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RF System LocationRF System Location

•• To reduce underground tunnel, part /full RF system To reduce underground tunnel, part /full RF system 
shifted on the ground   shifted on the ground   
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Overall View of the RF Cluster Scheme Overall View of the RF Cluster Scheme 

•• One RF cluster feeds RF along ~2.5 km (1.25 km for each sides)One RF cluster feeds RF along ~2.5 km (1.25 km for each sides)

1.25 km 1.25 km
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Ground Station for the Clustered RF sourcesGround Station for the Clustered RF sources

•• One RF cluster feeds 64 RF units. One RF cluster feeds 64 RF units. 

32 RF units
(upstream)

32 RF units
(downstream)
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RF feeding along the underground tunnelRF feeding along the underground tunnel

(C.(C.AdplphsenAdplphsen’’ss Slide)Slide)37.956 m
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RDR Service Tunnel LayoutRDR Service Tunnel Layout

•• RF Cluster system move almost all equipment to the ground surfacRF Cluster system move almost all equipment to the ground surfacee
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RDR Service Tunnel LayoutRDR Service Tunnel Layout

•• RF Cluster system move almost all equipment to the ground surfacRF Cluster system move almost all equipment to the ground surfacee
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Application to Asian Sample SiteApplication to Asian Sample Site
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Access to Beam Tunnel in Asian Sample SiteAccess to Beam Tunnel in Asian Sample Site

•• The Asian terrain is not flat compared with Americas or EuropeanThe Asian terrain is not flat compared with Americas or European SSsSSs..
•• In RDR, In RDR, sloped tunnels sloped tunnels are used to access the underground except IR.are used to access the underground except IR.

Sloped Tunnel

Surface 
Entrance

Accelerator Tunnel (EL. 80m)

Underground Cavern
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RDRRDR

•• Very long access length is problem to be solved.Very long access length is problem to be solved.
•• RF RF waveguidewaveguide length exceeds 2 km (1.25 km @beam tunnel + 1.27 km @access) ! length exceeds 2 km (1.25 km @beam tunnel + 1.27 km @access) ! 

Point ID

Elevation Overburden 
above Beam 

Tunnel
= (A)-(B)

Elevation Drop from 
Entrance to 

Beam Tunnel
= (C)-(B)

Length from 
Entrance to 

Beam Tunnel(A) Surface (B) Beam Tunnel (C) Entrance

7 400 80 320 204 124 1,540 

5 368 80 288 226 146 1,608 

3 488 80 408 238 158 1,706 

2 180 80 100 156 76 1,198 

4 164 80 84 117 37 652 

6 178 80 98 165 85 934 

Average 296 80 216 184 104 1,273 

Access Tunnel (sloped less than 10%)

Existing Road
(A)

(B)
(C)
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Attenuation Of RF Through Cylindrical Attenuation Of RF Through Cylindrical WaveguidesWaveguides

αα:   attenuation constant (:   attenuation constant (neperneper/m)/m)
RRss:  skin resistance (:  skin resistance (ΩΩ))
ZZ00:  intrinsic impedance ~377:  intrinsic impedance ~377 ΩΩ

kk00:  propagation constant in free space:  propagation constant in free space
kkcc==ΧΧ0101/a : cut/a : cut--off propagation constantoff propagation constant
ΧΧ0101= 3.832 for TE01 mode= 3.832 for TE01 mode
2a:  inner diameter of cylindrical 2a:  inner diameter of cylindrical waveguide waveguide 
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0101

αα = 4.498 x 10= 4.498 x 10--55 (2a = 0.48 m)(2a = 0.48 m)
αα = 2.233 x 10= 2.233 x 10--55 (2a = 0.59 m)(2a = 0.59 m)
@T=30 deg C@T=30 deg C
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WaveguidesWaveguides which are ~1 km longer than those in Americas site which are ~1 km longer than those in Americas site 
have to be used,have to be used,

with two choices,with two choices,
-- to use 0.48to use 0.48--m diameter m diameter waveguideswaveguides and 8% more RF sources;and 8% more RF sources;
-- to use 0.59to use 0.59--m diameter m diameter waveguideswaveguides..
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Possibilities of reducing distance from surface to underground tPossibilities of reducing distance from surface to underground tunnel unnel 
---------- though it may cost higherthough it may cost higher

Case Access way Schematic Layout

RDR Sloped Tunnel

Case B Shaft

Case C
Shaft + Horizontal 

Tunnel 
(surface hall)

Case D
Shaft + Horizontal 

Tunnel
(underground hall)

Access Tunnel (sloped less than 10%)

Existing Road

Shafts
Existing Road

Existing Road

Existing Road

Extra Road needed to be developed

Beam Tunnel RF Cluster

Shafts

Shafts
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Case BCase B

•• Increase of construction costs for longer shafts and access roadIncrease of construction costs for longer shafts and access roads from the s from the 
existing road to the shaft entrances. existing road to the shaft entrances. 

