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This report begins with a brief description of the general property of the collision
probability in plane geometry. A discussion is made on the asymptotic behavior of the
resonance flux at the block limit as the resonance cross section tends to infinite. From
the asymptotic behavior, a multiregion equivalence relation is derived on the analogy
with the Wigner rational approximation for the collision probability. it is shown that
the present formulation tends to the two-sided E3 formulation of Meneghetti, for the
special case where all the fuel plate sizes and the compositions.of fuel regions are same.
The derivation of Meneghetti's formula however seems to be based on intuition.

Following the method derived, a subroutine HETERO was developed for calculat-
ing the resonance heterogeneity effects in fast reactor lattice cells. A brief descrip-

tion is also made for the usage of the subroutine developed.
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l. INTRODUCTION

In the resonance energy region the plate absorption cross sections in o fast reactor
cell have been calculated adequately by equivalence relations. Usually a two-region
equivalence re!afidn is used for this purpose, and the formulation of Meneghetti is
occasionally applied to multiregion cases ]). However in the complex situations
encountered in fast reactor assemblies, if is generally difficult fo see how one can construct
o unit cell to which the equivalence formulae can be applied. There may be two approaches
to generate the effective multigroup resonance cross sections of heavy elements in a
heterogeneous system: The first approach calculates the cell-averaged effective cross
sections on the basis of the usual two-region rational approximation with Dancoff correction
factor. This approoch has been used in the many computer codes, such as the M2 2,)
which calculate the multigroup cross sections in a homonized system. The approach has
been used also to estimote the background cross section used for the interpolation of o
Bondarenko type cross-section set. In the second approach, the multigroup cross sections
of "each plate " in the cell under study are calculated. The resulting heterogeneous cell
is homonized to obtain representative cross sections in the cell, using integral transport
theory fluxes. Which is adopted the first approach or the second depends on the code system
used for the generation of the multigroup cross sections.

For the first approach, a generalized equivalence relation was derived®! The method
used is essentially based on a natural extension of the well-known rational approximation
of the collision probability to a more general sifuation where plates of different sizes and
the interaction between plates consisting of two different compositions are allowed. Another
equivalence relation for heterogeneity effects will be necessary also for the second opproach.
The primary object of this report is to provide a convenient and relicble method and @

computer code for calculating the heterogeneity effect of each region ina complex multi-

region problem.

. THEORY

t]. -1 Bosic Formulation

Let us consider the neutron slowing-down problem in an infinite slab geomerry extending
from X=-00to X =90 . We assume that the geometry under consideration has a
periodicity of thickness L, i.e., the system is built up of an infinite number of lattice

cells. We introduce a space mesh, i.e., aset of discrete values of X , say X , where
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Let us consider the neutron slowing-down problem in an infinite slab geomerry extending
from X=-00to X =00 . We assume that the geometry under consideration has a
periodicity of thickness &, i.e., the system is built up of an infinite number of lattice
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{ =0,1, -+, 1, such that the left boundary of the lattice is at Xy (= 0)and the
right boundary at X1 (Z (). It is also assumed that the boundaries of each plate in

the lattice always correspond to any of these mesh points.
Assuming the isotropic elastic neutron scattering in both the center-of-mass and

laboratory systems, the neutron balance in a cell may be written by the neutron slowing

down eguation

Vi Y (E)P (E)—Z P(E)V; S(E)) m

where

m
I

neutron energy

—VL‘ = volume in region | (= dl. = width of region [ )
E) = macroscopic total cross section in region |

E) = neutron flux in region |

) = neutron slowing down source in region |

)

= effective probabll ity in the unit cell that a neutron scattered lsofroprcaily
in region | , into energy = , will have its first collision in region { .

