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General Consideration

Future developament of nuclear power engineering
depends on the successful solution of two key
problems of safety and utilization of high level
radicactive wastes ( HLRW ) of atomic power plants
( APP 5 .

Modern wmethods of HLRW treataent involve
solidification , preliminary storing for a period of
30 - 50 years necessary for the decay of long-living
nuclids and final burial in geological <forasations
several hundred mseters below the ground surface. The
" depth burial of the radicactive wastes requires
complicated under ground constructions. It’s very
expensive and doesn’t meet aodern ecological
requirements.

Alternative aodern and sore reasonable aethods
of AFP HLRW treataent are under consideration now.
One of the aethods involves separation of APP waste
radionuclids for use in economy with subsequent
transmutation of the long-living isotopes 1into the
short-living ones by high-intensity neutron fluxes
generated by proton accelerators [1 - 3].

The installation intended for the long-living
radionuclides transmeutation into the short-living
ones is called burner-reactor. It can be based on
the continuous reqime proton accelerator with
1.5 GeV enerqgy, 0.3 A current and beam aean power of
430 MW. The preferable type of the proton
accelerator with the aforementioned paraseters is
the linear accelerator [4 - 5].

Accelerator layout and paraseters

Experience and new ideas in linear proton
accelerator design lead to the accelerator schese
presented in Figq. 1.. The following basic concepts
were taken into account in burner-reactor linear
accelerator (BRLA) design.

- Simultaneous acceleration of H and H beams
15 specified to provide for a nusber of output
beams. Therefore the frequency increase factor ( the
ratio of the operating frequencies in different
parts of accelerator ) has to be odd. It was chosen
to be equal to 3. Larger values lead to fact that
phase spread of the bunch at the output of the first
part of accelerator due to space charge effect and
accelerator parameters errors surpasses the phase
width of the accelerator second part separatrix.

- At the present design stage two pairs of
operating frequencies for the accelerator parts are
considered : 330 and 990 MHz ( 990 MHz 1is the
operating frequency of the second part of aeson
physics facility linear accelerator at the INR of
the USSR Academy of Sciences )3 200 and 600 MHz. The
first frequency pair is preferable. It enables the
RF generator size and cost to be decreased. At the
same tise the beam dynamics still remains favorable

with regard to the particle losses.

~ Specific acceleration in both accelerator
parts was chosen to be equal to 1 MeV/am.

- According to the world achievements in RF
high-power generator design the output power of a
single generator in both parts of accelerator was
chosen to be equal to 5 MW. The numbers of cavities
and generators in accelerator parts are equal to 8
and 100 respectively ( with due allowance for 10 per
cent reserve and feeder losses ).
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Fig. 1. The diagram of the burner-reactor linear
accelerator

Consider the BRLA layout ( Fig. & 2. The
accelerator 1involves +two injectors of H and H
beams, initial part ( IF ), first and second parts.

The IP proposed in MRTI is based on the S - 8 T
superconducting solenoid focusing. The solenoid
contains a resonator with opposed vibrators
providing for high accelerating wave aamplitude Em.

The 1 A value of 1limiting current corresponds to
E = 15 kV/ca with equilibrium phase of 70 and
m

injection enerqy of 200 keV [4,71.

The resonators with drift tubes are used in the
first part of the accelerator. 1Initial enerqy is
3 - 5 MeV. The amain second accelerator part is based
on the resonators with washers and diaphragms
developed in MRTI for the USSR Academy of Sciences
Meson OGenerator { MEGAN ) £83l.

An appropriate focusing systes for both
accelerator parts is that with peraanent quadrupole
lenses. The option provides for high reliability
along with the simplified and unexpensive
maintenance. In both accelerator parts a FODC
focusing period structure is used which 1is less
sensitive to the magnetic field errors then the FDO
structure.
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High degree of injected beam current stability
( about 1 per cent ) is necessary to seet the strict
RF field amplitude and phase stability requiresents
( 1 per cent and 1 respectively ) of the 500 MW RF
power supply system with due allowance for cavity
beam loading and desirable systes high efficiency.

Regotron - high power RF amplifier
The implementation of RF power supply systeas

for continuous sode accelerators with total RF power
of several hundred MW requires RF generators with at

least S - 10 MW output power, 70 - 80 per cent
efficiency and 20 dB gain. Proposed in MRTI
regotron, 1i.a. a relativistic electron beams
generator with distributed RF power extraction

system meets the aforesentioned requiresents [%,10].
One of the generator’s peculiar features is the
utilization of a certain nusber N of uncoupled
cavities in the power take-off systea. The technigue
provides for the microwave power take—-off which is N
times that of a single resonator with the given

ultimate dielectric strenqth.
To increase the device efficiency n = 1 - h%/hk,

where W and u% are the beam initial and final
L

energies respectively, one has to organize the
particle dynamics so as to preserve the bunch

configuration and hence the current harmonic at the
entrance of the power take-off system through the
whole deceleration process till the minimum possible
final energy Nf. The well-known principle of the

agcelerator theory - that of autophasing - is used
in the device to solve the problem. The asost
effective aethod of the autophasing implemsentation

in a distributed power take-off system is based on
the use of cavity pairs. The first cavity of each
pair 1s passive. It 1s detuned to the higher
frequencies with regard to the operating frequency
and serves as a beam buncher, whilst the second
cavity , which 1is active, 1is tuned in to the
resonant frequency. It is coupled with the load and
takes off the beam power. The typical current first
harmonic I1 variations are plotted in Fig. 2 against

the bunch relative energy N/wo in the power take-off

systes with ( curve 2 ) and without ( curve 1 ) the
autophasing. The autophasing clearly provides for
the longer beam energy take-off feasibility and thus
for the higher efficiency. Investigations show that
regotron is capable of generating 5 - 10 MW HF power
in continuous mode with 70 - 80 per cent efficiency.
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Fig. 2. The dependence of beam current first
harmonic on the bunch energy

