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General Background

Well-known Figures and Facts:
1 kg %3°U fission reaction produces 23 million kWh.

Natural uranium possesses only 0.7 %*°U and 99.2%238U.
Fuel enrichment is normally needed

Conventional light water reactors can only consume-5%
heavy isotopes4~U, 233, 23%Pu ...). Fast breeder reactors
about 10% av. burnup Fuel reprocessmg IS needed.

Conventional Nuclear Reactors :

Low fuel utilization and high amount of nuclear wase due to
the low burn-up
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Burning Wave Fission Reactor. CANDLE

Main features of this concept :

Q Long core or continuous fuel loading

O Stable nuclear reaction ¢onstant reactivity)

Q High burn-up (up to 50 %) (high utilization of fuel)
Q

Q

Natural uranium fuel (no need of fuel enrichmenk
Less nuclear waster{o need of fuel reprocessing
Purpose of this study :
Q Setup of simplified multi-group model
Q Analytical/numerical solution
a Insight into this phenomenon
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This paper attempts to apply the analytical metioatie
more complicated multi-group model
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Mechanism of this new kind of reactor
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Neutronic Model (1)

Two-group diffusion equations (ast group 1; slow group 2:

1 0
> ;:1 D[GD D@) aqu_z q2¢f+vlzfl¢f+vzzf2¢§’
1

_E =U [GDZD%)_Zaz@ +2, .4,

One-group diffusion equations is derived as:
10¢ _
—— =Dl +V2.. O,
V at [cl ¢) a¢ f¢
where, e.g.

Dlg=Dl¢ +D,lg, 2¢=2¢4+t2,¢ ¢=¢+¢
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Neutronic Model (2)
Simplified Nuclide Chain Scheme

Radioactive decays neglected

Considered in the 239Np BR ecay

present burnup R

calculations a5 (N,Y)

f239.; 1 a-decay not shown here
(n,2n) processes neglec
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Neutronic Model (3)

Burn-up equations simplified by considering?38U, 23%Pu, #*%Pu,
and burnable and non-burnable fission product pairs(FPPs)

and by neglecting radioactive decay processes

ON, ON, ON
F:_Nasgo F__Naagqo +Ng0, s a—to__NO-aoqo + Ny, @

aNFPP inert

oN

FPP_burn _ - -

ot — NFPP_burnJa,FPP¢+ Z I\IiO-f ,i¢’ ot - NFPP_burnO-a,FPP(D
1=89,0

where all ¢ stands forg,g +0,¢

Coupling through macroscopic cross-sections

:ZNi (Ua,i )n’sz,n :ZNi (Viaf j )n’ztr,n :ZNi (Utr,i )n’zlﬁz :ZNiOzbZ,i'
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Asymptotic Solution
Solutions of Burn-up equations
Atom number densities are functionsnefitron fluence ¢ only

NEN@), = [edzu, 0,

Asymptotic Formulationin ¢ = z+ ut

Look for a so-called travelling wave solution wdhft speedy, i.e.
a steady solution in a moving coordinate systegmL-D case

d(_ o vz, 3 (_ 9
D +o=0 %D %al-G.+3 Ja+s w=0
( e ] ) 4 az( 2aZ@j (Z+2 LB +Z L0

q}equatlon @,-equation

0¢
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lterative Solution Method

The analytical solvability of one-group equatiornédet al.
ICENES 2005), I.e. i (), 2:(P) and () are known, thep-
equation can be solved analytically, why = j @l /u

The two-group equations can be soluedatively based on this
one group solution:

(1) Select a suitable constag®© = @/ n amalytical solution of
@-equation and a numerical solution@fequation are obtained

@ Thena® @) = g®W)/o” @) — k@, ¢ W)andg” )

3) O’(n) (w) %(n) (w)/qa(n) (w) — k(n+1)’ n+1) (w) and@(”ﬂ) (w)

If o™ Is sufficently close tig™®» |, we sayconverged solution

M has been achieved
B9 Transmutation and Safety ICGENES; 20,0)7) R0




Forschungszentrum Karlsruhe ﬂ(l I
in der Helmholtz-Gemeinschaft

Karlsruhe Institute of Technology ——

Example
Q Material composition similar to that in a “simpéfi standard
system” §odium-cooled fast breeder reactowith oxide fuel)
0 Two-group data have been generated with boundakiyeM.
Q Fresh fuel parameters:
g,, =0.528barn Ngo + Ng, = 632x10° cm’
D, =1.556cm Ngo/(Ngo + Ngy) =0.065663
a Maximal neutron flux is chosen ag__ =3x10®°cm?s’®
Q Derived scales

l,=21.6cm u, = 342x10°cm/s forZz={/l,, U =u/u,

Lot
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Results (1)

Q A typical burn-up solution in the case of constantroscopic
Cross sections
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Results (2)

0 Comparison of one-group and two-group solutions
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Results (3)

O Summary of the two-group solution

Slow neutron flux fraction
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2-grosplution summary

0 The drift speed is 16.7 cm/year and the Z-range26f,20)

corresponds 8.64 m
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Conclusions

QO Two-group diffusion equations coupled with sim@diburn-up
equations were investigated for a CANDLE-type react

0 Inthe 1-D case the model was solved by the iterahethod
based on the analytical solvability of one-grougoity.

QO It was shown that the fraction of slow neutron fananges
slightly in the wave solution and consequentlyitagation
converges very quickly.

O The method can be further developed for a more @oated
multi-group model with a large number of energyup® to
obtain a so-calledftindamental burning wave solution

o
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