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The SPES RIB Safety System:
main guidelines

Juan Esposito, LNL
On behalf of SPES safety WP
SPES TAC1 meeting, LNL, January 2014
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Outline

1. How to analyze and work out the SPES safety issues

What we do and how in order to meet the required safety criteria for SPES
facility

2. Tools used to set up and manage the SPES safety

How to classify the consequences of an accident, to rank a risk, to decide
when to take action to reduce it and how to perform interventions.

3. Sharing of experience in managing safety issues of still
running RIB facilities

* Is a crucial issue for the best operation of facilities like SPES.
Comments/opinions are welcome
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The safety framework

Phase O
Cyc & ISOL
Facility

Phase Y O
Applications
Facility

Phase 3
Beam Selection &
Post Acceleration

-~ — 50x50m?

SPES facility will be characterized by~differer
installed equipment, each one cau5| 3 potential
critical events. '

< 25 x 50 m?

operators, population, and the surrounding environm

-Demand Simp Rep:ESP(+)

For the INFN SPES project, is going to be realizec
a) Quality and Safety Management System (QSMS)
b) Radiation Safety System (RSS)

Style
On

Level -1
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“The QSMS for SPES

Goal: setup and implement a Quality and Safety Management System

(QSMS).

QSMS is a managing tool to achieve an high quality and safety standard for
SPES, by drafting all the following phases of the SPES lifecycle:

Every stage analyzed to o
focus activities/operations :

that should be controlled to
guarantee the required

Design
Construction
Operation

Maintenance

Quality

Acquisition

and
Pragrarmrming

Dismantling

for safe operation of SPES facility

The QSMS is implemented according to:

- Italian safety laws and regulations

- International technical standards

- Mandatory prescriptions that the project must comply

Main Reference international Standards
1ISO 9001:2008 for all Quality aspects
OHSAS 18001:2007 for Safety issues
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"The SPES QSMS main docs

Documents of the QSMS are hierarchically organized according to a pyramidal scheme,

collected and catalogued according to specific storage rules for quick retrieval

Descriptive part
of the QSMS
general features,
main purposes
and organization
modalities

WV ERTEIS

Exploitation part
Collection of
technical notes,
operational
procedures and
maintenance
protocols to be
used.

Demonstrative part
Documents containing
the established
procedure for risk
identification and
ranking for any single
schedule activity

Procedures

Operative Instructions

Forms, Registrations

Probative part
Maintenance reports,
intervention
descriptions,
inspections and
operations logging to
be recorded at the
end of each activity.

Such a problem solving approach is mandatory as regards the implementation of the

Risk Analysis for critical components of the SPES facility

The SPES RIB Safety System
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SPES facility Satety Analysis guidelines

* Main goal: detailed identification of all hazards and related risks
assessment due to the SPES facility operation (i.e. all experimental
apparatuses yielding (prompt & delayed) radiation hazards)

Helping you conduct a Risk Assessment

Methods adopted:
1. For a general analysis of the system components
the following standards is being used: Quality Assurance —
1SO 12100/2010: Maintenance Personnel e @ Viachine Operators

Safety of machinery — General principles for design — Risk

assessment and risk reduction

Safety Manager Production Workers

ISO 14121:2/2007

Safety of machinery — Risk assessment. Part 2 Practical

Material Handlers

guidance and examples of methods Foremen

Technical Specialists

The SPES RIB Safety System

2. For detailed risk analysis of some critical components, i.e. mainly related to
radioactive species production, distribution and accumulation, the following failure
analysis techniques are instead used:

FMEA - FMECA
HAZOP



SPES QSMS documents already
z/ijvailable for the Safety Analyses
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Laboratar Hazionall di Legnara

SISTEMA DI GESTIONE PER LA QUALITA' E SICUREZZA DI SPES

Risk Analyses for the SPES project

Codice § s . ) Rev. 02
doe. | POC_00000002 Analisi dei rischi del progetto SPES iz, |18
= SPES
SR
Contenuto Documento exotic beams for science
Documento che descrive il progetto SPES e contiene gli elementi di riferimento (dati. caleoli...)
utilizzati per la valutazione dei rischi del progetto SPES [ GESTIONE PER LA QUALITA’ E SICUREZZA DI SPES
Rev. oo