Initial part of accelerator

The proposal of the radiofregquency
focusing ( RF@ ) in the initial part of
is the real basis of the linear proton
sode accelerators isplementation (11].
limiting current of the RF8 initial
accelerator is less than 1 A.

The next stage of the linear 1ion
is the developsent of strong axial
focusing accelerators with 5 -8 T
solenoids. In the accelerator the sain problem of
the initial part - that of focusing - was thus
reaoved. The increase of the synchronous phase 1n
the strong aziamuthal magnetic field focusing
( SAMFF ) accelerators enables the limsiting current
to be enhanced up to several Amps.

An accelerator based on the SAMFF was proposed
in MRTI [6,7]. Experimental proton accelerator with
the following paramseters was also built.

quadrupole
accelerator
continuous
However the
part ot

accelerators
magnetic field
superconducting

1.5 MeV

100 - 130 keV
0.4 A

196.8 MHz

Output energy

Injection energy

Accelerated proton beaa current
Operating frequency

Beas pulse length 30 - 70 s
Pulse repetition rate 1 pulse/sec
Accelerating-wave amplitude 3.7 HWW/m
Focusing magnetic field 7.6 T

The idea of SAMFF was used in the initial part
of BRLA. The input and ocutput energies are 100 KeV
and 3 - 5 MeV respectively.

Probleas
accelerator

three main
efficiency,

Asong the integral
design as a whole namse the
probleas — that of econoaical
reliability and radiation purity.

problems of

Efficiency and reliability probless [12,13]

The total accelerator efficiency is basically
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defined by  that of RF resonator energy
transforsation into the beam kinetic energy
({ resonator efficiency nr ) and electric power
transforsation into the RF generator energy

{ generator efficiency ng }. The total efficiency is

equal to the product of the two cosponents n=nrng.

The resonator efficiency estimate has a fora of

- 2
n, = 1/[1+(Ea/IbZT2cos s ]

where Ib is the beam current, Eq is the wvoltage

corresponding to the proton enerqy gain per unit
length ( its value is equal to the energy gain per 1
a of accelerator ), Z is the effective shunt
resistance of resonators per unit length. If
2T° = 40 MOha/a, e, = 20° and I =0.3A then the

resonator efficiency amounts to 0.9.

The accelerator efficiency problem should be
solved by the construction of regotron with at least
efficiency of 0.8. Then nrng x 0.7 and the total

accelerator efficiency estimate is 0.6.

Consider the reliability problea. The
reliability of the accelerator can characterized by
beam availability, which Iis equal for LAMPF
accelerator - 0.85 and for * I-100 *
accelerator - 0.99.

The following probless are crucial for solution
of the BRLA reliability probles : creation of
reliable high-power regotron type generators with
service life of at 1least 10 thousand hours,
provision for the reservation scheme, use of passive
elements such as persanent aagnets in quadrupole
lenses, development of the failure prediction
system.

Radiation purity problea.

A linear accelerator is considered to be
radiation pure if the induced py-activity doesn’t
exceed the occupational radiation dose of

28 nGyshour at the distance of 1 & from the axis of
accelerator after 1 hour upon its shut down. The
corresponding permissible beam loss in the energy
range W = 0.1 - 1 Gev amounts to [4]

W g x 0.05 GeV nA/s 1)

The problem is essentially that of limiting the
beam loss at the level given by the eq.(1). Under
the condition the accelerator saintenance does not
require asanipulators and can be perforsed eanually.
Since the time of direct accelerator engineering
service is limited, the sanual service is
peraissible even with the dose power of
0.5 aGy/hour. The corresponding level of beam losses
amounts to

Waq=x 1 GeV nA/a 2)

Under the condition (2) and with specific
acceleration of 1 Mev/s in the second part of
accelerator ( i.e. 0.1 - 1.5 Gev ) the total
peraissible beam current losses amount to 3 uA. With
the beam current of 3I00 mA it leads to the

persissible relative losses of about 107>,

Several sethods were proposed and developed in
HMRTI to solve the radiation purity problesm. Sose of
thes were applied, in particular, in MEGAN
accelerator. Among the methods are the following:
beam phase volume filtering, suppression of coherent
longitudinal and transverse beas oscillations,
contactless beam paraseters aeasuresent, beas
distortion diagnostics through the beas loss
aeasurement, and residual gas pressure limitation in
the H beas channel.

The analysis of linear proton accelerator
science and technology development and current
status along with the modern problems shows that the
design and construction of continuous sode
1.5 6eV - 0.3 A linear proton accelerator is
feasible and does not encounter with unsolvable
science and technology probless.
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