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Summary

A code was developed for calculating effective group constants of resonance energy region
in various heterogeneous systems. This code was made by taking characteristic merits of the
codes constructed hitherto for the computation of resonance integral. Heterogeneity is treated
by a collision probability method in which the first-collision probabilities are computed by a
linear interpolation of the values beforehand prepared. An energy interval under consideration
is divided into extremely narrow meshes on which the neutron slowing-down equation is solved
using a recurrence formula for the slowing down source. Resonance cross sections are read-in
from library tapes corresponding to different temperature of the composition including resonant
materials.

This code is written in FACOM-230/60 FORTRAN which is a standard type one comm-
only used. Important information is stored in variable dimensions determined beforehand by
input data. Hence, for practical purpose, there is no special limitation on input data, unless

total variable dimensions necessary for a calculation do not exceed 34, 000.
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1. Introduction

There are two main cases in the treatment of resonance absorption of neutron in nuclear
reactors. The first is the case where the resonances are considered to be theoretically well-
seperated, that is, level-spacings of resonances are much larger than Doppler width; this trea-
tment has been applied to fertile materials at neutron energies below about 10 keV and has
been considered to be suitable for most thermal reactors. The second case occurs when the
resonances are not well seperated and/or when there are overlapping resonances due to diffe-
rent materials. This case is important for the fast and intermediate reactors.

Various methods are available for the first case and are well discussed, for example, in
references (1) and (2). In this case, it is usually assumed that the flux recovers an asymptotic
1/E form below each resonance, that is, “the flux recovery between resonances” is assumed in
these methods for resonance absorption. Obtaining an exact analytical solution to the equations
for neutron slowing-down however is difficult even under the simple assumption of the flux
recovery, and this difficulty has led to a number of approximate solutions to the problem.
Examples well-known are the first-order solutions such as the narrow-resonance (NR) and
wide-resonance (WR) approximations. Improvements were subsequently made by iterating
them in the basic equations of neutron balance, including the intermediate resonance (IR)
approximation®-%.

For heterogeneous systems, if the geometry is represented precisely, the special problem
is unnecessarily complicated for the calculation of resonance absorption. The assumption that
the neutron flux is spatially constant within each sub-region of the lattice cell simplifies the
problem and reduces the transport problem to the determination of the first-flight collision
probabilities for the fuel and moderator regions. The simplification was combined with the
selected use of the WR or NR approximation. Especially for an analytical treatment, the
approximation of representing the collision probability by a rational expression is quite useful
and the heterogeneous systems were treated also with the IR approach using the rational
approximation®6.

The assumption of the spatially flux is the serious shortcoming on the analytical approach
and the most difficult to remove. The coupled effects of the assumptions of the flat ffux and
of the flux recovery may introduce serious errors in some situations”®, for example, when the
absorber dimension becomes very large, or when a very heavy nuclide is moderator. In practical
cases, further complications may arise from the non-uniform distributions of temperature in
fuel pin and/or absorber density with fuel burnup. The difficulty of removing these assump-
tions from analytical methods results in the use of the methods of directly and accurately
evaluating resonance capture in heterogeneous systems (such as RICM?%, RIFF RAFF®, RA-
BBLE!, SDR!? or the Monte Carlo codes!®: V)

The calculating method of resonance absorption and Doppler coeflicient of reactivity in
thermal reactors is considered to be fairly satisfactory, because the neutron spectrum does not
much deviate from 1/E and the resonance absorption almost comes from few resonance levels
of fertile materials (#¥U) at lower energies where accurate resonance parameters are obtained
and the assumption of flux recovery is considered to be sufficiently satisfied. Moreover, the
ratio of fissile to fertile isotopes is generally quite small, hence the contribution to the Doppler
effect from fissile isotopes are very small.
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In fast reactors which contain resonance absorbers in higher volume ratio than thermal
reactors, the neutron spectrum is entirely different and is much depleted due to resonance
absorption. In this case, the resonances at higher energies contribute most to the Doppler
effect, where may be the interference between neighboring resonances in the same isotope.
Moreover, to make matters worse, the ratio of fissile to fertile isotopes will be generally
much larger and the interference effects between various resonance isotopes become quite
important. Hence the second case, where the resonances are not well seperated, is important
mainly for fast and intermediate reactors.

For fast reactor anlysis, the effective cross sections have often been calculated by using
1/(EZ(E)) spectrum based on the assumption of the constant collision density. Even if we
started with this assumption, we however met the difficulty of the calculation of the integrals
over the probability distribution'® of resonance parameters in unresolved resonance regions.
Hence, the variuos approximation methods have been proposed for the estimation of the effe-
ctive cross sections®!61D These treatments at present however seem to be less complete, and
we can not expect that high accuracy for the Doppler coefficient of reactivity in which calcu-
lation account must be taken the rapid energy dependence of the a-value of #Pu and the
sodium scattering resonance and/or heterogeneous effects into is obtained from an approximate
method started with the 1/(EX(E)) spectrum!®,

In order to avoid the shortcomings of the semi-analytical methods based on the 1/(E2
(E)), the construction of a resonance sequence over the unresolved region of interest has
been considered to be useful meanings for the calculation of the effective cross sections!®22.
2, From the knowledge of the statistical distribution of resonance parameters and level spa-
cing, it is possible to generate a sequence of resonances over some energy interval by a
ramdom sampling method. These resonance parameters can then be used in the codes above
described, which have been developed for the resolved resonance region.

Though the codes above introduced can be applied only for some limited cases, they have
merits, respectively. For example, the RICM-I code” can treat only isolated resonances but
it can treat fairly general geometries by an interpolation method of collision probability
prepared beforehand. The RIFF RAFF!”and RABBLE'Y codes adopt an excellent calculation
method of slowing-down source which serves time and memory of computer to save, however
the geometries treated by them are limited to be cylindrical and moderators must have con-
stant scattering cross sections. On the other hand, the SDR code!® can treat fairly general
problems, but the demerit is to consume long computer time. The Monte Carlo procedure
can treat quite general problems with complex geometry but it comsumes considerable com-
puter time and yields neither effective cross sections nor flux distributions.