PRG_00000002 | Metodologia per la valutazione dei rischi

Procedure for risk identificatio Pag | 1di13

and ranking for the SPES project

Contenuto Documento

5.3 P, EL RISCHIO IN FASE PROGETTUALE

Per la stima del rischio in fase progettuale viene utilizzato il seguente metodo di valutazione basato

sulla combinazione data da probabilita di accadimento del danno e gravita del danno. La

metodologia adottata fa riferimento alla metodologia indicata dalle norme ISO 12100:2010 ¢ ISO  Determination Of R|5k |eve| at
14121-2:2007 relative alla valutazione dei rischi per le macchine ¢ viene applicata in maniera design Ievel following the

estensiva anche a apparati sperimentali e impianti che non rientrano nel campo di applicazione della

direttiva 2006/42/CE (direttiva macchine). proce d urerepo rte d in th e

Definiti S la gravita del danno, P la probabilita che ’evento pericoloso si verifichi, F la frequenza related dOCU ments a | ready
di esposizione al pericolo, E la possibilita di evitare o limitare il danno (evitabilita), il rischio R available for the QSMS

viene gquantificato mediante la formula:

i

lizzata per la valutazione dei rischi del progetto SPES

. . Severity level Occurrence Probability (P)
‘|R=(P+F+E)><S=C><S|J| (s) 3la|5|6|7]|8|9|10[11|12|13|14 15
1 111213
dove C & la probabilita che il danno si verifichi.
2 16(18]20
3 151821
a
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“The RAD database:
detailed analyses of SPES ISOL Front End

The RAD user interface Bwere N ==

' 5% UNIVERSITA
ﬁ.;.

(DEIM Dept. -Palermo University) ;e s

Benvenuto/a
An example of database data in
entry using the FMECA analysis RAD 4.3
3 pproach (Risk Analysis Database)
Goal: determination Of the RPN Che attivita vuoi intraprendere?
(Risk Priority Numbers) s S8

Criticality Anzlysis Effacts Ansalysis

EMaschera FMECA | Maschera FMEA ‘

m Severity (S) | Report FMECA | Report FMEA ‘
DataCleaner | Data Cleaner |

m Severity X Occurrence (S X O) EMECA EMEA
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— Criticality

€ chiudiRAD ‘

m Severity X Occurrence X Detection
(SXOXD)=RPN

ElMostra Info
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=The RAD database: \
data entry user interface

B
| Home | Crea Dati esterni Strumenti database &
MP . 4 Taglia T 4| crescente ¥z selezione = ||:. = Nuove X Totat 'ﬁ al, Sostituisci - = iz =
S =i 53 copia %) Decrescente T Avanzate = e =5 Salva W Controllo ortografia = Vaia~ G C § |2EiE | m =
Visualizza Incolls Filtro Aggiorna =, Trova | p
i Y copiatormato A~ Rimuovl ordinamenta NP Attiva/disattiva filtro | tutte ~ 9% Elimina = B altro lg seleziona~ | A = HH

Visualizzaziond| Appunti T Ordina e filtra i Record | Trava

o 5] FMECA -VacuumPLC
G4 imn - ] INSERIMENTO DATI ANALISI FMECA

N°Scheda| ST _VS100- 18 | |

—_— = — = S5 LNIVERSITA
- 1 i y DI{»“\JlII\I
= | e | =8 " a4 | Record n®| 36 di 36 H H 4 | 3 e DEPRLERY

Sistema | Front End - Vacuum System sist. Code [ST_VS ‘000

?I Tl Vai alla Z
Maschera FMEQB.

ISistema di produzione del vuoto dell'apparato Front End offline. E
[ 9
S (%)
| ) Menis Principale | >
Components | Alimentatore Omrom, modello S8VS-12024BP ; mfnc;\;::ma | Sehiama dimpianto i e u;
Descrizions | Alimentatore del monitor HMI (24V; 120W) )
E Fase operativa | PROVa Maodi di Guasto | Non entra in funzione = CO m p I I atlon FO rm LI(-E
| about the component n
T —_— technical informations a
E. | Ins, Eff. Locali Sev o
T s e Assignments of the &
severity[3 related data for o
Tasso di Guasto >FM ECA analySIS q)
| [eventify] c
sservazioni . . . .

