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1. Introduction (1/3)

» The technical idea of a GDT-driven system:

 GDT — gas dynamic trap (axially symmetric mirror machine)
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1. Introduction (2/3)

» The technical idea of a GDT-driven system:

 GDT — gas dynamic trap (axially symmetric mirror machine)

T | D-T Neutral beams
Vacuum chamber arget plasma 1

l Test 3

Particularities:

« Continous source.

2 neutron source volumes with variable intensities.

* N-zones can be longitudinally extended.

* N-emission intensity can be axially profiled.

* Neutron energy = 14 MeV =» : No high-energetic particles!
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2. Fusion vs. spallation neutrons  (1/7)

Helght z (cm)

Target

01020

Radiusr (c:m)92

# OECD-NEA Calculational
Excercise (1999) for an

accelerator-driven MA burner

with nominal power = 377 MW.

(Developed from A LMR/PRISM).

 Modified by G. Aliberti et al.,
NSE 146, 13-50 (2004)

# Features 320 , 68%!!!
e Dedicated fuel : Pu & MA

as nitrides in ZrN

e Coolant: Pb-Bi eutectic
» Reflector: Steel, Pb-Bi
e Target: Pb-Bi
» Buffer: Pb-Bi
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1. Introduction

(3/3)

Neutron emission spectra: Spallation & D-T Fusion
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2. Fusion vs. spallation neutrons  (2/7)

» Geometric systems: B alTen SSiETE

Z y4

P N

ZADS" ,GDT-DS" ,GDT-DS+B"

# “External” neutron sources:

- - _ _ Radius: 10 cm
Spallation DT fusion source — cylinder: |
source Height: 50 cm
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2. Fusion vs. spallation neutrons  (3/7)

» Two types of transport calculations:

e Reactor criticality calculation

(without external source) > Kt » P, (1,E)
* With external sources > Mg, @ (,E), ...
» Tools:

 Neutron transport code: MCNP-4C2
* Nuclear data from: JENDL-3.3 (NDC of JAEA)
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2. Fusion vs. spallation neutrons  (4/7) 2

» Calculated integral parameters (per source neutron __ ):

Effective multiplicity: M eﬁ—keﬁ/(l Kesr) @ =M, /M«
%
Geom. "Reactor’ Driven Systems : -
P . r’—*‘—
system Keft Mett Ms | hg / MeV @~ S oon
A 0.958564 23.1 ADS 21.5 1316 0.93 0.09

B 0.950084 19.0

C 0.95817171 22.9 |GDT-DS+B| 44.4 2710 194 | 1.73,
lllllll.l.l.ll .I.l.l.llllll. ‘v."

$#0.95 < k4 <0.96: .

eff =
IIIIIIIIIIIIIIIIIIIII DY
‘$

# Positive feature of 14 MeV neutrons: o
High probability of n,2n reactions at Pb and Bi
But: No effect at Na !
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2. Fusion vs. spallation neutrons  (5/7)

10

» Flux distributions (per source neutron):

Total Flux: Radial dependence in core
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2. Fusion vs. spallation neutrons  (6/7) 11

» Flux distributions (per source neutron):

Power peak factor over heightat r=21 cm
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2. Fusion vs. spallation neutrons  (7/7) 12

» Flux distributions (per source neutron):

Spectra of energy group fluxes at r=21 cm
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3. GDT-driven MA-burners (/7) 13

» GDT neutron source — “basic version”:

GDT source Spallation
(“basic variant”)

1) Total intensity

« “Useful” n-power: * p-beam:
P, = 0.44 MW -1GeV

e Scpr, 01.0x10Y7 n/s ~ Yo =20n/p (atPb)

2 1,=0.8mA!
2) Energetic efficiency
e Pz =50 MW, N.cc. =50 %
rice [WiS)]: .pGDT AT - pADS ey
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3. GDT-driven MA-burners (/)

> “Basic version” as driver:

GDT-DS+B* ADS

Parameter Koy = 0.95817 | K= 0.95856

S (1017 n/s)

X~8l

Pﬁs (MW) j|k R LI

Q (:Pfis/Pinp) X ~9 I :‘.5_'2_5‘3:

Nominal Power

377 MW:
1) S (10 n/s) 1,=14.4 mA
2) k'eﬁ 0.9952 X

* One MA-burner on each side !
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3. GDT-driven MA-burners (317

» Radial flux distribution (at nominal power):

1.6E+13
D 1.4E+13
N 1.2E+13
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3. GDT-driven MA-burners @) 16

» Improvement - Increase of the electron temperature T.:
2 GDT ,Basic version®™: P, =50 MW

o
E;, = 65 keV

el?

0 1 2 3 4
0.75 Te (keV)

e T_should be increased up to the self-consistent value !
=» . Study of plasma stabillity !
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3. GDT-driven MA-burners (/7) 17

» Improvement - Increase of the NBI-current:

=» Problem of high electron temperature Te'!

» Improvement — “stretching” of the n-zones:
® Stretching of the n-zones by appropriate magnetic fie d.
® More fusion reactions in stretched n-zones.

® The same plasma conditions as for the ,basic version“ !

=>Necessary: Elongation of the sub-critical system !

