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Abstract Table 1: Myrrha Beam Characteristics
Accelerator Driven Systems (ADS) are promising tool$ particle protons

for the efficient transmutation of nuclear waste products inenergy 600 MeV

dedicated industrial installations, called transmutédise current 4 mA

Myrrha project at Mol, Belgium, placed itself on the path time structure| CW, with 200us holes> 1 Hz repeti-

towards these applications with a multipurpose and versa- tion, for subcriticality monitoring

tile system based on a liquid Pb-Bi (LBE) cooled fast re- beam delivery| vertically from above through an
actor (70 MWth) which may be operated in both critica| to the reactor | achromatic beam line and window
and subcritical modes. In the latter case the core is f¢theam stability| energy£1%, current:2%, position

by spallation neutrons obtained from a 600 MeV proton and size+10%

beam hitting the LBE coolant/target. The accelerator pro-peam shape circularr = 40 mm, flat power den
viding this beam is a high intensity CW superconducting on target sity, by AC scanning magnets

linac which is laid out for the highest achievable reliabil{ \TBE =~ 250 h

ity. The combination of a parallel redundant and of a fault
tolerant scheme should allow obtaining an MTBF value in

excess of 250 hours that is required for Optlma| integritbus Wave mode, from above and through a beam window.
and successful operation of the ADS. Myrrha is expectefihe most significant characteristics of the beam are sum-
to be operational in 2023. The forthcoming 4-year periogharized in Table 1.
is fully dedicated to R&D activities, and in the field of the The cw operation makes the current requirement mod-
accelerator they are strongly _focused on the rgliability a%rate with respect to peak current requirements in pulsed
pects and on the proper shaping of the beam trip spectrugbam facilities. This is fortunate, because it leaves tioe ne
essary margin for an ADS specific requirement imposed to
INTRODUCTION the accelerator: its reliability should be such that the aum
ber of beam trips longer than 3 s remains under 10 during a
Accelerator Driven Systems are presently consideresimonths operational period of the Myrrha reactor. Shorter
worldwide as potential and promising candidates for thgeam trips are tolerated without limitation. This beam trip
industrial transmutation of very long living nuclear wast&requency is very significantly lower than today’s reported
into isotopes with much shorter life times. This method cagchievements on comparable accelerators [2]. Therefore

significantly alleviate the burden upon geological disposathe reliability is the main challenge and the permanent
However, the road towards the industrial transmuter stilR&D consideration.

features many R&D steps. SCREN'’s Myrrha project [1]
is one of these steps, aiming at demonstrating the feasibil-

ity and operability of a subcritical core fed by an external CHOICESAROUND RELIABILITY
neutron source obtained by a high power proton accelera-te rejiability constraint implies that the Mean Time Be-
tor. tween Failures of the beam delivery mustb&50 h. Ob-
The object of this contribution is the accelerator that Mayiously, a failure is defined as a beam tsi8 s. It has been
be used for the Myrrha project in its ADS configurationghown that an important increase of the “natural” MTBF
The Myrrha reactoryvill be coolgd by liquid Pb-Bi eutectic.may only be obtained if a single failing element does not
In the ADS mode this reactor will have a thermal power ofytomatically imply a global failure [3], which means fault
~ 70 MWi,. The core geometry is optimized for a protonygierance. The key for implementing the fault tolerance
energy of 600 MeV, where the Pb-Bi coolant is also usegoncept is redundancy. Parellel redundancy uses 2 ele-
as spallation target. ments for 1 function. For clear economical reasons this
The required beam current varies between 1 and 4 MPgrallel scenario has to be minimized. Serial redundancy,
depending on the burnup of the nuclear fuel and on it§n the contrary, replaces a missing element's functionalit
reshuffling scheme. This beam is delivered in Continupy retuning adjacent elements with nearly identical func-
. _ tionalities. It is closely linked to a modular structure.
*Work supported by the European Atomic Energy Community's Se . L
enth Framework Programme under grant agreement nr. 26988 ( For the Myrrha accelerator the following 3 principles
project) have been adopted regarding the reliability goal:
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1. use of components far from their limits

2. redundancy, maximally serial Table 2: Independently Phased Linac Data

3. repairability spoke elliptical

In agreement with several high power accelerator ?eometricalja Y 033552 074(')74 07%(2
projects, in operation or to be built, the adopted tech- #:eqlljle/ncy '[t Z] 5 5 5
nical solution for Myrrha is that of a superconducting ce slcawr)]/ 570 830 1050
linac [4, 5, 6]. The CW operation strengthens this choice. g?;/:r)‘/n:dnlﬂ(te c[(;T:\rfri]g]; 3 cav 2 cav 4 cav
It tibility with the 3 reliability principles is sh : ' : '
s compatibility wi e 3 reliability principles is shaw # cryomodules 1 15 16
1. The fundamental current limitation is much higher section length [m] 63.2 52,5 101.0

than 4 mA, and present day superconducting RF cav- energy range [MeV] 17-86.4 — 186 — 605

ity performances allow adopting comfortable margins.
2. The modular architecture of a superconducting linac

is in excellent agreement with the serial redundancfault detection techniques and of adequate repairalittiy,

scheme. Further conditions are (i) an independent arbeam MTBF goal of 250 h is realistic.