The effective collision probability, Py , can be given by %)

poot_ [Tatll—excdiie)]
JE24i25) 31— exp(—4t)]

X {£rp(hit) [ <xXp(—it) - exp(-4t)]

+sp(- ()t [4pCit) - i)

fr j<i, )
gt [1 = <%= )"

ARG~ ; ﬁf!—%g-ﬁ[t)] :

X p[~(h-diZ)t]) oo j=1 ®




P__z__r_,rodt(FMP(—de;z“)]

BT 2di35)0 7 [ ) — exp(=41)]

X {enp(-Ajort) [4xp (k1) = <3P (Ae-1)]
+exp (- At [P (A 1t) — *’*P(—&:t)]}

dt[l —exp(-di2; t)]
2d§ | 1 —exp(~41)]
x { enp(hot) [erp A Rymit) —exp(~A;2)]
+ xpl=(A+ )t J[2Xp(4t) '%P('ﬁf*’t)]}

]y, @)

hx)=1-1[+ - E)] 5

being the first-flight collision probability in an isoloted plane 4). Here, —ﬁ_z and 1’1 are

with

defined, respectively, by

‘ﬁ.L:Zd}Zj and -;fLE %I. (6)
Jj=1

Here, it should be noted that the above expressions for the collision probabilities is
not always suitable for the numerical computation but they were derived to see the analytical
behaviors. Several computer codes are available for the direct computation of to collision
probability in plane geometry 5)-7),
It is quite easy from Eqgs. (2)- (4) to show that the conservation of the collision

probabil ities
I
> Ry =1 7e0 al %
and the reciprocity relation between the probabilities |

VEZ[R‘J‘ = V)ZJPJL ®

are satisifed.

By using the above reciprocity relation, Eq. (1) can be written as
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43 Z PLJ m Zﬂ} %_, J’ ~ )
Zt}j

WAE)=—<""1 (10)
J >
Xo: :20()‘20} and XJ = 2011'2}‘ )

where ZOJ is the nonresonant part of Z

with

Now, let us consider the limit on whlch the resonance cross section of one resonance

isotope, say O_’T , tends to infinite. This black limit corresponds to a physical situation

encountered near resonance energy . Then, all the macroscopic cross sections of the

regions with the resonant isotope under consideration will clso tend to infinite. We denote

these regions by the symbol )L and the collision probability, P’-} , is considered to be
a function of J\ . Equations (2) through (5) show that

j( ) 51) + XL fyg l:é'f ond 0;:;’00 (12)
with :
=[RS X e

Using the conservcfion rule of Eq. (7), we can obtain the following important identity:

Zhg ‘*f [Ef. (14)

In particular, from the asymptotic expression of R;(x) ( Ref. 4), we have

Yi=—(1—-¢;) 4 L€t (15)

where C[ is a generalized Dancoff factor defined by

2 Ej Hlo) for the case where only one plate with 0}' exists in the cell,
(16)

o otherwise
with
ho=) dj2; .
i#f
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A better woy to obtain the geometrical quantity, )?j , is to use a computer code
calculating the collision probability, following the difinition of Eq. (13). For example,
we could use the code PATH developed by Tsuchihashi 7), which uses a somewhat different
method to calculate P:j

By the use of the asymptotic behavior of Eq. {12), the flux ﬁbi (L€4) con be written

as
PT{W X +2 WK X“’ for. Q=00

oi Ly J XL ¥ (17}

where "WJ' is the value of WI in the limit ﬂ;.:)oo. It was shown that —DVJ- (J¢f )

varies very little as o function of energy and position™ . Hence, we can assume

W= =W,y 4 j¢f (18)

J
where W:’ is the averaged value of 'W;:oo (jéf)

We furthermore assume

XO}‘/XJ‘ > 1 for if J¢ 7( . (19)

This assumption is reasonable when the accidental overlap of the different resonance
sequences is not very important between different regions. Particularly for the diluent

regions, Eq. (19) is completely valid. Then using £q. (14), Eq. (17) can be written s
:\—'" {-W;:mXai - W:o)(fl. _WOOZ Xl.j }
[
= I+ } - 20
W»,Xn{ JL thl X: | @

L

=Xoi—Sif=Xe; +1—C¢ (21)

oo XOE[ WE” . .
I = Xo: L 1] , (22)

where the summation on j’ is extended over f excepting [ -

II. =2 Derivation of Generalized Dancoff Factor

On the analogy of the two-fuel composition problem, we may postulate the following
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expression for 42 (ief)

