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FAST BREEDER
— FISSION PRODUCTS - MAYBE
— ACTINIDES FEASIBLE
— ACTINIDE INVENTORY BUILD UP IN REACTOR
— REAL GAIN ARTER 100 YBARS RECYCLE
SPALLATION
— FISSTON PRODUCTS - TOO MANY
— ACTINIDES - FEASIBLE
— ONE ACCELERATOR - 3 TD 10 PWR
(300 MW)  (10-30% ENERGY)
BLECTRON
— FISSTON PRODUCTS - NO
— ACTINIDES - ?
— BREMSSTRAHLUNG SOURCE ENERGY BALANCE AND REACTION
RATES MARGINAL
— SYNCHROTRON SOURCE - HARDER SPECTRUM GIVES HIGH
EFFICIENCY DUE TO GDR
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RF COST
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BT —1 19884E 9 A28~29HF a — 7 Y ~N—HEAr COBELR
(HRERICH DFKSEOM, Vice-President®Dr, H. K. Rae
EDr. J.C.D Milton 2% 1 HOFRTICHIRE L)

VISIT OF THE
WASTE MANAGEMENT DELCEGATTON VISIT TO CRNL

Wednesday, 28th September

8:00 a. m, Depart Riverview Inn 11 passenger van*
8:15 a. m, Arrival and registration at CRNL gatehouse/PIC
8:30 a. m, Welcome and introductions,
building 400 Conference Roon J. McKeown
8:40 a. m, The Japanese nuclear incineration speakers from
study PNC
10:00 a. m, Canadian physics studies on
spallation and radiation physics
- - past and present A M. Lone
10:30 a. m. Coffee
10:45 a. m, Introduction to Accelerator
Physics Branch L. H. Ormrod
11:15 The Electron Accelerator
Development Program J. Ungrin
11:30 Visit to proton and electron J.H. Ormrod/
accelerator development laboratories J, Ungrin
Bldg. 610 |
12:45 Lunch, private dining room all participants
14:00 Discussion on PNC Questionnaire G. B. McMichael
building 400 Conference Room : J.H. Ormrod
J. lingrin
J.-P. Labrie
15:15 Coffee
15:30 Departure for Riverview I[an,
Deep River {(Leave through gatehouse
monitors)
19:00 Bus leave Riverview Inn for K/0 Lodge
19:30 Dinner at K/0 Lodge

Thursday, 29th September

8:30 a.m, Departure for CRNL
8:45 a. m, arrival and registration
9:00 a.m visit TASCC facility €.B. Bigham/J., Hulbert
10:15 a.m. Coffee Bldg. 400 Conf. room
10:30 a.m, closing discussions/Bldg 600

conference room J. McKeown
11:30 a.m, Departure for (ttawa

* note : all reference to transportation pertains only to the Japanese
delegation
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TABLE 5

Principal design parameters of the MIT accelerator

E—8E

Number of klystrons

Number of medulators
Mumber of waveguide sections
Overall electrical length

Klystrons
Operating frequency
Microperveance
Peak RF power {nominal)
Average RF power
Beam voltage
Minimum efficiency
Minimum gain for saturation

10 (type VA 938)

5 each driving two kiystrons
24

150 meter

2456 MHz
2,0+0.1

4 MW to 1 MW
80 kW to 65 kW
130 kY to 80 kv
35% to 30%

41 db

Single RF output through ceramic window Into press irized wavegulde

Modulators (Hard Tube)

Peak power

Average power

Peak voltage

Peak current

Load dynamic impedance
Switch tubes
Capacitance hank
Crowbar protection

Pule duration (95% flat-top)

Voltage pulse flat-top
specification
Pulse repetition rate

RF duty fctor
Drive System

23 MW at 1. 25 kHz, 7 MW at 4 kHz
520 kw

140 kv

200 A .

1400 to 1700 chm

Four Litton — L5097 rated 180 k¥
1.8 ufF

Maximum energy release <50 joule

Continuously variable up to 15 psee
in aceordance with duty factor and
peak power (see Fig, 9)

% 0.15%

Continuously varizble up to 5 kHz in
accordance with duty factor and peak
power (see Fig.9)

2% to 6.5%

Main Waveguide Sectiong (4 short and 18 long) 27/3 mode, approx. constant gradient

