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ABSTRACT

Calculation of diffusion lengths of thermal neutrons in lead-water

and aluminium water lattices in direction parallel to the rods are performed

using one group diffusion equation together with Shevelev transport

correction. The formalism is then applied to two practical cases, the Kawasaki

(Hitachi) and the Douglas point (Candu)reactor lattices. Our resultB are

in good agreement with the observed values.
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The neutron diffusion length problem in heterogeneous media concerning

the evolution in space of a distribution incident upon the face of what is

essentially an infinite half-space of moderator has generated considerable

interest from the earliest days of reactor science . In real situations

one encounters the problem of the homogenization of a heterogeneous medium

keeping in mind that the heterogeneity produces a. directional dependence of
2)

the diffusion length . Essentially one sets out to determine the averaged

nuclear constants for the heterogeneous medium in terms of which one can

express, at least approximately, the flux distribution in the actual

heterogeneous medium as a flux distribution in an appropriate homogeneous

medium. Thus in the homogenization of the lattice of a heterogeneous

reactor, the fuel elements and the moderator are replaced for the purposes

of calculation by an effective homogeneous medium. The theoretical problems

involved in the calculation of various design parameters become rather

complicated when a lattice arrangement for the fuel elements is to be

employed. In general two types of lattice arrangements are used for most

purposes, the rod type and the plate. Our present calculation Involves rod

type lattices since these are rather common in practice and are thus of

much practical significance.

II. MATHEMATICAL FORMALISM

The one group diffusion equation can be written as

, -V-[D(?) V*(?) + 1 (?) *{?}]= Sir) ,
(1)

where D is the duffislon coefficient related to the current density J

through the equation

J = -DV4 * (a)

£a Is the microscopic absorption cross-section, S is the source term and
• tike neutron flux.

We res t r ic t ourselves to an Infinite l a t t i ce containing rods of one
material embedded in a second medium. From Eq.{l) one can then get for the
fluxes in regions 1 and 2:
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(3)

Continuity and conservation of the flux at appropriate boundaries and the

continuity of the current finally give In terms of Bessel functions

(Appendix)

v being the decay constant. I.e. the inverse diffusion lengthj m, and m*

quantities related to decay constants K 1 and *:„ In the tvo different

media through equation

2
ml

2 _ 2
(5)

Treating v as a parameter (and remembering the limits from Eq.(5)) we plot

the function c(v) from which one can find the value of the decay constant

satisfying condition C(v) = 1 in the curve for specific assemblies determined

through the dimensions a, the radius of the rod and b - d//VJ d being

the lattice pitch.

Next we go on to apply the transport correction to the rod assembly

following Shevelev's suggestion for slab lattices. We devise an equivalent

slab lattice corresponding to the cylindrical one so that they conserve the

volume. Finally we get for the transport corrected parallel diffusion length

Ln L 8 (1-1
(6)

being the value of the uncorrected length corresponding to the value of

paths of the neutrons in media 1 and 2, t the thickness and d the
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the dimension of equivalent square slabs, while f is the function of the

optical thickness at the slabs as defined.ty Shevelev .

The expression derived above is not applicable to multiplying systems

which comprise of almost all practical reactor lattices, in such systems,

the decay constant in the fuel region is larger than the decay constant

in the moderator region ( i .e . K > K } implying physically that fuel region

contains fissile material having large absorption eross-sections. The

analogous expression for the decay constant in the direction parallel to

the rods in heterogeneous multiplying systems is also worked out and is

given by

C'(v) =

(7)

Before going into the detailed calculations it is instructive to look at the

limiting behaviour of the decay constant, as the rod diameter tends to zero.

For 3mall values of the arguement, the Bessel functions take very simple

shapes so that one gets

+ (b2 - a2) E,

+ D 2 (b
2 - a2)

(8)

This gives the same limiting behaviour as the non-multiplying case and the

limiting value agrees with the limiting result derived by Shevelev for

slab lattices, thus providing a check on our calculation.