Point ID

Elevation Overburden 
above Beam 

Tunnel
= (A)-(B)

Elevation Drop from 
Entrance to 

Beam Tunnel
= (C)-(B)

Length from 
Entrance to 

Beam Tunnel(A) Surface (B) Beam Tunnel (C) Entrance

7 330 80 250 204 124 1,540 

5 344 80 264 226 146 1,608 

3 493 80 413 238 158 1,706 

2 188 80 108 156 76 1,198 

4 173 80 93 117 37 652 

6 161 80 81 165 85 934 

Average 282 80 202 184 104 1,273 

Shafts
Existing Road

Extra Roads needed to be developed



Conventional Facilities and Conventional Facilities and SitingSitingGlobal Design EffortGlobal Design Effort

16ILC08 UICILC08, University of Illinois at Chicago

Point ID Entrance 
Elevation

Access Distance

Drop Horizontal 
Distance total

7 300 220 560 780 

5 226 210 526 736 

3 238 170 1,330 1,500 

2 156 70 130 200 

4 117 100 180 280 

6 165 100 140 240 

Average 200 　 　 623 

16200811.17

Case CCase C

•• Increase of Increase of waveguidewaveguide length might be about half of sloped tunnel case.length might be about half of sloped tunnel case.
•• Construction cost of shafts plus horizontal tunnels should be coConstruction cost of shafts plus horizontal tunnels should be compared with mpared with 

entire sloped tunnels. entire sloped tunnels. 

Existing Road

Shafts
Shaft and Horizontal Tunnel

Surface Entrance

Accelerator Tunnel (EL. 80m)

Underground Cavern
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Case DCase D

•• Increase of Increase of waveguidewaveguide length might be about half less than Case A.length might be about half less than Case A.
•• Construction cost of shafts plus horizontal tunnels should be coConstruction cost of shafts plus horizontal tunnels should be compared with mpared with 

entire sloped tunnels. entire sloped tunnels. 

Point ID Entrance 
Elevation

Access Distance

Drop Horizontal 
Distance total

7 300 220 <560 780 

5 226 210 <526 736 

3 238 170 <1,330 1,500 

2 156 70 <130 200 

4 117 100 <180 280 

6 165 100 <140 240 

Average 200 　 <478 　

Existing Road

Shafts
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RDR access tunnel has enough space for RDR access tunnel has enough space for waveguideswaveguides

•• Access tunnels at points 7, 5, 3, 2, 4, 6 are used, four more acAccess tunnels at points 7, 5, 3, 2, 4, 6 are used, four more access tunnels have to cess tunnels have to 
be newly excavated.   be newly excavated.   

Size of pipes to 
be reduced for 
single tunnel

φ4.5m TBM 
must be 
transported 
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Changes of Electric DistributionChanges of Electric Distribution

•• Most electric power will be distributed to surface facilities exMost electric power will be distributed to surface facilities except for beam line equipment, cept for beam line equipment, 
part of cryogenic system (ex. cold boxes), and service to maintapart of cryogenic system (ex. cold boxes), and service to maintain underground.in underground.

•• Area for substation at shaftArea for substation at shaft--base cavern will be reduced.base cavern will be reduced.
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Changes of Electric DistributionChanges of Electric Distribution
-- reduction of shaftreduction of shaft--base cavern base cavern --
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Process Cooling Process Cooling 
WaterWater

10.8 MW10.8 MW
Chilled WaterChilled Water
3.4 MW3.4 MW

104 RF units104 RF units
208 Cooling Fans208 Cooling Fans26 skids26 skids

Racks in 104 RF unitsRacks in 104 RF units

26 skids26 skids

21200811.17

Changes of Changes of 
Cooling SystemCooling System

•• ~30% of the heat loads remain in the ~30% of the heat loads remain in the undergroudundergroud..
•• Area for substation at shaftArea for substation at shaft--base cavern and RF skids base cavern and RF skids 

will be reduced in capacity but not eliminated.will be reduced in capacity but not eliminated.
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WaveguideWaveguide Temperature Issue Temperature Issue -- without cooling water without cooling water --

