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Abstract

It is a generally accepted fact that construction of a high-power proton accelerator (HPPA) capable of
driving a system of nuclear subcritical assembly for nuclear transmutation or energy amplification is
feasible theoreticaly and conceptually. However, there are a number of technological challenges in
several areas that need to be solved so ADS can become feasible. In this paper, we discuss the key
requirements of ADS, available technologies and extension and/or extrapolation of today’ s technology
to render the ADS practical. ADS technology would necessarily be an extension of the accelerator of
the Spallation Neutron Source (SNS), which is under construction at Oak Ridge National Laboratory.
A discussion on how to extend SNS technology to ADS technology is also provided. As both accelerator
and target/reactor would operate in uncharted regions of performances, extending and integrating
today’s technology to the ADS ream would require many performance/requirements trade-offs
between accderator and reactor designers. The uncharted regime of performance includes two to three
orders of magnitude higher beam power, improving the reliability of the accelerator to that of asimilar
range of reactor, and improving and controlling accelerator beam loss fraction to the 107 range in
order to facilitate hands-on maintenance of the accelerator system. An opinion on a possible road map
to achieve the ADS goalsis also provided.
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Introduction

Some 70 years ago, the first series of accelerator-based nuclear transmutation experiments were
performed at Cavendish Laboratory using a Cockloft and Walton constructed 300-kV high voltage
rectifier-accelerator. One of the most famous and important results was the discovery of neutrons by
James Chadwick in 1932. Today’ s proposal for an accelerator-driven system (ADS) to change species
of nuclei from one kind to ancther is a continuation of the work started by the Cavendish Laboratory
team under the leadership of Lord Rutherford. The differences between then and now are accelerator
energy, beam current and accelerator reliability. Chadwick counted neutrons with his 10 fingers, while
ADS attempts to produce neutrons in units of kilogramme per year. To produce such a quantity of
neutrons, an ADS accelerator requires a beam energy of 1 GeV or more, beam current of 20 mA
to 100 mA, and should be operational for 24 hours a day, seven days per week with 100% reliability.
For the purposes of discussion, it is assumed that 20 mA is the desired current.

Today’s accelerator meets the energy and current requirements of an ADS system separately and
not simultaneoudly. At a beam energy of 600 MeV or above, the beam current requirement must be
improved by one to two orders of magnitude. The average current of 1 mA beam for 800-MeV proton
acceleration was demonstrated by the LAMPF linac afew decades ago. A 1.4-mA, 1-GeV accelerator
(SNS) is under construction, and an SNS upgrade plan to ~4 MW is proposed. In other words, the
beam current goal is within striking distance. However, the question regarding the system reliability/
availability requires fresh thinking by accelerator designers/builders, accelerator users, and accel erator
managers. In other words, a paradigm shift is required for all parties interested in the ADS in order to
obtain ~100% reliable accelerators.

Other challenges facing ADS include controlling potential beam loss throughout the accelerator
system. Beam instability induced by varying beam dynamic conditions of the accelerator can initiate
uncontrolled beam losses. Excessive beam loss produces hazardous environmental conditions. Past
experience shows that a 1-W/m beam loss is tolerable for hands-on maintenance.

In this paper, a short description of atypical conceptual ADS facility and the technology needed
to make the concept viable is presented in the next section, followed by a short introduction to
“reliability engineering”, which is given in order to explain what is needed to improve the facility
reliability. A discussion on beam loss is provided to show the extent of extrapolation from today’s
practice. One method of extrapolating to the future is to expand the SNS technology to the ADS, and
this is described in a section below. Possible R&D and a trade-off study are also described. Loss of
one W/m for the SNS corresponds to a fractional loss of ~1 - 10°%/m. A reliable prediction of such a
small fractional nhumber by numerical or analytical computation is very difficult. The fractional loss
requirement for an ADS machine is even smaller than that of the SNS. The requirement is smaller by
one or two orders of magnitude depending on the required current of the machine.

A typical facility for ADS and available technology

An accelerator of ADS is used to produce ~ kg of free neutrons per year in order to change nuclei
of one bulk material to another. Such a quantity free neutrons without fission multiplication can
produce a proton beam of an order of 100 MW striking a heavy element target. When the target system
is a subcritical assembly, the beam power requirement is reduced by a large factor depending on the
criticality condition. Thus one can conjecture an ADS facility should be able to handle a beam power
of ~20 MW. Since the SNS has a designed beam power of 1.4 MW, the required beam power of ADS
isone order of magnitude higher than the performance today’ s technology can facilitate.
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The SNS uses both room temperature and superconducting radio-frequency (SRF) technology,
which supplies 80% of the beam energy. The room temperature portion is used to accelerate the beam
to energy of less than 200 MeV, where particle velocity is less than 0.5 of light velocity, and rapidly
varying. The SNS chooses to use the room temperature technology in this region purely due to the lack
of time to develop. Figure 1 shows a schematic layout of the SNS linac. The linac operates with a
beam duty factor of 6%. The changes or improvements required to evolve an SNS-type linac into an
ADS linac are discussed | ater.

