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Introduction

» MYRRHA - long term supporting research facility for Accelerator Dri 7
Spallation system (ADS). — Ml

» MAX - (MYRRHA Accelerator eXperiment research and development
programme)

MAX

(Contract Number 269565) (contract Number 269565)

DELIVERABLE Number 4.2

DELIVERABLE Number 4.4
Reliability model of an existing accelerator

(SNS Linac)
Reliability model of the MYRRHA Linac

» 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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MYRRHA ACCELERATOR EXPERIMENT

RESEARCH & DEVELOPMENT PROGRAMME
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Figure 2-1. a) The 1,000-foot SNS linear accelerator iz made up of three different types of
accelerators, It is the first of itz kind used to generate a pulsed energy beam.

b} The SINS ring intensifies the high-speed ion beam and shoots it at the mercury target 60
times a second (60 Hz).

g N
%
EMPRESARIOS AGRUPADOS

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

(methodology currently applied for NPPs —with Risk Spectrum
(RS-PSA))

O SNS Linac reliability analysis

- feedback on SNS Linac reliability performance

- modeling tool for Task 4.4

O Draft preliminary conclusions and recommendations:

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

- Guidance for designing the MYRRHA Accelerator.

!

H" Injector | Chopper | 87 MeV 186 MeV ~1000 MeV |
2.5 MeV " Cavities
402.5 MHz | 805 MHz |

RF Power




MYRRHA ACCELERATOR EXPERIMENT
RESEARCH & DEVELOPMENT PROGRAMME

PROGRAMME

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

—1 SNS Linac Risk Spectrum

mode! e SNS Reliability Analysis results:
s Acgpown U Most affected SNS Linac parts/systems :
P i s | S e[ S » SCL systems
IS | AN S > Front-End systems (IS, LEBT, MEBT)
. . . . = & &) > Diagnostics & Controls
R | o | et T I ety

YA ANy NCE -y N > SCL RF system

o e e e ——r— > SCL Power Supplies and PS Controllers
ST FAL oL FAL SR FAL Accelerator downtime
Aﬂ” AM"’ /_\.*"‘ contribution (by system)

Acc. hours down

Accelerator trip
failures frequency 5o, 2%

(by system) 4% ® Electrical Systems

W Cryomodule and SRF

o,
2% M RF Systems

a SNS RS Model results -in line with the
SNS Logbook data statistics:

Mechanical Systems
W Beam Instr.&Controls

Cryogenics System

>  RF system and electrical system Cooling Systems = lon Source
failures - most frequent Protection Systems ® Vacuum Systems
Vacuum Systems W Protection Systems
> Electrical systems failures - lon Source = Cooling Systems
most Contributing to accelerator Beam Instr.&Controls Cryogenics System
downtime Cryomodule and SRF
Electrical Systems
RF Systems
0 50 100 150 200 250 300
=N
_; M No.of failures leading to Acc.down
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MYRRHA ACCELERATOR EXPERIMENT

RESEARCH & DEVELOPMENT PROGRAMME SEVENTH FRAMEWORK

PROGRAMME

SNS Lin odeling — Results vs. SNS Logbook data

- Status

overview™ “Beam "~ “Target " “Logbook " "Shift Experiments Availability
. - AC Power Availability For The Past Week
Elecrical systems - acc. downtime  ,.iv.cion o rotunion Beam  Accel iysics . startup
Delivered Delivered Delivered Delivered Percentage
0, 2012-03-13 8.5h 8.5h - - 7.5h 7.5h 8.0 h 8.0h 100.0%
TVA 161KV Ot3hc;r5 Choppers - LEBT 6% 2012-03-12 - - 240h  234h - - - - 97.5%
2012-03-11 2.0h 2.0h 22.0h 22.0h - - 100.0%
power U / M[’EBT 2012-03-10 24.0h 20.7 h - - - - 86.25%
7% 2 /O 2012-03-09 24.0h 18.1 h - - - 75.42%
2012-03-08  24.0h 23.6h - - - 98.33%
2012-03-07 24.0h 23.5h - - - - - - 97.92%
RF S t f -I 2012-03-06 16.0h 15.1 h 7.5h 7.5h - - 0.5 h 0.5h 96.17%
ys ems a I u res The current run started on 2012-03-13. Availability has been 100.0% over the past day.
120 Most Recent Downtime: 2 Days AgO (Monday, March 12, 2012)
Category SubCategory Hours Down Notes Date (Shift)
RF Systems HPRF 0.3 SCL xmtr 7 trips X3 on cathode 4 overcurrent 2012-03-12 (D)
100 RF Systems HPRF 0.3 SCL xmtr 9 Cathode 1 & 3 overcurrent trips  2012-03-12 (D)
g 980 Downtime For The Past Week Including Last Wednesday
E category  SubCategory 'I;‘;;':: Notes
E 60 B LLRF Accelerator Beam Loss 0.1 Injection dump power limit trip & 5 SCL errant beam trips
= Physics
'E 40 B HPRF sﬁciziatur Beam Loss 0.1 SCL Cavity 02B trip on Cavity Field.
Controls Accelerator 2.4 HEBT MPS IOC crate fan failure & crate replacement
20 Electrical Power Supplies 0.2 EKick 11 showing no current; resets failed. Swapped to EKick 6.
Systems
Electrical Power Supplies 0.2 DTL Mag OS DCV239 PSI Swap
0 Systems
RFQ DTL CCL SCL
RF System failures (no. &
duration-hours)
. . RF Systems failures duration
QO Inaccordance with the SNS Logbook, SCL RS analysis =
80
. . . . ?O
SNS Linac most affected subsystems (failures leading to accelerator trips): 60
g 50
i 4 40
> SCL-HPRF - short failures frequency 5
= 30
[T
. . . 20
> HVCM - duration of trips (High Voltage Converter Modulator) 10
o — - - -
0|01 02|03 04|05|06 1 |1,1(13| 2 |3 |6
— s BSCL-LLRF | 1 |15 0 |0 |1 0|0 | 0|0|0O 0O0]|oO
X
Yy 7 - B SCL-HPRF| 2 76 2 2 1 2 1 o] 1 4] 0 1
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MY RREFFIA ACCELERATOR EXPERIMENT

