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‘ Electrical Power System

Design Concepts
-Reliability

- Efficiency

-Cost



Electrical Power System
Site Specific Issues

-HLRF layout: RDR-like
-Local HV lines: 150 — 500 kV
-Site MV: 66 kV

-Area MV: 6.6 kV

Strawman Baseline for
Technical Design Phase2
(2010 2012)




Electrical Power System
Load Requirements (Full Power Op., ref. Sep.

2011)

table:overall electrical Ioady Req Ll I rement for SOOGeV)

Power(MW) [Po actenPower(MVA)| AH1 | AH2 | AH3 | AH4 EH AH5 | AH6 | AH7 | AHS8
Source e~ 4.30 0.9 478 478
Source e+ 15.04 0.9 16.71 16.71
DR 17.42 0.9 19.36 1645 290
RTML 11.88 0.9 13.20 5.94 0.66 0.66 5.94
ML 97.24 0.9 108.04 2220 ( 2220 | 9.99 925 2220 | 22.20
BDS 15.25 0.9 16.94 8.47 8.47
Dump 3.95 0.9 4.39 4.39
IR(DH) 0.46 0.9 0.51 0.51
Cryogenics 49.63 0.9 55.14 137 7137| 796| 252 1.73 796 ( 737 1737
TOTAL 215.17 239.08 3551 | 29.57| 4380 1897| 290| 6.63| 000| 31.12| 29.57 | 3551




Electrical Power System

Load Requirements (w. power Factor)

table:overall electrical load summary POW r FaC‘i'OI" Assumpt.on

Power(MW) [Power Facter Po VA)| AH1 | AH2 | AH3 | AH4 EH AH5 | AH6 | AH7 | AHS8
Source e~ 4.30 0.9 478 478
Source e+ 15.04 0.9 16.71 16.71
DR 17.42 0.9 19.36 1645 290
RTML 11.88 0.9 13.20 5.94 0.66 0.66 5.94
ML 97.24 0.9 108.04 2220 ( 2220 | 9.99 925 2220 | 22.20
BDS 15.25 0.9 16.94 8.47 8.47
Dump 3.95 0.9 4.39 4.39
IR(DH) 0.46 0.9 0.51 0.51
Cryogenics 49.63 0.9 55.14 137 7137| 796| 252 1.73 796 ( 737 1737
TOTAL 215.17 239.08 3551 | 29.57| 4380 1897| 290| 6.63| 000| 31.12| 29.57 | 3551




Electrical Power System
Load Requirements (Capacity)

table:overall electrical load summary EleC“' iC PO Ner Cam

Power(MW) [Power Facter Po VA)| AH1 | AH2 | AH3 | AH4 EH AH5 | AH6 | AH7 | AHS8
Source e~ 4.30 0.9 4.8 478
Source e+ 15.04 0.9 16.71 16.71
DR 17.42 0.9 19.36 1645 290
RTML 11.88 0.9 13.20 5.94 0.66 0.66 5.94
ML 97.24 0.9 108.04 2220 ( 2220 | 9.99 925 2220 | 22.20
BDS 15.25 0.9 16.94 8.47 8.47
Dump 3.95 0.9 4.39 4.39
IR(DH) 0.46 0.9 0.51 0.51
Cryogenics 49.63 0.9 55.14 137 7137| 796| 252 1.73 796 ( 737 1737
TOTAL 215.17 239.08 3551 | 29.57| 4380 1897| 290| 6.63| 000| 31.12| 29.57 | 3551




