnel ConfigurationML Single-Tunnel Configuration
‐ 4 HLRF variations -

(1) RDR Type(1) RDR Type
(2) DRFS Type
(3) TESLA / XFEL Type(3) TESLA / XFEL Type
(4) KCS Type
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(1) RDR Type Single Tunnel
C bi i f RDR B d S i T l‐ Combination of RDR Beam and Service Tunnel -

Service Tunnel

AC plug-in power: 150 kW
Output pulse: 120 kV x 130 A = 15.6 MW peak, 1.6 ms, 5 Hz
Averaged output power: 124.8 kW
Modulator Efficiency: 83%
Power loss: 25 2 kW

Input RF power: ~100 W
Input DC pulse: 15.6 MW peak, 1.6 ms, 5 Hz
Output RF pulse: 10 MW peak, 1.565 ms, 5 Hz
Averaged output power: 78.25 kW
Klystron Efficiency: 65% Power loss: 25.2 kWKlystron Efficiency: 65%
Power loss: 46.55 kW

Beam Tunnel
Power Loss: ~5.6 kW (7%)

37.956 m
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RDR‐Type HLRF Single Tunnel

Double-tunnel
(RDR)(RDR)

2150

φ6500φ6500
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(2) DRFS-Type Single Tunnel
I d S F t- Improved Space Factor -

35.100 m

Cooling Water

X ~5.4 m (L) 
( 4th it )

AlcoveX
Skid and
Common Electricity

1.6 m (W)

X (every 4th units)

X 2.438 m (H)

26.336 m (~70%) 11.62 m

B / S i T l
One big HV klystron replaced by 13 small klystrons

Beam / Service Tunnel
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DRFS‐Type HLRF Single Tunnel

Double-tunnel
(RDR)(RDR)

Single-tunnel
(SB2009)(SB2009)
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(3) TESLA/XFEL-Type Single-Tunnel( ) yp g

SurfaceSurface

Beam Tunnel

Power Loss: ~5.6 kW (7%)
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TESLA/XFEL-Type Single-Tunnelyp g
φ5200
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(4) KCS-Type Single-Tunnel( ) yp g

SurfaceSurface

Beam Tunnel

Power Loss: ~5.6 kW (7%)
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KCS-Type Single-Tunnelyp g

19
~2.4 km (32 x 2 RF units)



KCS-Type Single-Tunnelyp g
SurfaceSurface

Double-tunnel
(RDR)

φ4500

Single-tunnel
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(SB2009)



Single-Tunnel Configuration Summary
from CFS viewpoints- from CFS viewpoints -

Tunnel Dia.  Surface Tunnel Transmission
(m) Area Heat Loads Power Loss

(RDR double) 4.5 x2 ‐ ‐ ‐

RDR 6.5 ‐ ‐ ‐

DRFS 5.7 Small ‐

X L 2XFEL 5.2

KCS 4 5 Large Small ~10%KCS 4.5 Large Small 10%
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Tunnel Cost vs. Diameter
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Tunnel Cost vs. Diameter

40%~40%
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(This does not include land developing cost.)



SINGLE‐TUNNEL AVAILABILITY AND SAFETY
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Machine Availability and Life Safetyy y

Availability CostAvailability Cost

Life Safety Cost

We can never weigh the cost against life safety
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ML Single‐Tunnel Life Safety
‐ Americas Region‐

NFPA 520-2005 (Subterranean Spaces) 
Prescribes 2 paths of travel to an exit or 
refuge area.  The travel distance to be less 
than 610 meters. 
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ML Single‐Tunnel Life Safety
‐ European Region‐
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ML Single‐Tunnel Life Safety
‐ Asian Region‐

Sub‐Tunnel
with non‐active componentswith non active components
used for egress,

access,
water utility,
geology survey in construction
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geology survey in construction
etc.



SINGLE‐TUNNEL DESIGN CRITERIA
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Boundary Condition to Determine Tunnel 
Diameter

• Cryomodule positioning
Diameter 
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(RDR III-213)



• Safety ClearanceSafety Clearance
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(RDR III-213)



KCS

CTOCTO 1.25-km WG

In progress
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DRFS

33



SINGLE‐TUNNEL DESIGN PROGRESS
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• Americas Regional Design (KCS)
• Americas team leads single‐tunnel design with klystron cluster system.

In progress
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• Americas Regional Design (KCS)

In progress
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• Americas Regional Design (KCS)

In progress
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• Americas Regional Design (KCS)

In progress
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• European Regional Design (KCS)
• European team develops single‐tunnel design with klystron cluster system.

