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1.Introduction

Guarantees for safe exploitation of atomic energetic plants,
necessity of storing of radioactive waste and economically
profitable utilization of plutonium accumulated, a danger of
propagation of nuclear weapons - all these cause to turn to a
much more safe trend in nuclear power engineering using
accelerator driven electronuclear systems (ADSs). with proton
Several types of such set-ups have been proposed and are
designed now ( see [1-3].where one can find out more detail
bibliography). All these projects demand accelerators beam
intensity around 5 - 20 pA. However, now there is no need to
wait for a construction on large ADSs with high-current
accelerators which is a serious technical problem. In order to
study the possibilities of the new trend, the available
accelerators may be used which allow one to create
experimental ADSs with a neutron multiplication coefficient of
Kesr < (0.92 - 0.95) and a heat power of several tens of kW.
This would be sufficient for testing the basic ideas of
electronuclear technology and for obtaining the data which will
make the designing of large ADSs easy and more reliable. The
use of Plutonium allows one making ADS more compact and
simultaneous research on possibilities of safe utilization of this
element.

2. Parameters of ADS with metallic plutonium

At JINR an ADS has been designed on the basis of the
available 660-MeV proton phasotron and the plutonium zone of
the IBR-30 reactor which is expected to be disassembled after
start up of a new reactor IREN [4,5]. Table I gives estimated
values of total neutron yield N and thermal power Q (without



the power gone with y-quanta) of such an ADS for various
values of K. in case of using the full current of the JINR
phasotron J=3.2 pA

Table I
Parameters of ADS with metallic plutonium

Ker | N,10° | Q, kW
0.94 |4.57 41.6
0.96 |6.18 70.7
0.98 13.1 113

The data are related to the set-up designed in the form of a
cylinder with a central tungsten target of a diameter 3.6 cm, a
plutonium blanket of a size of R x L=14 x 7.2 cm, density 8§
g/cm’ and a steel cover of size 2 4 cm. The blanket is
surrounded with a 10 cm tungsten reflector.

We see that in order to obtain a power of about 10 kW, that
can be removed with a simple air cooling and at the same time
allowing one sufficiently precise experimental research at quite
safe values of K. < 0.95, we can restrict ourselves with a
quarter intensity of the accelerated proton beam. In future,
after upgrading, the set-up would be used for studding of ADS
with water or metallic cooling.

Unfortunately, the difficulties related to transferring the
radioactive components of the IBR-30 core and prolongation of
its exploitation in connection with a delay of start up of the
reactor IREN have made us consider variants of ADS based on
the commercially available uranium - plutonium fuel MOX
(25\%Pu02+75% natural UO2 with the density of 8.64 g/cm’)
and constructive components of the core of the reactors of a BN-
600 type.



3. Parameters of ADS with MOX fuel

Fig. 1 shows a principal scheme of such an ADS with the use of
a lead target and a beryllium reflector allowing one, due to
reactions (n,nn'), to reduce the required MOX amount [6,7]. The
core with a hexahedral cross-section is formed of standard fuel
cassettes used in BN-600 reactors. Each of them contains 127
rods with MOX fuel. Besides, to fill in the emptiness in the
hexahedral core, six diamond-shaped segments of the standard
cassettes with 42 fuel rods (Fig.2) are used.

Inside the core three experimental channels are provided, each
of them replacing 21 fuel rod. In order to increase K., the
cassettes are used without external steel cover which only
remains at the external edges of the core. The ratio of the weight
of fuel MOXe and the weight of iron in the thermal release rod
1s MOX : Fe=1:0.107. In this case 0.2 cm steel wall of the fuel
rods in the cassettes and the arming steel springs wrapping up
these rods are taken into account. The total weight of the fuel is
114.5 kg (for a blanket of 50 cm length).

Concrete 1s used as radiation shielding. We assume that the
installation will be placed in a separate room provided with
extra radiation shielding of the environment. On the opposite
side of the proton beam input the set-up is supplied with
screening gamma-radiation 30 cm lead layers. A part of
measuring devices will be placed behind it.

The properties of the ADS designed were simulated by Monte
Carlo method on the basis of the program package CASCADE
[7,8] developed at JINR. To describe the behavior of neutrons
with the energies E < 10.5 MeV a 26-group system of reactor
constants [9] was used. Calculation of K¢ was performed with
the help of the MCNP computer program since comparative



computations have shown that the use of constants of the library
[9] for beryllium lessens the value of K.

Fig. 1. cm. Longitudinal section of ADS. Central lead target in a thin steel
cover is surrounded by a channel for air cooling. Core with cassettes of
MOX fuel is separated by the steel cover. The core of 50 cm length is
surrounded with a beryllium reflector and an external layer of concrete.
Proton beam enters the target center. On the opposite end-wall there are
two leaden layers of 30 cm width to take-in gamma irradiation. The total
length of the installation is 160

To simplify the computations, the hexahedral core has been
approximated with two homogeneous in their contents
concentric cylindrical zones with internal radius (the average of
the radii of the inscribed and described circles of the fuel
cassette) 4.86 cm and external radii 13.9 and 15.9 cm (radius of
inscribed and described circles 6-hedral core). These, the
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internal and peripheral, zones have 940 and 113 fuel rods. The
ratio of MOX and iron concentration in the internal zone is
similar to that in the fuel rod. In the peripheral zone including a
2 mm steel cover of the blanket and part of the beryllium screen,
the ratio MOX : Fe : Be =1 : 0.66 : 1.01 (the amount of
beryllium was determined by a difference of a volume of the
hexahedron core and a total volume of two approximating
Zones).