For general uses, we developed a code, PEACO, for the FACOM 230/60 by taking the
merits of the above codes in. This code consists of three subcodes: The first code prepares
the resonance cross sections at ultra-fine groups, which will be presented in the section 4.
The second calculates the collision probability at the discrete interpolation coordinates given
beforehand, which will be shown in the section 5. The last one is the routine for the cal-

culation of the flux distribution, the averaged cross sections, the activation, etc.
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2. Scheme of PEACO Code

As mentioned in the introduction, PEACO code consists of three main calculating parts.
Computing time for resonance cross sections needed for flux-distribution calculation usually
takes half of total computing time or more. Mreover, the cross sections for a fixed energy
range and temperature may repeatedly have to be calculated for different cases, if both the
calculation parts of the resonance cross sections and of the flux are included in a code.
Hence, the first part of the PEACO code (PEACO-MCROSS) calculates the resonance cross
sections from resonance parameters over the resonance energy ranges needed for usual calcu-
lations and the results are written in library tapes. This separation of the cross section part
from the flux part was used also in the RICM and SDR codes.

The PEACO-COLLIS code prepares collision probabilities in the geometry of cylindrical
rod or of slab at the specified values of the total cross section of resonance absorbing compo-
sitions, which are used as representative points for collision-probability interpolation later. As
for the interpolation coordinate, we adopted one used in the RICM code. The inclusion of
the collision-probability part into the flux-calculation part will restrict the geometry that can
be treat by a code, or it may make a code for solving the neutron slowing-down unnecessarily
large. The separation of the collision-probability part will serve to save the computing time,
when many calculations must be done for a fixed geometry. For more complicated geometries

such as clustered fuel elements, collision probabilies should be calculated by other codes, as

INPUT INPUT INPUT
:esonunce parameters, ﬁozrdc;smons. geometry,
emperature, etc. u ' :
energy boundary cross sections \\
for averagy, of moderators, N
etc. etc. AN
AN
PEACO-MCROSS \\
/ N\
PEACO-cCoOLLIS | | Another Code
Library Tapes plane, square for complicated
for resonance geometr
7 y
cross sections 4 orhexagonal >
7 rod /
H /
1 y; /
¥ P /
. /
Sorting / y;
d Card or Ta /
resonance cross |/ PEACO-MAIN pe 1
sections of same for Pij and ¥
temperature into 3
a tape 5Za Pi; , etc
OUTPUT

flux distribution ,
various averaged or
integrated
quantities, etc

Fig. 1. Scheme of PEACO code
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the PEACO code does not have computing device for such a case.
The PEACO-MAIN solves the neutron slowing-down and calculates the various averaged
values such as elfective resonance cross-sections, using the library tape for resonance cross

sections and the input tape or cards prepared by the PEACO-COLLIS or by other codes.
The relation between these three codes is schematically shown in Fig. 1.
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3. Numerical Mothod of Calculating Neutron Flux Distribution

We shall consider a heterogeneous system which may be homogeneous in special case
and may generally be infinite lattice of square or hexagonal cell, cylindricalized lattice or
clustered type fuel element. This system may consist of several compositions of which the
corresponding numbers correspond generally to few different numbers of region, respectively.
The resonance-absorbing materials are contained in some compositions, which are called as
fuel compositions and are restricted to the following two cases in present treatment.

1) Total cross section of each resonance-absorbing composition slightly differs from others,
respectively, for examples, by non-uniform distribution of temperature or of resonance
absorber densities with fuel burnup.

2) All the fuel compositions have same temperature and relative ratio of resonance absor-
ber densities in each composition is same as those in others, respectively. For an
example of 28U being only a resonance absorber in the system under consideration, any
density-distribution of #%U will be permitted.

Special attention should be paid for other kinds of fuel compositions except for the above
two cases.

We further assume that neutron balance in such a system can be described by using the
first flight collision-probabilities. In order to avoid the flat-lux assumption which should
usually be assumed in the collision-probability method, we divide each region of the system
into as many sub-regions as necessary or possible. Then, the equation of neutron slowing-

down can be expressed as

ViZi(w) (1) = ;Szlmz Pi(u) Vj[kgﬁm Sjk(u)} (3-1)

Suy=pt | e T 3-2)
with

a=((M=1)/(M+1))? and e=—Ina. (3-3)

Here, the subscripts (i) ang (j) stand for the sub-region numbers and the (k) corresponds to
the nuclear species. P;j is the probability that a neutron born uniformly and isotropically in

region j makes its first collision in region i, and other notations have the customary meanings.

By letting Vigi(u)e* equal to ¢i(u), we have
Zi(u)¢i(u) =_5me i () S (w) (3-4)
3
with
Swe= |1 ZaaHge)dw. (3-5)
Here it should be noted that the equations (3-4) and (3-5) for ¢ (u) is simpler than Egs. (3-
1) and (3-2) and the factor e* multiplied to ¢;(u) serves to reduce round errors appeared in

the recurrence equations introduced for the numerical calculation of slowing-down source in

the next section,



PEACO : A Code for Calculation of Group Constants of
6 Resonance Energy Region in Heterogeneous Systems JAERI 1219

3. 1 Ultra-Fine Group Equation of Neutron Slowing-Down

As the resonance cross sections are the rapidly varying functions of energy, the energy
spectrum of neutron flux will be also. To describe this variation accurately, the energy
range of interest is divided into extremely narrow groups. For the calculation of the slowing-
down source of Eq. (3-5) on this descrete energy meshes, a numerical method based on one
developed by KIER® will be used. Hence, this ultra-fine groups are assumed to be extremely
narrow compared to the maximum lethargy gain per collision with the heaviest nuclides, but
they are not limited to be equal width.

