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1. Introduction

To become an economic and save energy supplyihgaémgy nuclear fusion research has
to solve several material problems. The most alitoc¢ them are caused by intense irradiation
of high energetic neutrons. To develop appropmaégerials, which can withstand the high
neutron load, suitable neutron sources are negeasamadiation facilities for testing material
samples. Since the start of nuclear fusion programanious proposals for such a facility were
made.

For a number of years the Budker Institute of NaclEehysics, Novosibirsk, Russia in
collaboration with the domestic and foreign orgatitns develop the project of 14 MeV
neutron source, which can be used for fusion natstudies and for other application [1,2].
The projected neutron source of plasma type isdbasehe plasma Gas Dynamic Trap (GDT),
which is a special magnetic mirror system for plasonfinement [3]. Compared to others,
that of a GDT-based neutron source has essentiahtates. A research activity of the Budker
Institute aims at completing the database of th& @Dthe range of high plasma parameters,
which are relevant for the neutron source, anceatahstrating its feasibility and suitability by
prototype experiments.

The GDT-based neutron source (GDT-NS) could alsa bandidate for fusion driving
sub-critical systems (FDS) dedicated to nucleartevasansmutation [4] and fission fuel
breeding [5]. Such DT-plasma source surroundedibycsitical fission blanket provides some
advantages as compared to accelerator-driven syskerstly, presence of 14 MeV neutrons in
the generated spectrum allows to increase theiarftig of neutron production by (n,2n)
reactions, which is a threshold behaviour, in tbeeaegion of the blanket. Moreover, the
14 MeV neutrons provide also greater incineratrandémutation capabilities of the system,
since this permits even lowkg-regimes. Finally, the spatial distribution of theutrons in a
source opens new design possibilities for fusiesifin system.

2. Instruments & tools

The plasma physics calculations of the neutroncgdsiparameters have been performed
by the Integrated Transport Code System (ITCS) [BCS is developed since 1990's in
collaboration with Research Centre Dresden-Rosséndermany, for GDT simulations and
includes different modules for plasma, particlemsport and neutron production modelling.
The main 3D Monte-Carlo module for fast ion transpaCFIT was adopted for GDT neutron
source condition. New physical phenomena such asrt@x confinement, improved axial
confinement, ambipolar plugging, high etc. were included in these simulations. The
experimental and theoretical foundations of thesenpmena were obtained in the GDT-U
experimental facility in the Budker Institute.
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equipped with additional module for linear neutemission power calculation. Since the past
year a new one-dimensional plasma code DOL is dpugd in Budker Institute for fast
calculation of main plasma parameters evaluationthi@ mirror based neutron source.
Verification of the developed plasma codes was idex/by comparisons between GENESYS,
DOL and ITCS/MCFIT calculation results together lwthe experimental data obtained in
D-D GDT experiment [8] is presented on the figuréd4 it can be understood from the given
graph, code results demonstrate satisfactory cgewee with the experimental data.

Neutron processes in the fuel blanket were simdlayeNMC — a Monte-Carlo code being
developed as a very flexible general purpose twolife tasks of particle transport calculation
in both static and dynamic systems were paramegessin a short period of time [7,9]. The
main idea of the developed code is extensive usebgct-oriented paradigm for almost
unlimited flexibility and expandability followed bgnly slight performance decrease. The code
structure (see Fig.2) is built so as to make thgontga of modelling workflow elements
interchangeable. Hence it is possible to solve @ewange of tasks while employing the
algorithms being most efficient for the given pril Code calculation results were verified on
a number of benchmark models described in [10]. Véefication results for criticality
coefficients of the fast spectrum benchmarks agegnted in Fig. 3.

Fig.1 Neutron emission rate along the machine axis.
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Fig.2 NMC code structure Fig.3 Verification of NMC code
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2. The GDT based neutron source

The powerful 14 MeV neutron source on the bas&efgas dynamic trap plasma device
that confines a deuterium-tritium plasma has beemarily developed as irradiation test
facility for fusion material studies and for othegplication [1,2]. A research project of the
Budker Institute aims at completing the databasthefGDT in the high plasma parameter
range, which is essential for the neutron souragept. The basic version of the source
dedicated for fusion material studies is an axigyljnmetric mirror machine of the GDT type,
10 m long and with a mirror ratio of 15. The soupa@ameters and layout are presented on
Fig. 4. The idea of the source is extremely simiplleigh energy deuterium and tritium neutral
beams are injected at an angle to the axis ofréipeinto “warm” plasma, then a population of
fast sloshing ions is produced. Their density isrgjly inhomogeneous along the axis with
strong peaks close to the turning points. Nucleactions will mainly occur as result of
fast-fast D-T collisions. As simulations show, netvicinities of the turning points a 14 MeV
neutron flux density of 2 MW/for even more can be achieved on the area of>-1 m

