


Though the idea of sub-critical electronuclear reactors has long been
created (see, e.g., a review [1]), for several decades the electronuclear
systems were considered only as breeders for a production of plutonium
or U in targets with natural or depleted uranium or thorium and with
a multiplication coefficient K.;s < 1. It was supposed that each such a
breeder should supply by nuclear fuel several nuclear plants. Theoreti-
cal modeling and experimeﬁts have_’sh.own that an optimal energy of the
bombarding particles is about 1 GeV because at other energies the "en-
ergy cost” of the produced neutron increases, especially due to a rapid
growth of lonization losses at lower energies. For example, if the esti-
mated energy spent at £ =1 GeV on the production of one neutron in
a very large (practically infinite) natural uranium target is E/N, ~ 9.6
MeV, this value reaches alreédy about 18 MeV at £ = 0.4 GeV and 45
MeV at £ = 0.2 GeV. A shifting to higher energies leads to a significant
increase in capital cost of the accelerator. - '

The physical and economical estimations have shown that the elec-.
tronuclear breeding is an excellent method to utilize the natural uranium

‘and thorium !. However, progress on this way is restrained by a necessity
to use accelerators with very intense beams ~ 100 mA when we encounter
both a lot of pure technical problems and serious difficulties stimulated
by the demand of the radiation safety. ‘

The idea of using sub-critical systems has been rehabilitated by C.
Rubbia who proposed to confine oneself to a closed scheme "one accel-
erator — one reactor” when the electronuclear setup, without no ad-
ditional breeding, produces energy and incinerates its radioactive long-

living waste. Such an approach allows one to reduce the beam intensity

by au order and is uot far to the region of the already assimilated proton
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Such a conclusion was a results of a permanent seminar of specialists from several
Russian and Ukrainian institutes which took place in Obninsk under leadership of P.
L. Kirillov in early 70s. The seminar prepared a memorandum which initiated the

regular investigation of the electronuclear problem in former Soviet Unicn and later
on in Russia. |

currents. By that, as before, the energy of 1 GeV is considered as an
optimal one. The recent experiment by Rubbla. et al.. w1th a reactor in
a proton beam [4 o] has confirmed that the relative (per an unity of the
consumed energy) heat production and the neutron yield are maXImal
at 1 GeV indeed. However, in sub-critical systems the main contrlbu.-
tion to the heat and neutron production is due to the low-energy ﬁssion
and the ionization losses are not so impurtant as in the case of small
100 MeV
where about 95 % of the energy is transformed into the ionization losses
the relative energy gain AQJE = IQ(E) — E|/E is, nevertheless, several
times greater the ﬁnify As it is seen from Fig. 1, a shifting from E =1
GeV to E = 0.5 GeV decreases the value of AQ/E only about on 5%. A
rapid abatement takes place only at E=0.2GeV.

K.;s. For instance, at the bombarding proton ‘energy E =

In Fig. 1 typical values of the correctlon factor of the proton beam
intensity n(E) = Q(1GeV)/Q(E) compensatmg the decrease of the heat
generation in comparlson with that at E= 1 GeV. are shown. Slnce,
in contrast to the hlgh energles, in the reglon of severa.l ‘hundred MeV
tlie beam intensity can be enlarged in dozens times (espec1ally by us-
ing of several beams for one target, see below), the use of low-energy
accelerators in electronuclear setups seems advantageous.

" The conclusion of the paper [4] that E = 0.3 GeVis a threshold for
the spallation processes seems to be too rough. The number of spallation
particles at those energies is indeed rather small,- however, a generation
of particles in the process of an evaporation of excited compound-nuclei
which are created due to an absorption'.of fast particles devélpping in the
target remains significant (for details see the monograph [6]). Due toa
multiplication of these particles in internuclear cascades the relative heat
production Q/E at E =0.2 Gev is only two times lower-than at. E =1
GeV. The conclusion of the paper [4] contradicts the numerous cascade
calculations and the experimental measurements for thin and thick ura-

nium and leaden targets.
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F]g 1. Dependence of the relatzve energy gam AQ = |Q(E) E|/E (solid
curve) and the correction factor of proton current n(E) (dashed curve) on
the bombardmg proton energy E The calculatzon ‘have been done Jor the
electronuclear system designed in JINR on the baszs‘ of the core of the im-
puls‘e plutonzum reactor IBR 30 [2 J] Coeﬁ‘iczent of neutron multzplzcatzon
Ixe” = 0 943 + 0. 003

