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Introduction

 MYRRHA - long term supporting research facility for  Accelerator Driven 

Spallation system (ADS).

 MAX - (MYRRHA Accelerator eXperiment research and development 

programme)

 MYRTE - research activities to demonstrate the feasibility of transmutation of 

high-level nuclear waste at industrial scale (MYRRHA research facility)

 MYRTE WP2 – continues MAX activities aimed to demonstrate high reliability 

of the Myrrha Linac is achievable
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1. SNS & Myrrha linac – Risk Spectrum Reliability models 
(MAX project)

2. Linac 4 & Myrte (linac for Myrrha) – Reliability 
Modelling
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 SNS Linac reliability analysis

- feedback on SNS Linac reliability performance 

- modeling tool for  Task 4.4

 Draft preliminary conclusions and recommendations:

- Maximize the reliability/availability/safety of MYRRHA Acc.

- Guidance for designing the MYRRHA Accelerator.

 MAX Task 4.2 - SNS (ORNL) Linac - Reliability modeling

(methodology currently applied for NPPs –with Risk Spectrum 

(RS-PSA))

SNS Linac Modeling (MAX Task 4.2)
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 SNS RS Model results - in line with the 

SNS Logbook data statistics:

 RF system and electrical system 

failures - most frequent

 Electrical systems failures -

most contributing to accelerator 

downtime 

Accelerator trip 

failures frequency 

(by system)

SNS Linac Modeling – Results & evaluation vs. SNS Logbook data (Accelerator trip failures)

Accelerator downtime 

contribution (by system)

SNS Reliability Analysis results:

 Most affected SNS Linac parts/systems :

 SCL systems 

 Front-End systems (IS, LEBT, MEBT)

 Diagnostics & Controls

 SCL RF system

 SCL Power Supplies and PS Controllers

SNS Linac Risk Spectrum 

model
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 In accordance with the SNS Logbook, SCL RS analysis 

SNS Linac most affected subsystems (failures leading to accelerator trips):

 SCL-HPRF - short failures frequency

 HVCM - duration of trips (High Voltage Converter Modulator)

SNS Linac Modeling – Results vs. SNS Logbook data 

RF System failures (no. & 

duration-hours)
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Myrrha Linac Design

LEBT Conceptual 

scheme

Myrrha Linac design:

Low energy section – Injector/Linac front end: 

Multicell cavities – Modularity & fault tolerance not 

applicable

 Parallel Redundancy - 2 Injectors with fast switching

Medium and High energy section – Independently-

phased superconducting section - Highly modular 

(individual, independently controlled accelerating 

cavities). 

 Serial redundancy - strong tolerance to faults.

MYRRHA accelerator 

Conceptual scheme 

MYRRHA reference injector: 

ECR proton source, LEBT, RFQ, CH-Booster , MEBT

Reference 

injector; 

CH-DTL 

cavity with 

two triplets

MYRRHA 17 MeV Injector 

- reference layout 

SNS Linac Modeling (MAX Task 4.4
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Myrrha Linac Design

MEBT general 

layout  (red 

squares: quads, 

blue elements: 

Spoke SRF 

cavities, purple 

arrows: BPMs)

Reliability   challenges:

 Injector Switch Magnet

 Fault tolerance/compensation 

function

 Reliability of SSAs (Solid 

State Amplifiers)

Beam lines 

to reactor 

and dumpReference 

lattices of the 

SCL
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 Failure database – developed from SNS/Myrrha, other; system of failure coding defined, e.g. failure IDs (basic 

events in Fault Tree)

 Myrrha Linac Reliability model (Risk Spectrum fault tree) - based on SNS design&rel. data and MAX project 

design 

 Different Linac configurations

/extension of failures compensation 

were investigated.

 Calculation of Availability + Linac

Fault Frequency - for optimized 

configuration/design

MYRRHA reliability model
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Input Data; General assumptions

Linac design - General hypotheses 

& assumptions
(A1) Radiofrequency (RF) System - similar to SNS 

(excepting Klystron and Modulator 

subsystems and related). All MYRRHA 

Linac amplifiers are solid-state type.

