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Legend
I QSC_(AB,C): Warm Compressor Station

Crygger?ic QSR_(AB):  Surface 4.5 K Refrigerator Cold Box H Electrical Feed Box
Distribution QURA: Underground 4.5 K Refrigerator Cold Box
Line QURC: 1.8 K Refrigeration Unit Cold Box ™ _ Superconducting Link

—_—
QUI_(AB,C): Cryogenic Interconnection Box

Large variety of large scale refrigerators,
AND
Large variety of valve boxes and large scale lines

Cryogenic sub-systems

Point 8
e

Sector 7-8

Qualified with
performance assessment
before being put together
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Cooling sectors + Cryo tuning + Powering activities
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Estimate for 2009:
“25 days for 20K”

| + 3 days for Filling

+ 2 days for 1.9K

0 ‘ | | | |
0 50 100 150 200 250 = 30 days
Average temperature of magnets [K] (4105 wks)

Dispersion due to particular process (HX & Turbines) and timing for thermal shield/ Line B

Cool-down speed [K/day]
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7°500 1/0
500 PID

Diam. [mm] Volume [m3]
C 100 25.9
D 150 58.3
B 250 162.0

From QUI to

®—> m=Ro.V.S QRL_RM

= 3300m

Density [g/l] Mass [kg] | Time flight
C [3B, 5K] 118 3058 5-12h
D[1.3, 8K] 8 467 1-4h
B[0.015,4K]  0.18 29 4-12'

Changes on « supply conditions » may have an effect some hours later ...
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1.8K Units: Global significant progress !
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Follow-up of Helium inventory

LHC Cryogenics - Helium Inventory

M Initial Inventory

[ M Deliveries External
i M Final Inventory storage
M Losses

Similar (reduced ?) losses expected for 2009 due to purges/leak tests
Pre-defined program of increased LHe storage now launched !
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LHC Cryogenic commissioning

4 + 45K stand-alone magnets
« 2K magnetsin ARC R i

LT/EH at return modules —  Adjust instrumentation LT/EH

LT of SSS in ARC — Control LHe at 50%
EH at lowest point = Fill-up and boil-off to determine appropriate

set-point
EH of cold masses & beam screens

— Possible pump-down and cool-down *  Electrical Feed Boxes (DFB's)

of magnets, including tests with cold —  Cool-down shield (if any)
compressors Cool-down leads at 150K, then cool-down
phase separator

|dentified and tuned in 2007, Adjust instrumentation LT/EH

) Control LHe at nominal
Foreseen durlng the (target =tW0) = Fill-up and boil-off to determine appropriate

weeks after ARC magnets @ 4.5K, gaipoint
some 6 weeks required each sector = Tuning of Temp. control loops

2 weeks OK June 2009 for 1st time !
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Recovery Time after Limited Resistive Transitions
(Predictions at design stage)

Without loosing helium,
and powering permit on
other powering subsectors

B Cooldown 4.5-1.9 K

achievable 1+ , O Filling 70-100 %

B Filling 0-70 %

O Cooldown 30-4.5 K

Recovery time [hours]

. A From x3 down
1 to x1.5w.rt

Number of cells [-] design values

+  More than 14 cells or full sector: recovery up to 48 hours
 In case of fast discharge (even w/o quench): 2 h recovery (heating due to eddy currents)
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origin (hrs) stop (hrs)

1 29-Feb-08 Elec 2.0 Stop 400V (Pb AUG loop) stop CC 168
2 12-Mar-08 Cryo 0.0 Controls CC (AL) stop CC not applicable
3 14-Mar-08 Cryo 48.0 Leak in 18kW Cold Box stop CC 240
4 02-Apr-08 Cryo Controls CC (AL) stop CC not applicable
5 04-Apr-08 Cryo Stop 18kW Comp. (LS oil) stop entire sector not applicable
6 04-Apr-08 Water Stop 400V P5 (water) partly blind not applicable
7 06-Apr-08 Cryo Stop 18kW Comp. (LS oil)  stop entire sector not applicable
8 18-Apr-08 Elec 0.0 Low 400kV stop CC 96
9 30-Apr-08 Elec 0.0 CERN 400KV failure stop entire sector 120
10 04-May-08 Elec US65 400V stop stop CC not applicable
11 10-May-08 Elec US65 400V stop stop CC not applicable
12 10-May-08 Elec ugrm Ao ot e Toh oottt
13 11-May-08 Elec 0.0 24 264
14 22-May-08 Elec 0.0 U¢ ]
15 30-May-08 Elec 2.0 us 240 B stop sector
216 @ stop CC
sector 78 w — LEP Bonus/Malus
1 18-Apr-08  Controls 3.0 st < 192 o )
2 26-Apr-08 Cryo 0.0 c LHC estimates
3 30-Apr-08 Elec 0.0 ca 2 168 *
4 09-May-08 Cryo 0.0 Dr = B
5 25-May-08 Cryo Dr > 144
6 26-May-08 Cryo Di O
7 29-May-08 Elec + Water 2.0 Vi § 120 L4
sectar 81 g 96 <
’ . > 72 4
Recovery done Autumn’08: | & ‘=°
48 ¢

Stop CC: <6-12 h 24 _‘%i

Stop 4.5K: <12-24 h

0 T T T T T \
0.0 1.0 2.0 3.0 4.0 5.0 6.0
Original failure [hrs]
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Target for global (8 sectors)
“Cryo OK for Powering”

Electrical
Transformers

Cryo conditions for 3 months of intense HWC

31- 07- 14- 21- 28- 05- 12- 19- 26- 02- 09- 16- 23- 30- 06- 13- 20-
May- Jun- Jun- Jun- Jun- Jul- Jul- Jul- Jul- Aug- Aug- Aug- Aug- Aug- Sep- Sep- Sep-
08 08 08 08 08 08 08 08 08 08 08 08 08 08 08 08 08
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LHC Cryogenics: just after beams g=3

Rather good stability without specific
—— efforts

A dream for HWC w.r.t Spring’08 !!!

