





EUR 4839 e

JN-METD2 - A FORTRAN-IV PROGRAMME FOR SOLVING
NEUTRON TRANSPORT PROBLEMS WITH ISOTROPIC SCATTERING
IN MULTILAYER SLABS BY THE jy METHOD by T. ASAOKA and
E. CAGLIOTI BONANNI

Commission of the European Cominunities

Joint Nuclear Research Centre -~ Ispra Establishment (Italy)
Nuclear Studies Division

Luxembourg, July 1972 - 58 PPages - B.Fr. 85.—

The mathematical formulae of the jjy method for the description of neutron
transport in a multilayer slab systemn are summarized within the context of
a multigroup model under the assumption that the scattering of neutrons is
spherically symmetric in the laboratory system. A Fortran-1V computer
programme JN-METD2 is described in dctail for the use of accurately solving
the transport problem according to these formulae. The computer code calculates
the eigenvalue of the integral transport equation, the effective multiplication
factor or the asymptotic decay constant of neutrons, as well as the eigenfunction,
the space, angle and energy dependent flux distribution. In addition, it evaluates
the first three time moments of the time-dependent flux resulting from a delta
function boundary source with space, angle and cnergy variables.

EUR 4839 e

JN-METD2 - A FORTRAN-IV TPROGRAMME TFOR SOLVING
NEUTRON TRANSPORT PROBLEMS WITH ISOTROPIC SCATTERING
IN MULTILAYER SLABS BY THE jy METHOD by T. ASAOKA and
E. CAGLIOTI BONANNI

Commission of the European Communities

Joint Nuclear Research Centre - Ispra Establishment (Italy)
Nuclear Studies Division

Luxembourg, July 1972 - 58 I’ages - B.Fr. 85.—

The mathematical formulae of the j method for the description of neutron
transport in a multilayer slab system are summarized within the context of
a multigroup model under the assumption that the scattering of neutrons is
spherically symmetric in the laboratory system. A Fortran-IV computer
programme JN-METD?2 is described in dectail for the use of accurately solving
the transport problem according to these formulae. The computer code calculates
the eigenvalue of the integral transport equation, the effective multiplication
factor or the asymptotic decay constant of neutrons, as well as the eigenfunction,
the space, angle and energy dependent flux distribution. In addition, it evaluates
the first three time moments of the time-dependent flux resulting from a delta
function boundary source with space, angle and cnergy variables.

EUR 4839 e

JN-METD2 - A FORTRAN-IV PROGRAMME FOR SOLVING
NEUTRON TRANSPORT PROBLEMS WITH 1SOTROPIC SCATTERING
IN MULTILAYER SLABS BY THE jy METHOD by T. ASAOKA and
E. CAGLIOTI BONANNI

Commission of the European Communities

Joint Nuclear Research Centre - Ispra Establishment (italy)
Nuclear Studies Division

Luxembourg, July 1972 - 58 Pages - B.Fr. 85.—

The mathematical formulae of the jp method for the description of ncutron
transport in a multilayer slab system are summarized within the context of
a multigroup model under the assumption that the scattering of neutrons is
spherically symmetric in the laboratory system. A Fortran-IV computer
programme JN-METD?2 is described in detail for the use of accurately solving
the transport problem according to these formulae. The computer code calculates
the eigenvalue of the integral transport equation, the effective multiplication
factor or the asymptotic decay constant of neutrons, as well as the eigenfunction,
the space, angle and energy dependent flux distribution. In addition, it evaluates
the first three time moments of the time-dependent flux resulting from a dclta
function boundary source with space, angle and energy variables.






EUR 4839 e

COMMISSION OF THE EUROPEAN COMMUNITIES

CELE JN-METD?2

A FORTRAN-IV PROGRAMME FOR SOLVING
NEUTRON TRANSPORT PROBLEMS
WITH ISOTROPIC SCATTERING IN MULTILAYER
SLABS BY THE j, METHOD

by

T. ASAOKA and E. CAGLIOTI BONANNI

1972

Joint Nuclear Research Centre
Ispra Lstablishment - Italy

Nuclear Studies Division



ABSTRACT

The mathematical formulac of the jy method for the description of neutron
transport in a multilayer slab system are summarized within the context of
a multigroup model under the assumption that the scattering of neutrons is
spherically symmetric in the laboratory system. A Fortran-IV computer
programme JN-METD2 is described in detail for the use of accurately solving
the transport problem according to these formulae. The computer code calculates
the cigenvalue of the integral transport equation, the effective multiplication
factor or the asymptotic decay constant of neutrons, as well as the eigenfunction,
the space, angle and energy dependent flux distribution. In addition, it evaluates
the first threc time moments of the time-dependent flux resulting from a delta
function boundary source with space, angle and encrgy variables.
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JN-METD2, A FORTRAN-IV PROGRAMME FOR SOLVING NEUTRON TRANSPORT PROBLEMS
WITH ISOTROPIC SCATTERING IN MULTILAYER SLABS BY THE jN METHOD

1., Introduction

Under the assumption that the scattering of neutrons is spherically symmetric
in the laboratory system, the newly developed jN method has already yielded
accurate solutions to space-energy time-dependent transport problems in bare
spheres (ASAOKA, 1968-1) and space—-angle energy-time dependent problems in
homogeneous slabs (ASAOKA, 1968-2). The neutron flux for a stationary state
has also been obtained as a simple limiting case of time-dependent problems.
For dealing with these problems, a computer code JN-METD1 has been developed

within the context of the multigroup and (up to) j., approximation (ASAOKA,1971).
7 H

As already shown by several authors, the approach can easily be extended to
take into account anisotropic scattering of neutrons (KSCHWENDT, 1971) or to
treat multilayer slab systems (MANGIAROTTI, 1971). For the description of
time-dependent neutron transport in multilayer slabs with anisotropic scat-
tering, a general formalism has been developed by the present authors (ASAOKA
and CAGLIOTI, 1969 and 1972) and applied to an optimization study of moderators
in pulsed reactors, Furthermore, the application of the method to convex geo-
metries has been demonstrated for a homogeneous medium in which the neutron

scattering is isotropic (HEMBD, 1970).

The present report is concerned with the computer code JN-METD2 designed to
solve transport problems in multilayer slab systems with isotropic scattering
of neutrons. By the use of a multigroup model and the jN (N<7) approximation,

the computer code calculates:

(a) The space, angle and energy dependent neutron flux due to a stationary
point-isotropic boundary source, as well as the first and second time
moments of the time-~dependent flux resulting from a point-isotropic

delta function source on one boundary,

(b) The value of the effective multiplication factor ke of a multilayer

ff
slab reactor and the stationary flux distribution as a function of

space, angle and energy.



(c) The asymptotic decay constant of the fundamental neutron distribution

in a multilayer slab systen,

2. Mathematical Formulae

Since a general formulation for time-dependent transport in multilayer slabs
with anisotropic scattering has already been shown in a previous paper (ASAOKA
and CAGLIOTI, 1972), we only summarize here the mathematical formulae for the
description of neutron transport in a M-region slab within the context of a
G-energy-group model and the ‘jN approximation (scattering being assumed sphe-

rically symmetric).

Let X be the space coordinate, /u the direction cosine of the neutron velo-
city, ZJ': and 'U‘, the macroscopic total cross section of the i=-th region (ex-
tending from X= Q;, to (@; ) and the speed of neutrons in the g-th group, re-
spectively, and C“- (J’—)j) the mean number of secondary neutrons produced in
the g-th group as a result of collisions in the g!-th group and i-th region.
The number of the g-th group neutrons in the j-th region resulting from a
point-isotropic delta function source 51 ('x,/u,t)=25“,,u S(X)S(t) can

be written as
1},72, (X,/U,t) Qst(t' )Wr'(? Z“(aj‘a‘,‘)‘l'z?}(x‘%q))//u,]-i-
+i}£¢ffr‘1), CJ,A—J)'t] Z {ﬁ %- 7;—_1—3 y Z‘MA,&;“é-“? +M>X
xBr (Q,JA)+Z 5(2, —.t“ ,/x,z;mﬁ,zzzy, _1_2_4_ )B«cg Ag) b
jwwfr (ZV"UJTt] Z {ﬁ Fr ) Jx— /‘ Z"M—Z’V—H,g) ?W‘*_

J+ ¢ . JT“ -4 e Y
+—3T3- )44, i -zv+y >+C§45 31,-7}, —?—a‘.- AT i Ej“’ .

A . -
-0 (g, Tz } )

where 0{1'£= 8*2—13(@&_4&4) {%*:4—(2’“’]}‘4-.6)/(2,*1@)] , 2V stands for the
minimum value of Z",&'V’ for all g and k, and



Fp (o', 069,34, 4 5 d )= P,*Sdz}r(og‘Z)Mffcaf,‘(l‘i’S)]"
,e':‘lzjo dt’wf )_’-P,‘(l-igu)’c’] . (2)

The function FP is equal to F};l with 1:0 evaluated previously (ASAOKA and
CALGIOTI, 1972). The explicit expression for FP in the j7 approximation
(p<7) is given in the Appendix 1, Section 2. In addition, 4= Z,"V;,Jﬁ and
BPC (3’ /‘Jl) in equation (1) are respectively a pole and the residue of
,#F"(g,A) which satisfies the following linear equation:

l
2Z+4 73T 45 (1047 = ZC (3“"3'9“’3}53 n(‘L 4 éa” JT* Xk
+,z_«_;c,.c3->;/>g fé:,Jgr( %4 é«#ﬂam (3. 47+

i Yo (3
+§413r(2 % 4 ;:06 sty g g, 007,
where
Cop Oifs 45 d, 06"y =5 [ dz ] (o) %2 oap (-0 )
XL‘Zt’W(_P,Jt/)IOIW/uw(,_?j&}z-t;u)) "
4

Tgr o, 065,85 4) =k a,éfdzj,}(af,lzur(or,z)z““’x

SRl [ (R0,

The explicit expressions for the integrals Cs& and J.Z-T are respectively

shown in the Appendix 1, Sections 4 and 1.