(A2)  ¨Transmitter ¨subsyst. (SNS model) -

equipment to run the SSA for RF cavity 

control. Generally, the transmitters 

consist of a low level RF system, amplifier 

water-cooling, AC distribution, etc.

(A3) Auxiliary systems (AUX) -based on SNS 

(reference), modified to MYRRHA Acc. 

Design, adjusted to a lower level of detail. 

No glycol cooling -not applicable to the 

MYRRHA Linac case.

(A4) Relevant Beam Diagnostics -those related to 

possible beam failures and/or linked to 

the Machine Protection System (MPS).

Diagnostics for monitoring and tuning -

not relevant to normal operation.

(A5) MTBF=10e5h (SNS) SC Cavs -cavity failures 

due connected systems failures (other 

than cav. Mechanical failure)

(A6-7) 

Comps. Missing data – SNS similitude, 

assumptions

Impact on global reliability:

- Injector Switch magnet

- Fault tolerance and compensation 

system/function -high reliability 

objectives for detection and control 

systems. 

Assumptions -reliability targets (failure 
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Input Data; Detailed assumptions

Table 4.5 - MAIN SUPERCONDUCTING LINAC modeling data

 MAIN SUPERCONDUCTING LINAC modeling data

Model code Part/System No. MTBF MTTR Manufacturer/Ref. Design Model/T

ype

Details; Obs.

SCL (YYY-

UUUvv)

SCL

Section 1

Spoke CAVs 48 100000 3 SNS RF SCL cavity SNS Spoke 2-gap (β=0.37); (included in 

SCLsect2+3 fault tree)

Section 2

SNS tree Elliptical-1 CAVs 34 100000 3 SNS RF SCL cavity SNS Elliptical1-5cell (β=0.51); SNS modified  for 

142/2=71 Cavs

Section 3

SNS tree Elliptical-2 CAVs 60 100000 3 SNS RF SCL cavity SNS Elliptical2-5cell (β=0.7) ); SNS modified  for 

142/2=71 Cavs

SNS tree SCL cavities-total 

(spoke+ellipt.)

142 (2x71) SNS SCL: 81 cavities (33mb + 48 hb) => 1.75 -2 multiplication factor for SCL AUX systems capacity

SNS tree Cryostats (cryomodules) 56 (2x28) MAX 24+17+15 (configuration in Figure 2.10)

SCL-SSAS SS Amplifier 2x71 50000 4 Soleil technology -

SNS tree RF Feedthroughs 2x71 100000 24 SNS SCL-RF SNS

SNS tree SCL Cavity 142 SNS RF SCL Cavity SNS

SCL Circulator 2x71 50000 3 SNS scl SNS

SCL Load 2x71 75019 3 SNS scl SNS

SCL Waveguide 2x71 100000 3 SNS scl SNS

SCL Window 2x71 100000 3 SNS scl SNS

SCL Cavity 2x71 100000 3 SNS scl SNS

Modeling Assumptions 

(Risk Spectrum)
¨Continuously monitored repairable 

component¨ - Risk Spectrum 

Type 1 reliability model – Linac

components

¨Constant Frequency¨ - Risk Spectrum 

Type 5 reliability model –

accelerator trip frequency

¨Mean Unavailability¨ and ¨Frequency¨

types of calculation -

unavailability/frequency values 

(basic events). The long-term 

average unavailability (Q) and 

frequency (F), the expected 

number of failures per unit 

time) were calculated
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RS Modeling - methodology 

 RS Reliability model - Availability

 Risk Spectrum Type 1 – Repairable 

components (continuously monitored) –modeling 

the SNS Linac components

- Failure/Repair processes – exponential  

distributions; failure/repair rates -ct.