B injectors\ -
)

Magnetic field: Bo 1T

D-T plasma B, 15T

Warm (target) plasma:

temperature T 0.75 keV
density Ne 2-5x102°m-3
Neutral beam injection: DO+TO
energy, Epr 65 keV
power, Pinj 36 MW
Fast ion mean energy: 30 keV
Fusion power (in neutrons): 1.25 MW

Fig 4. Schematic layout and main parameters of the GD¥edaeutron source

3. Optimization of GDT neutron sourcefor adriver in FDS

The idea how to apply the GDT-NS for FDS is to sund one or both neutron production
zones (n-zones) by sub-critical fission reactor(¥$)e first analysis of possibility to use the
GDT based neutron source as a driver in the stiicadrsystem for MA burning was made in
[4]. It has shown necessity to optimize the GDT{8ameters.

One option is the increase of the electron tempegak, of the GDT-plasma. This value
would reduce the energy loss rate of the high-eztergleuterons and tritons and, thereby,
increase the fusion reaction rate considerablthdrfbasic version” the electron temperature of
the order of 10Eij was assumed (it is well established that under daisdition the
micro-turbulence is not excited in a mirror plasnf) artificial gas cooling of the electrons
down toTe= 0.75 keV has been introduced in the region ofaexler for increasing of MHD
stability effect. But with the input parameterseajivat the previous section the self-consistent
mathematical model of the GDT device [11] can yidbld electron temperature up to 3.5 keV.
This theoretical prediction is based on gas-dynatoilisionless model of the longitudinal
plasma losses in GDT without electron heat conditgtand abnormal transverse losses. The
last GDT experiment’s results are in agreement wite model and confirm reality of our
assumption [12].

By modifying the external magnetic field the ratb the emission intensities of both
neutron production volumes can be varied. Moreotleese zones can be longitudinally
extended, and, even certain axial profiles of teatmon intensity could be adjusted. The



40" EPS Conference on Plasma Physics P2.110

calculations show that for the basic GDT-NS thetémithl one meter of the “n-zone” produces
0.5 MW neutron power and “costs” 16 MW of elecpimwver supply.

The most promising variant of a GDT NS for driveiMurner uses the both of described
optimization: elongation of neutron emission zohgsaxial magnetic field modification and
self-consistent electron temperature up to 2.5 KdS0 we take into account improved radial
confinement by vortex method, reduction of the etethead losses from GDT and maximal
plasmap = 0.6 according to last experimental results alfGI2]. As a result, the improved
version of proposed fusion neutron source is a 16ng mirror device of the GDT type with a
mirror ratio of 15. The energy of the injected paEes is supposed to be 65 keV and the
assumed total injection power is 75 MW and 120 Mdfaltenergy consumption. The source
has a fusion power of 1.6 MW/m and a neutron prtdoaate up to 2x18 n/s in the simple
cylindrical volume of 2 m length and 30 cm radius.

This neutron source can be used for applicatianfasion driver in a nuclear waste burner
and other fusion-fission hybrid systems.

4. Conclusions

— The wide set of computer codes was developed fatetimay of the GDT neutron source
and also nuclear power systems on its basis.

— Optimization of the GDT based neutron source ferghrpose of decrease in energy "cost"
of a neutron was executed.

— An increase of the electron temperature of the QIEma up to the self-consistent value
would result in an increase of the © Poute/ Psupp by @ factor of about three.

— The GDT-NS offers the possibility for longitudinalstretching the neutron production
volume. Thereby, the total strength and the energdticiency of the source can be
substantially increased.

- A new improved model of the GDT-NS with high setfrsistentTe~2.5 keV and
longitudinal stretch was proposed and numericaftyutated. This fusion neutron source
with Qrus = Pus/ Pheag~ 0.3 has 2 m long n-zones with 1.5 MW/m neutrigihdyand up to
1.5x13% n/s on each side. A system with two sub-critic# burners driven by one such
neutron source can produce total about 1.2 GWf¥ fission power with an energy
multiplication factor @ = 4 and incinerate in a year about 150 kg of Mét thre produced
by 5 LWR.
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