In order to obtain the group representation of slowing-down equation, we integrate Eq.
(3-4) over the lethary u of the (m+1) th mesh shown in Fig. 2. In this case, we assume that
the resonance cross sections are given at the mid point of each ultra-fine group and the colli-
sion probability Pi;(x) is constant in each of the groups. Then,

AU, AUgp AUm+y
U=0 U=AU4 U-  Uo U+
| } \ + } } } } u
i | 2 3 4 m m+1 |

Fig. 2. Lethargy meshes for obtaining ultra-fine group equation

Eim+1¢im+1 =3 mt lju+¢i(u)du — Slzthijm+ISjkm+l (3-6)
Uo i
where
Syme=L jduj_ fi(u—u)Fa(u)du! (3-7)
with
1 0<z<eg
Fie ()= T ()i(w) and fu(2)=| (3-8)
0 Otherwise.

The slowing-down source of Eq. (3-7) can readily be evaluated by interchanging the order
of integrations, i. e,

(A—e0Sum =" du By filu—u)du

= [ Fu) [ felu—adut | dwFa) [} fulu—u')du

Up

_j'u,,—m(du,ij(u,)j::H f(u_u’)du:j:+du’ij(u’) (u,—u")

g -2k

t+ dumr|” Fa(wydu—|

:Ekdu’ij(u’) (u,—u’—ey)

= Au§1+1 (ijm f 1__j'u*fEijk(u’)du’) + Auerl[J"L ij(u)du+Fikm_]uo_Eijk(u)du}
ug— ek T etk

o=

(3-9
Therefore, equation (3-6) can be expressed by a matrix form as follows.
SymAijmi-lgbjmi-l:Qim»i-l or Am+l:b)m+1:6m+l (3__10)
1

where
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Agi=[,— 2"2"‘;;;1113 1 Sum Zl'sﬁdk |z, (3-11)

Qm+i= Aumlsump,,mﬂ[s,kmﬂ 5 (1lak) onLar | (3-12)
and

Stz (" Fulw)du=Sum+ 2 (Fangm— (Tad)m 1) (3-13)
with

R O (3-14)

In deriving Eq. (3-12), it was assumed that Fy™-L¥™' was nearly equal to Fjm-Le™
3. 2 Calculation of Slowing-Down Source (Si™)

In order to calculate the slowing-down source given by Eq. (3-13), we must calculate
(Y ™-Le™ and hence store all the fluxes and scattering cross sections for exact evaluation
of this term if lighter materials are included in the system under consideration. Because this
storing is actually impossible, we provide another kind of groups for representation of ¢;(x)
and 2qk(«) ¢j(«), and these groups are called as fine group and usually have the lethargy
width of ten or twenty times of ultra-fine groups. Here, we assume that the lethargy width
of this fine group is also narrow compared to the maximum lethargy gain per collision with
the heaviest nuclide. This representation of ¢; or Y i¢; by the fine group will be reasonable
considering from its sufficient narrowness and rather slow variation of these quantities than
the resonance cross sections themself. Mainly important information in the PEACOQ code is
stored in variable dimensions of which sizes are beforehand determined by input data for each
problem. Hence, there is no special limitation on group numbers of ¢; or ¢ stored, unless
total variable dimensions necessary for calculation do not exceed 34, 000. We will later discuss
the selecting method of the ultra-fine and fine groups and recommend a group structure there.

Therefore, from above discussion, we can evaluate Eq. (3-14) by

1) Using the averaged value of (X u¢;) in the fine group to which the (m-Lxm) th ultra-
fine group belongs, (OPTS-1)
2) an interpolation using three successive averaged-values of (Ju¢;), where the ultra-fine
group belongs to the second value of these three. (OPTS-2)
For the second method, the lethargy width of the fine group is desirable to be narrower than
half of the maximum lethargy gain per collision with the heaviest nuclide.

The source term of Eq. (3-13) can successively be evaluated by assuming an initial flux
above the starting energy E; of calculation. We assume that all the cross sections are ene-
rgetically constant and the flux distribution is spatially constant at energies E>E;. Then,
letting ¢j(#)equal to Vyw(x) and summation over (i) of Eq. (3-4) give k

w(w) SumViSi=Sum-— ] w(u")du' X SumV;3 . (3-15)
i u—2ek j

—oy
If we assume w(u)=e, we have
B=Sumi=(@) R, (3-16)
kK l—ax
with
Ri=SumV;2 ./ SumV,5;. (3-17)
j i
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The equation (3-16) for S can readily be solved by an iteration method starting with A=1.

Hence, we can obtain the expressions for initial flux and source as follows.

¢i(u)=Vief* for u>0, (3-18)
Q.0 — ViZlsix _ B .
Si= B(lj:gxk-)_(l ). (3-19)

3. 3 Calelation of Flux Distribution

When the slowing-down source of Eq. (3-13) is evaluated by using either option of
OPTS 1 or 2, the flux distribution can be obtained from Egs. (3-10) and (3-11). KIeRr®ID
neglected the non-diagonal term in Eq. (3-11), and the accuracy of this neglect will be
investigated in the later section. The PEACO code solves Eq. (3-10) for the flux distribution
by any of the following three methods.

1) Matrix inversion method (OPTFL-1)
The flux distribution can be given by

g = Sum(A)~1Q; or g =(Am)IQ", (3-20)

where (A™ -1 is the inverse matrix of A™ and the matrix inversion is accomplished by a sub-
routine in the PEACO code. This routine is prepared for accuracy check of the following
two approximate methods.

