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Introduction

CERN'’s Technical Infrastructure is a large and complex system of systems

Provides essential services for the reliable operation of accelerators and experiments

Made of critical systems

Access infrastructure & system, cooling and ventilation, electrical network, IT services
> Failures impacts directly on accelerators performance

Complex
> Intricated systems functional dependencies
> Evolving (physical and functional modification and consolidation) modifying system interdependencies

Ageing and budget constrained maintenance and consolidation program

Requires adequate monitoring, analysis and follow-up to

. Assess systems and equipment requiring maintenance & consolidation

. Anticipate and coordinate major events to minimize and mitigate impact




Major events — Where are they
followed up? What is the TIOC?

Systematic root cause analysis to identify causal relationships involved in the failure

Formal failure reporting, analysis, and corrective action system

Monitor, record, analyses events related
to the infrastructure systems serving the
Equipment accelerator complex, the experiments
and the computer center

Recommend consolidations paths which

Machine B perments would correct situations originating from
SR RS the reduced maintenance, non-
conformities or weaknesses of the
technical infrastructure

Coordinate large and complex technical
interventions and incidents
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Overview of the systems performances during run 2
General availability and reliability
Individual systems most significant failures, faults and improvements




Overall performances assessment 1/2

. Over the past few years, the LHC accelerator downtime due to the Technical
Infrastructure equipment faults has been reduced

- TIOC has been instrumental in the availability improvement
Guiding the analysis of the data acquired during occurred major events
. Assessing, coordinating and monitoring the interventions undertaken to minimize the impact
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Overall performances assessment 2/2
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Electrical network availability

o5 016 017 018 Run2

# of faults 25 60 (59) 17 148 (147)
downtime 103 h 265(103) h 44 h 41 h 451 (289) h

availability ~ 99.51% 97.69 (99.3)% 99.54% 99.80% 99.2 (99.6) %
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Cooling and ventilation

Cooling plants (raw, demin. water, C;Fg, CsF1,)
Pipelines

Hydrants

Cooling towers (450 MW)

Chilled water plants 6-12 °C (73 MW)

Water consumption (peak)

Water network (3 pumping stations)

150

800 km
800 points
27

35

1’260 m3/h

5400 m3/h
I gl



Cooling and ventilation availability

015 2016 2017 2018  |Run2 |
#of faults 15 _
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Lifts performance

- LHC lifts replacement project launched in 2014 with
the reliability goal of 15’000 trips between failures

- History of breakdowns

. Misuse
- Ageing
« New lifts

Teething problems
«  Training of technicians

Total Downtime Hours per Year

2552

11 N ]
e
- The LHC lifts are not redundant except in Pt4 and Pt6
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Most significant faillures and faults

2016: | 66/18 kV transformer fault Pt 8 (weasel) [6 d] & Flooding Pt3 [3 d]
2017: | Multiple failures on HTA transformers [3 d] & Power outage due to PSEN interv. [1 d]
2018: | Worst than usual weather conditions — 90 days of thunderstorm/98 % of summer

days with thunderstorms - 400 kV power cut, glitches and floodings

Electrical glitches:
2016: 31 events
2017: 19 events
2018: 23 events
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Analysis of major events and comparisons to previous years
Root causes & Impact on operation
Repairs, consolidation and long term outcome




66/18 kV transformer fault in LHC8 (weasel)
April 2016
Electrical network downtime: 147 hours

Multiple failures on HTA transformers supplying
machine-related loads (GEAFOL)

February 2017, August 2017, April 2018
Cumulated electrical network downtime: 55 hours

400/66 kV transformer fault (thunderstorm)
December 2018
Electrical network downtime: 3 hours



EL major consolidation during LS2

Prévessin/SPS
Upgrade of 400 kV protection system
(BE1)
Consolidation of Prévessin’s 400 kV
substation (BE)

Consolidation of SPS high voltage
network (general services and
machine), UPS and 48 V DC systems