An-electronuclear setup combining the plutonium reactor and the
proton. accelerator with the energy E = 0.66 GeV.and current 3.2 A is
beeing designed at JINR. Though;the proton energy is one third srhaller
than: the ”optimal” one-E =1.GeV, the decrease of the energy gain is
only 3 %. The use a quarter of the proton b/e@m.intensityxby K.ry =094
:allows one to have a heat pawer.about 10 kW [3] which can.be removed
~by-an-aerial cooling. In order to avoid any alt,eratiolbl“s‘-ov_f,: the radioactive
core of the available reactor. the:core in the new setup.will be made of
two identical parts disjoined by a steel plate with urani_um-molybdenud]
insert. in:its center. ;This plane segnient substitutes the revolving disk of
the working now impulse reactor. The uranium (*U) in. the center, of

this detail is necessary to increase the coefficient K.y of the setup. The

. of acceleratmg temlon on each one. The warm 1f cavme'

so the turn separations are o cni and gr eatel

beami-of the accelerated protons is brought into the edge of the segment.

" “Estimation of the thermal loads of various components of the designed

'setup have shown that they:do not exceed.the:critical values and can be

“rapidly decreased by means of a decrease of the proton’ current. By.the

proposed value Kepy = 0.94 the setup is a safety sub-critical assembly

‘and do not need a special systein of emergency safeguard.. ;

“During' several: years in our Institute an accelerator system for an
industrial electronuclear power plant. with a thermal power :}Gw has
been designed :[7]. It includes 10 warm 28 MeV' injector- isochronous
cyclotrons and an 240 MeV separated orbit cyclotron (SOC) with 10
floor superconducting magnet system and 12 rf Ca.vmes pro-iucmg 10
separate 10 mA proton beams. Primary this SOC was" assurned to” be
used as a booster for a main. super(‘onductmg 1 GeV SO(, The developed

idea to use low-energy proton beams in electronucleal qetupq allows one

“to mdnage without the later mashine.” That four times ‘decreases' the

‘complexity and the cost”and of the accelerator system. .«woio:

The 6 cm neighboring orbit separation at the final energy’incinjector

~ cyclotrons is aclneved by the applu dthl) of 6 dees with 120 fkV unplltude

i

m “the 240

‘MeV (‘V(‘lOthll are snmlal to the used at SIN To exmte the arcoleratmg

tension m a cav1ty one needs approxnnately 100 kW powm 'without the
beam load and 22MW at thé operating beam current.. So,.the- oﬂlclemv
of the rf power using is 95 %. The energy gam per turn is up 1o () Me\/

. The. bending and focuqmg of the proton beam iu the ‘740 Me\ s0¢
are provided by super (‘onductmg dipole and- quadrupole magn( ts, of syn-

chrotron type with 25 mn apertures and low magnetic field formed by

" steel yokes [b] For’ example, the field in-a dipole magnet ié 1:2 T. This

type of SC magnetﬁ; was successfully used in Dubna at the construction
of JINR Nuclotron.. . . . - ,j ‘
The super(‘ondu(‘tmg magnotq form a ﬂat qpnal magnetl( 1()4(1 In

SOC there are 10 such roads:placed on one another. The maguet strue-



" ture has 16 FODO cells per turn. ‘All superconducting magnets are as-
sembled in 64 LHe cryostats placed between the rf cavities. Their esti-
mated heat leaks of a cryostat is 10 W.at LHe temperature, i.e. about
1 MW on the electrical system for all magnets or lower than 1 % of the
total beam power. - '

The designed cyclotron facility is inore compact than any linac, lt is
‘much cheaper and reliably in the operation. The.division of the required
very intensive beam into 10 separate channels at the start of the accel-

“eration provides stable operation of the facility and its flexible control.
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