; e Failure rate Occurrence Final Determination of -

the component Risk

el tekiod o level (RPN)
[¥] scheda Modificabile ‘ l 5] | ! > | | (7] |
Visualizzazione Maschera | sLochuM |[E| %
UNIVERSITA  DEIM - Dipartimento diEnergia, ingegneria delihformazione, e Ing. Pietro Buffa — pietro.buff
o DEGLLSTULI modelliM atematici

DI PALERMO
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FMECA Analysis of the SPES ISOL target unit

SPES
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target block

surface ion source

t chamber
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FMECA analysis of ISOL target

ST_CROOOA

N,
N
R

ST_CROODA

.

ST_CR100A

4

ST_TB100A ST_TB300A

ST_CR200A

ST_CR300A

ST_TB000A

ST_TBOOOA

ST_CR400A

Ik

ik

ST_CR500A ST_TBI00A

ST_TB200A

ST_TB300A ST_TB200A

All ISOL Target components have been
analyzed in details, taking into account
Sub-assemblies.

Each one having its proper
identification code

ST_CR400A |
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Main results from FMECA analysis

Front End system

a)  External leakage failure of any of the vacumm lines’ components (i.e. valves, vacuum gauges)
due microcraks, or poor seal at the flange connections, would results critical. Impossible to
continue operations, even using the redundant line, since the fault would quickly involve the
entire system.

Action to be performed: An isolation valve added on both lines would remove the problem

b)  Spurious closure failure : malfunctioning of the valves’ pneumatic actuator, or actuator
spurious electrical signal, during BEAM-OFF stages. In such a case the master PLC would force
the vacuum system to an undue switching-off. The starting of the safety protocol would,
indeed, override the target heating system as well as the HVPS.

Action to be performed: Modlification of the control system logic on the scheduled operations in
order to preserve the vacuum level instead, during the transient shutdown.

* ISOL Target

Electrical, water-cooled, clamping System, heating the SPES production target and the ion
extraction source: a loss of coolant accident in a closed system would be extremely critical. Possible
thermolysis of water, and following graphite oxidation of the target block. Hydrogen productionin a
closed high temperature environment possible.

Action to be performed: such a component should pass scheduled high pressure test first, before
being used
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~Other SPES Critical systems undér™"
investigation

* Ventilation system
The ventilation system is to be considered a key safety element, due to the presence of airborne
contamination. The amount of radioactive releases is moreover heavily dependent on the
system design.

* Access System

The system must ensure that they staff and users people are trained, qualified and authorized
to access to the areas.

* Handling system
Highly Radioactive and contaminant components (e.g. target) severely limit or prevent
maintenance activities and the possibility to learn from failures

* Vacuum system
The vacuum system is permanently contaminated by mobile radioactivity. Venting and pumping
produces volumes of radioactive gas and aerosols. Within the system, radioactive ion implants
are produced in the form of open radioactive sources of not negligible activity which is a safety
risk.
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° Radioactive waste
SPES targets have a short lifetime. The ensuing amount of highly radioactive and potentially
contaminant waste yearly produced calls for a careful planning and relevant budget allocations
to be evacuated towards the nuclear waste repositories.
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The [SOL target cooling system

Water tank ~ Waterinlet A Closed cooling circuit
Double (200 liters) line
Puping sy_stem Demineralizer Jagéi « Demineralized water
[
' - i
fliﬂi OF%JOF&E = ;[ (0'5 us/cm)
¥ .o i |
g :
i FI A | ‘ =  Oversized circuit designed for 15 kW
AL heat power removal
Heat 1 i (double than required)

Exchanger

* Heat power exchanged with the
general cooling system of the SPES
building

* Redundant pumping systems to avoid

Redudant lin any pumps failure during operations

Tl e

Target Station

* 3H production level expected under
each SPES two-week run. Assessment
of operation time allowed before
contaminated water should be
replaced
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The ISOL target venting system