RESEARCH & DEVELOPMENT PROGRAMME

T, o om— ¢ 5 Ay . ”g" -
$ LB B L1 B 1 B R I3 T B T MR IOt L N 8 L0 1 B O B G B L R (68 25 R T B I EATTEY T T B B L T T DR DT U AR CUR R TR (T BTt BT B NN RN TR TR - - = - ! 'j'ii 1 | i |
U meea— \ ]  PIIL SRESRECI NI BEPY SRRt Ead S £ ]
GlS ZAC AL A S e |
| ' f v Y Y v = .." T o .
Section 21 (Spoks {1035 S35} Secrion £2 (Ellprical - Q.5 @704MKz) Saction £3 (Etipeical [I- Q.65 @I04MHz) Boan matching section | ﬁ 3 ] . 5

{inchicing daviation to the™

'I‘EEEHHH', N MM:}:H‘ it MYRRHA acoslertor =
SNS Linac Modeling (MAX Task 4.4 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 enerqgy section — Independently-
phased superconducting section - Highly modular
(individual, independently controlled accelerating
cavities).

- Serial redundancy - strong tolerance to faulis.

MYRRHA reference injector:

ECR proton source, LEBT, RFQ, CH-Booster , MEBT N efeente ot "
Re-buncher-1 Re-buncher-2
Reference cryo-module 17 MeV
injector; 1.5 MeV 3.5 MeV
CH-DTL \] V V V '1
cavity with K &:T“%‘—H_ = ECR |LEBT | 4-Rod-RFQ E]c:dﬁz e::-z[’: B B oz B s B s
two triplets -
_A = /\ [\ /\ A\ /
T a— quadrupoles sc solenoids
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MYRRHHA ACCELERATOR EXPERIMENT
RESEARCH & DEVELOPMENT PROGRAMME

SUPERCONDUCTING LINAC TUNNEL

[ Tl P e b B e R b e B R R R R BEE 1 80 R Sl o B o B e 8 o B s (o ) ) e B QAR B YIRS B e s BT B | e |t i R B e e

T

Sectin #1 (Spoks - Q.35 SISV} Secrion £2 (ENprical i - Q5 S70EMH) Savtion £3 (Elp e I - 065 @IOAE)
A au

Beam lines
! to reactor
= 03 S E— Reference and dump
MEBT general T = R lattices of the
layout (.red 1O 1P S * Tl | SCL
squares: quad.s, INJECTOR-1 .. ’\.’3‘
blue eIementS. ) 3 I ‘9< : R Seriion #1 (-0 37 sy sexien, OSSmr Somw asciwrd
Spoke SRF : : ! L - - = - -

cavities, purple
arrows: BPMs)

SecTon £ [0 51 slmral rron, CESmon 5810 Saanre)

71 T ki 20

Scciion & (80,78 cliatcal swoion, SR Star stz

T L T It 3
The ADS reliability requirement
# Beam trips longer than 3 sec must be very rare: — ) o
¥# To limitthermal stress & fatigue on the target window, reactor structures & fuel Rel | ab [ | |tv C h al | en C] es.

assemblies

¥ To ensure a 80% availability — given the foreseen reactor start-up procedures

» Injector Switch Magnet

# Present MYRRHA spécifications: <10 beam trips per 3-month operation period
(i.e. MTBF > 250h) — derived from the PHENIX reactor operation analysis

» Far above present HPPA accelerator performance — MTBF is a few hours at PSI or SNS > FaU |t tOlerancelcom pensation

¥ Far above present ADS specifications in US or Japan - based on simulations fU n Ct| on

# |n any case, reliability guidelines are needed for the ADS accelerator design:

» Strong design i.e. robust optics, simplicity, low thermal stress, operation margins...