Electrical Power System
Load Requirements (Capacity)

table:overall electrical load summary

Power(MW) [Power FacterPower(MVA)| AH1 | AH2 | AH3 | AH4 EH AH5 | AH6 | AH7 | AHS
Source e~ 4.30 0.9 478 478
Source e+ 15.04 0.9 16.71 16.71
DR 17.42 0.9 19.36 1645 2.90
RTML 11.88 0.9 13.20 5.94 0.66 0.66 5.94
ML 97.24 0.9 108.04 2220 | 2220 9.99 9.25| 2220 | 22.20
BDS 15.25 0.9 16.94 8.47 8.47
Dump 3.95 0.9 4.39 439
IR(DH) 0.46 0.9 0.51 0.51
Cryogenics 49.63 0.9 55.14 137 137 796| 252 1.73 196 737 137
TOTAL 215.17 239.08 3551 | 2957 | 4380 | 1897| 290 6.63| 000| 31.12| 29.57| 35.51

+about 60M§/A\

margin

Total 300MVA

including margin




Electrical Power System
System Redundancy (Surface-ground Main Substation)

275kV Receiving Equipment is Transformer Space
Available For 1TeV system
(Up to 500MVA) J | For 1TeV system
1 1 X 1
)‘\1 }/ /% \1 g
¢ )275KV/66KV (N future) H (in future) ‘)\,)275KV/66K>
‘{/ 100MVA \__100MVA
\W \W (in future),
D) ) *
% “ToomvA. % I SOVA %ﬁ%‘&’f@f\v +1 %21%‘?{?52“
) S ) )
oLl b
10 ) ) ) AERER IR
AH6 AH7

N(3)+1 transformer component

for 500GeV system



Electrical Power System
System Redundancy (Main Substation, cnt.)

2 Components of

Distribution panel | |
lver|  [veT]
% % % X
’;,;,‘275KV/66KV (in future) — (in future) 'k,;,‘ 275KV/66KV
{__+ 100MVA ‘) 100MVA
(in future) W W (in futurg)
|_|

A T S sl S A S L R S A A ST
DI [ T T R T I R R I T I DR R D IR R T R T I I I

AH2 AH3 AH4 EH AH5 AH6 AH7 AH2 AH3 AH4 EH AH5 AH6 AH7

X X X %
275KV/66KV 275KV/66KV 275KV/66KV 275KV/66KV
100MVA 100MVA B 100MVA 100MVA
/ \ N N N N
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Electrical Power System
System Redundancy (site Power Distribution)

66KV power distribution Main line diagram

Main Substation

From 2 Components of

Distribution panel

A B
‘ ‘ ‘ to Each 66kV substation
Lt ; .
— L |
| | |
B
XX XX XX X X XX XX XX
AH2 AH3 AH4 AH6 AH7
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Electrical Power System
System Redundancy (Area 66/6.6kV Transformers)

table:overall electrical load summary

Power(MW) Power FactefPower(MVA)| AH1 AH2 AH3 AH4 EH AH5 AHG6 AH7 AHS8
Source e— 4.30 0.9 478 478
Source e+ 15.04 0.9 16.71 16.71
DR 17.42 0.9 19.36 16.45( 2.90
RTML 11.88 0.9 13.20 5.94 0.66 0.66 5.94
ML 97.24 0.9 108.04 22.20 22.20 9.99 9.25 22.20 22.20
BDS 15.25 0.9 16.94 8.47 8.47
Dump 3.95 0.9 4.39 4.39
IR(DH) 0.46 0.9 0.51 0.51
Cryogenics 49.63 0.9 55.14 7.37 7.37 796 | 252 1.73 7.96 7.37 7.37
TOTAL 21517 239.08 35.51 29.57 4380 | 1897 | 290| 6.63| 0.00 31.12 29.57 35.51
66kV/6.6kV transformer 30MVA |30MVA (30MVA 30MVA,30MVA 30MVA (30MVA |30MVA
30MVA |30MVA (30MVA (30MVA) 30MVA (30MVA |30MVA
12

