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Industrial applications of proton accelerators to the incineration
of the long-lived nuclides contained in the spent fuels have long been
investigated. Recently, The Japanese Atomic Energy Commission made such
a decision that the studies on the partitioning and the nuclear incinera-
tion should be more strengthened; The Science and Technology Agency even-
tually originated the OMEGA program. Along with the strong proposal of
the Japanese Government, the OECD/NEA initiated the international col-
laboration program titled as "Making Extra Gains from Actinide" following
the discussions in its Fuel Cycle Committee. Development of the large
scale accelerators has shown the rapid evolution, and it seems that the
industrial applications will become feasible in the near future. Under
such situations Department of Reactor Engineering of Japan Atomic Energy

Research Institute (JAERI) has formulated the Accelerator Program through

Dr. Y. Nakahara of Department of Reactor Engineering was in charge of
the compilation of this JAERI-M report.
+1 Department of Physics
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Naka Fusion Research Establishment

+3 Department of Chemistry
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the investigations on the required performances of the accelerator and
its development strategies and also the research plan using the accel-
erator. Outline of the Program is described in the present report. The
target of the Program is the construction of the Engineering Test Accel-
erator (ETA) of the type of a linear accelerator with the energy 1.5 GeV
and the proton current ~10 mA.

An accelerator has been usually utilized in the area ol nuclear
physics to analyse the structures of nuclei and the properties of ele-
mentary particles. The attained energy is significantly high (~1000 GeV),
but the beam current is still small. Realization of the large scale
accelerator which provides so high intensity beam current as to enable
it to be applied to industrial usages has been urgently required, but
the construction of such a huge machine in a single step is difficult
from the fact that the technological basis are not well established.
Therefore, it is decided that the construction of the Basic Technology
Accelerator (BTA) is necessary as an intermediate step, aiming at obtain-
ing the required technical basis and human resources. The Basic Tech-
nology Accelerator with the energy of 10 MeV and with the current of ~10
mA is composed of the ion source, RFQ and DTL, of which system forms the
mock-up of the injector of ETA, Development of the high-f structure
which constitutes the main acceleration part of ETA is also scheduled.

This report covers the basic parameters of the Basic Technology
Accelerator {BTA), development steps of the element and system techno-
logies of the high current accelerators and rough sketch of ETA which
can be prospected at present.

Construction and operation of ETA makes it possible to get in hands
the technologies of the intemse proton linear accelerator as well as its
industrial usage including incineration of the radioactive wastes. ETA
is intended to be applied also for the studies of the basic science.
Very strong pulsed neutron and u-on sources to be provided by ETA are
expected to make significant contributions to the evolution of nuclear

physics, solid state and condensed matter physics and nuclear chemistry.

Kéywords: Proton Accelerator, Nuclear Incineration, Planning, Nuclear
Data, Neutron Scattering, Solid State Physics, Nuclear

Chemistry, Basic Technology Accelerator
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Table 2.3.5 REFEOEAILER

R F &
201.25MHz
RFQ 462k + 209KV
DTL 640kWw + 800kW
— 12%
_ B 1.2ms X 100pps
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Table 3.1.1 & =%y MALHEE/ 5 £ =5
(LT UVRGER T Wy MEE)

EH Na , Pb—-BI
g F x % b F — : 1. 5 GeV
FoooD : E & 260 cm
= 100 ¢ m
L 1060 c¢m
y— 4y b E & 60 cm
(3 vy aFv)y | & 100 cm
V& 10 cm
K # & = AFE VL ARAF N
E X 20 ¢
S & S - S OB Np—15Pu—302Zr
AmCm~—35Pu—1 0y
K F N a
w n HT - 9 #
Z 35 7§ 4 m m
wAEAE 5. 22 mm
BEEE S 0. 3 m m
g X 100 cm

Table 3. 1.2 DSESHEIE Y R T LOMAE
(W& —45y FMTE)

A # N a Pb—-Bi
EPHHERHE 0. 92 0. 86
o FF A FEER (K g) 2 86 2013
E— &3 (mA) 22. 6 7. B
TRUMBUOLER (k g /%) 202 1389

1 G¥e LWR BHABRE 7. 6 5. 3
% B B (MWe) 230 75
MEBEBA (MWe) 6 8 2 3
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Table 3.2.1 EKIERREIERE, HAFOREEET Y

Engineering Parameters

Accelerator
Ion source: 100-kV dc accelerator
H-mode preaccelerator: 0.1 to 4 MeV
Low-8 Alvarez accelerator: & to 150 MeV, 200 MHz, 1.5 MeV/m
High-8 m/2-mode accelerator: 150 to 1500 MeV, 600 MHz, 1.5 MeV/m
200-MHz rf, 50 MW cw
600-MHz rf, 500 MW cw

Target blanket

Target: Lead-bismuth eutectic

Flow 5 m/sec, 6,000 m3/hr

Head v10 m total
Blanket: 240 PWR fuel assemblies

240 pressure-tubes set 1n 3 X 3 x 12-m vacuum vessel
Power generator sized for 450 MW(t) in target

900 MW{t} in blanket

Table 5.2.2 BUKIERENBET  TIEFIC X S REERO SRS

Initial Fissile Fuel Production Rates for
Pb-Bi Target - Fuel Elements Blanket
(0.3-A 1.5-GeV Proton Accelerator)

Moderator/fuel volume ratio = 0.8.

