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ELECTRICAL ENGINEERING

Cm-244 as Multiplier and Breeder in a ThO, Hybrid Blankets
of Deuterium-Tritium Driven Source

Tawfik A. Al-Kusayer

College of Engineering, King Saud University, F.(). Hox 8K, Kiyudh 11421, Saudi Arabia

Abstract, The safeguard aspecss of (7m-284 — a nuclear wasie product i LWRs - in a cylindrical hybrid
blanket driven by a (13, T} fusion neutron source have been analyzed.
Cm-244 has been investigated for two different applicanons:
1. Asa neutron multiplier between the first wall and the fuel zone in a blanket with ThO),.
2. Asa component of the mixed fuel, ThO,-Cm**0,, used for power tlattening in a hybrid blanket.
The calculations have shown that a relatively small reactor driven with 100 MW, fusion power could
product about 5 kg/year Cm-245, enough to provide nuclear fuel for up w 50 explosives, The study
suggests an extension of the safcguarding regulntions prior to the commercial introduction of fusion reac-
tors in the cnergy market.

1. Introduction

Presently, nuclear power plants are producing a substantial amount of actinides in
the form of nuclear waste material [1,2,3]. Previous work has demonstrated, that
some of the nuclear waste actinides, such as Am-241 and Cm-244 are effective neut-
ron multipliers in a hybrid blanket. They will be converted, partially to new types of
nuclear fuel with superior neutronic properties, such as Am-242m und Cm-245
[4-7]. Unfortunately, these studies were conducted for an experimental blanket in
plane geometry which can not simulate the spectral conditions in hybrid power plant.

The very hard neutron spectrum of a fast hybrid reactor allows the build up of
these new fissile material whereas even an odd americium and curium isotopes are
actually burnt up in site in standard nucieat reactors. Recent measurements show
that the fission cross sections of Am-242 m at lower energies are approximately one
order of magnitude higher than that of U-235 [8].

Although, the neutron capture reactions in actinides do not permit one to burn
them completely, all the same they lead to conversion of the nucelar waste matenials
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1o very precious nuclear fuels of a new type. These nuclear fuels are produced, as fol-
lows:

Am>!(n vy Am2% Half lifc = 16 hours, probability 65% [9].
Am(n,y) Am2™ Half life = 152 years, probability 35% [91.
AmZ3(n,y) Am?* Half life = 10 hours.

Cm?%{(n.y) CmS Half life = 8532 years.

Among these isotopes only Am?42m and 245 can be considered as a potential pre-
cious nuclear fuel due to their Telatively long lifetime. They allow one o realize mini-
fission systems due 1o their very superior nuclear properties, compared with standard
nuclear fuel, such as U-233, U-235 or Pu-239.

On the uther hand, a recent work has shown that only minor quantities (100 gr)
of Cm-245 would be sufficient to assembic an explosive device with a vield of 1 kT,
by applying the well established implosion technique for plutonium assembiies [10].

By considering the ahove mentioned facts, it becomes worthwhile to examine,
extensively, the production capability of hybrid reactors for advanced fissile mate-
rials, such as Cm-245.

These studies can then backup suggestions (o International Atomic Energy
Agency (TAEA) in Vienna to extend the scope of safe-guarding. Consequently, they
can bring also new aspects for the denaturation of nuclear fuel. Atpresent, the TAEA
regulations for safeguarding cover only U-233, U-235 and Pu-239.

2. Description of the Blanket

With the framework of the AYMAN, the 14-MeV fusion-ncutron will be pro-
duced by a moveabie target along the axis of a cylindrical hybrid blanket to simulate
a line source.

A hybrid blanket, selected for the study, is shown in Figs 1-and 2, It consists
mainly of the following components:

A) The cylindrical first wall is $5-316 with athickness of 1.3 ¢m, the same us that of
the first wall of the TFTR in Princeton.

B) The fuel rods are made of ThO, (10 mm diameter) with a sintering density of 93%
and are covercd with an aluminium cladding (D, = 12 mm, D; = 10.4 mm). In the
fuel zone, they are arranged hexagonally, making 10 rows with a volume fraction
of 42% of air to simulate a gas cooled blanket. The fuel zone begins with r = 30
cm and cnds with r = 43 em, making a total thickness of 13 ¢m.
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Fig. 2. Cross sectional view of the blanket
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Table 1. Neutronic performance of the investigated hybrid blankets using different multiplier

(per incident 14 MeV neutron)

*Blanket Type: I I I v v
Multiplier: None Cm# Cm2¥ Be Ph
Multiplier Breeder (4cm) (B¢m)