--dPdP//dxdx: : lossedlossed microwave power per unit length (W/m)microwave power per unit length (W/m)
αα: attenuation constant (: attenuation constant (neperneper/m)/m)
P: transmitted power (W)P: transmitted power (W)
PP00: initial power generated by RF cluster (W): initial power generated by RF cluster (W)
x: transmitted distance (m)x: transmitted distance (m)

xePP

P
dx
dP

α

α

2
0

2

−=

=−

WaveguidesWaveguides radiate ~250 W/m max.  or ~9 radiate ~250 W/m max.  or ~9 
kW/RF unit max.kW/RF unit max. w/o cooling water;w/o cooling water;

Expansion of SUS (copper coating inside) pipe Expansion of SUS (copper coating inside) pipe 
will be 240 mm/km  for will be 240 mm/km  for ΔθΔθ = 20 deg C.= 20 deg C.

ase

e
asese

ese
w

D
TTh

Dhq

θθθ

θθεσ

θπ

−=Δ

+Δ
+Δ−=

Δ=
5.025.044 )

348.0
348.0()(19.1)(

q: dissipated heat by radiation and convection per unit length (q: dissipated heat by radiation and convection per unit length (W/m)W/m)
hhsese: heat dissipation constant from surface of horizontal beam pipe: heat dissipation constant from surface of horizontal beam pipe (W/m(W/m22K) K) 
DDee: outer diameter of : outer diameter of waveguidewaveguide (m)(m)
θθsese: temperature of surface on : temperature of surface on waveguidewaveguide (deg C)(deg C)
θθaa: temperature of ambient air around : temperature of ambient air around waveguidewaveguide (deg C)(deg C)
εε: radiation efficiency: radiation efficiency
σσ: : StefanStefan--BoltzmannBoltzmann constant 5.67 x10constant 5.67 x10--88 (Wm(Wm--22KK--44))
ΤΤsese: temperature of surface on : temperature of surface on waveguidewaveguide (deg K)(deg K) = = θθsese+273+273
ΤΤaa: temperature of ambient air around : temperature of ambient air around waveguidewaveguide (deg K) (deg K) = = θθaa+273+273
w: wind velocity (m/s)w: wind velocity (m/s)

(JIS A9501)(JIS A9501)

θθsese (deg C)(deg C)

-- d
PdP

// d
xdx

, , qq
(W

/m
)

(W
/m

)

PP00 = 350 MW= 350 MW
PPaverageaverage ~ 350 x0.001565 x5 = 2.74 MW~ 350 x0.001565 x5 = 2.74 MW
αα = 4.50 x10= 4.50 x10--55 (1+0.5 x 4.3 x10(1+0.5 x 4.3 x10--33 x(x(θθ--30)) 30)) neperneper/m/m

--22ααPPaverageaverage ~ 250 W/m max.~ 250 W/m max.
εε = 0.3 (stainless steel plate)= 0.3 (stainless steel plate)
DDee = 0.508 m= 0.508 m
WW = 0.45 m/s (RDR)= 0.45 m/s (RDR)
θθaa = 29 deg C= 29 deg C

equilibrium pointequilibrium point
w.o. Cooling waterw.o. Cooling water

W
 = 

0.9
 m

/s

W
 = 

0.9
 m

/s

W = 0 m
/s

W = 0 m
/s

W = 4.5 m/s, 

W = 4.5 m/s, εε
= 0= 0

W = 4.
5 m

/s,
 

W = 4.
5 m

/s,
 εε = 0.

3
= 0.

3

--dPdP//dxdx

qqw. cooling waterw. cooling water



Conventional Facilities and Conventional Facilities and SitingSitingGlobal Design EffortGlobal Design Effort

23ILC08 UICILC08, University of Illinois at Chicago 23200811.17

Changes of ShaftChanges of Shaft--base Cavern Coolingbase Cavern Cooling--water Plantswater Plants
-- reduction of shaftreduction of shaft--base cavern (2) base cavern (2) --
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Additional Surface Building Additional Surface Building -- Estimation of RF Source Size Estimation of RF Source Size --

HLRF Unit  HLRF Unit  (14m x 1.3m x 2.0m)(14m x 1.3m x 2.0m)

14 m long

1.3 m wide

2.0 m high

0.8 m wide

1.1 m long

2.1 m high

LLRF Unit LLRF Unit 
(1.1m x 0.8m x 2.1m)(1.1m x 0.8m x 2.1m)

X 7X 7
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Cluster SizeCluster Size