W Xti N po . X (1 ) }
o W Xt )y f =D A [ !
: Xri t Xig { h I K [ Xt + Xej/ J @

Xri=Xi=Xog and  Xpp = Xor +G; 5 249

where G"E and Aif are assumed to be purely geometric quantities which do not
depend on the resonance cross section 0; and ff is the effective fluctuation of the
slowing down source in the fuel region [ defined by
()= Lo [BE _y]
b Xip L WnlE)

The ossumption of Eq. (23) was shown to be adequate by using an extended rational

(25)

opproximation for the averaged collision probability in Ref. (3). The second ferm in
Eq. (23) con be considered to express the interference between the regions with the
resonance isotope, and the coefficient A Ej s the coupling constant denoting the strength
of the interference. Considering the limit of Eq. (23) when O}':ﬁﬂand comparing the
resulting equation with Eq. (20), a consistent and convenient choice of ETL- and Afj is
g N A
Gq; =1 C; and Aij= o (26)
Assuming weaker interference between the regions with the resonance isotope of

interest, we have

~ W Xt (1+4) { Aci Xri’ }
] 1 A Ant
(ﬁ(E) Xrp + Xti +j' Xrje + Xej

= Wm@: i"”f) (27)
0‘(5)1—0‘

where

= Aij’
G; = 0&/[1 +Z cr(s)j-ro;,-f (G E)+05)]

with A/[t 0?}.:
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Here, the notation has standard meanings and the NR approximation was used when the
second expression of Eq. (28) was obtoined. It should be noted that the flux under study
is an integrand used in the cross section averaging, hence the use of the NR approximation
will be valid for the second order term in Eq. {28). Especially, to the extent that variations
in O’t\j's are small, this approximation is quite reasonable.

Since we consider in general multiregion problems with several fuel regions, we have

CE =0 from Eq. (16). Then we can write Eq. (28) as

s R O SR SR U Ly
aﬂﬂ(d&—fﬂ/’-&)(, M‘&; (75/)
|- C;
= Uy “"M_&. (30)

with

/
- Go; + 777
CL':Z,(G? Fo \ffff’ | @
J oj, f/lvlz'l

In particular, when all the plate sizes and the compositions of the fuel regions cre same,

using Eqs. (14) and (15) we have

1=Cr =2 f:j - (82)

. DISCUSSIONS

Equation (30) was derived under the fairly rough opproximation of "weak interference
between plates". Hence, its accuracy ond limitations should be assessed for the practicai
application, especially when the interaction effect become important. For the purpose
of the assessment, let us consider a symmetric cell with two fuel plates, shown in Fig. 1.
In this geometry, the interaction effect is significant when X’ @ . The interaction effect
in a complex geometry is supposed to be a combination of such fundamental interactions.

From Eqgs. (2), (13) and (31), it is quite easy to show

Co=hy =F;[23,(@+x)] + Es[23, (a—X)] (33)
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Here, the notation has standard meanings and the NR approximation was used when the
second expression of Eq. (28) was obtained. It should be noted that the flux under study
is an integrand used in the cross section averaging, hence the use of the NR approximation
will be valid for the second order term in Eq. (28). Especially, to the extent that variations
in O_Fj's are small, this approximation is quite reasonable.

Since we consider in general multiregion problems with several fuel regions, we have

C[ =0 from Eq. (16). Then we can write Eq. (28) as

2 05+ =t L )

J
[ —C;
=0p t Y2 [; (30)

with

EfEZ(O\OE£+M \f“’ : (31)
- ] fﬂl
7 Aé/[l_v

J

In particular, when all the plate sizes and the compositions of the fuel regions are same,

using Eqs. (14) and (15) we have

. DISCUSSIONS

Equation (30) was derived under the fairly rough approximation of " weak interference
between plates ". Hence, its accuracy and [imitations should be assessed for the practical
application, especially when the interaction effect become important. For the purpose
of the assessment, let us consider a symmetric cell with two fuel plates, shown in Fig. 1.
In this geometry, the interaction effect is significant when X =@ . The interaction effect
in a complex geometry is supposed to be a combination of such fundamental interactions.

From Egs. (2), (13) and (31), it is quite easy to show

Co=hy =E;[23,(a+0)] + Es[2, (a—X)] (33)
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E}(ZZ,C{) + E.? (25—2a) for X=0
:2L + E3(4Z;a) for X=4 .

