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[IpuMeHeHHEe HU3KO3HEPIETHYECKHX YCKOPHTENEH
B 3JIEKTPOAAEPHEIX CHCTEMaX

B anekTposgepHbIX cHcTeMax ¢ GoNbIINM KO3(DHIIMEHTOM MY/ThTHIUTHKALHN
(Ke ﬂ> 0,94), rne TennospiAe/eHHE B peaKUUAX JEJIEHHA BO MHOTO pa3 IIPpEBOCXOAUT

DHEPryI0 YNPAaBIAKLIEro Ny4Yka yCKOPEHHBIX HacTHIL, HOHH3ALUHOHHBIC NIOTCPH CTa-
HOBATCH OTHOCHTEJIBHO MeHEe BAXHBIMH. DTO NMO3BOJIIET HCNOIB30BATh YCKOPHTEIIH
NpOTOHOB H JIETKHUX HOHOB C BHCPFHCﬁ BCEro JIHIb B HECKONBKO COTCH MSB, 4TO
CYLIECTBCHHO YACLIEBNACT CUCTEMY M O3BOJIACT UMETh 3HAYNTEIBHO fomnpLune TOKH,
YeM B ClIydyae BBICOKODHEPreTHYECKHUX MAIIWH.

Pa6oTa BrinonHeHa B J1aGopaTopHH BEIYHCIUTENBHOM TEXHHKH U aBTOMATH3aLHH
OUsIU.
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‘Application of Low-Energy Accelerators in Electronuclear Systems

In electronuclear systems with high neutron multiplication factors, keﬂ> 0.94,

where the heat generation due to fission reactions essentially exceeds that obtained
due to the driving beam of accelerated. particles, ionization losses appear to be
relatively less important. This allows one to use proton and light ion accelerators
with energies just about several hundred MeV, which significantly simplifies
the system, makes it cheaper and provides a possibility of getting much higher
currents than those in high energy machines.

The investigation has been performed at the Laboratory of Computing
Techniques and Automation, JINR.
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Over many years discussion of the features of electronuclear
technology was fixed mostly on the breeding of nuclear fuel in uranium
and thorium targets with neutron multiplication factor K.;;y =~ 0.3 —
0.5. In these cases optimal energy of the primary proton beam is £ =~ 1
GeV because the energy cost of the produced neutron N/ E (here Ny,
is the total amount of neutrons escaping the reactor volume and those
neutrons which initiated capture and fission reactions, see also Table
below) increases at larger energies, capital costs of accelerators raise
impressively up, while shifting to lower energies leads to a decrease in
production of ?*°Pu and 33U due to increasing ionization losses and
reduced amount of neutrons generated in inelastic p — U and p — Th
collisions. For example, when the estimated energy spent at £ = 1 GeV
on éroduction of one »*°Pu nucleus in a very large (practically infinite)
natural uranium target is £/Np, = 9.6 MeV, at £ = 0.4 and 0.2 GeV
this value reaches already about 17 and 40 MeV 1.

Simultaneously, the neutron yield and the coefficient of energy
amplification Komp = Qiot/E (here Qo is the total amount of heat
delivered in the target-blanket system) in subcritical electronuclear
reactors with K.,y ~ 0.94 — 0.97 keep large even at low energies,
therefore energy losses by ionization appear to be not that important
as for the systems with low K.s; values.This is evident, in particular,
from Table where the values of relative losses on ionization Q;,,/E and
the coefficient of energy amplification are shown for one of the versions
of electronuclear system with plutonium blanket based on construction
elements of the core of the impulse fast reactor IBR - 30 available in

Dubna (see Fig . 1[3]) 2. Even at E = 0.1 GeV when only 5% of

1t is assumed that the proton beam is introduced into the target through the gap
because otherwise large fraction of the neutrons escapes the target volume due to the
‘scattering at large angles. Here aud below all calculations are performed by means of
Monte Carlo simulation based on assumptions discussed in detail in the papers [1, 2].
22000 proton histories are simulated for each energy.