Figure 1. Schematic layout of the SNSlinac
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A typical accelerator for ADS would have a beam energy of 0.6 to 1.5 GeV, a beam current of
20 to 100 mA, and a duty factor of 100%. The layout would be similar to Figure 1 except that DTL
and CCL could be replaced with cryogenic structures. The DTL could be replaced with an IH structure
being developed in Frankfurt, and CCL could be replaced with spoke cavities or élliptical cavities.
Current technology meets the required beam energy and current separately and not simultaneoudly.
A challenge is to operate at high energy and high current with infinitesimally small beam loss and
closed to 100% reliability. In the past, accelerators were never required to be as reliable as reactors.
Improving accelerator reliability requires a different design/construction philosophy.

186 MeV 387 MeV 1000 MeV

Reliability engineering

Since the invention of accelerators from the 1930s to the 1950s, almost all accelerators were used
for nuclear/particle physics experiments to discover new nuclei, new particles, new phenomena and to
measure fundamental numbers. The nuclear/particle physics community in the past would rather have
higher-energy particles than higher current or higher-energy particles than high accelerator reliability.
There were a number of reasons for these preferences. The probability of a discovery of anew particle
or phenomenon is higher at higher energies. Typical particle/nuclear physics experiments run about a
week, a few months, or years, and therefore an accelerator availability of 80% or so is acceptable to
this community as long as the state of the accelerator has an energy frontier.

On the other hand, over the past 20 years, accelerator builders for spallation neutron sources
and synchrotron light sources have implemented a marked improvement in accelerator availability.
For example, the Rapid Cycling Synchrotron (RCS) and its associated neutron-generating target
system of the Intense Pulsed Neutron Source (IPNS) at Argonne National Laboratory have a 20-year
average availability of better than 95%. The availabilities of the Advanced Photon Source (APS) and
the European Synchrotron Radiation Facility (ESRF) have achieved 98% over the past severa years.
A very high availability is required for structural analyses research using neutron scattering or
synchrotron radiation. The requirement comes from the following facts: 1) users of such facilities
usually prepare samples to be exposed to neutron or photon beams, 2) such sample preparation may
take two weeks or more, 3) the sample lifetime with or without beam exposure could be as short as a
few hours, and 4) if the sample misses the beam exposure due to machine unavailability, then the user
must start the sample preparation over again. The requirement for high availability from scientific
users was instrumenta in the improvement implemented in light sources and neutron sources. It is
reasonabl e to conjecture accel erator builders of ADS would improve the reliability of the machine.

155



It may be instructive to review the basics of “reliability engineering” described at the first meeting
of this series of workshop held in Mito, Japan [1]. The frequency of system or hardware failure or trip
is described with failure rate, 1, which is the inverse of mean time between failure (MTBF). Though
the failure rate is constant over a shorter time range, the failure rate increases as the system becomes
older. Thefailureis also higher during a“breaking in” period soon after construction. Thistime variation
of failure rate has the shape of a bathtub, and is known as a failure rate bathtub curve amongst reliability
engineering professionals. Figure 2 shows a series of bathtub curves indicating the influence of design
stresses, quality control during construction, and preventive maintenance during operations. As for
design stress, it is preferable to design with low stresses as long as the budget allows.

Figure 2. Reliability bathtub curves asfunctions of various conditions
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Thus the first task of designing a system is to make the MTBF of an integrated system as long as
possible. The second task is to make the time required to repair the failed hardware as short as possible.
The usual methods for shortening the repair time are to have redundancies or hot spares for hardware
prone to fail and devising “quick connects and disconnects’ to install and remove it from the system.

The superconducting portion of the SNS has a special feature of fault tolerance designed into the
system in order to eliminate on-line repair time of cavity and its RF power supply failures. There are
81 cavities in the cold section and each cavity is powered by its own klystron. If one or two cavities
fail, the linac can be retuned to operate without shutting down. Thisis a new feature of the SNS linac.

Making an accelerator complex as reliable as areactor is going to be a challenge.

