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‘i@ Outlook

= |ntroduction

= (Gas systems for LHC experiments:
= Automation
= Modularity
= Reliability
= (as systems description:
= Construction
= Building blocks
= (Gas systems performances:
= Acloser view to ALICE-TPC

= Conclusions
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Gas systems for the LHC experiments

= The basic function of the gas system is to mix the different gas components in the
appropriate proportion and to distribute the mixture to the individual chambers.

= 30 gas systems (about 300 racks) delivering the required mixture to the particle

detectors of all LHC experiments.

Summary of the sub-detector gas systems at the LHC experiments.

= (Gas mixture is the sensitive 14 Closed loop detector gas system; 11 Single pass detector gas systems

medium where the charge
multiplication is producing
the signal.

= Correct and stable mixture
composition are basic
requirements for good and
stable long term operation
of all detectors.
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@) Gas systems for the LHC experiments

NS

Gas systems extend from the surface building to the service balcony on the experiment
following a route few hundred meters long.

= Primary gas supply point is located in surface building

= Gas system distributed in three levels:
o Surface (SG) Surface Gas Building SGX

= Gas Service room (USC) Purifier —  prmary g5 supply
5 H <er — Humidifier
experimental cavern (UXC) Mi —{ -
Humidif. — A — Pre-distribution and pump
— Distribution
Primary gas Gas mixing
Large detector volume supply room Y
(from m?3 to several 100 m?) and
use of expensive gas components: High pressure part of Fﬁ?{ﬁ,
9 the Gas Circulation System ~235m
The majority is operated in closed loop gas use
circulation with a recirculation fraction . Gasracsin . J\_
higher than 90-95 %. : -
Low pressure part of
the Gas Circulation System Length~70 m
—— Il

Distribution racks
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@) Gas system: design requirements

NS

Gas systems (as detectors) are subject to severe requirements on material & gas for safe
detector operation:
= Mainly (or exclusively) stainless steel pipe and components
= Need to validate most of the gas system components
= Documentation for QA and operation/maintenance follow up
= Monitoring of gas system operation
= Monitor of supply gases and mixture composition
= Evaluation of operational cost
= Flexible design to accommodate detector requirements/upgrades
= Careful evaluation of
= resources for operation
= resources for maintenance activity
= Stability required
= Balance requirements vs safety (as much as possible)
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@) Gas system construction: modularity

N2

= Gas systems are made of several modules (building blocks): mixer, pre-distribution,
distribution, circulation pump, purifier, humidifier, membrane, liquefier, gas analysis,
etc.

= Functional modules are equal between different gas systems, but they can be configured

to satisfy the specific needs of all particle detector.

= Implementation: control rack and crates (flexible during installation phase and max modularity for
large systems)

Control rack

Control crate
(PLCs)

Modules crates
Profibus connection to
control crate
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@) Gas supply monitoring system

N2

= Monitoring for : =) ) ey
= Ensuring reliability: make sure standby battery is availability -
= Gas flow for each gas supply
= Gas quality (via analysis devices) before in service operation

= Qperational Warnings and Alarms:

® ©

1,
ﬁﬁ ;

= Implemented in collaboration with EN-EA

@--
@D
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‘i@ Mixer module

N2

= Standard Mixer module can have up to 4 input lines (gas and
liquid).

» Primary task: provide the sub-detector with a suitable gas mixture
during run.

= Different needs for filling or purging (i.e. high flow or different

mixture)
=  Mixture injection requlated according to detector need:

= Correction for atmospheric

[41012]
pressure change
. . 22 23

= Mixture replacement in the B XS

detector T

] o 24 25 @ T

= Recuperation efficiency or A B | Lo

Ieak rate YV 1006 PCV 100 * * @

- . 26 -

= Warning/Alarms available: 2 |

= Gas supply pressures S—Gpk
= Flow not stable/reliable . e
] . - 3@ 2 6

Flo_w regulation (Mixing entoi S 2 o

ratl O) PCV Ixﬂ: YV 1Ix05 XMFC 1x06

X = number of gases +1
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CERN -
D) Gas analysis module
N2
_ basically everywhere
= Used to analyze the gas mixture
= Two types: gas source selected by means of standard valves or special n-way valves.
= Several sample chains may be organized in several physical location.
= Each sample chain completely independent
= The module operated in automatic mode vl
'—I_Q—Q— YV 9i09/2
. 0
= Alarm and data exchange with detector j " 31
—X ., [45] | erns R
= (% Pump Pi22 —x;
DCS ol ol D QO [eon |
H_& co, I/I
= Used for safety (flammability level) il s
YV 0i02/0 []a]
= Gas chromatographs connected for . . -
~L£: - XANA9iI17 XANA 9118 XANA 919 ”.71
more specific analysis ] [t i)
L f A of |
HO 3 ?l-> Exh.
1 l I/I isneml_: l l \Ill‘iéhjz5
ZSH 9117 ZSH 9i 1s [46] ZSH 9i19
[14a] [15a] [16a]
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@) Gas analysis module

= Fully automated O, + H,O analysis module

= Gas chromatographs are used to monitor:
= Stability of mixture composition

= Presence of more complex impurities

SFg in RPC system

¢
Yinant 43 i;m;!“i“i'l';'H

IHIIIIIIIHII'IIH lIIIUHIlIlHIIIII

I . A Beatrice Mandelli
02/07/11 01/01/12 01/07/12
time
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Gas analysis module