The calculations have taken into account that the end-walls of
the core have steel strengthening of the fuel rods and a reflecting
10 cm beryllium with a weight ratio of Fe : Be=1 : 0.69 filling
in the gaps

Table II presents estimated characteristics of ADS for several
widths of the beryllium reflector L. All the data are presented
again for 3.2 nA of the proton current with energy 660 MeV

Table 11
Parameters of ADS with MOX fuel

L,cm |10 20 30 40

N, 10" [0.966 |1.05 1.07 1.08
Q, kW |11.7 15.4 15.5 15.6
Kesr 0.931 [0.940 [0.948 |0.952

Like in the case of metallic plutonium, MOX fuel provides a
way to get a thermal power of 10 - 15 kW in safe sub-critical
conditions with a multiplication coefficient essentially less than
unity. This conclusion are not canceled by the fact that the data
of the Table II are related only to isotope *’Pu while the
commercial MOX fuel usually contains about 3% of isotope
#py which lowers Keff by several hundredths and influences



noticeably the value of Q. Even in this case the energy
production remains within a ten of kW.

Fig. 2. Cross section of ADS. Cylindrical leaden target of 8 cm diameter
inside the hexahedral core with the sides of 4.86 and 15.9 cm of length.
Steel cover of the target and internal cover of the core are of 0.1 cm in
width. External steel cover of the core - 0.2 cm. The width of the concrete
shielding - 30 cm. The width of the beryllium reflector varies within 10 -
40 cm.




Heat production would be increased, if we would leave standard
fuel cassettes and turn to a assembly free filled by the fuel rods,
however, with the same distance between them as in the above
considered ADS. This way a hexahedral core would be
assembled, with the length of sides of 17,7 cm and containing
1398 rods. The multiplication coefficient increases by 0.015
approximately, and the heat release - by more than 20%. The
MOX weight is 160.5 kg in this case.

- As one of the possibilities, an ADS with two layers of standard
fuel cassettes has been investigated. To construct a symmetrical
hexahedral blanket, 18 full cassettes and their 12 halves are
required in this case with a total weight of MOX fuel of 358.5
kg. With a 20 cm width of the beryllium reflector Ke;=0.96.

A heat release in such a system Q=51.1 kW for the urrent 3.2
1A, neutron yield N=3.1 10",

4. Conclusions

Our calculations show that existing accelerators with rather low
intensities can be used for construction of experimental and
relatively cheap ADSs with a heat power up to several tens of
- kW. The costs of the above considered one or two layer of
standard fuel cassettes have been estimated as a million USD.
kkk
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Bapamrenkos B.C., ITomsacku A., Ily3sinun U.B. E2-2000-131
DnexTposuepHbie cucteMbl Ha ocHoe 660 MaB ¢azorpona OMSIU
U1 M3Y4EeHHs YTHIM3alMU IUTyTOHUS

Heitcteyromuit B OUAN 660 M3B ¢a3oTpoH C TOKOM NPOTOHHOTO IydyKa
3,2 MHMKPOA MO3BOJIIET CO3/aTh OE30IacHyI0 3JeKTposnepHyio cucteMy (ADS)
¢ K03(h(PULHEHTOM MYJIbTHILIMKAIIUM HEUTPOHOB K ¢ < 0,95 u Tennosoit MoHo-
cteio 10-30 KBT, BrojiHe KOCTaTOYHOM IJ19 ®KCIEPUMEHTAIBHOIO M3y4eHHUS 3JIeK-
TposnepHoit TexHonoruu. IlomoOHasd mpocTas M JemeBast YCTaHOBKA IIO3BOJIMT
HpoBEepUTh Ga3UCHBIE HICH MIHPOKO 0OCYXIAEMOro B HACTOSINEE BPEMS HOBOTO
METOa IPOM3BOJCTBA SHEPrHH M MpPENOCTAaBUT HMH(OpMAIHMI0, HEOOXOMUMYIO
11 TIPOEKTHPOBaHUA OoJiee MOIIHBIX NpoMblieHHBIX ADS. PaccMotpeHs! 1sa
THNA moakputHdeckux ADS: ¢ OpyXeHHBIM MeTaUIMYECKHM IUTyTOHHEM
U co craHmapTHeM TormBoM MOX (25 %-Horo miyronus). Hicnionm3oBanue Ge-
pWUIHEBOrO pechlIeKTOpa MO3BOJIAET 3HAYUTENPHO CHU3UTh KOJIMYECTBO HEOOXO0/H-
MOTO TOIUIHBA.

PaGora BeimonxeHa B JlabopaTopHu BHIYUCIIUTENILHON TEXHHKH M aBTOMATH3a-
nuu OUSIHL.

INMpenpunt OGBEIMHEHHOTO HHCTHTYTA ANEPHBIX MccnenoBanuii. IyGua, 2000
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ADS’s Based on the 660 MeV Proton Phasotron of JINR for Research
on Utilization of Plutonium

The operating in JINR (Dubna) 660 MeV phasotron with the proton beam in-
tensity of 3.2 pA provides a way for building a safe ADS with the coefficient
of neutron multiplication K < 0.95 and the heat power of 10-30 kW which is suf-
ficient for experimental research on electronuclear technology. Such a simple
and cheap set-up allows one to check up the basic ideas of the widely discussed
new method of energy production and provides information which is important
for designers of more powerful industrial ADSs. Two types of subcritical assem-
blies are considered: with weapon grade metallic plutonium rods and w1th stan-
dard MOX fuel rods (25 % PuO, +75 % natural UO,). A reflector with °Be al-

lows one to decrease significantly the used amount of fuel.

The investigation has been performed at the Laboratory of Computing Tech-
niques and Automation, JINR.
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