This expression is equivalent fo the two-side B3 formulation of Meneghetti ] . Consequently,

= (34)

the heterogeneity effects for X =0 and X=0e can be written, respectively, as

! --2E3(22;u£) for xX=0
l - C‘g MIZ (35)

= =
Na £y — 25 4Znt) for r=a
2M 4, g
when Zl =22£ZM. That is, Eq. (17) gives evidently the proper expression for the special

cases, which is obtained from the well-known Wigner's rational approximation with

Dancoff correction.
Generally, when the quantity (Jg; + ]/Njfj ) is equal for all the fuel plates, it can
readily be shown from Eqs. (2), (4), (13) and (32) that the Dancoff factor can be given by

a general ized Meneghetti's formulation
1= C=1-E(X) " Es(X) @)

XEZ Zjat,- . (37)
J|

Here, the subscripts L and R stand for the left and right sides of the resonance plate,

with

respectively, and the summation in Eq. (37) is extended over all the diluent regions which
exist between the resonance plate under consideration and the left (or right ) neighbor.

We shall prove the above relations. First, let us consider the fuel plate { of the
cose - | in Fig. 2. From Egs. (2), (4) and (13}, X,‘j (}'éf ) for this plate can be given
by

Es(hio—hi) = Es (hj—4;) for i<j<iz @9
X“}‘ = E3['ﬂ£_“—’ﬂ-j’) — E3 ('ﬂ[—;_‘ﬁf“) fﬂ f1<j< { (39)

0 otherwise.
Hence, we obtain . “
LL"" LR-I
I"'E‘z [‘j = r")‘ +Z Ytj
J‘H‘ )‘= {-1 J=iHl
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= [E_;(o) - E:i("{f-; "_‘ﬁ.,:‘_)] + [ES(O) - E3(‘£f2‘1 B 'A‘-)J

=1 - E(X) ~ Es(Xe).

For the case -l , on the other hand )i can be givenb
i Y

EJ(’{*A;-:"%;)"" Es (h+4;, ~Aj-1) fr <jE1 40)

F; = Es(hoe ~H5) = Es (b= #ya)  fr 16 )40 @)
Es(Rpy— 4 ) —Es(#; — R ) for 1<[j<in @2
0 otherwise,

We can obtain Eq. (26)f|so for this case, i.e.,

il =i
1-G=) Vg +) T+ ) Ty
j=awt 0= jeit

=1 - Es(h=ty +hia) = Es(hip— — #¢)

Similarly we can prove Eq. (26) for the fuel plate nearest to the righthand boundary
of the cell. Consequently, from the discussions made, Eq. (30) ond (31) con be considered

to be an extension of the previous works. In Eq. (31), we had a weight

/
U:E T Wl -—..._O;'E:":'.

i . - 43)
O;j+ /Vflf O;'

w;; =

for the region j (jé)(‘ ). This factor is smaller where 0;.' is lorger, compared with
O‘Ff- , and conversely. We can think of the factor as representing a correction factor
which takes account of the difference in the compositions or the widths of the interfering
plates. The Meneghetti's formulation however gives the same value for the heterogeneity
effect, regardless of whether the righthand { or left ) plate is very strong absorbing plate
or very weak.

The simple results of Eqs. {27) and (30) reveal an extended equivalence relation in a
multiregion problem; that is, o plate with -O—,E. has the same effective cross section as @
homogeneous system with the same a‘t . Consequently, the effective cross sections of

8).

"each plate " in the cell can be estimated by o cross section set of the Bondarenko type
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Here, note that all the above discussions are not changed by the replocement

)= G (E) +; Q4 Tg (E) (44)
where the subscript % corresponds to other resonant isotopes.
We had an extended equivalence relation, mainly from 0;#00 . Hence, there
might be some minor problems concerned with the choice of the so-called Bell and Levine
factor ?- ]2). Since most of resonance absorption occurs at finite values of N,:U}' ;

9)-12)

especially in the higher energy range, we need some corrections for the value of 1- &

)

It can be shown that the rational approximation suggested by Levine

~_ X
RX)=ExZa ! (45)

with QU =1.2, gives quite accurate values for the collision probability in an isolated plate
and, in fact, that the accuracy of this modified rational opproximation is much better

for isolated plates than for isolated rods. On the other hand, the Wigner approximation
which is obtained only from the behavior of B,( X )at X2 gives @ =1.