Beam loss consideration

Excessive uncontrolled beam loss in an accelerator complex brings not only aradiation hazard to
personnel and environment but also prevents hands-on maintenance. Beams lost in a controlled fashion
(controlled loss) usually collect in a catcher. Experience has shown aloss less than 1 W/m is tolerable
for hands-on maintenance. Figure 3 shows calculated and measured residual radiation of accelerator
hardware measured at 30 cm from the surface after a 4-hour cooling period following a shutdown under
acontinua loss of beam at alevel of 1 W/m as afunction of proton beam kinetic energy. The measured
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Figure 3. Residual radiation vs. kinetic ener gy of
proton beam under 1 W/m loss (computed and measur ed)
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points are from LANSCE linac and PSR ring. The calculated values are from the SNS and APT. It is
generally accepted that under aresidua radiation of ~100 mRemv/hr or less, hands-on maintenance can
be performed [2].

The challenge is making uncontrolled beam loss less than 1 W/m throughout the facility. If one
takes a 20-MW beam power facility, the allowable fractiona lossis 5 - 10° /m. This kind of small
loss is hard to predict because of imperfections in numerical calculations as well as incomplete input
to the calculation. Accurate prediction and preventive measures are challenges that need to be solved.
After construction completion, the measurement of beam losses at the SNS would show how easy it is
to obtain required beam loss control at ADS.

From Spallation Neutron Source (SNS) to ADS

It isinstructive to compare the SNS accelerator with a 20-MW ADS accelerator. There are many
similarities and differences between the two. SNS was a warm machine and the design was changed to
a cryogenic machine in 1999 based on available new technologies [3]: Cavity technology came from
DESY which was developed in connection with the TESLA proposal and high-power power-coupler
from KEK developed in connection with KEK-B-Factory. Figure 4 shows a picture of an Nb cavity
and a power coupler. However, there is a remnant of room temperature technology in the SNS linac
below 186 MeV as shown in Figure 1. The conversion took place two years after construction started,
and the reason why the old technology was kept was lack of time to undertake the R& D necessary for
the converting section below 186 MeV in 2000.

The SNS time-averaged beam current is 1.4 mA with a beam duty factor of 6% and RF duty

factor of 7%. The peak current of the linac is about 25 mA. If the SNS linac were to operate in CW
mode, the beam power becomes about 23 MW, which isan ADS beam power.
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Figure 4. SNS niobium cavity (left) and power coupler (right)
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Therefore, what are the changes necessary to build a CW 23 MW machine based on the SNS
technology?

It is advisable to diminate the warm section below 186 MeV. There are a couple of new
technologies being developed around the world. One is the so-called spoke cavities being devel oped at
ANL, LANL and Orsay, and the other isthe IH structure being developed for GSI by the University of
Frankfurt.

Since the ideais only to change the linac duty factor, the peak beam current of the machine does
not change. Therefore it isimportant to note that beam dynamics associated with high current remains
the same as that of the SNS. Beam stability criteriaremain same.

A major upgrade required would be a cryogenic plant. Due to the change of RF duty factor from
7% to 100%, the dynamic heat load would increase by afactor of 15 from that of the SNS. For a given
final energy of alinac, dynamic heat load is proportional to accelerating gradient; therefore a trade-off
optimisation between gradient and costs of construction and operation should be performed in order to
minimise the costs.

One of the SNS subsystems which would not function properly is the beam diagnostic system.
Since the beam is CW rather than pulsed, the frequency response of the diagnostic system should bein
the 200 MHz range, which is the bunch frequency of the beam formed at the initial RFQ. The frequency
response of the SNS could be much lower because the pulse repetition rate is 60 Hz. An additiona
complication and intriguing challenge is how to commission or turn on the linac after shutdown.

When an accelerator is turned on for commissioning or after a shutdown, the beam trgjectory is
unknown because there are too many parameters which influence the trgjectory, and these parameters
are imperfectly known. A mis-steered beam can destroy the machine and present a hazard to people
and the surroundings. To find the tragjectory one needs a beam intense enough to provide signalsin the
diagnostics, and weak enough not produce a radiation hazard or destruction of hardware even if the
beam is mis-steered. For a pulsed machine like the SNS, the condition just described is achieved by
reducing repetition rate to, say, 1 Hz or less and reducing the beam pulse length from 1 msec to, say,
10 msec while maintaining the pulse peak current. In this example the intensity reduction is 6 000 times
less. In a CW machine, these features are not available, and one has to design the commissioning
mode from the beginning by either providing a different set of diagnostics or providing pulsed or
chopped beam operations.

Perhaps the most difficult extrapolation from the SNS to ADS is that of the beam loss prediction
and control. Under the 1 W/m allowable loss criteria, the ADS beam loss has to be 15 times smaller
than that of the SNS.
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I nter face between accelerator and reactor

The presently conceived interface between the ADS linac and the reactor is to insert the horizontal
beam from the linac into the reactor verticaly using a set of bending magnets situated above the reactor.
This bend region would contain elaborate sets of charged beam and neutron diagnostics. The Nb
surface of the linac accelerating structure is at a cryogenic temperature of 2 K, while the reactor isat a
high temperature due to nuclear reactions and possibly emitting fission product gases. When the Nb
surface is contaminated the performance of superconductivity could be degraded.

