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The Fissibility Study of Fizion

-

~-Fuzion Hybrid Reactor{Neutron

-’

Factory) in Ching
Presented By Huo Yu Ping, AS-IPF
Why we should consider the Hybrid Reactor

in Chinag?

* China has the largest population in the world.
The Economics grows very quickly.
Thus, the energy demand wil grow very fasti
* Though the Nonfissil-Fuel still wili be the main energy source ,at

ieast, in next 50 years, but:
* The main Nonfissii Fuel wilk he the coal.
*To fire 2-3 billion tons of ¢onl in & narrow coast areq, it lead to
many un-solvabie problems.

* e should develop our nuclear power .
* How to develop a large nuclear energy system, the
electrical power should be at least near 10'' W,

* e begon to build PIR,
* Ite have only limited Uranum resource. Therefore, it is necessary

to consider to develop the technologies of breeder type reactor,

*The technologies of the fast Neutron Reactor have also just

begun to develop in China.
* The Plasma Physics knowieges and Fusion technologies, needed

for Hybrid Reoctor , mainly for producing fission fuel, seem to be

well developed.

Thus, as the near-term application of fusion research, a
program, for 1o develop the Hybrid Reactor for
producing fissien fuel in China, has begun to be carried
out. It is the aim of recent five years to study the

feassibility of building a Hybrid Reactor in the begining
of the next ceniury in China,

2. The Basic Requirements for HR(NF):

* For o HR(NF), \he mein parameter of the plasma core is

the production rale of fusion neutron :
dN“ /dt= U. ‘N.‘N" CIV>,
For esampis, if the production rete of 22%Pu of 8 HR(NF) equels

1ton/year , then the fusion neutron production rate of the
plasma core should be near 107 n/s , Of course, the exact value

depends on the detait design of the blanket, and that the
operation tos! should be reasonable.
* lile neadn't to consider the energe hbalance in ptasma.

Generaliy, the high temperature of the plasma core could to be



mantained by some extenal hesting power. $o the fusion driver
is a passitive system, transforming the heating power into
fusion neutrons.

The energe confinement lime of the plasmo could be much lower
than the value for ignition condition, the oniy limitatien is to
ensure that the heating power which mantain the fusion
temperature could be acceptable,

* The fissian part of the HRINF), blanket, could always be

sub-critical, and thus, a passitive system.
* The power density in blanket! can be designed as low s
acceptable by the enisting technolegy .
* The bianketl c&n easilly be fission-suppressed er partlel
fast-fissional.
* The Tritlum breeder region can be seperated frem the fission

region, and can be controled easiily.
* NB. and I1CRF heating can produce e high energy tall in

inn distribution funclion, and thus, can increase the
fusien reaction rate significantly.
* The predicted high snergy tall produced by NB and [CRF hesting
have been confirmed by enperiments on different devices.

* The ephanced B-D reaction rates by NB and ICAF siso have been

observed.
* The perameters of enisling Tokameks are already neor enough

for fusion driver of an enperimental HR(NF).

* Steady operation:
* For econemit consideration, it is necessery to use the

superconductive toroidal cails.

* To mantain the plasmea current, the mast promising way is LHCD.

Itis possible now, T~ 46Hz, B,~ 4T end the density
n ~5*10%cm ™, if P ~ 10MIY! then drived current could be

arrive l'I ~ 1.5 MR,
There are other wey to use LRCD.
* We do no! know the properties of the plasma with high power
ICRF heating and LKCO.
* boundary control:
* Encopt the engineering aspect, the only advantage of the
plasma with non- circular cross-section it the possibility to
form divotor,
* It yeems possible to arrive H mode operation of high power
heating plasmea with different boundary condition.
* Uery wesk parturbation on the boundsry leyer con Influsnce
the glebal preperties of the plasme seriously.

3. The Parameters of a Possible Experimental
Hybrid Reactor:

R=35m, a208m, B =24T/82T, V,=442m2
5,=1105m?,

n,=5*10%cm3, T,=T, =10kev, qgla)=25
I,= 15Ma,

Ep = 7 MJ, t:e =350 ms, =3 PICRF = 20 Mw,
LHCD: 1 =15MA, Eff =0.1%ka/kW, = P, = 10MV,



If ICRF heating enhances D-T reaction rate for 101imes, then
dN /dt = 3*10"n/s,

Neutron energy flux of the first wall:
P./S, = 0.6 MW /m?,
The yield of 23%Pu: 200 k3/year.

The Biankel: total thickness im

* In Pb, Be and 238y jager, fast neutron fission reaction and

neutron mulptification have besn proceeded , snd the snergy

of output neutron Is less than 1 Meu.