» Redundancy (serial where possible, or parallel) to be able to tolerate failures > Rel Iabl I Ity Of SSAS (SO I I d
—_i——ﬁé » Repairability (on-ine where possible) and efficient maintenance schemes State Am P lifier S)

EMPRESARIOS AGRUPADOS




MYRRHHA ACCELERATOR EXPERIMENT

RESEARCH & DEVELOPMENT PROGRAMME

INJECTOR BUILDING

- |+ = x . -—
[’4 3 3’7‘*'7 ’*C\
SUPERCONDUCTING LINAC TUNNEL [ 4 '/' -

) g /___g “]: e

T g s P e b e e s s e 00085 e e o 0 o B o e B B 8 0 s O 00 I B e B R e 1 0 B e e B = — — }. - [j. g- _.l -
T v Y v R S

Sectin #1 (Spobe 035 S2525) Secrion £2 (Elipeicat - 0.5 @T0EMHZ) Savtion £3 (Elpesl - 065 @I0z) Bram paichig sectin | 8] | S
i e, d el S . hy tnchus. T S e

MIYRRHA raliability mods)

» Failure database — developed from SNS/Myrrha, other; system of failure coding defined, e.qg. 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

'TRRHA
IWCCELERATOR DOwWN
Max LINAC DOWN
> D iffe rent Li n aC C 0 n fl g u rat I O n S yrtha Linac Front-End SuperCUnduc‘ling LINALC igh-Ene_rgy ée_am iagnostics &I Contral Site Support éervices
. A . Failure Transfer line Failure REL TARGET -1.00E-2 REL TARGET - 1.00E-2
/eXtenS|on Of fallures Compensatlon _MYH LIN-FE FAIL SCL [ HEBT FAIL | DGNSCTRL i CONY |
were investigated.

ﬁe A O O

tont-End 2 - hat-

yrtha Linac Front-End
1] standby

I
SCL Elliptical Section 2

(b=l [b=0.65) @704MHz]:
madiied for 142/2=71 SNS modified for
Cavs

SCL Spoke Section
[b=0.35)2352MHz
. E?jltut‘rj:gl n Sfbseszd 142/2=71 Cavs
i ili + i MYH LIM-FE1 MTR-LIN-STEY SCL1-5PE SCL2 -ELLT SCL3-ELL2
» Calculation of Availability + Linac | | | | |
Fault Frequency - for optimized @ A A
configuration/design

tant-End - Switch

SCL Elliptical Secllon 1
0.5) E704MHz): SHS

ynha Linac Front-End SCL Quadruploles SCL Service Spstems SCL Service ISystems
M agnet 1] [Sections #1-#2-#3) [Sections #1-#2-43) [Sections #1-#2-#3) ‘
| FE-MGSWTCH || MYRLINFE2 SCLMAGN [ SCL ALK I SCLALNK2 |
I O A\ A AN A
A S
=Y\
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MYRRHA ACCELERATOR EXPERIMENT

RESEARCH & DEVELOPMENT PROGRAMME

Linac design - General hypotheses
& assumptions

Faenday Cup s ke, no data | IFHC - Mot comideral, beass disgnossics (mol
Dol Ttam apccmion) (Al) Radiofrequency (RF) System - similar to SNS
Az sdsneg s il i dits | Esiillasce-fmeie - sl coddaral, e disgmulicn (asl .
normal beam operatioe) (excepting Klystron and Modulator
Vasusun ctamba mdats  |mdes |CCLACRC - ook comsidend; Suparimemtel vicemn. subsystems and related). All MYRRHA
chamies el par . L .
Boam dunp 1 zam 2 S 5 g sl o R ——— Linac amplifiers are solid-state type.
camsiracinon . . .
- TEET T ; r——r——— (A2) Transr_mtter subsyst. (SNS model) - _
X T : equipment to run the SSA for RF cavity
ECRENT | SemrnEemachem e R . control. Generally, the transmitters
LE-EXE Eamsaction clecEmle 1 S0y 13 S IS (T camacis Bt Pl wlti-clecirands spulzm - e
privvios ) consist of alow level RF system, amplifier
LE-RFL Elecoron sepelles 1 50000 2 ?:;ﬁﬁﬂm s - hmmi-m:du-: water-cooling, AC distribution, etc.
3 - INJECTOR (RFQ + CH-Bovster) modeling .
LE-ESF (A3) Auxiliary systems (AUX) -based on SNS
] ey e (reference), modified to MYRRHA Acc.
B [rTTen Design, adjusted to a lower level of detail.
Wacwn | RFQRCAN | RO Cavity L Lt | o et N ST e No glycol cooling -not applicable to the
LE-SLE Gers |BFOSWTN | Windir 1 100 1z SHE RFD) windires 5 MYRRHA Linac case.
LE-TEP Test EF Sz . .
- - (A4) Relevant Beam Diagnostics -those related to
LE-{MA ged |EF-AME | 55 Amplifer SO 2 Sl eechnnlogy - Firwsr BF lor KFD): 176 1 MH:, 1800W ) ) .
- P~ oW possible beam failures and/or linked to
Tramsmitess &t N Tromomisess & duw | |BE | Trememien S the Machine Protection System (MPS).
SME roe LLRF 1 1R 2 SN% DTL-LLEF o5 . . f . . d .
Pt | onrm e A Sz ilulion 1 TI0 [ SME DTL-HFRF i BF jurser-line Diagnostics for monitoring ar_] tuning -
BFOCWICL | Wiler kg 1 30430 3 5ME DTL B BFC slsims, SAA walcs-conkng (Scioniesd nOt relevant tO normal Operatl_on' )
m— (A5) MTBF=10e5h (SNS) SC Cavs -cavity failures
EreT— F— ; o P [ —— P =T due connected systems failures (other
BNE was Sesall Pusps 2 el 2 SNE RPD Wacuun syl Rl 2 pusipi contilessd matcm] of 4-in BN than cav. MeChanlcaI fallure)
BME tree Gages 2 1000 F SME RF} Vacoum nar. |55 2 grapes consdered inmesd of d-in SRS (A6—7)
SN e Crva Pump 3 I5TH 1 SNE RFI} Viuum el |5NS 3 pussprs considessd msteal of G-in TS Comps. Missing data — SNS similitude,
assumptions
IIB (¥Y¥Y- |CH-Bocsoer
L Impact on global reliability:
SN es CH-Bosoer sappar 1 SO00000 | 504 SNE DTL st M5 Suppret st . .
- SN e mags | [Solsssidl 1 10000 (8 SN quads -Magnst M5 Assasncd- wmile b the SHE quatagile - InJector Switch magnet
—ammwa Rsscrmbly - ine. asleneid) .
—r— : Latlli - Fault tolerance and compensation
=\ UB-RBECI |RBa 1 e 4 SIS MEBT th-can M5 Rchuncher cavity | . . R
EMPRESARIOS AGRUPADIOL system/function -high reliability