III . RESULTS AND DISCUSSION

P a r a l l e l d i f fusion lengths of thermal neutrons have been ca lcu la ted

for lfi d i f f e ren t configurat ions of non-multiplying as wel l as mul t ip ly ing

rod type assemblies . Results for the various conf igurat ions in lead-water

system are shown in the f igure which shows t h a t our correc ted values a re

in exce l l en t agreement with the observed values . Resul ts obtained for

aluminium water l a t t i c e s and two p r a c t i c a l l a t t i c e s , e .g . the Kavasaki

(Hitachi) and the Douglas point ( Candu) r eac to r l a t t i c e s a re shown in
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Table I- KeBulta indicate that th.e agreement with observed values is

reasonably good for the practical lattices as well as the two configurations

in aluminium water lattices

The Hitachi reactor employs a simple fuel configuration with 10)6

enriched UOp cylindrical rods as fuel element. The calculation of the

relevant cross-sections is simple in this case. The form of the fuel

elements in Candu is rather complicated in that each fuel element consists

of 19 rods of natural uranium in the form of sintered UO . Thus the cal-
2

culation of the relevant cross-sections is a bit Involved. First calculations

were performed by assuming a lumped fuel element and later on results were

Improved by dividing the fuel element in 19 unit cells and performing the

calculations for each unit cell and then finally the value of the decay

constant in the fuel region was obtained by volume average over the whole

region. The moderator used In both reactor assemblies is heavy water. It
that

is interesting to note>our transport correction factor is quite signlfcant

in most cases except in particular for the case of the Candu reactor. This

is an expected result and Is also a confirmation of the fact that the

diffusion theory is a good approximation of the transport theory in regions

which are large compared to mean free path of neutrons and the Candu reactor

studied here has, in fact, a very large assembly.

In conclusion we would like to say that our method has a very simple

physical approach and is computationally much simpler than other sophisticated
6)

methods, e.g. integral transport method and Sn method . Sn method

involves the replacement of the angular Integration numerical quadrature which

can be tedious, extremely time-consuming for cases where the fluxes are not

smooth. The integral transport method involves the solution of a matrix

eigenvalue equation where each element contains a double Integral. As has

been shown, the accuracy achieved In our simple approach Is rather good and

suggests that the Shevelev prescription Is a general transport correction

scheme rather than for slab type lattices only, as was Indicated in previous

calculations, implying that these results depend more on the volume elements

of the media'in the lattice configuration rather than on the details of their

geomet ry
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APPENDIX

The fluxes in the two different media are:

•i(r) * A i J o W r )

(A.I)

We apply the boundary conditions

(1) ••, r=a *2 r=

J l U a " J
2|r=a

(A.2)

Condition (l) gives

Al J0 C ml a )

Condition (2) gives, using J = -D

(A.3)

(A.U)

vhile the third condition gives

(A.5)

From (A.5) we get

(A.6)
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Multiplying Eq..(A.3) by D ^

we get

J^n^a) and Eg.. (A.!*) by J0(m.,a) *°d subtracting

Table I

Parallel diffusion lengths

0

(A.7)

Using the value of A_ from (A.6) and after some algebra, ve finally get

"I1"! = 1 .

(A.8)

Assembly

Aluminium]
Water f
Lattice J

Hitachi

Candu

Rod
diameter

cm

1-5

1.5

O.U

1..O85

Lattice
spacing

cm

1.9

2.1*

2.1*

22.86

Observed
Talue

cm

It.91

3.9*

l.!*2

11.96

Calculated value

Diffusion
theory

cm

10.85

8.38

1.60

11.70

Transport
corrected

cm

5.19

k.65

1.1*1

11.69

REFERENCES

1) S.R. Bull and T.J. Connolly, J . Wucl. Energy 25_, 179 (1971).

2) S.A.M.M. Siddiqui and M.M.R. Williams, J . STucl. Energy 2J_, 273 (1973).

3) Y.V. Shevelev, J . Hucl. Eneergy I I §_, 132 (1957-58).

1*) K.H. Muthin, e t a l . , Sov. Prog, in Neutron Phys. (Consultants Bureau,

B.-Jf. 1963).

5) Di rec to ra te of Huclear Reactors , Vols.IV and VI (IAEA, Vienna 1962

and 1966).

6} 5f. Kaneko, et a l . , Hucl- Sc i . and Eng. '£_, 105 (1971*)-

- 7 -

' » IF HWI



J. CSiELA-riX'i'.F.J - Tc.•:•,(.:! for cfi-.tle'.o tKCCutdmn of dir.crutesyrjr.etry in

I

3

•P
11}
q

IC/61/155

IC/81/156

JC/81/157
r:.-T.BEP.»

ic/81/158
INT.REP."

lc/Sl/159
INT.REP.•

IC/8I/I6O
INT.REP.•

IC/81/161
INT.REP.•

IC/81/162
IHT.REP.*

IC/81/163
IHT.REP.".

IC/61/I6U
IHT.REP.*

IC/8I/I65
INT.REP.*

IC/Bl/166
INT.REP.