The corresponding resonance flux fo Eq. (45) can be written, in controst with Eq. (27), as

W5 (1+£(E)
PlE)= J7(E)+ Ty

(46)

with
Qa
Oy =0 + 37 (47)

Meanwhile, if we assume the usual relation between collision probabilities for an

isolated lump and a lattice with the Dancoff factor 1- C 4), 10), ”}, we are led to the

expression

| a(—c)
G =0t 7 TH@C @

where the lattice was assumed to include only one fuel plate.
The above discussions made suggest that the generalized Doncoff factor used in Eq. (30)

should be replaced by -
T a(l—Ci) .
=G [+ (a-1)C; 49)

Though we assumed (L =1.2, the exact choice of the value is not believed to be

important for fost reactor lattice. The volue of @ is considered to depend on the neutron

widths which follow the Porter-Thomas distribution ), ]3),

flo;
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A summarized paper of this report will be published in the near i’urure]4

V. DESCRIPTION ON SUBROUTINE 'HETERO'

Following the-method derived in the above sections, a subroutine HETERQ waos developed.
The generalized Dancoff factor (1 - Ei,) of 'each fuel plate' is calculated by Eqs. (31)

and {49). In this case, the geometrical quantity, nj , is computed by

Yii = [Py @) -8y )x 205 Neddi

G =20/ o (50)

where N is the minimum density of the resonance isotope under consideration in the
cell. Meanwhile the collision probobi‘IHy, P"j , is computed by the code PATH

developed by Tsuchihoshi7.

min

At this point, let us define the symbols involved in the subroutine HETERO:

NR = number of regions,

KRES = number of resonance isotopes,

KCOMP = number of compositions,

NOPT = option concerning with the output from the HETERQ routine; for
NOPTL 0, C; of Eq. (31) is computed, NOPT=0 corresponds to
Eq. 49), while for NOPT > 0 the background cross section is added
to the heterogeneity,

IPRINT = option for intermediate results; they are printed for IPRINT# 0,

LSRG(l) = composition number to which the I'th region corresponds,

Vi) = volume of region |,

SIGM(M) = background cross section of composition M,

DEN(M, K)= density of the K'th resonance in composition M,
DANC(K, )= output of the 'HETERO' routine specified by 'NOPT' of the K'th

resonance isotope,

SIGR = 20/N_: (b.),

SIG(M) = total cross section of composition M,

KSUM = number of the regions in which the resonance isotope under consideration
exists.

INDEX(l) = O for the region where the resonance isotope does not exist,

[}

1 for the region where the isotope exists,
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V. DESCRIPTION ON SUBROUTINE "'HETERQ'

Following the method derived in the above sections, a subroutine HETERQ was developed.
The generalized Dancoff factor (1= Ei) of 'each fuel plate' is calculated by Eqs. (31)

and (49). In this case, the geometrical quantity, f‘,] , is computed by

njz[ﬁj-(a;)~5ij]x ZGIM'JE lq-:zo//l/m;. (50)

where N is the minimum density of the resonance isotope under consideration in the

min
cell. Meanwhile the collision probability, Pfj , is computed by the code PATH

developed by Tsuchihc:shi7 .

At this point, let us define the symbols involved in the subroutine HETERO:

NR = number of regions,

KRES = number of resonance isotopes,

KCOMP = number of compositions,

NOPT = option concerning with the output from the HETEROQ routine; for
NOPTL 0, C; of Eq. (31) is computed, NOPT=0 corresponds to
Eq. {49), while for NOPT > 0 the background cross section is added
to the heterogeneity,

IPRINT = option for intermediate results; they are printed for IPRINT#O,

LSRG(l) = composition number to which the I'th region corresponds,

V(D = volume of region |,

SIGM(M) = background cross section of composition M,

DEN(M, K)= density of the K'th resonance in composition M,

DANC(K, I)= output of the 'HETERQ' routine specified by 'NOPT' of the K'th
resonance isotope,