)

initial energy is spent to produce neutrons, heat generation exceeds the

energy of the incoming beam by a factor of four. -

Fig. 1. The t.a'rget reactor. assembly is shaped as a multilayer
cylinder with a tungsten primary-target with a radius R = 1.5 cm, length
L = 14 ¢cm which is covered by a plutonium blanket with the dimensions

RxL=7.2x14¢:m2 and the average, density. of plutonium p = 8,g/cm3. ‘
Plutonium pins are clad with the tungsten (0.1 mm thick) and stainless steel
(0.3 mm thick) casings. The reactor is surrounded with a steel reflector with_
thickness AL = 10cm and with the tungsten reflector . 2.4 cm thick. The
beam of the accelerated protons is introduced into the target through the
axxal channel to the depth ofl cm. Space distribution of the proton beam is

shaped asa gaussnan thh the half-width R =1¢cm.

In suberitical electronuclear systems driven by accelerators with energy
E>0 2 GeV, energy amphﬁca.tlon Q,o, [ E and rela.txve neutron. yield
Nm JE decrea.se due to-a large contrlbutlon of ﬁssmn reactions only by

a factor of two in.comparison with: high energy accelerators. That is
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Table
Parameters of the electronuclear system at various proton

beam energies E

E,GeV | K. Nu/E Qim/E Qin/E
0.1 [0939 64 095 4.3
0.2 |0.941 210 0.85 11.2
0.3 /0943 276 0.80 155
0.5 |0.944 378  0.690  20.8
0.65 -[0.943 393 0.58 21.4
0.8 [0.946 396  0.47 214
1.0 .| 0.946 409  0.41 221
1.5 {0,945 379  0.34 20.4
2.0 - |0.942 347  0.30 18.7
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acco(mpanied also “by _eséentidﬁy smaller accelerator costs and the
possibility to increase'significantly the intensity of the beam 3.

Ionization losses in the energy region equal to several hundred MeV
could be reduced significantly when the deuteron beam is used instead

of the proton one. Tlie neutron'yield in the very large natural uranium

tatget mentioned above increases by 50% at E = 0.3'GeV and by 60% at:

E = 0.2 GeV.. The neutron yield and the heat geneération in subcritical
electronuclear assemblies increase in a similar manner as well.

As one can deduce, employment of accelerators especially deuteron

accelerators with energy about several hundred MeV appears to be more’

advantageous in comparison with the 1 GeV proton machines. Such

3In the case of the electronuclear installation which is being developed in Dubna
and is based on the combination of the core of the plutonium reactor IBR-30 and the
650 MeV phasotron the decrease of the Kymp in comparison to the 1 GeV beam'is
equal to only 3 —5 %. We would like to stress specifically the importance of studying
the properties of ecologic?lly safe and economically effective electronuclear utiliiatipn
of the rapidly growing stock of ”technical” plutonium from the nuclear power plaﬁts
because such plutonium as is well known today could be used to manufacture nuclear
weapons which is seriously dangerous from the proliferation point of view.
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approach seriously changes the strategy of electronuclear technology.
It is seen ' from Table that the value of the I.f; grows weakly

with the beam energy reaching similarly to the Kymp, and Ny/E

values its maximal level at E~ 1 GeV as a result of neutron spectrum

variations. At the same time fluctuations of the multiplication ability

<;] of the electronuclear installation are possible during its operatbion due
i “to different thermal effects related to variations in the coolant flow,
J acceleration regimes etc. It is shown, as an example, in Fig. 2 how the

heat generation and neutron yield are changing depending on the value
of the K.;; in the reactor presented in Fig. 1 for the proton beam at
650 MeV available at Joint Institute for Nuclear Research 4.
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Fig. 2. Dependence of the heat generation (solid curve) and neutron
yield (dashed line) on the neutron multiplication factor
” In the region of K.y = 0.94 — 0.97 fluctuations AK,;¢/Kep =~ 1%
\] 4Variation of the K,y; value is obtained By respective variation of the plutonium

blanket radius.



change the Kypp by 25 — 30%. This is the region of quite safe operation
of the electronuclear installation. Sharp (~50 %) changes in the heat
generation and neutron yield appear only at K.;; > 0.99.
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