One of the challenges is to design and construct the bend region such that it can accommodate
guick service to the beam transport and the reactor diagnostics. All existing spallation neutron sources
except SINQ at PSI, Switzerland have horizontal beam delivery systems. Experience by SINQ on the
vertical beam delivery system maintenance, inspection and other services could be helpful in designing
future vertical delivery systems. The bending magnets in this area should be made of inorganic
materials so that radiation damage to the magnetsis minimal.

Another challenge is the windowless vacuum isolation between the accelerator and reactor. It is
reasonable to assume that existing materials would not withstand this kind of radiation environment,
and it is conjectured that either new technology or new materials are needed for the window and/or
isolation. It is noted that there are a number of papers addressing “window” issues in this workshop.

R& D and trade-off

The ADS will advance accelerator and reactor technologies together, interfacing the two toward
an uncharted regime. Therefore it can be expected that a number of difficulties will have to be faced.
Some of the difficulties could be mitigated jointly by accelerator builders and reactor builders by
trading difficulties and complementing each other. This is caled “sharing difficulties’ or “sharing
pains’ between subsystems.

Since no high-energy accelerator has been as reliable as a reactor, the question remains as to what
kind of reliability the ADS reactor can tolerate. A HPPA can be made as reliable as a reactor with a
large sum of additional costs. On the other hand, if areactor can be designed to tolerate some amount
of unreliability of an accelerator, there could be cost savings in accelerator construction. Such R&D
efforts should be carried out in an iterative manner between accelerator builders and reactor buildersin
the “sharing pains’ manner.

The diagnostics concerning the beam delivery system and reactor area would be in an uncharted
domain. Developing equipment which does not intercept the beam, yet measures the beam profile
and/or position, is essential. Furthermore, these instruments are likely to be situated in an area where
back-streaming neutrons certainly cause radiation damage to the equipment. Additional requirements
include along MTBF and quick reparability. Redundancies and spares may or may not useful because
of the extremely high level neutron radiation in the area. It is a chalenge. As the expertise regarding
radiation damage resides with reactor designers, this topic would also benefit from a joint effort
between accelerator and reactor experts.

Other key R&D and trade-off studies include the isolation issue concerning the “beam window”

to isolate the accelerator from the reactor, and vertical beam insertion to the reactor through a beam
delivery system.
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A road map for a high-power proton accelerator-driven nuclear system

The following is an opinion of the author regarding a possible road map leading to a high-power
proton accelerator for an accelerator-driven nuclear system.

The Japan Proton Accelerator Research Complex (JPARC) R&D plan on ADS work in Japan
was presented at this workshop. The plan includes a “transmutation physics part” and a “transmutation
engineering part.” The facility to carry out the R&D is under construction, and will use a 200-kW
beam (600 MeV, 1/3 mA) from J-PARC injector linac. A transmutation physics study planned requires
only a 10-W beam.

My opinion is that the plan proposed by J-PARC is prudent, proper and a practical approach
toward an ADS system. It is a wise plan to understand and attempt to solve ADS reactor physics and
engineering issues with a modest beam power instead of starting with 10 s of MW beam. Since there
may be number of unknown difficulties achieving 10 s of MW HPPA based ADS system, a graded
approach may be a worthwhile option and should be considered. One natural graded approach is to
start with 200 kW to 2 MW to 20 MW machines. In this chain of graded approach, the first two
machines would exist within afew years at JAERI and ORNL, respectively.

Under the graded approach concept, every laboratory interested in an ADS system should join the
JPARC effort to learn and to solve reactor problems at 200 kW level internationaly. In the same
manner that EU-funded collaborative work exists in Europe, it seems natural for Asian countries to
form a collaboration with JAERI. Putting resources together and eliminating duplications will expedite
the programme with minimum expenditures for each collaborating laboratory. A model for such
internationa collaboration is that of the TESLA Test Facility (TTF). Since 1992 the TESLA
collaboration centred at DESY in Hamburg, Germany, consisting of some 50 ingtitutions, has devel oped
very high gradient (~40 MeV/m) superconducting cavities and built an initial linac of 300 MeV, and
more recently of 1 000 MeV, using the cavities developed by the collaboration. The initial linac was to
demonstrate a self-amplified spontaneous emission (SASE) free electron laser, and the latter linac is
the driver for a VUV free electron laser user facility. As noted earlier, the SNS uses technology
developed by TESLA.

