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1. INTRODUCTION

The ITER Neutral Beam Test Facility (NBTF) Safety System is aimed to deal with all risks for people and environment safety related to SPIDER and MITICA

operation. A coordinating system, called Central Safety System (CSS), was designed to supervise safety-relevant systems, implement protection actions on

the different plant units to guarantee the NBTF safety and provide an effective human interface of the NBTF safety.
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A prevention and protection measure is an independent

protection layer (IPL) if it has the following characteristics:

• Specificity (designed to prevent or mitigate the

consequences of a potentially hazardous event)

• Independence (of other protection layers)

• Dependability (addressing both random and systematic

failures in its design)

• Auditability (facilitate regular validation of the protective

functions)

MITICA PLANT UNIT NR. OF NODES

AGPS 8

ISEPS 3

HVD1 2

RIDPS 1

EXTERNAL VESSEL AND BIO-SHIELD 1

BEAM SOURCE 1

BEAM LINE COMPONENTS 3

COOLING PLANT 9

CRYOGENIC PLANT 4

GVS 3

SF6 GAS HANDLING & STORAGE PLANT 1

MV CABINETS 4

FIRE CIRCUIT 2

COMPRESSED AIR SYSTEM 1

AIR CONDITIONING SYSTEM 1

CRYO PUMPS 1

AGPS-CONVERSION SYSTEM 1

TOTAL 46

2. RISK ANALYSIS: HAZID METHODOLOGY

An Hazard identification (HazId) analysis was carried out with the following procedure: 

1. Nodes identification: MITICA was partitioned in 46 nodes (see Table 1);

2. HazId analysis for each node: 

 Hazard identification: using a check-list based on the standard EN ISO 12100:2010

 Identification of the causes generating each hazard,

 Identification of the consequences related to each hazard, 

 Identification of existing prevention and protection measures (in part. Protection Layers),

 Actual risk ranking for each hazard identified (referred to personnel safety and environment)

3. Definition of the list of Safety Instrumented Functions (SIFs) to be implemented by MITICA CSS.

S1: Minor health effect 

S2: Serious health effect

S3: Multiple fatalities

L1: Low likelihood

L2: Medium likelihood

L3: High likelihood

N0: 0 existing PL

N1: 1 existing PL

N2: 2 existing PL

N3: 3 existing PL

S (SEVERITY)

L 

(LIKELIHOOD)

I1, I2: LOW RISK. Acceptable level in a continuous improvement philosophy

I3: MEDIUM RISK. ALARP threshold, acceptable after cost-benefit analysis

I4: MEDIUM-HIGH RISK. Safety measure to be implemented in a short time

I5: HIGH RISK. Non-acceptable risk level, it must be reduced.

Risk assessment 
matrix used for 
HAZID analysis. 

3. SIL ALLOCATION: LOPA ANALYSIS 

• The next step was the SIL Allocation phase, aiming to determine the Safety Integrity Level (SIL) requirements of the Safety Instrumented System (SIS), in

order to achieve the risk reduction necessary to obtain a residual risk below the tolerable one, once MITICA experiment will be in operation.

• For safety systems operating on call (“low demand mode”, applicable for MITICA CSS), four SIL levels can be assigned (from the mildest SIL 1 up to the

most severe SIL 4) on the basis of the PFD (Probability of Failure on Demand) that a SIF must guarantee in order to reduce the risk to acceptable levels.

The SIL allocation process consisted in the following steps:

1. SIF IDENTIFICATION: description and characterization with particular reference to the SIS

implementing it, the initiating event, the consequence of the failed intervention of the SIF, the action

to be executed, the effective safeguards concurring to the frequency reduction in concurrence to the

SIF and the enabling conditions.

2. EVALUATION OF THE ACCIDENTAL SCENARIOS AND ATTRIBUTION OF DAMAGE LEVELS: the severity of

accidental scenarios has been discretized in 5 different levels (from 1 to 5, in terms of damages for

safety of the personnel) and the tolerable frequency for each severity level on the basis of risk

acceptance criteria has been identified.

3. SELECTION OF THE TECHNIQUE: the semi-quantitative technique LOPA (Layer of Protection Analysis)

has been then selected in order to develop a depth safety analysis of the MITICA plant.