2 transformers(30MVA ) at Each Hall




Electrical Power System
Spare 66/6.6kV Transformer

table:overall electrical load summary

Power(MW) Power FactefPower(MVA)| AH1 AH2 AH3 AH4 EH AH5 AHG6 AH7 AHS8

Source e— 4.30 0.9 478 478
Source e+ 15.04 0.9 16.71 16.71
DR 17.42 0.9 19.36 16.45( 2.90
RTML 11.88 0.9 13.20 5.94 0.66 0.66 5.94
ML 97.24 0.9 108.04 22.20 22.20 9.99 9.25 22.20 22.20
BDS 15.25 0.9 16.94 8.47 8.47
Dump 3.95 0.9 4.39 4.39
IR(DH) 0.46 0.9 0.51 0.51
Cryogenics 49.63 0.9 55.14 7.37 7.37 796 | 252 1.73 7.96 7.37 7.37
TOTAL 21517 239.08 35.51 29.57 4380 | 1897 | 290| 6.63| 0.00 31.12 29.57 35.51

66kV/6.6kV transformer 30MVA |30MVA (30MVA 30MVA,30MVA 30MVA (30MVA |30MVA

30MVA |30MVA (30MVA (30MVA) 30MVA (30MVA |30MVA

Keep one Stand-by Transformer(30MVA) at center warehouse on the ground




Electrical Power System
66/6.6kV Substations (@7 underground halls)

One line diagram of 66KV substation
with generator

Each substatiosn installed

in access halls *

and an experimental hall = = ?

66KV/6KV 66KV/6KV
30MVA 30MVA

VCB space VCB 500Kvar 500Kvar
For RF — —

x12 x8 x 10 | x10

apacitor for conventional load
power factor improvement

14



6.6kV One main line
branches about 10 RF

One line diagram of 66KV
with generator

substation

66KV/6KV
30MVA

Electrical Power System
66/6.6kV Substations (@7 underground halls, cnt.)

66KV/6KV
30MVA

Emergency Generator

On the ground

Emergency load
assumption

? Drainage pump,
smoke extraction fan,
and so forth

S

Helium gas extraction

N

VCB
For RF

x12

e

VCB
S
X 10

Lo

500Kvar 500Kvar

| | system also prefers tc
W W add emergency load

%_J

\ 6.6kV One main line branches {5

about 4 local substation



Electrical Power System

66/6.6kV Substations (@7 underground halls, cnt.)
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Electrical Power System
66/6.6kV Substations (@7 underground halls, cnt.)
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Electrical Power System

6.6kV Local Substations (@service tunnel)

Local substation Power supply for RF

(each 4 RF)

T

(each 1 RF)

1

J ! :
193W
6.6KV

- () ooy
% /200-100V @ /200-100V

100KVA 100KVA

/ capacitor Harmon‘ filter

Capacitor for RF power

factor improvement

d

§

3p4W
6.6KV
1400V

200KVA

For RF
150KVA

Harmonic filter for RF
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Electrical Power System
ML Tunnel Section

Cables for communications

Plumbing for heat and cool system

66KV cables
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Electrical Power System
ML Tunnel Floor

<>

Beam Tunnel
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Electrical Power System
ML Tunnel Floor (Detail 1)

A
Section Layout l
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Electrical Power System
ML Tunnel Floor (Detail 2)

Section Layout

.......................................................................

8, 8
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Electrical Power System
ML Tunnel Elevation

e

23



Electrical Power System
ML Tunnel Elevation (Detail 1)
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Electrical Power System
ML Tunnel Elevation (Detail 2)

o I )
— 914 9 914 4000
‘_’l [‘_’l r=
m Pump
O puse | | Rack g Reck % SB:fae"t; i 8 D % Local substation
generator | | L I RF RF Rack QQ e (cachiRy)
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‘ Grounding System

Purpose

-Avoid influences of electric leakage from other machines
- Produce signal base for information systems