* 238y jayer Is fission- suppressed, and mainiy preduce 3%

* 4 Li tayer Is T breeder.
Bleeder materiei: Llllltlj and u,sm,'
Tritlu carrier: MWe

* B,C layer ; Reflection

Coolant: He

4 Program for fissibility study:

* As part of Nationel HyghTech Program directly Controled
by the National Commission of Sclence and Technology:
There is an expert committee for coordination;
there is a speclal budget for this program;
Ditferent institules hove been invgived:
Institute of Plasma Physics, Hefel,

Southwestern Instityte of Physics, Leshen,

Institute of Applied Physics ond computational Math., Beijing
Institute of Atomic Energy, Beijing;

Southwestern Institute of Nuclear Physics,Missnyang;

Program combines the Plasma Physics and Nuclear
Technology :

Reasivr Concepture Desiyn,

High Powsr ICAF Heesting;

LN ijape Current Drive;

Particle Cycling, Pump Limiter and Pellet injoaciion;
Materiai Testing;

Tritium Technolegy.



”'% 2
‘\ 3
revea j
al more and more properties of the blasma which
still haven't been stdjad detailly [
Ou : 3

r Tokamak, Ciagonostics system and data aquisitjon

) sysie : ]
ystem shouid be the wXperimental devices o study

the plasma tehavior conveniently 5

I'mi i
Il only report the experimental results whick can reveal some now
aspacts of the properties of the Tokamakplasma
[
7
The global : 1. Toroidal field coll. §. Woriaontal field wires.
ol structure of the MHD mode in e tm““"“bfmr o i e
Tekamak 3. Progr le vertical 8. Bottom supporting plate.
Plasma Wrteat i o e
4. Helioelvires 1=3/r=1. 10. Feed back vertical field
5. Helical wires 1=2/nel. coils-

F1G.1, Schamatic view of HT - 6B tokamak.
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Qutput divices

1
Special
{ CAMAC
|
HON
interferomet

Global Structure of the MHD Mode in Tokamak Plasma.

! 1) There are two helical windings{ L=2/n=] and L.=3/n~1} installed on
. HT-6B Tokamak.

The side-band components were less than 15% of the total value.

The-helical field - RHPF) was vary weak in our experiments, only

Special A/D
( CAMAC )
N. P

near { % Of the poloidal field B,. it only can direetly c&ngo the

PoPll/24

magnetic stiructure near the corresponding rational surfaces
{ g =2 or q =3 surlace)

analyse
and
processing

RHF are really the [acal disturbances. 3—5‘ ~ 3.71-40
2) The L=2 REF can suppress m=2/nel fluctustion as already widely

MICRO

observed. It slso can suppress m=3/n=] fluctustion totally,

APPLE ~ II
cumpuater
AT
( CNRC )
2250

The L=2 RHF suppressed m«|/n=1 signals from soft X-ray deteclor

Lgin
tion

array, which ceuld ot be thought as the side-band componesnl of

m-2/n=1 mode.

’ 3) The L=3 RHY, which only disturbs g=3 surface, can s'pprasgmed~ -~

VT-240
terminal
S.

AfD

fluctuation as well as m+2 magnetic [luctuation. Thus, m=3 signal .

could. not be the side-5and of m=2 made due to toreidal effect.

‘Bleck diagramm of data acquisiticon system for REF experiments on HT - 6B.

The L=3 RHF aiso can suppress m=1/n=1 [luctuation of soft X-ray

LeCroy
-8210
v7-240
terminal

amission from ceatral core of the plasma.

FIG.3.

4) Al these [luctuations have the same frequency, which could not be

due Lo the torcidal rotation of the plasma.

E “4 ls concdusive that, there is only one mods which has diffsrerd m

Diagnosti
signals

componsnts and extend; o the whols plasma. %‘” 1'4‘
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Super—low ity rge ex pertment on HT-6M: 2) How to enter super-low densily (SLD) region:
P 400Hz discharge cleaning 1o reduce Lhe oulgassing rate of the

1) The Monster sawtooth process observed on JET seems to show that, Kmiter and wall;
in some cases the plasma can keep ia the top state of sawtooth process for ‘ Compansation of the siray [ield to reduce the electrical field,
long time if the centrsl heating power is enough. Therefors, it is hopeful to Controlling the plasma displacement to prevent Lhe excessive

observe such phenomena in low density ohmie heating discharge. outgassing;

Szwipoth, Stabilization

DC glow discharge cleaning for | -4 hours to improve the wall

condition;
- £12 2.8 3 Gradually reducing the initial pressure 10 3°1 075 ;