- It is assumed q=0

λ=1/MTTF -failure rate); µ=1/MTTR -repair rate

 ¨Mean Unavailability¨ type of calculation used 

to obtain the unavailability values for the basic 

events:

Q=λ/(λ+µ) (the long-term average unavailability 

- Q calculated for each basic event)

 other RS Reliability models

 Type 2 – Periodically Tested Component (most complex)

 Type 3 – Constant Unavailability

 Type 4 – Component with Fixed Mission Time

 Type 5 – Constant Frequency

 Type 6 – Non-Repairable Component
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RS Modeling - methodology 

 RS Reliability model - Frequency

 Risk Spectrum Type 5 – Type 5 - ¨Constant 

Frequency¨ , used for accelerator trip frequency

(event is best described by a Poisson process).

¨Frequency¨ type of calculation, used to obtain 

the frequency values for basic events. 

 Frequency results for case 1.5.1 

(Redundant FE/INJ + Compensation)
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SNS Systems - MCS Analysis

Minimal  Cut-sets (MCS)

 MCS analysis

 Minimal cut-set (MCS) - combination 

of events which causes the top event to 

occur

 "minimal" - if any of events is 

removed from the set, the top event no 

longer occurs.

MCS Contribution
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 Myrrha Linac Fault Tree –

main level 

Myrrha Linac Modeling – Fault Tree
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 Risk Spectrum basic events quantification window

Myrrha Linac Modeling – Quantification & Analysis

 MCS analysis – Initial point-estimate (case 

1.1) quantification of the top event (MYRRHA 

ACC DOWN)
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 Myrrha Linac Design optimization - Availability

Myrrha Linac Modeling –optimization (Availability)

 MYRRHA Linac analysis Case 1.4 (DG&C systems – SNS 

fault tree); DG&C failures
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 Myrrha Linac Design optimization - Frequency

Myrrha Linac Modeling –optimization (Frequency)

 Frequency results for case 1.5.1 (Redundant FE/INJ + 

Compensation)

 Optimized -Frequency 

results
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MYRRHA reliability model - Results

 Outcomes of the study:

 Without/With injector redundancy: Availability 

from 70% to 75%

 If MTBFs of diagnostics replaced by 

reliability target value (not from SNS 

experience) + target value for compensation 

function reliability: Availability to 80%.

 Improve superconducting part and assume 

larger MTBF for components (better comps. 

Reliability): improvement of the availability to 

97%.

 Generally, Linac Fault Frequency could 

evolve from 100/3mths to less than10/3mths

 Conclusions:

 High-reliability for MYRRHA Linac - achieved if anticipated in the design of the machine. 

 Compensation (fault-tolerance) - solution to minimize the effect of RF/magnets failures.

 Double injector definitely improves the overall reliability (avoid trips caused by components in the front-end), assuming a reliable 

switching magnet can be provided.

 Critical failures leading directly to Acc. trip (i.e. cooling control valves, common cause failures, etc.) should be prevented by 

classical parallel redundancy 

 Parallel redundancy should also be implemented for power supplies and their controllers and other components in the SCL and 

HEBT.
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Myrte WP2 – Task 2.9, To be developed:

 LINAC4 reliability model

 AFT for LINAC4
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 LINAC4 Reliability modeling conclusions – to be extended to Myrrha Linac: 

LINAC injector + accelerator up to 100 MeV)

 Recommendations for 

Myrrha Linac high-Reliability
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Data for Linac Reliability Modelling

CERN

Empresarios

Agrupados

• Development of a common database for reliability analyses for MYRRHA (CERN + EA)

• All figures currently being reviewed at CERN in view of the Linac4 reliability run (2017)

Merging relevant information to 

build a MYRRHA failure catalogue
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Linac4 Reliability Model – software

• ReliaSoft’s BlockSim software tool - comprehensive platform for system reliability, availability, 

maintainability and related analyses. 

• Sophisticated graphical interface, modeling the simplest/most complex systems and processes 

using reliability block diagrams (RBDs) or fault tree analysis (FTA) 



24

1. SNS Linac Modeling

Thank you
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