2) Matrix perturbation method (OPTFL-2)
Generally the diagonal elements of Eq. (3-11) is considered to be larger than any non-diagonal
elements. If the matrix, A, is rewritten as

Ar=Dn—Bm (3-21)

with
k™
1—oayx

(D)= Zin0; and (Bm)y=24 PinSum 3-22)

then we have
(Am)-'=(D—B) -1=D-1(1—BD-Y)-1=D-'4+D-'BD"! (3-23)

Using this approximate expression for the matrix A, we obtain

(amy-i=—g o+ Ar T Sum 2o ] (3-24)
Hence, the flux distribution is given by

gin =5 Q-+ SumdPymQym) (3-25)
where

APyn = A" gy Zk” (3-26)

23m™ Tk l—ay
3) Approximation of letting Fymil=Fym-L" in Eq. (3-9) (OPTFL-3)
In this case the flux distribution is given by
ijm:Qim/Eim
with
Qim:AumSlfT(nPijmgjkm.
Js
This approxmation was used in RIFF RAFF and RABBLE code, but the accuracy have not
been investigated. Discussion will later be made for the accuracy of OPTFL-3.
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4. Resonance Cross Sections Used in PEACO-MCROSS Code

The single-level formula of Breit and Wigner for the expression of resonance cross
section has been adopted for analysis of resonance absorption in nuclear reactor. As pointed
out by many investigators, for fissile elements the single-level formula fails for reproducing
shapes of cross sections, because interference eflects between levels are significant. ADLER and
ADLER® derived a formalism for resonance cross sections which can be expressed by resonance
parameters independent of energy and the Doppler broadening can be treated by rather simple
expressions, For unresolved energy regions where are important for the calculation of Doppler
coefficient of fast reactors, however the statistics for the resonance parameters and level
spacing is so complicated that its practical application is quite impossible?”. There is another
expression, which was obtained by VocT?% . This expression seems to be very useful, because
the parameters for the R-matrix theory of which the statistics are well known can be used
and the Doppler-broadening cross-sections is also given by a simple formula. In the PEACO-
MCROSS code, an expression based on the approximation made by VocT will be used, and
details concerning this expression will be seen in Ref. (27).

The predominant contribution to cross sections comes from s-wave neutrons in the reso-
nance energy region of interest, but p-wave neutrons contribute very little. Hence, the inter-
ference effects between levels are taken into consideration only for the s-wave neutron cross

sections in our expressions. These resonance cross-sections are given by the following equa-

tions.
0(E) =ima’+ 35| o Ll
JeS el (E E)? _*_( )
—i—iﬂ«'a EA“J(E;E}?'X-E-*- kz Z '\/Fllljpj'nj( 4/] Anj[ n)
—_ 2 L4
(E—E)+ (%)
+ '\/FXfFK fCOSHM)gM’ + k Z - FinjFX____ (4_1)
AEp XCJ(E E)Z-‘i—( )
Uf(E)._ kZ Z E FAUJ,EBL,,,,,Z_{_ Z’g > FZnJFT (4_2)
JEs ZEJ(E E)2+( ) Jep er(E E)o ( )
(E)=}, Jg 2 _ Twl'x
€s €. 2
(2 +(22)
‘I’Z 2 \/Fln]FA n) \/['xfpi f COS@)} gax “|“2ng P(ﬂ),i ,,,,,Z (4_3)
wa B gy (1)
where
gw=hw AF“MZEL}%Z_E Ar il'le’_‘lel& (E,ng)“} (4-4)
e (LA - P!
(Bi—Ey+(L2) (Ex—Ey+(L7)
hli’ - '—1——— (4_5)

AE 2+ ( Al aw)*
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AE;y=E;—Ey and A4 yw=13—T. (4-6)

Various notations used in Eq. (4-1)~(4-6) are the same as those used in Refs. (26) or (27)
and the explanation concerning them will be omitted here.

The Doppler-broadened cross sections for Eqs. (4-1)~(4-3) are also given in Ref. (27).
For unresolved resonance-regions, the resonance parameters needed for the calculation of the
resonance cross sections can be generated by using a ramdom sampling method®. For this
purpose, we can use a code, BABEL?®, which generates a sequence of the resonance parameters
for Egs. (4-1)~(4-3) over energy range of interest and writes them in a tape for later use
to the PEACO-MCROSS code. The PEACO-MCROSS code was prepared for the present
purpose by modifying MCROSS code?.
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5. Calculation of Collision Probability

A great number of methods have been proposed for the calculation of collision probabili-
ties in various geometries. These methods have mainly used to calculate the group constants
of thermal energy region in complex geometries. Since the resonance energy ranges of inte-
rest are extremely wider than thermal ranges, the geometries that can be treated by a code
are restricted, and various kinds of approximations had to be adopted for calculating method
of collision probability for a complex geometry. For an example, Wigner’s rational approxi-
mation and Nordheim-Sauer’s model>? for collision probability has frequently used to estimate
resonance absorption. Even for a recent high-speed computer, however the inclusion of the
calculational routine of collision probabilities for complex geometries in a code will consume
considerable computer time.

A simple and convenient method was prepared for calculating collision probabilities in
RICM code® which estimated the resonance integral of isolated resonances in heterogeneous
systems. This is a calculating method using the interpolation of collision probabilities before-
hand prepared and is quite useful for many calculations in a fixed geometry or for a calcula-
tion of wider energy ranges. We adopted a method based on this interpolation for the esti-
mation of P;™ in Egs. (3-11) and (3-12), and the PEACO-COLLIS prepares the collision
probabilities at the specified values of total cross sections of fuel compositions in cylindrical
or plane geometries. The PEACO-COLLIS consists of several sub-codes which was developed
by K. TSuCHIHASHI*®. For a simple calculation of two region problem, the Nordheim-Sauer
model is also prepared in the PEACO-MAIN to calculate the collision probability.

5. 1 Nordheim-Saver's Model for Cylindrical Geometry with Two Regions

The approximate formula proposed for Pi2(x) by NORDHEIM? is given by

P () = {3 P TGy (5-1)
where P is the escape probability from an isolated system, 3 and [;(=4V,/S) are the total
cross section and mean chord-length of the system, S is the surface area and G is the Dancoff
coefficent. The combined use of this formula with Sauer’s approximation? for G is known
to give a sufficient accuracy for two-regions problem in thermal reactor. This approximate
formula by Sauer can be written for cylindrical geometries as

Go=1—exp(—1220)/(14+(1—~1) 3], (5-2)

with
{(o. 9069 v1+Va/ Vi —1)/(Va/ V1) —0.08 (square) (5-3)
(0. 8863 V14 Vo/ Vi —1)/(Vs/Vi)—0.12 (hexagonal) (5-4)

where 2 and /; are the total cross section and mean chord-length (=4V,/S) of the moderator
region, respectively.