IC/81/16T
INT.REP.*

IC/8l/l68

IC/81/169
1ST.HEP.•

IC/81/170
IKT.REP.*

IC/81/1T1
IST.REP.•

IC/81/172

IC/71/173

J . Cl!EL'».-FLpn?3 -• P in -haiU-c-n structui-e.

C.C. HAZIIA and M.K. 1'AHIDA - Faoloriiation h^othesis (ind estimation
of parity violating parameters in nuclear force.

A,H. HAYTfAn and G. HUE7A7A - Motiun of a pa^-netic Soliton about a
la t t i ce soliton in a Heisenbere! chain.

J.A. phenorcnon via paupe invariants.

B.V. SHAR'-'A. - A note on the hard sphere nodel of surface entropy of
liquid metals,

A. BREZI4I and G~, OLIVIER - Self-consistent theory of localization in
binary alloys.

S. CHATTERJEE and S.V4 EUBRAMAIIYAH - Radiation induced depinning of a
charge density wave system.

S.I . HUSAIH and Z. AHSAN. - A differentiable structure on apace-time
manifold corresponding to to ta l pure radiation.

ZHABG LI-YUAN - An approximate method for calculating eleetron-phonon
matrix element of a disordered transition netal and relevant comments
on superconductivity.

ZKASG LI-YUAN and YIN DAO-LE - Energy band theory of heterometal super-
posed film and relevant comments on superconductivity in heterometal
eyeterns.

D, KUMAR - Proposal for a non-linear reactor .

S. NARISON - On the Lnplace transform of the Weinberg sum rules ,

F. CLARO - Local fields in ionic cryatalB.

ZHAUG LI-TOAN - Peierls ins tabi l i ty and superconductivity in oub-
st i tut ionally disordered pseudo one-dimenaional conductors

S.G. KAMATI! - Penguin effects in iS f 0 B decays in a fivs flavour
EU(2) x u( l ) model.

G. SEHATQKE and H.P. T03I - Optimized rjndon phase approxination for
the structure of liquid ftlXali detain S3 electron-ion plasnas.

Z. EREZIHI and C. OLIVIER - Study of the nobil i ty e<J«e in a Cayley
tree .

L. MASPERI and C. CTO!RO - Role of fi»u£« lnv&ri«nco in a variatlonal
ar/ii ccan-field calculation.

A. KUJTOU - rV.frp5--Ecect.ru1S apiinat topeleg!.;nl charge in a non-11 m-nr
&odel in three space di.iensiona.

Intersial Rtports: Liaited d i s t r i bu t ion .
L-̂ E H'SiSVW AfcF.AVAlUBLR raCM TiiS rLT-L CSS OfTICE, TCTP, FO BOX >.-4O-



IC/81/171* A. H0LA5 and K.S. SIHCr.1! - Coirssent on the frequency dependence of the
INT.PEP.• local field factor of an electron liquid.

IC/81/175 G. KALMAH and K.T. GOLDEIf - Correlation correction to plasir.on dispersion:
INT.REP.• Rebuttal of a reply by Iehinaru, Totsuji, TIUIRO and Pines

IC/8I/I76 AHMED OSMAM - Elastic and rearrangement scattering between tvo-inter-
acting deuterona as a four-body problen.

IC/Bl/177 S.P. de ALWIS and J .E. KIM - Supersyraetric SU(ll), the invisible
IHT.SEP.* axion and proton decay.

IC/8 l /nS P. CARIHI, G. KAIMAH and K.I. GOLDEN - Exact dynamical polar i labl l i ty
for one-component classical plasmas.

IC/81/179 LEAH HI2RACHI - Comments on ''dyons of charge e6/2n".
INT.REP,*

IC/Bl/lBO V. PAAR and S. BRAHT - Signature effect in SU(6) model for quadrupole
phonons.

IC/8l/ l8l Z.G. KOITOV and I . I . YAHCHEV - Path-integral calculation of the density
INT.REP.* of s tates in heavily doped strongly compensated semiconductors In a

- magnetic r ie ld .

IC/81/182 C. PANAGIOTAKOPOULOS - Regular ization of the quantum field theory of
INT.REP.* charges and monopoles,

IC/81/183 A. SADIQ and H. AHSAJT KHAH - Entropy of percolating and random Infinite
INT.REP." clusters .