For a stationary state, only one largest pole ,A:Z’,"U‘ Of 193_‘(3,4) is of
importance. Hence, by multiplying ,A-z‘,’w on both sides of equation (3) and
taking the limit ,J-—)Z"‘l()’ , We get [assuming a boundary source 53(1,/“):

=253 M8(X) ]
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RNC S ST L SO
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| +2, T (% $.70; g% W) g1,
where BZJ’(z) alym,'v‘(_d z‘lzu‘)‘gsi (§,4) . The stationary vector flux can thus

be written as .

*éwwvz P

(6)

. =4 .
1}1721}(1)/(): 2531/,(49[—(? z,*(a&—aH)+Z,"(1-a-_4))//u I+
N
+25{- i1t 2%7‘4‘ o TS iﬁ“f‘“%ﬁ‘*wr @+
"z, ,(2) ,Z,‘;gi E ‘v,,;:a', —’—2—’-)3, (3)}

(7

Upon integrating equation (7) over/u from -1 to 1, the scalar flux is ob~-

tained in the form
. '..‘ .

P:O{‘:‘ 2ﬂi 4 Z“%) é% +J—_’_)Bf‘(3)+ -
1-2;4 . og'+ord |
o-}+4GF('.2L),z :24 aj-‘l 4,2.’,‘41,,%,0/, -'LZ_L )Bf‘q)}; (8)
in which |

AR HD =_f4‘d/”"}(“:5 of, (s, 4 854), ©

the expression for Gf’ being given in the Appendix 1, Section 3,

It is seen from equation (6) that the critical condition for a system with-
out extraneous source ,5.3 = 0 is to be obtained by solving the determinantal

equation:

S13/55r 8ji i ogf - beog!
UL ¢ g Ty (B % 423005 7 (Fo-245)) | =0,

LI50,2,,65 §,7=04 N5 di=h2 oM. Ao



In order to get the value of the effective multiplication factor keff for a

given reactor, (3—>3’) is divided into two parts. These are the scat-
tering part Ql(g—)”) Z_j(ﬂ—)?)/},}l and the fission part Cf*(j—)ﬁ )=
= Xa,(vzf)sl/Z’a where XJ stands for the proportion of fission neutrons
born in the g-th group. By the use of this separation, the value of k is

eff
obtained by solving equation (10) with

GUP=algrtedgyy by | a

The ratios between Bré(j)’s can now be obtained, under the condition (10),
from equation (6) with S,=0 and C}'(j—)j’) given by equation (11) for calcula-
ting the flux distribution in a multilayer slab reactor according to equation
(7) or (8) with S’=O . In addition, equation (10) with ,d:Z',‘/V,A{ instead
of W gives the asymptotic decay constant A =Z’,"U; (1-4;) which governs
the asymptotic behaviour of neutrons as t->00 fsee equation (l)] R

It is also easy to get the time moments of the time-dependent flux resulting

from the incidence of an external delta function source on one boundary:

Sa(zl/ult)z 233/,(5(1)5('(‘) . The first three til.ne moments of the angu-

lar flux (1) are written as follows:

00 . o . - . )

~which is given by equatlon (7) with Bl’ (g) # (3, 2’,4’]/4) f compare equation
(3) with (6)] ’

fdttv‘lﬂl"(xl/“ t) 2531%?[— ?Z’i‘(a&-d‘_‘)q.zz}(z_ ’4))//‘]/(1/'/1)‘
Q” - . it .
',;{Z[ = f TQL, 2,%%— /‘l"“)—éid’&-g%ql')‘if‘(ﬂ,,&)i-

) { £ { J .
(.-J-HF;(?L 7}) “—aﬂ 2TM 4 ’fgj%'g%ﬁi )lft(g“”}]z:x.w,)

(13)
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00 . i :
joabt P, p,t)= 25,20 %p [—c}:‘ et g ) ] A+

2 _N _
PRt 5(3’:7‘3’5_%,,/‘ sif oM Vb e
M
+£}+4FP %‘j 2)4-.2‘:4 )/ll,,é ED(‘E 4&-)4 (343)14 2'41&. (14)

According to equation (3), the first and second derivatives of .#r('(a,A) at
4:2"‘/[}4 are obtained by solving respectively the following equations:

M
<2z+4>§0(3+3'>yz"§:r3,( G 455 (-t ) g icp, g -

=0
~j’p¢,*(gu) =- (23+4)3Z§ G(3>9" [ar,is,g-;gj (—“j!,A;—é‘o(,ﬂ
+ B0 O ol Cyy (%, 45 -Frog 528, 1) A

. .
+£Z$J,,(%=%Q‘3—‘,A;$(f f- -’-ﬂ!’-))#r @43,

=0 (=4

N M

(2#02“3_)3’)%;433* 02”,721)4, (o2 ))ZZ'% 4, 4)-

_ﬁ. 473 (§)4)=- (23+4)§ C'(gég’){%jS,mQL(—",Ai‘é% +

+4—“'§‘” —’->+20fa‘5:z:r 3(-“ ﬁ"’“* o, %)/ iR

>[£

¥=0 F42 I@Y —4) 1-(%0(, M))WJY((Z“‘D"'ZJFI (glJ
% s 7 (Zogk-9 tcg, 437 %
7475 43—*))«?73 )13 o

For a non-multiplying system in which there is no up-scattering of neutrons,
equations (3) [or (6)] , (15) and (16) can be simplified to those which are

solved in the same way as for a one-group model, For example, equation (3) can
be reduced to

Y, M ,j ,‘ - 0(/},' /i (
QHNGUSISE T, (G 8 4, 7 (Fop- ke )bz
. / . j dynd
~Bydcgiad=-apd[Z £ ¢ a>pomis, ¢y (8 43-EMERE 4.
st AN o+t ¢
+§c,-<g—>g;yz_g;7,(—t G 47 (Fo 5570 80,01,

a7)
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From equations (12)-(14), the first three time moments of the total flux can

be obtained as follows:
praey i
Ldt'[l,ﬂ,l(g’)-t): ’[),fna (x) given by equation (8), (18)

Lodoi't’lf,’)’lajfl t)= 25'31 E, ):g Z,&(a*-a/‘_l).;.z:j(x-aj_‘)]/1)’_
ﬁ[ —o{(‘- GP ) 2)2—5_ 4, 4; éd’&*%&—")#’ (3, 4)+
i
c—;ﬂGf’(ﬁ- 2“1- -l -1 “’F M")#F (3"“)}]4 =z ,

(19)
. —4 .
jo A Pumt, =28, Copl- (}i Z R4y oy )+Z:*(7<‘“ -4)) ] X
2,41
XY O(E Zh etz a1 +HRIE I E &4 %
%-4 As- #o{,&-ﬂﬂt)# (3.4)+2 ﬁr(z’-,-i-,Zg;:{,,—.,,-b
(20)

4 )EJ“, -“’;—“" )»gfi("'A)} ]J=z1‘4’4 .

- 3. JN-METD2 Computer Code

3.1 Input data (see the Appendix 3)

After a title card with a 20A4 format, 16 integers are read with a 2513 for-

mat, These input integers are defined as follows:

IIO 3, 5 or 7 for the j3, j5 or j7 approximation (O to stop the execu~

tion; see the Appendix 2, Section 1)

IIIX O for solving a new problem or 1 for restarting a problem for

which punched cards for the residues RES are available (see below)




-12 -

NSOQOUCE =1, O or 1 for the problem to obtain the asymptotic decay constant
(NSPH=1 and LLL~=0; if NSLOWD=1 the decay constant of neutrons be-
longing to the lowest energy-group being calculated), to compute
the value of the effective multiplication factor (NSLOWD=0 and
NSPH=1) or to deal with a subcritical system with an external
source for obtalnlng the flux dlstributlon

NSLOWD 1 for non-multiplying system without up-scattering of neutrons
(0 otherwise) '

IGRP Total number of energy groups
Arrangement of reaction type of the cross section (XSEC) for the
g~th group and i-th region; XSEC (l,g,l) _Z¢7 yessy XSEC(IHT-1,

IHT .

g,1) -ZTt: , XSEC (IHT=3,g,i) = ztr, , XSEC (IHT+1,g,i) =

THS Z (g+IHS IHT->»g),,+0., XSEC (IHS-1l,g,i) = Zt(g+l->g) XSEC

JHL
(IHSZIHT,g,1i) = z‘(g+g) XSEC (IHS+1,g,i) —Z(g-1->g>,....,
XSEC (JHLZIHS,g,i) = X ‘(g-JHL+IHS>g) [z.'m is used for Z’
for taking into account the anisotropic scattering of neutrons and
Z—t, is for calculating c(g>g') =Z(g9g')/z-ta.

NSPH 3 for obtaining the first and second time moments of the flux due
to a Q(t) source in addition to the stationary flux (1 otherwise)

NNNN Total number of homogeneous regions in the multilayer slab system

LLI, 1 for computing the flux distribution (O otherwise)

IAA Total number of input cards for the present problem

NENRGY Number of energy groups' for which the flux distributions are to be
calculated (see the array NGRUP mentioned below)

NTFLUX 1 for computing the total flux (O otherwise)
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NTSPAC Number of space points at which the angular and/or total flux are
to be obtained (see the array NSPACE mentioned below)
NANGL Number of angular points at which the angular flux is to be cal-

culated (total range of/;l from -1 to 1 is divided into NANGL-1l to
have an equal spacing, and only‘jl= 1 if NANGL=1)

Next, in the subroutine JNMETD, the following data depending on the input in-

teger NSOUCE are read with 7F10.6 (energy-dependent quantities are ordered

respectively by energy-group beginning with the first or highest group):

NSOUCE=1 .SOCE;'bpupdg;y source intensity S}
VG; speed of neutrons %5

NSOUCE=0 } CK1,CK2,EPSK; the first and second guess for the value of keff and
the requiredvrelgtiyelaccp:apy when IIII=0 (CKl =Akeff if IIII=1)
VG; fissipp specﬁrpm Ag

NSOUCE=1 | CK1,CK2,EPSK; the first and second guess for the asymptotic time

constant 1ﬁ44 and the required relative accuracy

VG; speed of neutrons ’U&

The following data are then read with 7F10.6 (or 8F9.6, F8.5 for XSEC) in the
order of space region, the total number of cards being NNNN*-{1+[(IGRP+6)/7I+
+[(JHLXIGRP+8)/9]+(if NSOUCE=0, L[(IGRP+6)/71 )}:

Thickness of the region
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BUCLG Buckling for taking into account the finite extention of the

system in y and z directionms, (B,‘Z-I-Bi,z)z , ordered by group g

XSEC ‘ Nuclear cross sections for all types of reactions arranged as
mentioned above in the first group, then for those in the se-

cond group and so on

If NSOUCE=0, (vZf )3 order by g
XFSEC .