-Thunder lightning protection

26



Electrical Grounding System

Typical

Model of Tunnel Ground System

Lightning rod

— e o A Lightning Protection
/ On the ground

Main Panel for

Grounding —S —
SPD ervice line
(surge protect device)

| I
Grounding l_ Grou_nding
for lightning protectior Functional for SPD

Grounding

Buipuno.b
1o} aui urey
HVY

Flexible for switching grounding
ine connection

Beam tunnel

Reduce Grounding Resistance

— | Panel for Grounding ( for each 38m) —

Mesh grounding (using arrangement bar)

27



‘ Communication Network System

Design Concept
-Reliability of Network for Information System
-Reducing Space by Unified wiring management

- Efficient Network by Unified wiring for Reducing
Construction Cost

28



Communication Network System

Needs for ILC

@ Systems for Communication
-internet
-telephone

-pubulic address or paging
@ Systems for Safety
-fire ditection and

@ Systems for monitoring
-electric power system monitoring
-camera monitoring

29



Communication Network System
Equipment

Network infrastructures

panel wiring

rack

30



Communication Network System
Overall network system concept

stems for stems for
stens Fa ineac contro safety
O i at'

DEP LS

Unified Wiring Networks i

3

Assumed systems based on unified Wiring Networks

with back-up can reduce space.

31



Summary

(D Electrical Power System

—> Electrical Power System is discussed taking account of
reliability , efficiency, and cost.

— Electrical equipment layout were discussed to determine the
cavern size of substations.

32



Summary
Asia region electrical design

@ Electrical Grounding System

—> A grounding system for a hard-rock mountain site was
discussed.

@3 Communication Network System

—> Unified and extended network system was proposed taking
advantage of sufficiently radiation-shielded “Kamaboko-type”
service tunnel.

33
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ILC ‘Area System’

perconducting Electron/Positron Linear Accelerators-

LLRF
Damping Ring -
(4) Ring To Main Linac (RTML), (5) Main assraon —
z — - - - (10 MW, 1.6 ms) (120kV, 130 A)
- 2y, yd Linac (ML)
Tumaround o /e 0
" R 3400w (3) Damp ﬁ\ Ring (DR) x 56
Gk /[ Skew _ EMITI 16+2 Rm Mu ES PER RING
SpinRotator 1 \ '} Main Unac (600m) @7m) T (27m)
g2m) — \ \ / / \ ‘-\
{with SKEW2 at end) ’. \ ‘. Ll""“wf:‘,"'"" D‘[’(:)‘(;:}‘“ / \\ \\
2.3 | \ = Pulsed Du ™ e ) )
@7m) \ » -Ugfm + E‘i‘a?a:f (zmw:“p - - W g 4CAVITIES QUAD  4CAVITES H
LML ol 1 1 3 omovemazs
3795%6m B
S — - iy ——
< < ~31 km > >
2
- = Damping Rin = £
Expansionto | . s E oss 8es E 2 5
= SE E B
5 o~ ____e+Source s £ £ 3 =
~50 km = |22 hréi_ “'—’7—-;7‘1":_ _:,"',"‘:l, e
for1TeV) |3 <& 3 25z :
= = = 225 £
(for ev) - = TS 3 & e+ Source
£ 5 238> e = £
o3 T — P p—
-— - o3 o~
© £ | = | =
- - - -
RTML = Beam Delivery System (BDS) e+ MainLinac RTMER:
e- Main Linac (ML) (ML)
(2) Positron (e+) Source (7) Experimental Hal - (1) Electron (e-) Source
Pre-accelerator N .51#*
~147GeVe Target (150 me) Booster Linac N
U (cryomadules to boost energy to § GeV) | Faraday Cup
150 Gev e E”ef' CR':::E Lband=0751  poiarmere
I - pin lon NCtune-up dump  TW Bunching 135W)
Helical Y A ft X SCe LINAC (5.0 GeV) (13KW)  and Pre-Acceleration
* +1spare) _—
Undulator oD (_a'\ . & yDump anlinslins s Salll st ia = DC Gun (2%)
. - Pre-accakerator
c:c::::::?, “l;‘;-";sw & Dump e sarinen Damping Ring SC tune-up dump (311 kW) - enerey collmmtion 10110 |omw . §§
) ol ;
= 5 A "M’ (Vertical Chicane) Eg 1
OMD CapturBF SHB Laser
=k P
sav07 (not to scale) ”f"‘ L= ‘ 32nc ‘ 5nC G:oun;) ‘
o - ‘ 76 MeV-5.0GeV ‘ 140 keV - 76 MeV w
6) Beam Delivery System (BEDS)
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Design Progress from 2005 to 2009

