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Introduction Introduction 

Radiation monitoringRadiation monitoring

The operation of accelerators involves beam losses, The operation of accelerators involves beam losses, 

this more than ever as machines operate at higher intensity.this more than ever as machines operate at higher intensity.

CERNCERN hashas thethe legallegal obligationobligation toto protectprotect thethe publicpublic andand thethe peoplepeople
workingworking onon sitesite fromfrom anyany unjustifiedunjustified exposureexposure toto ionisingionising radiationradiation !!

The Safety Commission uses a radiation monitoring system to assess andThe Safety Commission uses a radiation monitoring system to assess and

workingworking onon sitesite fromfrom anyany unjustifiedunjustified exposureexposure toto ionisingionising radiationradiation !!

The Safety Commission uses a radiation monitoring system to assess and The Safety Commission uses a radiation monitoring system to assess and 
to limit radiation risks as well as to control the release of radioactivity.to limit radiation risks as well as to control the release of radioactivity.
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Content of the presentation Content of the presentation 

The ARCON RAMSES BridgeThe ARCON RAMSES Bridge

ARCON overviewARCON overview
ARCON issuesARCON issues
ARCON risk analysisARCON risk analysisyy
RAMSES overviewRAMSES overview
The bridgeThe bridgeThe bridgeThe bridge
Resources for the bridge Resources for the bridge 
ConclusionConclusionConclusionConclusion
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Overview Overview -- Main functionsMain functions

The ARea CONtroller ARCONThe ARea CONtroller ARCON

MonitoringMonitoring radiationradiation variablesvariables ((locallocal andand remoteremote displaydisplay))
Permanent real-time monitoring of ambient dose equivalent rates and
ambient dose equivalents in the working environment (underground
accessible areas, on the surface and in the environment)
Permanent real-time measurement of radioactivity in released gases
and fluids (radioactive nuclides)( )
Permanent measurement of induced activity during accelerators
stop/shutdown

AlarmAlarm functionsfunctions (local(local andand remote)remote)
Generate radiation alarms based on ambient dose equivalent rates
and ambient dose equivalents
Generate interlock signals

LongLong termterm permanentpermanent datadata logginglogging
Measured values with only 1 value per hour (average dose rate)
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Overview Overview -- Main featuresMain features

ARCON overviewARCON overview

Present radiation monitoring systemPresent radiation monitoring system
of the PS complex and the SPSof the PS complex and the SPS

CERN development in the 80’s for LEP
VME Bus (CPU 68040)

OS9 (Operating system)OS9 (Operating system)

MIL1553 (field bus)

Up to 64 counting inputs (current pulses)

Maximum distance 2 km ( it t t ll )Maximum distance 2 km (monitor to controller)

Up to 60 status inputs
Up to 64 status outputs

Main ARCON dates:Main ARCON dates:
- 1989: Commissioning at LEP
- 1990 to 1994: Deployment on rest of CERN
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1990 to 1994: Deployment on rest of CERN
- 1995: Diskless version – Ethernet link
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Present architecturePresent architecture

ARCON overviewARCON overview

374374 Beam interlocks

x 14x 14
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Technologies and componentsTechnologies and components

ARCON overviewARCON overview

RP monitorsRP monitors
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VME chassisVME chassis
Environmental monitorsEnvironmental monitors
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ARCON IssuesARCON Issues

Ageing system and technologically obsolete Ageing system and technologically obsolete increase of breakdownsincrease of breakdowns

Lack of spare parts (include monitors for radiation and environmental protection)
VME chassis not to CERN standard (difficult to maintain, electronic boards and
components are no longer produced ~ 20 years old)components are no longer produced, ~ 20 years old)
Microware OS9 no more supported
Supervision system: no more maintenance from HP for HP10.20 operating system
and hardware for HPSLZ18 server (not possible to migrate to a newer OS)and hardware for HPSLZ18 server (not possible to migrate to a newer OS)
MIL1553 (not fully compliant to standard, difficult to maintain, few experts)
Applications difficult to maintain, no possible evolution (rely only on 1 expert)

f (Not compliant with current standards for radiation protection instrumentation (auto
diagnostic, safety integrity level)
Loss of expertise (personnel retirements, documentation not up to date)
V i t i tVery manpower intensive system