Renction
Type (Reaction rates in kybrid blanket, 1/cm?. sec.)
Li%n,u)T 0.6478 .7218 01,6849 n.6191 0.7694
Li’(n.n’a)T 01.1048 Q.1051 0.1051 0.0752 0.0449
Total T Breeding 07526 0.8206 0.7900 0.6943 0.8144
Th¥(n f) 0,0441 0.0424 0.0436 10298 0.41203
Cm(n f} ~ 110507 0.0253 - -
Th™2(n yyLem 0.2698  0.288¢ 0.271y 0.5403 0.3806
Com™(n y)Cms . 0.0148 0.0137 - -
Tinal Breeding 1.0224 11303 1.0756 1.23468 1.1950
(Fusile & Fissile)
Be(n.2n) - - - 0.3905 -
Pb{n 2n) - - - - 0.4365
Th32(n 2n) 0.1513 01395 0.1470 0.1017 0.0573
Neutron Leakage 0.0554  0.0500 0.0575 0.0410 0.0421
Neutron Absorption 1.3362 15147 1.4249 1.6281 1.5914
L 01613 0.3563 0.2560 0.1042 0.0687
M 1.8514 2.5765 1.8569 1.6373 1.5529
[ 34 0.3007 .3711 0.3428 .5037 0.4965
ki 0115  0.2261 0.1727 0.0625 0.0421

*Structure of blankets, are:

In:

|11

Iv:

Cavity radius 28.7 em + 1.3 ¢m §§ L3cm 88 + 13em ThO, (fuel) + 9em Li,O+6emC + 4
cmLi;O + 1§ em (.

Cavity rudius 28.7¢m + 1.3 cm 88 + 13 cmr Th}, and CmQ, (Mixcd fuel multiplier zone) + (1.7
em ThO, (fuel} + 9 em Li,O + hem € + 4 cm Li;0 +6em C+ 4cm Liy0 + 18em C.

Cavity radius 24.7cm + 1.3 cm SS + 5cm ThO, + 4 cm ThO, mixed CmQ, (4.6%) + 4 em ThO,
mixed with CmO, (8% ) + 9em LiO +6em C+dem LiO + 6em C + 4 em Li,(r + 18 cm C.
Cavity radius 24.7cm + 1.3 ¢m S8 + 4 em Be + 13 cm ThO, (fuel) + Y cm LLO+6em C+4em
Li(d + 6em C + 4em L, O + 18em C,

¢ Cavity radus 20, Tem + 1.3 cm S$ + §om Pb + 13 em ThO, (fuel} + 9 em Li,O+6emC i 4cm

LDt 6emC+dem L0+ 18¢em €.
defined, as Eq.(2), tncluding (n.2n) reaction
defined, as Eq.(3). excluding (n,2n) reaction.
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As are demonstrated in Table I, the blunket structures consist of the following:
i} Blanket type I has only ThO, fuel in the 10 rows fucl zone.

ii) Blanket type 11, has in its first fuel row a2 mized fuel made of 50% CmQ, and
50% ThO, (see Scetion 3.1).

i} Blanket type 111, has ThO, mixed with 4.6% or 8% CmO, in the last 8 cm of the
fuel zone us breeder (see Sectivn 3.2).

iv) Blankets type IV and V, have 4 cm Beryllium, and § cm lead multiplier, respec-
tively, been adopled between the first wall and the fuel zone.

C) For tritium breeding, Li,O contained in aluminium cans, has been adopted in the
form of a sandwich structure with graphite reflector, as it is schematically shown
in Fig. 2 (See ref. [16] for detail).

D) The neutron reflector is of graphite with a total thickness of 30 cm.

The introduction of Cm-244 into the blanket as neutron multiplier and breeder
will be described in the next section.

3. Numerical Calculations

The transport calculations were performed in the 5;-P, approximation with the
ANISN [17] code in cylindrical geometry with a buckling correction for a height of
120 ¢m, using 100 neutron energy group data from DLC-2F [18] and DLC-24 [19] lib-
raries. Initially, the neutronic performance of a 4 cm Beryllium multiplier, and then
that of § em Lead multiplier has been evaluated.

3.1. Cm-244 as Neutron Multiplier

In the next phase, « Cm-244 multiplier is introduced by replacing the first ThO,
row with a mixed fuel made of 50% CmO, and 50% ThO,, and by omitting the Beryl-
lium and Lead multiplier.

The main integral data for these blankets are shown in Table {, where the energy
multiplication (M) and neutron multiplication (K ) factors are defined as follows:

Heat release in the blanket (MeV)
M= +1 m
14 MeV

Jf WE +2% %, ) dV dE

2

Keﬂ'

) I (Z,+Z,)¢dVdE + [[JdSdE
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including (n,2n) reactions

JIvZ, ¢ dv dE
Kcﬁ= - (3)
JJZ, ¢ dVdE + [[TdSdE

excluding (n, 2n) reactivns.

One can observe in Tuble I (Blanket Type I} that the Cm-244 multiplier leads
1o the highest tritium breeding ratio.

U-233 production is reduced compared to Be and Pb multipliers. The Cm-244in
the first row contributes to the fission rate more than all of the Th-232in the blanket.
About 1/5 of Cm-244 is converted into Cm-245, whereas 4/5 of Cm-244 burns up.