For the case where IIII=1 (NSOUCEZ20), a punched card dump with a (5D15,8)
format for the residue (RES) B’,i(a) is then read in the same order. as in the
punched output or output print: For NSLOWD=1 (NSOUCE=l), it reads first
Bri(Z)'s , p=0,1,,..,1I0, for i=1 and g=1, then those for i=2 and g=1 and
so on until those for i=NNNN and g=1. These are followed, if any (NSPH=3),
by %‘Bri(ﬁ'l)lhzﬂmls , §=o—.110, for i=1 and g=1, i=2 and g=1,...,
i=NNNN and g=1, and then by ﬁBPL(s'J)]bz,‘M ’q . All these data are
repeated for g=2, g=3,..., g=IGRP. For other cases (NSLOWD=0 and NSOUCE=0),
it reads first Bricg)’s , p=0-II0, for g=1 and i=1, g=2 and i=l,..., g=IGRP
and i=1, which are followed by those for i=2 and so on till i=NNNN, Then, if
anya, %—Bpi(g,,d)]‘=z’4v4’s are read in the same order as Bri(j)ls and
#BPL(31A>]A=Z4‘%)S follow them., The total number of cards is there-
fore always NSPHNNNNxIGRP%[(II10+5)/5],

Finally, if LLL=1, the following data are read with a 25I3 format in the sub-
routine FLUXCA:

NGRUP Energy-group indices of NENRGY groups for which the flux distribu-

tions are to be calculated (ir_l increasing order)

NSPACE NNNN numbers of space points at which the flux is to be calculated.
(The first integer is the number of space points for the first vre-
gion, the second integer is for the second region and so on), If
NSPACE(I) >1 the I-th region is divided into NSPACE(I)-1. to have

an equal spacing and if NSPACE(I)=1 one space point is selected at
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The JN-METD2 package consists of 15 programmes: MAIN, JNMETD, FLUXCA, FCAL,
FSCAL, FSCON, SGMOD, CCALC, DET, ITRTON, SOLEQ, GCAL, FMCAL, EP and VARIAC,
In addition, the code makes use of the library subprogrammes, MAXO, DEXP,

DLOG, DATAN, DSIN and DCOS.

Almost all subscript variables and their dimension informations are stored

. in a blank COMMON for the use of the adjustable dimensioning, The present
size of the COMMOﬁ for subscript variables is 64 K bytes so that the pro-
gramme requires the core storage less than 300 K bytes in the Fortran -1V,
Version G on the IBM-360/65, For.altering the dimension of the COMMON to

fit core storage, the 12 statements should be adjusted., (All 15 programme
decks are respectively numbered.) These are 5 cards in the MAIN programme:
the 30th (dimension of ACOM), 31st (dimension of ICOM), 32nd (dimension of
BCOM), 43rd (clear COMMON) and 132nd card (available Es required storage?),
and 7 COMMON statements (dimension Qf ACOM) which are the 20th card of JNMETD,
13th of FLUXCA, 14th of FCAL, 10th of CCAILC, 5th of ITRTON, 12th of GCAL and
5th of EP,

In the MAIN programme, as can be seen from the flow chart shown in the Appen-
dix 2, Section 1, sizes of the required arrays are computed based on input
parameters and then first-word addresses are calculated for these arrays.

The ldcations of thesé pointers and the associated arrays with their dummy
dimensions are given in Table I which shows also the fact that the storage
locations bigger than IA(38) are used in two different ways, once in JNMETD
and then again in FLUXCA. The actual values of the integer variables speci-
fying the sizes of arrays are summarized in Table II, The first-word addresses
and the dimension informations are transferred through a call statement and

a part of vector in the blank COMMON is treated as a multi-dimensional array

in subprogrammes,

. The subroutine JNMETD computes:

(é), The residue 834(3) according to equation (6) [ or (17) for a non—n'lulti-
plying2§ys§em without up-scattering of neutrons ] and if NSPH=3 5%161(3,4)
and ﬁ;#f(z,;) at J:Z}M}j by solving respectively equations (15) and
(16) (or the corresponding equations for a non-multiplying system with-
out up-scattering),for a multilayer slab system with a stationary (or
for the derivatives, a delta function) point-isotropic boundary source

- (NSOUCE=1).
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- (b) The value of k for a multilayer slab reactor (NSOUCE=0, NSLOWD=0

eff .
and NSPH=1) and if LLL>>O the ratios between Br‘(s)’s from equations

(10) and (6) with S, =0 and q (§->9’) given by equation (11).

(c) The asymptotic time constant {-44 for obtaining the asymptotic decay
constant XM (4-4;) for a multilayer slab (LLL=0 and NSPH=1) or if
NSLOWD=1 the asymptotic decay constant of neutrons belonging to the

lowest energy group.

For the problems (b) and (c), the values of C_b(i—)j) are first modified ac-
cording to the guess of keff or {-44 , and for the problem (c) the values of
a‘-%z E*Z{‘(d‘—ﬂ_‘__‘) are calculated (see the flow diagram .. shown in the Ap- -
pendix 2, Section 2). With these values of C,ﬁ(f.-)j) and '0(‘:* , the matrix
elements for equation (6) or (17) [also for equations (15) and (16)] are

then ?alc.ulat'ed tzy calling t-he subroutine FCAL (a{,f, 0{,‘/ 0() IIO)‘ MM z,hsp,jx
VR, Z0uPigd, YiapIGote that froke oh/(hyRR) and fpoph=01
which computes the value (ii)P’J( )nj'zr(“zgo(,i’,dg d)  for n=0AMM+1 by the
use of their explicit expressions shown in the Appendix 1, Section 1 [ see for- .
mulae (A14)-(A®) . In the case vwhere tX,?-l-D('i-i-ldlsS ~, it calls the subrou-
tine gs_g;AL(o(,i,o(,i) d,m1,110, 311, z’hv,gé/(z,%g‘), z‘,‘q),j?,i.éz.d) in which the series
expansion shown . by the formulae (A23) and (A24) are used for the calculation
depending on the values of parameters d,j, az"' and a( (JII stands for the para-
meter range)., For computing the first and second derivatives of J'"with z=4-7
and Y=, the FSCAL calls another subroutine FSCON. In addition, the FCAL and

' FSCAL use the subroutine SGMOD (SSI,I,..:.) in which when I>0 Xgum m o, o:,d)
is modified to xJ-Ml-H,ﬂ-H [ see equation (All) in the Appendix 1], when

I=0 the summation of (Al6) is performed or when I< O a multiplication is car-
ried out for calculating the derivatives of J';f by using their series expan-
sions, The exponential integral E,n(x) appeared on the right hand side of equa- -
tion (Al12) is evaluated by the function subprogramme EP(M,X) which comes from
the subprogramme EP(n,x,b,....) in the computer code JN-METD1 (ASAOKA, 1971).
At the end of the FCAL, the recurrence relation (A7) given in the Appendix 1

is adopted for computing the functions 'T$T with.q = 2=7 and vr = 1-6 (and

their derivatives if NSPH = 3) from the values of Jppand Jyy with r = 0-7 and
Jgo and Jgq with q = 2-7. | .
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After having been obtained the matrix elements, the ‘JNMETD calls, for the

A p}rbblems‘ (b) and (c), the subroutine DET to evaluate the determinant (10)

. f_with A-'-" 2._',‘4)4,44 for the problem (c)] or the corresponding equation for

| the problem (c) with NSLOWD=1. The subroutine ITRTON is then used for iter-
ating the .prqcess to make the value of the determinant zero until the rela-
tive dif,ference between two successive values of keff or I—;A4 becomes smaller
than EPSK. For the problem (b) with .LLL>»O0, after obtained the converged

value of k the ratios between the residues are calculated by evaluating

eff’
the cofactors of the determinant by the use of the subroutine SOLEQ which

solves. a system of simultaneous linear equations,

For the problem (a), in addition to the matrix elemeh‘ts, the first‘ term on

‘the right hand side of equation (3) [and if NSPH=3, the right hand sides of
equations ‘(15) and (16)] or if NSLOWD-—-i the right hand side of equation (17)
[a.nd the expressions corresponding respectively to the right hand sides of
equatiohs (15) a.ﬁd (16) ] is evaluated with the help of the subroutine Qp_;Al&(a’,ﬂ
o{,‘._d) ]IO, MMMM, z"j%g’jﬁ@l_d),(z,jvipﬂiﬁ_)'(%l_d‘)) . The CCALC computes
("i)2ﬂ’,jP,j’(Z',J‘U,ﬁjﬁ-)“”"m'bﬂ(ofz&-d3(1)0(34) with MMMM=1,0 or-l by using their
explicit expressipns if a’a'+da‘+10“>3 or the series expansions otherwise,

As is seen from the expression (A43) it uses the function subprogramme EP

for evaluating E.. The residues (and their derivatives, for NSPH=3) are thus

1
» obtain in the JNMETD by calling the SOLEQ to solve equation (6) [and equa-—
" tions (15) and (16)] if NSLOWD=0 or (17) [ and the equations corresponding

respectively to (15) and (16)] if NSLOWD=1l,

Thé subroutine FLUXCA computes for NTFLUX>O the total flux a.r;d/or for .
NANGL> O the angular flux by using the values of the residues (or the ratios
- between them) obtained as inentioned above in the JNMETD. As is seen from the
“flow diagram. . of the FLUXCA shown in the Appendix 2, Section 3, after havihg
calculated the angle points (the values of M ) at which the angular fluxes
are to be computed if NANGL>>O, the space points (0555_1) are determined

in each region and the total fluxes are calculated at these points with the
help of the subroutine GCAL (0q, 0gi25-1-d, 110, MMMM, Z{uR og!a5-1)-41,
(zzﬁv,giﬁ.)‘[o(,}'(ns—n-d]) if NTFLUX>O. The GCAL computes uxz,‘u,g%.)""”"*&
_ XGP(W’E%J,.?j‘J,J}d) for MMMM=1, O or-l.[ see equations (8) and (17)-(20)1

" .. by adopting the explicit expressions with the help of the function EP when
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“’i+|a;,j(9§_4)_d|>5 or the series expansions otherwise (see the Appendix 1,
Section 3). For NANGL>O, the FLUXCA calls the subroutine EMCAL (or’ga(,l(gs.J)_ 4,
ﬂ; 110, MMMM, Z"’U’P,t fa’,J();—J)-A], (2',‘17,}’,%)2[«’*(23-4 )‘d]) which computes
(i)(zﬁ&ﬁ%.)""”m‘}-‘r(o@‘,a,i,5‘,/,544;a[) with MMMM=1, Oar-l1 for calculating the

second term on the right hand side of equation (7), (13) or (14). The FMCAL

uses the series expansions given in the Appendix 1, Section 2, if (0&£+

| ot (25-4)-d | /1l < 6.

