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FI1G. 20.23. Dominating fission products and actinides in used PWR [uel at a burn-up of
33000 MW(th)d/t U and a power density of 34.4 MW(th)/t U; original enrichment 3.1% 2**U.
(@) Ingestion radiotoxicity values (In, m’ waterjt U) from nuclides in spent unreprocessed
fuel. (b) Activities left in the HAW aflter reprocessing | t speat U by which 99.9%¢ U and 99.575
Pu are removed. (¢) Ingestion radiotoxicity values for the HAW under same conditions as
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would be an infeasible ot unwarranted concept for the em-
placement of radiosctive wastes.

An additional part of the prograin is sddressing the polit-
ical and lepal Implications of an international reposilory
beyond any natlon's jurisdictional limits, and various scenal®
jos have recently been published on the subject.

3. Disposal of Nuclear Wastes by Transmuta-
tion, J. O. Blomeke, A. G. Croff (ORNL)

One method for treating radioactive wastes to reduce,
thelr long-tern radiotoxicity Is to transinute the long-lived
spccles to shortlived or stable products. A pretequlisite for.
transimutation Is that these species first be partitioned from
the wastes and then recovered in a form sultable for bom-
bardment with neutrons. Since the difficulties ol effecting
the necessary separations and recoverles are as great, of
greater, than those associated with reprocessing the fuels to
recover uranfum and plutonium, suy realistic evaluation of
this approach must consider both partitioning and trans-
mulation In & joint context. We recently completed a very
comprehensive assessment ol the transmutation option with
a view to establishing its technical feasibility and to identi-
l’yinu. ’my incentives that might exis: for its iinplementa-
tion

Feasibility was assessed by formulaling credible par-

ORAL

Nongeologic Disposal of Radioactive Waste

2%

titioning Mowsheets based on experimental evidence, and by
devising transmutation strategies that could be verified with
relatively sophisticated calculations. The incentives were

_defined by cost-risk-benefit analysis. Only conventional
-chemical processes having a reasonably high sssurance of suc.

cess and availability were considered, and light water reactons
were assumed to be the primary transmutation devices.
Although the actinides were taken as the primary candi.
dates for partitioning and transmutation (P-T), the long-
lived fission products **Tc and '?*l were also considered.

The approsch used in this assessment was to perform an
In¢remental analysls on a reference fuel cycle and a P-T fuel
cycls that were based on a sell-generated plutonlum recycle
pressurized waler reactor. They' were Identical except that
the reference cycle provided for the trecovery and recycle of
only the economlc values of uranium and plutonium, wheress
the P-T cycle used additional partitioning processes to re.
tover actinides from the fuel fabrication plant snd fuel
teprocessing plant wasles and recycle them back to the
reactor.™* Chemlical Nowslieets based on solvent extraction,
HNO,-HF and Ce(IV)-1INOy leaching, and cation exchange
chromatography were generated that have the potential to
reduce unrccovered actinides in the fuel fabrication and re-
processing plant wastes to <0,25%.%* Waste treatment facil-
ities utilizing these fMowsheets were designed conceptually,
and their costs were estimated.™® A P-T fuel shipment cask
was also conceptually designed, and its cost was estimated.n?

TABLE I
Summary of the Costs, Risks, and Benelits of P-T per G\W(e)-yr
Reference case P~T case Incremental
Costs —
Fuel cycle costs.$106 181.9 191.1 9.2 %blﬁm
5 /etB
Short-Term Risk

Radiologlical dose, 4 20 16

man-rem
Total risk,* 1700 45508 2850

man-rem
Natural background, 5000 5000 0

man-rem

(for comparison)

Long-Term Benef{c
oo/ %L,

Radiological dose,b 25,800 25,500 300 0. // AT

man-rem .
Natural buckground.b 33.5 x 10 33.5 x 10 0 -re

man-crem y/

£ mpariso

(for comparison) » 000 mom

= yamt

*Includes nonradiological risks expressed as equivalent radio-
logical impact using a conversion factor of 5000 man-rem/health

effect,

Expected dose integrated over 1 million yr.

f+— 8
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Table 2 Cs—1370HBRAEOHLS (2)
B 5 s EEERE ERIXINVFE—  A-Fy NMERE

[y] [Me V] [cm?]
BFiRRBH 2. 00 4728 4728
WayvsShovick?
Ry R — 350 —
% iR B 2. 00 789 42875
LCFRICkB
Hh i R TR 2. 00 185 436989

Table 1 Cs—-1370HRUEOKE (1)

WA & BT zxNF— [UEE BRE HE3I-F
(MeV] (mA]

BN e” 100 2000 ''Cs (v, n) '**Cs—'""Ba EGS4
#avIrvizkd

ey eEE e 1000 - MCs (v, n) M**Cs—!"Ba EGS 4
S S h P + 1000 450 1#'Cs (p, xnyp) NMTC
eCFiIcE3

RETIRK d 4000 25 1MCs (n, 2n) '**Cs~!*"Ba MCNP
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2l KRSV EI—-FotrPpTomztr¥F—-RFITLSD
afrv—yavEIEOMHE (HUF)

Table H.U, Target (CEV Order) (Update)

Targels boabarded by prolons ( 20 batches)
(1 =60cm, r «10cn, b s Bem ) (Hev)

Energy of prolons 1600 2000 2500 3000

Total Heat Deposlition 760,& (841,85 131,79  1270.91
Flaston® 2600 .2 e geses
Tonl. Loss (proton) 510.07 . 628.47 T58.48 £39.84

Escaped Energy 250,20 4R, ,.Bm.OQ 805,14
Energy Cut Off 49,65 65.8 .7 10t .61
Leakage 20U cosnel 51838 700.80

( above |5 HeY ) .
Energy of Esc, Neutron | 225.80 228. 9 349,80, 409,65
( belov 18 HeY R '
Energy of Char, Partl, |.104.23 ' 33,83 - 160.07 207.48
( belov {5 HeV ) : N

Subtotal . 1344013 T 1795.29 224875 . 28mR.%8 -
Total Binding Energy | 284.24 318,95  440.20 0.4
Hean Excltation Energy 29.04 31. 72 44.08 2.18

Total 1837.41 2179.28 270,01 . 3275.13

Hunber of Esc, Neutron 57.89 T73.73 €8.57 1R.1

~ MNumber of Char, Partl, 7.00 - 881 11,07 . 13.48

[ 1}

Destroyed Muclida 1235 | 0,000 © "0.08f  0.088 0.06

w8 | - 828 8788 B.200  9.5i8

-

* Tisslons due to the neutrons uith energles below 15 Hov -
are not included, ’ A

£2 BFAY Vm e v DF T mt'\:;‘;_”:"(:siﬁidi&i!‘

RRHEES [Cs-9-y" 9 & | mmE CsHE MMM | CsiiRE A4 ik 48
Cs(ca) (kg) (%) MF—myy (kg) ($E)
10 274. 4.25 2. 46 33.0 5.75
20 886. 10.13 5. 86 78.8 - 7.79
30 - . 1902. 16. 59 0.80 129.1 10. 54
40 3630. 22. 179 13. 20 177.3 14.19
50 . 6014. 28.38 16. 43 220. 8 18. 88




WEIGHT OF CS-TARGET (kg)

ST-H S

w
o

7000 - 20 -

5000 |~ 25 L
5000 - | .
oL 20 |-
4000 = -

3000 —

-—
A=)
|

S
) e
NEUTBON_ABSORRTION__(%)
= .
|

HALF LIFE (y)

2000 |

1000. |- . -

1 | 1

1T0-€6 OTV6NL ONd

0 20 . 40
| | THICKNESS OF Cs REGION (cm) . .
" B2 1 5¢eV.FE?7~=ﬁ.v -y s vEEr L OPEFICL 6:31(:503%@%2:

| @ : NEUTRON ABSORPTION
L _['-A : HALF LIFE = ]

4 : ¥EIGHT OF Cs TARGET



9T - R

R&D Chart of Transmutation

1st Generation

(current technology)

- neuclear reaction

" How difficult 7 - ETSTERRAI:

i
o i

: Z;zd Generati.oh»
(advhnced leclmology)

~ HCF
“Moving Target

Nuclear Exqitatipn by Laser -

3rd Generation

(pg\i/ technology) = -

" Controll of .ﬂdc'cay .

(I 1K 3 im0 2% op £ 4

180 FFEIORETIHHEREME 1 BD
HRAMBECUIETIEES BESBRE Y 0
Vﬁd)ﬁéﬁﬁ S(sec")&i\,:

TZ*UI%‘?TF“' EJ._ (1):

E'Ill(HBV)‘i\ _@U)&ﬁﬂ?mtﬂéﬂélzh* —?56.
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4 9.49 12.4 68.15 70.7 4.17 87.2 2.88 BLS 1
5 12.24 12.5 7.71 70.8 512 86.7 3.68 8l1.¢@ H
6 15.00 12.6 9.27 70.8 6,08 86.8 433 8L7 il BRYMEAR
7 17.78 12,6 10.82 70.7 7.04 87.4 5.00 2.1 i
8 20.55 12,6 12.37 70.5 8.00 87.4 5.67 92.7 !
b
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PNC TN9410 93-011

[arwsuncwrFuapnEnonnd |

BUNCHER PARAMETOR

. FREQUENCY (MHz) 1249, 1

’ GUN VOLT  (KV) 200.0
BEAM CURRENT (A) 0.10

/ PREBUNCHER 1 VOLT(KV) 30.0
DRIFT SPACE 1 (m) 0.5
PREBUNCHER 2 VOLT(KV) 75.0

DRIFT SPACE 2 (m) 0.2

INPUT POWER (KW) 220.0

PHASE SHIFT (DEG) 0.0

BUNCHER 'CAVITIES NUM. 17



- §

A0 YNy -k
—_—
FA2HHK
' o
—

MEEdﬂmﬁul

FA2 @ H Kk
A0
-
MERAWMEKREK2
1

AENNEEEEEEEREEEE

>, LTIl

T OOl o
C LTI
RENENEEEENNE NN
ENENNENEERNENEE
Il

"/lllllllllllllll S
FR2AHK YUYy —hk

MERGHDRKREDR

R =pRM

YUY
A
188.728 ¢
i% 12.6 | 56.800¢ -
////// et ) (= ¥
VUVY—BE&*//7 T 7492 :>9E ]k
5
FRIBAWK
i Ryoaak
vYUYY-BAMK
O U troAMk
i i
rromnsx SO F— O
Q. Sl 1L
Ay, ‘§~I e
N d L -

Otz o
A S
O] I
oo~
() ﬁ i C)

O=

MEZREB L O A

1T0-€6 OIV6NL ONd



g6 — £}

2.1.5 BrorE
2.3.5.1 3 (/3 ()T WL 2:-2b81 1%

Aohi-BEAISDOIIEIIR, BATF+X72@AEL2bTHEZHERK
LA 2o ) AT vABR2bERUATIRLAMSTTAREFENMLTY
deY, co2bAREMESI YA Ty MRORE, 2L2bTHEZRIDH
RopBEe—FTH32Ix e~ FTORBKUEDRAZERY /57 £ H2.3.80~
2.0. 118k RL 2T, ’

TR LIMATAOTEOBBLO O BRNAKBRKHT 320 THO

MNE:I3L/3(2B)ERHIERN2LINZOEIIRLEY, REE¥ODS, F«R27KS5

WTH-T.0kBz/unk i > TWEF, )

COE%2. ITIVEA—-20 av—VevEBILVWBShRLALHR
LT3, 9YVEa—SOlRRA=.00VF¥ I 2y avTII/I(20)M
~8.75~-6.3{NHz/3aTHD ELEODT, IV La—FOHMNBETHAELTIE LS
TYHHM, RUBAL L{—RLTWw2Y,

$2.3.12 AP T3 2bTiEoVNE (M W2/os)

24=50.0 22=54.0 24:58.0 2a:32.0 24=66.0
B=1.0 -6.84 -6.98 -6.99 -6.96 -7.02
B=0.9 -8.98 | -s.38 -8.99 -8.99 -7.04
B=0.8 -7.01 -6.97 -7.03 -1.00 -7.01
£:0.1 -6.93 -1.00 -7.02 -1.08 -7.04

EhThsDF—2 %D, BALOBIRE T SAER1249. 13SKHzicH T3 B E
2biEERY, BF 42>V TH-2bliRAET v FLEVDEEL2.3.120
~2.3. 1281t |/RL 25,

2.3.5.3 Qi

SEOoMETR, FAIMERET3IF«A2E0HDQM:Q3, E§7«X2H
OOQE@ : QEEMELTVWET, Tn5Q3, QEOHRBMESRAGKS3
Ye— LEDEGHAINTEY, chERiLHER

QR
2a3— Qs
PUHRTILEMSD 2T, TEEMERAVASHRTIAIHNTEIOT, R
BEMIhZ3MOE ("Super{lsh"O MRS ANOSHOM) RHELLYhUEL
DEHA,

=100 BADEF 4 AIROWTOQHOF— I L EENR OO ER2.3.15

Q=

++--2.3.9)

ERLEY, 2. 1OV V=Y . vOHRTH, z-;sg.a~ss.s-.roia!§
21200 5 - RO T, SBOMECRUHBEEONWXARRIATWIILRAY
3,

#2.3.15 A=j.0ovoQod

B=1.0 Q3 - Qs Qo) |- autco
22=50.0 8378 10988 14156 ’ 17840
2a:=54.0 8318 10838 14008 17855
22=58.0 ‘8322 10157 13036 18421
22,0 aise | 10332 13218 16733
2as88.0] 8340 s730 11850 1934
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NEW ACCELERATOR STRUCTURE
1.S2to and Y.L.Wang

A new type of travelling wave |lnear sccelerator
structure |s belag developed. This structure I3
flke disk and washer structure, but It is
simpler than that one. There are no protruslons
fn the Inner surface of the cylinder. The washers
without noses are 1lke disks. DBetween-the disks
and cavity waill there are coupling slots. In
other words., we cut the round coupling silts on
the disks In the dlsk-loaded structure.

This structure has high shunt impedance, high
group veloclity, high Q value and low sttenuation.
Therelore, this structure with <travellng wave
resonant ring has high efftciency, Especially,
for Jarge beam ¢ -crent snd CW Iinae fes
efltclency can be reached as high as 90%. So we
calt 1t HELAS (High Efficlency Linear Accelerator
Structure).

Ia additlon, it has a Importani characteristic.
Its THli-1ike mode s not a backward wave, but a
forwsrd wave. Its Briliouln diagram Is shown In
Fig.1. So It has high threshold current of BBU.

The theoretical study has been performed wusing
computer codes of SUPERFISH and MAF!A. Sonme
experiaents have been done. The results of
calculallon sagree with results ol experiments.

Timn:
1800 e 1888
pL1]] b1}
TH
2008 ot 1080
1000 10
(] /3 b2 1] =

Flg.1 Driliouln dlsgrem of HELAS

WO ~NGLNSWN -~

Wi mWm A Wmtm W AWl e W NANONANONON WErW W NNV ANARNDN N =~

1. 000
1. 000
4.153
4. 153
7.973
7.973
11. 830
11.530
9. 088
12,159
8. 431
10. 360
7. 085
8. 11§
5.724
6.310
4.728
5.078
4.311
4.311
1. 436
1. 435
6. 854
6. 854
4.772
4.772
4.100
4. 169
3. 655
3. 689
3. 243
3.227
2.879
2.810
2.532
2.418
2.198
2.198
4. 491
4. 491
1.504
1. 504
1. 515
1. 516
0. 946
0. 946
5.570
5.570
§.183
5.153
0. 482
0. 482
0. 351
0. 351
3. 952
3.952
5.524
5.524
1.543

4.153
4.153
7.973
7.973
11.530
11. 530
3. 088
12. 159
8. 431
10. 360
7. 085S
8.115
5.724
6. 310
4.728
5. 078
4.311
4. 311
7. 258
7. 258
2. 870
2. 870
4.677
4.677
4.019
4. 075
3.572
3.591
3.157
3.129
2.791
2.711
2. 442
2.321
2.109
2.109
0.728
0.728
4.578
4.578
1. 643
1. 543
0.963
0.963
3. 986
3. 986
4.918
4.916
0. 249
9. 249
0. 182
0.182
5.091
5. 091
3.507
3.507
1. 216

v.
0.
0.
0.
0.
0.
0.
0.
0.
0.
0.
0.
0.
0.
0.
0.
0.
0.
0.
0.
0.
0.
0.
0.
0.
0.
0.
0.
0.
0.
0.
o.
0.
0.
0.
0.
0.
0.
0.
0.
0.
0.
0.
0.
0.
o.
0.
0.
Q.
0.
0.
0.
0.
0.

200
200
200
200
200
200
200
200
209
200
200
200
200
200
200
200
200
200
200
200
200
200
200
200
200
200
200
200
200
200
200
200
200
200
200
200
200
200
200
200
200
200
200
200
200
200
200
200
200
200
200
200
200
200

0.200

[

0.