Fig. 3 shows the spatial variation of the main neutronic paramcters in the fuel
zone. While the fissile breeding ratios Th22(n, ¥) U2* and Cm?¥(n, v) Cm?* are
fairly flat, one can observe that the fission reaction rate density in the first row is
about one order to magnitude higher than in the rest of the [uel zone. This is an unde-
sirable concentration of the termal heat production in the blanket and suggests the
tmplementation of Cm-244 in a hybrid blanket in a different way, as discussed in the
next section.

Fig. 4 shows the tritium breeding density in the Liy() zones for this blanket. Due
to the sandwich structure of the Li,O and graphite, the depression of the tritinm
breeding by density is fairly moderate in the strong absorbing 1.i® zones throughout
the blanket.

3.2, Cm-244 as Breeder

The excessive fission rate of Cm-244 in g hybrid blanket can be suppressed (o
some degree by introducing it in the external rows of the fuel zone. In this case, Cm-
244 can also be used to achieve a flat fission power density (FPD) profile in the fuel
zone by choosing an appropriate mixture of ThO, and Cm?*0, with the help of a
fission power flattening method, recently developed |20].

In the above method, the procedure of the power flattening is applied on a
(D.T) driven cylindrical hybrid blanket concept within the framework of the
research project AYMAN [11]. The total height of the cylindrical blanket considered
is 250 cm inclusive of 25 cm graphite at the top and botton. A neutron generator,
with a movable target along the axis of the blanket is used to simulate a fusion line
source. The flat fission power density is achieved by using a mixed fuel {ThO, and
natural 1/(3,) with the thorfum/uranium ratio changing from front to back in the ten
fuel rows along the radial direction. A straightforward graphic method is uscd.
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1) vZ, total 4) Cm*n,f)
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This method suggests a Cm-244 fraction of 4.6% and 8% in the fuel rows 510 7
and 8 to 10, respectively, in order to achieve a guasi-flat FPD in the blanket. The
total amount of Cm-244 in the blanket with a flat FPD will then be about 98% of that
when Cm-244 is used as a neutron multiplier in the previous case.

Fig. § shows the spatial vuriation of the main neutronic parameters in the fuel
zone after the application of the flattening procedure, One can sce that the fission
power generation in the fuel zone is quite uniform for a source driven blanket. This
is very important point for optimum utilization of the blanket with respect to power
production, material damage, fue! burn-up, thermal sircsscs, etc. Hence, one can
suggest that this alternative represents a better way lowurd eventual utilization of
Cm-244 in a hybrid blanket.

Tablc 1{Blanket Type ITT} includes alsa the integral neutronic data for this ulter-
native of the utilization of Cm-244 in a hybrid blanket. Most of these data are more
or less comparable when Cin-244 is used mainly as neutron multiplier in the first row.
Only the Cm-244 (n.f) reaction is reduced by about 50%, resulting into a reduction
of neutron and energy multiplication factor, kg, and M, respectively.

Fig. 6 shows the tritium breeding density for this blankct with a flat FPD. It has
similar shape, when Cm-244 is used as a neutron multiplier (Fig. 4).

4. Discussion

The nuclear waste material Cm-244 can be burnt in a hybrid blanket, as an effi-
cicnt nuclear fuel. It makes an important contribution to the neutron multiplication
and enhances the overall ncutronic performance of the blanket. It can also be used
for flattening the fission power production in the blanket.

Some of the Cm-244 will be converted to Cm-245 which is a new kind of fissile
material with superior neutronic properties which can cause sericus concern with
respect to proliferation.

By introducing Cm-244 into the external fuel rows (breeder revision), the
cumulative fission rate in the Th-232 in the blankct becomes higher than that in Cm-
244, About 1/3 of the Cm-244 is converted into Cm-245 and the burn-up fraction in
Cm-244 is reduced to 2/3.

The utilization of Cm-244 for power flattening increases the specific production
rate of Cm-245 per nuclear waste material.

A rough estimate of this prolific potential can be made as follows:
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In a blanket, using Cm-244 as a neutron multiplicr (breeder), the Cm-245
production rate is 0.0148 (0.0137) per (DT} fusion neutron which corresponds to a
production of 50 gr (46 gr) Cm-245 per year-MW,, of fusion power with a plant load
factor of 75%.
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A modest fusion plant with 100 MW, power would make possible the produc-
tion of ahout 5 kg (4.6 kg) Cm-245 per year, under similar spectral conditions,
enough to provide nuclear fuel for about 50 {46) explosives per year,

The raw material required for this process, would be about 25 kg (14 kg) Cm-244
per year which can be extracted from the inventory of minor actinides from 30 tons
(17 tons) heavy metal, after 4 burn-up of 33 GWd/ton in a 1250 MWe PWR plant,
containing 30% conventional oxide fuel (U-Pu) and 70% Uranium with plutonium
recycling [3]. These numbers demonstrate clearly the neccssity for a revision of the
safegurading regulations prior to the introduciton of fusion reactors. It is not too
early to consider safeguarding the minor actinides to avoid a new kind of prolifera-
tion risk which may arise around the turn of century.
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