Initial Initial

neutron production

Density of yield Y, rate of fuel

Design Fertile coolant, (includes material, ™

No. material Coolant g/cc fission reaction) kg/yr

1 U0, (Nat.U) D,0 0.7 53.8 Pu_ 1010
2 ThO D,0 0.7 46.6 233y 850
3 vOZ%Nat.U) Hy0 0.7 74.1 Pu 1000
4 U0, (Nat.U) Hq0 0.35 65.8 Pu 1050
5 UOZ(Nat.U) HoO 0.175 64.9 Pu 1070
6 ThO, Hq0 0.7 46.5 233y 850
7 ThO5 H0 0.35 48.6 233y 890
8 ThO4 H,0 0.175 49.0 233y 900

*Based on 80% plant factor.
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Table 3.2.3 CAEEIIMF-ENFPORGTET ©

First wall:
Composition VY - 20 % Ti steel
Thickness, cm 0.4
Target/multiplier region:
Composition Ternary metal (78% *2Th, 16% 2%U, 6% 'Pu)
Sphere outside diameter, cm 0.5
Clad material Nickel
Clad thickness, cm 2.0 X 10™*(nominal)
Structure material Y - 20% Ti steel
VEwa/ ¥ Coolant/ Vatructure 0.5236/0.4264/0.05
Thorium blanket region:
Composition 232Th metal
Sphere outside diameter, cm 0.5
Clad material Nickel
Clad thickness, cm 2.0 X 107*(nominal)
Structure material VY - 20% Ti steel
VFucl/ VCoo[anl/VSlmcmru 05236/04264/005

Reflector region:
Composition Graphite

Shield region:
Composition Lead/HD barytes concrete

Table 3.2. 4 cKBRIMF-ENFPOT%EGEM ©

Nuclear:
ket - BOC 0.83
ko - EOC 0.82
Multiplication - BOC 5.75
Multiplication - EOC 5.56
3] production rate 9.29 kg/FPD
9Py net destruction rate 3.41 kg/FPD
Fissile loading [5100 kg
Residence time 90 FPD
Thermal hydraulic:
Thermal power - BOC 5240 MW(1)
Thermal Power - EOC 5291 MWI(1)
Na inlet temperature 327°C
Maximum sodium outlet temperature 562°C
Na velocity 9.14 m/sec
Peak centeriine temperature 850°C
Peak cladding temperature gao°C
Peak first wall temperature 875°C
Maximum first wall power density 2500 W/cm?
Maximum radial power density 12000 W /cm’
Maximum smear power density 1100 W/cm’?
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Table 3.2.5 P 4 kLA ZR A B BT DR IE ®

standard type

high-gain type

AMSB AMSHB
Proton beam 1GeVv 300mA 1GeVv 300mA
target salt TLiF-BeF,-ThF4 TLiF-BeF,-ThF 4= > JUF,

melting point(Tg)

density at Tp+100°Q

viscosity
coefficient

salt temperature

salt volume
weight (Th)

neutron producticn

per proton

2330 production

fissile inventory
{doubling time)

spallation products
(fission preod.
spallation prod

64-18

-18 m/o

64-18-17.5-0.5 m/o

inlet 580°C

540°C
2.7g/cm3

12-14 ¢ peise(600°C)
6- 7 ¢ poise{700°C)

catlet B6BO°C

thermal output
electric output

({linac consump.)

90m3

243ton{l26ton)
25~44Q 36~58
0.57~0.92 ton/y 0.82~1.33 ton/y
0~ 0.5ton 3.4ton
{0~1 y) (2~4 ¥)
~ 91Kg/y ~ 220Xg/y
~ 46Kg/y ~ 174Kg/y
~ 46Xg/y ~46Xg/y )
1000~1500MWth 1400~2100MWth
430~650MWe 600~900MWe
(600~700MWe) (600~T700MWe)

Table 8.2.6 AKEHWIvTaws 57 RAERWREUG, 7)
£k - F O Y

Neutrons Captured by 2°®U Analysis of the Vasil’kov et al. Experiment for

High-Energy Proton Incident on Large Uranium Block

Number of Captured Neutrons
. ' . Barashenkov

Proton | EXperiment Taka_ha;hl Nakahara | and Shmakov Garvey®
Energy Calculation | Calculation Calculation | BNL-Previous® | Calculation

(MeV) | (Ref. 11) (Ref. 16) (Ref. 15) (Ref. 14) Calculation (Ref./3)

Capture 28U 660 46.0 £ 4.0 426 +4.8 449 + 5,10 42.0 3323+ 3.79 269+ 1.6
Fission 2Y%U 660 146 1.3 1.3 £1.2 -—— -— 8.26 + 0.88 5.2+03
By 660 3.9+ 04 2.44 + 0.2 -— -— 2.1 £ 0.23 1.6x0.1

Total 660 185+ 1.7 13.74 £ 1.4 ——= - 1037 = 1,11 6.8+04
Capture DR 400 22124 [6.2 £2.0 15.96 + 4.65 16.8 13.44 + 0.81 10.2 £ 0.6
Fission 2%U | 400 7.0x+0.8 4.5 +0.6 - —— e 2.1+ 0.1
niy 400 1.9+ 0.2 0.96 £ 0.1 -—- -——- - 0.7+0.1

Total 400 8o+ 1.1 5.46 + 0.7 - - -— 2.8+02

"High-energy fission is not included in the calculation.
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Table 3.2.7 FHE™ S v« =4y FOHERSHEE Y

PHYSICAL CHARACTERISTICS
OF DEPLETED URANIUM TARGET

2$U
DENSITY DIAMETER LENGTH ‘ CONTENT
{g/em®) {cm) {em} (wt %)
19.04 18.704% 30.460 0.251

*Effective diameter (D = d+/n} for a 37-rod clustered target
with an individual rod diameter of 3.2393 cm,

Table 3.2.8 WHET I« ¥—4y FHOPNPL T UDEREL LU
HAYRROREE "

