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LHC Performance Workshop - Chamonix 2010
Session 3 - Optimise Interventions and Recovery from Collateral 

Damages on Cold Sectors 

Decoupling of Adjacent Cryogenic Sectors
Gerard FERLIN, TE-CRG-Operation for Accelerators

This presentation and propositions are the result of 3 years of 
operation of LHC cryogenic system.
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AbstractAbstract
TheThe LHCLHC sectorssectors areare coupledcoupled twotwo byby twotwo viavia
interconnectioninterconnection boxesboxes allowingallowing cryoplantcryoplant coolingcooling
redundancyredundancy andand efficientefficient standstand--byby oror lowlow--beambeam--intensityintensity
operationoperation.. TheThe presentpresent LHCLHC cryogeniccryogenic sectorizationsectorization allowsallows
toto performedperformed mechanicalmechanical interventionsinterventions onon thethe magnetmagnet coldcold--
massmass circuitcircuit ofof aa sector,sector, likelike diodediode oror interconnectioninterconnection splicesplice
repairsrepairs whilewhile thethe adjacentadjacent sectorsector remainremain inin nominalnominal
cryogeniccryogenic operationoperation.. HoweverHowever thisthis sectorizationsectorization doesdoes notnot
allowallow exchangingexchanging aa magnetmagnet oror aa QRLQRL serviceservice modulemodule inin aa
sectorsector whilewhile keepingkeeping thethe adjacentadjacent sectorsector inin nominalnominal
cryogeniccryogenic operationoperation andand thethe coolingcooling redundancyredundancy abilityability..
ThisThis presentationpresentation willwill describe,describe, basedbased onon differentdifferent
scenarios,scenarios, hardwarehardware updateupdate proposalsproposals allowingallowing aa completecomplete
separationseparation ofof thethe twotwo adjacentadjacent sectorssectors..
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ContentsContents
Actual configurationActual configuration

Running configurationRunning configuration
Intervention on sectorIntervention on sector

Scenarios Scenarios proposed for interventionproposed for intervention
--One sector cooled by “normal” cryoplants, One One sector cooled by “normal” cryoplants, One 
sector under intervention.sector under intervention.
--One sector cooled by “redundant” cryoplants, one One sector cooled by “redundant” cryoplants, one 
sector under interventionsector under intervention..

SummarySummary
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Courtesy L.Tavian
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Actual running configurationActual running configuration
Nominal schemeNominal scheme

Each sector coupled with corresponding cryoplantEach sector coupled with corresponding cryoplant..
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Actual running configurationActual running configuration

LowLow--intensity beam or standintensity beam or stand--by scheme by scheme oror
Cryoplant major failure redundancy schemeCryoplant major failure redundancy scheme

Two sectors coupled with one cryoplant.Two sectors coupled with one cryoplant.



Decoupling of adjacent cryogenic sectorsDecoupling of adjacent cryogenic sectors

28 Jan 200928 Jan 2009
Chamonix 2010, Session 3_ 06; Chamonix 2010, Session 3_ 06; 

TE_CRG_OA_GFTE_CRG_OA_GF 88

Thermal shield E

Helium 
refrigeration 

plant;            
18 kW @ 4.5 K

Rm

Line C

Line D

Line F

Line B
0

Q D D DQ D D D Q DD Q

Thermal shield E

Helium 
refrigeration 

plant;            
18 kW @ 4.5 K

Rm

Line C

Line D

Line F

Line B
0

QDDD QDDDQDDQ



Decoupling of adjacent cryogenic sectorsDecoupling of adjacent cryogenic sectors

28 Jan 200928 Jan 2009
Chamonix 2010, Session 3_ 06; Chamonix 2010, Session 3_ 06; 

TE_CRG_OA_GFTE_CRG_OA_GF 99

ContentsContents
Actual configurationActual configuration

Running configurationRunning configuration
Intervention on sectorIntervention on sector

Scenarios Scenarios proposed for interventionproposed for intervention
--One sector cooled by “normal” cryoplants, One One sector cooled by “normal” cryoplants, One 
sector under intervention.sector under intervention.
--One sector cooled by “redundant” cryoplants, one One sector cooled by “redundant” cryoplants, one 
sector under interventionsector under intervention..

SummarySummary
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Overall configuration during intervention on Overall configuration during intervention on 
one sectorone sector

SafetySafety
The sector must be “consigned” from pressure and gas flow.The sector must be “consigned” from pressure and gas flow.

Cryo Cryo operationoperation
CCold valves must be protected from air and moisture old valves must be protected from air and moisture 
condensation/ice.condensation/ice.

Configuration adopted for each affected circuitConfiguration adopted for each affected circuit
Two valves locally consigned with helium gas buffer in between Two valves locally consigned with helium gas buffer in between 

at room temperature and 1 bar (pressure monitored)at room temperature and 1 bar (pressure monitored)
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Present status during magnet exchange.Present status during magnet exchange.
Circuits C (LHe 4.5K), D (Return GHe 20K), Circuits C (LHe 4.5K), D (Return GHe 20K), 
E (Magnet thermal screen 70 K), F (QRL E (Magnet thermal screen 70 K), F (QRL 
thermal screen 85 K) are protected by GHe bufferthermal screen 85 K) are protected by GHe buffer,,
but protection for but protection for Header B (GHe pumping line, 15 Header B (GHe pumping line, 15 
mbar, 4Kmbar, 4K) improvable.) improvable.