The uniqueness of the TESLA collaboration is that each collaborator contributed their expertise
and in-kind hardware. For example, cavity materials and construction from DESY, some RF power
supplies and power couplers from FNAL, cryomodules from INFN, injector from CEA and Orsay,
vacuum chambers for FEL from ANL, and so on. The results of these collaborative effort is an approved
proposal to build an X-ray FEL at DESY as a European facility and a proposal to build a 500-GeV
linear collider, which is under review by the International Committee on Future Accelerators. This
model of international collaboration can be used to carry out developmenta work for an HPPA-driven
ADS. This proposal does not advocate discontinuing national ingtitutional programmes in favour of the
collaboration. However, nationa programmes can be tailored to complement the collaborative effort.

Summary

The technological aspects and challenges of employing a high-power proton accelerator to drive
accelerator-driven nuclear system are discussed. There are a couple of requirements which where
today’ s accel erators have not demonstrated. One is achieving a reactor-like reliability and the other is
controlling beam losses to an unprecedented level. A trade-off between accelerator and reactor to
mitigate these difficulties is proposed. A road map to achieve an ADS facility is aso proposed.
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If the SNS linac were to run in CW mode without changing the beam peak current as it was
designed for the pulsed mode, the beam power would become 23 MW. This level of beam power is a
desired level of the ADS system. The technology and performance of the SNS linac would guide the
ADS linac design and performance. For example, if one finds the SNS beam loss is 10 times less than
conjectured today, then the ADS linac should be able to facilitate hands-on maintenance.

The fault tolerant design implemented in the SNS linac should be tested to its full extent to
determine whether such a system can be used to improve the reliability of an ADS linac in order to
meet the requirement of only five trips per year.

REFERENCES

[1] Cho, Y., “Rdiability and Availability of High Power Proton Accelerator”, Proceedings of the
OECD NEA Workshop on Utilisation and Reliability of High Power Accelerators, Mito, Japan
(13-15 Oct. 1998).

[2] Beam Halos and Scraping, N. Mokhov and W. Chou, Eds., Fermi National Accelerator
Laboratory (1999).

[3] Cho, Y., et al., Preliminary Design Report — Superconducting Radio Frequency Linac for the
Spallation Neutron Source, SNS-SRF-99-101, Oak Ridge National Laboratory (20 Dec. 1999).

161






TECHNICAL SESSION |

Accelerator Reliability

Chairs: A. Mudller, P. Pierini

163



TABLE OF CONTENTS

0] 1= 1o o S 3
EXECULIVE SUMIMBIY ......eitiieieeeieeet ettt ettt b et b e et bt eb et st n e e e nn s 11
VWVBICOITIE. ..ttt et b bt b e b b st et et e st e Rt e Rt e bt e b e et e st e e et e st e beebenbeseenen e 15
D-S Yoon
Congratulatory AGOIESS .......c..coveeriiiriere e nre s 17
I-S. Chang
WEICOME AGAIESS ...ttt 19
G.H. Marcus
OECD WEICOME .....eecuieieeieeiesieeeeste st eee e st eae e sseeste e eseessesseeaessesseessesseensesensses 21
GENERAL SESSION: ACCELERATOR PROGRAMMESAND APPLICATIONS.............. 23
CHAIRS: B-H. CHOI, R. SHEFFIELD
T. Mukaiyama
Background/PerSPECLIVE. .........ccouiiuieieiiiie ettt sttt nas 25
M. Salvatores
Accelerator-driven Systems in Advanced Fuel Cycles.........ccocvornininencnienne 27
S Noguchi
Present Status of the J-JPARC Accelerator COmMplex .......ccveveeveeveevieneesieseesieenens 37
H. Takano
RE&D Of ADS N JAPAN......cceeiuiieieieieieee et 45
RW. Garnett, A.J. Jason
Los Alamos Perspective on High-intensity Accderators..........cccooveveveveecenneennn. 57
J-M. Lagniel
French Accelerator Research for ADS Developments.........cccccveeeveveeceeceeiee, 69
T-Y. Song, J-E. Cha, C-H. Cho, C-H. Cho, Y. Kim,
B-O. Leg, B-S. Lee, W-S. Park, M-J. Shin
Hybrid Power Extraction Reactor (HY PER) Project ..........ccoooveveieieieiecineenn 81



V.P. Bhatnagar, S. Casalta, M. Hugon
Research and Development on Accel erator-driven Systems
in the EURATOM 5" and 6" Framework Programmes...............coe.oeveenreereenreennes

S. Monti, L. Picardi, C. Rubbia, M. Salvatores, F. Troiani
Status of the TRADE EXPEMENT........cccoviiiece et s

P. D’ hondt, B. Carluec
The European Project PDS-XADS “Preliminary Design
Studies of an Experimenta Accelerator-driven System” ..........ccceevvveevevieeiee e