MEASURED 23%Np AND 237U PRODUCTION AND
NUMBER OF FISSIONS IN THE DEPLETED URANIUM TARGET

DISTANCE FROM 38N, 27y NUMBER OF
FOIL TARGET FRONT FACE PRODUCTION PRODUCTION . FISSIONS
POSITION (em) (ATOMS/PROTON-GRAMI®  (ATOMS/PROTON-GRAM}*  (FISSIONS/PROTON-GRAM)P
1 0.00 1.69x10~5 6.75x10~8 3.65x10~%
2 2.51 2.78x1075 1.07x10~F 5.76x10~%
3 5.01 3.40x105 1.08x1075 6.04x10~%
4 7.62 3.49x1075 9.62x10~% 5.55x10~%8
5 10.02 3.19x1075 7.82x10~8 4.63x1078
6 13.03 2.84x10~5 6.08x10~° 3.75x107°
7 17.04 2.16x107° 4.00x10~® 2.59x10~%8
8 22.54 1.26x10~% 2.04x10~® 1.38x1° 8
) 30.46 4.23x10~8 4.79x1077 3,24x1078

*Nominal estimated error is £5%.

BN ominal estimated arror is $10%.
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Table 3.2.9 THEBTF - LHEHERIOLE"Y

PRELIMINARY EXPERIMENTAL DATA
COMPARED WITH CALCULATED RESULTS

EXPERIMENT CALCULATION®

TARGET LENGTH TARGET LENGTH TARGET LENGTH

(30.46 ¢m) (30.46 cm) {40.64 cm)
238 pNp PRODUCTION
{atoms/proton } 3.8110.19 3.4640.05 3.7110.05
NUMBER OF FISSIONS
{fissions/proton) 5.59+0.56 3.9310.06 4.09+0.06
237\ pRODUCTION '
{atoms/proton) 0.95+0.05 —— ——

3Tha effacts of fission competing with evaporation were not included in the calculations.
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Particle Positron Positive muen Proton Deuieron Tritan
Symbol et nt r o '
Rest mass m m,=0.91095-10"%kg = 30 769 m, m,=1836.152m, my= 1998, u,=2.993m,
=0.012610m, =1.6726-10" " kg
=0.51100 MeV/c? = 105,659 MeV/c? =938.28 MeV/e?
Spin I 2 112 1/2 1 172
Magnetic g, = 1001160 1 1= 1007166 2 iy 1, =2.7928 p,, i, = 0.857d iy, i, =2.9788 1,
momenl u = 658.2107 4, =1.18334, = 14106210727 F
=4.4905.107*)T~!
Gyromagnetic v,= 17608 10" 7,=B8.5161-10" y,=1.6752-10" v, =0.4106.70° v=2.853-10°
ratio y[rad s™'T™")
Quadrupele 0 0 0 277107 0
moment (e m?}
Lifetime slable, arnibilating 1, =2.197-107"%s stable stable ,=1781a
=T /n2) witly e in 1071
10 1077
Alom Positronivm Muaniinm Hydrogen Deuterivm Tritium
et 4e =05 ntHeT =Mu pre =H="'1 e =D=H (4¢-=T="H

Bohr magneton py = %39.274140'"51'"; nuclear magneion jiy=

Table 4. 3.

ch
I,

1.2 uSRO SR Fo NER R

= 5050810717 JT~"; clementary charpe e= 1.60219-107 1% C.

Compilation of some properties of the ferromagnetic metals investigated and summary of the wSR results. All data are extrapolated 1o T =0K.

Calgulated dipolar field

Saturation magnetization Local field at Muon Hyperfine field By, tRG] ]
Substance Structure M, (RG] B, [xG) B, [xG! octah. tetrah. Muon site
Fe bee 1.750° - 3.47 =0.10 =111 =02 - 9.2§ ¥ +2.43 ?
+18.52 —5.25
Co hep 1.413 - 0.317x0.010 ~ 6.1 0.2 - 0.242 +(.199 octahedral
Ni fee 0.528 + 1.48 %0.10 - 0.71x0.01 0 0 ?
Gd hep 2.010 + 1.10 =0.05 - 6.98x0.10 0.658 0.020 octahedral
Dy hep 2.985 +i2.30 Q.20 -25.2 or 0.487 0.430 ?
- 0.7 =1.0

5
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ZOLOEED I ETHRETLRLF— o I 24 VREBIAFEAREZFCL->TEDHSNTY
2 U8 kS RAFEFER(LEAAE, ERTEAOFRALED T, &< OMEIISARHE
- ThD, £7-, Eliezer EOFED L HICI oA VREEFEHBERIGHELBEIILTE—-LZE Y
YA INTBEIBREELDLEZICETRTOBRE A LTHALZINETIE o0,

Bigic, BOMSOEPTRLF—ORD L 2L THNARAMLEICL S, HRMERIE
B (Synthesizer)id, SEBETHHETFEREFIBDPTREVLEIERT, SRIENIKEZ
HEREHONBLAETH L, FLAEEETEH S AGBHEERE T UTO AR —
PENLD BIREMCEVE, TH¥MICRLFLLYRTLERGTL, HEHEREZEDEHN
785780,

4) MuCRIZ AR

MuCFREE L, PSR X 21, (IMICFO& R T v 7O RIGEOFFERE, (23 24 Y OREHHR
e & SR EEOTZCERRE, (AMuCFIE & 2 7 LAOBZEBARBRE, O ZBRIFICKIITE S,
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HERE—0BRETH D, HI0MeV, HIOUADETFE—LICEE AV e T7 7 YLD
I oA VAEERGREERL LTS, ERUFRNELVETRIE, 75 XvhOWIREREE
THRAFE— VAT LOBEHELTELTH S, LML, TOTEERCOVTOERNFFIE
WEOE ZARBES > Thbi, ERBEOHERNVERNWIBIAIFHIIN TS,