200

. 200

200
200

1. 000
1. 000
1. 000
1. 000
1. 000
1. 000
1. 000
1. 000
4.212
4.212
5.676
5.676
§.530
5.530
4.79%0
4.790
4. 066
4. 066
3.664
3.664
3. 664
3.664
3.664
3. 664
3.664
3. 664
3.573
3.573
3.508
3. 505
3. 251
3. 251
3. 051
3.051
2. 840
2. 840
2.623
2.623
2.623
2.623
2.623
2.623
2.623
2.62)
1. 985
1. 985
1. 985
1. 985
1. 9388
1. 985
1.985
1. 985
L. 696
1. 896
1.696
1. 696
1. 696
1. 696
1. 696

0.20
0. 20
0. 20
0.20
0. 20
0. 20
0.20
0. 20
0. 25
8. 35
0. 37
0. 137
0. 54
0. 54
0.76
0.78
1.02
1.02
1.20
1. 20
1. 20
1. 20
1. 20
1.20
1. 20
1.20
1.39
1. 38
1. 59
1. 59
1. 81
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N

X (em)
0. 384
0. 223
0. 208
0. 204
0.212
0. 200
0.167
0. 15§
0.130
0.070
0. 089
0. 098
0.120
0.130
0.128
0.130
0. 146
0. 265
0.279
0. 291
0. 327
0,332
0. 303
0. 297
0. 298
0.307
0.309
0.3:8
0. 347
0.344
0. 307
0. 296
0. 284

X" (mr)
1. 543
1. 206
1. 206
0. 850
0. 850
3. 256
3. 256
1.720
1.720
1.411
1.411
2.275
2. 278
0. 424
0.424
1.108
1.108
0.936
0. 936
3.678
3.678
2.819
2.819
0. 157
0.157
0. 136
0.138
3. 094
3.094
3.716
3.716
0.815
0. 815

Y(ca)
0.472
0. 344
0.330
0.318
0,277
0. 262
0.273
0. 271
0. 247
0.080
0. 063
0. 056
0.041
0.033
0.034

0.036 -

0. 046
0.183
0. 200
0. 200
0.192
0. 203
0.232
0. 241
0. 251
0.325
0.334
0.328
0.302
0. 304
0.336
0. 343
0. 341

Y {mr)
1. 216
0. 950
0. 950
4. 087
4,087
1.077
1. 077
1. 600
1. 600
1.313
1.313
1. 810
1.810
1. 454

- 1. 454
1. 359
1. 359
1. 148
1. 148
0. 839
0.839
2. 965
2.965
0. 875
0.67S
0. 684
0.584
2. 646
2. 645
3.139
3.139
0.192
-0.192

BZ (cm)
0. 200
0. 200
0. 200
0. 200
0.200
0. 200

0. 200

0. 209

0.200

. 200

0. 209

[+

0.

dP/P (%)
1. 696
1.527
1. 527
1. 527
1.527
1.527
1.527
1.527
1.527
1.419
1. 419
1. 419
1. 419
1. 419
1. 419
1. 419
1.419
1.199
1.199
1.199
1. 199
1.199
1.198
1. 199
1. 199
1.038
1. 038
1. 038
1. 038
1. 038
1. 038
1.038
1.038

EQ (MeV)
5. 44
6.97
6. 97
6.97
6.97
6.97
6.97
6. 97
6.97
8. 49
8. 49
8. 49
8. 49
8. 49
8. 49
8. 49
8. 49
10. 0§
10. 08§
10. 05
10. 05
10. 05
10. 0%
10. 05
10. 05
11. 61
11. 61
11. 61
11. 61
11.61
11. 61
11.61
11. 61

(aue|d z-4)

Lt

(12-2)

BeYT  8e8CT @eeT 888 889 8eYv

88971

(peJE- X)

(aue|d z-x)
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PNC TN9410 93-011

tx

[ ]
INPUT PHASE

1.566
1.687

8.821
1.682
1.32

Acc. No.
En(Me¥)=
Ea(MeV)
dE(MeV)
1 E (MeY)
dEJE(X)=

®see"

-7¢. Y

OUTPUT PRASE

(HeV)
+1.62

-717.2°

+1.58

t

-

a0

T

<
3 “* s 0 o

INPUT PRASE

(KeVY)
+1.62

ACCELERATOR NO( 1)

T

T

T T 2 T T Y y

@ 0w
A - N
[ R I
Ut~ W N
T =~ [ed
AN B | [}
nuun
S M&~O
- @ w P
[ -]
Qe O B o
(-3
.
<
L
4
”~~
—
- b
4
g | 1
. L 4
e M.,
-.0.. b -o--. 4
n.An b MNEKER
i > ]
] 4
m 3 9
- 3
L 4
b 4
: 4
4
| E
. e ~
- o~
. .
- b~
o~ t~
] 1
+7r y——r -
9
b
b
9
3
-
L
3
b
3
3
- -

+1.58

Acc.NO
Cav.NO

1
17

Acc.L(m)=1.162

Couple
Multi
PCKW)
E(MeV)
1¢A)
dE/E(X)
Eff (%)
Ve/C

P (deg)
dP(deg)
Ps(deg)

=8.416
5.71
228.0
1.682
=8.188
1.32
= 48.41
= 08.9478
= -75.36

= 2.89

=8.0



8€ — B

ACCELERATOR NO( 8) ACCELERATOR NO( 8)
PHASE SHIFT OF INPUT POVER 18. 008 PIIASE SUIFT OF INPUT POVER 9. 688
v v-——— v +x v ~—r v ——r
o Acc.NO = 8 ) Acc.%0 = 8
4 Cav. N0 = 15 s 4 Cav.lN0 = 15
1 - Acc.L(n)=1.288 1 Acc. L(m)=1.2088
Couple =8.578 Couple =8.954
Hultl = 3.88 5 Maltl = 1.18
P(KV¥) = 228.8 P(XV) = 228.8
f E(Mev) = 12.372 E(MeV) = 5.586
] 1(A) =8.188 [ 1(A) =8.388
dE/E(X)=  8.19 ) - dEJE(X)= 8.52
Eff(X) = 78.53 Eff(X) = 92.78
Ye/C = 8.9991 Ye/C = 8.9968
P (deg)= -85.88 } P (deg)= -94.23
dP(deg)= 5.23 dP(deg)= 2.79
[ ——— Ps(deg)=8.8 Ps(deg)=0.8
A -x

IT0-€6 OIV6NL ONd



ACCELERATOR .NO( 1)

-153.5'E.. — S (deg)
— Paln=-157.01
f Paax=-158.65
. Pdif= 6.36
P.ave=-155.48
|~
-157.8°E5 '; -
= 4
INPUT PNASE
=
|
X
©
(XeV) (KeV)
+1.19 ey —rr +1.19 — Acc.No.= |
En(MeV)=
En(MeV)=
dE(MeV)=
E (MeV)=
. dE/E(X)=
-l: 2 .
Y ..
‘1.16 asasaasssalassssasa ']'ls k. = .
-n 0 .- -151.8° -158.6°

INPUT PHASE

OUTPUT PUASE

1.166
1.173
8.813
1.171

1.15

(KeY)
+1.71

+1.67

* e,
Al

..........

INPUT PHASE

Acc.do.= 1
En(Me?)=
Ea(HaV¥)=
dE(NeV)=
. E (MeV)=
dE/E(X)=

(KeV)

+1.71 -

+1.67
-61.5"

-58.3°

OUTPUT PHASE

1.6713
1.7182
8.02¢
1.534

1.48
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+x

ACCELERATOR NO( 1)

Acc. NG
Cav.NO
Acc.L(m
Couple
HMultl
P(KV)
E(HeV)
1 {{)]
dEJE(X)= 1.15
Eff(X) = 62.52
Ve/C = 8.8998
P (deg)=-155.48
dP(deg)= 6.36
Ps(deg)=158.8

S~ g N

LS I LI It B ]
N
INK]
[+
-]

FREQUENCY (MHz)

FREQUENCY (MHz)

8-0.8, 2

0=50.0, 2b=-189.995

1250 _l L3 L] T I L3 LS ¥ L 3 l L3 L] L] L) ' 13 L] L] L4 I L] L] Ll l'-_‘
: ANTEMNMA

[ T6P 20n ® s

1245 | BOTTOM un 242, v

. F TORQUE i

s Dard} 4

250kqf.cn IRt L ]

C 1239.079;,,«3 j

1235 - -

[ ,-Qz;wa,,,, ]

123%5 . ’@/Z?AM‘M -

FI229.7430m e ]

1

0 " 0.2 0.4 0.6 0.8
MBDE (X1)
F2.3.18 7Y A7 @18 (step 1-4, Ax0.8)

8-0.7, 20~-50.0, 2b~-191.005

1250 —4 L 4 L] 1] [ LS ]7' ¥ LY L] L 4 ' L g L3 ] L] l ¥ L3 E 3 &
[ ANTENHA R ¢
F 70P 2mn & ;
1245 [~ 9GTTEM uin K ) IZGI.%_‘
L TeraUE ®2¢2 o2 .
[ L1242, { SR
1240 - 250kgf.cn . . &
; ® :
1235 L 1B I -
1230 E__ . -@23/.99‘?/1/13 _-
G :
1223022090k, ) b o b T
4] 0.2 0.8 1

0.4 0.6
MBDE (xm)
62.3.19 FYATYRI (step 1-4, A=0.7)

L '6>I298.9¢

12¢ 8.2
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FREQUENCY (MHz)

FREQUENCY (MHz)

8=1.0, 2a=50.0

S A A A L AL B I LA
b ANTENHA ]
[ 18P 2non /—’%
F BOTTOM 2un ,:/ ——
[ Teraue /

[~ 250kgF.cn

. 1245} i) ]
: S fmeen) ]
s 1280.021 1 1
2¢2.9 ]
1235 1248.98% B
T 1244. 80 E
! ]
1230 ST BT B BPPEEE B
-0 0.2 0.4 0.6° g.8 1
MBDE (X) :
E02.3.80 7Y AT yAUMOE{L (step I, B=1.0)
8=1.0, 20=50.0
: T L] 4 T ' ¥ ¥  J ] l T 1 4 14 T l LJ ¥ L] T I ¥ 14 L=
1252 1%, 58 2f . -
:12;2‘331"”2 )(1“" “-74!’”’/..* j
1250 - -
[ 1250, 0210, 6-88mny ) 1
- 193.073__ :
1248 1248965 1ms B
. 188.4.95. .
1246 | )
A IS BN IR B irad st

187.6 187.8 183 1838.2 183.4
2b si1za {mm)

2b¢mm)

127, 606

3 /£7. 939

155,093
185.496

®2.3.81 2biEERIAMBKI(2/In)E DDIG (otep 1, A=1.0)

O WA [

. g gt gam s
N Wwh =

[

[T - - I T

AD(])
(ma)
28. 3000
28. 1500
28. 0000
27. 8500
27.7000
27. 5500
27. 4000
27. 2000
27. 0000

"26. 8000

26, 6000
26. 4000
26. 2000
26. 0000
25. 8000

AD (J)
(mm)
28. 3000
28. 1500
28. 0000
27. 8500
27.7000
27. 5500
27. 4000
27. 2000
27. 0000
26,8000
26. 6000
28, 4000
26. 2000
26. 0000
25. 8000

ACCELERATOR GUIDE NUMBER

BD (J) DD (J) BY (1)

(am) (um) {1/¢)
94. 8638 80. 0000 1. 00000
94.8237 80. 0000 1.00000
94,7839 80. 0000 1. 00000
94. 7443 80. 8000 1. 00000
94,7062 80. 0000 1. 00000
94. 6863 80. 0000 1. 00000
94,6277 80. 0000 1. 00000
94. 5767 80. 0000 1. 00000
94,5263 30. 0000 1. 00000
94. 47685 80. 0000 1.00000
94. 4271 80. 0000 1. 00000
94,3784 80. 0000 1.00000
94.3301 ~ 80.0000 1. 00639
94. 2825 80. 0000 1. 00000
94, 2353 80. 0000 1. 00000

ACCELERATOR GUIDE NUMBER

BD (J) DD () BY (J)

(um) (=m) {1/c)
94. 8638 80. 0000 1. 00000
94. 8237 80. 0000 1. 00000
94,7839 80. 0000 1. 00000
94. 7443 80. 3000 1. 00000
94. 7052 80. 0000 1. 00000
94. 86623 80, 0000 1. 00000
94.6277 80. 0000 1. 00000
94. 5787 80. 0000 . 1.00000
94.5263 80. 0000 1. 00000
94. 4785 80. 0000 1.00000
94. 4271 80. 0000 1. 00000
94.3784 80. 0000 1. 00000
94. 3301 80. 0000 1. 00000
94. 282§ 80. 0000 1. 00000
94. 2353 80. 0000 1. 00000

7
RO (J) Qo (1)
(Mohm/m)
34. 2025 19092. 9
34.3121 19090. 9
34. 4244 19088. 9
$4. 6377 19087. 0
34. 6430 19084. 9
34,7534 19082. 9
34. 8627 19080. 9
35.0124 19078. 4
35. 1640 19076. 0
36. 3087 19073. 4
35. 4563 19071.0
35. 6385 19069. 3
35. 6367 19063. 3
35. 8984 19063. 8
36. 0482 1966i. S
8
RO {J) Qo (1)
(Mohm/m=m)
34. 2025 19092.9
$4.3121 19090. 9
34. 4244 19088. 9
34.85377 19087.2
34. 6430 19084.9
34. 7534 19082. 9
34. 8827 19080.9
36.0124 19078. 4
35.1840 19076. 0
35.3067 19073. 4
36. 4563 19071.0
35. 8335 19069. 3
35.6367 19063.3
35. 8984 19063. 8
36. 0482 19061. S
DATE-91/01/20

GV (J)

{l/c)
0.01823
0.01791
0.01760
0.01730
0.01897
0.01667
0.01638
0.C1597
0.0156569
0.01518
0.01481
0.01452
0.01372
c.01389%
0. 013134

GV {J)

(t/e)
0.01823
0.01791
0.01780
0.01730
0. 01897
0. 01667
0.01618
0. 0185697
0.01569
0. 01518
0. 01481
0.01452
0.01372
0.01389
0.01334

TIME=23:02:45
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-

-

DO DN e

-

DA DN WDN

WO~ NEWN

- pum e s b
N W= O

AD (J)
(ea)
32. 4000
32. 6000
32.8000
32. 9500
33.1000
33. 2500
33. 4000
33. 5500
33. 7000
33.8500
33.9000
33.9000
33.8500
33. 8500
33. 8500
33. 8500
33. 8000

AD (J)
{mn)
31.0000
30. 8500
30.7000
30. 5500
30. 4000
30, 2500
30.1000
29. 9000
29.7000
29. 5000
29, 3000

29.1000

28.5000

28.7000 .

28. 5000

AD (J)
(ma)
230.0000
~+29. 8500
- 29.7000
. 29,5500
29. 4000
29. 2500
29,1000
28, 5000
28.7000
28.5000
28. 3000
28.1000
27.9000
27.7000
27. 5000

PARAMETERS OF L-BAND ACCELERATOR GUIDE CAVITIES

ACCELERATOR GUIDE NUMBER

BD{J) DD (J) B¥ (J)
(mm) (am) (1/¢c)
97. 8251 §6. 3279 0.70410
97.7665 57.8030 0.72254
97.7074 59. 3166 0.74146
97. 6270 60.8698 0.76087
97.5469 62, 4637 0. 78080
97. 4670 64. 0994 0.80124
97. 387§ 65.7778 0. 82222
97.3084 67.5003 0. 84375
97. 2297 69. 2678 0. 86585
97.1514 71.0816 0. 88852
97. 0693 72,4773 0.80587
97. 0016 73. 4381 0.91798
96. 9163 T74. 4117 0. 93015
96. 8502 76. 3982 0. 94248
96. 7849 76. 3977 0. 95497
96.72013 77.4106 0.56763
96. 6389 78. 4368 0. 98046
ACCELERATOR GUIDE NUMBER
BD(J)} pD (J) BW({J)
(=m) (um) (1/¢c)
95, 6973 78.8000 0. 98500
95. 6510 78. 8000 0. 88500
95. 6051 78.8000 0. 98600
95, 5594 78. 8000 0. 98500
95.5141 78. 8000 0. 98500
95, 4691 78. 8000 0. 98500
€5, 4243 78. 8000 0. 98500
98, 3652 78. 8000 0. 98500
95. 3066 78. 80600 0. 98500
95, 2485 78.8000 0. 98500
95.1910 78.8000 0. 98500
95. 1340 78. 8000 0. 98500
95.0776 78. 8000 0. 98500
95,0217 78. 8000 0. 98500
94,9664 78. 8000 0. 98500
ACCELERATOR GUIDE NUMBER
BD (J) Db (J) BY {J)
(=) (mm) (1/¢)
9513398 80, 0000 1. 00000
95. 2962 80. 0000 1. 00000
95. 2530 80. 0000 1. 00000
9S5. 2100 80. 8000 1. 00000
95. 1673 80. 0000 1. 00000
95. 1250 80. 0000 1. 00000 .
9S5. 0829 80, 0000 1.00000
95,0273 80. 0000 1. 00000
94,9722 80. 0000 1.00000
94.9177 30,0000 1.00000
94,8638 80. 0000 1. 00000
94.8104 80. 0000 1. 00000
94.7575 80. 0000 1. 00000
94.7052 80. 0000 1. 00000
94. 6534 80. 0000 1. 00000

1

RO (J)
{(Mohm/m)
15. 2256
16. 0987
16. 9999
17. 9645
18. 9561
19. 9750
21.0209
22. 0965
23, 1907
24.31562
25. 2185
25. 8663
26. 6518
27.2077
27. 8690
28. 6358
29. 2430

2

RO (1)
(Mohm/nm)
31, 4689
31.65786
3], 6862
31,7940
31. 9048
32.0134
32.1231
32.2692
832. 4161
32.5615
32,7079
32.8575
33. 0021
33.18524
33,2978

3

RO (J)
(Mohm/m)
32. 9605
33. 0683
33.1768
33, 2361
33. 3954
33. 65044
33.6146
33.7618
33.9076
34. 0545
34,2025
34. 3499
34, 4946
34. 6430
34,7939

Qo0 (J)

14527.8
14860. 6
15195. 6
15532. 4
15871. 2
16211.9
16564, 4
16898. 6
17244. 4
17591. 8
17853.1
18030. 1
18206. 5
13383.9
18661. 4

18739.2

18916.3

Qo (J)

18931. 1
18928.8
18926. 6
18924.1
18921.9
18919.6
12917. 4
18914.6
18911. 6
18308.7
18905. 9
18903. 2
18900. 4
18897.7
18895. 0

Qo (J)

19117. 6
19115.3
19113.0
19110. 8
18108. 6
19106. 3
19104. 2
19101.3
19098. 5
19095.7
19092.9
19090.2
19087.5
19084. 9
19082, 3

GV (J)

(1/¢)
0.02513
0.02692
0.02671
0.02740
0. 02809
0.02878
0.02944
0.03014
0.03077
0, 03145
0.03176
0.03190
0.03186
0.03197
0. 03207
0.03216
0.03211

GV (1)

(1/¢c)
0.02449
0.02412
0.02374
0.02336
0.02300
0.02263
0.02228
0.02180
0.02133
0. 020886
0.02040
0.01996
0.01951
0.01807
0.01863

GV {l1)

{1/c)
0.02208
0.02172
0.02137
0.02102
0.02067
0.020213
0.01999
0.01854
0.01910
0.01866
0.01823
0.01781
0.01738
0.01697
0.01658

L)

O ONONEWN

g

e b=t b ps g
Ah RN OOV NRN &N -

LY

-3 RO - WS N

AD())
(ax)
28,3000
028.1500
¥28. 0000
& 27.8500

27.7000

027. 6500
»27. 4000
»27. 2000
~27.0000

> 26. 8000

%2 26. 6000
* 26. 4000
* 26.2000
- 26.0000
« 26. 8000

AD (J)

(mm)
28,3000
28.1500
28. 0000
27. 8500
27.7000
27. 6500
27. 4000
27. 2000
27. 0000
26. 8000
26. 6000
26. 4000
26. 2000
26. 0000
25, 8000

AD (J)
{nw)
28. 3000
28. 1500
28. 0000
27. 8500
27. 7000
27. §500
27. 4000
27. 2000
27.0000
26. 8000
26. 6000
26, 4000
26. 2000
26. 0000
25. 8000

ACCELERATOR GUIDE NUMBER

BD(J) DD (J) BY (J)

(am) (mm) (t/e)
94.8638 80. 0000 1. 00000
94,8237 80. 0000 1.00000
94.7839 80. 0000 1. 00000
94.7443 80. 8000 1. 00000
94.7052 80. 0000 1. 00000
94.6663 80. 0000 1. 00000
94,6277 80. 0000 1. 00000
94.5767 80, 0000 1. 00000
84.5261  80.0000 1. 00000
94. 4765 80. 0000 1. 00000
94. 4271 80. 0000 1. 00000
"94.3784 80. 0000 1. 00000
94.3301. 80.0000 1. 00000
84. 2825 80. 0000 1. 00000
94.2363 80. 0000 1. 00000

ACCELERATOR GUIDE NUMBER

BD (J) DD (J) BY (1)

(am) (am) (1/c)
94.8633 80. 0000 1. 00000
84. 8237 80. 0000 1.00000
94,7839 80,0000 1. 00000
94. 7448 80. 8000 1. 00000
94.7052 80. 0000 1. 00000
94, 6663 80. 0000 1. 60000
94. 6277 80. 0000 1. 00000
984.5767 80. 0000 - 1.00000
94. 6263 80. 0000 1. 00000
94. 4785 80, 0000 1.-00000
94. 4271 80. 0000 1. 00000
94.3784 80. 0000 1. 00000
94. 3301 80. 0000 1. 60000
94.2825 8b.0000 1.00000
94. 2353 80, 0000 1. 00000