F. Groeschel, A. Cadiou, C. Fazio, T. Kirchner, G. Laffont, K. Thomsen
Status of the MEGAPIE PrOJECL.......ccccoviiiirieiisierieseeeee st

P. Pierini, L. Burgazz
ADS Accelerator Reliability ACtiVitiesSin EUrOpe........ccocvveverereeieieeeeseseie

W. Gudowski
AAD S NBUITONICS ..o eeteee e eeeee e et ettt e e e et e s ees et essareeessanseeeseaseeeseasseeessanseeesannaees

P. Coddington
ADS SEFELY ...ttt

Y. Cho
Technologica Aspects and Challenges for High-power Proton
Accelerator-driven System APPIICALION........cccovreiirirene e

TECHNICAL SESSION I: ACCELERATOR RELIABILITY oo

CHAIRS: A. MUELLER, P. PIERINI

D. Vandeplassche, Y. Jongen (for the PDS-XADS
Working Package 3 Collaboration)
The PDS-XADS Reference ACCEIEIaor .........cccuvererieereninesesie e

N. Ouchi, N. Akaoka, H. Asano, E. Chishiro, Y. Namekawa,

H. Suzuki, T. Ueno, S. Noguchi, E. Kako, N. Ohuchi, K. Saito,

T. Shishido, K. Tsuchiya, K. Ohkubo, M. Matsuoka, K. Sennyu,

T. Murai, T. Ohtani, C. Tsukishima

Development of a Superconducting Proton Linac for ADS.........cccocevvvveeevvieenen.

C. Midot

Spoke Cavities: An Asset for the High Reliability of a Superconducting
Accelerator; Studies and Test Results of a3 = 0.35, Two-gap Prototype

and its Power Coupler af IPN OFSal .......ccocceeieieeiieie e

X.L. Guan, SN. Fu, B.C. Cui, H.F. Ouyang,
Z.H. Zhang, W.W. Xu, T.G. Xu
Chinese Status of HPPA DevelOpment ..........ccccoeeeeriieese e



J.L. Biarrotte, M. Novati, P. Pierini, H. Safa, D. Uriot
Beam Dynamics Studies for the Fault Tolerance Assessment

Of the PDS-XADS LINGC......cciiiiiiiiiieieieeees sttt nnens 203
P.A. Schmel zbach

High-energy Beat Transport Lines and Delivery System

for INteNSE ProtON BEAMIS. .......ccvevierieie ettt st see e 215

M. Tanigaki, K. Mishima, S. Shiroya, Y. Ishi,
S. Fukumoto, S. Machida, Y. Mori, M. Inoue
Construction of a FFAG Complex for ADS Research in KURRI ............c.c.......... 217

G. Ciavola, L. Celona, S Gammino, L. Ando, M. Presti,

A. Galata, F. Chines, S. Passardlo, XZh. Zhang, M. Winkler,

R. Gohin, R. Ferdinand, J. Sherman

Improvement of Reliability of the TRASCO

Intense Proton Source (TRIPS) at INFN-LNS........cccoiiiiiee e, 223

RW. Garnett, F.L. Krawczyk, G.H. Neuschaefer
An Improved Superconducting ADS Driver LinaC DeSIgN........cccceeeveieeeeenennenn 235

A.P. Durkin, 1.V. Shumakov, SV. Vinogradov
Methods and Codes for Estimation of Tolerance

in Reliable Radiation-free High-pOWer LiNaC..........ccovieveieieeiininenesesieseeseeee 245

S Henderson

Status of the Spallation Neutron Source Accelerator Complex .........coevveeeenenee. 257
TECHNICAL SESSION II: TARGET, WINDOW AND COOLANT TECHNOLOGY. .......... 265

CHAIRS: X. CHENG, T-Y. SONG

Y. Kurata, K. Kikuchi, S. Saito, K. Kamata, T. Kitano, H. Oigawa
Research and Devel opment on L ead-bismuth Technol ogy
for Accelerator-driven Transmutation System at JAERI .........cocovvevvveveicniennne 267

P. Michelato, E. Bari, E. Cavaliere, L. Monaco, D. Sertore,

A. Bonucci, R. Giannantonio, L. Cinotti, P. Turroni

Vacuum Gas Dynamics Investigation and Experimental Results

on the TRASCO ADS Windowless INtEIrfaCe......cuevviiveeiei i 279

J-E. Cha, C-H. Cho, T-Y. Song
Corrosion Tests in the Static Condition and Installation
of Corrosion Loop at KAERI for Lead-bismuth EutecticC..........cccoceecvvvecienenennne. 291

P. Schuurmans, P. Kupschus, A. Verstrepen, J. Coals, H. Ait Abderrahim
The Vacuum Interface Compatibility Experiment (VICE)
Supporting the MYRRHA Windowless Target Design ........c.cceeveereeieeieeienienennens 301