SIGR = 20/N_;,b.),

SIG(M) = total cross section of composition M,

KSuM = number of the regions in which the resonance isotope under consideration
exists,

INDEX(l) = O for the region where the resonance isotope does not exist,

1 for the region where the isotope exists, -



JAERI-M 5940

The listing of HETERO is given in the appendix A. A sample problem for ZPR-6

Assembly 7 unit cell in Fig. 3 is shown in the appendix B.
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APPENDIX A LISTING OF "HETERO’

FACOM 230=60 FORTRAN r  =73J801= (v=05.L=01) COMPILAT[ON T4.07,03 PAGE 1

¢ w#er MAlN PRUGRAM #x¥s
1 O IMENS [ON 1{rLttlb).NCUM=(30).Nsua&(]@).HHAx(SU).LsﬁﬁcioJ.v(BOJ.

1DENLLD 5231 3M{L10) +DANC (530D

3 100 FORMAT(LBAG)

3 101 ForRMAT I Lz]8)

4 102 FORMAT(216+E1Z2.9)

5 103 FOHMAT(BELZ,B)

6 1700 FORMAT (1404 // 120K TH** INPUT DATA LIST #*(THE LIST IS DONE [N THE

1 SAME FOURMAT AS TNPUT) f//20Xv1844)

7 1001 FURMATCLIHU 20441282
4 1002 FORMAT(IHU29442160E32457
9 1003 FoRMAT (1HO 20X bF12452
ic 39 READ(S,L160) (TITLE([) Im1.18)
11 WRITECH+1000) (TITLECE) o1=)s3182
12 READ(H,104) KFEGWRRES 1 KCOHP JNSYMNUPT «NPRINT +MORE
13 wi [ TE(n10U3L) KREGKRES «KCOMP yWSYM NOPT o NPRTNT W MORE
14 READ(S,102) CICOMPE (1) WNSUBR (1) «BMAX (1) + [l KREG)
15 WEITE (60 1002) (NCUMP (12 ¢NSUBRET) +RMAX (1) « I=1+KREG)
) DO 1D [=1+KTOMP
17 READ(5,103) S1GMEI) v (PENTivJ) o =l hRES)
13 10 wRITE(511603) SIGM{IY v (DENCIvJ) + J®1eKRES)
17 R =0,
20 1p=l
2l DO 12 U=l.KREG .
22 IL=hSuaR (D .
43 NTmMP&[| =1F+1 :
24 THE=NTMP
: 25 HL xRMAx ()
I KL DHeRLwxF
' 27 DH=DR/TMP
28 NABNCOMP(J)
| 29 RU 13 I=lF.IL
i 30 LorG(])=NA
31 13 v(1)=pi
32 RF=RL
33 12 [F=lL+)
i 34 KSREGNSUBH(KRED)
! 35 NREKSREG
36 {FCNSYM, LW, 0) GU Tu 1«
3t NRE2 , wR
38 o0 15 [=RSKREorlNe
39 Ihm2#gsHEG=T+]
40 L3sGC r=LSKRaGLInD
4“1 Molimving
42 15 ConTInuE
i 3 14 CALL HQTEHU(NR.ﬂkta‘KCOMP'NOPTquRlNT.LSRG-V.SIGM.DEN.DANCJ
: 44 IFIMOREDY L1a109Y
45 o1 5TU¥ .
o KD
! 1 ‘ SUeROUT INE HEiERC(NH.Rwes-xcoNP.NOF1.IPR;NT.LSRG-V.SIGH.DEN.DANC)J
C
C Hk caaSTUTAL NQ. OF REGIONS (LE.3C),
C KHES e fG. OF RESUNANCE 1SO0TUPES(NUMZER RENSITY,.GT,0.00001)CLE.D)
! C K{UME vea Wil R COMPOSITIONS(LE . 14)
: C ’ -
< Laee {LT,.U**DANCOFF FACTOR (C) [5 CALCULATED,
C NUF T Cu v CEW,0)**BELL FACTUR (A=j.2) [S TAKEN [NTO ACCOUNT FOR (1=C).
< cree (LT UIREBACKGROUNL SCATTESING X=SECTION [S ADDED . '
C . :
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FACOM 230=690
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[V FENELVEE 2T