The availability and reliability of a radiation monitoring system for the PS and The availability and reliability of a radiation monitoring system for the PS and 
SPS complexes is of prime importance for the future operation of LHCSPS complexes is of prime importance for the future operation of LHC
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Result of the analysis Result of the analysis [R1]

ARCON Risk AnalysisARCON Risk Analysis

• Definitive unavailability of the ARCON monitoring system
risk score = 20/20 as of April 2009p

• Failure of a «critical monitor»* Beams interruption
risk score = 15/20 when there are no more spare parts

F il f l t i b d f ARCON t ll• Failure of electronic boards of ARCON controllers 
risk score = 10/20 when there are no more spare parts

• Failure of an environmental monitor
risk score = 8/20 there are no more spare parts !

• Software failure
risk score = 8/20

* Monitor which breakdown involves the interruption of the circulating beams in the zone concerned

Ri k A l i f d di h h d l ib d i h E i
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Risk Analysis performed according to the methodology prescribed in the Executive
Management Directive related to the CERN Risk Management System (EDMS 832542)
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RAMSES overviewRAMSES overview

RAMSESRAMSES providesprovides CNGSCNGS andand hashas startedstarted toto provideprovide thethe LHCLHC withwith anan
integratedintegrated RARAdiationdiation MMonitoringonitoring SSystemystem forfor thethe EEnvironmentnvironment andand SSafetyafety
coveringcovering acquisition,acquisition, transmission,transmission, logginglogging andand displaydisplay forfor thethe LHCLHC inin it’sit’s
entiretyentirety (machine,(machine, experimentsexperiments andand experimentalexperimental areas)areas)..

TheThe systemsystem isis alreadyalready incorporatedincorporated intointo thethe CERNCERN ControlControl CenterCenter forfor
acceleratorsaccelerators andand willwill soonsoon bebe availableavailable withinwithin thethe experimentalexperimental controlcontrol
roomsroomsroomsrooms..

OtherOther CERNCERN machinesmachines andand experimentalexperimental areasareas werewere takentaken intointo
id tiid ti ithiithi thth t h i lt h i l ifi tiifi ti ff f tf t ddconsiderationconsideration withinwithin thethe technicaltechnical specificationspecification forfor futurefuture usageusage andand

expansionexpansion ofof thethe systemsystem.. RAMSESRAMSES waswas atat thethe beginningbeginning plannedplanned forfor allall
CERNCERN facilities,facilities, howeverhowever forfor budgetbudget reasonreason thethe implementationimplementation waswas
restrictedrestricted toto LHCLHCrestrictedrestricted toto LHCLHC..
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Main functionsMain functions

RAMSES overviewRAMSES overview

MonitoringMonitoring radiationradiation variablesvariables ((locallocal andand remoteremote displaydisplay))
Idem as the ARCON (slide 4)

AlAl f tif tiAlarmAlarm functionsfunctions (local(local andand remote)remote)
Generate radiation alarms based on ambient dose equivalent rates and
ambient dose equivalents (SIL-2 for local alarm)

(SIL 2)Generate interlock signals (SIL-2)
Generate technical alarms (failsafe system)

LongLong termterm permanentpermanent andand reliablereliable datadata logginglogginggg pp gg ggg g
Measured values (according to measuring time, 1s to 3600s, 0.1s steps)
Events (radiation alarms, interlocks, system fault alarms, technical alarms)
System configuration (historic of changes)System configuration (historic of changes)

Application of the IEC 61508 standard for the overall project managementApplication of the IEC 61508 standard for the overall project management
C li t t li bl i t ti l t d d f RP i t t tiC li t t li bl i t ti l t d d f RP i t t ti
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Compliant to applicable international standards for RP instrumentationCompliant to applicable international standards for RP instrumentation
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The ARCON RAMSES BridgeThe ARCON RAMSES Bridge