plitude and phase control of each individual cavity,

and (i) tolerant beam dynamics, permitting an inac- SpeECIFIC LINAC IMPLEMENTATION

tive cavity and a subsequent retuning of adjacent cav-

ities without loss of the nominal beam properties. Thénter mediate and High Energy
critical issue of the former condition is the switching _
time of 3 s. Regarding the latter condition beam dy- F©Or the high energy part of the Myrrha superconduct-

namics studies have been performed [7], yielding thing Iinap_ the technological_ choice is conventional: elfipt

certainty of the theoretical feasibility of the fault toler €8l cavities at 704 MHz will be used from 90 MeV up to

ant scheme. The scheme was also verified experime%QO Me\/_. _Th|s elliptical section is realized with 2 geomet-

tally in the SNS [8]. The issue of the error analysis ir{'calI fam|I|§s —see Table 2.

the presence of faulty cavities is an outstanding R&D O the intermediate energy part, 17 to 90 MeV, spoke

item. cavities at 352 MHz are retained [10]. For maximal com-
3. The repairability is required in combination with patibility with the fault tolerance scheme, a 2-cell cavgty

the redundancy schemes for guaranteeing continu&fosen- Table 2 shows further characteristics.

availability. The modularity of the SC linac is an asset 1 hroughout the intermediate and high energy sections
for this aspect as well. the quadrupole doublets and the diagnostics are installed i

short warm sections between the cryomodules.

In practice the redundancy scheme will be:

1. A medium and high energy section, highly modular! njector

based on individual, independently controlled cavi- The injector part (0 — 17 MeV) is based on unconven-
ties. In this section the serial redundancy may be apional solutions, chosen in view of optimal efficiency, con-
plied successfully so as to yield a strong fault tolersidering that this section has to be doubled for reliability
ance. The function of a faulty cavity may typically be A 352 MHz version of the injector, developed in the EGi-
taken over by 4 adjacent cavities. ROTRANS framework [11], has been described [12]. With
2. A low energy section (injector), in which the modu-a focus on Myrrha, the benefits of a 176 MHz injector have
larity and fault tolerance are not applicable since it ipeen investigated in view of optimized efficiency and rei-

based on multicell cavities. Here parallel redundancypility but at the cost of a reduced maximum beam current
has to be applied, and so 2 complete injectors are forgapability. The benefits are:

seen. The transition energy between the 2 sections is
17 MeV. e alower input energy of the copper CH-DTL
o _ _ o e reduced power densities in the copper structures
On the reliability of ancillary equipment very promising o 5 Jower input energy of the RFQ, thus a reduced elec-
progress is being made in (i) solid state (SS) based RF am-  ygstatic potential on the ion source
plifiers, (i) modular DC power supplies. e the possibility to consider a 4-rod RFQ instead of‘a

In the medium and high energy sections the fault toler-  4.yane version, yielding relaxed tolerances, easier ad-
ance has to be realized via the Low Level RF control. A" jystments and significant savings.

novel fully digital LLRF has been prototyped in view of

this particular application [9]. It will be tested on a preto Additionally, the study of this 176 MHz scheme shows thie

type single cavity cryomodule during the upcoming R&Dpossibility of reducing the inter-electrode voltage in the

activity period. rod RFQ for a Kilpatrick factor of 1.2. The schematic lay-
It is considered that the combination of a fault toleranbut of the 176 MHz injector is shown in Fig. 1. It is based

linac, of intrinsically reliable auxiliaries, of powerfelrly on a sequence of 3 subsections:
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1. a4-rod RFQ, accelerating to 1.5 MeV
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view, and from that of the practical and technological im-

2. 2 copper multicell CH-DTL structures with KONUS plementation.

focusing scheme for acceleration to 3.5 MeV

3. 4 superconducting multicell CH-DTL structures,
combined in 1 single cryomodule, for acceleration to
17 MeV. This solution extends the advantages of thelll
superconducting RF to the lowest possible energy. A
superconducting multicell CH structure has been veryl2]
successfully tested in a vertical cryostat [13]. The test
with beam of a fully functional single cavity cryomod- [3]
ule is under preparation [14].
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Figure 1: Schematic overview of the 176 MHz injector.
(8]
This scheme will be the object of a dedicated R&D pro-
gram, which at first will focus on the 4-rod RFQ:

El

e construction of a short test section for thermal be-
haviour investigation

e construction of the full-size RFQ and its installation[ "]
for beam tests. An ECR ion source and a dedicated
LEBT section will be installed in front of the RFQ, a
diagnostic section and a beam dump after it.

Further R& D Activities [11]

It is also foreseen to launch a collaborative R&D pro-
gram aiming at the detailed engineering design of each of
the different cryomodules of the Myrrha linac. These dell2]
sign activities should be terminated by the end of 2014,
then followed by construction and extensive testing in view
of design feedback. [13]

CONCLUSION [14]

The use of RF superconductivity has become a recurrent
choice in present day or future high power accelerators, and
the global layout of the Myrrha linac is in line with several
other proton beam projects, like e.g. ESS, EURISOL, Pro-
jectX.

The fact that the Myrrha accelerator has, after all, rel-
atively modest performance requirements in terms of in-
stantaneous beam current gives the possibility of using an
alternate and simplified injector design.

The reliability of the accelerator, expressed as a very re-
duced number of allowable beam trips longer than 3 s, is
the outstanding challenge and calls for a high level of in-
trinsic and fundamental fault tolerance besides a pasticul
care for the reliability of every subsystem.

The R&D program is strongly focused on this reliabil-
ity issue, both from a fundamental and theoretical point of
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