ACCELERATOR GUIDE NUMBER

BD (J) DD (J) BY (J)

(mm) (mm) (1/¢)
94.8638 80. 0000 1. 00000
94, 8237 80, 0000 1. 00000
94.7839 80.0000 1. 00000
84.7443 80. 8000 1. 00000
94.7052 80. 0000 1. 00000
94. 6663 80. 0000 1. 00000
94.6277 80. 0000 1. 00000
94.5767 80. 0000 1. 00000
94.5263 80. 0000 1. 00000
94. 4765 80. 0000 1. 00000
94. 4271 80. 0000 1. 00000
94,3784 80. 0000 1. 00000
94. 3301 80. 0000 1. 00000
94. 2825 80. 0000 1. 00000
94.2363 80. 0000 1. 00000

4

RO (J)
(Mohu/m)
34. 2025
34.3121
34,4244
34.6377
34. 6430
34.7534
34. 8627
35.0124
35.1640
35. 3067
36. 4562
35. 6335
35. 6367
35, 8984
36. 0482

5

RO (J)
{Mohn /=)
34. 2028
34.3121
34, 4244
34.5377
34. 6430
34.7534
34.8627
365. 0124
35. 1840
36. 3067
35. 4563
35. 6335
35. 6367
35,8984
36. 0482

[}

RO (J)
(Mohm/m)
34. 2025
34.3121
34. 4244
34.5377
34.8430
34.7534
34. 8627
36.0124
3S5.1640
3S. 3067
35. 4563
3S. 6335
35.6367
36. 8984
36. 0482

Qo (1)

19092. 9
19090. 9
19088.3
19087. 0
19084. 9
19082. 9
19080.9
19078. 4
19076.0
19073. ¢
19071.0
19069.3
19063.3
19063. 8
18061.§

Qo (1}

19092.9
19090. 9
19088.9
19087.0
19084.9
19082. 9
19080. 9
19078. 4
19076.0
19073. 4
19071. 0
19069.3
190863. 3
19063.8
18061. 5

Qo (J)

19092. 9
19090.9
19088.9
19087.0
19084.9
19082. 9
19080.9
19078. 4
19076. 0
19073. 4
19071.0
19069.3
19063.3
19063. 8
19061.§

GV {J}

(l/c)
0.01823
0.01791
0.01760
0. 01730
0.01697
0.01687
0.01836
0.01597
0.01888
0. 01518
0.01481
0.01452
0.03372
0.013189
0.01334

GV (1)

{l/c)
0.01823
0.01791
0.017¢60
0.01730
0. 018697
0.01867
0.018636
0.01597
0.01569
0.01518
0.01481
0.01452
0.01372
0.01369
0.01334

GV {J)

f1/c)
0.01821
0.01791
0.01760
6.0173¢0
0.01697
0.01667
0. 01636
0.015837
0.01559
0.01518
0.01481
0.01452
0.01372
0.01363
0.01334
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PNC TN9410 93-011

FRINCIPAL smzs?zz"s"’ HB4GE (Spacer, CASEA )

CV LINAC SPACER TEMP. MNALISYS
tes |NUT POVER LIKV/CELL » 23 DEG VATER COUNIERMLOV ess

i

verLection BL2I55 220 ( Spaccr. cage A);:. tiwy o

s

-
2%

CV LINAC SPAZER TEWP. AMALISYS
s INUT POVER 1IKV/CELL » 25 DEC VATER COUNTERFLOV nas



PNC TN9410 93-011

. .
"‘ ‘“‘:;f'.:\- .
2.8+ ;
1sorernaL L 2204 ¥R (Specer, cAsEA )

CV LINAC SPACER TEMP. AL ISTS
sos INPUT POVIR 1iKV/CELL & IS DEC VATER COUNIIRMLIV ssa

Uit 1WA BCAL IS/ a2)
(1770 R, o
[, 0311 TR, o .. Ry




PNC TN9410 93-011

L1hAd
[
'

v TXTY T

g
i

DEFLECTIOND2.2/5-2 8@ (Disk, cASEA ) ‘,‘T"_"“."

TEWPERATURE ANALYSTS OF CV-LINAC
sae [MPUT POVER LIXV/CEIL (TRAN M ANF 1% AEE.LY ees

Hat =~ 180.4%
AR hat s,y

ey
..u‘f“‘-‘
ISOTHERNAL LINE B2.2.45-1 #:2B@ (vuk, CASEA ) .

TEIPTRATURE MVALYS IS OF CV-LINAC
see IRUT POVER 1iRviCELL (TRNS FLANE 13 BEC.C) wee
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Ao IWRLSTIAL  EALISiag)

WO o e e

WO e °

822.14-12 K09 PE ( Spacer, case B )

PRINCIPAL STRESS

CV LINAC SPACER TEM®. AL 1STS
sse VALL LOSS €.20KV/CTLL & 20 DLS VATER COUNTERFLIN ses

B22.14-11 /B ( Spocer, CASE B )

133
cane
KAt

DEFLECTION b

CV LINAC SPACER TEMS. e itTs

LAAML LIR L L 3 1 1P T N ravon
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15omHERnAL LN 22410 FiSMIB (Speer, casE B)

CV LINAC SPACIR 120, AWAL1STS
See VALL LOSS 6.28KV/CELL & 20 DLS VATER COUNTERFLOY eas

1AM INKLRTIR  CRXCKEAMIL)

wewm . te—v
eI, o, o & e

v : }
22.10-9 Apa :
PRINCIPAL sn%s -9 mas\ER (Disk, cascp)
TEMPERATURE ANRLYSTS OF CV-LINAS

LT L A

ft - 47
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20042197 %
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PNC TN9410 93-011

ACCELERATOR NO( 1)
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ACCELERATOR .NO( 8)

-93.5°

.........

v v v
.
.
.
.
.
-
.

v

T

INPUT PHASE

(HeY)

(HeY)
45.71

+5.66

*vre

YTYrYYY

.y

AMALSALLALZ

vvvvvvvvvvv

ALALALASRA,

-

] "

Paln=
Paax=
pdif=
P.ave=

(dex)
-96.38
-93.58
2.79
-94.23

+5.71

Acc.No.= 8
En(MeY)=
En(Ma¥)=
o] dE(HeV)=
] B Giev)=
| dE/E(X)=

+5.66 ——
-96.5

INPUT PHASE

OUTPUT PHASE

-93.5°

5.678
5.699
8.838
5.686

8.52

ACCELERATOR NO( 8)

Acc.iD =
Cav.NO =

Acc.L(m)=

8
15
1.286

Couple =8.343

Muitl =
P(XV) =
E(NaV) =

8.49
228.9

28.552

1(A) =0.818

dE/E(X)=
Eff(X) =
Ye/C
P (deg)=
dP({deg)=

8.61
12.61

8.9397
-84.48

1.1

Ps(deg)=8.8

PHASE SHIFT OP INPUT POWER 8.888
BRI S —
]
b
-K
ACCELERATOR .NO( 8)
-83. 8" rr—rrrrvvrrrr ey
8 &
X H
L 4
-] }
. ]
5
1
. E
-85, 7" A—taa i EE—
- 8 ‘x

INPUT PHASE

Paln=
Peax=
Pdif=
P.ave=

(deg)
-85.59
-83.89
1.7
-84.48
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€S — B

. WE-s4, 1220
TIME-22:54:19 5:: m: "ﬁ Ll(;-z,
eesevenvecnrsrver START ssveszesesecssssnne 61 5 0 120. 0 10. 000 1. 290
N NN NC L{cm) §2 1 0 15.0
2 1o 1s5.0 63 -3 0 5..0 0. 045
3 § 0 .0 0. 030
" Lo 15 o 64 1 0 10. 0
. 65 3 o0 10. 0 0. 045
5 6 © 4.0 0. 030
: P o 15 o 66 [ 10.0 o. o4
7 6 0 40 0.030 57 -3 0 5.0 :
. P o 15 0 68 10 15. 0
s s o 17,3 75. 000 1. 200 69 s o0 120. 0 10. 000 1. 290
70 1 o 15. 0
10 6§ 0 4.0 0. 040 71 -3 o 5 0 0. 055§
11 5 o 18.7 60. 000 1. 200 : .
- 72 i o 10.0
126 0 4.0 . 050 - 73 3 o 10.0 0. 055
i3 5 0 20. 2 45.000 1. 200 . .
74 1 o 10. 0
14 6 . 0 4.0 0. 060 75 -3 o 5.0 0. 055
15 s 0 21.6 30. 000 1. 200 : :
: >3 7 76 t o 15. ¢
i 4.0 0. 070 17 s 0 120. 0 0. 000 1. 300
17 5 o 22. 6 20. 000 1. 200 -
78 10 15.0
18 6 o 4.0 0.080 79 -3 0 5.0 0. 065
19 5 0 15. 6 15. 000 1. 200 80 I 0 10. 0 i
20 1o 15. 0 81 3 o 10.0 0. 065
21 -3 o 5.0 0. 005
82 1 o 10. 0
22 10 10.0 83 -3 0 5.0 0. 065
23 3 0 10.0 0. 005 - . .
24 1 o 10 0 B ¥ 1o 15.0
: 8s s o 120. 0 0. 000 1. 300
25 -3 0 5.0 0. 005
86 T 0 15. 0
2 10 15.0 87 -3 0 5.0 0.075
27 s o 19.7 30. nno 1. 150 . -
. 83 1 0 10.0 -
28 6 o 4.0 0.100 89 s o 10. 0 0. 075
29 H 0 19.7 30. 000 1. 150 . .
90 10 10. 0
3o § o 4.0 0.130 91 -3 o 5 o 0. 076
a1 5 o 18.7 15. 600 1. 150 92 11 15. 0 ’
32 6 0 4.0 0.150 )
33 5 0 19.7 15. 000 1. 150
34 6 0 {0 0.180
as 5 o 19.7 10. 000 1. 150
36 6§ o 4.0 0. 200
37 s 0 19.7 5.000 1.150
as 1 o 15.0
39 -3 o0 5.0 0.015§
40 1 0 10. 0
41 3 0 10. 0 0.015
42 1 o 10. 0
43 -3 o 5.0 0.015
44 Po 15. 0
s s 0 120.0 10. 000 1. 260
46 1t o i5.0
47 -3 0 5.0 0. 025
48 I o 10.0
49 3 ¢ 10,0 0. 025
50 1 0 10.0
s1 -3 0 5.0 0. 025
52 1 o 15. 0
53 s 1] 120.0 10. 000 1. 250 .
54 10 15.0
ss -3 0 5.0 0.035
56 1 o 10. 0
57 3 o 10. 0 0. 035
58 1 0 10.0 i
59 -3 o0 5.0 0.’03s

IT0-€6 OIV6NL ONd



PNC TN9410 93-011

2 -1 KEEBFRENERHERORIRK



PS— §

N5 BE B R I 23 B 7 0 K

bR R AL TR A i
/NMUE IEE

199143 A 7H

=5
24

L.M.Young ard J.M.Potter ;
CW SIDE-COUPLED LINAC FOR THE 1.OS ALAMOS/NBS RACETRACK
MICROTRON TEEE Trans. on Nucl. Sci. Vol. NS-30 (1983) 3508

disk-and-washer (DAW)
annular-ring coupled structure (ACS)
on-axis coupled structure (OCS)
side-coupled structure (SCS)

(1) high efficiency ZT*> 80 MQ/m

(2) high accelerating field > 1.5 MeV/m

(3) water cooling to permit 100 % duty factor operation
(4) freedom from interfering modes that could cause BBU
(5) enough coupling (>10 %) to ensure good stability

ADVANCED SIDE-COUPLED STRUCTURE
2380 MHz CONTINUOUS WAVE (CW)
POWER LEVEL 82 kW/2.7 m
ACCELERATING GRADIENT 1.58 MeV/m
at 70% of DESIGN WATER FLOW
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Fig. 10. A cross sectlonal view of model M, Including vacuum manifold and
Integral [eis-vacuum window.

Fig. 1. Three view of the advanced SCS half-cell.

GEMCMICHAEL (AECL)
CW LINEAR ACCELERATOR DEVELOPMENT AT CRNL - STATUS AND FUTURE
Nucl. Instr. Mcth. in Phys. Res. B10/11 (1985) 825

ETA 1970s - 1982
1.9 MeV/m 20mA (35 kW/m)

ELECTRON TEST ACCELERATOR- 1982
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Fig. 1. Schematic of the Electron Test Accelerator
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J.-P. Labrie HIGH POWER ELECTRON LINAC STRUCTURE
IEEE Trans. on Nucl. Sci. Vol. NS-32 (1985) 2775

HIGH POWER ON-AXIS STRUCTURE
2450 MHz CONTINUOUS WAVE (CW)
63% BEAM LOADING

POWER LEVEL 200 kW/m

AVERAGE GRADIENT 3.5 MeV/m

W1, W2 = WESB COOLING CIRCUITS
C1. C2 = CIRCUMFERENTIAL COOLING CIRCUITS

ACCELEAATING CAVITY

COUPLING CAVITY

CIRCUMFERENTIAL WEB COOLING
COUPLING SLOT COOLING CHANNEL CHANNELS

Fig. 2 Cooling channels for the on-axis coupled cavities.

CIRCUMFERENTIAL
COOLANT FLOW (LAS)

O .10 .20 30 40 S0

S e B s e
45 |
E 40 |
~
=
> 35 -
~
T WEB
x 30 'Lr OPERATING
- CIRC. CONDITIONS
w 25 |
xI
w
N 20 |-
>
15 |
g \\W\EB
o 10 LLCIRC. T~
o —.—-\~-—.> —————
w
s |
0 1 ] 1 1 1

0. .02-.04 .06 .08 .10
WEB COOLANT FLOW (L/S)

Fig. 3 Calculated frequency shift (continuous curves) and change in stopband
frequency gap (dashed curves) as function of circumferential and web coolant
flow rates. Results are shown for fixed web coolant flow of 0.08 L/s (identified
by CIRC.) and for fixed circumferential flow rate of 0.43 L/s (identified by
WEB).
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Table 1

Results from Therrnal Stress Analysis

Circumferential Coolant Flow : 0.43 L/s per circuit

Web Coolant Flow : 0.24 L/s per circuit

Temperature Increments

0.031 *C/kW/m per circuit
0.037 C/kW/m per circuit

Circumferential Cooling Water :
Web Cooling Water :

Average Cavity Surface : 0.38 CT/KxW/m
Nose Cone Surface : . 0.53 TKW/m
16.25 kHz/kW/m .

Frequency Shift :

Change in Stopband Frequency Gap : 8.88 kHz/kW/m

J.M.Watson (LLANL)
THE LOS ALAMOS FREE-ELECTRON LASER
IEEE Trans. on Nucl. Sci. Vol. NS-32 (1985) 3363

TABLEII IMPROVED OPERATING PARAMETERS IN ERX

Oscillator
Experiment ERX
N\ Ly Ra coversy.

Macropulse Duration (u s) 100 100
Micropulse Repetition Rate (MHz) 21.7 108.3
Peak Current (A) 50 100
Average Current (A) 0.05 0.030
Accelerator Efficiency 0.36 0.74
Deceleration (MeV) 0 18
Copper Losses (MW) 2.7 4.5
Beam Power (MW) 1.0 6.0
Recovered Power (MW) 0 4.6 .
Efficiency ImprovcEncnt 1 1.5
Optical Power (kW) 6 >50

S,

_J

Fig. 7. Loz Alamos cf-linac-deiven FEL energy-recovery experiment
layout: (1) accelerator-znd FEL operating st tvo-fold
Increase In pesk current; (2) isochronous 180° bend on
translation table; (3) isochronous 60° bend; (&) tvo 1.8-m
decalerator (energy-recovecry) sectisas; (3) tvo varisdle
cf bridge couplars; (6) beam dump for 2- te I-NeV bean;
(7) 20-HeV diagnostics.

Layout of FEL oscillator with energy recovery.
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_ CEBAF (1987-1994) v/
. . - e
J.L.Adamski et al. (Bom'ng) Superconducting 1500 MHz (CW) 5 MeV/m 1.6°M
IEEE Trans. on Nucl. Sci. Vol NS-32 (1985) 3397 4GeV 200 x A (Beam Power 800 kW)

LINAC KLYSTRON

1300MHz 3 x /4 Thomson CSF

E = 120 MeV Peak Power 12MW
L = 100 A Average Power 100 kW
Pulse Length = 200 us Pulse Width 200 ps

f Oulcoupll_ng Mlisror
.

Cavity Mirros——"7 N

. ==

¥
nr——

AF Kiystrons ang
Modulstors

: Extraction °
{ T co- Elements
(e 75

Figure 2 Visible FEL Experiment

IT0-€6 OTV6NL ONd



65 — £

PNC/MELCO (1987,1988)
SCS(SW) 999.3 MHz (CW)
100 MeV 20mA X 5 120 m

PNC/AECL (1990)

OAC(SW) 1249 MHz (CW)

5m X 15 32kW/m

100 MeV 100 rA (Beam Power 10MW)

ac to beam conversic  =fficiency 30 %
limited by (klystron to % beamn loading 85%)

PNC/KEK (1991)

Test Linear Accelerator for R&D
ADVANCED SLAC(TW) 1249.1 MHz (CW)
10 MeV 20 mA (100 mA X 20 %)

PNC/KEK (1991)
Test Linear Accelerator for R&D

ADVANCED SLAC(TW) 1249.1 MHz (CW)
10 McV 20 mA (100 mA X 20 %)

Un: . mrxm
A el -

189.72¢ ¢ r

., 12.8 $8.800¢

. ]

— : Jy
/ t N N\’
9-177—-:.!’*/ 7492

rRIBRtEk

YU r-BRBX

[wzemoionna]

1. Sato (KEK)
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—:2—5‘: (wall Lisa) &3¢

. D — .
N 312,72 D= a.,l"/,

2. L — %K

Pl W 3E,7 (Deei¥ )t

~ 10 MeT/m  -SLAC, ToHOKY, PF -

3. Z2 DK
KREL 54,7
HEPL , TRISTAN , CEDAF - .-

(D=100%)

4. E.——:‘»—E-

n

=2f0ke s, yagonfey, ...

L.M.Young and J.M.Potter ; - (,L- ANL)
CW SIDE-COUPLED LINAC FOR THE LOS ALAMOS/NBS RACETRACK

MICROTRON “ - IEEE Trans. on Nucl. Sci. Vol. NS-30 (1983) 3508

disk-and-washer (DAW)
annular-ring coupled structure (ACS)
on-axis coupled structure (OCS)
side-coupled structure (SCS)

(1) high efficiency ZT'>80MQ/m

(2) high accelerating field > 1.5 MeV/m

(3) water cooling to permit 100 % duty factor operation

(4) freedom from interfering modes that could cause BBU

(5) encugh coupling (>10 %) to ensure good stability  § °/°

ADVANCED SIDE-COUPLED STRUCTURE
2380 MHz CONTINUOUS WAVE (CW),
POWER LEVEL 82 kW/2.7 m
ACCELERATING GRADIENT 1.58 MeV/m
at 70% of DESIGN WATER FLOW

Em —>» 4m x2
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Fig 10. A €ro1s secticna! view of model M, Including vacuvm manifold aad

Integrat lefs-vacuum

NCHES

window,

Fig. 1. Three view of the advanced SCS half-cell.

GEMcMICHAEL (AECL) R AU

CW LINEAR ACCELERATOR DEVELOPMENT AT CRNL - STATUS AND FUTURE
RAT!