1
1i
12
Y

14
15
16

18
19

21

22

24
25
26
7
25

30
3l
k¥
33
34
35
36
37
38
39
40

42
43
44
45
46
47
44
49
50
51
52
53

54\
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FORTHAN v =730801= {v=05.L~01) COMPILAT LON T4,07.03 PAGE

TPr LNT oo WNELOIE*INTERMED[ADE RESULTS ARE PRINTED.

LSRGOTY  wayaThE ['TH HEGION CORRESPONDS T3 THE LSRG'TH COMPOSITICON,

LS s eVLLUME OF REGION .

Sio4im) e HACKGHOUND X=SECT(ON OF THE A'TH COMPOSITION,

DERCMynY ooy BENSTITY OF THE ®R'TH RESONANCE [SOTOPE IN THE M'TH COMPOSITION
UANCEK o[ 24 HETERIGENEITY SFECIFIED BY 'NOPTY OF THE K'TH RESONANCE,

THLS wi:ANTITY 1S OUTPUT QF YHETERO!.

aN et aNaFatal oltal

DIMENS [ON 516MLL0) +S1GC107 «DENCLID Y o INDEX(3I0} LSRG(30) ¥ (30,
1GAMC30430) W DANC (D, 30 U3

———0DU 0 k=)lyKRES

E:——-UC 21 1=l.b
21 UDANC(x . 12=0,
e 10 =1 KCTMP
THE TpENCL LK)
F¢TMe, (LT,.0.000013 GO T2 10 )
bo 11 JalekCOMp Decioion of the c,..fmz.m
TME JmDENCJ ) : w : s
R ETHE L GT TP AND, TMR I 4T, 0,00001) GO TO 10 i Minimum Fuel Domay
11 CONTINUE
M=
GO 1O .3
10 CONTINGE
Me=(
13 IF(MC, k@, 0) 6O TO 23
SIGR=Z (. FUENCMCIR) > &1257 (AGE Jim, 220
H5LMEQ . ’
kSIJ-M’O
p——— D 30 13laNR
Mu| GRG0
TeR=DE {MK)
[FCTME ,GT U, 20001, GO TO 31
INLEX({)=U
F16{MY=51aM{M)
GO TG 2
31 IMUEA(;)=3
KM=y UM+ ]
S GIMI =S | GRRTMP
T 32 UCdmStGIMuAav D)

UsyMasUM+UC])
—»30 LORTINUE
NEk==]
CALL €Ll IGENR+USUMa L+ GAMY
TFCIPRINTWNE.GY CALL PRINT(NPHNRS1GViGAMILIRG)
D¢ 50 [mLaNK
[NwmIRDEXLDY
Me BRG]
Do %1 g=1vhR
TECIND.ER.1) &0 TO 52
GAML v J)=u,

Go TO st )
52 IFCl,Evedd 6L TO 53 Colpskntone ?f 475 (E-z.(l&))
Grmtl] g 352 #UCIIRGAMTL 4 ) J
Gu To 51 .
53 GAM(T, =2, %I} #(GAMC] 1 JY=1,)
51 CUNTINUE
[FCIND ER,UJ GU TG 59
THE=(GTEMIMI* D 5/ VLTI DENCMI KD
LFCESUM™, 67,12 G0 TL 5&
DENCIK . [J=1,+uaMC]s () Ef'(”)
G TO 5T ¢