In the case where NSOUCE=1, the FLUXCA evaluates also the contribution of un-
collided source neutrons to the total or/and angular flux according to the
first term on the right hand side of equation (8), (19) or (20), with the
help of the function EP, or/and equation (7), (13) or (14). If NSPH=3, the
above-mentioned calculations are followed by the evaluation of the mean emis-
sion time t and the variance (02 of the time-dependent flux due to the delta

function boundary source, For the angular flux, these are written as follows

[see equations (12)-(14)]:

—_ P . 00 . »

O tumiap by o - GE,

which are calculated in the subroutine VARIAC.

4. Remarks

Since we have already developed a general formulation of the jN method for
dealing with time-dependent transport in a multilayer slab system with aniso-
tropic scattering of neutrons (ASAOKA and CAGLIOTI, 1969 and 1972), it is
hoped that the present computer programme can easily be extended to treat
anisotropic scattering as well as to obtain a detailed time evolution of neu-
trons. However, as having been seen in the Appendix 1, the analytical expres-
sions for the functions appeared in the formulation are already rather com-
plicated and hence the programming of the computer code needs care upon
keeping always the rounding error reasonably small. In the present code JN-

METD2, the ‘functions are evaluated on the basis of either their explicit ex-
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pressions or series expansions obtained under the assumption that the values
of all arguments of the function are small, Therefore, in the case where the
ratio between the arguments is very. large, it is possible that the function

is evaluated with a large rounding error. In such a case,it will be a crucial
point for obtaining an accurate result which order of the jN approximation
should be applied to the calculation, because more complex functions are re-
quired for the higher order approximation. Generally speaking, the j5 approxi-
mation gives a reasonably accurate result for almost all physical problems.

It saves also execution time of the computation by about 30% compared to the

. j7 calculation,

Typical running time on the IBM-360/65 is nearly 1.5 min., to obtain, in-the
context of a 7-group j5 approximation, the total and angular flux of the
lowest group neutrons at 3 angle and 6 space points in a 3-region slab with
a stationary boundary source, However, the calculation of the time moments
of the timé-dependent flux requires a rather long time. A 7-group j5 cal-
culation takes about 10 min, to obtain the first three time moments of the
7th group angular flux, resulting from a delta function boundary source, at
3 angle and 6 space points in a 3-region slab. The j3 approximation requires
nearly 7 min, for solving this problem. All three sample problems shown in

the Appendix 3 take only about 10 sec,

It remains to note that, in the present code, the introduction of the lateral
buckling (B«‘z‘f 822)3 to account for the finite extension of a slab system in
two directions leads to modify only the values of C(3q>g§ as if the absorption
cross section increases by (Bf"f'Bgz)s/(Bzﬂj) but not the value of Ztr:
which replaces ;S} to take into consideration the anisotropic scattering of
neutrons., It will therefore be necessary in some cases to modify also ;Efra

to increase the value by (By%rﬁka)g//(g;gfra) , though the contribution of un-
collided source neutrons to the flux is given always in terms of 2:}: with-

out the buckling correction,
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Table I Location of the first elements of Real#8 ( ® Real¥4 or @ Integer)
arrays stored in the blank COMMON and their dimensionst
Location| Array name (dimension)............
IA(31) ALPHA(IGRP,NNNN)
IA(51) XV(IA(11),NNNN)
IA(32) RES(IIO, IGRP,NNNN,IA(10))
IA(33) ® A(NNNN)
IA(34) ® SOCE(IA(16))
IA(35) ® XSEC(JHL, IGRP,NNNN)
IA(36) ® VG(IA(3))
IAGT) | @ XFSECCIAGS),IAC)
IA(38) ED(IGO,IA(1),IA(15)) IA(38) X(NTSPAC)
IA(39) E(IGO,IA(2)) IA(46) | ® ANGL(NANGL)
1A(52) E1(IGO,IA(14)) IAC47) | e TFLUX(IA(9),NENRGY,IA(13))
IAC40) C1(IA(3),IA(3),IA(6)) ' _
IA(53) ALS(IGRP,IA(12)) IAC48) | @ VFLUX(NANGL,NTSPAC,NENRGY,
IA(41) C2(1A(5),IA(5),IA(6)) 1A(10))
IA(42) SC(1A(7),1A(8),IA(15)) IA(49) @NGRUP(NENRGY)
1a(43) | @ BUCLG(IGRP,NNNN) IA(50) |(@© NSPACE(NNNN)
I1A(44) e CS(IGRP,IGRP,NNNN)
1A(45) ® CF(IA(3),IA(3),IA(4))

+IGO=IIO*IGRP*NNNN or IIOXNNNN for NSLOWD=0O or 1.




Table II Computed integers for specifying the array dimensions (LFF=IIOxIGRP%NNNN)

NSLOWD 0 1

NSOUCE -1 0 1 -1 , 1

NSPH 1 3 1 3
TAC1) LFF LFF+1 0 LFF I IO%NNNN

IA(2) LFF ® LFF @ LrF+2 IIOXNNNN | @ IIOXNNNN+2
IA(3) IGRP

IAC4) o NNNN 0

IA(5) 0 ® IGRP 0

IA(6) NNNN NNNN o NNNN o
IACT) 0 LFF 0 I IOXNNNN
IA(8) 0 1 IGRP

IAC9) A NTSPAC

IAC10) 0 o1 ! 1 3 0 3
IAC11) IGRP 0 ‘ IGRP IGRP 0 IGRP
IA(12) NNNN 0 | 0 NNNN 0
IA(13) Al A 3 Al A3
IA(14) o] @D LFF o @ IIOXNNNN
IA(15) 1 @1 " 0 @ 2 @1 ® 3
 1ac16) | IGRP 0 IGRP

@ only if IIII=0, e only if LLL>O and

A only if NTSPAC >O.

—'[z-
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Appendix 1. Analytical Expressions of Functions

Since the general formulae of the functions appeared in the present formula-
tion have been developed in a previous paper (ASAOKA and CAGLIOTI, 1972), we
show here only the final expressions and then summarize the explicit expres-
sions and series expansions for the functions in the solution of the j7 ap-

proximation,

S 1. J-gyaxj)‘xi)aé}d-)

We consider here JZY((XJ-)Q"-IA; d_) with %ZM?O because

Jﬁ(“p“ud)d)=(05/0“)}3(04;06),4,d)
The parameter range is divided into five:

(2) —0G-p-4 >0,

) —-oi-d<0 and -XK+x-d>0,

() ~M+di-d<0 amd oG-or-d >0,

(@ X-x-d<0 and o+0-d >0,

() di+ai-d< 0.

since Jgy (0,0, 45 d)  for the parameter range (d) or (e) is equal to
(-4)”3]”(0(,,0(.,45,—4[) for the range (b) or (a), we show only the general

expressions for the range (a), (b) and (c):

w P v 4A<‘& () (rrs-m)!
8“)2 J-z_y(%)at)A) d) Z ( 2 ’ﬂ“J"T 0%’(%‘%)’(4‘”)'(Y'A+m),x

(DX i 06100, )+ A Ky (6,00, )+ AR X g0 0, ) 4 (-4 ¥
xXm("‘xjr“i)al)“‘ﬁm(%‘la'c;d)—(‘l)rnm (%»'ai,d)—(-l)g‘x (A1)
X Yun(—“j;m) d)"(’J)"; Yoan 0,4, d) ], for (@),

X J [Xm(-og,-m-,—d)+(—4)"xm(oq-,—m,d)+(-4)7’x,n(—og,afg,d)+
X 0,00, d )+ Yoy O 0 d) = (0 Yaum i, d )= caz)
= AP Vum 04,00, A )= (D" Vg 04706, DT, Sor (b,
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[Xln( D(p “g, J)+(—l)"Xm( ‘x‘)o(u d)+( 47$Xm( “]I“ﬁ)d).*-
F AT EX i (04700, d )+ Yaum (06, 00, )+ AT Yaun (0 -0t d )=

(A3)
~ AP Yo =000, ol )~ CFY, 0 G0, d ) ] for (C), A
where
Xan 0G0, d )= o(ﬂ+40(7~?!74 (A+2)' fwf(a’m&d)z (4+2-U)! (o ortd Y
+ (oo d ) E, (- (or,+m+d NI,
(A4)
4 -H (y"'d,.“‘d J’H"&
Yisn (O, 0,d)= W’“ﬁ, (&14)(J+4)ﬁ , (a5)
Yaun OG0, d )= Y 4m (0,00, d)~Yiam 0y -0t =) . - e