TRAF—F16eVIZEDL LT B, E—LMEAHET I LTEREOFRSIMEEN, &
tr, ETEBEOBIENTNA S, BHOBTI 4 +v Z3tEE,  ORBOHFRICHEDNICHER
b,

BEBRBICEL L, F—LA s ZRAF-ZEILTHED, —BEHVE— LBEEFOIIESES
SBI2H L, F, 2 A VEROIRALFE-« TR FET B BRI EEE &SSO
RHONEN BHNIED,

EUORTEREL BEOEVAODI a4y E—LAEERBICHEKES HVIIEEARER
MHEINA 2 EAEE Ly, Table 4.3.2. 210, TS =EEOMEFICOVTEELEHTH S,
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Figsion (Hybrid) Reactors', in Alternative Energy Source V, Part
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Fission Reactor Driven by a Recirculating Beam", Nucl. Fusion, 27

(1987} 527.

— 123 —



(14)
(15)

(16)

(17)
(18)

JAERI—M 91—095

Men'shikov L.I. and Shakirov V.A., Sov. Phys. JETP, 68 (1989) 258,
Tajima T., Eliezer S., "Muonic X-ray Laser Assisted by Catalyzed
Fusion of Deuterium & Tritium", Institute for Fusion Studies Report
IFSR #255 (1986).

Kulsrud R.M., "A Proposed Method for Reducing the Sticking Constant
in Muon Catalyzed Fusion', Princeton Plasma Physics Laboratory
Report PPPL-2543 (August, 1988).

Takahashi H., Muon Catalyzed Fusion, g (1988) 295,

Nagamine K., Proc. Japan Acad., §§E (1989) 225,

— 124 —



JAERI-M 91—095

EJXVMﬁ&@é7D€z®EE$

Table 4.3.2. 1
Quantity Theory Experiment
Ag, 107 1 4.9 at 34K 3.74%0.15 at 34K
A, 109 571 0.91
Mgy, 108571 1.9 2.840.4
Addy, 1065-1 2.8 2.76+0.08 .
Adey, 108571 |=4 at 100K 6.56£0.58 at<130K
' 3.5 40.5 at 30K
Agrp, 106s-1 3 1.8£0.6
@gp, 1072 -10.53£0.09 0.4520.05
@dd 0.12 0.122%0.003
Wy 0.05-0.18 (.14+0.03
lfdt’ 10125-1 1.1
;Lfdd, 109 51 0.43
aftt, 106 -1 1542
Table 4.3.2.2 I aA L REOAICHEDNDMES
I A X~ 58 K
MeV) (mA)
=5
LAMPF (X&) 760 0.43
PS I(X42A) 600 0.25
TRIUMF (#A+5) 500 0.16
RAL (EE) 500 0.1
BIHEE 800 0.004
- 160}
EH(E ) 1500 10
== H()
PetrovFHY# 1600 (EKF) | 260
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4.4 BFMERICLD{EEHE
4.4 ] BIzVF—HFERWLTI7F /A FOELF

b8 BE Bk B =T

1) I
EFFOBEICELBWT 7 F /A FRERERET S, 7/F /4 FOERBRFRI-F
ORIGEN 2 'V ok - THUBTX A, Fig 4.4. 1. L1k PRRICEF BT 7 F/ 1 FOERBERIEE
(burnup) DE & L TRIR L7 bDTH B, BRIEE 40, 000MKd/ t DB, FIHERER Y 5 > 1tond
#2100, 66kg™Np, 9. 95kgPPu, 0.2kg DAm, 0. 08kgDCmAiERLL, U&LPuiADT 7 F /A FOD
AR E R O EROIZIZI00050 | IZRAT Eo%hind, BRI, 000MWed PR
| Bb - OBEOERZIZIF100tonTH YD, HREEEA0, 000Wd/t OEAFRHHRICEEN
ZUEPWSIADT 7 F /4 FORIZHII00kgE L5,

TROTIF A FREFOELDVEEMTHY, ERECHVHHERETH S, TOILDT
5 F ) A FOWEMEBIZETT, BT F¥-BTOMERRISIC & 5 HEROBRFHADED
SNTWE, &2 TRSHFRINCERE L o LERR Ot E b~ 5,

2) TIF ) A FOKSH

75 F ) A KOAEIAFFO LR UF—DEWICE - TR - LHEVBEI s NS, &
LELCPEIN TV EONEAT OERAHICOVTTH A ). MEHEFHFELE BINEH
st 37— SHUBICIBTT o TV A, Fig 4.4 1. 2 BFEH Y v FLAMESFEZR W THLN
p + PN RIER TOERINEOR LR NF~REEERANIFERTHS Y. 2T V=T LD
HRICREEE, BIx ¥ AR TIIENITERENEN TR T 2 2LOSHmERTA, T
FOLE—AE L 1B &R A EBIC N T A 701 2 DIUDADHEE - TV, JOBEFR
Fig. 4.4.1. 2 iR 6N 3, ASLRALF—AI50MeVELEIZ?72 2 & LD TE EAESEIR & 7S
20 XSII AT RAFE - D - TheVEEIRIT L B &, BEEFREUSHME U THEBIER R
HFORBIEEE LE(LSE 5, GeV BROBFET 7 F /A4 FICBH L T2 OHBNREHE
LETIRRIBEASELS, BREVHFANRTS S,

$1-ET I F ) A FOERENR TN TENIEAHTH L EEL SN TN,
DEHRAETH D, Lo bR OEB T 3L ¥ AREIC S A SN Y
S IR ETH D, TOEETHET 1 BOETH 527 s 5 & IEXF SRS
ST RS LB NEIETHS, Fig .4 L JEETIF /A4 FOBREDNHOERI
BAEAE—S L bDTH 5, PP NI E b X DO TEORV ENWISHIMEIRETH 5
ZEMbinb,
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3) REEHE—LIZLSBELRDEK