Exchanging a magnet or a QRL service Exchanging a magnet or a QRL service 
module in a sector while keeping the adjacent module in a sector while keeping the adjacent 
sector in nominal cryogenic operation is not sector in nominal cryogenic operation is not 
possible without important risk!possible without important risk!
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ContentsContents
Actual configurationActual configuration

Running configurationRunning configuration
Intervention on sectorIntervention on sector

Scenarios Scenarios proposed for interventionproposed for intervention
--One sector cooled by “normal” cryoplants, One One sector cooled by “normal” cryoplants, One 
sector under intervention.sector under intervention.
--One sector cooled by “redundant” cryoplants, one One sector cooled by “redundant” cryoplants, one 
sector under interventionsector under intervention..

SummarySummary
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Courtesy G. Riddone, N. Veillet, 2006
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Add DN250 valve on header BAdd DN250 valve on header B
To be doneTo be done

Validation of design for the 5 valve boxes. In particular Validation of design for the 5 valve boxes. In particular 
free space in QUI, point 18 and point 2 needs to be free space in QUI, point 18 and point 2 needs to be 
carefully checked.carefully checked.
Impact on proximity piping & safety valves to be Impact on proximity piping & safety valves to be 
checked.checked.

Cost estimation (design, materiel, installation, pressure and Cost estimation (design, materiel, installation, pressure and 
XX--ray tests): from 120 to 150 kCHF/sectorray tests): from 120 to 150 kCHF/sector
Duration: 3 to 4 weeks.Duration: 3 to 4 weeks.
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Add DN250 valve on header BAdd DN250 valve on header B
Pros:Pros:

--Gas flow safety guaranteed during mechanical Gas flow safety guaranteed during mechanical 
intervention.intervention.
--Air and moisture condensation/icing prevented.Air and moisture condensation/icing prevented.
--Warm up and deWarm up and de--icing of the cold compressor inlet filter icing of the cold compressor inlet filter 
much more easier.much more easier.
--Restore possibility of leakRestore possibility of leak--tight insulation between tight insulation between 
header B and QURC (repair inlet valve, Cold Compressor header B and QURC (repair inlet valve, Cold Compressor 
exchange…)exchange…)

Cons:Cons:
--Possible only with the two Possible only with the two sectors at room temperature.sectors at room temperature.
--Time schedule impact.Time schedule impact.



Decoupling of adjacent cryogenic sectorsDecoupling of adjacent cryogenic sectors

28 Jan 200928 Jan 2009
Chamonix 2010, Session 3_ 06; Chamonix 2010, Session 3_ 06; 

TE_CRG_OA_GFTE_CRG_OA_GF 1919

ContentsContents
Actual configurationActual configuration

Running configurationRunning configuration
Intervention on sectorIntervention on sector

Scenarios Scenarios proposed for interventionproposed for intervention
--One sector cooled by “normal” cryoplants, One One sector cooled by “normal” cryoplants, One 
sector under intervention.sector under intervention.
--One sector cooled by “redundant” cryoplants, one One sector cooled by “redundant” cryoplants, one 
sector under interventionsector under intervention..

SummarySummary
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Example Sector 8-1
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Add new valve box on junction region with 6 cryoAdd new valve box on junction region with 6 cryo--
valvesvalves

To be doneTo be done
Validation of design for the 8 junction region. Validation of design for the 8 junction region. 
Impact on proximity piping & safety valves to be Impact on proximity piping & safety valves to be 
checked.checked.

Cost estimation (design, materiel, installation, pressure and Cost estimation (design, materiel, installation, pressure and 
XX--ray tests): from 300 to 350 kCHF/sectorray tests): from 300 to 350 kCHF/sector
Impact on LHC time schedule: 4 to 6 weeks.Impact on LHC time schedule: 4 to 6 weeks.
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Add new valve box on junction region with 6 cryoAdd new valve box on junction region with 6 cryo--
valvesvalves

Pros:Pros:
--Same than previous solution Same than previous solution plusplus
--Redundancy of cryoplant guaranteedRedundancy of cryoplant guaranteed

Cons:Cons:
--Integration design to be checked and validated.Integration design to be checked and validated.
--Possible only with the two sectors at room temperature.Possible only with the two sectors at room temperature.
--Cost (time schedule and money)Cost (time schedule and money)
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Other points not detailedOther points not detailed
HRL valves to be remotely drivenHRL valves to be remotely driven
WRL by pass in QUI areaWRL by pass in QUI area
QUI purge panel to be separate in two half parts (one QUI purge panel to be separate in two half parts (one 
part/sector).part/sector).
……
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SummarySummary
Heavy intervention (exchanging a magnet or a QRL Heavy intervention (exchanging a magnet or a QRL 
service module) while keeping the adjacent sector in service module) while keeping the adjacent sector in 
nominal cryogenic operation will be possible only by nominal cryogenic operation will be possible only by 
upgrading the gas buffer system on header B. To upgrading the gas buffer system on header B. To 
restore possibility of leakrestore possibility of leak--tight insulation between tight insulation between 
header B and Cold Compressor unit, a new valve is header B and Cold Compressor unit, a new valve is 
needed.needed.
If the cryoplant redundancy is mandatory during the If the cryoplant redundancy is mandatory during the 
magnet exchange, a valve box  must be added on the magnet exchange, a valve box  must be added on the 
junction region.junction region.