The functions which we have to evaluate in the j7 approximation (which re-
quires J‘”’s with q=0,1,...,7 and r=0,1,...,7) are Jg and Jyywith r=0,1,...,7,
and J'w and J'” with q=2,3,...,7, because, due to the recurrence formula of

the spherical Bessel function, we have the following relation:

ol A y= e 294
J-z.”l-r (“]Id()»d)d-) a iy_,_j [JZ,Y+4 IZ Y—,l] ]-%,-4 Y . (A7)

The explicit expressions for the X‘mterm of these functions, 8((:)3”.(3‘/6(‘*)
inr(a;-lailA;d)’slare written as follows Y see equations (A1)-(A3)] :

TS Gl )]
4L .
% ( )'n-J-Y>o N (M) (4-m)! (-4+m)! Xin (o),0:,d)

Ll TR ye rkd-q)!
=o% n(FM!i=n % )(A-m!(r-4+m>!xm (06,00, )

Ly (! O -
Az=:a( 2) FTov=or XAO(%’“""U Sor 820, (A8)

- (38! (A (e
f (- L)Ad('(;‘sj)’ XM(“J'“‘ND F ) ,4/%5—3()1 NG J)ﬂl)

for r=0, (A9)
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4
J"O(‘L A(T-?#,A)' [XJo(“‘I“UdJ XA-H,{(“S:“UJ)] fOY % 4

_ Ly (7+4)! n_ ()]
d"o( )AA'W,A)'%“ (2/n)(l(3m):XA+nm("' Si,d),

for r=7
The expression on the right hand side of equation (A8) leads
"WLF L)‘A'Yzf%l Xao (0, %:,d )=
¢ XL+ B -x), . Y=0,
(X105 % (0] X4 (- X ) X Ey (0, v=1,

\

[X100- & X, x0+ 47? X3<x)]e"+ (4-%(;x+4az x=)x’E4 1), y=2
[X4(x>--2~_x,cz)+;,5oﬁx3<x)-4ia,é-ax4<x>]e ¥

+(1-Zx ‘750721-}0(—&313)1‘5(4% y=3
[ Xi0-4 X2<x>+40(,x3<z> 4«3)‘4“’ 0(., Xs (1) 125+

t (-4 X+ o g Wl X TECD), T4,

[X0= 5 Xy 000+ 22a X5 0- 0(3x4(x)+m4x5(1) s X 0Tk
+(1- 5‘ ‘fo 7)7(‘513+ Pt s 20(515 )XE X), v=5,
DX~ e Xa (0 525 X, 0= 25 Xa CO+ £28 X5 (0= 125 X O
e Xy (0] 2 Lo (- gt £ 2 2—x3+4s,‘;(5414 Fas Xt

+6‘l‘6¥‘x )’I. E,(‘X), T=6)

[ X (0= 2 X, (0+42 X, 00~ 485 Xa 0+ 32 X500 - X 0+

- Xy (- 28 o+ £3, x2 405 53
+m_‘xq<x) mrxﬂxvmh + (1= g X+ 25a X 5 X
385 99 429 6 43 1 - =
+ 30 1 G i X DT B, =1,

(A10)

(All)

(A12)
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u
where Xp(X)=2X Xpp,O+m! | X;(X)=2H Lor Xm ()= %(Mﬂ— e —4] and X=0qtoitd,
- Y.A !
The XJ-M{ term on the right hand side of equation (AlO), a’d‘;:o )‘adl (T.A)'
xXH“(o(J,af“ d_) , r=0-7, can easily be written down by replacing Xm(x)
in equation (A12) and X 41n the coefficient of Xin(-l) by -Xﬂ“(l)/f(m-u)dj]

+
and —x"%f('mu)og] , respectively. In the same manner, (_4)"““‘3% - 4 )44'7(,;2),

X X,A-mrn(o(pm.,d> of equation (All) for n=2~7 can be obtained from the
7 .
xfm-l

last equation of (Al12) by replacing repeatedly Xm (XD and in the
expression for Xgm,m by —Xmﬂ(z)/f(m'*il)aj‘J and -Im/f('m*ﬂ)“;] )

respectively, to get that for ij{’/n.‘.‘ L compare (All) with (A28) 7] ¢

The extra terms consisting of ﬁAnor n‘n on the right hand side of equations
(Al1)-(A3) give the following expression:

W ASE (gm)! (red-m)! . y
;E:o 2 s GG L Yam @, A0+ AT Yiam (4700, d

+(-4)‘Y, m(—og,oa,d)+(—4)m‘ﬁm(~0q,—ofi ,d)1=0, Jor all cases.

44<$ (M) (Y+4-m)! _ y
}:( )L MG G-I (Yaun @0 D=4 Yagm O 06 )-

~ AP Yu 0600, d )~ 0 Yoy 00, d ) =

(A13)

r"" (0’~+0(;+d) Z:o))’:o)
- b - 2 ot dd (o0t =0, 154,
-+ s ot [yt d)+ 23, 30, 1=2,

BB A )5S0l §20,123,

_40_ ¢4, (og+m+d){(0/ - d )t ) (L oprd - Zo 2+ 0 1+

30 0(3
ey =0, 1=4,
-20- 330 209 s (oo -0 [ B o S Frapd S
+ o+ 42 g+ 3 o357, - $=0, r=5,

- 281008 590, Ly copsandy { oo d o ) 0prd - B oo

Y20, *+93’<«+df+—i(x 2, 1384 T+ 28040080+ 5940}, §=0, =6,



For gq=1-7 and r=0, the expressions are the same as those for r=1-7 and gq=0
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jgjg_(t 0(3 B_EE(:;Q agé 0/7("(*“#0[)(0’ 0’*01){427(0&‘1)-

- 202 o o2 32 cogrd o= gy on+ Lol oyt Blogd Foxe
+ %1%4+-7%Q1(0§+d)’+i{’2ﬂm’+3sélo 1, =0, =1,

(Al14)

" shown in equation (Al4) except for interchanging 03 with & (and vice versa).

The

sum

-4 _ 4 540(04 4 ’Ns(0/~+m+d)-{(0/'*0fc+d)("5‘+d>[%wf*"bt(aﬁ”’”b’orf*

30 w2 o

+dot L oprdt Foias ]+ Lotessoctisto} §=1,1=5,

00 _4620 _
5407; JOTJ% %’/’aﬁ %r, o a‘(mmu)m o+ d> [ 23 copn -k oprd st

+dhprdFod-droits Zhoprd -1 0pd Fotr Lot B2 cord e

+ 20229707, $=1, =6,
'3ﬁ074 50406 ZF’Z& %?Z(ézo ofm(“’f“ﬁd){(“ m+d)(rx+d){ 2 (o Y-

22 ogrdstorte 23 oprd Y u-gport+ HRogrd S22 apud o+ Lot

+i%—7(0g+d)+2—,ﬂm +42870 ]+io( +L2 F+97000; +£oo£o}J =1 r=1.

expressions for q=1 and r=1-7 are obtained by taking respectively the
of those for q=0 and r=1-7 and the following formulae for q=1 and r=1-7:
§j07+3o(a (o(-+o{¢+6l)f2(aj-ag-+d)(og-+,,l)+4~4a"-’] 5 F=1,7v=4,
~35- 572" 5,_%, (O Bt L) O-tthd ) [T 044, §=1,1=2,
%,; wx ;jyg(o(mﬁal){(o/ at+d)(d+d)[‘£(0(+df Loz+il1+
t+$otri2l, g=1,1=3,
~-3-§,;-73g 24~ agas O e d) i ord- G oqpd o
vt B e 42 $=1,7=4,

(A15)
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Similarly to equation (All), the expressions for g=2-7 and r=7 can be writ-

ten as

¢ (gmy!
Expression for (4,T)= ,nzo anl (! (/n)r,)‘ , (Al16)

in which (0,7)4 is the expression for (0,7) given by the last equation of (Al4),
(1,7)l stands for the last formula of (Al5) and (n,7)1 for n=2-7 are

0*(2,7),= - 33~ T2 - THLD M0 L (el o a+a£)f3go<og+ab9-
~fhonrdf, % 438 st (or+.b’m +535 o 2L o d Y- 4 g d P
+ 428 tprd Yot o+ B o d S 3 oprdyor e L ot 11395 (3 24

+49312 52, 90090 1

077 (3,7)y= ~i2- T2 - 12040 BI04 Ly (oot ) f oty e )

X [ 42 oy 24 ot Yo+ 2 (p+d) ot -4 G Yor o Frox o+ TR (o )
- 1203 e d o+ 22 ol Fort- Boxtr B ot 45115 g St L2 o

+ 44305 ot 157 B0 +150150 J+4206+ 32900 *+ 115500 0+ 737100 }
7

ot (4,7), =_j%(@ 447000 23204{400 1355100 L aproter o) (0004

x [ (o d % 3’” (ar+a£)a’ +3H<a+at>‘or" §f,;°; optdT o+ 48 ol Yo -

-#;o(;“’#,%%iwgu)’- Wogrd o2+ T2 ot Leogrd yorb+ Fonss

14‘; (of +d)’0(2+ 72450/ _53.55T2§ (og-+4)‘+292 22 2579850 ] R
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O{f (5,7)=-5%0- 52&60_ 5-—.,—750‘3£500— 3-7—13‘{—2 X g0 51(?1 (og-+tx¢+al ) { (oG-o+dl) (og--n()x
x [ 2 (el P02+ LR ot L o o'+ 6 o - Ll capdiorfs
+§%o(,;3+1%’1(ar+d)‘ 4-5—75?-7(09+al)"o/¢ ' 815 oped - B2 s i’-’}’— @+d 5
- #910 (@t Por+ 82 orts TSR oY+ T 21 139550 T+ 50004+

+{507600,% 59535000+ 3929300 } |

0y (6,7, =~ 120360 14"‘;;7300 Bia5iti00. —"-‘fi‘t’& o Ot (- )¢

X[ B (ged o)+ 48 (o d S 2051 o)+ Z (oo™
- 2233 (oped o+ B39 oped - Tlo s QT v - T3 g o+
+ 282 o A - 623 (oged i o+ 220 2, 621063 (ofd - 122013 (opd Yo
T2 o Yo T2y LD o 51 2UER0D (2, B5TED 1,
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—(—J)WS‘YM’L(—“J‘,—%,J.)]) are always equal to zero except for the