8 + s i —i s} + 20 Pre-ionization.
’ P 2.45s ol SLD is really the typical Tokamak discharge with few runaway

l i L5 elecirons:

Loop voltage was about 0.7-2.0V, only had negative peaks;
Hard X-ray appeared only in set-up and disrupiion phases;
6 T 116 - Saft X-ray PHA ealy shew single Maxwellean spectrum of
. T,=600-1000 oV
(keV)—- (M‘N) 1, from Spitzer resistivity agreed with the directly measured
value 7, -3}.
4 7 110 3) Taking Ny =N I1-( e/a o N, and
T, =T 1 (e PaT,
1 T from data of 300 SLD within the panmeler\ range:
: | Ny=(02-04)" 108, e
< -] 5 I,-63kA, V,=07-14V. 1.}
' we oblained: N, =047 *1. Sem?, o.8f

1 | N, =0.07 " 10" cm”d, ot
o —t 0 T,-%0eV, T, =30ev. [

€ 11 wae @  b30T o4
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q{0) = 0.8 from Spitrer resistivity,

q(0) = 0.46 from neoclassicat formula.
4.0

-
1.0}

U | 1
—

This q{0} value was confirmed by

inner inductance measurement:
L,-18.
4) Other features of SLD:
ﬁ. was indepepdent of P .
Sawieeth did not appear in most of

discharges(80-90%), or were very

wenk; F3 PN FUUUS FRUTE PRTTY PPN U
$1-X e 0.2 0.4 0.6 0.8 1.01/z

Ty — v

inp

M ‘
normal

30 32 34 (ma)

MHD fluctustions( m=2, 3) level were very low;
Confinement time of 8LD waa incrensal ta 2 - 4 times of the
volus of Alcator Scolling.

AT

Changes of the confinement propertics of the Plasma in HT-6B
Tokamak due to weak Helical Field.

It has been found that, the very weak L=3 ( or L=2) helical fieid. which
can only directly modify the magnetic siructure near the adge of the
plasama, strongly changes the transport or confinement, propariies
of the whole plasmas.

1) In the case of low density discharge( N, < 1.5°10'3cm"3), sawteeth
would be amplified by a factor of 2.5 1o aboul 1/3 of the mean
walue of tha central chord (Fig.).
Ramp up slope: from 0.9V/ms to 1.5V/ms, collapse slope: from
36V/msto7.6V/ms,
In the case of N, » 1.5° 10"3cm 3, the magnetie and soft-X ray
signals all had nesr J0kH2 oscillation. The RHF couid suppress
it high Irequency ( near 20kH1) oscilistion, and make the

sawtssth evident (Flg.) .

RHF coLld incregse the amplitude. ramp-up and collapse slopes of
sawtooth oscillation . It is similar 1o ' giant sawlooirh' process, but
without the hesting power in centril region. The collapse o the
osciliation could not be totally due to the grouth of m=1 mde.

2) RHF improved the conflinement { the plasma:

Increasing the ramp-up alope of sawlooth ;

The thermal condustivily estimsaled [rom phase shifl of the
sawtooth oscillation of different chorts{ Tab. )

. 1g-1

shot 11174 Xe (M'377)
r =0 om re17.6cm
witheut RHF 3.38 + 0.49 7.76 + 0.15
with RIHF ".37 % 0.38 4.30 & 0.30

The T, profile was broadened,



4 TR(EV)

The T, profile was broadened,
180 &

Iy = 9 -—

the central electron temperature Igy = 4008 —-—

T,(0) was reduced.
1e0

N, was increased gradually by

RHF ( from 1.1* 10%%m™? 10
1.6* 10'3cm™3 in 20 ms ) 140
3) RHF gnhanced the impurity line
{ 0141 and Cl11 lines) emission. 120
The H, radiation did not be enhanced

by RHF. Hydrogen influx was

Ko. 880418D30

unchanged. ; -
3.0 4.0 8.0
All werel.5cm and 8.7 cm choris.

4) The effectiveness of RHF depends on the plasma condition.

RHF was lotally non-effective in high Zy, discharge.
Generally, L=3 RHF was more effeclive than L-3, il g, was aear

4.
L=3 RHF was non-effective if g, was less than 3.
The optimal vaiue of RHF was reisted lo plasma density.
The RHT diacharge squld b o new stats of Tohamak Plosma:
RHF senibel '
Suppress tha Mirnov ocillating
Lmprove the confinement;
Amplify the sawtesth;
Enhance the impusity radiotin but keep the H radiation
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