KRBT RS TE LN S 10V EOBFE— AP UREDREO Y =7y MIRET S
L, BHBRISC L D EVERICD I ARLERSARICEES NS, NSRBI EARE
HFE—LELTRETAZEAHBEINTOS KB Fo vl , O BMiiiEic & - TE
kg aEA A AL LD h, BAA VY Ty ZNEARICEA L THFH7 D6 MeVD £ — L5
BENB, OS5 EOMHTREROE -LEEVWT I/ F /4 FF—7y MCBET L, IAX
TOREE Y — M L DR TIRERETS » TR OETEREE AR TEL LER
55, '

FEFESH 10058 BZ 5 TEE—RICE L T LA ERES D TL RV OR—D> DR
TH B, FOHETEOLFMEIZL05 BLiEIRREEINTO S, REA—7 V—FEFT
18025400 FUST2OMY ASET B I SITEIIL, JOMEOERERINE] THEI LD
F- O ZOEROBEE LTIRESEMTH S, PHTBEE —LICkD ZD UMD LS4
M BERENSREN, LHbEOEMVEEERICHR 5 5 RERINTETRO/LFIIE
BOMNBAED LI ENTE D, RISENEET 7 F /4 FOEBEHHOERICRIMEE R
FHCH~, FOSRBEAIFEOMCT B DI b ARERE — LI X 3 ETRSGHMHfFS N
B, £t:, WEFFRAD 10ETEDLO TR PBELRLONTE, BEEEROFFHIR,
DMOTRFEETERAR /o RAOEEO—ELE5EEL 605,

BE

(1) A.G. Croff: ORNL/TM-7175, Dist. Category VC-70 {1980}.

(2) T. Ohtsuki, et al.: Proc. of 50 Years with Nuclear Fission,
Gaithersburg, Maryland (1989).

(3) E.K. Hyde: The Nuclear Properties of the Heavy Elements, vol.II,
Princeton-Hall, Englewood Cliffs, New Jersey (1964).

(4) E.K. Hulet, et al.: Phys. Rev. Lett., 56, 313 (198s6).

(5) LiF @t AARTFESE, Vol 3l No.d, 1011(1989).

(6) R.W. Lougheed, et al.: UCRL-93260 {1985),
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4.4.2 EEpEFOLFENOFIR]

AbEH El ER - iR

BRI & DR S B dE RO RS RV, —HTI,  [MeV fHEICE -2 25B, 2
KA BRI LTV B EEDBNT VA, UL, MEFhETE 1MVl kD BiEassd
BB BATED, BANGEITEEEL 2 EHKRD, T, JOhEFHRICE
0. BRI EE L2 R A DL WTHIFRT 5 2 EAElEEE 185, 1MV PHFEHVS
HROERLED(EEITIE, P FY AEERIZUHE LT, BeDF—2hHbD, I TR
PR &Rk 4 2 BRAIETRICE L CRIBLCRIN T 5.,

1) ALFEBEO SR

& ROMERE BRI LT, BRSEOAMRBIANVFE —BRHEHRADOEREEICET 55
(DT 4 —PENF 4 —AFT 4 =Dfibhric VW FORIRNLF-TGRIIFE Y OBENICE
D —IEEEEX N7, ZOBOWEIFBEEALBT T, T2 LF-EROLI#ICE
D, BRSFRSEHOANEOVWIIE S, EHSNE UL RHTHSI, LhL, ==
NE—FIERRETSEKIICIIENL Y, BEICXDRESHENS L LT HRER, FRbEN
FEBILIZNTEHA S, {LFEREODT, GRS I UCHERRER2OHLAN S, RLENC
BENIKETH B, BFHEFNE U, KBRS, OBLEY 1 7 VEAVLEHEE, @
KRA AOELRE I & 28, QKEXOBRESMED X VOB L ERRIEESF)
BFond, D THINCE AEMARISTE, BET L RALF—OR0 % TEEIETICE
A3, COIRLVF—OFEFEICE 2 >OHENREAZONS, TTbhE, BICEBRETR
4+ 5, EERMSEBLIUBEL L THET AN TH S, FEO» 601, BiEOFHAEEE
FHEE T2 H0THD, FICBEN AFOBFHZEMNRICHFRAI N TS/, BRLFITIEN
EOSHITDIED, TH¥NHEICERABBIGEL TV AHIENREVWEEL NS, JITIE,
BEOTMEFIAAF—FIARECESEX, HOWEP—EENTH5@D5EEND EF 5,

2) KL RIS
CHETIFRINTVS, 8L ITRLF—SEOEVIEHMEFRIRIC I3 REAT A DX
E1TH 5,

(0 — NN L04+1,720. (1

ZORIIBEHEOBEICH L TIREEYR S D, v B TREL, BE2EFPaBOL S LETO
BUVKEHEOEA IR ETD, 30%ETS Y, UL, SEPETICH L TOMRGEIZS
e TV, ZEEEFEFIC LEIOBVEIREELSNZ0T, ZOPRIEC A
VWTHAH, Bz, GERPEFEMES LTEBICAAHTHE, =2 AF-HREIEFIC LN ST
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EVEASE B, SHRAERIIOWRZOE FFEMEE UTRRHR LY, KERGEEL, 2N
Y ORERBLZZENTE, (0. BFEEYEE LTENHATEZ S,

C0+H.0 ——— C0: +H {2)

LD EHNIAEREEE, KOBEESEEITS B0, BEL TICHEI O SN TV ARRER
{124, 0%EETH S,

Ho) — o sASrc—> B+ 1,720, _ {3)