ODJECTIVES ToT detection and control
systems.
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MYRRHA ACCELERATOR EXPERIMENT

RESEARCH & DEVELOPMENT PROGRAMME

Input Data; Detailed assumptions

»_MAIN SUPERCONDUCTING LINAC modeling data

Model code Part/System . MTBF MTTR  Manufacturer/Ref. Design Model/T Details; Obs.
ype
SCL (YYY- SCL
Uuuw) . .
Py Modeling Assumptions
Spoke CAVs 48 100000 3 SNS RF SCL cavity SNS Spoke 2-gap (B=0.37); (included in ( Risk Spectru m)
SCLsect2+3 fault tree) . . i .
po— Continuously monitored repairable
SNS tree Elliptical-1 CAVs 34 100000 3 SNS RF SCL cavity SNS Ellipticall-5cell (=0.51); SNS modified for compon er_lt i R isk Spectru m
142/2=71 Cavs Type 1 reliability model — Linac
Section 3 components
SNS tree Elliptical-2 CAVs 60 100000 3 SNS RF SCL cavity SNS Elliptical2-Scell (B=0.7) ); SNS modified for “Constant Frequency” - Risk Spectrum
142/2=71 Cavs Type 5 reliability model —
SNS tree S(i;)gﬁzzflsi;o)tal 142 (2x71) SNS SCL: 81 cavities (33mb + 48 hb) => 1.75 -2 multiplication factor for SCL AUX systems capacity accelerator tri p freq uency
SNS tree Cryostats (cryomodules) 56 (2x28) MAX 24+17+15 (configuration in Figure 2.10) "Mean Unavallablllty" and. "Frequency"
types of calculation -
SCL-SSAS SS Amplifier 2x71 50000 4 Soleil technology - un a\{a| labil |ty/freﬂ u Tn cyv alues
SNS tree RF Feedthroughs 2x71 100000 24 SNS SCL-RF SNS (basic events)..lT b?I' ong -termd
SNS tree SCL Cavity 142 SNS RF SCL Cavity SNS average unavailability (Q) an
- frequency (F), the expected
SCL Circulator 2x71 50000 3 SNS scl SNS g .
number of failures per unit
SCL Load 2x71 75019 3 SN scl SNS .
_ time) were calculated
SCL Waveguide 2x71 100000 3 SNS scl SNS
SCL Window 2x71 100000 3 SN scl SNS
SCL Cavity 2x71 100000 3 SN scl SNS

A A
¥ N
=\
EMPRESARIOS AGRUPADOS
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MYRRHA ACCELERATOR EXPERIMENT

RESEARCH & DEVELOPMENT PROGRAMME

RS Modeling - methodology

U 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.
- Itis assumed g=0

A
A+

o) = go* + () (1-e)  Qum =

A=1/MTTF -failure rate); y=1/MTTR -repair rate

= "Mean Unavailability” type of calculation used
to obtain the unavailability values for the basic
events:

Q=MN/(A+y) (the long-term average unavailability
- Q calculated for each basic event)

=
¥ N
Sy e==n
EMPRESARIOS AGRUPADOS

Jelﬁ.
1
-[5]%|

DS |

] 1 Rev. Dale: Go/7/2012 13:02.55

Description: [CCL DI Control Vakve ’j UserlD: 4P

Symbol: Circle.

etz Repaiable

| State: Normal

CaleValue: [g

Mean; [5.35E-03

Parameter Walue: I

Par type.

W | Probabilty (ol |
Failure rate [1] R LC-CCL-DW O | 2.50E-04]
MTTR (T TR LC-CCL-DW G | 1.60E+01

=

LC-COL-DW CYV  CCL DI Control Valve 0 = 3,38E-03

[ 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

12



MYRRHA ACCELERATOR EXPERIMENT

RESEARCH & DEVELOPMENT PROGRAMME EVENTH FRAMEWORK

PROGRAMME

RS Modeling - methodoloqgy

ISKSPEC\PSAP\SAMPLES\ANALYSE 2 MODELSWMAX 1 Case : MAX LINAC DOWN ]

Ele Edt Record View Analysis Teols Window Help

DEHIGR(= 1 0@ AR |[0-]
Fault Tree )/ FT Analysis Case ]/ Basic Event (Filtered) - X
1 ih [ Faut Tres ID_Char A1 Description Calculation lype MCS Result UNE Mean TDMean &
eliability model - Frequency B