•• LLRF Floor (~800 mLLRF Floor (~800 m22))
1.3

1.31.3
1.3 x18 + 2.0 x17 +2.3 x2= 62.0 

1.0

2.3

2.0 2.3
1.0

32.3

14.0

14.0

•• HLRF Floors (~2000 mHLRF Floors (~2000 m22 x 2 levels)x 2 levels)

12.2

7.315 x7 + 1.219 x8 + 1.168 x2= 63.3 
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Cluster Size (Compact)Cluster Size (Compact)

•• LLRF Floor (~800 mLLRF Floor (~800 m22))
1.3

2.62.0

2.6 x9 + 2.0 x8 + 1.0 + 2.3 x2 = 45.0 

1.0

2.3

2.0

2.3
1.0

32.3

14.0

14.0

•• HLRF Floors (~1500 mHLRF Floors (~1500 m22 x 2 levels)x 2 levels)

12.2

7.315 x7 + 1.219 x8 + 1.168 x2= 63.3 

1.02.3
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Main Main LinacLinac Surface Structures (RDR)Surface Structures (RDR)

200 m200 m22

720 m720 m22

650 m650 m22

800 m800 m22

720 m720 m22

600 m600 m22

100 m100 m22

--------------------
100 m100 m22

660 m660 m22

--------------------
1,000 m1,000 m22

5,550 m5,550 m22 /shaft/shaft + 450 m+ 450 m22 /workshop/workshop
+  ~4,000 m2 for RF Cluster Building

Conventional Facilities Supporting Documentation for the ILC Reference Design Report
ILC-NOTE-2007-019, May 2007, Rev. 0

Building /shaft

Outdoor structure /shaft
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Cost Impact on Civil in Asian Sample SiteCost Impact on Civil in Asian Sample Site
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CFS Cost CFS Cost 
FeatureFeature

(Sloped tunnels)
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(1) 17122 Elimination of ML service tunnel (1) 17122 Elimination of ML service tunnel φφ4.5 m, 22.278 km4.5 m, 22.278 km:                                  :                                  --8.1%8.1%
((Elimination of Entire Service Tunnel  Elimination of Entire Service Tunnel  φφ4.5 m, 30.019 km: 4.5 m, 30.019 km: --10.9% )10.9% )

(2) 17121 Four additional access tunnels for RF clusters (2) 17121 Four additional access tunnels for RF clusters 3.5 m (w) x 3.5 m (H)3.5 m (w) x 3.5 m (H):       +1.2%:       +1.2%
(3) 17124 Reduced size of underground caverns:                  (3) 17124 Reduced size of underground caverns:                  --0.8% 0.8% (guess ~half)(guess ~half)

(4) 1713 RF cluster building (4) 1713 RF cluster building ~ 4,000 m~ 4,000 m22 x 10x 10:                                                             +4:                                                             +4.0%.0%
(5) 1713 Moved area from underground caverns to surface (5) 1713 Moved area from underground caverns to surface 1,000 m1,000 m22 x 6x 6:            +0.6%:            +0.6%
(6) 171431 Decrease of construction support (6) 171431 Decrease of construction support {(1)+(2)+(3)} x  8%{(1)+(2)+(3)} x  8%:                             :                             --0.6%0.6%
(7) 171432 Increase of construction support (7) 171432 Increase of construction support {(4)+(5} x  4%{(4)+(5} x  4%:                                    +0.2% :                                    +0.2% 
(8) 17144 Increase of site preparation (8) 17144 Increase of site preparation {(4000/3) x10 + 1000 x 6}/0.3 m2{(4000/3) x10 + 1000 x 6}/0.3 m2:                            +0.4%:                            +0.4%
(9) 1711 Reduction of engineering cost(9) 1711 Reduction of engineering cost {(1)+(2)+(3)} x  10% {(4)+(5} x 5%{(1)+(2)+(3)} x  10% {(4)+(5} x 5%:                         :                         --0.5%0.5%

--3.6%3.6%
of totalof total CFS costCFS cost

Cost Impact of RF Cluster Scheme Cost Impact of RF Cluster Scheme 
on Civil Construction in Asian Sample Siteon Civil Construction in Asian Sample Site
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SummarySummary
•• Application of RF cluster scheme to Asian Sample Site was Application of RF cluster scheme to Asian Sample Site was 

studied.studied.

•• Roughly 10% of CFS cost will be saved by single tunnel, but 6% Roughly 10% of CFS cost will be saved by single tunnel, but 6% 
will be newly necessary for RF cluster facilities in Asian case.will be newly necessary for RF cluster facilities in Asian case.