eference Design Report (RDR) published in 2007.
e-baselining for cost containment undergoing.

-~ 5 I
100+ rzwm———1 o= P ok s ‘ Baseline Configuration Document
Linac TUNDULATOS “ . . |

R~ 6 Km

~ BCD (2005)

e
s s ss B - R Reference Design Report
EE EE B EE
S B L TRDR (2007
2 Es B e =11 Ly 3
£ 3 2 2: T J e o d g -
s £ §52 — 2 _ _ Current Baseline
] i ]
......................................................................... )
) ' :
: S ) Strawman Baseline for |
-t
1 ﬁi’kﬁf D) e i Technical Design Phase2 :
: [ - - \j}?ﬁ:ﬂ Qe et (2010- 2012) I
P aumn [T ) b Ny 1
1 ! L = - X . — =
. = 1
1 . I o< - 7
: . P —— Re-baseli nlng i
- — :
1 J

w
(@)}



Main Linac (ML) RF Unit in RDR

In-tunnel accelerator configuration -

Se e Tunnel

Input RF power: ~100 W LLRF AC plug-in power: 150 kW
Input DC pulse: 15.6 MW peak, 1.6 ms, 5 Hz
Output RF pulse: 10 MW peak, 1.565ms, 5 Hz KLYSTRON
Averaged output power: 78.25 kW
Klystron Efficiency: 65%
Power loss: 46.55 kW

Modulator Efficiency: 83%
Power loss: 25.2 kW

Output pulse: 120kV x 130 A = 15.6 MW peak, 1.6 ms, 5 Hz
MODULATOR Averaged output power: 124.8 kW

Beam Tunnel WAVEGUIDE

DISTRIEUTION o

SYSTEM
Power Loss: ~5.6 kW (7%) \

TAP-OFFS

Lol omn)

ﬂ 9 CAVITIES H 4 CAVTIIES QUAD 4 CAVITIES O CAVITIES H
:{ 3 CEYOMODULES <
37.956 m
e- ML 282 RF units Field gradient: 31.5 MV/m
e+ ML 278 RF units Energy gain per RF unit : 850 MeV
Total 560 RF (with 22% tuning overhead)
units

37



ML RF Unit
- Distributed RF System (DRFS) -

) &
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Cryogenic System Configuration
i3 RDR

Electron side - Positron side &
—_— : ooster () o
| . Electron linac o Positron linac .
Keep-alive ~~ .
c : e Cryo-unit
Undulator o rlad cab\;'tt:!
el e DR cavities
wigglers” : ‘
DR wigglers Damping Legend:
fng @ 2Kcryoplants
TABLE 3.8-4 © 45Kcryoplants
ILC cryogenic plant sizes (sources listed separately here, but may be combined with Main Linac). C 1€ Distribution boxes
Installed Total Operating Total Transfer lines
# of Plant Size Installed Power Operating
Area Plants (each) Power (each) Power
(MW) (MW) (MW) (MW)
Main Linac + RTML 10 4.35 43.52 3.39 33.091
Sources 0.59 1.18 0.46 0.92
Damping Rings 1.26 2.52 0.88 1.76
BDS 0.41 0.41 0.33 0.33
Total 47.63 36.92
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=IGGULE VAR

Requirements

iGGiialiiual

it lectricity in RDR -

TABLE 431

_ Estimated nominal power loads (MW) for 500 GeV centre-of-mass operation.