= (3 Event 2LEBT 283E02
[] Basic Event 3RF 1.98E-02
Gate 4MEBT 282603
5] House Evert 45 FRONT END frart end L)
1 .- [ Template Event 50TL 1.75E-02
» Risk Spectrum Type 5 — Type 5 - "Constant » 2 Bt o
(3 Parameter 75CL 985602
' . (0 Attibutes & Groups 741 SCLRF B33E02 E
Frequency”, used for accelerator trip frequenc e
q y ] p q y = (2 Analysis Cases 743 SCLVAC 13402
[0 FT Analysis Case 744 SCLDIW 1.06E 02
[ Sequence Analysis Case 746 SCL CHL 97IED
[} Consequence Anslsis Case 7B LINAC dicoksol 125601
[5] MCS Analysis Case BHEBT 112602
(3] Anlpsis Case Group 9OV 234E02
(20 Analysis Specifications 94 DGNEC diagnostics 715602
5] Boundary Condiion 5et ACC DOWNT SHS Fauk Tree - Volume 1 (RFDMEBT-DTL) 20902

5] MCS Fost Froo, Action ACC DOWNZ SHS Faulk Tree - Volume 1a (RFQ-MEBTDTL] 261E02

Qlfﬂ » MYFRHA ACCELERATOR D ~|
0 User SNS ACC DOWN < i I >

Analysis | Results

1
=
)
=
3

Q - ﬂ Top Event frequency F = 4,462E+02
o Probabiity Evert 1 Event 2 Evert 3 Evert 4 Events Event €
1

(eve Wit} = f scribed by a Poisson process).

»"Frequency” type of calculation, used to obtain ' s

ANALYSIS CASE 1(1)
N:

the frequency values for basic events. i — ey o

13 B.22E+00 01.40 LC-SCLAFFTH

14 5.78E+00 01.30 LC-5CLMGER PSS MCS ANALYSIS

15 5.69E+00 01.28 LC-5CLMG GPs F 4.452E4002 No of MC: 44

e 40200 o1.08 LESCLVAME IP5 Cutoff error: 0.000E+000 Remains : 0.000E+000
17 206400 0034 LCSCLVAHE 665

1 3,59Et 0081 HE PSS UNCERTAINTY ANALYSIS
] E+00 Simulations

> Frequency results for case 1.5.1 z S
(Redundant FE/INJ + Compensation) e

LC-SCLAVAME GGS
LCSCLOW o2 TIME DEPENDENT ANALYSIS
CV-LARZZ TP Time points

HE-RWS-DW VY
DC-DGC-ZZ P

IMPORTANCE ANALYSIS

. Events
% (210600 |LCSCLVAHEWS | P,
x [20E00 o |LCSCLVAHEIPS | | Attributes
< i i CCF groups
Data | Repots| MCS | Mod. MCS | Basic Event | €CF Group | Parameter | attrbute | Component | System | Event Group | CDF | FDF g“"\tP“"E"lS
ystems
No_of records - 21 No. of tagged records =5 Total o, of tecords = 21 Total no. of tagged recards = § Event groups

=
¥ N
=g\
EMPRESARIOS AGRUPADOS
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MYRRHA ACCELERATOR EX

RESEARCH & DEVELOPMENT PROGRAMM

Minimal Cutsets

Top Ewvent probability & = 2,5298E-01

ERIMENT

DC-DGIC-ZZ PIC

LC-SCL-RF FTH

XY -MGAC PEC

D:C-DiEC-ZZ PPM

LC-SCL-RFEY CHD

LC-SCL-RFKY PP

LC-SCL-RFKY RFS

LC-SCL-RFKY AQD

LC-SCL-RFEY MAG

DrC-DSC-ZF 100G

X -MGEK PR

CW-CAR-ZZ CMP

Deecrption
EPIC Moduies -SOlsaries.

Ao PSC - 36 serles

PES Modules -343series

SCL Cathode (xB1)

SCL lon Pump (xE1)

SCL RF Struchure (x51)

SCL Anode (31}

SCL Magnet {x51)

ISR Antenna

B>Cs -1B2series

PPN - 10 serles

CAR COMDressor

M. Frob. W @ Ewent
Flle Edit Record View Analysis Tools “Window Help 1 3.4TSE-02 1338 2ATSEDZ
AR RN |
E E 2 1,907E-02 T.34 1.907ED2
D Description Calc.yps_ |Mean _ Sthperc. |Median | 95th perc.
752 ECLMAG q 109608 3 1,420E-02 545 1420E-D2
7A3 SCLVAC q 1.34E-02
754 SCLDIW q 1.06E-02
745 SCL CHL 0 3.71E-03 4 1.3538-02 521 1333802
76 LINAC difcolsel q 1.25E-01
BHEBT 0 1.12E-02
3 CONY ] 2,34E-02 5 8,027E-03 3,09 BOZTE-D3
94 DGNEC diagnostics q 7.15E-02
ACC DOWNT SN Fault Tres - Wolume 1 q 2,09E-02
ACC DOWN2 SNS Fault Tree - Yolume 13 8] 2 G1E-C & 8,027E-03 3,09 EO2TE-D3
01
T 4.027E-03 3.09 EOZTE-D3
Top Event probabiity 0 = 2.598E-01
No. _|Prb. % Event1 [Event2 [Event 3 [Event 4 [Events [Event [Event?
3 | 347EDz 13,38 DLDGLZZ FIC I I I I I I E 3.037E-03 309 BozTED2
2| 1.907E-02]  7.3|LCSCLAFFTH
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= Minimal cut-set (MCS) - combination
of events which causes the top event to

