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of Minor Actinides
Ineration (1)

eutron spectrum permits, in principle,
cinerate MA from the spent fuel of
reactors. But this implementation
sing delayed neutron effective

itself in fast neutron reactors using

IS lesser essentially then in thermal
using uranium fuel) and in degrading
art of reactivity feedback (reactivity
main negative but lesser in absolute
epending on loading and MA content,
). Thus reactor safety deteriorates

th relation to reactivity accidents.




of Minor Actinides
Ineration (2)

of spent fuel and radioactive waste
other necessary component on MA
rk. Present processing agueous

d on one or another of PUREX-
lons result in rather large liquid

S what require special utilization or
mes.

uel and radioactive wastes
nologies based on dry gas-fluoride
Iternative way. For this purpose
roposed with molten salt as coolant
dissolved in molten fluorides.




Creation Molten Salt
eactor (1)

tor with molten salt and dissolved MA
Iculties and one of problem is lowered
layed neutrons. The reason is MA
mall for most of MA) and delayed
removing from the core In
recursors are decayed in outer

reactor design technical problems can
beritical mode of MA Incineration in
| neutron source.




f Creation Molten Salt

Reactor (2)

the conception of subcritical MSR was
KI'In 1995

od conception of subcritical MSR was
base of cascade principle of neutrons

e multiplication due to special designed
rameters of subcritical blanket and zone
plication posed between target and

et.

hat such design implementation permit
iIrements to accelerator proton beam by
to provide needed for MA

d incineration neutron flux at level

Gl




Creation Molten Salt
eactor (3)

ul investigation of cascade

tor physical features, shows that
beam current can be decreased
I 2, and In some situations It Is
ovide solid-fuel or liguid-metal
nd the target. Solid-fuel

lals (fuel and structural) In the
ated In practically extreme
heir long-time functioning
anteed. (The 2500 MW
considered).



Decision

om this situation were to
ompositions LiF- BeF2-NaF or
with more MA solubility,

al power
mplification principle




al Investigations

nsidered to use electro-nuclear neutron
tation and incineration of MA from spent fuel
R-type reactor, and for conversion Th-232 to
n thorium molten salt blanket

omposition was considered.

R consists of blanket (subcritical core with
uter loop (without neutron flux). There was
g 30% of cycle time fuel salt is situated In
70% of cycle time — In outer loop without
Ibrium fuel cycle parameters were

els of average neutron flux in circuit:

3.33:10'“ in blanket)
1.67-10% in blanket)
3.33:10*° in blanket).



Coolant (Na),
ods and Sodium

It Cross-section Layout




t Cross-section Layout

1-Shilding,
2-Graphite
3-\Vessel
(Hastelloy),
4,5,6 —Core

/- Target (W)
8-Channel for
Proton Beam
9-Mixing Zone
(Salt and
Graphite)

10 — (Mixing
Zone (Salt and
Steel)

11, 12 — Salt
Collector




s-section Layout with
Blanket with Th




d to SMSR

Nuclide Mass fraction Element fraction
Np-237 3.18E-01 32%
Am-241 6.15E-01

Am-242m 4 43E-04 67%
Am-243 5.96E-02
Cm-243 9.17E-05
Cm-244 5.80E-03
Cm-245 1.13E-03 19%
Cm-246 9.43E-05
Cm-247 1.02E-06
Cm-248 7.80E-08




odel-1 with

source
Blanker diameter, m 2
Blanket height, m 2
Blanket volume, 1’ 6.28
Average neutron flux in circuit, n'sm™sec” | 110" | 510 | 1-10"
Heavy metals fraction in salt, % mol. 21.8% | 13.8% | 12.4%
Heavy metals mass in circuit, ton 444 | 305 | 27.8
Heavy metals mass i blanket. ton 13.3 9.2 8.4
MA consumption. ton/year 0.1 0.4 0.8
Thermal power, GW 0.3 1.2 2.3




circuit

n dependence of

Parameters of SMSR feeded by MA
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pendence of
lux In circuit

Main heavy metal masses in circuit, ton
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produces about 40 kg/year MA. s.
n reactor model-1 can contain

od that such amount of spent fuel
needed time.

nnot be realized due to large
0'spent fuel needs to reprocessed

at neutron flux increase from
2-sec’! results in significant

IN circuit, at the cost of uranium
of MA and thermal power

eutron flux is not so profitable.
circuit (several tens of tons)
rge.

decrease permits to keep the

tron flux and to decrease loading
R Model-2 with lesser blanket

SRl A A~



odel-2 with
source

Blanket diameter, m 1.2
Blanket height, m 1.2
Blanket volume. m’ 1.334
Average neutron flux in circuit, nsm™sec” | 5-10"
Heavy metals fraction in salt, % mol. 17.8%
Heavy metals mass in circuit, ton 8.0
Heavy metals mass in blanket. ton 24
MA consumption. ton/year 0.1
Thermal power, GW 0.3




mputational Analysis

Model with accelerator proton
as external neutron source can
kg MA per year (the annual
eactors VVVER-1000 type).

hat demonstration SMSR at thermal
an produce about 100 MW
elerator supply.

nket it Is possible to produce

nts of U-233 (10 kg/year) and Pa-
for technological researches on
rom molten salt.



o000
0eco
onal Analysis (2) | ¢2°
Blanket with minor actinides (BMA)

BMA volume, m’ 1.53

Salt composition 0.465-LiF- 0.115-NaF- 0.42-KF

Heavy metals fraction in salt, % mol. 17.8%

Calculated Keg 0.96

Heavy metals mass in BMA circuit, ton 9.2

Heavy metals mass in BMA. ton 2.8

MA consumption, ton/year 0.12

Thermal power, GW 0.36

Average neutron flux in BMA circuit, n-sm™sec” 5-10"

Average neutron flux in BMA, n-sm™sec” 1.67-10"

Average neutron flux in BMA, per 1 source neutron-sec” 247107




lonal Analysis (3)

Accelerator target unit

External source intensity needed, neutron-sec™ 7.9-10"
Proton beam current needed. mA 7
Proton energy in beam, MeV 1000
Power released in target unit. MW 3.6
Thorium (second) blanket (TB)
TB volume, m’ 0.569
Average neutron flux in TB circuit. n-sm-2-sec-1 5.27-10"
Thorium fraction in salt (TB). % mol. 30%
Heavy metals mass in TB circuit. ton 5.3
Heavy metals mass in TB. ton 1.6
Thorium consumption, kg/vear 13.5
Thermal power in TB. MW 5.54
Average neutron flux in TB. n'sm-2-sec-1 1.76:10"
Average neutron flux in TB. per 1 source neutron-sec-1 2.52:10™




nclusion

R Model with accelerator proton
as external neutron source can
kg MA per year (the annual

reactors VVER-1000 type).

S In BMA circuit i1s equal 9.2 ton

h industrial scale and opens up
esign, construction and using this
component of spent fuel

S.