C-H. Cho, Y. Kim, T-Y. Song
Introduction of a Dua Injection Tube for the Design
of 220 MW Lead-bismuth Target System.........cccceveiiieieniininesee e 313

H. Oigawa, K. Tsujimoto, K. Kikuchi, Y. Kurata, T. Sasa, M. Umeno,
K. Nishihara, S Saito, M. Mizumoto, H. Takano, K. Nakai, A. Iwata
Design Study Around Beam Window Of ADS.........ccoooevireneneieiene e 325

S Fan, W. Luo, F. Yan, H. Zhang, Z. Zhao
Primary Isotopic Yiedsfor MSDM Calculations of Spallation
Reactions on “°Pb with Proton Energy of 1 GEV .........cceeveeeeveeeeeeeeseeeneseeeerenene 335

N. Tak, H-J. Neitzel, X. Cheng
CFD Analysis on the Active Part of Window Target Unit
fOr LBE-COOIE XADS........oo ottt sttt eas 343

T. Sawada, M. Orito, H. Kobayashi, T. Sasa, V. Artisyuk
Optimisation of a Codeto Improve Spallation Yield Predictions
INAaN ADS Target SYSIEM......o it 355

TECHNICAL SESSION |I1: SUBCRITICAL SYSTEM DESIGN AND
ADS SIMULATIONS. ..ottt r e r e b e e e e resne e nesne e e e sreenes 363

CHAIRS: W. GUDOWSKI, H. Ol GAWA

T. Misawa, H. Unesaki, C.H. Pyeon, C. Ichihara, S. Shiroya
Research on the Accelerator-driven Subcritical Reactor at the Kyoto
University Critical Assembly (KUCA) with an FFAG Proton Accelerator.......... 365

K. Nishihara, K. Tsujimoto, H. Oigawa
Improvement of Burn-up Swing for an Accelerator-driven System............c...... 373

S. Monti, L. Picardi, C. Ronsivalle, C. Rubbia, F. Troiani
Status of the Conceptual Design of an Accelerator
and Beam Transport Line for Trade..........covveieieieiienes e 383

A.M. Degtyarev, AK. Kalugin, L.I. Ponomarev
Estimation of some Characteristics of the
Cascade Subcritical Molten Salt Reactor (CSMSR) .......cocvvvverineneseieeeeenne 393

F. Roelofs, E. Komen, K. Van Tichelen, P. Kupschus, H. Ait Abderrahim
CFD Analysis of the Heavy Liquid Metal Flow Field
INThE MY RRHA POOI ..o 401

A. D’ Angelo, B. Arien, V. Sobolev, G. Van den Eynde,

H. Ait Abderrahim, F. Gabridli

Results of the Second Phase of Calculations Relevant to

the WPPT Benchmark on Beam INterruptions...........cooevvrereneneneeieeeseseseseene 411



TECHNICAL SESSION IV: SAFETY AND CONTROL OF ADS......ccoiiiiieieeeeeee e 423
CHAIRS: J-M. LAGNIEL, P. CODDINGTON

P. Coddington, K. Mikityuk, M. Schikorr, W. Maschek,
R. Sehgal, J. Champigny, L. Mansani, P. Meloni, H. Wider
Safety Analysis of the EU PDS- XADSDESIONS......ccccvevireenienece e 425

X-N. Chen, T. Suzuki, A. Rineiski, C. Matzerath-Boccaccini,

E. Wiegner, W. Maschek

Comparative Transient Analyses of Accelerator-driven Systems

with Mixed Oxide and Advanced Fertile-free FUEIS.........ccooveeeee e 439

P. Coddington, K. Mikityuk, R. Chawla
Comparative Transient Analysis of Pb/Bi
and Gas-Co0led XADS CONCEPLS.....cveveererieriisiesiesiese e neens 453

B.R. Sehgal, W.M. Ma, A. Karbojian
Thermal-hydraulic Experiments on the TALL LBE Test Facility .......ccccovveveenie. 465

K. Nishihara, H. Oigawa
Analysis of Lead-bismuth Eutectic Flowing into Beam DUCt.............ccccevveeennne. 477

P.M. Bokov, D. Ridikas, I.S Sessarev
On the Supplementary Feedback Effect Specific

for Accelerator-coupled SystemS (ACS) ..o 485

W. Haeck, H. Ait Abderrahim, C. Wagemans

K and K Burn-up Swing Compensation in MYRRHA ........cccooiieieiecieceene, 495
TECHNICAL SESSION V: ADSEXPERIMENTSAND TEST FACILITIES.....ccccovveenienene. 505

