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ABSTRACT

The suitability of a fast hybrid blanket is investigated for the
regeneration of Canada deuterium uranitm (CANDU) spent fuel. The
fast fissioning blanket has an appropriate neutronic economy and is
investigated to achieve different enxichment grades of fissile
isotopes {EGFI) for three different applications:

1. Recyling in a conventional cammercial CANIU reactor, (ESFI=0.71)
to 0.9%), regeneration period (RP)=6 to 9 months.

2. Recyling in a advanced CANIU reactor ooncept with high burnup
rate (HGFI=1%), RP = 10-16 months.

3. Recyling in an advanced breeder with thorium fuel (EGFI 1.5%),
RP > 18 months.

1, INTRODOCTION

The potential of regenerating spent nuclear fuel in a hybrid blarket
is an attractive area of application for early generation fusion

reactors.
The lifetime of fuel hundles in a Canada deuterium uranium {CANDU)

power plant is limited mainly because of nuclear fuel hurnup and
congequent criticality and less because of material damage. The
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conservative burmup values in a heavy water reactor (HWR) is on the
order of 10000 M¥d/t, although most fuel rods would support higher
burmup rates, namely 200.000 M/t and higher [1,2] (¥). Hence, a
fuel regeneration would have the following economic potentials for an

energy-producing system,
1. Higher nuclear fuel exploitation.

2. Elimination of the need for new fuel rod fabrication for an
utilization a hybrid reactor and during reutilization in a

conventional reactor.

3. Drastic reduction for nuclear fuel reprocessing per unit of total
energy production, notably in conventional reactor, during
regeneration in a hybrid reactor, and in the recycling phase in a
conventicanal reactor until €inal utilization.

4. Lower nuclear fuel waste output per unit of total energy
production.

In the past, this option was investigated to some degree for IMWR
spent fuel [3,4]. Little attention has been paid to the regeneration
of spent CANDU fuel, although this type of reactor has the lowest
hurnup rate per fuel mass and, consequently, the highest ratio of
spent-fuel mass/burnup. At present, CANDU spent fuel is stored
without any clearly defined plans for future use,

In this study, the behaviour of CANDU spent-fuel regeneration in a
hybrid blanket has been investigated for three different applications:

(*} A CANDU fuel mod may not attain a bum-up value of 200.000
MAd/t. But one can expect that it is able to with stand a much
higher bum-up 10.000 M¥#d/t.
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1. 0.7 to 0.9% enrichment for recyling in conventional CANDU
reactors, taking in the acccunt that in a CANDU reactor spectrum,
the reactivity effect of 23%u is smaller than that of 235y, for
the following reasons:

a) Te fission to parasitic absorption ratio of 235U is about
twice higher than that 23%pu for thermal energies.

b) The parasitic akeorption in 23%pu produces the 240py isotope.
The latter has a strong absorption rescnance in thermal
energy region, and with that detrimental effects on reactor
reactiviyty.

2. 1.0% enrichment for use in an advanced type of ocommercial HWR;
recent studies indicate that the burnup rate in a CANDU reactor
canbe increased substantially if the fuel charge is slightly
enriched (5].

3. Minimum enrichment of 1.5% for use in an advanced CANIU breeder
concept with thorium fueling. This option requires an average
enrichment level of 1.5% [6]. In order to achieve a commercially
reasonable breeding capability of 233y from 232,

II. DISTRIPTIN OF ELANKET

The neutronic investigations are performed on an experimental hybrid
blanket design concept in order to allow comparison of the integral
neutronic data with previous work [7-10]. Figure 1 shows the blanket

geametry for neutronic investigations.

The fissile zone is composed of typical CANDU fuel rods with Zircolay
cladding and contains spent fuel with an isotopic composition that
correspords to the highest bumup rate of 12252 MWDd/t for a CANDU
pressurized heavy water reactor (PHWR) operating on a once-through
natural uranium cycle, as indicated in ref [11].
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The spent fuel rods are arranged in the fissile zone hexagonally.

Figure 2 depicts the cross section wview of the fast fissioning
blanket with air cooling.

Table I shows the material composition and the dimensions of the
investigated blanket zones.

III. ELANKET PERFORMANCE

A neutronic analysis has been carried out with the help of the ANISN
neutron transport code [12] in S4-P; approximation using the neutron
group data of the GAT library [13]. This library has a fine group
resulation for lower neutron energies to allow proper treatment of
neutron thermalization. The 200 group structure of the original
library is redwed to 97 energy groups (47 fast +50 thermal groups
below 2.3 &V), which has treated the resonance self cghielding effects
by Nordheim's Integral Methods [14,15].

To study major temporal effects in the blanket, it is assumed that
the fuel zone is irradiated with a first wall neutron load of 2.25
Mi/m?, with a plant factor (PF) of 75%.