Using the reciprocity relation and the conservation of collision probabilities, we obtain

Pu(u)=1—P12(u), P22:1—-P21 (5-—5)



1 PEACO : A Code for Calculation of Group Constants of

Resonance Energy Region in Heterogeneous Systems JAERI 1219
P21(u): V121P12(Z()/(V222). (5—6)

The escape probability Py in Eq. (5-1) is tabulated in the PEACO-MAIN.
5. 2 Interpolation Method of Collision Probability in PEACO-MAIN code

At first we assume that all the compositions except for fuel compositions have constant
cross sections. For such a system, we define a function of total macroscopic cross section, X\,
of a fuel composition. This function Z(J3r) is defined by

{Zrl (2d=1)
2-1/(2d)  (2d>D

where [ is a value having the dimension of (CM) which may conveniently be selected as the

(5-7)

mean chord-length of fuel rod. The function Z(%;) makes one-to-one correspondence with
2t and takes a value between 0 and 2 for a value of 2%

It is known that collision probabilities P;;(Z) for a fixed geometry vary quite smoothly
for the variation of Z. The fifteen values of Z was used as the interpolating coordinates of
a quadratic interpolation method for collision probabilities in the RICM-I code. The coordi-
nate Z is also used in PEACO code. For such a interpolation method, collision probabilities
should beforehand be given at the specified values of Z, and this calculation is done in the
PEACO-COLLIS. In the PEACO-MAIN, the collision probabilities in Eqs. (3-11) and (3—12)
are evaluated by a linear interpolation method using twenty points of Z as interpolating
coordinates.

We shall consider at first a system consisting of several fuel-compositions which satisfy
the condition 1 in the section 3. Then, the Pij(Zy, Z2, Za, -+ ) for the system can be appro-
ximated by

Piy(Z,, Z,, Zgeee-e- )= P(Z0, Z9, ZO-..... )’I"Sum(ZX_ZO)"aaZ’*Pijlaﬂ z=7 (5-8)
2 2

where the subscript for Z is the number of fuel composition and Z° is the nearest value of
the interpolating coordinates to the averaged value of (Z;, Zz----- ). Here, we assumed that
(Zy, Zgyoeee- ) did not so much differ from each other, that is, the condition 1 was assumed to
be satisfied. It should be noted that the nonuniform distribution of temperature or of reson-
ance-absorbing materials with fuel burnup can readily be treated by this linear interpolation
method because of its simplicity. The PEACO-COLLIS prepares also the derivatives Fgl—P;j in
Eq. (5-8).

For the case where the condition 2 for fuel compositions in the section 3 is satisfied, it
will be sufficient that one of the Z;’s is selected as the interpolating coordinate, since the
coordinate selected can make one-to-one correspondence with the total resonance cross sections
for all fuel compositions. Hence, in this case, only one of fuel compositions may be selected
as a formal fuel composition if the values of the collision probabilities at the interpolating

points is calculated by taking account of the resonance cross sections in other compositions.

On the other hand, the collision probabilities must satisfy two important relations, that

is, the conservation law

SumP;j=1  for all j (6-9)

and the reciprocity relation

ViZiPij: VijPji for all i, J (5*10)
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In the PEACO-MAIN code, the values of Pjj and a—gP;,- are input only for j=7 to save the
2

dimensions for them. Hence, at first, the P;; for j<i are calculated from the interpolated Fj

for j=i by using Eq. (5-10).

12) are successively obtained by the following equations starting from j=1.

o 1_7]11)‘.

1y —

Pi*—
1) n
o 70

where

N
7}g=SumP;,-

1<)

with

N=Max(j)=Max(i).

-1
and 771=:S'umPi,-*
i=1

np; (i=j, N)

Then, the collision probabilities satisfying Eqs. (3-11) and (3-

(5-11)

(5-12)

(5-13)

TaBLe |  Geometries and compositions for accuracy check of collosion probabilities
thickness number of
case| geometry region from b er composition ATOMS/(b-cm) remarks
center(cm) | Sub-Tegions
1 0. 2406 1 128U (1800K) : 0.0294, C : 0.0294| The unit cell of
2 0. 3403 1 2| 28U (1200K) : 0.0294, C : 0.0294 | 1000-MW Westin-
1 | cylinder 3 0. 3558 1 3|Na : 0.0216 ghouse reactor is
4 0. 3810 1 4|Fe : 0.0852 cylindricalized.
5 0. 5684 1 3
1 0. 5625 3 128U (290K) : 0.0473, The example in
2 | cylinder 2 1.297 5 2|238U (290K) : 0.0071, Fe : 0.0127,| RABBLE code.
Na : 0. 01397
1 0.32 1 1{28U(290K) : 0.0473 The unit cell of
, plane 2 0,90 1 |2/C:0.0869 the 11-4-S-3H
(center . .
symmetric) 3 1.06 1 3| N :0.039, H :0.0792 core of FCA.
4 1.32 1 2
3
E)x=2883 eV
) Oia = 600 b. L2y (T=1200°K) .
Ore = 5.3 b.
—_ > 4Z; (T=1800°K)
5
S 1 4
2
= &
= 0 3 M
a -
Y
)
w ! 2
b
o
=
i
L—A Pis
-3 | | | ?P | ] | | ] | | 1 | Sg ] 1
-200 -100-50 -0-8 -6 -4 -2 0 2 4 6 8 {0 50 100 200

Fig. 3 Errors of collision probabilities for the case no. 1 in TABLE 1.

X =2 (E=Ey )/Ty
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The collision probabilities given by Eq. (5-11) will readily be known to satisfy Egs. (5-9)
and (56-10).