Nucl. Instr. Meth. in Phys. Res. B10/11 (1985) 825

ETA 1970s - 1982
1.9 MeV/m 20 mA (35 kW/m)

ooy g

ELECTRON TEST ACCELERATOR - 1982

Fig. 1. Schematic of the Electron Test Accelerator
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J.-P. Labrie HIGH POWER ELECTRON LINAC STRUCTURE
IEEE Trans. on Nucl. Sci. Vol. NS-32 (1985) 2775

HIGH POWER ON-AXIS STRUCTURE
2450 MHz CONTINUOUS WAVE (CW)
63% BEAM LOADING

POWER LEVEL 200 kW/m

AVERAGE GRADIENT 3.5 MeV/m

Wi w2 = WER COOUING CIRCUITS
€1, £2 = C'RCUMFERENTIAL COOLING CIRCUITS

ACCULERATING CAVITY

COUPLING CAVITY

CIRCUMFERENTIAL WEB COOLING
COUPLING SLOT COOLING CHANNEL CHANNELS

Fig. 2 Cooling channels for the on-axis coupled cavities,
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Fig. 3 Calculated frequency shift {(continuous curves) and change in stopband
frequency gap (dashed curves) as function of circumferential and web coolant
flow rates. Results are shown for fixed web coolant flow of 0.08 L/s (identified
by CIRC.) and for fixed circumferential flow rate of 0.43 L/s (identified by
WEB).

. Table 1
able 200!’{W‘/n

Results from Thermal Stress Analysis

0.43 I.ls per circuit

/3 4-[Zs

0.24 L/s per cu'cmt W, Wa

Circumferential Coolant Flow :

Web Coolant Flow :

Temperature Increments

0.031 T/kW/m per circuit

0.037 C/xW/m per circuit
24°C 038 CTXW/m

704 °¢, 0.53 T/xW/m

Circumferential Cooling Water :
Web Cooling Water :

Ayerage Cavity Surface : .
Nose Cone Surface ;

Frequency Shift: 2 25 MHa 1625 kHz/kW/m

Changc in Stopband Frequency Gap : 8.88 kHz/kW/m
/.28 MH:
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JM.Watson (LANL)
THE LOS ALAMOS FREE-ELECTRON LASER
IEEE Trans. on Nucl. Sci. Vol. NS-32 (1985) 3363

TABLEHI IMPROVED OPEl_lf\TJNG PAMMHERSN ERX

Oscillator
Experiment ERX

Macropulse Duration (u s) 100 100
Micropulse Repetition Rate (MHz) 21.7 108.3
Peak Current (A) 50 100
Average Current (A) 0.05 5owA 0030 3omA
Accelerator Efficiency 0.36 0.74
Deceleration (MeV) 0 _18 _
Copper Losses (MW) . 2.7 4.5
Beam Power (MW) 1.0 60 D
Recovered Power (MW) 0 46
Efficiency Improvement 1 1.5
Optical Power (kW) 6 >50

Smedbet

Fig. 7. Llos Alsmos rf-linsc-dciven FEL energy-recovery expeciment
layouts (1) sccelcrstor snd FEL operating at tve-lold
Increase §a pesh cutreniy {2) Isochrencus 180° bend on
translation table; (3) Isechronous £0° bend; (4) tvo 1.8-m
decelerator (energy-racevery) sections; (5) tvo variable
rf beidge covplecsy (6) besm dump for 2- 1o I-HeV beam;
{7) 20-NeV diagnostics.

Layout of FEL oscillator with energy recovery.
> .

J.L.Adamski et al. (Boeing) F: EL
IEEE Trans. on Nucl. Sci. Vol. NS-32 (1985) 3397
4
LINAC KLYSTRON
1300 MHz 3 x /4 Thomson CSF
E = 120 MeV Peak Power J2Mw
Lea = A, Average Power 100 kW

Pulse Length = 200 us_

Pulse Width 200 ps

@\ Oulcoupling mirror

Cavily Mlstor—"""¢ \.,

Besm Transpont” -

AF Kistrons ond
Moduistor

Figure 2 Visible FEL E;p;rinen:

(sp1l)
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CEBAF (1987-1994)
Superconducting 1500 MHz (CW) 5 M_eV/rr}
4 GeV 200 x A (Beam Power 800 kW)

S

W00

\~ N

% ! Z

< ot v o " b —

Slations 4/

fv.44p4 % = 9

PNC/MELCO (1987,1938)
SCS(SW) 999.3 MHz (CW)
100 MeV 20mA X 3 120 m

PNC/AECL (1990)

OAC(SW) 1249 MHz (CW),

5m X 15 32kW/m

100 MeV 100 mA (Beam Power 10MW)

Ladeade caadiRS hand —

ac to beam conversion qfﬁciency 30 %
limited by (klysiron 68 % beam loading 85%)

_PNC/KEK (1991) . .

Test Linear Accelerator for R&D
ADVANCED SLAC(TW) 1249.1 MHz (CW) ,,v

o
10 MeV 20 mA (100 mA X 20 %)
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PNC/KEK (1991)
Test Linear Accelerator for R&D
ADVANCED SLAC(TW) 1245.1 MHz (CW)

10 MeV 20 mA (100 mA X 20 %)
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Development program for high intensity proton llnear accelerator

¥otoharu Mlzumoto

Tokal Research Establishaent
Japan Atomic Energy Research Institute

Abstract

The conceptual desfign of the Engineering Test Accelerator
(ETA)} for actinide transmutation has been proposed by Japan
Atomic Energy Research Instltutgz JAERI, with a beam energy of
1.5 GeV and a current cf 10 mAl- ,. Thls accelerator represents
8 large scale system when corpared to the contemporary proton
accelerators that are used mcinly for basic nuclear physlics
experiments. In particular, an average proton current of 10 maA
is nearly 10-50 times larger than that for existing accelerators.
A beam spill should be minimlized not to cause serious probless
due to the high level activities induced In accelerastor struc-
tures. )

As a first step in the development, the low energy portion
of the accelerator structure !s being studled, since the bean
quality is determined mafnly by this low energy portion. The
Basic Technology Accelerator (BTA) with & beam energy of 10 MeVv
and & current of 10 mA is planned to be built, which consists of
fon source, radio frequency quadrupole {(RFQ) and drift tube linac
{DTL). The high energy partion of the accelerator {(high 58
structure) will be also studied in advance of the construction of
ETA.

Survey activities and preparatory design works have started
in 1989. Studies for the optimization of the accelerator system
and the conceptual design of accelerator strucjure are being
carrled out In 1990 which wx{l]l be followed by varlous R&LD activi-
ties In 1991. Investigation for an accelerator building and
utilities has been continued simultaneously.

1. The present status of fntense accelerator

For last two decade, various advances in sccelerator tech-
nology have been made. Among them, the following four items are
significant. .

{1) ¥ewly developed accelerator structure, radlo frequency
quadrupole (RFQ) has glven great Impetus to the laprovements of
the beam quality and beam_|ntensity. This was flst proposed by
Kapchinski{ and Teplyakova . This structure was, t“en. Inten~
sively studled and put In practical use in Los Alamos*) .  The RFQ
has been operating successfully {n varlous accelerator laborato-
ries all over the world.

(2) Detalled sfudy on beaa dynamlcs property has been car-
rled out and the effect to the beam characterlstics now becoames
well understood. .

(3) Because high Intensity accelerators use high power micro
wave RF (radio frequency) source as a power supply. davelopments
of efficient and high power RF sources {tetrode or klystron) are
extremely fmportant. Various RF sources now become available
for various accelerator frequency range between 100 MHz to sever-
al GHz.

(4) Due to the very rapid developaent made on electronics
equipment and computer technology. elsborate control and bean
dlagnostics are now possible so that operation of a large and
complicated sccelerator systeam can be done reliably, safely and
also economically.

In the past., several high intensity accelerators were pro-
pesed to bulld and partly operated. A large amount of R&D re-
sults have been accumulated. In 1950°'s, the deuteron accelerator
was proposed and bullt in lesslore called MTA, Material Test
Accelerator for nuclear fuel 239py productfon with the goal of
500 MeV and 300 mA. The acceleration of the beam of 30 MeV and
50 mA was actually achieved. Situation on urantium fuel supply.
however, was changed later on and this project was canceled.
After long ceased, this accelerator breeding design study has
been sgain continued in 1970°‘s at BNL, ORMNL and ANL, and they
have accomplished to prove its technical feasibility.

In LANL, neutron distribution and spsllation nucleus yleld
have been studied as the research activity for FERFICON {(FERtile
to Flssile CONversion) project in the past. Recently, they are
proposing the high intensity CY proton accelerator ATY (1.6 GeV,
250 mA) for sccelerator-based transamutation of nuclear waste.
LANL has also proposed the FNIT project (Fusion Material Irradia-
tion Test Facility) jointly with Hanford Laboratory. In that
project, high intensity RFQ was buflt and successfully operated
with hydrogen molecular beam of S0 mA. At the preseat, the study
of more intensive version IFMIF (35 MeV, 1 A) is being continued.

- In Chalk River, Canada, the high Intenslity proton accelera-
tor project wes proposed for the nuclear fuel cycle and stil}
varfous RLD works are continued with the esphasis on the contlinu-
ous was (CY) operatlion.

For pulsed neutrcn source for material researches, a 1.1
GeV, average 5 mA accelerator SNQ (Spallatlons-Neutronenquelle)
was proposed in Julich, Germany. The conceptusl design study and
soae detafiled RLD works were completed.

In Table 1, the present status of the high intensity
accelerator f{ncluding exlsting and proposed accelerators Is
glven. At present, the most high intensity accelerator Is LANPF
in LANL which sccelerates a P00 MeY and 1 mA proton beam. This
sccelerator was bullt in 1972 and has been stably operated for 20
years. In Europe, ISIS at the Rutherford and Appleton Laborsto-
ry.England, and SI¥Q at Paul Scherrer Institute, Switzerland, are
routinely operated for the neutron source, and meson and muon
production. The detailed regsrences for above mentioned acceler-
stors can be foung elsewhere®’.
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2. The time schedule of the ETA and BTA development

The research plan for developing the high Intensity proton

linac is proposed by JAERI with the goal of the project as shoxn
schematlcally in Fig. 1.

{1) The 1Ist step developaent. (DTA)

The basic technologlies are Investigated for the development
of & proton accelerator within the range of 5 - 6 years. The
research buillding will be built at the Tokail Establishment of
JAERI. The feasibility study and trade-off study for the accel-
erastor and transsutatfon plant are carried out in this fnftial
perlod. The varlous activitier In the accelerator research field
will be organized to provide technologles and staff that are
required to build such an intensive accelerator. The Baslc
Technology Accelerator BTA with & current of 10 =mA and an energy
of 10 MeVY will be constructed and operated for these tnitia}l
studies. The conceptual layout of BTA is shown {n Fig. 2.

(2} The 2nd step developaent. (ETA)

A proten accelerstor ETA for the research purposes with a 10
mA current and 1.5 GeV energy will be designed and constructed.
The constructfion is expected to start in about 1996, after sever-
al check and reviews have been completed. The various engineer-
ing tests of the incineration process, including medium and large
scale Integral test, mock-up test and prototype experiments, will
be made using this accelerator. Some other accelerator applica-
tions such as nmaterial researches, radio-fsotope production,
nuclesr data measurement, meson physics and radiation therapy

will also be carried out. The schematic layout of ETA is given
in Fig. 2.

{3) The 3rd step development. (Commercfal Plant)

A commercial incineration plant utilfzing an Intensive
proton linac will be constructed, sfter all the engineering and
pllot plant tests both for accelerator and target systea have
been completed. As an industrial plant, every accelerator paras-
eters such as proton energy, current and operatlonal mode as well
as the target system will be fully evaluated and optimfzed.

3. Conceptual design study for high intensity accelerator

(1} General consideration

The malin characteristics of the BTA and ETA s the high beanm
current. In the conceptual and detalled design of the systex,
much attentfon has tc be pald in order to malntaln the small beam
spllls. The cautlon has to be also taken to the design of other

various parts such as the radiatfon shielding and beas control-
ling on the same reason.

As the first step of the development for BTA. thi accelera-
tor structure consists of the following components: lom source.
radio frequency quadrupole {RFQ) and drift cube linac (DTL). The
high energy portion of the accelerator (high B structure) willl
be studied also In advance of the ETA development.

e parameters for the BTA sre determined by aiaing at
prov!:: tg; validity of the low energy part of the ETA. Varlous
tests of the characteristics of the accelerator structures will
be conducted so that the design and operational experience can be
accusulated. The beam energy Is chosen to be 10 MeV, below the
Couload barrier to avoid proton fnduced reactions fa accelerator
structura)l materfals.

The acceleration frequency of 200 Miiz is chosen for our pur-
pose both for RFQ and DTL mainly due to the avallability of RF
source and heat removal problem. The high frequency has & prob-
lem of the heat dissipation per wunit area, therefore it s easy
to occur resonance frequency drift, gas release and electric
discharge.

e first step of the accelerator operation, low duty
opara::o:hls appropriate to adjust the various parameters so that
the adequate parameters can be obtained before future ful} :!
operation. Therefore, the pulse operation Is prepared !orf:le
optimum develapment step with the necessities to provide su -
cient electric power supply for C¥ and pulse operation.

{2) 1lon scurce

6} {dely used
Duoplasmatrons and the duoPIGatron have been w

in proto: linacs 2as an intense fon source. Multi-cusp type l:n
source has been developed 105 neutral beam injectors (NBI) in
fusion reactor heating devices ,. Further development of Intense
fon scurces iz necessary for high fntensity and high duty op:rn-
tion. In the case of accelerator applications, necessary :;-
qualities such as emfttance and bean size for acceptance lntoth :
following accelerator structures i{s more severe than thos: .f
contemporary sources can provide. Simultanecus accelerat ;n T
the H' and H~ beam may be also desirable for the later aslc
research proposes. The injection voltage of about 100 kevl s
chosen at present. Table 2 shows the preliminary parameters for
the BTA ifon source.

(3) RFQ

RFQ 13 the cnly cholice for sn accelerator structure that
can azt:lergte an 10 mA proton beam up to 2 Mev with good ?cll
quality acceptable by the next structure DTL. The v;rh:u:
evaluation and test of the RFQ are stil]l needed with lov an ¢;
pover RF tests, and actusl beam test durlng the construction o
the structure. The design perameters of the RFQ Is shown in
Table 3.

As the test coalculations for the design of the RFQ for our
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purpose, the computer code PARMTEQ was used. An example of
calculated result of the beam dynaasfc calculations is shown in
Flg. 4.

(4) DTL

As DTL development, a high electric fileld and a high fre-
quency are preferred, because of the higher effective shunt
ispedance and the effliclent longitudinal focusing that result {in
a shorter total accelerator length. Our accelerator require-
ments, however, call for extremely small beas spill in the high
energy section resulting in the 200 Mliz structure with the lnner
diameter size of 88.63 cm and the tank lerigth of 380 c=.

The test calculations for the design of the DTL have been
made using the computer code PARMILA. The tentative parameters
for the test calculation is given in Table 4 ard an exaaple of
the beanm dynamics calculation {s shown Iin Flg. §.

{5) RF source

As the first step of the development, the RF power source of
1 MY (peak) Is necessary for 10 MeV beanm ‘energy and 10 mA beaa
current. Yhile the klystron for the high frequency region above
350 MHz have become currently esvalilable for the MW class RF
source, those for the low frequency region are difficult to
obtain. The klystrodes ne:''y developed esre only availadle so far
with the several hundred k¥ output power range. The triode or
tetrode tubes are, therefore, considered to be our cholce wused
for BTA with multistage amplifier configuration. Table S shows
the presently avasllable 200 Mllz hard tube amplifiers. If the
developnent of the MY class Xlystron or Klystrode with the 200 -
350 MHz range and CY operation are available on the commercial
base, these amplifiers will be useful for our purpose.

{6) High B linac

The detailed development works of the high 8 linac will be
started after the first step accelerator development has been
completed, because thelr RLED for this section {s still 1in
progress. There could be several possible candidates for the
structures, either single cavity or coupled cavity structures.
In particular, as to the coupled cavity structures, many candi-
dates are now being Investigated {n various laboratorles: slide
coupled structure (SCS), alternating periodic structure (APS),
disk and washer structure (DAY) and annular coupled structure
{ACS). Alfter 5 years development perlod, some new conceptual
design may also come out other than those choices. ¥e have to
investigate and carry out survey work for thsse cholces. The
choice itself will depend on many aspects such as the space of
the sccelerator butlding, the capacity of power supplies and the
aveilablility of RF sources.

4. The suamary and works carried out 'In 1989 and 1990

Fig. 6 shows the time schedule for the R&D progras and con-

struction for STA and ETA. In 1990, we are in the stage of

system and conceptual study. Actusl R&D works will be started In
1991 with the design and construction of various prototype asccel-
erator structures for cold model test and hot model test. For
hot mocdel test, RF power source will be prepared and meassureaents
of the electr'c magnetic characteristics of the accelerate struc-
ture will be conducted. Problems of hest dissipation and heat
removal in the structure will be studied. The valldity of the
various computer design programs which we are now using, hss to
be checked by comparing the results from RLD works vwith the
caslculated results.

Te are expecting to start accelerator construction of BTA in
1992 and-complete the fabrication and assembly till the middle of
1994. The test operation will be started In 1994. The detafled
design vorks for the ETA construction fis planned to begia In
1996. Simultaneously, the conceptual design study and various
trade-off study for the accslerator paraseters of ETA {s beling
cerried out before the actusl construction will start.

The major activities for the developaments in 1990 are summa-
rized as follows,

1) Survey asctivities of high intensity proton accelerators.
Preparation and test run of computer programs for design

calculation.
2) Determination of operatlon mode {C¥Y, duty cycle, RF frequen-

cy., energy configuration etc.)

3) System studies of Baslc Technology Accelerator.

4) Conceptual deslign studles of accelerstor elements: Ion
source, RFQ, DTL, RF power source, control systea etc.

S) Design of ccld and hot models for RFQ, DTL and RF source.

6) Studies of utilities such as electriclty, water consumption,
space and layout required for the BTA bullding.