CHAIRS: P. D’HONDT, V. BHATNAGAR

H. Oigawa, T. Sasa, K. Kikuchi, K. Nishihara, Y. Kurata, M. Umeno,
K. Tsujimoto, S. Saito, M. Futakawa, M. Mizumoto, H. Takano
Concept of Transmutation Experimental Facility ..........ccocovvvenineneieieeinene 507

M. Hron, M. Mikisek, |. Peka, P. Hosnedl

Experimental Verification of Selected Transmutation Technology and Materials

for Basic Components of a Demonstration Transmuter with Liquid Fuel

Based on Molten Fluorides (Development of New Technologies for

Nuclear Incineration of PWR Spent Fuel in the Czech Republic).........ccccueeeee. 519

Y. Kim, T-Y. Song
Application of the HY PER System to the DUPIC Fuel Cycle...........ccocccvvvnnenene 529

M. Plaschy, S. Pelloni, P. Coddington, R. Chawla, G. Rimpault, F. Mellier
Numerical Comparisons Between Neutronic Characteristics of MUSE4
Configurations and XADS-type MOEIS........cccooeieieiiireseeeeeeeeee 539



B-S. Lee, Y. Kim, J-H. Lee, T-Y. Song
Thermal Stability of the U-Zr Fuel and its Interfacial Reaction with Lead .......... 549

SUMMARIES OF TECHNICAL SESSIONS ... .o e 557
CHAIRS: R. SHEFFIELD, B-H. CHOI

Chairs: A.C. Muéller, P. Pierini
Summary of Technical Session I: Accelerator Reliability ..........ccoeevveiiiiniennne 559

Chairs: X. Cheng, T-Y. Song
Summary of Technical Session |I: Target, Window
and Coolant TEChNOIOGY .......c.coveieeeieirisese e 565

Chairs: W. Gudowski, H. Oigawa
Summary of Technical Session I11: Subcritical System Design

AN ADS SIMUIBLIONS......cceeierieeieeiise et ese e sie e ee e sreeseesreeeesresneeneeseeenes 571

Chairs: J-M. Lagniel, P. Coddington

Summary of Technical Session |V: Safety and Control of ADS. ... 575

Chairs: P. D"hondt, V. Bhatagnar

Summary of Technical Session V: ADS Experiments and Test Fecilities............ 577
SUMMARIES OF WORKING GROUP DISCUSSION SESSIONS.......ccooeieieieerese e 581

CHAIRS: R. SHEFFIELD, B-H. CHOI

Chair: P.K. Sgg
Summary of Working Group Discussion 0n ACCElErators..........ccuverererereeneennns 583

Chair: W. Gudowski
Summary of Working Group Discussion on Subcritical Systems
and INterfate ENQINEEING ....cc.ooveieeeieesisiesies et 587

Chair: P. Coddington

Summary of Working Group Discussion on Safety and Control of ADS............. 591
ANNExX 1: List Of WOrKSNOP OFQaNISErS........ccuiiiiieieieesiesi ettt 595
ANNEX 2: LiSt OF PAITICIPAINTS.......ceueeueeiiriiriestesieiee ettt b s sn e s b e s nne e 597

10



From:

Utilisation and Reliability of High Power Proton
Accelerators

Workshop Proceedings, Daejeon, Republic of Korea, 16-19
May 2004

Access the complete publication at:
https://doi.org/10.1787/9789264013810-en

Please cite this chapter as:

Cho, Yanglai (2006), “Technological Aspects and Challenges for High-Power Proton Accelerator-Driven
System Application”, in OECD/Nuclear Energy Agency, Utilisation and Reliability of High Power Proton

Accelerators: Workshop Proceedings, Daejeon, Republic of Korea, 16-19 May 2004, OECD Publishing,
Paris.

DOI: https://doi.org/10.1787/9789264013810-17-en

This work is published under the responsibility of the Secretary-General of the OECD. The opinions expressed and arguments
employed herein do not necessarily reflect the official views of OECD member countries.

This document and any map included herein are without prejudice to the status of or sovereignty over any territory, to the
delimitation of international frontiers and boundaries and to the name of any territory, city or area.

You can copy, download or print OECD content for your own use, and you can include excerpts from OECD publications,
databases and multimedia products in your own documents, presentations, blogs, websites and teaching materials, provided
that suitable acknowledgment of OECD as source and copyright owner is given. All requests for public or commercial use and
translation rights should be submitted to rights@oecd.org. Requests for permission to photocopy portions of this material for
public or commercial use shall be addressed directly to the Copyright Clearance Center (CCC) at info@copyright.com or the
Centre frangais d’exploitation du droit de copie (CFC) at contact@cfcopies.com.

&) OECD


https://doi.org/10.1787/9789264013810-en
https://doi.org/10.1787/9789264013810-17-en