For the purpose of the accuracy-check of the calculating method of collision probability by
Egs. (5-8) ~(5-13), we shall show representative examples calculated in three different geometries

for which the various imformation is presented in TABLE 1. Figures 3~7 show the relative error
Ep: (Pij*_Pijexact) X IOO/Pijexact (5_14)
where Pij* is given by Egs. (5-8)~(5-13) and P;e~ is exactly calculated by the PEACO-

3
Ex=1149 eV - 23, (T=1200°K)
2 Ona =4 b. \+ —10
e =9 b £5,(T=1800°)
z L Oz =4.7b. -8
[<}]
o +
(0]
& e / +\/ A s
_ O( . 6 ™
D.T
- Y
© -1 - 4
12
g @-@ P22
i
—2" ) +__+ P|3 - 2
L—DhA P L
—Z . . 1 [ IR S I ¢ G R

)7

0
-0 -8 -6 -4 -2 0 2 4 6 8 {0 50 100 200
X =2 (E-Ey )/T)

Fig. 4 Errors of collision probabilities for the case no. 1 in TABLE 1.

-3
-200 -100-50

Ex =1149 eV
ONA:4b-

'R7

Errors of Pi (percent)

-3

R IS PO ¢ atl | ] I I I |

| | (( | | |
-200 -100-50 ’~-10-8 -6 -4 -2 O 2 4 6 8 {0 ' 50 {00 200

X=2(E—E>\)/1")\

Fig. 5 Errors of collision probabilities for the case no. 2 in TABLE 1.
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COLLIS. These calculations were made for the typical resonances of #%U and on twenty
points of the variable

x=2(E—E)/I;. (5-15)
In these figures, we illustrated only a few values of P;; which are considered to be more
important on neutron balance or have larger errors.

It will be seen from these figures that the errors are mostly no more than 2¢5 and,
especially for plane geometry, errors are scarcely induced by the present method for calculating

collision probability. For some values of z, few Pi;’s have fairly large errors, for example,

the errors of Pi3 at £=0 in Fig. 3 and of Py at x=—6 in Fig. 5 are about 2. 3 and 7 94, respec-

0.3

Ex=1149 eV
0.2 On =20.1b.
Oc =4.7 b.

.

(percet )

Errors of Py
o

-03 | l | I | [ I
03,60 -100-50 ¢ —10-8 <6 -4 -2 0 2 4 6 8 10 ¢ 50100 200

X=2 (E=-E\)/T

Fig. 6 Errors of collision probabilities for the case no. 3 in TABLE 1.

03
Ex-668¢6V — Pu |
0.24 Oy =204 b. =0 P -1500
= G =47 b, 2 P
g o1 F Gy = 10.0b. X=X  Pas . 400
Q.

/N : s

cf *—/ X 300 M
Y
(o]
I —200
} S
o
s
Wik
——=4£Z; (T=300°%) —100
-03 | I I 55 I 1 ] | | 1 | | ()() | [ |
~200 -100-50 -0-8-6-4-2 0 2 4 6 8 10 50 100 200

X=2 (E-E\)/T,

Fig. 7 Errors of collision probabilities for the case no. 3 in TABLE 1.
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tively. However, it should be noted that the accuracy of such a Pjj is not very important
for neutron balance due to smallness of the value itself or of the volume where neutrons are
born. For an example of Py at x=—6 in Fig. 5, P4 is 0. 002933, while Py and Py are 0. 6658
and 0. 2390, respectively. For one-fuel composition problem, we can raise the accuracy by in-
creasing the points of Z; where P; is given, though the mumber of the points in the present
example is twenty. It will also be noted that the accuracy of the flux distribution does not
generally so much depend on that of collision probability if Egs. (5-9) and (5-10) were
satisfied.

5. 3 Consideration of Resonance Scatterer and Strong Absorber

When the resonance absorption is studied in a thermal reactor, it will be mostly sufficient
that the cross sections of moderator and structural materials are assumed to be energetically
constant. In fast reactors, however, the Doppler coefficient of reactivity comes from rather
higher energies where all the cross sections must generally be considered to vary with energy.
Especially an accurate value for the Doppler coefficient can not be obtained without taking
account of the resonance scattering of sodium at Ex2.85keV. Moreover, the strong absor-
ption by burnable poisons in thermal power reactors may affect the resonance absorption
and the neutron source into thermal energy region. Generally speaking, for an accurate
estimation of the effective cross sections in resonance energy region, the variation with energy
should be considered for all the cross sections in a system under consideration.

The variation of the cross sections of these materials is usually quite slow compared to
that of heavy resonance-absorbers. These slow variation will bring also a slowly energetic
variation into the collision probability in the previous section. We assume that this slow
variation of the collision probability can be estimated by “a linear interpolation on the fine
groups” and it can be neglected in a fine group. Under this assumption, in the PEACO-
COLLIS, the collision probabilities are calculated on the necessary number of energy points
to express the slow variation of the total cross sections of the compositions except for the

fuel. In the PEACO-MALIN, these Pis and their derivatives 66Z
2

fine group by a straight line and the resultant values are used to estimate the collision pro-

Py/’s are interpolated on each

bability on untra-fine groups in the fine group, following Egs. (65-8)~(5-13).
In the PEACO-MAIN, the materials are divided into the following five groups.
1) Resonance-absorbing materials (MAOPT=0)
Their cross sections are read from the library tapes prepared by the PEACO-MCROSS.
2) Resonance-scattering material (MAOPT=1)

This material is limited to one element and the cross section is calculated on each fine

group by
CR(E) =00 4 200 4o s (5-16)
) 241 2l T
r 1
R —goR=T __ — ~
o (B =adr L 5-17)
where
2=2(E—ER)/I" and odo,R= (0,008 ngy/ )2 (5-18)

3) Materials with pointwise cross sections (MAOPT=2)
For these materials, the cross sections are given on a number of energy points that are
also used to calculate the collision probability in the PEACO-COLLIS code. The value of
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cross section on each fine group are obtained from a linear interpolation.