if any of events is
removed from the set, the top event no
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Table 6.1 Linac concepiual options — Initial Availability resnlts
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> Myrrha Linac Design optimization - Availability
Table 6.1 Limae ! optioms — Iniial Availabitiny resulss » MYRRHA Linac analysis Case 1.4 (DG&C systems — SNS

k] . ;
Case | Condits IR P g cr ot fault tree); DG&C failures
no Redundamt
FETMT + no A - C:\RISKSPEC\PSAP\Samples\Analyse 2 models\MAX14-comms-comp -Availab2+0ptimiz.RPP - [ FT Analysis Case : MAX LINAC DOWN ]
11 Comp. p=1 =1 3,02E-01 59,76 jew  dnalysis Tods Window Help
no Fedundant comp. of limited no. of . = .
FEMT + cavity failures with effect ERT IR ARNCE
12 |Comp. p=1 p=1E-01 [ 293E-m 70,75 | on the acc field EENQIE=J)" FT Analysls Case halbal
P Il Char #:1 Description Calculation twpe MLCS Result UNC Mean TD Mean ~
comp. of limited no. of 110N SOURCE ) 201E-02 =
cavity failores with effect 2LEET [ 28302
121 p=1 p=1E-02 2 92E-01 70,84 on the acc feld ailure 3RFQ ] 1.98€6-02
Fedundant 4MEET g 28203
48 FRONT END fiont end g 69302
FEMT + ne N 50TL 0 175602
13 Comp. p=1E-01 |p=1 2 7T1E-01 72,94 ! BCCL ¥ 1.31E-02
el 75CL ] 9.85E-02
13.1 p=1E-02 |p=1 2 §TE-D1 7326 __ B L — E e |
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» Myrrha Linac Design optimization - Frequency

Table 6.6 Linac concepmal gprions — Initial Freguency resuls
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> Frequency results for case 1.5.1 (Redundant FE/INJ +

Compensation)

INT A
- o E (yr) ( ) PEC\PSAPSAMPL ES\ANALYSE2 MODELSYMAX14-FREC1_2.RPP - [ FT Analysis Case : MAX LINAC DOWN ]
;"JLILE' Idun+ . Took  Window Help
no =
11 |comp p=1 p=1 550 137.50 L] O
oo Redundant = of limited oo, of - Fault Tree )/FT Analysis Case }/ Basic Event (Filtered) ] - X
FEINT = ca‘l.'it\fl- Fail wilh- T ] o char#a Description Calculation ype | MCS Flesult UNC Mean TD Mean &
3 ures 110N SOURCE [} 201E02
1.2 |Comp =1 p=1E-0I1 509 127,25 | affect on the acc Seld g;EFET g fgg;g;
comp. of limited no. of AMERT o 2 62E-03
cavity Failures with 4 FRONT END frant end 0 69302
- 5DTL o 1.75E-02
121 =1 p=1E-02 505 126,25 | effect on the acc Seld 6L ] 1.FEQ2
75CL 0 385602
Ew 741 SCLAF ] 6,330
' no 742 SCL MAG ] 429603
T3 SCLYVAL [F] 1.34E-02
13 |Comp p=1E-01 |p=1 409 124.75 e 3 P
131 r=1E02  |p=1 Table 6.8 Linac concepmal opions — Opamized Fregnency resnlis g 13;5;3?
Redundant INT A a 112602
FE/IMN] + Case | Conditions switch Comp Fi{ir) (' 3mith) Obs. S ifgggg
14 |Comp p=1E-11 |p=1E-0l] no Fedundant L) o 20902
1.4.1 p=1E-02 | p=1E-D1 FETNT + no I L.
142 p=IE-{:E FIE—U2 1.1 C'I:ﬂ:l:l.]} ]}‘=1 P=1 130.00 32.50
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FEINT + FETINI + cavity failures with effect
15 Co ﬂ".} FIE-ﬂl FIEFUI 1.2 Lm P=1 F]E-ﬂl 2850 212 on the acc feald Ewent 2 Ewent 3 Event 4 Event5 Event E
1.5.1 p=1E-17 |p=1E-I] comp. of limited no. of
cavity failares with effact
1.2.1 =1 p=1E-02 B4.43 21.10 | on the acc Seld
mm RUNINFO.RSS - Risk Spectrum Analysis Tools [ |[B][X]
File Wiew Analysis Help
1.3 Comp p=1E-01 |p=1 TLG0 1920
R ANALYSIS CASE 11
> Optimized -Frequency [131 =1E-02 |p=1 7450 | 1865 Name : MA LINAC DOWN
results Redondant comp. of limited ne. of FTH Type : Faultives gate
FEMNT + cavity failures with ki MCS ANALYSIS
14 C _ _- : LOPS F : 4.452E+002 No of MCS : 344
: omp p=1E-01 |p=1F-01 3547 962 |effect om the acc field EEB 'GPGSS Cutoff error : 0.000E+000 Remains : 0.000E+000
i prlEM 1 p1B 01 i . _ UNCERTAINTY ANALYSIS
142 p=1E02 |p=1E02 | 2035 | 733 Simuiations
Eedundant A= TIME DEPENDENT ANALYSIS
FEINT + comp. of (cavity failares | M Time points :
Yy /7w 15 | Complext.) p=l1E0L [p=1E-01 351 ET7 |+ S55As + transmitters) IMPORTANCE ANALYSIS
7 W 1.5.1 p=1E-02 |p=1E-02 25.64 641 =T Events :
=\ LR Parameters
EMPRESARIOS AGRUPADOS “ ‘ 2t |2k |uu.do [LLASLLMARE RS Attributes
< | CCF groups  :
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MYRRHA reliability model - Resulits