High turbulence venting systems : , | Additional venting line under

Air conditioning . . o . . .
To dilute radioactivity respecting examination to improve the Safety

o the italian regulation (1 Bq/g) AR in case of target accident  Canister Iadging
Air inlet ; : . BSoInE
. L | N i N <] aseresor absolute
o8 g HDII > - - 2 -I- and active carbon filte
I 2 | CIMINIERA :
UTA D1 E DieAE —
Sl LA AL gty B [0 Translo %I-.%'-//-//-.Z'-//-x/-./-/‘A/-.'.' TaneTs /-I-..-//-x/-/'-//-x/-/'-//i [z
i v ya i Z /7 1o I 7
e i |~ 7 locale flltro o |s / 5 nd locale bersagllo 2t
OLeE eatt B : 7/l livello di contenimento C1 7 . livello di contenimento G2 7
presaone ambisrs % o -40Pa ey == % -80Pa 7
. o 4 @ ‘1z v (h6) f
/2 Norma 7 7 -40 Pa il AN -80 Pa 7
wsm| pressyre Z pressure o] (7 Ao pressure &
R R, /‘7'/7‘7/ A : e e T A L L L L A

Target room air conditioniny redundand system

* Double room under increasing under
pressure to get contaiment of possible
radioactive release from target sytem and
air activation durin facility running
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* Cyclotron room is under pressure as well

rget
ediate « Safety analyses during possible accident
sceniario are under way

inment
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The RIB’s vacuum and storage system

The EXCYT layout system at the LNS labs in Catania will will be our reference,
although revised because of higher radioactivity production. Some consideration are
under examinations from the analyses of TRIUMF and ISOLDE RIB’s vs’ as well

e All the storage system under
environment pressure

Closed Box
hO% CONTENTORE. - e Outlet of baking and roughing
CAVERA ALTA AITIVITZ FNA "Wl' pump both in the target area and
ot S To Chimney 44 \ynstream are stored in decay
High radioactivity | | 1 —Q—-‘—CAMINU - . ;
TErngvaLvILe V1L —————f e Emem———— tanks before being delivered into the
room Vo e e 1 . .
TRID FONPA | . r 7,: nuclear ventilation system
o - VALVOLA KANUALE ¥ val 1 '
- sp2 I o Allthe outlet of primary pumps
Storage tanks '? £ 1 M 1 M .
GRuPPa FOYPE PRSI 1 I collected and let decay in filters ambient

| |
dnb POPA PRIMRIA | e &::::::{::::ﬁ pressure'
|

g Low radloact|V|t/| 1 |cowowmo | c2 .

R bie 2000 me * When the filter pressure reaches 0.8 bar,

“ p= tarn the gas is transferred to one of the two
storage tanks (0.625 m?3 respectively).

II CAMRA 3ASSA ATTIVITA’ vee
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...... }.- ke veedy ol
mmmuwrs rion |6 M i T————- 4« When one tank s full, the new produced
" | gas is transferred to the second tank while

filters li m'“"““'%_ Rk the gas in the fist tank is stored for a few
E.--_::::::::::::::::::::Jr‘:::::: months before being delivered, in
- - == controlled way, into the nuclear ventilation
system

* The gas delivery into nuclear ventilation
system is performed every ~ 3 months
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‘The Cyclotron Radiation Safety System

* Being the first part of SPES facility to be installed inside the building the
Radiation Safety System (RSS) to get safe operation for the cyclotron
commissioning will be necessary and ready

45° Beamline & Pumpin_s Station Combination Magnet 30° Beamline

Dlegronss /S‘W*‘"E”a@" SSR will be made up by three elements:
srammesaen ® Access Control System (ACS) for
gates, doors, rounds, emergency
buttons and for the enable control
signal to the primary proton driver

45° Switching
Magnet

/

Doublet
Combination Magnet

/
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e Doublet Steering Magnet
\x Diagnostics Box 30° Switching Magnet . .
- P liaghog i e Personnel Monitoring System (PMS),
i P AR to enable/disable personnel access
o 8 PN to different areas;
44— Wobbling Magnet
i e Radiation Control System (RCS), to
e e control radiation monitors and
| 'A/ TARGET ROOM
S : related data.
L--' "‘--‘I/Diagnostics Box
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Conclusions

The SPES QSMS and RSS is under way, mainly for the most critical
parts, basically:

the ISOL target system,

the target cooling system

the target room ventilation system

the RIB’s vacuum and storage system

Contacts with italian companies for a full design of SPES safety
system (SOGIN, NUCLECO, ENEL, ..)