In progress

39



Concerns half of the project (circled area)

Diameter (m) Length (m)

Experimental Cavern Interface 
Tunnel 1 5.20 70

11

12

Main Dump Branch Tunnel 2 6.00 80

Damping Ring Branch Tunnel 3 12.00 145*

PTRAN & BDS Diag. Dump 
Tunnel 4 7.00 1105

1
2

3

11BDS Diag. Dump Branch Tunnel 5 6.00 193

400 MeV accelerator   Tunnel 6 5.20 473

Positron Production Tunnel & 
Remote Handling Cavern 7 8.00 162

e- BDS Dogleg Tunnel 8 5.20 375 3

4

g g

Undulator & Fast Abort Dump 
Tunnel & Undulator Access 

Cavern 9 8.00 360

End ML – Start Positron Tunnel 
10 5.20 300

4

5

Damping Ring Transfer Tunnel 11 6.00 145

Damping Ring Junction Cavern 12 14.00 37

ILC Project general view

5

6

7

810

9

810
•Cavern number 3 can be reduced in length
due to deletion of photon pipe



ILC Project general view

12 ∅ 14.00 x 37m

11∅ 6.00 x 145m

1 ∅ 5.20 x 70m
Damping ring

2 ∅ 6.00 x 80m

Ventilation

3 ∅ 12.00 x 145m

Safe passage

4 ∅ 7.00 x 1105m

Transport

Can be shortened due
to deletion of Photon pipe



9 ∅ 8.00 x 360m

Cavern & shaft 3 14m

Service tunnel 4.5m 

9 ∅ 8.00 x 360m

Ventilation

Safe passage

10 ∅ 5.20 x 300m

Transport



Asian Regional Design (DRFS)
• Asian team leads single‐tunnel design with distributed RF system.

In progressIn progress
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Asian Regional Design (DRFS‐3D)
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Single‐Tunnel Design with RDR RF unit

In progressIn progress
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Single‐Tunnel Design with RDR RF unit – 3D
‐ Import Americas’ u‐11 Main Linac Plan & Section 061106 AutoCAD data ‐Import Americas  u 11 Main Linac Plan & Section 061106 AutoCAD data 

In progressIn progress
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Sub Tunnel in Asian RegionSub Tunnel in Asian Region

(1) It is used as an escape passage in case of emergency. The Asian regional 
i l t l ith DRFS RDR t RF h fi l d thsingle-tunnel with DRFS or RDR type RF source has more fire loads than 

those with TESLA type or KCS. And it has longer access paths to the surface 
ground. We should be more careful of safety.
(2) It will be used as a pilot tunnel to excavate the main tunnel A very serious(2) It will be used as a pilot tunnel to excavate the main tunnel. A very serious 
accident with a large-diameter tunnel boring machine (TBM) is to be trapped 
with bad geology. To avoid such risk, the geological survey function of the 
pilot-tunnel will work This will be more effective when the sub tunnel ispilot-tunnel will work. This will be more effective when the sub tunnel is 
excavated for several months in advance. And it is cost effective when the 
main tunnel diameter is much larger than the pilot tunnel.
(3) It is used for drainage of inflow water in both construction and operation(3) It is used for drainage of inflow water in both construction and operation 
phases. The sub tunnel itself does not care wet condition and is located in 
lower position than the main tunnel. The water flows down to the sub tunnel to 
keep the main tunnel always dry. Further, the inflow water along the p y y , g
underground tunnel is gathered and transferred through the sub tunnel and it 
may be spontaneously drained to a river taking an advantage of the 
mountainous topography.
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SUMMARY
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Summary
(1) Single‐tunnel design with KCS/DRFS is underway(1) Single tunnel design with KCS/DRFS is underway..

(2) Consistent boundary conditions from both technical 
group and CFS criteria should be discussed at BAW.

(3) Single‐tunnel design with RDR RF unit is under 
preparation to compare with KCS and DRFS.
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APPENDIX
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Drainage System
Sump water and Geology in Japan- Sump water and Geology in Japan-
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Drainage System
An Example of Drainage Tunnel in Japan- An Example of Drainage Tunnel in Japan-
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Tunneling
Rock hardness and Geology- Rock hardness and Geology-

igneoussedimentarymetamorphic

Paleozoic Mesozoic

granite

Paleozoic Mesozoic

sandstone

weathered

granite
limestone

sandstone

~40 MPa

~80 MPa

~120 MPa
fresh

~160 MPa

~200 MPa
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