Tabie 6.6 Linac 1 gprigns — Initial Freguency results Zable 6.6 Lin . mitial -
N J A able inac concepmal oprions — Initial Freguency resu
» Outcomes of the study: N I —
v . FEMNT + mo ~ . - no Redundant
s 11 |Comp =l p=1 550 137,50 FEANT + mo
1o Redundant comp. of limited no. of 11 |Comp =1 p=1 550 137,50
. . - . . .- FETNT + ; - :m:.:'::ilmzidﬂ m.l?.e:zlmdam con?p:oﬂimmd_no of
» Without/With injector redundancy: Availability e e = I L L] e | i
from 70% to 75% 121 =1 p=IE0 505 | 12625 | effect on the acc feld :ﬁz‘;‘n:‘:;,‘: C
T —— FEINT + mo 121 =l p=1E-02 503 126.25 | effect on the acc field
A A 13 |Comp p=1E01 [p=1 400 | 13475 Fﬁm
» If MTBFs of diagnostics replaced by Table 5. Liac concpmalopons ~ Opanzed Feghery resals I e 1 S P T
2 HH e = — [ —— L= — = = PRS- =TS J——"
|’8|Iab|||1y target Value (nOt from SNS e (n::ﬁu:;_nt L = Ffyr) | (3mth) - Table 6.8 Linac concepmal apions — Oprimized Freguency resnles
. - N A
experience) + target value for compensation N oo | 5250 Case | Conditions __|switch _|Comp | Feyn) | (aumthy Obs.
. - e . aye = no Redundant
function reliability: Availability to 80%. 2o Redundant e s attce N oo | s2se
12 | Comp =1 p=1E-01 BE.50 2212 |on the acc field - — = - = s womp offomitedng of
» Improve superconducting part and assume = D - Covey s with afec
e =1 p1E-02 8443 2110 | on the acc fisld 12 |Comp =1 p=1E-01 88.50 2212 |on the acc field
larger MTBF for components (better comps. Retmdant comp. of imited o, of
. e . . - FENT + mo _ . ¥
Reliability): improvement of the availability to 13 |Comp pIEO |p=1 w60 | 1900 121 (=l poiEdd | 846 | 2100 on thesce Seld
0 131 pEIE02 [p=l 7460 | 18.45 FEINT + mo
97 /0 Redundant comp. of limited no. of 13 | Comp p=1E-01 |p=1 79.60 1980
FE/INJ + cavity failures with — -
. 14 Comp p=1E-01 | p=1E-01 3547 962 | effect om the acc field =l Fedundant PeLEw el i) L T mited r
» Generally, Linac Fault Frequency could EN N T N T e dunda —l
evolve from 100/3mths to less than10/3mths T wmms | [ e e Ty e e esee el
15 EEEE;) p=1E-01 | p=1E-01 351 877 i“&"iﬁﬂ:ﬂﬁ;“ L e poIEDD (ps1E0) | 2039 L
. 151 p=1E-02 |p=1E-02 25.64 641 FEANT + comp. of (cavity failures
. 15 C ext.) p=1E-01 |p=1E-01 351 877 |+85As+tr itters)
> CO n C I u S I O n S L 151 ompl p=1E-02 |p=1E-02 25.64 .41 A

» 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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MYRRHA Research and Transmutation Endeavour

Myrte WP2 — Task 2.9, To be developed:
» LINACA reliability model
» AFT for LINAC4

THE FRAMEWORK PROGRAMME FOR RESEARCH AND INNOVATION

2015, October
1 [Milestone #1)

2018, April 1

2016, October
1 (Milestone #2)

2017, April 1

2017, October
1 [Milestone #3)

2018, April 1

2018, October 1

2019, April
1 [{Milestone 24)

Task 2.9 CERN
{R.Schmidt)

A detailed work programme
should have been defined
and agreed between EA and
CERN.

The development of the
LIMACH reliabfity model
shiould have started. The
requirements for the
modification of the LHC
accelerator fault tracking tood
{AFT) for LIMACH should
hawe been defined. in

The first AFT wersion for
LINAC# should be
operational. The
LINAC4 reliabdity model
should be complete.

The reliability nn of the
LINAC4 should have started.
The operational data from the
reliabdity run (e.g. faults and
their characteristics) should
be entered in the AFT.