Linl, BEASEOFESECOVLWTOETHY, SESFETETOHRIIDEN @ KROERE
WEHEAMRIC & D KESWET 20 REEADINIL VD, FFREBEN SO 1MeVP#ETF
BT, KB rOBWTERINETHA I NS, HFIRAF-FETICL ZKROMEHR
SHREDHE L, #OBERTHIEEETHS Y,
IRLF—BEOBELEH, S, ROAREELLSNTVEHER, Fels ZHOLE 2REET
B0, RISA%2 200K, KIEGEE0K TR 3¢, BEREDINLZVEAEOZHRIZ0NIET
B0 W TERpges AN Th, 0% ORGBLSARETHS D LHEINTVE, TOLEE
T, KBEREATS b BRI N BERErig 4. 4.2 1IRET P,

F8304 — NN NN 3FEO+1/2 Uz (4)
3Fed +H.0 FeQs04+He (5)

ZORIGIE, HEREGEE (2,20 K) TERTX3LLEELDOREFEEATVS, LHL,
HAMEEICEE - TED, ERINICZEBEAEHNSH TV, KB EHORERRLFICAL
T, BEEIEE OB S I hd, ERTORIFNVF-BA A VICLPRHTE,
RIS AARERT BICE - TV, FIEGIIEER (7100 KEIT) THRREEI S I E050h-
TWAOT, FEMCET AT, FGdicdEb s RICOERMEDF 5,

EEK
(1) L.A. Booth, Ed., "Fusion Energy Applied to Synthetic Fuel Produc-
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(2) M. Steinberg and V.-D. Dang, "Hydrogen Production Using Fusion
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(3) L. Rovner, et al., "Study of Chemical Production Utilizing Fusion
Neutrons", GA-A15371, (Apr. 1979).
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(6) Y. Katsumura, "Chemical Reactions Induced by Fast Neutron Irradia-

tion", Proc. lst Intern. Symp. Adv. Nucl. Ener. Res., 1989, pp.

293-299,

- 132 —



JAERI—M 91095

STVETE SN (D DTS E WO S P 2I094-1 050 Y D ) R R 1 3T Y A
"A0HNOS Ly3H HOL1Ov3Y
NOISN4 Vv 9ONISH HIvd 024-Y0%4 HONOYHL HILVM 40
ONILLINGS TVIINIHIOWHIHL A8 NOILDONAQOHd NIOOHOAH
O'H
-

(D62)

HeB62

dN-INYH H019v 3y

HILVM NOIL1SOdW0D3Qa

HOLVHVIIS | ® H-048I 08 oﬁ&%%%mmwma
LX) ] HOLVYHINIO [t———{x |-—————————
. -3y H 0062 Y
oy ®
® fomer]
. 2
O*H
\ HOLVAANTS. H3IZITIVLISAHED

-u\m\\ XYXTIXYXX
o *0fe4-00
* o®d WV3LS

®

H3IZATOHOAH

4
O'H 109.0.9.0.0 9.0 ‘ |

‘ ..II_.A M onv_ o.u@
| ol |

Z
L

0O'H

Q3Z1Y¥Nss3yd

HOLDv3aH NOISNd

— 133 —



JAERT—M 91095

443 3 ady eSO

1o KB #F—

Fadvid, BOKRETH (FOLVERDL9) THEEBEALILNTES, 1R
sgﬁym,Em%%(%%ﬁﬁ@zm%)f&é&%ié:&ﬁf%éoﬁﬁ®ﬁﬁ?®wﬁ¢
KEU%ﬁ@%%NéﬁbDKEEJfV(&%?,?ﬁb%i;flﬁbﬁ¥)®$ﬁéﬁﬁé
&,*§Hm¢ﬁ%tﬁiéﬁ%éu,H,D,T@yumfmbkof%%éﬁézémﬂéo
3+ HEFASUEEECBOT, HE I 2 A=y ARFCEBLADOED (UL, IaF >
A FU—TELTEADRTF + 5 VHNVDIFJF v 7 15HEE (2 24 V0L SRFHRETE
OWoEEBELT) FETSHIEHBTED, THNI 24 Y A8 VEERRLIFEINS D TH 5,
ﬁﬁu%ﬂ&-ﬁ%&&@ﬂﬂ%b®%&écﬁi;ﬁyﬁﬁ¥&uﬁ%iéné&%¥ﬁﬁ&b
%uébmmuﬂmmﬁéibéo%Eﬁ%u%%%<iﬁummféi;fyxﬁmﬁﬁ®xﬁ
F Db RLE—AE CRBICIESNG, XE®RELD/ 85 — Ui S TROREMT SIS
maﬁbmnﬂmomtmcam,%@%ﬁ(¢&1)fﬁ%én1m5®ﬁ,::T@&<Km
2IE S AL GEAICR A 2 &I B,

1) I otz LD EERE Y
if8®;5ubi1f:@A(H?THM&bebT)wﬁmﬁ%&%n%#%ﬁﬁféo
%ﬁg®%?E~A%%¢UKE%LT%%ﬂ5N41Vﬁ2%@®%ﬁ?ﬁ%¢%ﬁ,ﬁ*ﬂ
SV T ORI, :
gt —ut +v