Support as well as indipendet examinations of the Safety of SPES
project will therefore performed.
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Radioprotection group

* Demetre Zafiropouls

* Juan Esposito

Lucia Sarchiapone

Daniela Benini
External Collaborations: (Nucl. Eng. Group Palermo University)

Pietro Buffa
Mariaosa Giardina

Francesco Castiglia
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~“Flow chart of the safety analyses approach

and related Risk Matrix adopted

Review on SPES RIB’s
systems and operation

Severity level Occurrence Probability (P) IMPACT

(S) 3|14|5|6|7|8|9(10|11(12|13|14|15 No Risk
Minor Risk

Postulate possible accident 1 314|516|7|8]9]10(11|12({13(14]15

scenarios. Identification of

credible hazards 2 6810|112 (14|16|18(20]22|24(26]28]|30

3 9 112115(18(21|24127]|30|33 (36

Hazard events analyses
(as detailed as necessary)

24128(32(36

Each risk is to be evaluated according to
Determine consequences the above Risk matrix.

Estimate probabilities
Numbers are related to the overall risk
estimation, based on the framework of
the Occurrence Probability and Severity
Levels considered in the procedure
reported in the SPES QSMS safety docs.

Establish proper controls or

Assessement of related risk S )
modifications at design level

The SPES RIB Safety ¢

Risk acceptable?

An agreed uniform terminology in
technical discussions is therefore

No further mitigation required provided.
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“The RAD database:
different user option to get FMECA results data

4 T tsavesn S
tgiis - Scelta Opzioni Report - FMECA
=R " L=l ||
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’ : El . Q == Mo m e
@ 00— CE% CE0S c 338 2 3
Stampa | Dimensiont Margini [1] solo dati Verticale |Orizzontale| Colonne lmpusra Zoom | Una | Due  Altre Excel Filedi PDF  Posta  Altro | Chiudianteprima
I il [Pagina pagine pagine~ testo o XPS elettronica b di stampa
Componente TestadimisuraHV.2 Stampa Dimension: pagina La,numpagm Zoom Dati Chiudi snteprims
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_(Cosa vuoi generare? {Controlli non attivati: Genera selo Report)
i ] UNTYIRSITA
Modo di Guasto | Genera Report e Listato Genera solo Listato e LT LISTATO RECORD ANALISI FMECA
Genera Report e Grafica RPN [ Genera solo Grafico RPN
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“Front-End vacumm system FMECA ™"
Analysis:RIB line (downstream the ISOL target)

VO-RIE
Camera del Conole Radicaltive
/—\“ﬂﬂﬂmelm
- 1 e
R & AW T o HY.2.B1 FY.2 B2 he =
HY.LAT FY.LAZ = . 5 Q
sl F .l A
" @ 1p2 e
= PS = >
WA w
Regolalor ; y Hegolotore - >
egolalore : 5 . ;H
di tlusso |7 nﬁ) ve1 Y LA di flusso A0 G VB2 v
L L} y—
©
] (Vp)
L 7 (a)]
Fillrp dik A1 Y5y "-){' Filtro di ”‘*-} Yeo E
rigniro |7 A o rientre
iy T A L
- FV 3482 o
et j] RP2 n
1
; . (b}
<
Fillra di 5 Fillra &i
starics Filr 8 >
L—Redundant system T .
The main system

Main components of the RIB (Radioactive lon Beam) vacuum system
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“Front-End vacumm system FMECA ARATeTe™
PPB line (upstream the RIB target)

VO-PPE

Mangmetro
IX]:L Camera del Canale Protonice J T)
» X
VRS X

TR3 @ Fv.4.B2 H¥.4.B1 ps2
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Main components of the PPB (Primary Proton Beam) line:




&,
IN'N

Istituto Nazionale
di Flden Nuclaars

Labaratad Mazionall di Lognars.

SPES

exotic beams for science

scheme
of the SPES front end

subassemblies

sublevel 0

sublevel 1

ST_FE100

sublevel 2

ST _FE110

ST_FE200

I |

ST_FE120

ST_FE210
ST _FE220
ST _FE230

ST_FE240

:

ST_FE300

ST_FE250

ST_FE310
ST_FE320
ST _FE330

3

FE340

All Front End system components have been

analyzed in details, taking into account two-level

Sub-assemblies.

Each one having its proper identification code
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