7) Trade-off studies of the Englneering Test Accelerator.
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A COHPARISON OF EXISTIRG AKD PROPOSED WI1GH IKTEMSITY PROTOX ACCELERATORS
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Texss,

1990/1/20
Hame  Country Lab, Type.  Energy Current  ¥idth Rep. Rate  Power  Status .
(HeY) | (=A) us° {nz) (o)
;tus Japan  XEX synclo « 500 0.0067 10,100 20 0.003 Operating
IPHs 1 Us AKL synclo- 500 0.012 3.10 5 0.006 Operating
THE Canada TRIUNP cyclo 450 0.100 (4} 0.045 Operating
1518 UK RAL synclo 800 0.200 3,10 50 0.16 Operating
SINQ  Swiss PSI cyclo . 600 1. cy¥ , 0.6 Operating
LAKPF S LARL linac 800 1. 500 12 0.8 Opearting
Jip Japan  KEX 1inac 1000 0.200 400 50 0.20  Proposcd
SHQ FRG KFA linac 1100 5. 250 100 5.8 Cancelled
ASPUN LS ANL synclo 1100 3.5 3,10 35 3.85  Proposcd
EURAC  EC Ispra  linac/cyelo GOO 6. c¥ 3.6 Proposcd
JAERD  Japan  JAER] linac 1500 10. C¥/pulse 15. Proposcd
DEHO . Canada CRML linac 1000 Jo0. oy 300. Proposed
ATP us LARL linac 1600 250. cy 400. Proposcd
Tnble 1 A comparlson of exlsting and proposed high Intensity
proton accelerator
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High Brightness H*Ion Source

Overall
Energy
Current
Duty Factor
“Emittance
Proton Yield
Impurity

Plasma Generator
Type
Size
Plasma Production

Operating  Pressure

Extractor
: Type

Insulator
Current Density
Aperture

50-100 KeV
100mA(H*Y)

Ccw .
0.5tmm-mrad
>90 %

<1 %

Multicusp
20cmédx1i7cm
ECR{2.45GHz)
Arc(LaB6 Cathode)
Arc(W filament)
0.2Pa(H*)

Two-stage Extraction
(4 Grids) -

Alumina Ceramic
200mA/cm?(H*)
8mm(H*)

Table 2 Prellslnary deslgn parameters for lon source

) RFQ Parameters
Energy ( Shaper Output) 0.068 MeV
( GB Output) 0.51 MeV
Vane Length RM 1.54 cm
Shaper 56.87 cm
GB 64.34 cm
Acccelerator 102.74 cm
Total 225.4% cm
Cavity Diameter 66 cm
Minimum Aperture 0.384 cm
Maximum Modulation Factor - 2.24
Vane Voltage 0.128 MYV (1.8Ek)
Synchronous Phase -30 deg.
Wall Loss Power 221 Kw
Beam Power 216 Kw
Transmission 96.0 %

Normalized Emittance :

X Input  (100%)

Output (100%)
Output (90%)
Output (rms)

Y Input  (100%)
Output (100%)
Output (90%)
QOutput (rms)

A Input  (100%)
OCutput (100%)
Output (90%)
Output (rms)

0.049 wx-cm-mrad
0.38 w-cm-mrad
0.095 w-cm-mrad
0.020 wm-cm-mrad
0.046 w-cm-mrad
0.38 x.cm-mrad
0.11 w-cm-mrad
0.023 n-cm-mrad
298 x-MeV-rad
0.38 n-MeV.rad
0.015 n-MeV-rad
0.0026 n-MeV-rad
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DTL Parameters

Length of Tank

Inner Diameter of Tank

Drift Tube :
Quter Diameter -
Inner Diameter
Cell Length

(at 2MeV)

(at 6MeV)

(at 10 MeV)
Gap Length

(at 2MeV)

(at 6MeV)

(at 10 MeV)

Number of Cell
Synchronous Phase
Wall Loss Power
Beam Power
Transmission
Normalized Emittance
X Input

Output (rms)
Y  Input

: Output (rms)
Z Input

Qutput (rms)

(100%)
Output (100%)
Output (90%)

(100%)
Output (100%)
Output (90%)

(100%)
Output (100%)
Qutput (90%)

380.97 cm
88.63 cm

18.00 cm

200 cm

991 cm
16.85 cm
21.57 cm

1.94 cm
397 cm
5.60 cm
23

-30 deg.
900 Kw
800 Kw
98.6 %

0.38 =-cm-mrad
1.1 m-cm-mrad
0.51 m-cm-mrad
0.097 wx-cm-mrad
0.41 w-cm-mrad
1.7 n-cm-mrad
0.52 m-cm-mrad
0.077 wm-cm-mrad
0.061 n-MeV.rad
0.14 n-MeV.rad
0.037 n-MeV-rad
0.0062 n-MeV-rad
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RF Source Room

Deam Dump Room

Accelerator Room

Technology Accelerator ( BTA )
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Flg. 2 Conceptunl layout of the Basic Technology Accelerator
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Intense Proton Linear Accelerator Program

(Oct. 16, 1990)

Year ' 1990, | 191 | 1992 | 1993 | 1994 | 1995 | 199 | 1997 | 1988

Develop. of Basic Accel. Technal. | | ] { ] | | |
(1) SysteniConcept Study | Survey,Study,Concetual Design | | | ] |
| | [ ] { |
(2) R3D for Accelerator Elements fon Source,RFQ,DTL,RF Source | | | | |
1y . ) ) C o | 1 | |
s | (3) building Prelin.kExcution Design, Construction | | | | |
t -} } Y - | | | |
Basic Technology Accelerator . ] | | I | | [ |
s (104eY, 10uA) | | lon Source,RFU,DTL | | | |
L | Q) Fablication | ! | | ! i
e | (2) Assembling ] | Full Assesbly| ! | |
p - . | | | _— | ] | !
(3) Dasic Accel. Technology Test i | |- | Test, Operation | |

. ] | 1 | ——] | | '
(4) ligh B Linac | | ] Prelininary Study | | !
| } ! } } | | |

i

2 |Engineering Test Accelerator , | i | | | 1 I | |
n (1.5GeV, 10mA) Concept Study, Trade-off Study | | Design, Construction

et e e reecccccmccnecees mecscscmennan

.

Fig. 6 Time schedule of Intense proton linear acceclerator
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(OECD/NEA Information Exchange Meeting)
(Proceeding Paper)

STUDY OF TRU TRANSMUTAION SYSTEM WITH A PROTON ACCELERATOR

T. Nishida, 1. Kanno, H. Takada, T. Taklzuka, M. Mizumoto.
M. Akabori. Y. Nakahara. H. Yasuda and Y. Kaneko

1990. 11. 8.

Japan Atomic Energy Research Institute

(Abstract)

Researches on the TRU transmutation with a proton accelerator, which
were performed at JAERI In these years, have been promoted as one of main
theaes In the newly started natlonal project OMEGA. which aims to establish
new safer technologies to process long-lived radlo-active wastes. Conceptual
design studles of the transautatlion plant have been made from the nucleonlcs
and hydraullcs analysls polnts of view. The present transsutation systea is
a hybrid one of an intense proton accelerator, a tungsten target cooled with
sodlum and a subcritical core loaded with the TRU alloy fuei. In this system
the transmutation rate of about 200 kg TRU a year (generated from about 3
units of 1 GWe PWR) are attainable and the marginal electricity aore than one
needed to drive the acclerator can be produced.

¥ith the aim to make assessment of the system design and to upgrade the
computer codes for siaulating nuclear spallation processes In the
transmutation system, the Integral spallation experiaent has been planned.
The lead target has been set up along the 500 MeV beas line of a proton
synchrotron booster at KEK. The first irradiation experiment has started

Autumn in 1990.
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1. Introduction

The nanagement of minor actinides and fission products In the high level
wastes Is an {mportant, hazardous problem due to thelr strong radio
actlvities. In particular, transuranlua nuclldes{TRU) have a very long half
lifetime of millions of years. Most of countries promoting the nuclear power
generatlon have developed the vitrification and geological disposal
techniques for managing these wastes. This subject, however, should be
re-exanined from the view plont of applylng new, advanced technologies at
present. By establishing new transmutatlon technologies the upgrade of
safety assurance In the waste managnent wil} be achleved.

In Japan the OMEGA project(Option Making Extra Gains from Acltintdes and
flsslon products) started to research and develop the new technologles on
puclear waste partitioning and transmutation as the long term one. As z part
of the project, Japan Atomlc Energy Research Institute has set up the R&D
plans mainly on

1) advanced partitioning technology.

2) TRU transmutation in burner and power reactors and
3) TRU transmutation with proton accelerators."
4) basic researches for TRU technology.
The research for the ites (3) at JAERI 15 belng promoted as following
items (a)~(d),
a) development of the basic simulation code system,
b) conceptual study of the TRU transmutation system.
c) spallation Integral experiment,
d) developament of an Intense proton beam accelerator. )

As for the item (d) the detailed description is given in enother proceeding
paper by Dr. Mlzumoto. In the present paper brlef descriptions are glven for
the spallation reaction & the partlcle transport slmulation codes, some
results In design studies of TRU transmutatfon target-core system driven by
proton accelerator and spallation experiment. Tree structure 1llustration
of R & D Items for the TRU Transmutation Plant and High Intensity Proton Deam
Accelerator Is shown In Fig.1.

2. Research of trapsmutation system driven with proton accelerator

2.1 Nuclear spallation reaction occured by high energy protons

Flgure 2 shows the schematic {ilustration of main nuclear reactions and
the particle transport process generated in the transmutation target system
discussed In the present paper. Above the cutoff energy of i5 MeV the

intranuclear and Internuclear cascade processes with the spallation,
evaporation and high energy flssion reactions occure from the proton
bombardment. Through these processes many light particles such as neutron
and hellum are emitted. Most of evaporated neutrons transport in the target
after slowing down Into the energy range below 15 MeV.

The flow sheet {n Fig.3 shows the mutual relation among the simulation code
systems prepared at JAERI. The High Energy Nuclear Reactlons and
Nucleon-Meson Transport Code NMTC/JAERI® Is maln code In this code systea.
The NMTC/JAERI-NMTA and NUCLEUS® codes included In the right side of
vertical dot-line simulate the high energy nuclear reactions above 15 MeV.
MORSE-DD*’ and TWOTRAN codes In the other side carry out the neutron
transport calculation below 1S MeY. SPCHAIN and ORIGEN-2 calculate the time
evolution process In the energy range larger and smaller than the cutoff
energy repectively. -

The results computed by these spallation codes present;us the important,
basic data™-® for researching the feasibility of TRU transmutation. as
represented In the following figures. As seen In Fig. 4 the bird eye's views
of ylelds of products are drawn In log scale for the cases of 1 GeV proton
impinging on a) uranlum and b) lead nuclel. The yleld consists of three
components of the hill of spallation product. the spire of evaporated
particles and the valley of high energy fisslon products between them. It Is
apparent that the yleld of SP is more by two orders than FP. Tabla 1l
summarizes the nuaber of produced light particles such as proton, neutron
and so on. They are emitted from a uranium target nucleus bombarded by
protons with the energies of 0.5 GeV to 3 GeV. The number of emitted
particles has the max{mum value around 2 GeV, where the neutrons more than
17 are esltted per one uranium nucleus. The results show that the facident
energy has the optinum value arcund 2 GeV for the neutron production.

.Flgure S shows the histograa of half-life distributions of products when a 2

GeVY proton bombarding on **7Np and #“'Am target nuclef. The shaded
portions In the calssificatlons of 7 and 9 represent toritons and deuterons &
hellums respectively. The nuclides Included In the classification 8 are a few.
These nuclides are consldered to be most harmful from the hazardous polnt of
view, Most of SP In this case have the halflife shorter than one year except
toriton and deutron. High energy nucleons generated In the spaliation can
transmute TRU nuclides through the cascade processes. Figure 6 shows the
dependence of the number of spallated nuclides on the Incldent proton
energy when the proton Injects on the *'Np metal torget (20 ca ¢ x 60 cm ).
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The number of nuclides transmutated at 1.5 GeV Is about S per incldent proton.
The rough estimation shows that it Is too small to process TRU wastes Iin the
commercial base unless the proton beam can have current higher than 300 mA.
The heat generatlon Is not sufficlent to drive the Intense accelerator.
However It Is noted that several tens neutrons with hard spectrum sim!lar to
the one In the fast reactor are emitted In the spallation process. The
computer simulation result shows that the number of spallation neutrons
generated In the targets of actinides such as U, Np and Am, and heavy
elements such as Pb and V¥ Increases monotonously when the proton energy
Increases up, as shown In Fig. 7. For the case of ¥ Np target bombarded by
a 1.5 GeY proton the neutron number Is ~40. As seen In Fig.8 ™ the (n, f)
cross sectlon of *7Np Is larger by a factor of two or three than the (n, 7 )
cross sectlon of **"Np In the energy range above 0.5 MeV. These facts
suggests that the application of these neutrons to the TRU transmutation
system Is very prowolsing.

The recent advance made In accelerator technology during the past
decade has glven the high possibllity of providing the Intense proton beanm to
the present transmutation system. .

2-2. Basic design study of the TRU transmutation system

At the present stage the accelerator-driven transmutation system mainly
ut{lizing the fission reactlons In"duced by spallation neutrons has been
studied as the type of transautation plant because of high transmutation
rate and good energy balance. We have been promoting the conceptual
studles on the TRU transmutation In the target-core system driven by en
accelerated proton beam.”™ ™ The basic conditions settled for the system
design are (1) high transmutation rate of TRU, the goal line of which Is the
transmutation of amount of TRU produced {n about ten commerclal 1 G\We PWR

. plants, and (2) good energy balance, In which it can generate enough

electricity to operate the accelerator at least. The ylelds of TRU produced
per year from 1 G\e PWR are summarized In Table 2. Total amount of TRU Is
about 26 kg/y, 56 % of which is 23"Hp.

:l'herefore it Is considered to be advantageous to adopt high energy
proton-induced spallation and the secondary neutron causing fission
reactlons as a means of the nuclear transmutation of TRU. Flgure 9 shows the
target-core of hybrid plant driven by high power proton beam with the
energy of 1.5 GeV and the current of several tens of mA. The core design
parameters are summarized in Table 3. The tungsten target Is 60 cm long In

the direction of the incident beam, 1 m high and 10 ca wide and Is {nstalled
{n an TRU-fueled subcritlical core (keff: 9.9~ 0.94). The core has dimensions
of 2~ 2.6 m length, } m helight and | = width, surrounded by the HT-9 steel
contalner with thickness of 20 cm. A beam window !5 located at a depth of 0.7
m from the front face and has a rectangular cross secilon with dimensions of
i m high and 0.1 m wide. The heat generated in the TRU fuel {s removed by
the forced circulation of liquld metal coolants Na/Pb-Bl. The heat removal
performance !s one of the major factors to determine the rate of TRU
transmutation in the system. The core consists of metallic alloy fuel of TRU
and provides corsiderably harder neutron spectruam than the other types of
fuels. The fuel consists of two types of alloys, Np-22Pu-20Zr and
ARCr-35Pu-5Y and has the sufficiently high phase stability™. The fuel pin
cell geometry Is shown {n Fig. 10, with a diameter of 4 em cladded with HT-9
steel. The pin pltches has been adfusted to be 8 mn and 10 ma for Na and
Pb-Bi cooled cores, respectively, to keep K.rr around 0.86 ~ 0.95. Here Pu
Is added Initially to the fuel in order to suppress the reactivity swing within
an acceptable burnup range. With addition of 20 wtXx of Zr, the =melting polnt
of Np Is supposed to Increase from 640 ‘" up to about 900 C. The fuel
asseambly in the core Is similar to that employed In a TRU burner reactor
deslgn.™

For neutronics calculatlons the target-core system is approximated by an
axlally symmetric cylinder with the same volume as the original system for
the efficlent computation. A clrcular beam window located at the center lne
has a dlameter of 0.36 m and the maxi{mum beam dianeter Is 0.2 m. The nuclear
spallation processes above the cutoff energy of 15 MeV were calculated by
NMTC/JAERI code. For the reaction below 15MeV the Monte Carlo transport
code MORSE-DD was used with 52 neutron group constants edited from JENDL-2
and ENDF-B4, where spallation neutrons were treated as the source. The

. resuits of the neutronlcs calculatlons, for four cases of the system cooled

by Na and Pb-Bl, with and without the tungsten target, are susmarized In
Table 4. The number of TRU nuclel disintergated In fast fission reactions is
much larger than that in the spallatlon reaction for each case. Profiles of
the two-dimenslonal power distribution for these cases are shown in Flg.11 (a)
to (d), respectively. It Is apparent that the power peaking which occurs Just
behind the beam window Is lower In the system with the tungsten target than
in the one without It due to the flattening effect for cases of both coolants
and the flatter power distribution increases the number of transmuted
nuclides. The maximum transmutation rate s 202 kg/year in the core with the
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target cooled by Na (reference system).

Theraal hydraulics calculatlons for the system were done to obtaln the
maxi{sum achlevable thermal power within the maxlmum temperature limits of
fuel and cladding. Maximum temperatures in the TRU fuel and the HT-9
cladding tube are llmited to 900 °C and 850 °C, respectlvely, where the
temperature at the Inlet of coolant is set to 300 °C. The temperature
distributions along the hottest fuel pins cooled by Na in the core with the
tungsten target are shown In Flg. 12. The maximum thermal power is limited by
the maximum allowable fuel temperature of 900 °C. The operating cond!tions
of the target-core system are summar{zed in Table S. In the case of Na
cooling and the tungsten target the maximum thermal power-is 691 MY with the
maxinum and average power denslties of 883 W/cc and 307 W/cc. The thermal
power Is sufficietly large to supply the electric power to the accelerator
while the beam current requlired for the power Is 22.6 mA. Without tungsten
target the thermal power [s 405 MW with the maximum and average power
densities of 776 W/cc and 159 M\W/cc and {ts peaking factor Is larger by a
facter of 1.7 than the case with the ‘tungsten target. The maximum powers of
Pb-Bl cooled core with and without the target are considerably lower than
those of the Na cooled one and the beam current required i{s less than 8 mA.
This Is attributed malnly to the lower thermal conductivity of the coolant
and the wider fuel pin pitch than In the case of Na cooling. The variation of
multiplication factor K.rs with burnup days was calculated as shown in Fig.
13. The Increase tendency of K.s¢ at the Initial stage turns the decrease
around 1000 days and the subcritical operation of the system can be kept
during the burning time. The changes of concentrations of some minor
actinides with burn-up days In the reference system( Na cooling, with
tungsten target ) were also calculated, as shown In Fig.14. using the burnup
code ORIGEN2. The amounts of *’Np and **'Am at 1500 burning days become
one half of thelr initlal Inventries, while ™°Pu and ***Cm, which are not
contained In the initlal loading, bulld up.

The hybrid transmutation system of accelerator-target-core hasthe
additional merits :

(1) The system can be quickly shut down only by switching off the beam
current of proton accelerator.

(2) Since the hybrid target-core Is always operated In a subcritical
state, It can have a slmpler structure without safety and control rods
than the reactor.

(3) The higher burnup rate is expected for the TRU fuel In this systeam

with no constraints for the criticality. In this case the main
1imitation is the lifetime of fuel and structual material under the
Irradiation conditlons.

{4) The target-core designing Is flexible because it is free from the
safety requirements of non-positve Na vold coefficlents and the
polsoning effect due to vartation of {sotope abundances in the fuel
composition as the fuel fs burning. '

However there are technological Iteas requiring further researches and
developments:

(a) an Intense proton beam accelerator (1.5 GeV, ~ 10 mA),

{b) TRU technologles,

(c) high energy radiation shielding.

Moreover the spallation target systea can be used for other applications
such as the breeding of fissile nuclides and the creation of very Intense
neutron sources. The useful nuclides or short-1ife RI's used for speclal
purposes can be produced froa residual nuclides after transsutation and
nuclide partitioning processes elso.

2-3. Spallation intergal experiment

More accurate experimental data for the spallation reaction In the
energy range of ~ 100 MeV to ~ 1 GeV are needed to examine the actual
efficlency of TRU transmutation by spallation reaction®™-'™ and to upgrade
the sinulation code systen for the TRU transmutation processes. The research
plan of spaliation integral experiment by using the high energy proton bean
has started. The lead cylinder system for the experiment has been set up
last March near the dump of beam line connected to the proton synchrotron
booster at KEX. Figure 15 shows the lead cylinder installed in a Stainless
Steel contaliner with 100 cm length and 60 cm diameter. This has several small

. holes parallel to the central ax!s. which are pluged by speclmen wires such

as NI, Au, Cu and Fe. Reactlon products In these specimen by Irradiation of
500 MeV protons are Identified from thelr 7 -ray emissions seasured by a
Ge(Ll) detector. The energy of spallation neutron can be known from the
activity of specimen folls with the threshold energy of neutron enission.
imbedded In the holes In the cylinder. The safety analysls for spallatlon
experiment has been made to know whether the activity In the Irradiated
specimen and the dose rate are lower than the values restricted by the law
when they are transported In the cask to be measured at JAERL. The
switching magnet has been newly equipped on the booster beam line to
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control the Intensity of irradiating beam by adjusting the number of pulses
in current. The Irradiation experiment for the lead system has started
November thils ysar. In the next step, a tungsten or a depleted uranlum
target, which Is Inserted In the central reglon of the lead cyilnder, will be
used to slmulate the TRU target spallation experiment.