Meyrin
Consolidation of main general services
substation (ME9)

Consolidation of auto-transfer system

LHC
Replacement of UPS batteries in LHC



EL major consolidation during run 2

Prévessin/SPS
New 400/66 kV substation in Bois-Tollot
(BE?2)

New SPS high voltage electrical
substations (general services and
machine)

Consolidation of old diesel generators in
North Area (BB81)

Meyrin
New diesel generators and secured
network substation (ME91)
Consolidation of West Area substations

Consolidation of other substations (ME15 —
Building 107, ME16 — PS)

LHC
Consolidation of LHC18 electrical network
Consolidation of LHC PLC diesels
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CV. major events
AGEING:

o Water networks : Flooding, stop of circuit
o Malfunctioning relief valve and reject in UJ and lift pit

. Damage of collimators cables & lift pump and breakers (risk analysis ...)
OBSOLESCENCES:
. Raising pumps:

flooding due to obsolences, end of life for electrical cabinets

. Raw* water network: end of life for electrical cabinets

*LHC raw water circuit: supply water for cooling towers & fire hydrants network




CV main consolidation

- PScomplex:
. PSB cooling plant
. PSB Chilled water production

| Ageing water network:
| Investigation of most critical issues

. Linac 3 HVAC | for consolidation during LS2
. AD target cooling
- PS Central building cooling An adequate financing is required
- PS Main magnet cooling to implement a consolidation
. Siemens S5 control obsolescence campaign for the whole network
- North Area:
. Power & control cooling towers
. North area chilled water network
- SPS:
. BB3 primary water system

. HVAC & Piping (fire safety)
. HVAC surface buildings

- LHC



CONTROLS: Power outage due to PSEN intervention

« Intervention on the electrical distribution control system PSEN
«  Preparation for major upgrade of operating systems and SCADA SW
« Intervention announced to SUWG, OP/TI - No patrticular risk noted

«  Human error during intervention caused black out
commands sent by commissioning system connected to operational front-end

TIOC Consolidation: PSEN intervention gap analysis and procedure »

previous workflow 2

There is an existing inventory to discover

feed for i upceie affected assets?

Patch testing

‘“' How the risk has been » (No particular risk noted Have all the stakeholders been ~ s[®=

?
mewevaluated involved in the processes? ;5;

-
‘ How the testing has been conducted? ‘{

(Announcement to the stakeholders

intervention Have aII. the phases and (=
' tests being documented? =
Was the disaster recovery plan

ready to use? ‘Q’ » Any failure? ’
<« Yes Does the procedure include the \\}\
verification after the deployment?

System recovery

(System recovery ) ——®
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Outlook post LS2
« Remaining or forthcoming issues impacting performances
« Possible outlook for operational performances
« TIOC and analysis improvements




EL: Major consolidation postponed

(budget and manpower restrictions)

Prévessin/SPS

Consolidation of SPS low voltage electrical network (general services and machine)
Consolidation of electrical network in North Area

Meyrin
Main substation supplying Medical Service, HUG, Fire Brigage (ME13)
Consolidation of substations supplying PSB/ISOLDE (ME49 and ME76)
Consolidation of oil transformers (not compliant with current regulations)

LHC
Consolidation of 48 V DC systems
Consolidation of 18 kV protection relays (LHC general services loop)
Consolidation of most HTA transformers (GEAFOL that failed during run 2)

Impact: probable stop of the concerned equipment during run 3, additional corrective
maintenance, increased operation and corrective maintenance cost and downtime




CV:. Major consolidation postponed

AGEING:

Water networks : Flooding, stop of circuit
- Impact on users & budget missing (critical will be done during LS2)

OBSOLESCENCES:

Raising pumps: risk of flooding
Obsolete, end of life electrical cabinets
Budget restrictions
Raw water network: risk for safety and operation
Electrical cabinets
Partial consolidation during LS2
Possibility of intervention due to impact on users
Budget missing

Inspection & maintenance on power electrical switchboards
Postponed due to budget restrictions




Outlook and perspectives: KPIs

INFOR EAM based KPIs Ack data D. Widegreen

 Maintenance Cost / Replacement Asset Value (MC/RAV) is a KPI to analyze
maintenance costs.