Length 3. 675 and T.35 meter
Number of cavities 105 and 210
Bise thickness 5.84 and  5.8¢ mm
Number of uniform segments per section 11 and 11
Range of shunt impedance 53.8 ~57.7 and 48.0 - S8.3MQ/m
Range of group velocity (vg/c) 0.0156 ~ 0. 007 and 0. 0389 — 0. 0093
Average attenuation paramster 0.78 and 0. 825 neper
Average Q 13400 and 131750
Filling time 1.12 and  1.27psec
Zero eurrent energy gain at

Py = 1.8 MW 16,6 MeV and 23,2 MeV
Zerv current energy gain at

Py = 0.8 MW 15.5 MeV

Beam pulse length

Beam duty factor
Cooling

Water flow per section
Construction

Variable up to 14 ysec in accordance
with duty factor and peak RF power.
1.8%at Po=4 MW and 5.8% at Py=1MW
12x11mm 1. D. and 8x16 mm1, D, tukes
6,3 "and  6.3litre persec.

Hydrogen braze (copper -silver eutectic)
vacuum, jacket

and
Steering coils at each- input coupler, no solenolds for long sections.

Injector Design

Biased chopper — prebuncher and high gradient buncher in series — connection with

a 3. T meter section

Electron gun microperveance
Electron gun voltage

- Injected bunch width
Buncher length
Buncher zero current energy gain
Beam emittance design specifica-

tion at 6 MeV

Overall Performance Specification
Zero current total beam energy

1073
300 — 400 kV

<10 degrees

‘1. 2 meter
6.9 MeV at Po= 2.5 MW

10'3rm°c Xem

430 MeV at 1.8% duty

Master driver consisting of a crystal controlled solfd state osclllator
and a 1kW CW klystron with optional pin-disde modulation for pulzsed
output, Main coaxial drive line serves five 1 kW klystrons {using regu-
lated dc power supplies), each of which drives two main klystrons.

Beam energy at 10 mA
Energy spread

400 MeV at 1,8% dul
50% current tn + 0.
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AECL-5615 ATOMIC ENERGY OF CANADA LIMITED

COMPENDIUM OF LINEAR ACCELERATORS - 1976

Compiled by J.S.FRASER and S.0. SCHRIBER

Chalk River Nuclear Laboratories,

DATE

ENTRY NG. 36
NAME OF MACHINE William Hl. Bates linear Accelerator
INSTITUTION Massachusetts Institute of Technology
Location Middleton, Massachusetts
IN CHARGE Dr. Peter Demos

(Dr. Ernest J. Moniz)

HISTORY AND STATUS
DESGN, date 1964
ENG. DESIGN, date 1966-69

CONSTRUCTION, date 1972 Completed

FIRST BEAM, date 1873

COST, ACCELERATOR ~$5 Million

COST, FACILITY, total ~313 Million

FUNDED BY ERDA

ACCELERATOR STAFF, OPERATION AND DEVELOPMENT
SCIENTISTS 15 ENGINEERS 17
TECHNICIANS 26 CRAFTS _5
ADMIN & CLER _4 TOTAL 67

GRAD. STUDENTS involved during year _§

OPERATED BY Sp op.

BUDGET, op & dev  $3M FY/76
FUNDED BY ERDA

FACILITIES FOR RESEACH

PHYSICAL DIMENSIONS

TUNNEL, length 200 m, X-sec 3 mHl x 3 mW
ACCELERATOR, length 15¢ m, dia. ~l5cm 0.D.
BEAM, PIA. <1.2 cm: ENERGY GAIN 2.67 MeV/m
SOME TYPICAL PRIMARY EXTERNAL AND

SECONDARY BEAMS
PARTICLE FLUX ENERGY AEB/E
(part. /sec) {(GeV) (%)
e x10'* 0.4 ~0,3

OPERATING PROGRAM, time dist.

Basic Nuclear Physics 100 %
SELECTED REFERENCES PESCRIBING MACHINE

REPORTED BY

INJECTOR SYSTEM
TYPE OF SOURCE

Chalk River,Ontario, September 1976

August 16, 1976
¥. Lober

figh Voltage Eng. Corp.

-insulated Core Transf.

OUTPUT, max

INJECTION PERIOD 15

~ 20 mA,

at 400 keV

at ~10x mp-mrad
s, at 5000 flz Max.

