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Study on Technological Problems to Develop the Hybrid System of

an Accelerator Driven Pission Reactor

Akira Otsubo®, Akihiro Nomura®

Abstract

Hybrid systems with a subcritical fission reactor driven by an accelerator
have been studied in a few foreign countries and Japan. Such a hybrid system
concept can make a high safety reactor system, hut they have many technological
difficulties to be solved.

A system using solid core fuel and a proton accelerator is considered to
have the highest technical feasibility among them. The technological
difficulties were picked up to develop the system. Study was performed on
methods to solve the difficulties of the methods.

Important problems concerning the accelerator were a life of a filament for
anion source, decrease of proton beam loss. development of CWR F Q (Continuous
Wave Radio Frequency Quadruople Linear Accelerator) and CCL (Coupled Cavity
Linear Accelerator) etc.

The problems concerning the subcritical reactor were possession of TRU(MA)
inventory, control of burn-up reactivity loss etc.

The problems concerning the part connecting the accelerator and the reactor
were countermeasures against damage due to radioactivation of maguetic

components, development of a window for a proton beam etc.

t Frontier Technology Development Section, Advanced Technology Division.
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Radiation dose at an accelerator facility

PARAMETERS LAMPF APT
Activation ( mRem/h ) 4 100
Beam Loss ( nA/m ) 0.2 5
Fraction 2 x 1077 . 2 x 108
Aperture / Beam (RMS) G.3 .20
Beam Energy ( MeV ) | 800 1600
Beam Current( mA ) .l 250
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*2. 2 MEZEFTERINARFEHC
RF electric power required for acceleration cavity

RFQ DTL CCL

bn 3% J3 i ¥ (¥Hz) 432 432 1286
IETANF— (MeV)  0.05-3 3-150 * 150-1000
&S v 0% 1 13 36

2LERN (W) 1.1 11,9 99, 1.
YEBh/ % > 7 (kW) 1.1 0.92 2,15
BREBHN/ ¥ 27 (M) 1.1 1.0 3.0
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Commercial high power klystron

RETREIATWAENLZ (100xslE) . X8H (IMWLE) 25402

[
fre- peak average | duration| high elfi- xodu-
quency | pover | power voltages | clency Istion
(GHz) |  (Hm) (k1) (us) (xv) (%) anode
VARIAN
YKP-8264 0.224 3.0 376 1,000 110 40 (@)
YA-842 0.4~ 1.25 6 2,100 100 45 O
0.45
-812D N 16 76 40 190 36 X
-812E n 20 300 40 230 31 X
-8628 0.714 1.2 170 2,000 86 50 0]
-8624 0.805 1.25 150 1,000 86 52 O
-862C 0.833 2.0 250 10,000 110 45 o]
YXL-7768 1.235~ | 10.6 60 40 165 42 X
1.305
4XKP-3000 1.235~ 2.0 100 {1,000 110 29 O
1.365
X-780 V/j 2.6 78 2,000 115 37 o]
YA-963D 1.25~ 6.0 0.26 60 132 35 X
1.36
YXL-7736 1.29~ 4.0 300 130 112 {3 O
.36
~T183 1.33~ 2.6 100 2,000 120 37 O
1.38
THOXSON
TH~2086 1.25~ 1.5 [00xs 80 40 X
1.35
=2115 1.3 2.0 160 1,000 82 40 X
-20954 n 6.25 45 310 130 42 0]
~2104 Vj 10 100 200 168 38 X
YALYO
Y-1625K 0.202 3.6 | 2,000 300~ 140 >66 0]
(STUDY) 1,400
-160SK 0.224 3.0 | 1.2% 1,000 110 >bs (o]
-107sK 0.324 1.6 | 1,000 600 100 >65 @)
-1168X 0.324 3.6 410 1,100 140 >85 grid
LITTON
L-3403 0.4~ 1.25 76 2,100 ILE - @]
0.45
H¥—pNC | 125 [ Ccw | 12 Cw| 90 63| O
N WA 8.3 800 | 147 — O
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1 GeV BFUZP 7

S50keVY ‘3MeV 1S50Mey 1GeV
{28 ?ﬁ?qﬁ -l- PMALB Y= g —<L— BATRMY =7 ,9 -L-»
(432MH2) \ (1296MHz)

g &)

BFYV=2Ty /708KRG: —a

(15)

2. 1 BV =T v I70&EE2F— LA

A basic scheme of proton linear accelerator
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An example of a basic structure of accelerator facility
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A structure of Duoplasmatron ion source
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2. 4 PIGAF vEOHKED

A structure of PIG ion source
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A structure of RF ion source
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Cross~-sectional view of the Long Pulse
DuoPIGatron, which produces 70 keV,
S5A, 10 s hydrogen beans.