* Rule of thumb number used in industry: 3-5%*

» Technical services average MC/RAV ~ 1 % well below targets and decreasing!!!

B LHC 2018 P+ run D Allocated availability from average complexity assesment AA +0B +JU+LS+BT
100%
) *) Maintenance & Reliability Best Practices, R. Gulati: 3-9%
Physical Asset Management Handbook, J. Mitchell: ~3%
o Asset Life Cycle Engineering, S. McNair: 2-4%
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Outlook and perspectives: new tools

DATA MINING AND MACHINE LEARNING TO FORECAST FUTURE AVAILABILITY

« Training neural network with past data (2013 — 2018)
* Maintenance Work Orders (Preventive and Corrective)

« Maintenance cost and planned budget (Preventive and Corrective)

« Systems downtime and availability performances
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Doesn’t take into account major incident (e.g. Weasel)
or significant increase in ageing related issues

2021 ' 2022 ' 2023
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Outlook and perspectives: run 3

Availability of Technical Infrastructure improved over run 2

Adequate maintenance program during LS1
Systematic root cause analysis and formal follow-up of corrective actions
Implementation of tools and procedures to minimise or mitigate failures

Room for availability improvement

Budget allocation for maintenance and consolidation below industrial standards

Complexity and intricated dependencies require formal and documented:
Analysis, review and follow-up of corrective and preventive intervention, modifications, upgrades
Tools to assess and predict performances and monitor non nominal operation

Risk for significant reliability issues

Ageing and obsolescence risks significantly increasing
Potential increase of single high downtime major events
Budget restrictions not allowing full deployment of preventive maintenance plans
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Outlook and perspectives: tools
ﬁ New Help alarm !

— New features in PSEN, putting electrical
— = — equipment in maintenance mode!

Using IMPACT for Notes de Coupures !

Test auto masking of alarms from Logbook!

so8

P . = o R 1300377 . 347 airh 4324 am
Alarm Details

Total count of 10 oscillating alarms / day

40

40K
30K
20K
10K I | I|
0 | smesasssnlll IIIIII- Sial
1/16 21

2/15 3n 3/16 an 416 51 5116

| * Large effort to trace and treat repeating alarms “ |

CERN o :
\:DI Ninth Evian Workshop - Technical Infrastructure Luigi Serio




EN-CV Performances

MAJOR EVENTS FOR EN-CV PERYEAR LHC Events
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Anticipated failures: ‘near misses’

17/07/18
LHC 2 cooling towers
Low level

Filters cleaned, avoided trip 30/06/18 R

LHC 4 cooling towers
Lost compressed air |
Filling valve forced open |
temporarily ! £

19/08/18

LHC 2 cooling towers
Valve broken

Actuator disconnected
Kept running in manual
regulation!




Lifts reliability and availability major events

v Implementation of new standard before legal obligation (light curtain)
« 9 failures (9 h) in 2017 on PX24 (Alice) lift

v Late resolution of non critical problem of overload system
« 6 failures (9,51 h) in 2018 on PZ85 (LHCb) lift

v Bearing fault on counterweight pulley

« 70hin 2018 on PM85 lift
default not detected during the 5’000 test trips; waiting for contractor action plan

v Default on the control system
« 7 failures (PX24, PM54, PZ85) investigation ongoing

v Accelerated wear and tear of guiding rollers on the lift cabin

« 2 breakdowns on PM54 lift in 2018 (possibly on PM85 and PZ85)

safety break triggering and trapping people inside the lift
consolidation identified and to be scheduled with users