1238
The extra terms on the right hand side of equation (A3), aj“a 2 (-
4=0

cases where they give the following expressions:
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40 d (306-50-54%0)/ A7, - 33,7=0,
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LAY | ==
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(A18)

In the case where Oj-+d£+|d,l is small, we can obtain the following series

expansion for the parameter range (a) [see equation (Al)]:
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BOF Ty (e, 434)= 5, Ve (Br-v) Do, dy+
+ A Yo €0 00, d )+ (008 Yy 0, 06, A )+ 4>+’Yu %0, d)]-
= Ta (0,00, d) fn oA )) - (A Y (0 -0, d ) i (- aie A ) -
DRG0 o d ) fr C COpratad )~ (G oo, ) I (- o4 )) -
-if'—m’-_-ﬂgm(oq,m)d)(owrm() ¢ z——ﬂ;,,,(ng, o, d ) (oot d I
-(-n’z —,,—‘1},,,( 0,00, o) (-ag ot d )™

~E"E 5 g Yom G000, o) o

(A19)
where
Y, (06,0, d )= o+l "2Z$ (gta)! (ridon)! !
3477940 JTA Frzo N(Gm) (A-m)I(r-4+m)! o _'Wo(“"“‘ (A20)
ﬂ(alldt,d.) }\'(_— (A"’Q)'EA( /d{;d)) (AZI)
Y_gm(“)lduo() Z( %) (A+m+4)' }/34( Jlaud) (A22)

and b’ is the Euler-Mascheroni constant. For the parameter range (b),
(0*3'+(X¢+A ),S) the argument of a logarithmic function multiplied by
Y;.(“j)“d;d) and the variable of a series expansion multiplied by Yfm. (aj,q'.;,d))
on the right hand side of equation (Al19) are replaced by —(aj+afc+d))$ . For
the range (c), in addition to these replacements, two (aj—m.g.d)’s , the ar-

gument of a logarithmic function and the variable of a series expansion, are

replaced by -(aj—m+o()'s .

The summation of four YBJ terms and four n terms with logarithmic functions

on the right hand side of equation (Al19) gives the following expressions:
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where [a(——)b] stands for the fact that the expression is the same as
shown just before except for interchanging a with b (and vice versa). In
addition, the expressions for q=1~7 and r=0 are respectively the same as

those for q=0 and r=1-7 except for interchanging 0(1 with o;

The coefficient of the series expansion on the right hand side of (A19),

ﬁm(f?/jza'm()/(%'wf.;-ra[)z , is written as follows (by the use of abbre-
viation X=0f+&i+d ):
_(-ﬁ%T)! ) _ _ : : ' . §=r=0, |
('nfﬂ)! —(4}%&2)! _gf ) : §=0, v=1,
W%!"m%z—)!'é% (mﬁs)'a%: | | =0 =2,
(;H)l GLan'gu (4?133)';: - cﬁ ) | 5=0,7=3,
2 __20 I .90 22 240 _ﬁ+gi(L1_gf $=0, 1=4,

(MDD ma2)! 0 ™ (4331 a2~ mAH! oF T (mi5)) o,

2 30 L0 X2 _pd0 a3 4890 x* _4#f0_ X° 4=0,1=5,
(m+! ™ (m2)! m 3! a2 (m4)! cra (ms) Ot (m)! oS S

2 __ 42 x 420 x* 2520 2% 9450 x* 20790 %% 20710 x°
ML D W Y B! o e @ (m+5)!‘z? i 03T o

%""'OI Y= 6)

2 __ 5 x 750 X2 _£30 1 34650 A% 124740 X° |
meD! D o T e o ﬁ)'or m+5)1 o3~ (m+6) m

420270 28 2710270 xT7 , 9=0, =1,
(mn! o™ (m o

(A24)

The coefficients for q=1-7 and r=0 can be obtained respectively from the
above-mentioned formulae for q=0 and r=1-7 by replacing ;] b}’ O(J‘ . The
expressions for q=1 and r=1-7 are respectively equal to the formulae (A24)
for q=0 and r=1-7 plus those obtained by replacing (m+p)! in the expression
for q=0 and r=1-7 by (m+p+l1l)! and by multiplying them by -X/Dg'. Furthermore,
the coefficients for q=2-7 and r=7 can be written by equation (Al6) where
the expression (n,7)1 is obtained by replacing (m+p)! in (n—1,7)l by (m+p+1)!
and by multiplying the resulting formula by —(241'4)1/0(- , (0,7)l being the
coefficient for q=0 and r=7 shown at the end of (A24).
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2, F;(Nbla‘)gjﬂ)A}d-)

We have obtained the following general expressions for three different para-

meter ranges fp:di(ﬂj—l)—d,]l

(a) [3-0’,;>'O}
Zp (0, B, =AY Zy o, B 1), A>0,
. . cN— (A25)
306 Fp (@005, 4,43 '{ 0, p<o,
{3"“,;<0 and P+M;_>‘O}
Zo (X, B >+T (o, B, )) >0,
40(£F={ rp,.l P)" f F/‘ /u (A26)
P L™ By o, B, O+ T, ot o 0, <05
(c) (3+“£<03 »
0, 40,
Kbp= (A27)
4 F-f {_Zf(“bpl/‘)+ ("")FZ’("“UF)/M) ) /u'<o’
where
. P2 (pm)! o(+
Brtaup,po= 12 it (6o %), (aze)
21 e yeRr (2p-2r-! )” =27 |
7}(“1#/“>- ((‘)Fﬁ ('4) o (27)” 0 I(ﬁ-) (A29)

The explicit expressions for E,:(CY;F;/IA)WU"HP)%] with p = 0-7 are as fol-

lows:

= 1: f:o}
~( ('H'/u/“)) F:{)
+3%+3(%), p=2,
L+ 65 H5(5)H5 (R, )
- [4+10§+45(§)2+405(§f+ 105(40“7)3 1, p=4,

— L (5805 (4 Y 420 (L 915 (AT 145 (401 p=5,
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I+ 204+240(4) 41260 (2% 4725 (47410395 (4 1 10395(4 ) p=6,

i [+ 284 +378(4 Y+ 3150 (&) 47325 (44 42370 ()% 135435 (4 )+
+135135 (%) 1, p="1.

(A30)

The expressions for 7}(aﬁﬁb/u) with p=0-7 are

1, - p=0,
UG5, p=1,
5-3(5 354 -3(4): | p=2,

-i[&(3-5E0)-(3 (ﬁ)‘)“—-mﬁ{fi)’HS(ﬁ)ﬁ p=3,
¥ E(éf-)’-* (§>4+ﬁ(if P4 B-2Er) (4
4055 (A4 fo5 (Y, P=4,
- G- B P R (G- (- (B P2l (B A £ (185242187,
X4+ (13- 22 (57 %‘-r)+?45§r GV as(5°1, p=5,
R+ R BT UL + 5 (82 - G+ B (e - (1P
+i‘§@ (LY (4= G (MR- ST ) (4 o (HE -G (57 (4T
+10395 Y~ 10395 ,&) A p=6,
- G (-G R (B - (B5- (B B (Lt 2093 (£ ) o
K (- (G QLT T+ (MG B Aot B s
+ (LB A5 (7 )" ({0385 3515 LY (AP pasizs Gy ()4
+135435(4)" 1, » p=T.

(A31)
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In the case where the value (aqqu)/lul is small,

Zp(o, 3, )+ Tp(on, B, ()=
S, p=0,
Edmabes®h e
%—um G L8 35e-113(§ 1LY, P=2,

$’-'4 (;-fg){ 1% “(x §-4-ds 'g) )+£'(7'45 g)“ﬂ (’aa]éf) =3

}% G 0 (o5 F+ (508
+-10(E s (GRTCEE)E,  p=4,

- ;_'f’ (zi 551 3155 1 (20-1o5 (BF) 1% (195-920(5)) (41-735({5’,)2

+45(G1) - (235-1oso (G5 (B ICGEY,  p=s,
;Z:Tzlﬂ‘_ﬁ’ (3524 535— (35-200 (&) 7"+§(525—4249(§)’ )33+ (251-
-3360 (&Y 4125 (B)) 1% £ (2079- 10110 (£ 10395 (£1) -
22544725 Gy s (B rioans (5] CBE ), P=¢,

{ g( ! 18- L2853 (55—378(@) )§5+5-(190-3150 (&) ) 4+ (104 -

~11340(&) 3 m325(8)F) 33—~§( foi2-59850(%V+42370(5) ) 4>

~(2304-53487 (£ V113250 (BT 435135 (B ) 84 B (102599225 (5
242215 (B 15135 (B ) 1 4E)? p=1.

(A32)

The series expansions for the expressions (A25) and (A27) can be obtained

by regarding the formula (A32) as the series expansion for the function

2y 6 ).
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3. Gpdi,06,%,4;d)

From the expression for F;,(duog, 5,/“,,4}0() shown in the Section 2, we get
(a) F-“¢>O}
A0 Gy 00,00, 5,45 d)=Up e, - -0y o, D, (433)

() B-Ui<0 and p+a;>0;

400Gy =1, (o, B2+ (4 Tp (e O+ V) (2, B, (a34)
P'HX( <0,
F0 Gp= (47 Ty 06 -~ Tp -2t~ B, (4292
where
(2p-m)!