IC/81/18U . A.H. BASSYOUNI - Start broadening of isolated U.V.-lines of L i l , All
and Sil by a D.C.-ARC plasma without and vith Cs. I

[

IC/81/185 A.K. BAESYOUNI - Imprisonment of resonance radiation in atonic
absorption Bpectroscopy. '

IC/81/186 B, BUTI - Interaction of turbulent solar wind with cometary plasma t a i l s .

IC/8l/l87 M.K. PARIDA and A. RAYCHAUDHITRI - Low nass parity restoration, weak
interaction phenomenology and grand unification.

IC/81/188 J . PH2YSTAWA - Symmetry and phase t rans i t ions . -

IC/81/189 P. BUDINICH - On "conforaal spinor geometry": An .attempt to "Understand"
internal symmetry.

IC/81/190 Y. FUJIMOTO - The axloa, fermion mass in SU(9) G.U.Th.

IC/8J/191 U. KAEFER - Bencirks on the non-uniquenei/s of the canonicnl enere
tensor of classical field theories.

IC/fil/i92 J . TARITKI - Path lnteprnl over phn:«.- srace, thoir definition and

ICi'91/193 H.r. ivTiG - C ln r s i ca l •!r.'.Ti:-.nica of n I vent Mr.,- Lev..

ICJ&Z/1';>U K.fi. AXDKHIZ - On c l a s s i c a l aclut'ic-iis of Giirnoy *.i cc.nfort:al-invariar.t.
i:;T.T:Vr,» S] *r.or"KOdcl.

INT.REP.•

Ic/Si/197

IC/81/198

INT.REP.*

IC/81/199

IC/81/200

IC/81/201
INT.REP.*

IC/81/202
INT.REP.•

IC/81/203

IC/81/20U

IC/81/206
IHT.REP.»

IC/81/207
INTREP.*

IC/81/209
INT.REP.•

IC/81/210

IC/81/212
INT.REP."

IC/81/213

lC/8l/2llt

IC/81/215

y . i - j i ^ j I I - N I B S - i S r v-r l t tor :-j :i:-«-:.ir:r!| w-'-'-i- an IC/31/.117

P. NIKOLOV - On the correspondence betveen infiniteEinml and integral
description of connections.

A.B. CHOUDHARY - On on improved effective rnnge fonsula.

K.R. PAIKT53?, P.J. GROUT, H".H. KARCil and M.P. TOSI - A model of the
ice-d-electrbn isetal interface.

TEJ SHIVASTAVA - On the representation of generalized Dirac (Clifford)
algebras.

R. JENGO, L. MASPERI and C. 0!>tEK0 - Variational discussion of the
Kactlltonian Z(N) spin model in 1+1 and 2+1 dimensions.

D.A. AKYEAMPONG - Supersymmetry breaking in a magnetic f ield.

D.K. SRIVASTAVA"- Integrals involving functions of the type

A. BULGAC, F. CARETOIU, 0. DUMITRESCU and'S. HOLAH - Fermi liquid laodel
of alpha decay.

ANDRZEJ G0ZD2 - Equivalence of the L-dlminishing operator and the .
Hill-Wheeler projection technique and i t s application to the five-
dimensional harmonic osci l la tor .

IC/8I/205 M. CIAPALONI - Soft gluon contributions to hard processes.

Summer Workshop on High-Energy Physics (July -August 198l) (Collection
of lecture notes).

E. BOBULA and Z. KALICKA - Sufficient condition for generation of
multiple solidification front in one-dlsnensional solidification of
binary alloys.

A. SADIQ - Cultural isolation of third-World scient is ta .

E.W. MIELKE - Reduction of the PoincarS gauge field equations by
means of a duality rotation.

IC/61/211 AEKJS SALAM and J . STRATHDEE - On Kaluga-Klein theory.

H.H. MARCH and M.P. TOSI - Saturation of Debye screening length and
the free energy of aaferionic PbFg .

H.R. KARABAYI - Anatomy of (;rn.nd unifying groups.

A.n. CHOUDHARY - A study of S-wnve n-p scattering using a nev effective
range formula.

S. OU>.%EV.\:KI - Hartren-Fock
electron i^i:i.

for th«

I N T . • • . : ; • . •

T. 5HJVA.rTAVA - A tvo-oonpcK«::t ifiivc-tvju.-Uii;!! for v-
and r.o:i-v.oro r e s t r.:i::i'- (Fart 1 ) .

H.V. Ei:AI-c;i\, 0 . !U-NAVG:;K an.1 :-'.l :. TCU •• iXort-rftnfj*
In c o l d - c ' s i u a me l t s .

of «r-in--

ionic corrcltu,Ions