?550:@&§u+®15ym1%%ﬁﬁﬁﬁtﬁﬁféoﬁﬂ$fu*ﬁ%§at&%ﬂ%
RHEASH NI RE VIR S —E 7 A EEEAIED S, $iou” B2 pHTHEL TRETSEY T
uymu+®18y@ﬁﬁm§<ﬁ5®f,ﬁﬂ®%@®&%ﬁﬁ#%ﬁ?bmy%ﬁMLTm
2L oA EMCLIREORSEICS -7 EENEL - bDIKRE, ST HEDS
T LA L OBTFRE T b bR N B, THEFIR LT WAMERRIE L THIDLFRE
2Bb ot D b G, PIAE Muid et LD I3BNCHRE—A Y PRES, DT —ET
Eﬁﬁu1JWMTuanﬁﬁbéwﬁﬁﬁtﬁ%@Z%énécm,ﬁﬁké%mammﬁ
AT S a4 v o0 MDERGBIR, MOEFLEFE &2~ 5 T & {LHEICERRN 0T
5, IDERIC>2VLTIE, Ar, NS EORE, S, Gets & DAEK, §i0,PH0 DX D LR
&%%,Mi%tK%ﬁﬂ%§$?m®EﬂM$ﬁ%moLﬁbm¢Tm%ﬂ®m,@€$¢T
00% DB ArHOITEIN, f X © b AZVORITED, S50, FRArPNPIS/L LA
Eoan ALK ERRIILTH L EMOREBOERITE S S, -

Mu-+HX—MuX +H

Mu+HX—MuH +X

— 134 —



JAERT—M 91095

coiéﬁﬁmﬁﬁﬁﬁﬁﬁﬁm;biménéaiiéé,ﬂﬁﬁﬁ@ﬁ my /M= 375
::@é@fnm,@%ﬁ%ﬂﬂ@mAeb®ﬁ%ﬂ%%ﬁimtfué&%i%néoéen
Mu+S —Mu$ :
@947®ﬁmuow13,@Eﬁﬁ%ﬁitﬂﬁtf%énéﬁﬁﬁﬁ@,Emﬁﬁﬁ%ﬁi
5&§ﬁﬁﬁﬁmiﬁbmﬁ@ﬁﬁ&w®ﬁkm<mﬁﬁ%éné®K%§HﬁT%%oW6#
t:FV$w%%ﬁﬁ§<ﬁwfm5§®&%iéhéo:®%&LTHMHFrNﬁ+FﬁE$H
@ﬁmﬁﬁwg%ﬁﬁb,E%&hy%wwzo@%%fﬁ%éntom+mzam0+m®ﬁ
R HIcHE LT TH D, FHDRSS S,
K@ﬁ¢ﬁﬁﬁ%moﬁmﬁ§&H@ﬁﬁﬁﬁ%ﬁﬁ?%?—ﬁéhMe44&1&%?0§
t%?u—&—&Lfmimm%tot%é®M®ﬁﬁ¢T®ﬁmﬁﬁ%MMe44&2m%

_d_D

9} I oA VEF . I a4 A TOERE
ﬁsgfyﬁmﬁﬁ¥&m&éien5&i;fyﬁﬁﬁ%%ﬁﬁmumomof,ﬁnt&
:6#5@¢ﬁ??5%$5&6i60Eﬁtbfh&@%é@*%,M&T@F,MTH&
YeTid], CTHHBTHD, COIELDLHEHLES OEZEFEFNTL 5, FIZIE, NellH
i;iV%H%éﬁTF&L,%n%mkﬁﬁéﬁTMH:MuM)%0<éoZuW%EMK
%Eé&MF@%éi#»¥—@¢&twm&M®ﬁai$w¥—nﬁbéomwﬁboaﬂé
mméé,H*@%ﬁ@%#ﬁi&mmmb,mwﬁ%&tﬁ—nyﬁﬁﬂbfﬁﬂ?%,ﬁg
mm&%&m&&:#:&ﬁﬁgéo:®;5mﬁmumbﬂwﬁaﬁiéc&ﬁ?§,ma&
Kﬁﬁﬁ%?mﬁﬁﬁéﬂwxwi:#VE—Aﬁi%ﬂnﬁ,CM&EQLTV—W—%%&
EROTHMS 55 L WEEOFRATEMOT S LA TESTHS D,

il

3) 234 A v O(LERIE
wwwut®1*W¥—®%%&%wE¥&&®&ET%E?%QN4ﬁym%ﬁ¢®ﬁ¥ﬁ
m&giéﬂ,&ﬁ%%ﬁ:?c:@&%N4%V@%E%ﬁ%ﬁ?%t@%ﬁ%h%@ﬁ@l
1»¥—ﬁﬁﬁﬁ:5c:@ﬁ%dffﬁﬁy%ﬁuﬁﬁénm,ﬁ%ﬁ,z%xﬁafﬁa
énfméﬁ,::Tmﬁ%@wi®j%#6ﬁb%b0®fééoTﬁb%%é%¥,ﬁ%ﬁ
%ﬁ%%oﬁ%u%xml*w¥—ﬁﬁ(t&iﬂwmwwwﬂ)ﬁﬁ%t&%@%%Qﬁﬁﬁ

BAEFRLS VD BDTH S,

EEH
(1) HEAbEES  (LFEdHRes S &S b FRbRe 7 — (1980)
(2) D.C. Walker, "Muon and Muonium Chemistry", Cambridge Univ. Press

(1983).
(3) ik ﬁ,H;—¢ﬂ?®w$-ﬁ—ﬁtmﬁﬁﬁv<éﬁm1,wﬁtlﬁ.%,m&ﬂ%m.