The temporal variations in the fuel composition under this neutron

flux load are evaluated by considering the following reactions:

1. Breeding reactions (sb):

238y (n, v) 23%,
23%, (v ) 240p,,
240p, {n,v ) 241p,
241py {n,v) 242py,

2. Depletion reactions (o dep) for 235y, 236y, 238y, 237yp, 239,
241py ang 242py.
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Figure 3 shows the cumulative fissile isotopes during plant
operation, It is possible to draw fram this figure the following

conclusions:

1. The CANIUJ spent fuel becomes reusable in a natural uranium CANDU
reactor after a regeneration time of about 6 to 12 months.

2. A regeneration period of 10-16 months is necessary to increase
the cumulative fissile fuel content to about 1%.

3. The advanced CANIU breeder concepts with thorium-fueling require
an average enrichment of » 1.5% at start-up [11]. This grade of
regeneration occurs in the investigated hybrid blarket after a
plant operation period of about > 18 months.

Figure 4 to 6 shows the variation of the isotopic enrichment grades
of Plutonium in the spent fuel in the cours of the regeneration
process. The 23%9py enrichment increases gradually, kut approaches to
an assymptotic value far below ©90%. The enrcihment grade of 240py
decreases, but remains at each fuel rod position above 10% throughout
the regeneration period. Hence, the spent CANIU fuel keeps its
denaturated character during a regeneration in a hybrid blanket, and
does not even approach the grade for any violation of the non-proli-
feration stand pcint. The Plutonium fuel would cause a problem of
proliferation, only if the 23%u enrichment would increase beyond
95%, and consequently the 240py  enrichment would decrease below 5%
{16,17].

Figure 7 shows the average bum-up rate of the fissile fuel in the
hybrid blanket as a function of plant operation period. One can see
that the bum-up rate remains rather modest during the process of
spent fuel regeneration in the hybrid blanket. Hence, one can
conclude easily that it will be possible to repeat the process of
fuel regeneration in the hybrid reactor followed by a re-utilization
of the same fuel rods directly in a critical reactor over several

cycles. This reduces the cos for fuel reprocessing drastically.
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IV. DISCUSSICN

The main conclusions of the present study on the possibility of

regenerating CANTU spent fuel in a hybrid blanket can be cited as
blarket follows:

1.

A fast fissioning hybrid blarket using CANDU spent fuel a very
good neutronic performance. It can produce electricity in the
course of regenerating the CANIU spent fuel for different

purposes.

Théf-fﬂrégeneration period of spent fuel is relatively short for a
relfxse in a comventional CANIU reactor (6 to 9 months). 'This
period increases for an applications in advanced CANDU reactor
concepts,

The spent fuel remains denaturated in the period of regeneration.
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FIGURE CAPTICNS

Figure 1 : Hexagonal arrangement of the blanket with air cooled
fuel rods forming ten rows in the radial direction.

Figure 2 : Cross—-sectional view of the investigated blanket.

Figure 3 : Accumulation of the fissile isotopes in different

- fuel zones of the air-cooled fast blanket during a 2
years plant operation pericd.

Figure 4 : Temporal variation of the enrichment grade of 239Pu
in the spent fuel during regeneration period.
AsAdjacent to the firs wall
B:Centre of the fuel zone
C:Adjacent to the firs 1Li20 zone

Figure 5 : Temporal variation of the enrichment grade of 240Pu
in the spent fuel during regeneration period.

Figure 6 3 Temporal variation of the enrichment grade of 241Pu
and 242Pu in the spent fuel during regeneration
period.

Figqure 7 1 The Tum-up rate of the spent fuel during the

regeneration process in the hybrid blanket.
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TARLE .1

Dimensions and Material Composition of the Blanket Zones

ZONE MATERI AL DIMENSICN NUCLIDE NUCLEL
{cm) DENSITY (a}
{10e+30/M3)
Cavity ~Air 0 to 18.7 - -
First Wall Type 316 stainless 18.7 to 20
steel (b)
Fuel CANIU spent fuel 20 to 35 Zircolay 6.07936E-3
Oxygen 2.75098E-2
Hydrogen -
U-235 1.48003E-5
U-236 1.22668E~5
U-238 1.36573E-2
Np-237  6.99437E-7
Pu-239 3.75646E~5
Pu-240 2.42361le-5
Pu-242 2.90366e-6
Tritium
Breeding In0 35 to 47 Li-6 4.63794E~2
Li-7 5.70367E-2
Oxygen 3.08374E-2
Aluminum 3.01356FE~3
Reflector Graphite 47 to 51 Carbon 1.128408-1
Tritium
Breeding Liy0 51 to 56 (ibid} (ibid)
Reflector Graphite 56 to 62
Tritium
Breeding  Li0 62 to 66 {ibid) {ibid}
Reflector Graphite 66 to 82
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