Up (o, 3= )2Z [ﬁﬂ( - (- o T
pCX BI= L T e el oy L gy (PHI0): € (ot

- !
X 4R, (—(o(+{3>)M+ Ei+po], (4369

P (2E—2T—4 2” TPa3-Y (- ﬂ) 1+r‘2rf/4"]
“/ -
VF( pI=(0 g( Dm)u (&X)P-2Y 23% (fp-21p21)! (2ApRI-2-2§+1) - (A37)

The explicit expressions for UP (D(,P) and W(D{,P) , p=0-7, are as follows:
L, (o = =g 4B (o4 @) E, (4 3,
U= —-‘;-(4—E+—4—)e‘ WP ks (1) 0 O 04 B,
U (4 é) (" 20()0( 0{2]2 M+P) 'E' E‘)(W"P)EK“‘*‘P))
U=~ L350 -5 (b5 380 & - (38 k- 23 18P
+(£-F(ET) (-7) e O E, B
=-[£;(a-7é)’)(4-§<>+(4-%§+%£a (v (034 HET
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+(2- %@%)Lﬁzﬂz B> L (3-1(87) - &) orpOE, ),
Us=-i (G- F(& 3G 0-Er (B-F 5+ 2B - YRPHET 4+
+@%5 %wgm 8 e (- SR EN e (- R
+ 32 35 77Dy (4 -l(,é)+§z B (- TN AT
Ue=- (G- R G BED -5~ 0- i BTSRRI (54~
- P PP B R
- (ear- P L (B (raos- 1 ) - 88 12 PO+ B ({5
+ BB (-8) arp Eyorp,
U=-i (B BErP B (G BEH ) -5 (- 8+ BB B &
+ B RS- BHE RHG r- (F- B e G R HHR
- BURY o (- 42 5+ R B BRI P R 5 i (BF-
- 14723 8 B B B g (P - 2 B P ) e
- (125135 11505 f ) 1. 139135 ] 5 s Lo (5-sss(Bfe 15 () 429 G )

X (- E) B Ey o4,

(A38)
Voo, B)=2,
Vi=-2i /X,
Vo= 1-3(8)-%,
Vo=-idr[3-5(87- 423,
Vy=3- (LT (B (5-35Eda+ B,
Vs=-i - BBV QBT (35-105 (BT ) BH
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Vo= 3-SRV G- - (- R+ 2 BT e
+(189-2071 (B feu- 2072
V- B T P - SRR B e
+ (20799009 ( »@)2) -’ﬂg— 1. (A39)

For small values of 0{+|ﬁl , We can obtain the following series expansions
for UP (0(,‘3) with p=0-7:

1o (0 BY=0X (4= 1)~ (or+ B0 L (o4 ;3)-,%“; sy, BT,

U125 (- )P 0B L2 gy (-G o™

Lo (-4 (R -Le - @ e+ £ 17 sy T+ -3z )m-

-3 G- E1(pI,

Us=- (-2 E") -5 - %)(0(+P)ﬂn(“+[3)+é£' AT X
X[m (3-Gom2 (12 f-i5( Im-(3-15(5F) (- BT (g™
w(%-BE HEN & (- HED - Dot gy - X Tx

X s [ (910 By M= (430§ 45 (B ym-(16-25 8 -10( G rios (B x
XM +§(45—405 ﬁ)"‘)( -1 (e [3)”"”
Us=-i B3~ LBy 2B -f7 (-1 (F+a1 (B ) (- 2D P e -
- %:4 At D [ (5-458 ym-(10+60E~tos (EFyM™ (50-4o55, -
-315(E 420 (B )ms (3+ 3305120 (B2 890 (B e 945 (B ymo+

+45 (145 +1(ET) (£ o p)?"*j

U= oGz~ 42 (B (& 3%é)‘)—E(%—%(%)ﬁ%z(&)")(4-%)(0&@%
X dn 064 )+ 25 (- by T (624 = a0+ o520 (B -
~(120- 3158 ~540 (B 4260 () M+ (63 +13655 - 2400 (- 2180 () +
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34125 (B )i+ (384~ 609 B -5800(£ '+ 4930 (B 9950 (B o395 (&) ym-
- B (1575-1450(£ 3 10315 (BT (- B T corrp ™!

- P U330 BB BB - o s oot B
X U-R0(0% ) fr 01 B)+ L3S (PP T+ (128 ) (354465 -
-38(EYymP- (245-170 - 1890 (B + 3150 (5P )+ (259 +4200 5 - 1560 (B )

~12600(8 447325 (F)F ) m+ (1913-392 -30240 (B 90950 (£ 51975
- §2370(BF Y1 (22542071 5 21357 (B f-tothoo (B i1 (§ 124140 (B

135435 (£ ym-315 (5- 135 (Efs 115 (- 429(8) - £ g™, a0

The series expansion for the expression (A34) can easily be obtained from (A40)

by regarding VF (Q’,P):O for all p,

4, C‘g,_g (%‘;J; d) d{)

Since :
Cop 0,83 d, 00)= (/B 5, pu Fy 06,00, M5 o,

the use of the expression for FZ' gives the following from ([3:0(4—d_) H

%PJC}K(%IA} d} “4):- Wz (%‘,F}'(“)%WZ’(_%JP)) (A4l1)
) ooy >d > oo ;
06 Cyp =Wy €0, B+ 5S¢ (001, B, (a42)

(c) a(>0(4+0ﬁ‘5 Qjﬁcu‘zo,

where

¢ I -M42 !
_ (R (29-m)! L i
Wﬁ(“’ﬁ)"(t) P2 m! (3-m)! (§-m+2)! (20()%471[3,,2:, (§m2-pd! (~(a4p2) "x

X 2p (-0t p2) + eI T (B, (a43)
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1Y 743 -2Y
_ g (2g-ar-D! B g™
Op@PI=TZ I (o()i-zr%om'(y,—om—zr) CF7.
(A44)

The expression QWY (()(,P)/(':)H.‘2 is the same as that shown in (Al2) with
I:—-(OHP) and (f;=-—({ . The explicit expressions for S}(D{,P} with

Se(06BI=1/2,

Sq:'&'%"%),

=5l PA),

S g (4 FP)-dn(3-Bp+ 5P 5P),

S+=F-tn (-3 B I+ Bupr B BF TP,

S5= (- 1P 3o (3100 BF-FF )

ol e g,

St (- R p )+ (- g T2 4554 0 6%)-
'ors(‘-%ﬁ-H%Pﬂ%‘—sﬁiﬁﬁﬁ 245pt-agpn 2l pt),

S1= G (38 BP)- a1 - R b+ HP B TE )+ (M1 - 3 2%
- Hpopt Uin gt £ /35> Lo (15015~ 435/35p 11205 6% Mﬁ+
+ I 1T Al gt 406, |

For small values of (X—HF[ , the series expansions for 2[WZ‘(D('P)+S-Z‘(0('P)]X
XJ/I(L)S(OH‘P)] with q=0-7 can be obtained as follows:

(A45)

® 2 n _
2+ (0BT Yt fn (4B~ 5 - 2 T (~(x+pd), §=0,
1L+ (e -5+ B (VeI p)-5+ H 1148 T-
SR 2 e~ (h )T (oY 3=
(] 2 )

-gﬂ'%)*# (-8 (ot B) (P b (ot 32)- {%4(441-4)(41-47! (-
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—i 5 (m)-(+ )4, (m+i-(4+g-)‘§ n)1} (—<u+p>)“ | §=2,
- (&- %(g) )-5%)- i§(4-§)’<°f+{3>0’+h(d+ﬁ>>+{ 4(n4>(4t—4)loc(4 Gy
4 ﬂ}; -2 m+ 2 5, m-L P myIHeoup))l  §=3
RG-3ED) 0-Br-Ca- BB - RP et )+ [ B s *
Xt TG -5 7+ & T 0- 2 Byt o+ B g, my-
. -g-(4—+§)’f,m)+2%(4+ﬁ—)"§,m)]}(—(mp))" - 3=4,
(- BT+ 3HES) -E)+ B L~ 3(ET) (- EF s 3 (v o) - {Z b
x%u-s(f{)’)ﬂ-g) -%54 I4, (m—5(4+§)7§m)+3$(4+g()’ Fym)-71 4+§)£,(fn)+
 8p Bt - A I )t $=5,
g(’% %‘Efﬂ“? -5+ (-3l %2 33(%)) - BB (P 1) -
& b e R BET (-&5- 2 Tm-T+ffm- 1875, m)-
| -2m+§)3f.,m)+135(4+§)f (- 33(4+£()’,<‘m>+-3(4+g,>{ (m)1} (-tspY,
3=6,
(B BE G >>(4—~§(> gn; B+ (50" () o>
*(¥fn ‘“*P”*{M e & (B3 ‘50*5% & e §)+Z [f,m-
- F(fm+ B Eys m- L E L, m+ 3§5(4+§5'f5m) L lfsmr+
s B g m- 2 1y, 1} Y (Ad6)

where fp(M)=f, (M+m!/mrm)! and A (0O=m+2)/m)!

- The series expansion for the expression (A41l) can be obtained by regarding

the formulae (A46) as the series expansions for 2W; (%P)/f(i)s‘mq.{g)]
-with q=0-7.
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Appendix 2, Flow Diagrams of Computer Programmes

1, MAIN

START READ title and input integers (see § 3.1)
' No
(The first integer>0

Yes

v
WRITE problem classification and title

y

Clear COMMON

v

Dimension assignment for arrays (see Table II)

Calculation of storage locations of arrays

(see Table 1I)

y

WRITE required storage

(Required storage=<available storage )

\l Yes I

CALL JNMETD READ all input data left

for the present problem

No LLL > 0

Clear a part of COMMON

for_the flux calculatio

{

s CALL FLUXCA

-

For the next problem



2. JNMETD
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ENTER NSOUCE > 0 JL

Yes

WRITE problem classification

READ & WRITE

SOCE READ CK1, CK2, EPSK

\ y

READ VG, A, BUCLG, XSEC

( NSOUCE

=0 READ X¥FSEC

Yes

No

I

Zi=BY(3Zt)+Zy ALPHA = JirkA

Yes

XV =2V

1

Xes
( NSOUCE < O )——> ALS = ALPHA

NSPH = 3
No
No
CSg((=>f)=

PG I ——

(; NSOUCE =

o 3 CFy (o= X 0EDY P

No

WRITE A, CS; JPI =1

No |
(NSOUCE >0 )——9 CK = CK1 @

Yes

No
( NSOUCE = O HNSLOWD) 0
J,Yes Yes
IIII>O0 Cl = CS+CF/CK1, JPI = IGRP
WRITE CF i=j=IGRP
Yes No

\

No

EAD &
REA =

WRITE RES

arprak= ALS R« (4- 20k CK/(Z2V),
Clali=>])=C8 i)/ (-2 CR/AZRD)

v

(; RETURN 4) Next page
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@-_{NSLOWD =1 ) Yes

y No

Matrix elements E = (23+4)C1 (]—’M)JZY
[see equations (3), (15) - (17)],

ED = (2§+)R? (ﬁ-)mﬂ J3r, MM = 1A NSPH
or 1n/NSPH-1, by calling FCAL

( NSOUCE > O
No
ED = E je=

Yes

Next page

¥

E = C2 % E/C1
/

DET [see equation (10) ]