How to prevent potential stoppage of CERN accelerators including LHC How to prevent potential stoppage of CERN accelerators including LHC 
in the coming years due to ARCON unavailability?in the coming years due to ARCON unavailability?
This was the “raison d’être” of the joint working group 

SC and AB formed in mid 2007

Ideal solution Ideal solution Replace the ARCON by RAMSES Replace the ARCON by RAMSES RAMSES II projectRAMSES II project
But not possible due to 4But not possible due to 4 -- 5 years for implementation5 years for implementation

AsAs itit isis URGENTURGENT toto taketake actionaction anan intermediateintermediate solutionsolution hashas beenbeen

But not possible due to 4 But not possible due to 4 5 years for implementation 5 years for implementation 

AsAs itit isis URGENTURGENT toto taketake actionaction anan intermediateintermediate solutionsolution hashas beenbeen
workedworked out,out, thethe bridge,bridge, consistingconsisting inin 33 subprojectssubprojects (SP)(SP) ::

•• ImprovingImproving thethe availabilityavailability ofof sparespare partsparts (SP(SP--11))

•• MigratingMigrating ARCONARCON supervisorysupervisory systemsystem toto RAMSESRAMSES (SP(SP--22))

•• ExtendingExtending thethe RAMSESRAMSES toto replacereplace criticalcritical monitorsmonitors (SP(SP--33))
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SPSP--1: Improving the availability of spare parts1: Improving the availability of spare parts

The BridgeThe Bridge

Beam interlocks

Oracle
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SPSP--2: ARCON 2: ARCON –– RAMSES interfaceRAMSES interface

The BridgeThe Bridge

Beam interlocks
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SPSP--3: Limited RAMSES deployment3: Limited RAMSES deployment

The BridgeThe Bridge
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In the meantime, before the installation of the RAMSES monitors, RP will set up compensatory measures to ensure the safety
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Implementation planning SPImplementation planning SP--11

The BridgeThe Bridge
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Implementation planning SPImplementation planning SP--22

The BridgeThe Bridge
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Implementation planning SPImplementation planning SP--33

The BridgeThe Bridge
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Estimated ResourcesEstimated Resources

The BridgeThe Bridge

• Materiel : 2.35 MCHF (2008-2010)ate e 35 C ( 008 0 0)

- Monitors procurement (SP-1 and SP-3)

S ft d l t- Software development (SP-2)

• Manpower*: 1 4 MCHF (~3 persons years 2½ years)• Manpower*: 1.4 MCHF (~3 persons.years 2½ years)

Total cost : 3.75 MCHFTotal cost : 3.75 MCHF

* Qualified and experienced personnel
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ConclusionConclusion

The ARCON to RAMSES BridgeThe ARCON to RAMSES Bridge

Intermediate solution that allows:
ARCON to continue the radiation monitoring of CERN’s accelerators and

experimental areas,
To conceive an advanced monitoring system (within the RAMSES

framework) and to install it.
The bridge will increase the ARCON reliability and reduce its MTTR (Mean Time To
R i )Repair),
The bridge will have paved the way, preparing for the transfer towards RAMSES
(RAMSES II project),
~ 1 MCHF of the bridge cost is recoverable for the RAMSES II project (both hardware~ 1 MCHF of the bridge cost is recoverable for the RAMSES II project (both hardware
and software).

Urgent actions must be taken using the existing RAMSES contract whichUrgent actions must be taken using the existing RAMSES contract, which
include;

Organisation of contractual and financial aspects within CERN.
Organisation with contractors and 3rd parties for the supply of monitors
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The ARCON to RAMSES BridgeThe ARCON to RAMSES Bridgegg

“ Ce Bridge constitue la première phase d’un programme de remplacement complet du“ Ce Bridge constitue la première phase d’un programme de remplacement complet du Ce Bridge constitue la première phase d un programme de remplacement complet du  Ce Bridge constitue la première phase d un programme de remplacement complet du 
système de surveillance radiologique du complexe PS et du SPS, Projet RAMSES II ”système de surveillance radiologique du complexe PS et du SPS, Projet RAMSES II ”
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