3. Summary and Ccnclusion
Finaly the report Is sumsarized as follows.

The computer code system has been developed and upgraded for simulating
the spallation reaction Induced hy high ercrgy protons and designing the
TRU transmutation system .

The conceptual desiga studies have been wpade for compaiison of the
accelerator-driven TRU transmutation systems with and without the
tungsten target. When the Na cooled TRU metal fuelied core with
tungsten target Is operated at the thermal power of 651 MW and the bean
current of 23 mA, this system can transnute about 200 kg TRU per year. In
the case of the Pb-Bl cooled system at the thermal power of 342 MW and the
beam current of 7.5 mA, It can transaute 140 kg TRU annually. [mprovement
and optinlzation of target-core design will be carried out also {n more
detall through the plant design studies. The performance of transautation
plant of the type of molten TRU is examined as the next step. ~
The spallation Integral experiment for lead target will start soon, using 500
MeV proton beam at the KEK booster facllity .
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Table 1 Number of particles emitted wmra.w muahyunma nucleus

Emitted : Energy of msomnmaw proton ( MeY )
particle wmo . 1000 - 2000 2800
Proton 0.994  2.92¢ 3681 3.278
pmcﬁqoz 12.085 _m.omo..w_d.w_w 15.243
Deutron 0.1248 0.7063 " 0.9108 0.7728
! Triton - 0.0576  0.2719  0.3407  0.2855
W Nelium 3 0.0010 w.owmm.. 0.0411 -  0.0361
W Alpha 0.0732  0.2777  0.3078  0.2588
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Table 4 Target-core operating condltion
Reference  Verslon-1  Version-2° 'Version-3
Pins TRU+T TRU=T - TRU TRU
Coolant Ja Pb-B{ Na Pb-DB1{
Proton Beam Current (mA) 22.6 7.5 18.1 5.4
Thermal Power (MV) 691 484 405 163
Power Density An\nn_ nax. 889 523 176 425
’ ave. 307 246 159 83
Linear Power Rating (W/cu) max. 693 499 13 530
. ave. 240 235 146 .103
Coolant Temperature [°C) outlet 389 451 352 377
Clad Temperature (°C) max. 492 610 481 589
Fuel Temperature (°C) .  max. . 900 900 900 900
Coolant Veloclty (u/s) " max. 8 2.35 8 2.35
Pressure Drop (kPa) 78 67 62 18
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Table 5 Performance of this transmutation system

Torgel system Reference Version- | Version=2  Version=3
Coolan! No PY- Bi No Pb- 81
Effective mulliplicalion {octor 0.92 0.86 0.94 0.95
Pin pitch tmm) 9.5 10,5 10.5 12.0
Actinide looding {kq) 2866 2013 2682 1584
Beom current (mA) 22.6 1.5 18.2 5.4
Neulrons per prolon 36.1 52.8 35.3 55.1
Fisslons per proton [ > 15MeV) , 0.67 0.24, 0.64 0.42
{ <15MeV) 150.6 171.3 108.0 147.4
Averoge neutron energy (keV) 138 629 774 626
Average neutron (lux (210" n/em® - sec) 4.6 6.6 2.0 1.9
High encrgy componenl > 1,0 MeV) 20% 18 % - 0% 17 %
. {>0.1 MeV) 2% 18°% LT CT1T%
Operation time |doys) : 270 270 " 210 270
Burnup rote (%) 1.0 6.9 4.'3' 2.7
weight {kq) 202 139 i1eq . 42
Unil of 3000 MW! LWR * 1.6 5.3 4.3 ' 1.8
Burnup ceoctivily swing (% a%/k) 3.8 2.9 2.7 2.1

R &0 of TRU Transmutation
vith Proton Accelerator

[ ' 1
Development of fntense ' Researches of Transmutation
Proton Acceleator Plant
|
{ 7 [ ]
Davelopment of Basic Technology Engineering Test Spallation Integral Ocsign Study of
Oasic Technologies . Accelerator Accelerator lxperiacnt Transautalion:
( 10 Hev, 10 =A ) (1.5 Gev, 10 wA) Plant

Flg. 1 Tree Structure of R & D Items for TRU Inceneration Plant
Driven by High Intensity Proton Accelerator
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spallation
Nucleon-meson ,
Ironsport evoporalion .
R
o ' . . inter-nucleor —}—leckage
Inciden! porticle cascade -
' conlinuous slowing
cown
NMTC/ JAERI
NMTA/JAERI . inlro-nucleor
' cascode 1 ‘ T lngh-enersy
-[ fission
Cut off energy (15Mev) !
l neutron l neutron I neulron
[] ] ]
: o ' fast &
Neutron scalefing i coplure  therna) ] leokac
iransport S TN 1 fission
TWOTRAN-TI C\/(D
MORSE-DD

' Fig. 2 Spallatlon process In the target Injected by high energy

protons

Nuclear data file 4, : =
ENDF B-1IV .JENDL-2,3 : NHTC/ JAER]I NUCLEUS
)
|
|
.Difa processing Neutron source ;
codes data file :
1
! 1
1
_ . :
SP-ACE TVWOTRAN-TI MORSE-DD : NMTAZ JAER]
i
i
]
— . ,
] ]
| ACCEL | * ORIGEN2 | sechaly SPD
[ J !

| ;
Fig. 3 Slmulation code system for the accelerator transmutation

system
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Flg. 9 Target-core configuration of hybrid plant(refernece system)
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AEC L EL'ECT'R;JNI’.I:E-ST ACCELERATOR, 1985 - ;'
- S e R
(3= mode) eictoue ' ,

PULSLD
THEAMIONIC QUN

1
[
)
!
!
{
]

ILICTRON SOURCES POA
DIPFEAEINT ACCELIRATOR ANO IRRADIATION EXPERIMENTS

BUNCHIR-EHOPPEIR

=V ACciUIRATOA

-
Seanug MASH T o (e

HIGH FLUX : ~ HIGH FLUX . ACCELERATOR DEVELOPMENT

BREMSSTRAHLUNG SOURCE ELECTRON SOURCE - BEAM LINE

—_—— e e *
Tig. 3

IMPELA Sample Specification
10 MeV 50 kW Modelt

Beam power Al the outpul window 50 kW £5%
Beam energy Al peak intensity 9.520.5 MeV; 1 MeV FWHM spread

Beam dimensions at product surface 80 cm across the conveyor; 10 cm in the direction of
the conveyor .

Rl frequency 1300 MHz .

Pulse length 200 microseconds

Pulse repetition rate 250 pulses per second

Klystron TH-2115 ' . t

Cg Electric supply power 1000 kVA; 50 or 60 Hz

Cooling waler requirement 510 litres per minute at less than 21°C

+ Dilferent sellings‘may Le achieved with a given set of hardware by' adjusting the machine

operating point

This specification was in efTect st time of prinling. Alomic Energy of Canada Limiled hos a policy of
continuing development and reserves the right to discontinue modsls at any time or change spacifications or
design withuut notice and without incurring obligation.
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IMPELA™ 101/50 protatype.

Tnductviat Material Processing € factven LINAC

Exam pl'e's'
Travelling Wave

Standing Wave

W1, W2, W3, W4 = WEB COOLING CINCUITS [HEADERS SYSTEM]

C = CIRCUMFERENTIAL COOLING CIRCUITS [THROUGH FLOW]

27 SEGMENTS RRAZED TOGETHER
{1.5 m LONG SUS-STRUCTURE)

NOSE CONE

COUPLING CAVITY

3
~

ACCELENATING CAV! <

CINCUMFERENTIAL =]
COOLING CHANNELS

WFR COOLING

I[T0-€6 OTV6NL ONd
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PLANNED SPECIFICAT[ON OF HIGH POWER ELECTRON LINAC
IN POSITRON FACTORY

OPERATION MODE . NOéMAL. SINGLE BUNCH

MAXIMM AVERAGED CRRENT ~ 1mA 0.67mA  10nC/pulse
MAXIMUM BEAM ENERGY  100MeV  150MeV
MAXIMUM BEAM POWER 1 OO kW

PULSE WIDTH & REPETITION ~ 1xsX1000pps © 30ps
~ ~BusX200pps |
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. Electron energy = 100 MeV
Target 2 Xo (0.82 cm) Ta

Eo S 5 HeV
r $ 0.5cm
e s 20°

Colling material wunit Ta  unit cooling e efficiency

....... 0.82 cm 0Oom - 7.6 x 10°7 e'/e

_ He 0.02 0.1 2.4x 10°%°
Kater 0.02 0.1 ' 4.0 x 1077
Water 0.082 0.2 6.0 x 10-?

H. Hirapana, KEK
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7 SIMULTANEQUS DELIVERY LINES OF SLOW POSITRON BEAMS
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CONFINEMENT OF ACTIVATED AIR + LOCAL SHIBLDING

(10004a)
VENTILATI0N:Xa (%/h)

WLEAKAGE:Y.r (%/h)

§ fo} AOM (200q)
SATURATED ACTIVITY:Ar (Bq) :
ACTIVITY PRODUCTION RATE:Pr (Bq/h)

WLBAKXACE:Ye (%/h)

£ (lat) _
1VvIiTYiAe (Bq)
ACTIVITY PRODUCTION RATE:Pc (Bq/h)

Pr=Pc/100 (Local Shieldineg) Airborne Activity of N-13
Xa=50%/h, Yr=1%/h, Ye=0,1%/h|—+|in Exhaust Air
10, 000d/h Fresh Air Mixing <1/10 of Parmitted Concentration
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PEHEESTHELEXXBALERRE—-FRORBBLEOQUNER 4IRS,
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1) H.Hann and H.J.Halasa, 1965, Rev. Sci.Instr, 36, 1788,

2) P.B.Wilsion, 1863, H!PL-ZW(Rov-A).St_mford Universgity.

3) H.H.G.Cheng, 1864, University Calfornia.~-u et - - -

4) E.L.Chu, 1968, TN-86-7, Stanford University. .

5) R.L.Gluckstern, 1964, Proceeding of the BORA Conf.on Linear Accelerator,
p.188.

8) P.B.Vilsion, 19687, HEPL-TN-67-8, Stanford Oniversity.
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dr 2Q? 2cQ’ I(c) x(z,7)

(44
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EET, FoN-NETOHNBARTRANELToTRHIS, Rvid, BX
BT2axv—>aydTHd. YaIlb—YavitHe Ilm" A8 or

F=NR—FEROE—-LBRORFTORMIIXBIF. h
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COMPARISON OF STANGING WAVE AND TRAVELING YAVE ACCELERATORS
AND PNC PROPOSAL

Y.L.¥Wang

1. Ristory

The controversy over the relative advantages of the standing vave accelerator
(SWA) and the traveling vave accelerators (TYA) Is nov in fts fourth decade.
So at first let us lookback the acceleratlor history.

The early proposal mentfoned the acceleration was due to G.lsizg (1] in 1924.
The first successful !lnear accelerator vas de:crlbeJ by R.¥ideroe {2] In 1928.
In his accelerator system the drift tubes vere connected alternately to a source
of Algh frequency vaves and to ground, the lengths of the drift tubes and the
frequency vere chosen so that {lons could continually arrive at gaps between
drift tubes vhen the lleld vas in the accelerating phase. ¥hen the field vas
in the opposite (decelerating) direction the lons were shlelded by the drift
tubes. lons could gain up to 50 kev of enerzy. It was the prototype of standing
vave accelerator .

In 1933, J.Y.Beans and L.B.Snoddy [3) reported on a traveling wavefront
accelerator. In this device a 15 kv lmpulse vas applled In sequence to 15 drift
tubes. Electrons at 28 kev injected along the axis of the drift tubes vwere
accelerated to 90 kev. The vork was continued until 1935, the peak electron
energy reported vas 2.5 Mev,

During Yorld War 11 because of radars development, high pover pulse RP source
such as Kkiystron and magnetron had been developed. It was clear (that llnear
accelerators could be designed. .

After that in 1847 Y.¥.Hansen [{]} proceeded tovard construction of an electron
Ilnear accelerator and L.¥.Alvarez [S] vas to resuit {n the first proton linear
accelerator.

For the electron linear accelerator a sisple traveling wave struclure vas
chosen. The phase velocity in the vavegulde vas reduced to the velocity of light
by loading perlodically vith Irls diaphragas. Frequency vas chosen lo be about
3000 MHz, the length of accelerator was about 9[t long. In it electrons had
been acceierated to 4.5 Mev. It vas the prototype of the traveling wvave
accelerator.

During the period betyeen 1349 and 1953, several electron accelerators vere
build. both the traveling wave {6) and stsnding wave [7) accelerators were
lavestigated. After thal most electron linear accelerators adopted traveling

vave disk loaded structure. Al;bsl 211 standing vave accelerators vere build
in 0 mode or 7 amode.: These 'modes had one very serious drawback, the group
velocity is approrimately zero. il wmeans the structure Is poor at delivering
energy to the beam and that the fleld profile Is very sensitive Lo bean
current and wmechanical tolerance. So the standing vave accelerator fell into
disuse for electrons.

For the proton linear accelerator, because a proton is =much heavier than an
electron, at | Mev the velocity of a2 proton Is less than 5X of that of light. It
fs impractical to slov dovn phase velocities in vaveguide to so lov a value. so
lov [requency standing wave drilft tube structure vas used.

In 1987 tha doubly periodic structure {(bipsriodic structure) [8] vas developed.
Los Alamos smoved the coupling cells off-axis and created the side-coupled
structure. It |s electrically a /2 mode. but In terms of [ts interaction with
beans It Is a 4r sode. The very serlous drawvback of standing vave accelerator
was overcose. It had resulted In considerable improvesment ({n stability both
{n wvaveguide and drift tube structures.

Atthough travellag wave structure has 2 lot of advantages conpared vwith
standing wave structure, It Is very difficult to vant to enhance the shuat
Iapedsace. Then the standing vave bipericdic structure has wuch higher shuni
iapedance and can make shorter accelerators than the travelisg vave structure.
In the lor energy. electron 1inear accelerator adopted S¥A agalm, especlally
for radlotherapy.

In 1949 L.B.Mullett [3) proposed a asthod vhich provided for feedback of the
residual RP pover from the end of accelerator and conbinatlion of this pover in
sultable phase relationship with fnput pover. The smain incentive vhich led the
early British vorkers to the use of feedback vas lhe less restrictive {requency,
teaperature and dimensional tolerances resulting from the lover value of T which
is peraltted when (oedback Is employed. Peedback found its sain wuse In
comparatively short single feed accelerators used for medlcal purpose.

In 1980 traveling wave resonantor [10,11]) vas developed.

In 1985 S.D.Yinter [12} proposed a short accelerator using traveling wave
resonantor. But ft did not attract person’s attention.

In 1981 In Nanjling University Y.L.Wang (13.18] gave detalled analysis and
research about the traveling wave accslerator vwith (traveling wave resonantor
(TWR). and pointed that it has high gradient sccelerating field.

1a 1987 in XEK Prof. I.Sato (IS5} first successful wusiang 3 short travellag
vave accelerator with TYR accelerated electrons by as high sc 60 HY/s
gradient accelerating fleld.

Nov It is possible to use traveling vave acceleraior vith TER to construct s
electron linear accelerator.

Folloving. we will compare vith then.
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2, Comparison

Table 1. Comparison of Three Kinds of Accelerators

TEA vith TER

Structure Simple
Hanufacture Easy
Energy Spread Ssall
Capture Large
Shunt [epedance Lovw
Filllag Tine Long
Field Multipllication

Factor M
Accelerating Fleld

Gradlent High

Table 2.

Type

Energy

Beas Current

Duty Factor

Length

RF Power

Energy Spread
Tidth of Beam Bunch
Capture

Energy Gain
Efficlency

PNC Design

TYA witk TIR

100 Mev

100 nA

100 X

1. 234115272 »a
1.2x15=18 NY
<1X

<y

$0 X

£.43 Mev/a

58 X

THA

- Slaple

Easy
Small
Large
Lovw
Short

Lov

Exzuple for Design

STA

Cosplex .

Difficult
R Large

Small

Righ

Long

High

Chalk River Design

STA

100 Mev

100 mA.

100 X

Sx16=80 a
§.2x16=19.2 MY
<4

15 X
1.25 Mev/a
52 %

Besides, 1), refrections from SYA are a serious concern because klystror

can be deastroyed by reflected pover. Any high Q resonant cavity refleets 2
large fraction of the incident pover during the beginaing of the flillng
time. Furtheraore, SYA can only be malched for one nominal curreat. So vithout
3 circulator It Is very difficult to ad)just.

For TVA vith TUR during the beginning of filllng timea large part of incident
pover wlll pass to dussy load.

2). For standing vave blperiodic structure frequency between coupling cavities
and accelerating cavities can only be malched at one temperature. I the
beam loading or operating duty fzctor changing It wlll sissatch.

3), Bnergy galn glven by:

for TVA with TUR,

-t -t
e WfIRE LA i 1- LR )
for SYA,
Vel 2L eenpyan) - i Geenuan) O

The bess 1loading characteristics are shown on Flg. ! . Ve can see that the
slope of SWA is steesper than TYA with TUR. So when the beaz curreat becase
bigher and higher, tbe TYA with TUR s better and belter than SUA. The
efficlency of TWYA vith T¥R is higher and higher.

Prof. Sato gives the shunt {mpedance a new definltion called norsalized shunt
ispedance:

Rn = Y7/ (dP/dz)

vhere ¥ 1s energy galn per meter vith the bean loading. »nd dP/dz {s all RF
pover loss per meter,

According to this definition the normalized shunt impedance of TWA vith TR at
100 »A beanm current s higher than that of SYA.

i), About B8Y prodblem, for SYA It Is no problea for 100 =A beam curreat,
becsuce {ts accelerating cavitles and coupling cavities are different.

for TYA with TER, using lov - value, short length sections, 27/3 smode,
constant gradient stroclure and progrecssive stop-band technique, (t Is no
problea for 100 sA beas current.

For the fulure, when the beam current [s 1 A, Il is necessary to study BBU for
both, acceierators.
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3. Proposals

Nov there are three proposals: the flrst proposal is using TYA wlth TR shova
on Flg.1. the second one Is using SFA showvn on Fig.3 and the third one is nixed
proposal shown on Pig. {, the test a2ccelerator consists of teo parts: the first
part Is TYA wvith TER and the second one Is S¥A.

1), Fros technlque point of viev, comparison among three accelerators, TYA
with TUR has both advantages of TYA and SVA, especially for high beam current,
It 1s sore sutible. Although the third mixed proposal can compare thea directly,
it Is very difflicult to adjust SYA, vhen we operate the pulss case during the
beglnning of {i1ling time 2 large refrection will destroy the Xlystron, . and
during the test for ths different Input RF pover and beaa current it fs much
wore difflicut to match thes.