4) Absorbing material with pointwise cross section (MAOPT=3)

This material is also limited to one and the variation of the cross section are assumed to
not affect the collision probability when it exists in moderator region.

5) Materials with constant cross section (MAOPT =4)
For MAOPT =2, 3 and 4, the materials are permitted to have the /v absorbing cross-section.

In this case, attention should be paid for the consistency of the cross sections used in the
PEACO-MAIN with those in the PEACO-COLLIS.
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6. Group Structure and Accuracy of Calculation

The various approximate methods were introduced for the calculation of the source and
flux distributions in the PEACO code.

depend on the group structure of the ultra-fine and fine groups.

The accuracy of these approximations will largely
An intercomparison has
been made for the results obtained from these approximations using the simple geometry of
the case 2 in TABLE1 and changing the group structure. The group structures used in the
calculation are shown in TaBLE 2, and the 25 resonances of #¥U same as those in the example
of the RABBLE code were used between 999 and 1420 eV. The results obtained are shown
in figures from 8 to 10. In these figures is shown the deviation from the standard value
which is calculated by using the options OPTS-2 and OPTFL-1 and the finest mesh width
of the case 1 in TABLE2.

In the present example, we could not find any difference between the results obtained
from the matrix inversion (OPTFL-1) and the matrix perturbation (OPTFL-2) for the calcu-
lation of flux distribution, though the neglect of the non-diagonal terms in Eq. (3-11) intro-
duced a little error to the absorption probability. This results show that a very accurate result
It should also
be noted that the increase of computer time in the matrix perturbation method is no more

can be obtained for the resonance flux from the matrix perturbation method.

than 1024, compared to the case of OPTFL-3, while the matrix inversion method takes more
than three times of the computer time in the case of OPTFL-3. Moreover, any difference
could not be seen between the results obtained from OPTS-1 and OPTS-2, except for the
last case in TABLE 2 where the calculation by OPTS-2 were impossible due to wider width of

TABLE 2 Group structures for the test calculation in the energy
range from 1420 to 999eV

number of groups lethargy width (x10%)
case SR

fine ultra fine2 fine ultra fine

1 750 10 0.47 0.047

2 375 20 0.94 0.047

3 150 50 2.34 0. 047

4 150 25 2.34 0. 094

5 25 150 14.07 0. 094

a) This shows the number in a fine group.

TasLe 3 A recommened structure of fine and ultra-fine groups for the use of the PEACO code

Uppe(ri3 \elr)lergy Lowe(l; \e}r)lergy Lethargy®) finljog.rgips ullfr(;-f(i)rf;e Me;fh fivrllg h i‘? elslﬁrglfcll;}el
groupsb groups groups
23250 4650 1.1513 2303 10 0. 0005 0. 00005
4650 465 2. 3026 2303 10 0.001 0.0001
465 46.5 1 767 10 0.003 0. 0003
46.5 4.65 ” 460 5 0. 005 0. 001
4.65 0. 465 ” 230 2 0.01 0. 005

a) These lethargy widths for the first one are| selected to not exceed the maximum Ie_thargy gain
per collision with deuteron.
b) This shows the number of ultra-fine groups in a fine one.
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the fine group (2«dum>¢exs).

It will be seen from Figs. 8~10 that in the energy range from 1 to 1.4keV we can obtain
a sufficient accuracy from the calculation with the group structure of the case 2 in TABLE 2.
On the other hand, a group structure such as seen in the example of RABBLE code can not
give a very accurate result for various averaged or integrated quantities in this energy range.
It will also be seen from these figures that the results from group structures with more
ultra-fine groups in a fine group are in general less accurate when the total number of the
ultra-fine group is kept constant in this energy range. Here, it should be noted that the
infinitely dilute capture cross-section of #%U showed the same value for all the cases considered.

Now, from the above discussion and our experience gained by the use of the PEACO
code, we shall recommend a group structure for the ultra fine and fine groups, which is
shown in TABLE 3.

2 - 3 -
238
Capture by ™V , | Absorption Probability
ik in_Fuel Region |
S )
= ¥ O owAh——Twa ok —oerk
c O —8M—rx -1t
.f__> O®AA O®p, =
(=)
L= 2 _2l o=(0OPTS-1, OPTFL-3)
& -4 ©=(0PTS-1, OPTFL-3) o S _g| ®=(0PTS-2 OPTFL-3)
® = (OPTS~2, OPTFL-3) S = A= (OPTS-1, OPTFL-2)
A= (OPTS-1, OPTFL-2) 1 - _
ol =(OPTS-1, OPTFL-1) (OPTS-1, OPTFL~1) 2
A= (OPTS-2, OPTFL-2) =S 4=(0PTS-2, OPTFL-2)
= (OPTS-2, OPTFL-1) -6 =(OPTS-2 OPTFL-1)
L I . L 1 I | i ! |
750/10  375/20 150/50 150/25 25150 750/10 375/20 150/50 150/25 25/150
Nfine / Nultra - fine Nfine 7 Nutra-fine
Fig. 8 Deviation of capture cross section of 2*#U Fig. 9 Deviation of total absorption probability.

in central fuel region.

. o = (OPTS-1, OPTFL-3)

® = (OPTS-2, OPTFL-3)
3F A =(OPTS-1, OPTFL-2)
5 = (OPTS-1, OPTFL-1)

3 A = (OPTS-2, OPTFL-2)
€ tF  =(OPTS-1, OPTFL-1)
c 0 FO8Lrde——0 @ rd——0 0 rb—O-@-Lrbr—————————
o
5 -1 oa
®
Qo ~2f
-3 .
Absorption in Unit Cell
-4

| 1 1 1 1

750710 375/20 150/50 150/25 25/150

Nfine / Nultro-fine

Fig. 10 Deviation of averaged absorption cross section in unit cell.
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This code is written in FACOM-230/60 FORTRAN which is a standard type one comm-

only used.

In this section, the input imformation necessary for operation of the code will be

given, then the quantities printed will briefly be described, and finally the structure of the
code will be shown.