4. SIL ALLOCATION STUDY THROUGH LOPA: Starting from the guidelines reported in the Functional

Safety standards and on the basis of a recognized specific reference books, a LOPA worksheet was

applied for every incidental scenario highlighting:

 Initiating events (expressed by a cause or by a set of causes, and for each one an expected

frequency of occurrence is assigned, see Table 2);

 Enabling events or conditions (the probability that a given cause leads to the development of the

examined accidental scenario);

 Conditional modifiers (the following conditional events were considered: ignition probability,

probability of personnel presence);

 Independent Protection Layers (IPL, additional protections to the SIF object of the study; they

must be completely independent from the initiating events and from other IPLs already declared

for the same scenario, see Table 3);

 Other non-effective safeguards (safeguards that are not independent or fully effective to reduce

the frequency occurrence of the accidental scenario).
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The SIL allocation study lead to the following results:

• Most classified SIFs received a SIL1 allocation. SIL2 SIFs are related to accidental scenarios that could lead to

oxygen shortage inside bio-shield and in the buildings containing cooling and cryogenic plants.

• SIFs with “No SIL requirement”: the risk tolerance criteria are not met without these SIFs, even if with a very

narrow gap from complete tolerability.

• “SIFs not necessary”: their implementation is recommended in a perspective of a continuous improvement.

5. CONCLUSIONS AND FUTURE WORK

A functional safety assessment process for MITICA

has been carried out to define, allocate and verify

the set of Safety Instrumented Functions (SIFs),

needed to keep the risk associated to the whole

R&D experimental system below tolerable limits

with reference to the requirements and guidelines

given in the International Standards IEC EN 61508

and IEC EN 61511. The identified SIFS will be

implemented through MITICA CSS.

Table 3: List of IPLs and corresponding PFD used for SIL Allocation study

Table 2: Initiating event frequency [ev/yr] used in the LOPA worksheets

Results of SIL Allocation with LOPA approach according 

to IEC/EN 61508 and IEC/EN 61511

• The functional safety assessment process for MITICA experiment was carried out according with IEC/EN 61508 and 61511 standards. It involved a HAZID

analysis phase, which identified the Safety Instrumented Functions (SIF) to be implemented by MITICA Central Safety System. Using a Layer Of

Protection Analysis (LOPA) approach the Safety Integrity Levels (SIL) was allocated for each SIF. The subsequent SIL verification study confirmed that the

SIL requirements for the allocated SIFs are fulfilled.

• The output information of this safety assessment process will be integrated in the requirements for the procurement of MITICA CSS, which is now in

detailed design phase and will be implemented with the same architecture and principles as SPIDER CSS (for details see poster P-2.113).

Table 1: MITICA partitioning in nodes for HAZID analysis 

4. SIL VERIFICATION

A list of 54 SIFs related to the safety of the personnel possibly involved in MITICA operation was defined in the risk analysis phase.

• The subsequent step of SIL Verification aimed

at confirming by examination and provision of

objective evidence that the SIL requirements

for each allocated SIF are completely fulfilled

in terms of design and engineering of the

Safety Instrumented system.
An example of  SIL verification on a SIF 

PFD min PFD max
PFD

Sensors

PFD

Logic Solver

PFD

Final Elem.

PFD

SYSTEM

1,00E-03 8,69E-03 6,34E-04 5,00E-04 2,15E-03 3,28E-03

Requirement SIL 2 with PFD ≤ 8,69E-03

HFT

Sensors

HFT

Logic Solver

HFT

Final Elem.

HFT

SYSTEM

0 0 0 0

OK

OK

SIF DESCRIPTION

Protect operator from a possible asphyxiant atmosphere formation inside Bld. 4 due to 

inert gases release (He) inside Bld. 4. In case of O2 gas detector activation, performing 

local alarm.

Target HFT (min) 0

Operational Mode Low Demand

Architectural Contraints Verification according to IEC/EN 61511 Standard

Probabilistic Constraints Verification according to IEC/EN 61511 Standard

Requirements Analysis Results

Target PFD

Requirements Analysis Results

HARDWARE SIL Verification

Probabilistic Contraints
Adequacy of SIS to reference SIL target OK

Architectural Contraints
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