¥
XY

v ™

;—Sﬁ DU 5% m1WNK
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FACOM 23U=60 FURTIAN @ =T32401~- (v=05sL=01} COMP [LATION 74.07.03 PAGE 3
35 Inodm L DEX (LY
96 IF (T oEusJeOR INDJLEQ.UY SO TO 535
37 M=l SRz () Eﬁ-(3‘)
e ThiR Jm s [GH M) *0 57V {233 FDEN{MJK) g
59 M JmTMP / TMP J
50 DANCCE « [ 1=DANS(K o i Y+ TMPJIRGAM( [+ )
sl 55 CONTINUE
62 57 15 (HOPT) 3Ua36+56
63 36 DanClR, (=L, 2%C1. ~DANC (K[ ) /€K1, +0,2%DANTEK ¢ [ %2, #V (1D *DENIMIKD ) —7 £g. (49)
a4 ‘ [F (NDPT,EW,0) QU TU 30
25 DANCCK . [ 3=DANCLA 12 +S]OM{MI/DENC(MIK)
&6 350 Y 1dmpanNCikal)
57 NPF=0D
58 [FCIPRINT NE.O) CALL PRINT (HPK NS 1G4V GAM LERG)
A9 23 CunNTINGE
0 NPRaK B
il 1F CIPRINT.NELDY Zall PRINT(NPROINRLS 16U GAMILSRGY
72 L——20 CONTINLE
13 RETURN
Ta ErD

1 SLUBROUTINE PRINT (P + JMAX+S 1 Ga W P A LORGY

g O IMENE [UN SI6210Y+X(30) «¥ (3C)ILOSRGLB0 WP (30.30)

2 1000 FORMAT{LHL+// 20X stBHmme COLLISION PROBABILITY [~ PLANE GEQMETRY =
1== S/ ADAB3HITHIS PAHT COMES FROM CGLLSION PROBABILITY ROUTINE M
2ALE By T.TSUCHIHASHL [N JAER]) )}

4 1001 FORMAT (1HO s 6 Xy oHVOLUME + 319K 8. 082

] 1002 FORMAT (1A v4 € BHMATERIAL +1518)

& 1003 FORMAT(LH #3X FHA=SECTION +3X+10F8.4)

7 1004 FORMAT (1HO s/ /20X S4HmT= CALCULATEL RESULTS(GENERALIZED LANCOFF FA
1CTORYa=m

-] 1005 FORMAT (LHO W/ /120K, 35H==w FINAL RESULTS FOR DANCOFF FACTOR OF EACH
1KEGION === 3

g 1006 FURMAT (1HO «24¢10HREGIOUN NO'W 1318}

10 1007 FORMATI1H «13Av12412FB3)
11 NHK® JMAX

1é IF(JMAR Gl 13) NHR=15

13 I+ ¢(NPY 1042030

14 10 MRITE(A 1000}

-] whITEbel0QLY (Vi) l=mlawhE)

16 WRITE (A 10023 (LSKG{I) 2121 4NHK)

17 GO 3 [aladeik

18 Ml 3RG 1)

19 5 A(1)=5iG{M)

2¢ WHITE(AsLOO3) CACL)Y s IxlaNbK)

21 an T2 au

22 20 WRITE(r+1004)

23 G YO 530

24 30 WRITE(ovLUN3)

25 40 wp[TE(be13062 L1y I=14NAK)

26 TFENP , 2T 0 32 To 7

27 BU & J=lyJiHhx

25 6 WRITE (neluUTr (DBl audad=1NHKDD)
29 cO T A

30 T WEITE(s+3037) NPV {JI v JeloNAK)
31 3 HETURN

32 Eho
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: FAC v 230w6 - PURTwAM [ =T30B01= {v=05.0=013 COMETLATTON i, UT.03 FAGE
1 §untKO, - TINE COLLISC sUSUMIUNEED
F DI-ENGION WUL4 304 - (30)EE(30+30)
3 FhtH=Z:.
“ EruOR=0., 00001
p
C siassLrewr s
S Th1s ~OUTINE T5 Ma E sy Ko TSUCHIRASH],
C R
<
b RE TUR-,
[3 B
1 SurROCTINE EISLMIU W] U ANSERRUR)
? DIt ENCION UU (&)
C
C A R LR
C Ters «GUTINE 15 CA, LED #Y SUBROUUTINE Grllls.
L ChaarLatrtenn
4
i 3 RETUR .
! . o Erin
H
1 FirCTih BE{hean)
¢ E-a #%w SUBHDUTINE EN{X) o+ m]e243 waw
[
c faee sttt
v [ Trhts WUUTINE s CALEL BY SUBROUTINE fOLLISt,
< PR R A
£ RETUR
3 [
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