Monitoring system based on detector performances
Example of Single Wire chambers application for the
CMS-CSC example
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?E/RW Purifier module

NS

= One of the most complex modules

= Used to remove O,, H,0 and more from mixture

= Fully automated cycle

= 2x 241 columns filled

with suited absorber:

= Molecular sieves
= Metallic catalysts

o others
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) Purifier module

= Aot of experience and developments:
= Example: cleaning agents absorb not only
impurities = mixture was destabilized at
the beginning of each cycle
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‘i@ Distribution module

N2

Mixture distribution modules equipped with:
= Supply and return flow read-out system developed in

the team
= Pressure/Flow regulation system

At channel/chamber level

Distrib

)
Sta
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Reliability over the past years

= Results from analysis of the interventions performed during 2010-2015

100.000%

99.990%

gas system efficiency cycle (%)

99.980%

99.970%

99.960% -

99.950% -:I

99.940% - r r T T T
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ALICE

ATLAS

CMS

LHCh

CLOUD

m 2010
m2011
m2012

. On average less than 1h/year/system of downtime
(power-cuts and outside events excluded)

24/24h on-call service provided

Intervention triggered by:

Routine check,
18%

Call from
experiment, 43%

SMS, 39%

Intervention are

= Equally distributed between experiments
= Decreasing with time ©
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@) Reliability over the past years

N2

Sources of down-time, analysis:

Issues with gas system modules account
only for a small fraction of the total
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&N The ALICE-TPC gas system: overview

N2

Overview of the modules from the Gas Controls Software interface:

Functional modules of the TPC gas systems

£ unicosHMI_L: LHLGCS _Alice
- = . Tronior
& =: ALITRCIALITRC_GasSystemCverview xml 2 @
| &ﬂ|°‘\|ﬂ| ‘E@dmle | 10:03:46 AM 11752016

L
“ |1 IL |ZD1E 11.07 18:21:03.530 ALITOF _¥h_CiPrAlas ‘PTSD‘M - Circulation pressure ali|Warmr\g |TRLIE 0 Unack.
|

TPC modules 10:03:47

Gas system W FPurifier 1 W Analysis 2

Current gas loss c
L

W CO2 Absorber

M Calumn A state

M Column B state

M Exhaust
Output flow

AR
Buffer pressure

MW Analysis 1

Alice Gas_Syst_St | Electric_St RanERo Sekat|

L
Gas_loss IntegratedVal T |
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&N The ALICE-TPC gas system: Distribution

N2

Gas distribution is very simple: only one large volume (90 m?3)

M
o

W s

3 unicosl HMI_1: LHCGCS_Alice

Eluf o[- [k/nle

‘TRUE

ALICE_v7.9.4
«[v:

TPC Distribution Rack 61 {No label}

‘2015 .07 18:21:03 530 ‘ALITOF_XI’\_C\PI’A\AA ‘PTSD‘H - Circulation pressure alz|Aarming

| i i.| | Pl [P T RN “..nh. L A "
! i AR 1AM 1 4 i R ™ L 1 e Y . -
:‘II‘IHI‘IH""H"IH"H‘IHI‘H”I‘II‘I‘I‘I“I‘ll‘l‘ll‘l‘ll‘l‘II"l‘ll‘I‘II‘l‘II"””“”"””“”"IHl‘II‘I
1.Aug 2016 1.Sep 2016 1.0ct 2ME 1Moy 2016

2016 2:14:04 P 804
Input flove im3h) 12.00

. Detector overpressure imbar) o
Purge line

TPC CTL tray BU_tray Remsiningtime [ Devics | Geect
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@) The ALICE-TPC gas system: Analysis

N2

Dedicated gas analysis: no interconnections with other gas systems

unicosHMI_1: LHCGCS_alice

= |52 ALITPCIALITPC_AnatysisChain smi )| - . @

@g ALICE_v7.9.4 i ‘ E 8 ‘ o5 ‘E@ m|e ‘ ‘ 10:06:06 M 11/82016
<« ;‘lL ‘zms 1071821:03530  |ALITOF_ih_CPraas
TPC Analysis Chain 1

141: High pressure tank

R

142; After purifier

R

143: Mixer output

R —— :

134: After CO2 absorber

R e

PTS011 - Circulation pressure a\s‘wammg ‘TRUE 0 Unack

145: NeiCO?2 calibration
[

146: Mixer Analysis
R e

147: H20 calibration
RSN

148: CO2 purge
—[:I]— x

Chemical analysis P

Detector based analysis

I L —— =]

| | ] |
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%E/RW Conclusions
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= 30 gas systems (about 300 racks) delivering the required mixture to the particle detectors
of all LHC experiments.

= Designed and built according to functional modules:
= Simplified maintenance and operation activities for the team
= Fully automated systems with remote control/monitoring
= few examples have been briefly presented

= Gas systems have demonstrated an impressive relaiability level:
= On average about 1 h downtime/year (excluded external causes, i.e. power-cuts, ...)

= Maintenance and consolidation are fundamental to ensure reliability at long term
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