The validation of the
reliability model should
be camied out, using
operational data
available in AFT for a
period of at least &
manth from the refiability

Recommendations for
LIMAC4 reliability
enhancement should be
derived. Applicability of
these recommendation to
MYRRHA refiability model
developed in MAX should

MYRRHA linac reliability
results and conclusions
from MAX D44 should be
reviewed in the light of
LIMACH reliability work
performed.

Diraft recommendations

Final conclusions &
recommendations towards
the MYRRHA linac
rediability enhancement
should be gathered into
Delwerable 2.9.

¥\
S S
==\

EMPRESARIOS AGRUPADOS

collaboration between CERN run for LINAC4 . be defined for the Mymha linac design
and EA. should be defined.
05 keV 3 MeV 40 MeV 90 MeV 160 MeV
o {EBHRFQ DTL HCCDTLH SCL
352 MH2—+—704 MHz
) 86 m )

Figure 1.1: Scheme of Linac4
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» LINAC4 Reliability modeling conclusions —to be extended to Myrrha Linac:
LINAC injector + accelerator up to 100 MeV)

45keV 3MeV 50MeV 100MeV 160MeV
H Source | § LEBT "RFQ | MEBT 1 DTL | CCDTL "PIMS | ] Transfer Line
Low . Medium . Coupled .
Energy Radio- Energy Drift cell Pi
Beam Frequency Beam T}Jbe Drift Mode
Transfer Quadrupole Transfer Linac Tube Structure
Linac

WP2 objectives

» Pursue the research, design and development of the MYRRHA accelerator

» Recommendations for
Myrrha Linac hi g h-Reliabil ity » W/ special focus on the first section of the INJECTOR part (building from previous work)

MYRRHA injector #1 >< MEBT >e Main LINAC
=\ SURIRLRLE LR L o ... . - - - B
. NC CH cavities SC CH cavities
SC Spoke cavities

. 13
o
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15~ 20 25 30 35 40
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Data for Linac Reliability Modelling

LINAC 4

MYRRHA

SNS
Documents
Notebook

Site Contents

# EDIT LINKS

Availability studies for MYRRHA

Excel Web Access - FC_Linac4

# EDIT LINKS

Linac 4 Failure Catalogue

CERN

THE FRAMEWORK PROGRAMME FOR RE

SEARCH AND INNOVA

1O RIS L 2 © 2 O

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)

Failure Catalogues

MEOPENINEXCEL  DATA~  FIND
SECTION:
. BEAM
Linacd CONDITION FAILURE MODE
20mA H-, 45keV, |  H- source not available
1) SOURCE 0.25 mm* mrad {source shart stop)
80mA H-, 45keV,| K- source not available
0.25 mm*mrad {source long-stop)
20MA H-,
2) LEBT i
2.1) SOLENOIDS Powering Failure
Wreng Magnetic Field
2.2) BEAM STOPPER Mechanical Failure
Electronic Failure
Incorrect Pasition
2.3) PRE-CHOPPER Powering Failure
‘Wrong Electric Field
PSB Synchrnization
70mA H-, :
3) RFQ Imiev Powering Failure

Wrong Field

Merging relevant information to
build a MYRRHA failure catalogue

y— N
Poeemn o N
=Y\
EMPRESARIOS AGRUPADOS

s g

Failure Catalogues
LUNAC 4
MYRRHA
SNS

Documents

Notebook

Site Contents

#" EDIT LINKS

Availability studies for MYRRHA

# EDIT LINKS

SIS Failure Catalogue

Empresarios

Aqgrupados

JOPENINEXCEL  DATA-  FIND
FAILURE CATALOGUE
BEA
M
SECTION: CON FAILURE LOCATION MTTR FAILURE RATE (per SEVERITY
SNS MODE component, 1/h)
DITIO
N
ION SOURCE
Plasma Electrode lon Source 8 2.00E-05
Permanent Magnets lon Source = 1.00E-05
HV Insulators lon Source 8 2.00E-05
Power Supply lon Source 1 2.00E-0%
RF Amplifier lon Source 0.8 2.00E-05
RF Circulator lon Source 3 2.00E-05
Gas Supply lon Source 4 2.00E-05
Pumping lon Source 1 5.00E-05
Walves lon Source 4 1.00E-05
Gauges lon Source 4 5.00E-086
Support lon Source 0.2 8.00E-035
Beam Dump lon Source 8 2.00E-04
LEBT
Extraction Electrodes LEBT 3 2.00E-04
Electron Repeller LEBT 8 2.00E-05
Extractor Supply LEBT 0.2 2.00E-0%
Scroll pump LEBT - Vacuum System 1 5.00E-05
Turbo pump LEET - Vacuum System 1 1.00E-05
Turbo pump Gauge LEET - Wacuum System 4 1.00E-05
Turbo pump Valve LEBT - Wacuum System 4 1.00E-05
Solenoid 1 LEBT 2 1.00E-06
H,V Steerers (dipoles) LEBT 2 1.00E-06
Valve LEBT 4 1.00E-05
Slits System (collimator) LEBT 4 1.11E-05
Solenoid 2 LEBT 2 1.00E-06
H,\V Steerers (dipoles) LEBT 2 1.00E-06
Inj. Cone Cooling LEBT = 2.00E-0%

i




» ReliaSoft's BlockSim software tool - comprehensive platform for system reliability, availability,
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Linac4 Reliability Model — software

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)
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SUPERCONDUCTING LINAC TUNNEL
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