@ R A B, 47, 322 (97D,

— 135 —



JAERI—M 91—0065

Table 4.4.3. 1 ZKiAE#IZHIT BMuE HORIDEE D HE

Ag”
Cd?:
CdiCNG
CN-
Croj*
Cu’

Fe*
Fe{CN)s~
Fe**
Fe(CN)}-
HCO;
MnO[
Nit*
NOy

OH-
O,

70t /K IS0 TINHY

Na*/H*/Cl-

Acetone (pH1)
Acetonilrle
Aniline
Benzene
Benzoi¢ acid
2-Butanol
Cyanide
Cyanoacelale
Cyanobenzene
Ethanol
Malcic acid
MNitrohenzene
Phenel
Styreie

(110" A" s7)
k\( k||
16 1.5
0.608
[y
3
2
6.5
12
0.3
5.5
0
.008 25 % 100 E =33 =LA =4xI0
25 24 "B, = 184 = LT A = (3.5 = 0.3) x 10
17 E = 160 = 2.5 A =090 x 10
1.5—2 0.007 E.= 63 = 1.22A = (21 =01) % 10
0.017 0.015 E, =40 = 5 A = (2.4 = 0.1} x 10¢
24 25
<0.01
<2 x 10
0.087 0.0028
0.051 0.0027
8.8 3.3
33 11
7.0 !
0.0011 0.13
1.0 4,
2.077 0.0032 E, =31 =LA =(23202 x ¢
7.2 9.7
<3 % 16-*  0.021
1 0.6 E, =188 % ILhA=(23=032 % 10
1 3.3
7 2

1.1

Table 4.4.3.2 SMIcHT 2Mus HORGEEZ D HE

RIGH

F,
Cly
Br,
HBr
HI
C,H,

O,
NO
NO;
CH,

co,
CH,CI

(10" M- s

kM kIl
14.6 = 1.1 1.58 E, =39 10
$3.0 = 1.5 15.1 E,=57=*I.0
240 = 30 45
9.1 = I8 3 E, =29 %10
25 = |
4 0.5 0.7 E, = 3.8z 1.0
55 £ 30
158 = 24 64 E, =0
18-+ 20
183 = 20 68 E, =0
14} = 30
> 1040 27
400 = 11
0.4 = 0.2
0.08 = 0.04
0.04 = 0.01

7 1 E.. My RIBOREMECTRLF— I
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 EFETHE T BE

KR IR TR S O g & 72 2 TRRBA RSO 1. 56eV, 10mA& W IR, HAKLT
EEE SR O R AT IGHSELAMPF (LANL, USA)DZENOFRUEIZLEL TV S, TOH, W
RIAT w7 & L THIRMREEILESS (BTA) OBBGEL L@ L THilfi 57 v v v VORIRRET 5 2 &
LUt T, CONMMEIEZINE TOMEEAL & » Tk H ZIERO K 5 RFFEEBES
BTOMHAMNIZE S, B T4 RBMEROEHHEOH O T — ¥ DG &b S &
LTWELDTHE, COERTHEFLLAFITY —DEsEGsE VWA 5.

BFhEEEO A S OREMIESE, &L TTHOFERIIH S, E—LFTF v 7 AD0
CIREABEOHE T — FRDEBOEBINTVLEY, R2THL, E—L0hliEZbo iy
IO ELOREF OB IERICHT 2 V27 LE LV, &/, (A VBEDOEFIEXALLT 5 X
OB O b EBETEH L, —RTREBEORE & EHEHO PR LRETH L, Sl
SO ILEEEI I ERS L D ICHESHNICHAADE TH AL BRUITEH S,

TEmETIE, RHEALICHA 2 A 4 Vi « MEEFE 0BRSS, MRRETOMENL, MLk
OE LA EERRTIC N S, EBRAORIEE FDOHADIRTER~D 7 1 — RHELREEL LD,
1o, U RFLAOEAEIC LTI, 156V, 1mMEVIERHEDOTIC, YAFAIR b, EifF
S X SICE—AAEAOBERICHELT, 14 VEOR, RFEGEO®ER, 77 %Y 7, DL
PO ENR— YNAER~E T LR F—ORB LEN EERGFEL LA S, THHITOBANTE
SEIT LB THAE L WERNENEEZTED, BEI E-R Y PO FBIUHy bE
Sle D v AT LR S ORITAD T 4 — K3y ZAREIR E VD HEH X D BFEFHR T ESD
twoik,ﬁ@$®%¥%ﬁ%®@ﬁ%ﬁ@%ﬁ«@ﬁbAnﬁ%%%?%D;E%mﬁfﬁm
Uiz, EgcHEER0E-TRENEENEERL TEERLL, E- AOBRDHERE Tk
HOERESZB0STH S,

FERE IR TS E L, BT LR EBIFREICIR T —< 2B, T 5ICHRII
RGP T A4 L A O EEROWMNE B TED TE L, £z, NESAEKOTHBERIZE
LTid, IEHEERMATEROBNETEEZITVWD, OB NINERMERETEAEL
& 7%, VAR 3 ER & D RFE LR R LR EI RN
| BRI RS (BTA) ORISR, BURPIFIE ORI ONLCEF & HENDEL D s &5 A TV
2. BFOMETRVF—ILLEH10MeY OFETHLOT, F:FORERISLTREEL
1012~10" 2 this: 7 VIR TH B2, HlAOERIEALONELLE0T, RRICHBERELT
5V Th D, TERBAMEEETA) OREA EBPARNICT MBI E#ED TV EN, LIk
ORTA BELAEEAL LTHTICAD, BECH->TH 1 kit b3 2 —AREEVIREL TS
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5. BTA OEBARIE, JOI—AOEMURITOND I EIBEL, PEDOLEEDLDICNES
EEZOND, ETA ORI, FOEBREEOLOESHT, FAFRCERETE H/ITRELE
HAZENTETH D, TENRHIC SO TIEIHEIERR TS » Mok 2 Y 2T LHBOED,
BLHEREMOWRERONRIGEEIWHFS NS, /2, PETEEBITI 2 -4 VER, 3
SIS T O E AL « M LEFEA SOBFICHAEL S Z EICk D, HEEMEDEA
DEREFFEFR LIV,
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