I—
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3. GDT-driven MA-burners (6/7) 18

300 » Elongated GDT-driven MA-burner:

e GDT ,stretched version®
—-L=15m
— Pinp = 83 MW,
— Seprp = 3.43x107 n/s 1 x~3.5
— Pepr = 1.2x10- 10 W/(n/s) | x~0.5

250

=
u
g

e Elongated MA-burner
— Core height =2 m
— Inner core radius = 27.5 cm
— Outer core radius = 82.5cm, K~ 0.97

Height z (cm)

>: P, =185MW (x ~4.3)

Q=1.78 (x ~2.7)
0 20 825 1325
Radiusr (cm)
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3. GDT-driven MA-burners (7/7)

> Coolant void effect: 0 ___Voiding of coolant

0.03

J

0.02 1

0.01 4

Akeff

0.00

-0.01

Void case

=» . The system remains sub-critical!

|
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4. Conclusions (1/3) >

1. Fusion vs. spallation neutrons as drivers

1.1. n,2n-reactions by fusion neutrons:

 For Pb&Bi eutectic as buffer/coolant:

@ cpr.os U2 X @ aps

1.2. Impact of the sources on the core flux spectra:

* No noticeable difference in the spectra !

=». Transmutation rates per flux unit are nearly the

Same.
1 —

Institut fur Sicherheitsforschung

i: B Forschungszentrum Dr. Klaus Noack

Dresden Rossendorf Mitglied der Leibniz-Gemeinschaft



4. Conclusions (2/3) -

2. GDT ,basic version®

2.1. The neutron source
e Source strength:
Sgpr 2 10 x  for proto-type MA-burner!
e Energetic price [W/(n/s)].
Pepr U100 X Paps
2.2. As driver of the benchmark MA-burner:

Qcepr <1 @@ Qups U5

e Improvement:

Increase of T, up to the self-consistent value would yield
a factor of ~ 3.

=» Plasma research necessary! |
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4. Conclusions (3/3)

22

3. GDT ,stretched version®

3.1. Plasma physics:
e The same as In ,basic version“!

3.2. Improvements of the neutron source:

e Higher source strength S

* lower energetic price p
are possible!

3.3. Improvements as driver of an ,elongated” MA-burne

 Increase of Q upto ~ 2.

» Coolant void effect does not reach to criticality !
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Dresden Rossendorf Mitglied der Leibniz-Gemeinschaft

Institut fur Sicherheitsforschung
Dr. Klaus Noack



Thank you for your attention !
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# Spallation reaction: neutron yield per proton (Pb, Pb /BI):

K. van der Meer et al., Nucl. Instr. and Meth. in Phys. Res. B 217 (2004) 202-220

100 ok a Taietal _ o058 [21]
[ ]

I & I m Fraser et al . 1065 [23]
5 - =W
-E 10 .fff: & Wasilkov et al - 1068 [24]
=3 |
g 3 &" ! 0 Westetal _ 1071 [25]

|
i. 1 i e Lone et al - 1083 [26]
'i o i A Ryabov etal . 1083 [27]
E 0.1 ! & Hilscher et al - 1008 [38]

|
—
5 . ; m Lot et al - q007 (20

|
e 0. ! ¢ Letourneau et al_ 2000 [40]

" : ® Present Work (Ph-Bil
0.001 —m—m——————————————————
10 100 1000 10000
Ep [MeV]

Fie. 10, Compilation ol thick-1arget »/p values for p+ Pb and PRBI measured o0 date at all imcident enermes.
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Cross section for Ph208 from JENDL 3.3 from NEA
1 MT=16: {z,2n)

MT=102 : iz, ) radiatre capture
o MT=1: (ntotal)

total

1H
n,2n

n,3n

0,11 n,y

0,01

0,001 T

le-4- \J
le-}\/

le-H

1000 1o 165 166 W w7 E

10 MeVv  fnei?
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The MA-burners (2/2)

» Radial flux distribution (at nominal power):
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Appendix (1)

» Tritium breeding:
= T-breeding module: module

— ITER inboard module,

— He cooled pebble bed
(Be and breeder pebble beds,
breeder: Li ,SiO, with 40% Li-6)

— FZKA 6763 (FZ Karlsruhe, 2003)
—6Li+n = “4He+°H+ 4.8 MeV

=» Result (sum of both sides):
e T-production = 355.3 g/fpy
compared to
e T-consumption = ~120 g/fpy
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Conclusmns (2/2)

17

# Q-factor:

,GDT-DS+B" : # P,

fIS

Q

DS€T )xM

P

inp

P

inp

A = 60 MW (el.), # E;; = 65 keV

2é3 3 4

0 Pl
0.75 Te (keV) ~3.5
e L] 2
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Appendix (2)

» Coolant void effect > Max(k)=?

Coolant void effect: AKgs
Reference system: K, = 0.95034 +2-104, B, =1.8:10°

0.05
0.04 - .
« 0.03 e
~ 0.02 - EHE
0.01 - : :H
< 0 l_l 2, = ﬂ
T |_| T u’. ’0 T T T —
-0.01
O . < < Q
& &@% IO & Q(§° 0(§° &
S g & O & » LN
S RN s B
3 Q | q/Q q/Q Q)
void case

nmmp . This type of MA-burner could work with Kk = 0.97 !
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Appendix (3)

» Optimum buffer thickness:

Fission multiplicity

45
s - —o~ >
= 40 -
S) -
= 35
: -
=
30 — ' —
0 2 4 6 8 10
Buffer thickness (cm)

i - Buffer thickness of 5-7 cm is ok.
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Appendix (4)

» |Is a MA-loaded, gas cooled buffer useful ?

Relative portion of fissions induced by fusion neut rons

20
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Appendix

» Spectrum effect of the coolant ( -> gas cooled?):

4.0x10°

Without coolant

] With coolant
3.0x10° 1 ;

nl(cmz* s)

-

2.0x10°° -

1.0x10° -

Neutron Flux

10° 10” 10™ 10° 10°
Energy, MeV
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