Pre-Buncher Power

Prift Length

Buncher Power
ACCELERATIOR SYSTEM
TYPE
BEAM EN. (IN~OUT)
TOTAL LENGTH
RADIO FREQUENCY
FIELD MODE
Q
FILLING TIME
NO. OF TANKS
IRIS APERTURE
THICKNESS
SPACING
GROUP VELOCITY
WAVE TYPE
SHUNT IMPERANCE
ATTENUATION
RF POWER UNIT, type

_ number
RF POWER DEMAND, pesk

mean
RF POWER RATING
RF POWER FEED SPACING
QUADRUPOLES, number
GRADIENT
SPACING
SOLENOIDS

5 kif Peak
1.2 m
3 MY Peak

Disc-Loaded
6-400 Me¥

150 m

2856 MHz

TM 010

13.4 - 18,75 x10®
1,12 - 1.27 us
23

1.9 - 3.7 em
0.594 em

3.5 em

0.0389 - 0.007 ¢
IH.

48 - 5.1 MR /n
0.75 ~ 0,825 Np/TANK

YA938 Klystron
10

4 M¥/Klystron
15 ki /Klystron

4 M¥/Klystron
3.7-1.3%3m
5 Doublets

40 _kG/m

30 m Average
1 kG for 50 ft




(Ha69) J. H. Haimson: “High Duty Factor Electron Linear Accelerators”
n “Linear Accelerators”, p, 415, edit. Lapostolle and Septier,

North-Holland Publ. Co. Amsterdam (1969},
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waveguide, (c) comparison of uncorrected and sensor corrected wavepuide temperature distributions,
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1) "FYVa—-
CE B A F OI#EROBEZROWME R 7 ¥ 2 —id, ROEERr YV a—
THb,
Feb - 1987  Start construction
May 1988  End station conceptual design
Aug 1988  Start tunnel construction
20FY 1989 Place cavity contract, Experimental equipments
conceptual design

30FY ~ 1989  Complete cryomodule R/D

'30FY 1990  Start front end test to 20MeV
1GFY 1991  Start C H L operation (Central Helium Liquefier)
30FY 1992 Start north linac beam commissionning
40FY 1993 Construction project complete

20FY 1994 First beam to experiment

@ F =
FEOHEBMN, FEHDOARE
© HEMIE
Accelerator $ 124 M
Research Equipment $ 4 M
Conventional $ 6TM
Contingency $ UM
Total $ 266 M

@ BRI
$M

AEEE| 87 | 88 | 89 | 90 | 91 | 92 | 93 | 94

Construction 16 o4 44 67 65 35 4] 0
Operation g | 100 121 18] 25| 32| 40 | 40
Total oa | 44 | 56 1 85 1 90 | 67 | 45 | 40
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B9 —7 Frequency tuner for the CEBAR-Cornell cavity.
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Bj9 —9 Schematic plan view of a cryomodule installed

in the linac. (RF equipment not shown. )

%09 — 92 Performance of Superconducting RF Cavities
Laboratory CERE REK DBSY Cornell Wuppertal-Darastadt
Accelerator LEP TRISTAN  PETRA/HERA CESR 130-Ye¥ Recycloton
Haterial b Hb b on Cu Nb Hb Nb Nb Hba8n
Frequency in Hllz 350 500 500 500 1000 1500 3600 3000
Operating temperature 4,2 K 4.2 K 4.2 K 4.2 .K 1.2 K L8 K L8 K 4.2 K
Single-cell cavities
Ba (MV/m)#x 10.8 13.0 16.8 .6 " 5.5 22,8 * 23.1° 7.2
QatEal985 1.8 x16° 0. 7Tx19° 0.4x10° 0.6x10° 5x10° 2. 5x10° 1.2x10° 1. 1x10°
Ba (MV/m}x 4.7 7.6 — 6.5 5.9 8.5 10.0 —
0atBal933 5 x10° 3.6x10° — 4.1x19° §x10" 7 x10° 4 x10° —
Hulticel]l resalts Jcelis Scells —_ dcells 9cells jeells 5/20cells Scells
Ba (MV/m) 7.5* 5.0 - 9.8 5.5 15,3 * 12, 3/7. 4 -4
QatBal985h 2.2%10° 0. 7x10° — 0.6x10° 0,5x10° 2.2x10* 3.5/1.2x10° 4. 5x10°
Ea (M¥/m)x 2.8 - — 2.5 5.4 3.1 —
QatHBal¢83 1 x10° — — ax10"® 4.5x16" 1 x10* i —

v Cayities fabricated from high-thermal-conductivity niohium
** Under continuous wave operation
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