1), From PNC developing polnt of viev, we neet develod our accelerator sclence
and technlque. TYA wlth TYR is a nev kind of llnear accelerator, especlally. for
CY operation and hlgh beas pover accelerator It has bright prospect. If ve
enploy SYA, Chalk River only glves us 2ccelerator aot technique. PHNC only
uses [1t.

3), From financlal and labour pover point of viev, If ve choose the mixed
proposal, we must have tvo groups to be responsible for tvo types accelerators,
and must pay about two times test fee for two accelerators tests,

Fron all points of viev ve prefer to adopt the traveling vave accelerator vith
traveling vave resonantor rather than the standing vave accelerator.
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RAEX 5 B B X

PNCEFGEMES -

10MeV 100mA Peak

dms Pulse, S50Hz - 20% Duty

Cumulative High
BBU Av. Power
200kW

‘ KEK Proceedings 91-2
June 1991
A

Proceedings of the Workshop on
Advanced Beam Instrumentation
Volume 1 of 2

April 22-24, 1991
KEK, Tsukuba, Japan

Editors
A. Ogata and |. Kishiro

Organizing Commillee

A. Ando (RCNP, Osaka Univ.)
A. Enomoto (KEK)
T. leiri (KEK)
J. Kishiro (KEK) -

] N. Kumagai (RIKEN)
Y. Mizumachi (KEK)..chairman
Y. Miyahara (JAERD)

T. Tomimasu (ETL)
T. Nakazato (Tohoku Univ.)
K. Nakajims (KEK)"
A. Ogata (KEK)...secretary
J-L. Pellegrin (SLAC)
S. Watanabe (INS)

National Laboratory ior High Energy Physics

Survey of Beam Instrumestation
urvey of Useof ~n SLC

"5‘%‘»‘{41/9)' D. Ecklund
(SLAC)
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B E AV I N T ENS | TYVY

TOROIDAL TRANSFORMER PICKUP

*Inner Dia. 1~4inch

*Ceramlc Gap in Metal Plpe
¥*1% Measurement Accuracy
*¥LC Circuit with Local Preamp
*Sample & Hold

*Read Out via CAMAC

*For Macro Pulse

GAP PiCKID

*Measurement of:
Wall Image Current
" 30scilloscope Display
+Charge Integrator
*For Long ( nanosec.) Pulse
*Cable Connectlbn Is Critlical

to get Clean Eﬁlse

BEAM LOSS IVION I TOR

10ptimize Beam Transmission
¥*Give Warning to avolid
Melting or Cracking

.of Machine Component

LITER-SIZED GAS JON CHAMBER

*Set near the Device
to be Protected
¥*To Turn Off the Machine or
Reduce the Repetition R;te
*Callbrate by Safe Beam Power
*Filled and Flushed with He
*Argon Gas for Final Focus
-Qaéntltatlve measurement
of Loss
*Used to Reduce Background

in Detector

L : ! CHAMB
*Mersurement of Loss along 3km
*Flliled with Nitrogen Gas

.*%~100V Bias Voltage to

Center Conductor

*Temporal Distribution Readout

*Used to Turn Off or Reduce
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MONITORING TI1E bt AM POSTTION IN THE SLC INTERACTION REGION®

J.-C. Denard, G. B. Bowden, G. J. Oxoby, 1.-L. Pellegrin, M. C. Rots
Stanfocd Lincar Accelerator Center
Sunford Univenity, Stanford, Catifornia 94303 .

.
The Sunford Lincar Collider requires special Bam
Position Monitors near the Interaction Point (TP) 10 bring the wo
bum(c’mdc')uheoﬂumecmpaxdeth
monitors oa each 3ids of the IP with 2 short ime separatios (sbout
20 3nd 50us). The mechanics of the moniwes 13 wel as the
slectronics will be desaribod In order 10 bring beamns of several
mmdnnxumcounmnlku’ these moniton meassre
beam deflecton induced by the p of the opp beam,

Introdugsion

Thee* and e* bumald\:Shn!udhnu:ColMcr
SLC)nulhnvﬂy s few ng,
2t the Interaction Pull(‘l?)motdah achieve Nigh l‘mlf].
S«hnnulluumi\edim:ulqdnamghmm
coltision. A g method T uses two Beam Potidon Monitors
(BPM)mu:ind:dhl?loMmdtMmof:ﬂu
bumhdxedbyd\eoppuughannlkaonmng’nUhg

leulnh: ;bun-nudoﬂ.na!h:"‘

i PhLlou!cdl!udvg .

ends of the moniior2-3. Beam signals from the downstream end of
the BPM measure the relitive deflection of the outgoing baam. The

beam signals from the », mmadhnl&ﬂmlm:dxy
must the F_cllh: 2 beam in the quadrepoles
to 100pm.

Al electrodes are connected lo their sing :
electronics with ideaical cable lengths (about of RG214 coaxial
cable), maiched within 100ps. The The electronic racks are always

ible for case of

Monitoe Desi

The Beam Posltion Monitors are desfgned? w mount in

the bores of the final polc Fiplens of the SLL on cither side of
the Intcraction Point llwdnmlvmccmtmd
the The - body has four
hyyabobcnufuaqumuhubmpokfmoll\c

udnpok magnet. In tus way the monitods szaightncss and
ali gnment with the magnet arc tnsured. Mounting maonitors intide
the magnels saves considenble space along the beam line and avoids

hnmudnhnvcbumwbymmgmwomm
beam.

Tn this medhod, we do not nced absolute meage-ements,
lmnkbnmh(ndﬂmlpkwphwm-md
the order of 20um. Funh the actus! deflecti
accuraely, hawu!khund\emmngbamnh-ldnum
moce than 10um aroroa p ol the
m&um;ummmnmmbuma&mu(zboutm
and S0ns respectively for each pair of BPMs) ard the possible
disparity berweea the two beam currents (5 10% 10 S 1010
pn&h).ﬂu:uanghldmmmcmurmnnqmdd:

*  tlecronics performance. Our choice went (0 Jong wed Simadre-
Soupler-type elecmrodes. Oppoting beams are read out from opposite

|—Glans
wether

= Clectrode

6.4 mm gie.

o LA steras

Figuie § : Transverse crots section of the monitos. The
elecmode dumglu is ealculased for 2 3001 characieristic
i d A: each cabie cold 1% of the beam charge;
pouuoa semidvity is 10 %/mm around the center.

° Work supporied by ihe Depaniment of Energy,
conusct DE-ACO3-76SF003)S,

TH1187-9/83/0000-0688 $1.00 O IEEE
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Figure 2: (A) Cross Scciion of the monitor end: To kecp

2500 im, the&lalodahnnmulkrm

inside the supp h for the

dicloctric consunt of 3hn. Thc couxial feedthroughs

carefully maxch the electrode impedance.

(B) Reflectometer measwrement of zn clectrode
10 3 5002 reference foad
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BEAM POS I.LT I ON

*For’Efficient Beam Transport

*To-Avoid Beam Induced Fletld
In Disk Loaded Wave Gulide
—2Emlittance Growth
Luminousity Reductlon
~»Background lncrease

£To Check Q-mag. -Alignment

STRIP LINES INSIDE BEAM PI1PE

¥4 Strips for
Horiz. and Vert. Positlon
. or Only 2 Strips
*Vacuum Coax. SMC - 50Q Cable
*Sometimes Rotated by 45°
to Avold Synch. Rad.
*Located, at least Every 30° in
Betatron Phase
to get Adequat Tralectory
«270.for Linac
1710 in total
*Readout by CAMAC
Subtract Signal—=Amplitude
Sum Slignal-Self Gatlng
*Multiplexing of Slgnal§
to Reduce Module Cost

€eCK Its response.

To preserve low cross talk levels the high frequency compo-
nts of the arc BPM system have been packaged in a separate,
onolithic, machined aluminum package. This device delivers
e filtered, amplified, waveforms, along wilth a sampling trig-
r, to the CAMAC based 12 bit ADC. Pairs of electrodes are
mmed making the BPM sensitive to either z or y. The signals
e individually processed with the subtraction required for po-
.dion information done in software. For calibration, a remotely
ntrolled CAMAC pulse generator unit is used to inject pulses
to the preamplifier. The pulse Is evenly split and injected into
e two parallel amplifier chains. Their gain ratios at a given

‘gitizer attenuator setting are measured for three signal levels
d fit to a line. Varlations from flatness do not exceed 10~%
«r ADC LSB.

The final focus interaction point BPM's serve as detectors of
:am-beam deflection. As such they must have good resolution.
order to have good signal strength In a medium bandwidth
d separate the the closely spaced (20 ns) incoming and out-
sing beam pulses, the electrode set consists of four 1.3 m long
und rods placed in an aluminum extrusion. Signal separation
achieved through the directionality of the electrode couplu
-oth ends are used} and by external gating from the timing
stem. The signals are integrated and lunpled using a system
nifar fo the arc system.

Flgure 1 summarizes the raoluhon of the two BPM elec-
onic systems over their dynamic range.

Electronic contributions to absolute accuracy include effects
sm mismatched cables, electronic multiplexers, passive adders
ud splitters. Mechanical contzibutions include effects from sur-
rying and electrode calibration, used to determine the differ-
ice between the electrical and mechanical center of the assem-
y. This calibration is done by simulating the beam pulse and
supling it to the electrodes by sending it down a rod in the
nter of the BPM. Readings are made as the BPM is rotated in
fixture. Repeated measurements show the error in this proce-

re to be 25 um. Cable tests are performed in a similar fashion,

B LR A ALY | LENR B Rl |

4

22 2 x22sak

10 100 10"
- . PARTICLES e

Fig. 1. Resoclution for the two main BPM systems shown versus
beam intensity.

Use Region {

Energy Spread Monijtor
Injector 250 MeV
Injector 1.2 GeV
Linac-Are 50 GeV ¢

Emi M;

Damping Ring Exit
Linac 50 GeV

Arc Rev. Bend
Final Focus

Since the beam shape may beco:
image is very useful. A series of 8
for monitoring beam ‘tail® growth
of the linac. A pulsed magnet wil.
the screens which are slightly off a
is used to compress the data by fi
each horizontal line. Data from the:
wakefield tail growth by controlling

Video from each profile monitc
cessed. A CAMAC based partial
flexible digitization of a portion of t
ber of 4.K 8 bit data points may
spacing of 512/picture width by 25
the performance of these devices as
the same size as the phosphor grais
also arise from the camera tube an¢

Accurate, nondestructive, be.
beams of this size are sometimes n
useful for estimate of energy sprea:
aspect ratio is expected to be large
as a full image. Two systems have
pose. The first uses the quadrupols
able from the position monitor elec
signals are represented T, N, B, S

N
o:—a:+z'—-y’a:~(—'

Since the signal gives the square of t
is degraded. The resolution expect
.3 mm in beam size, assuming the v.
gible. This system has been implen
packages to add and subtract the :
electronics is used for digitization.

The other nonintercepting bea:
aynchrolron light monitors. These
rings and in the linac to arc trar
case, a vertical three pole wiggler is
X-rays through a tungsten convert.
phor screen. A set of horizontal lin.
the image are processed by an anal

IT0-€6 OIV6NL ONd
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but Not for the Linac
4Qsefu| for Searching-

Pule—to—Pu[se Beam Jitter

>

*Accuracy : 100um
Short Term Reproducibllity

25um
*Resolution < 25um

v

AUTOMATED EMITTANCE MEASUREMENTS ' THE SLC°

M. C. Ross, N. PHINNLY, G. QUICKFALL,
H. Swoarz, J. C. SazPPARD
Stanford Lincar Aseclerator Center

Sienford Ursarsily, Stanferd, CA 84305

Abstract

The emittance of the SLC beamn ls dalermised from
messurements of the beam width oa a profile itor as a

Theory of Measurements

Consider a quadrepole Q of atrength & = [ 9dL/(Bes)
d from a dowa streazm screes S by a trasaler malsix S,

quadrupole Beld s varied. An sulomated system bas been
developed Lo allow this to be done rapidly and accurately. The
Image oo & Buorescent screen proSle monitor (reasolution about
20 pum) is read out through an ol ic Interface and digitised
by a transient recorder. A high level software package bas
been developed o sat up the Bard for the t

scquite data, £t the beam width, and calculate the emittance.

Introduction

The optical matching of varlous SLC subsysterms as well 22
oplimising the beam luminosity at lateractioa polat 1equires
accurate determination of the beam allipsoid (e-matrix) and
amittance (e,.4,) at key points throughout SLC. The barma
allipsoid will be used as laput to modelliag programs such
az COMFORT to cakulate guadrupole strengths to ackieve
matched beam lines. Additloaally, slace emiitance growtd
adversely affects the collider luminosity, an sccurats estimsta
of its magoliude Is valuable In controlfing Its growth and
thereby Improving the system performance. Tha phase space
mea ts In the vicinity of the InJeclor also serves as 2
8gure of merit far its operation. In view of the complexity of
the Lp and the her of locati whers
these s are required it was d, d dalirable to

) te the entire p a3 much as possibl,

The basic Idea bahlad the emittancs measuresents Is Lo
determine the horizontal and vestical beam shxe (/#77, 753),
with a profle monitar as function of the streagth(s) of an
upstream quadrupole(s}™ as shown in 8¢. 1. Knowledge of
the beam slz¢ at » partkular Jocation In the beam fina for
three different quadrupole strengths is sufficient to calculate
the beam sigma anywhere aloag the beam lae.

Fig. 1 Typical Emittance Mavsrement Profile Manitoe Instal-
lation from the digitized beamn profle

= Work supported by the Department of Energy, contract
DE-AC03-~ 705700315,

T;« total transfer matrix of the mersurement system s given
by
R = SQ

where Q s the transfer matrix of the quadrepole

The ¢ matsix Is propagated through the system by the
redation™

o = ReRT  whue

Ry Ra © o oy @3 0 O
Ry Rnp 0 O #y on 0 O

Rm - . T
[} 0 Ru Ru 0 0 o ey

-] 0 Rag Ry 0 8 ea wq

then, for the above uncoupled system

o - R.’.o,ol + 2R"R.,v|°, + R.’,t,a,
':, - L-g + IRaR.u': + R}‘v‘c‘

The mersured z-plane spot size at the screna Is \Jo,, (-

plane may be deduced by amulogy)
Tume LENSE FORMULATION

Fer's measurement setup where the leagth of the varylng
quadrupale is short comipared to it focal length a simple
relationship describes the emittance as a funclion of the leas
streagth.™ . The transfer matsix for the quad ia the thin lens

approximatioa Is
Q T 0
-
k1

Heace the spot size as a function of the quad slseagth is given
by

of, = Shofl +35u5uel + s:x'g

+ %3S},

The measured 0‘,', may be §t Lo a paraboia
eh = Ak=B)+C

from which we can obizin the vaJue of the ¢ malrix at the
C12)27.%370000-0728 $1.00 © IEEE
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BEAM PROF 1 LLE

*To Know the Emittance of Beam
«Three or More Seprated
Screen Monitors

«A Single Screen Monitor for

Scanning Focusling Q-mag..

*Measurement of Energy Spread

at Dispersive Location

FLUO < SC

COMMERCIAL TV CAMERA

*Advantage :
«Simple
Digitizers are
Commercially Available
eCurve Fitting and
. Emittance Calfculation
Are Easy
*Disadvantage : o
*Radiation Damage of
Sqreen. Camera, Optics
*Disturbance of Beam
“Wlre Scan Monitor
*Profile Monitoring
at Linac End

«Sample A Pulse Every Second

R Fubign eval /A Nigh resehion wice scamncr

¥ souon
e shind
L
-
\
g Pead
nd sonig o1 Vacarm
. Beows pechion
Vacusm / age
/ Sange X ]
7 ot o e
. 4ﬁ:jh%_ .
¥ = it -
B cathe
covectore {5)
Shorovadchen
{wags brg} -
Lmd
-t
[
¥ eniicore
. iy sCRTS
Fig 1 Schematic of the ansaganan of the teee wire 4 1 the 1P Jocation, Some comp sre Hhastrased for of

X-mmotion ICIARCT.

l\admdualulul!ylnmdpeduu.uwnldby

mndmndenhavylnd;hdd-hcﬁpomo,ha
distion. The circuit block disgram is show

an doctrical contsct, The gear 3nd ratchet h
which accomplishes this Is seen In fig. 4. The calibrared
wire spacing aliows a direct calibration of the deflection
magnat sensitivity, sctting the scale for profilc measuse-
meats. The wire rotation allows the beam waist mes-
suremeant 10 be made ia the directions of the X or ¥
sxes, Of any intermediate direction if X-Y Tati
sre praent,

3. Blectrical and diectronic design
1.1, Preamplifies and CAMAC modile

Signah from each of the scanner wires sre taken via

3 m longths of RG123 aable (doudle-shiclded) 1o a
pvumplaﬁc which is complctely surrounded by an clec-
In addition, the p: aplifier is coa-

in I'LS The input signal from the wire is bullered by
charge seasitive praamplifier with provisions for placir
» bias voltage oa the wire 20d Injacting & charge for o
purpose of calibration. The sigaal from the preamphls
iz amplificd and shaped with s pesking time of sbowt
p5. The cutput is seat via 125 m of shielded muhticos
ductor twisted pair cable 1o 3 CAMAC moduke whis
serves as an iaterface 1o 1he rzst of the digitization 8t

i modules, having ioas for: calibeation, «
-uehnu:ppawormwlmmdcnodouu
analoguevmnpuloupct.ﬂxngnlnd’vmdby

CAMAC snalog (ADO).
1.2 Signal respanse -
Fuad 150 the approach is the response of U

dmlothemlypcolnpﬂuplluﬂuunh
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SLT-H

by Use of Kicker Mag.

—<Screen

’

*Camera is outside Shielding

*Use of Mirrors and Lenses
*Two Screens separated by

90° Betatron Phase

WIRE SCAN MONITOR

*Composed of Wires
Bellows
Linear Stage
Stepping Motor
¥*Three Wires : 0°, 45°, 90° .
(Hor. Vert. and Skew Project)
*Avold Wire V:bratlon
‘Caused by Stepping Motor
XAccuracy : 2um
*Move the Beam
Rather Than the Wire
*Detection of Interaction
*Secondary Emisslon
- (Strong Field of the Beam.
Presents Noises)
*Scintillator + Photomul.
(or lon ChamEer)
to Detect Beam-Wire Scatt.

(Successfull!l but

2004 .
Figere 2 sbows the mechanical construction of the protle
moaitor. The screen {tself, shown In the laset, has an actlve

area of 4.2 mm vertical by 86 mm boriscatal surrounded by an
array of holes used for scale. The plana of the screen makes a 4$

degree angle with the vertical plane so that the vertical active -

ares is compressed to 3 ram. Ths screen Insertion mechanlsm
forces the holdes upen a shallow tapered stop casuring that the
laserted positios L reproducible. Tha phosphor, G&,0,5 : I,
is sattled on the aluminum iz & water bsth aad bousd to It with
barfum sificate®. This tachaique is used by the CRT hdmlry
s8d results Is 2 very fne ‘nlnd screen.

Y smsae

Fig. 3. Mechasical construction of the high resolutioa pro-
i« mositor. Muminatioa (for calibration purposes) eaters
thsough the port directly below tha screea and the Image e
viewsd through the lower left port.