Typlcal characteristics of ihe lon Sources for Fusion Application

LONG PULSE JT-60 MULTICUSP HELIUM ION MULTI-AMPERE
DUOPIGATRON ION SOURCE SOURCE VOLUME SOURCE
SOURCE TYPE MODIFIED MULTICUSP MULTICUSP MULTICUSP
DUOPIGATRON
ION SPECIES H+ H+ He+ H-
BEAM ENERGY 70 keV 100 keV 200 keV 50 keV
BEAM CURRENT S5A 40A 35A 78A
CURRENT 210 mA/em2 310 mA/em2 140 mA/cm2 30 mA/em2
DENSITY
DURATION 10 sec 10 sec 0.1 sec 0.1 sec
BEAM .
DIVERGENCE 16 mrad 10 mrad* 3 mrad 10 mrad*

A 2. 6

TadAbHborvast vEOKSE

A structure of DuoPIGatron ion source

(8
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2. T ZEWHAT o AT VEO MBS

A structure of magnetic multipole bucket ion source
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An example of filament structure
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SLASKA ZLZITACDE -\ ACTEL ELECTRODE == OECEL ELECT200F

A
A
Zimmntwwm PLASVA CHANBER SULENGID

Section drawing of the CRL. ECR proton source.

MICROWAVE CIRCULATOR THREE STUB DECEL
GENERATOR TUNER ELECTRODE
Im|
= (N | '"'1
= ]
ouuw_/ DIRECTIONAL WAVEGUID SOLENOIDS ACCEL
LOAD COUPLER aggfx £ ELECTRODE

Chalk River ECR ion source system. Only components enclosed by the dashed
line are at high-voltage.

(10)

X2, SECRAAX VIERZESFA (CRNL)

An example of ECR ion source
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- BUNCHER BEAN ACCEF‘ERATOR COOLING
CAVITY STRUCTURE <~'—W ATER
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FIELD |
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LINE CONTROL
A SYSTEM
/ KLYSTRON
VARACTOR SET POWER )i
SET ‘PHASE —| PHASE l 0-3W
SHIFTER
AMPLIFIER PIN
— 2 .
CONTROLLER ATTENUATOR
10w
SATURATED
AMPLIFIER
DIGITAL
~| _ PHASE S:II;;?‘ER Y
== DETECTOR
MASTER START-UP

(25)
X2, 10 MEZEVRATFLDOEHE - & 604K

Measurement and control structures of accelerator systenm
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2. 11 RFQO/EEFE®

Forking principle of RFQ



PNC ZN9420 96-001

\ Drive LooD Jieumq Bar
Assemoly

Angrment Sham

Mouvnnng Pivg

S W’Q‘ S
EN
W\ ¢ T

lu:nnv
| l,

7
L
NN ) N
%/////v/

e

1
e 7] S ——

757N RETEE
LBLTEIE S U/ CERNDBEE A £ v & H 7z [202 MHz HERA-Four-Rod-
203 MAz four-vane B RFQ RFQJ D0-mode-A /2 Structure

&
ff
J1

(3
W2, 12 RFEFQOHEMA

Concept of RFQ structure



PNC ZN9420 96-001

i S B A

FYUTZFFa—T

FUYUZ7rFa—-TYV=2T7y 7

0)
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Concept of DTL structure
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Energy change in the shunt impedance
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)

Comparison of Shunt Impedance (ZT2

for Various Linac Structures
(ac p=.456, KE=116 MeV)

272
(M1/m)

Remarks

Structure

y tuning,

coupling typically a few % (<10%2)

ACs

Dipole interfering

difficult tuning,
difficulte tuning,
difficult tuning,

ap

properties, most interfering modes

Coupling 30-40Z, good vacuum
Good vacuum, satisfactor

moderate coupling

Poor vacuunm,
good coupling.
mode

Poor vacuum,
Poor vacuum,
good coupling

38
36
36
25
25

DAW
SCsS
ACS
OAC
ccs

sSCS

1 5 CCLm&EZERD g™

X 2 .

Comparison of CCL acceleration cavities
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ACS(Annular Coupled Structure)
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ATW(Accelerator Transmutation of Waste)
CCL(Coupled Cavity Linear Accelerator)

CRNL(Choke River National Laboratory)
CW(Continuous Wave)
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DTL(Drift Tube Linear Accelerator)

ITEP(Institute of Theoretical and Experimental Physics)
LAMPF(Los Alamos Messon Physics Factory)

LANL(Los Alamos National Laboratory)

LBL(Lawrence Berkley Laboratopry)

NBI(Neutral Beam Injection)

ORNL(Oak Ridge National Laboratory)

0AC(On Axis Coupled Structure)
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PSI(Paul Scherrer Institute)

RFQ(Radio Frequency Quadrupole Linear Accelerator)
SC5(Side Coupled Structure)

SDI(Strategic Defence Initiatives)