DELTA = det JED| by calling

WRITE CK, DELTA

Y

Further

CALL ITRTON

l Converged

WRITE CK

RES = cofactor of the

matrix E by calling SOLEQ

\

WRITE & PUNCH RES

C2 = CS + CF/CK2

Yes

1teratlon§ ( NSOUCE = 0 )

Not
converged




Yes
NSPH = 3 | E1l = E
No
KK = 1
i - Yes
(ﬁNSLOWD =1 J = JPI
¢ No
Yes KKk-4
(Lsoems>0 }==2>ls0 == amri 830,57 (4™ ¢y
y No by calling CCALC
SO =0

v

Eyp = right hand side of equation like (15),(16) or (17)

by adding SO term and summing up over energy-groups

v
CALL SOLEQ for obtaining (%—)km.{ (3,4) at 4=ZMy

by solving  (E)# (ﬁ-k’(“# ): (Eng)

Yes
( NSLOWD > O The last term on the right hand
No side of equation like (17)
NSPH = 3)—22 1

Yes

WRITE & PUNCH

# or/and %# terms on RHS . RES:(%)”‘{&(IJ)

of equations (15) & (16)

at d=Z ),
Yes { - <
{ KK = Kk+1 < NSPH )

Tvo

: Yes Yes
@@-—( JPI = JPI+1 < IGRP NSLOWD >0 )

No & No
( RETURN




3. FLUXCA

ENTER READ NGRUP, NSPACE

- 52 -

v

NNNN No
2.  NSPACE, << NTSPAC WRITE % NSPACE
K =1 K 3 K

Yes

Yes
( NANGL >0 )———> Angle points RETURN

No ANGL

-

v TYes

No
= <
( NSPACEg >0 )——>(K = K+1<S NN';I‘N. No

\ Yes

Space points X

WRITE K,X

If NANGL >0, WRITE ANGL

J =1
Yes No
No
CJ = NGRUP )————3( J = J+1 < IGRP )
\ Yes

WRITE J ' a

|

Next page
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KK = 1
-
A
A‘(NTFLUX)O j
JYes

calcula

k-4
RCp= (%)K Gp by calling GCAL,

equation(s) (18) [,(19) and (20)]

tion of G}-terms on RHS of

Yes
No
La‘ NANGL>011 >{ KK = KK+1£NSPHj
¢ Yes I No
Kkk-4
RCf(—ﬁ—) Fp by calling FMCAL,
calculation of F;-—terms on RHS of
equation(s) (12) T{,(13) and (14)]
Yes f
< —{ SOCE;=0. OR. NSOUCE < 0 )

I o

If NTFLUX >0, the calculation of the source term
on RHS of equation(s) (18) [, (19) and (20)]

y

IF NANGL > O, the calculation of the source term
on RHS of equation(s) (12) [, (13) and (14)]

If NANGL>O, WRITE X, CALL VARIAC and WRiTE the values

of equation(s) (12) [, (21) and (22)]

y

IF NTFLUX> O, CALL VARIAC and WRITE the value of equa-
tion (18) [and t and (2 of the total flux ]




1 CALCULATICN GF THE VALUE OF k. ee + ANGULAR AND TOTAL FLUX IN THF SECONC SLAB OF A
2-REGION SLAB REACTOR BY THE USE OF A 1 ENFRGY=GRCUP MODEL AND TkE .]'5 APPROXIMATION

20 40 : 60 80
, 1l 1 I 1 1 1 1 1 I
Title . TEST CASE 1 I=GRCUP (1I1I1=C,NSOUCE=C,NSLOWD=0) >
| 5 1 3 ¢ 4 1 2 11 1 1 ¢ 3 5
" kg EUesS le1 le2 . 00001 i
X ' 1e
k o & g
1st slab { =2
' ol _ l. . le 9 E
[ «8 ' y
r '05 §,
2nd slab ﬁ ' . <
o] i PO 19 9 §
8 17
L [ ]
1st group flux at '5'
6
6 space points : E
I I T T 1 T | I 1 S
- 20 40 60 80 lal
g
(/]

-vg-



Zo CALCULATICN OF THE FUNCAMENTAL DFCAY CCNSTANT CF A 1-RECION PCLYETHYLENE SLAB
BY THF USE OF A 7=CGRCUP MODEL AND THE j7 APPROXINMATION

20 40 60 80
] I I I 1 I 1 1 )
Title TEST CASE 2 POLYETHYLENE (7=GROUP,I11I=04NSQUCE==1,NSLOWD=1)
7 =1 1 7 3 4 S 1 1 13
Guess 1-4y 0« 000036 000039 000001 _
Velocity 285. 17102 8Ze 24 18445 24118 .  «2402 «024484
Thickness Te t
Buckling 203 o 048 0048 <026 «015 « 007 <007 &
r  «0570411 0570411 =, 0425304 '

0154504 154504 =,0423623.104429

0313406 +313406 L0641€04 «177199 0319487
Cromssectnxll ¢659001 ,659001 2904332 241385 L0193012 ,003194¢
«00031222.8652964 06652964 6005498 43670025 0078566 000366
e 0024435 4916663 o, 91BB83 6050567 « 2626097 0015653

¢ 024043 3,16585 3.16585 32,141807 31048285,0018247

i I 1 1 ] i 1 1 !
20 40 60 80




3.
A

CALCULATION OF THF 7TH GKOUP STATICNARY AANGULAK FLUX IN A 1-REGION WATER SLAB DUE TO
POINT=TSCTKOPIC BOUNCARY SOURCFE AND THE 1ST ANC 2ND TIME MCMENT COF THE FLUX RESULTING

FROM THE $(t)=SCURCtL RY THE USFE GF A 7-GKROULF MODEL AND THE Js BFPROXIMATICN

Title

Source

Velocity
Thickness

Buckling

Cross section<

Residues

(USING THE PREVIOQUSLY OBTAINEC CARDS FCR THF RESIDUES)

20 40 60 80

1 I 1 Y 1 1 1 1 1
TEST CASF 2 WATER (7=GROUP,IIII=1,NSOUCE=1,NSLORC=14ASPF=3)
5 1 1 1 7 3 4 9 3 1 1587 1 & 3
«10757 26278  +50403  .02559 00003
285, 7102 82024 18045 2,118 . 2402 « 024484
4, '
s009 012 o 016 . 018 0019 019 «021

(¢ 00133721, 064578660 06457866—4 0305552

e1277501 o12T77501 =oc 0377562.084378C3
02766694 o 2T66694 o C69T0T7560 14904233.02674421
’ 0519751666 51 975166021350756e 20038489,0161576 + 00267442
«0002613T7,70096002, 70056002.,48070889, 30493376.,00657692,00030642
000204551, T4581862, 7T4561862048544689421846222.00131032

(e 01947 2011599 2,11599 2,09652 +25832622.00152754%

=00 10909201D=01 0,45695801D~02 0012926113D=02=0,394363610=03-0,18505205D0=03

0o§89 6D~0’

00
(oleleloTeTa)
6o 0080 O
tleal ol o218 TN
[ Yo RN NN V¢ ]
Q=T 3
DO~NO—LO D
V0= 0>
Ut Sou
NOCW~w

'-.-Jk O
TYTS ?

O LRI N

(to be continued)
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Residues

7th group flux

at 6 space points ¢

go?gg?gggggsgz 001¢2247160=03 Q016234126L=03=0725269E6D=04=0,322907333D-04
=8:%g%?;z%%g:g¢ﬂ0016838857D=04-Oo36648367D=05 0 46603169D=06 00o19090463C-08
8:2;22%&2?8 gg=00212480540 00=0.62002660D0-01 0.23286401D=01 0,92503666D0=02
=8:§2§g;8€?8=8§=00180904600=02=O.278483520=02 001126889€D-02 0.55565370D=03
8:%8232%%20 82 0020967298D=03 0.10353187D=03-00,65956566D0-05-0.21421851D-05
Qe 654515020 00~0041327290D 00=04536624410-01 0o201495470-01-04145636710-03
=0039893874D=02
—gaggggiggzgmg% 0038982833D0=-02=0014804995C=01 0.37914989D0<02 (.194547220=02
8:?%%ggggzg=g% 074472006005 0,23553678D=02=06123712000=03=0,765810960-04%
8:}8;8%;22%@8?=00240110500 00 06221500390 00=0.614020810=01=06397441360=01
°8:§2ggéggggmgg 0065111414D=01-0025645473D 00 Co27272359D=01 0093633419D=02
gzgggggggég 8%=0.62027031D=01 005819S5240C 00-0023271933D=01-0-,134405840-=01
0. 425207840 00~0073203951D=01 00191524150 00=0032793456D-01=0,157192070~01
0.22180937D0-02
=0.29711416D 81 0018522176D 00-00129760760 01 0.838742970-01 $.178689720-01
0o 35062908D=02
3'gg;%g?g%%_8§°°°146297340 01 00222698070 02=0.57448172D 00-0352372430 00
8:2%;%98%33 8%=09123641120 00 0,204356560 01-0.848901220-=01 0.115322060=02
=8:gg%%gg;ég 88 0o14517595D0 02=0090100098D 03 00,10746213D 02=0.2365846640 02
0 106622 83D 07=0o37103109D0 04 Q777709550 06=0,277841340 04 0.23311126D €5
~Q0e28543614D 03 ' ,
7
J 1 ] 1 1 1 1 1 1

20 40 60

80

-Lg-
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