The screens bave been teated for lnearity and sensitivity
to radiallon damage wsing the linaz beam. No aign of radia-
tion damage was observed after bombardment with 1.6 x 10'*
electrons i a 0.3 mm spol. Some damags was sean at three
times this Intansity. Lincarity teats showsed no Indkation of
saturation for beam spots of 10"® pastiles in a 100 pm spot.

The screea & viewed wilh a diode arzay image tube tele-
vision camera (72 diodas/mm)". Typical camera performance

. contributes 80um/fAL to @50 where M s the magniBcation of

the cumera optics. Tha .7 inch camera fube has an sctive area
of 8.8 X 8.6 ;am, selting M = 1.5. The lineasity of the diode
arfay camera {s very good and It exhibits none of the imsge
bura s and saturation characteristic of amorpbous photocon-
ductor (vidicos) camersa, A 135 mm focal length telephota®
leas with semole ltls control Is wsed to focns the Image and
control the signal strength on the camera tube. Careful focus-
{ng sad iris adjustment ase required ta ordes Lo keep this part
of the system from coatributing most of #.5,.

The closed circuit teievision sigeal ks t Jtred
SLC broadband communications cable Lo the control
There It Is received by aa ordinery telerision pecaiv

. passed %o 2 video anslyres® which bs used o sclact a b
tal and a vertical sampling line. The annlyser provides
front panel contiol, both a trizger puise which caa be s
select a parthkular horisoats! scan line and 2 composite
cal »ignal made wp by sampling esch bocizoatal scam ¢
a particular poiat aloag (he scan. The vertkal sigas;

panied with & synchroaired clock. Bor land s
slices of the image are digitised Ia two high spesd tn
waveform digitisers. Botk are gated with the macking
time trigger and record the waveform with 8 bit rescln
258 polats. The data are thea resd out threugh CAM
the SLC conlrol system isto Lha mals eontrel computer {

Backgrouad dats are tekea wilh (he beam supprese
subtracted from the beam on data. Tha result Is scam
sigual and At Lo a Canusian. Spatial calibration conatamt
ftixations/mm) are either retrieved from the database g

* wally sat uslag the pattern of boles on the screen. Slac

emittaace measurement coasists of several bern slse ou
ments made al differest quadrupele settings, selected ¢
strengthe arwrecarded as the dala is taken snd accepted.
tiace sad othes beam parameters are determined usingt
opties duck for hat part of the system.
SYSTEM PERFORMANCE

Flgure 3 shows two examplas of slagla pulse digitlza
{zom a screen at the 1.2 GV poiat ia the SLC Infectas
onling it iz abown ssperimposed ea the datx. Thess
show the non- Cavazlan nslure of the beam amerglag In
SLC gua at currents of 3 x 30", Flgure ¢ shows o' v
stzength of an wpstzeam quadrupole. The esroc bars
weigthed average of the errors on the 6t # for several (inn

fve) Dents 3nd rep ocaly Istical errors
[T T
i 0 Ry e *H .
s} 4
= 1
';‘ 4
T g ]
= . ;.Oo.'f".
w [0} w 1 2

HOS:30uTss, 8o LI leal

MaN HILH  leh muiy)

[ X) L] (> S ]
—tass  VEATKAL BlaN LI lsa} .

Fig. 3.  Background-subtracted profile data taken
1.3 CeV point In the SLC injector. The oalise Bt Is
superimposed oa the data with the £t result for the wh
shown ia the corser.
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Consliderable Care
Is Required)

*Every 15 Minutes Meresurement

SYNCHROTRON RADIATION
tMeresurement of Beam Size
' in Damplng Ripg
*Meresuremen( df.Enékéy Spect.
At the Linac End
¥Simple Use of.Video_Camera
tNon-Destructive '
-<+Continuous Monltoring
of Energy Speétrum
'4Useful Tool ‘for

%ine Tuning of RF Phase

A _VARIANT OF STRIP LINE

*A Series of 6§ Strips

in Rectangular Chamber

*To Know Coarse Proflle

BEEAM—BEAM SCAN

kUltimate Method to Know

-Beam Slze

H —ON _CQO| GEV e'e-
*Measure the Deflection of

Beam by BPM
¥Measure the Radiated Photon,

by Qerenkov Counter

LONG LT UD I NA L

EiLlth:Fl. L ENG T H

*Typlcaf Bunch Length :
0. 5% In Energy Spread
{~1. S5mm Lengih
*Bunch Length Is Reduced at
Transport Line
6mm = Tmm
*Subhérmonic Buncher

at InjJéctor: 600mr-+Severat mm

.éﬁAM_ELn&Mﬁ—RE—QAMLII

*9GHz Résonator

«Qutput Slignal Depends on
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PNC TN9410 93-011

of

Smm Bunch
_*6erencov Radiation From

Thin Quarz Plate
2ps ?

Freq. Component

Eartly Commisslonlhg

Beam Pulse (Bunch Length)
at

sResonate For

*Resolution

%*Use ful

STREAK CAMERA
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Review of BNL and PNC
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REVIEW OF BNL AND PNC
COLLABORATION RESEARCH

H. TAKAHASHI

H. HARADA

PNC TOKAI LABORATORY

NOVEMBER 29, 1991

Feasibility study of Transmutation of Sr-90 and Cs-
137 using Inertial Fusion

a. Transmutation in Blanket Region

b. - Transmutation in Compressed Target

Transmutation of Minor Actinide and Fission

Product (Tc-99) using Particle Fuel Reactor

a. Particle Fuel Incinerator

b. Radiation Damage Estimation of Liquid Lead
Loaded Target Wall

Laser-Nuclear Interaction

a. Multi-photons Nuclear Excitation

b. Excitation of Tsomer State by Laser Irradiation
(Glaser)

IT0-€6 OT¥6NL ONd



1. Feasibility Study of Transmutation of Sr-90 and Cs-137
Using Inertial Fusion

V. B. Rozanov, N. G. Basov, N. 1. Belousovy

(Levedev Institute)

I1T0-€6 OTV6NL ONd

(2) Transmutation in Blanket Region

"Burn Up and Transmutation of Long Lived Fission Products
- and Actinides in a Laser-Driven Fusion Reactor"

Production of Coherent Tunable Gamma-Ray by (ICENES’'91])
Coalescing e and e+ Beams :
13 Days

6L - Ny

Fast Reactor Assisted by Accelerator

Particle Fuel Thermal Transmutor and Phoenix

Cs-137 (n,2n) cs-136 —— Ba-136 Stable

50 Days

Sr-90 (n,2n) Sr-89 —— Y-89 Stable

. Cross Section 1-2 Barns

Program
Cs-137 .
Metallic Cs Cs,0,
Density 1.87 gr/ cc 4.25 g/ cc
Melting temp. 29°C 400°C
Sr-90
Metallic Sr SrO
Density 2.6 gr/cc 4.7 gr-/ cc
Melting temp. 769°C 2430°C
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LASER FUSION

LLNL

High gain > 100

5-10 MJ Laser Wave Length O-.25 -0.53 pm
Present Gain 0.15% by 20 KJ (0.35 um)

Nd Glass Laser Efficiency 10 %

Cascade Design (Figure)

Nakai (Osaka University)
Temperature: 5 KeV
Density Ratio 500 - 1000

pPR > 03 gcm'”’

- Present Data:

Osaka Univ 10 13n 0.2 % gain.

LLNL 2x1013 n

PRODUCTION RATE OF Cs-137 OF 1 . GWth PWR:
100 mot (14 Xg)

4.2 tons for Cs-137
2.7 tons for Sr-90

100 1 GWe PWR per year:

Large Inventory of 4.2 ;I‘on of Cs-137 and 2.2 Ton of Sr-50

To Reduce the Effective Half Lifetime to 3-4 Years,
the First Wall Radius Becomes 50 cm for 1 °Gwt Incinerator

High First Wall Loading 400 MW / m? for 50 cm Radius

12 MW / m? for 300 cm radius
(Cascade reactor)

Analysis Using MCNP Code
Reflector Width: 2-20 cm

Incineration Rate: 0.6 - 1.1 tons per year for Cs-137

Energy Required to 1 FP: 2.5 - 5. MeV for Reactor
. with Gain Factor of 10

Production of C-14 < < Processing Rate of Cs-137

Thermal Loading in Cs-137 Target and Reflector
Reglons 6-170 W / cc :

IT0-€6 OIV6NL ONd
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(b) Transmutation of Compressed FP with DT Target
(H. Makowitz et al., (BNL)* and K. Konashi et al **

(PNC))

Hakeuitz H. AL
* *Hyperfuse: A Novel Inertial Confinement System
Utilizing Hyper Velocity Projectiles for Fission Energy

Production and Fission Waste Transmutation,"” Atom-Kernerg.

Kerntech. 36,47 (1980)

** K. Konashi, N. Sasao, P. Louvet, I. Sato, and Y. Hirao,
"New Transmutation Method by Using Moving Target,"
International Conference on Emerging Nuclear Energy -
Systems, Monterey, California, June 16- 21, 1991

Absorption length: 10 -20 cm (In Normal Condition)

Temperature of DT:  5-10 Kev

Temperéture of FPs less than 1-10 Kev (Variable)

Many el in FP vires | . .
Thermal energy U in the compressed target.

U=UPT+ U (U] U ) +(U; +u.")

1. Ions are treated as classical particles

Ui = 3/2 NiT
N, = number cf ions
T = temperature

2. El . { as Fermi-Di
Number of ionized electrons depend on compression factor
and temperature .

5

T xMdx
Ue':’uéif - T means kT
0 el +1
A:.Z;(i"l)m £t

2n  p2
=F

=

Density of FP is determined by Pg=Pg,
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Energy required to incinerate the FP is
E=U/(P.N))

N, : Number of Neutrons Produced in Implosion

P: (n,2n) Reaction Probability in FP

N, is Expressed By

number of DT pair

FbDT (=Burn up fraction of DT fuel) is expressed as

DT, »
DT r
F)'= Q- ——

6+0"r

*, . - .
r is the Radius After Compression

oPT is the Density of DT Target

I. Low Inventory

2. If Alpha Particle is Utilized Efficiently for Heating and
Compression, then it does not Require to Generate
Electricity. No First Wall Problem.

RESULTS:

| Energy Required to Transmute 1 FP: 5 Meyv for Tfp =1 Kev

and Compression Factor: 104
Transmutation Rate Per One Shot: 11 %

Compression of FP Requires Larger Energy than
Compression of DT

Compression of FP-with Low Temperature is Needed
FUTURE STUDY:

1. Thomas Fermi Model, or Analysis of High Density
Plasma State

2. Alpha Heating aﬁd Compression Model
3. Heavy Ion Fusion (Rubbia, BNL-RHIC)

4. (N-gamma)-Reactidn in High Temperature (Many Body
Effect) :
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ﬁigh Flux Beam Reactor
(Thermal Neutron Flux of 1016 n/cm2/sec)

(LANL Thermal Incinerato'r-Requir&s.Large{Protdri'"

‘Current Accélerator)

Thermal Neutron Transmﬁtor (Todosow et al., Last
ICENES Conference)

Fast Neutron Transmutor (He Gas-Cooled)
(Mukaiyama)

Hard Neutron Spectrum: ‘Short Neutren Lifetime
and Small Doppler Coefficient

ACCELERATOR PARTICLE FUEL TRANSMUTOR:

Safe Operation: Subcritical k= 0.9-0.99
Transmutation of Minor Acti?i'e and FP of Tc-99, 1-129
Use of Graphite Refiector: Long Neutron Lifetimc;,
Still Hard Neutron Spectrum

Neutron Capture by Tc: 10-2@ % of Total Neutrons

(Yield of Tc: 6% per Fission; about 27 Kg / 1 Gwe
PWR /year)

Effective Half Lifetime 8-25 years (Depends on the
Location of Tc) Fig.

Chierjacks(KFA)’s Criticism on the LANL Pb
Target Design at Saltsjobaden Conference

H-Tape Code in Lahet Code System
Used the dpa Cross Section (2000 barn)

Evaluated by Yu A. Korovin et al. (Obninsk
Preprint)

Takizuka (JAERI) Tangusten dpa might be Large
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(2 MULTI-PHOTONS NUCLEAR EXCITATION

S-matrix

(1 .
S3=-2nid(E~E,-ho)<f|V|g>

<flv]i><i|V|g>

SO__onis(E~E -2he)} "
s By Ey-2ha)), E-(E +hw,) +ie

Transition probability

W f |sOPd(hw)d(he)

=2n)?|<f|V]g> *b(he)
where hml=Ef—E .

WO=ny|Y, <f'V'_';<_‘,'lV'g> Pocho,)

where hm,1 (E -E g)/2

Giant Dipole Resonance is a State of Collective Coherent (1-p

1-h state)

Cross Section to GD State is Roughly N (N: Number of 1-p

1-h States Participate to GD State = 10)

Consider 1f-1g-1h Siates for Sr-90 Proton Excitation

Wave Function is Calculated by Using the Square Well

Potential with Infinite Wall

(b) EXCITATION OF ISOMER STATE BY LASER
IRRADIATION (GLASER)

J. C. Solem, L. C. Biedenharn, G. A. Rinker

Transfer rah
Slow Fast Lasing Transition

0™ .

Proposed Gzﬁnma-Ray Laser Level Scheme

Bormann Mode Propagation

Dual Process for Nuclear Excitation

Photo Absorption Via the Atomic Electron

1.

Atomic Electron Can be Amplify the Field Produced at
Nucleus

The Electrons can Produce Harmonics of the Driving
Field

* The Electron can Generate Electric Fields at the Nucleus

of Higher Multi-Polarity than the Driving Field

Classical Model (Vlasov Gas) :
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wm Eg—E,+hm2

W e R E
<h|V|g>= —ie—’—g’—(ﬂ<El V|g>
7V
Hl .
|<h|¥|g> |%-150%[Me;]2
n:number of photons

V: normalized volume [fin’]

Ev+hm —E,g=0.85MeV :

F=3.22x10%/cm?/sec
7.06x102Wfcm?
F

c

=1.07x10~*3/(fm)>

w® _150x1.07x10°"

w (0.85)?

Too Small Cross Section

41

=2.x10°13
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Prototype Hardware Supply Options
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A

IAEA AdVisory Group Meeting

Partitioning and Transmutation (P&T)
Vienna, 1991 Oct 21-26 -
21 delegates, 14 countries plus 7 IAEA (directorate)

Leaders

e Japan

* France

e USSR

Canada -

* Geological disposal safe

e P&T research concept

* Participate on commercial basis

o comnmitcs = PUS
1 ,(5.“',(,{
1 . . /“n(/". ’
/N x e LTI
. / cZ’mfﬂy Lo ’{//’(
A Perspective on A, pavellisg w98 G
Waste Transmutation 5 anduchon <
. ( Jivermars )
J. McKeown ?ﬂ} ,;»{r{ o
AECL Accelerators s# ‘n;tfn '2//m
Kanata, Ontario O e A RF

* Presentation to CNA Spring, 1991
* Presentation to PNC in support of
Electron Proposal December, 1991
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PROBABILITY OF FISSION / NEUTRON ABSORBED

ENERGY (eV)

T.J. DOWNAR
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Burn-up (Protons)

2 Production

1000 MWe (LWR) —> 25 kg/a

<A Direct Burn-up

1.5 GeV protor;with 300 mA

100 kg/a

£ Neutrons

Spallation Target —> 250 kg/a
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Test Electron Accelerator

%=

Controls;

——

RF Drive

&
[}

. BMN

—

UMOYS JON -

wesAs wrupos ejeipeuLeu)

8l0N

d

woelsig]
01818089
wweis

-/

. ozl

Joressjsooy
Ol 8MN Olp

MW 0S8

1d3ONOJ XINJOHd 3HL

$U0J0Id
A0D 9}

vouex 0% 00t ..
Nd s8uLO) GS5°Y

sdd4 seuuol SOt
ugep Jed inding

w0t

Jepundxy Jojweleay

reeu)

/ euipoj Dy 00 -

SOPUNIY Joul
10 s8UUO] 9
ave) Jod ‘Indup

£ —-190



PNC TN9410 93-011

R

History
PNC/AECL Accelerator Association

* August 1990 Conceptual design delivered
e September 1990 Proposal for 5to 10 MeV stage

e April 1991 Proposal for design of
- 5to 10 MeV stage

e December 1991 Program review

-~ 3N
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RF DRIVE . R Ke

X
|
13 Uxp

(VMR 24 90 KL

'><i%
] [ £ b

..H.:; —;’T_-.-_—[\---_-— . =.‘

= Sty 4 S-lohV Sjst

G C PR B Al Asc A3 , e e s E

- . 2> TR RN EAS 5

G Gun B Bunchen /d Prase sk lte _E_

C Choﬂm- Wi “%Mn - 2’ Afcreadsr ;

: < : ke~ c
78 Prebundrer Al A3 4,,.‘);.,56\4%. E Ty

AgcL a‘l[g:l;«k a =1 ikt Gougle -~
- W
| SZ»,.A %_ O/w ¢irt Jebr . -&g



Licaiia b Bases

PNC TN9410 93-011

o~
&
5
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887 B8 :
@ w 1&6..“ g ° - !

COMPARISON OF ACTINIDE BURNING

2
g
[~
— m -
s = 3
.W40M = W W w_\ .W
W“mul.w:un.nw..w - ™ (Iv &
S8 § 33 % 3
- Lgdes5 % € € ¢
g 52 4 9 8 & 2
> 4so<§ &L 2 2.9 &
MMdP 0 90 ©O o m
5. BgEp €E ¥ ¥ ©»
2325388 3 £ £ £ ”
a § &7=c- < € & =z

Slelts 22—~ 34  Eheliw Atceltator Shuchure npu_w..t Calacdatroms

Task - shblksy ak kagh powr gradient
Al
Aavy Ledm Loaidniq

¢é» | A. Prototype Hardware Supply
Options

1. Entire structure and controls/electronics
2. Entire structure

3. Partial structure
» AECL also provides
commissioning support




g61 — Ff

Los Alamos Natlonal Laboratory

lAT:caloralor (1.6 GeV, 50 - 250 mA)l-—-s

- Accelarator driven
(SDI spinotf)

- Central, intense neutron
source

- Dilule, low material
inventories

- Continvous material food

- Advancud separations
chemisuy

- Flexible sizing

| - Enorgy production

\ prolons
. D20
;E::,we, " / Moderator
L
) Energy < >
< 18 2
— ~ 10" Jem®-s
Thermal
\/ Neutron Flux
Wasto
Food |
Advanced \ﬁ
Chemical
Soparations)
Sla:dlepa;g Short e X
Liv ucts Bi -
Molten Sah %‘,‘:g‘ Pb-8I
Loop

TWO - STEP THERMAL FISSION OF Np -237

w

Pu - 238

p (T, 2124)

o = 170D
>

0,« 02 b

PR Y

a (T= zldaéyr)

Np.238

g 20700

-~
}
~

Np -238
Fisslon Probabllity:

® (Wom®- 5)

NN, (t=2.12 d)
10° 0.963

i1 4
10 0.023
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Burn-up (Electrons)
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A

G A e
SKLYSTRON &
LINLYD shs

LR TR R G M k™

L ANEL ystem,

Coupler

Option 1

~ RF
Controls

i

Coupler
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B. Technology Ownership Options

1. AECL owns
* Deliver
* Results of computer simulations
* Assembly drawings

2. PNC obtains licence from AECL for fee
* Deliver -
° Construction drawings
* Wiring diagrams
e Manufacturing support
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Action

1. PNC selects desired options, A and B.
2. PNC sends work scope to AECL.
3. AECL responds with proposal.