Conventional Power

Area RF Conv NC Water | Crvo | Emer Total
System Power Magnets | Systems Power | (by area)
Sources e 1.05 1.19 (.73 1.27 0.46 (.06 4.76
Sources et 4.11 7.32 8.90 1.27 0.46 0.21 2227
DR 14.0 1.71 7.92 0.66 1.76 0.23 26.29
RTML 7.14 3.78 4.74 1.34 0.0 0.15 17.14
Main Linac 75.72 | 13.54 .78 9.86 Sa.0 0.4 134.21
BDS 0.0 1.11 2.57 3.51 0.33 0.20 7.72
Dumps 0.0 3.83 0.0 0.0 0.0 0.12 3.95
Totals (by system) | 102.0 | 32.5 25.6 17.9 36.9 1.4 216.3
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Electricity Distribution

- 66 kV High Voltage Line Along The Site (Asian Regional Plan)

Surface

BTRERE
A BT
EER

275k EhEHiEER

275kV PR EFART

Service Tunnel

(RDR) / Main Tunnel (SB2009)

BBKY OV =TI

BT

\“! '! \'I By
—> r=Fnar ¢ R 275kV/BERY }\—}\ W m
] 1 £h P P
an 2 4 6 ao
DEIR, B TP - LEERERT.
FE=2IMWHEE 0.90 E =35MVA)
slele
@ @ &)
Hp---l----- Ir--—-----o—gom oo
L 50
13 155 0 )
‘ 21 A
| RTML
[AREA TOTAL TIRTML] ML-74 [ 7 ML-78 ML-5A uND[ § ML-5B ML-34 3 [[KAS+5GV]BOS] 1 [BDST 13 [DR[ 12| e-lnj*5GeV [[ 2 ML-24 ML-48 4 ML-2A ML-6B ML-6A [RTML
Length 1550 2480 2167 1257 228 2478 12868 960 950 1256 2178 217 2085 2480 1550
[Total sits power (max)
[Total site power (2500GeV) 2237 EL 17 68 123 107 175 |68 N 123 EX) 40 57 |03 | 57 [131]00 [ia1 X 34 123 07 68 04 123 68 17 [
an 267 462 206 17 206 219 267 56
1.3-GHz SCRF unit
no. 18 40 5 5 8 54 [ ] 51 8 51 64 ) 16
[AC plug-in (ma:) MW | o 250 647 1035 906 538 1035 126 128 1035 505 573 1035 647|250
IAC plug-in (2500GeV) Mw | 88 247 582 o471 828 85§ .47 118 118 o47 828 180 847 62| 237
Conventional MW 14 [E5] 087 1.55 1.35 140 1.55 [F] 0.18 155 135 131 1.55 0s7| oag
NC magnets MW [T 005 008 008 008 008 001 001 008 008 008 [T 06| ooz
[Water system MW |10 0.2 i) 113 0.08 102 113 aia [T 113 [T 055 113 am| o028
Emergency MW A [ [ 005 004 o 005 [ [ [ 04 [ [ oo | om
Cryogenic plant
o 2 2 1 1 1 1 1 i 2 z
[installad power (max) MW | 478 B0 870 435 058 041 128 1.26 050 || 435 &70 870
[Operation power (@500MeV) Mvi | 368 0 a8 EE 045 05 088 [ 045 || 338 a7 a7
Others
RF MW 18, 1.20 308 000 7.00 100 0.00 120
Conventional MW 17 1.50 613 10| 247 247 | 086 206 1.00 150
NG magnsts Mw | 24 235 a17 02| 129 129 | 3.86 396 0.2 235
[Water system MW 2. 038 113| 178 178 | 0.33 233 113 039
Emergency MW 0. 006 015 005] 016 016 012 a1z 005 006
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