Target|for 4 sectors
tested with calorimetry

\
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LHC Cryo Maintain
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New 4.5 K refrigerator 1.8 K Refrigeration Unit

45K Ref.: =10% capacity left per
sector for dynamic loads, after
specific adjustments made

| Warm Compressor | |

Warm Compressor [& A
Station Station
Cold Box

Cold Compressor
box

= SMW of power input, instead of
8MW (2x4MW)

Competitive for recovery after
stops (<10hrs for CC, <24hrs after
power failure for 2 sectors)

Interconnection Box

OK P6, possible P8 (3Qx)
P4 ? (RF/DSLC),

LHC Sector (3.3 km) P2/P18 ?1? @X-LEP, 3QX) LHC Sector (3.3 km)

Not valid for large transients, but an interesting feature for low beam loads,
W] Or validated fall-back scenario if serious problems with a refrigerator




Installed capacity: 40MW
Summer 2008: 30MW

Target end 2009: 20MW

(CC flow: 3MW, Efficiency: 5, Tuning: 2MW)
I I .

I [ I

P8 P4 P2

Refrigeration capacity
[kW equivalent @ 4.5K]
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Summary

LHC Cryogenic system has been put in operation with success and
was “ready” for D-day

With static heat loads and effect of resistive heating lower than
specified, we have the foreseen global budget for expected dynamic
loads, to be further checked at local levels

Test programs were conducted to improve our understanding and
tuning of sub-systems

Nominal preventive maintenance and consolidation programs
Services-Cryo-Machine are being implemented during this winter shut-
down

Operation with shift (1 x 5x8) to start spring’09, industrial support to
help for big transients and possible others for specific cases
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Part 2

Situation of LHC project and perspectives

19 septembre incident in sector 3-4 g3
Electrical arc between two dipoles —

Dipole circuit of sector 34 already powered up to 7 kA

During a ramp to 9,3 kA (corresponding to 5,5 TeV), an arc occurred at 8.7 kA,
melting busbars and destroying the helium vessel and beam pipes

Exergy Analysis of the LHC Distribution System
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Upper Copper
Profile Superconducting

Cable in Copper
Upper Tin /Silver Stbilioary
Soldering alloy Layer g
&
Inter -Cable Tin/Silver
Soldering Alloy Layer 3

Lower Copper U &
Profile Cable Junction Box

Cross-section
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@ Busbar junction between dipoles at 220 n€2 with
bad electrical and thermal contacts with Cupper
stabilizer !

No electrical contact between wedge and U-profile No bonding at joint with the
with the bus on at least 1 side of the joint U-profile and the wedge

= Loss of clamping pressure on the joint, and between joint and stabilizer
= Degradation of transverse contact between superconducting cable and stabilizer

= Interruption of longitudinal electrical continuity in stabilizer
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Arc sub-sector resistance variation

assessed by calorimetry

m Dipole (5 arc = Quadrupole (4 ar
~2W@7kA

NNXNConfirmed by electrical measureme

— — — — —
oSO NN A~ OO 0
i

Number of sub-sectors

-50-40-30-20-10 0 10 20 30 40 50 60 70 80 90 1001101201 301401 501 601701801 90200
Subsector resistance variation w.r.t average [Q]
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Cu resistivity measurements:
- 300 K (done RBx4, underway RQ)
- 80 K (done 45, interpretation?)

LHC recovery baseline

Simulations / Tests to define
tolerated resistivity w.r.t magnet
current and discharge constant

Possible scenarii:
- @ reparation

-1, 2, 3, ... reparations

To be done:
- Correlation 80K-300K on sector 45 (warmed-up), repair strong cases

- Prepare to measure 23-78-81 at 80K for decision end July 2009
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Courtesy R. Flora, C. Scheuerlein
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12000

ditions, withoutQPS delay, RRR=240,

cable withoutbonding atone bus extremity,
11000 b il

no contactbety and joint stabiliser.
10000 g |
—»-RB, tau=100s
_ 9000 | -4--RB, tau=68 s
)
} ~=-RQ, tau=30s 5 Tev
; 8000 BN | -+-RQ, tau=15s |
l 7000

I 4 Tev
6000 I
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4000 T T T
0 20 40 I 60 80 100 120 140
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SECTEURS 09 200t.09 sept. 09
Semaine 528 | Semaine 529 | Semaine 530 | Semaine $31 | Semaine S32 | Semaine 533 | Semaine 534 | Semaine 535 | Semaine 36| Semaine 537 | Semaine 538 | Semamne 539 | Semaine 40

Flushing
& Lleak Tests Purges |

W:ilp "Teslsn :'
300K TE-MPE

300K

Iwms

S

Floating| i [stabiiis " Tests @ | ‘Cooling
80K |(rempe) GRL i
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20 I(ll MPE) QRL

Semaing 528 | Semaine $29 ] Somaine $30 Semaine $31] Somaing $32 [ Semaine 533 ] Semaine 533 [ Semaine S35 T Semaine S36] Semaine S37] Somane $38 T Samane 5391 0
__=4, T T

The present schedule should allow beams circulating Oct - Nov 09,
with tuning for physics and run until Autumn 2010
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