7. 1 Input
Card | FORMAT Variables Description
18A4 TILD Problem identification
2 1216 KREG No. of regions (£20)
KMAT Total no. of materials (£10)
KRES No. of resonance absorbing nuclides (£4)
KCOMP No. of compositions (£7)
KCOMPF No. of fuel compositions (<3)
KTEMP No. of temperatures considered for resonance cross sections
(=3
NRMAT A number for special resonance-absorbing nuclide of which the
mass is commonly used for other resonance-absorbing nuclides
when slowing down sources are calculated.
NOPT = —2 : Hexagonal geometry of two regions is treated by Nor-
dheim model.
= —1: Square geometry treated by Nordheim model.
=0 : Homogeneous problem
=1 : Plane geometry
=2 or 3 : Cylindrical geometry
>5 : Other geometries except for above ones
NOPTFL =1 : OPTFL-1 in sect. 3.3
>1 :OPTFL-2
This option is operated below the energy, EOPT, specified by
the next card, if NOPTFL=0, OPTFL-3 is used.
NOPTS =0 :OPTS-1 in sect. 3.2
>0 :OPTS-2
NREAD Logical unit number to read cards or tape for Z,, Vj, P;; etc.
in subroutine INPUT 2
LISTR %0 : Fine group flux in each region is printed
LISTS %0 : Fine group flux in each sub-region is printed.
NOPTX %0 : The case 2 in sect. 3 is treated.
3 | E12.5 EOPT Below this energy (eV), OPTFL-1 or 2 in sect. 3.3 can be
operated.
4 11216 KSOUCE >0 : Thermal neutron source is calculated on KSOUCE po-
ints. (£40)
MORE If MORE=0, more problems than one are treated in a run.
5 11216 (NTEMP(D), I=1, Assignation of temperature number to cach fuel composition.
KCOMPF)
6 |6E12.5 (TEMP(D), I=1, Temperature (°K)
KTEMP)
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Card | FORMAT Variables Description
7 1216, E12. 5 (NCOMP(D), Composition number of the I’th region
NSUBR(D), Subregion number on the outer boundary of the I’th region
RMAX((D), Distance from center to the outer boundary of the I’th region
I=1, KREG) (This information is unnecessary for NOPT >5.)
8 | 1216 KBG No. of coarse groups for averaging various quantities (<40)
. KKGP Total no. of fine groups used to assign the size of variable
dimension (<30000)
This may appropriately be selected as a number(= true one).
KSG No. of energy points where P;; or cross sections of moderator
or structural material are given (the case 2 or 3 in sect. 5.3)
(=30)
| KAG No. of energy points where capture cross section is given,
i (the case 4 in sect. 5.3) (<£20)
- NBB Maximum no. of the fine groups a neutron can be slowing-
down in a conllision with the lightest atom except for hydrogen.
NBH Mazx. no. of the fine groups a neutron can be slowing-down in
a collision with the heavy resonant atom.
NBR Max. no. of the fine groups a neutron can be slowing-down
in a collision with the resonant scatterer.
9 |6E12.5 (EN(D, I=1, Energy boundaries for coarse groups
KBG+1)
Note : In the following cards relating to the information on materials, the order of materials must
follow to the magnitude of MAOPT in sect. 5.3. KMAT sets of the cards are needed.
10 | A4,8X, NUCLID(D), Nuclide identification
4E12.5,16,] AMU(D, Atomic mass
E10.5 SIGA(D), Capture cross section for E = starting energy
SIGF ), Fission cross section for E > starting energy
SIGS(D), Scattering cross section for E = starting energy
MAOPT, Defined in sect. 5.3
VCAP(D), 2200-m/sec value of 1/v absorption cross section
11 [ 6E12.5 (DEN(, D, Atomic number density (atoms/(barns-cm)} of the J’th com-
J=1, KCOMP) position
Note : The following two cards are unnecessary unless KSG>1 and a nuclide with MAOPT =1 is
included.
12 | 6E12.5 ERES ER in Eq. (5-18)
PEAK a,® in Eq. (6-16)
GJ g, in Eq. (5-18)
GAMT I' in Eq. (5-18)
GAMG Iy in Eq. (6-17)
13 | 6E12.5 POTEP oy, in Eq. (6-16)
POTEM o, in Eq. (5-16)
Note : The following card is unnecessary for KAG<1.
14 | 6E12.5 (EAG(D), Energy where capture cross section is given to a nuclide with
MAOPT =3 (EN(1)>EAGQ)).
SIGAA(I+1), The capture cross section (SIGAA(1)=SIGA(I))
I=1, KAG-1)
Note : The following card is unnecessary for KSOUCE<0
15 | 6E12.5 (ESOUCE(D), Energy boundary thermal neutron source is calculated
I=1, KSOUCE)

16 | 7F10.6

Note : All the above cards from 1 to 15 are read from subroutine INPUT 1, while the following
information is read from INPUT 2. It should especially be noted that all the information is
input from a read unit specified by the logical unit number NREAD. When the PEACO-
COLLIS code is used for the calculation of P, all the following information is output from
it following the needed FORMAT.

| 2, 1=1, X2)

Z in Eq. (6-7)
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Card | FORMAT Variables Description

Note : At present, in the PEACO-MAIN and COLLIS, the number KZ is fixed to be 20, but any
number can be used by a small change of the codes,

17 | 7F10.5 RF, ! in Eq. (6-7) :
(V(D, Subregion volume (KSREG=NSUBR (KREG))
I=1, KSREG)
18 | 7F10.83 (ESG(D), Energy on which P;; and the cross sections of structural or
cladding materials are given.
I=1, KSG-1) If KSG<1, this information is unnecessary.

Note : The following cards are not needed for the case where KSG<1 or the materials with MA-
OT —2 are not included in system. Special attention should be paid for the consistency of the
order of materials with that in of the card type 10. Details will be seen from the FORTRAN
list of the subroutine INPUT 2.

DO I=1, ILAST (until card 20) ILAST =no. of materials with MAOPT =2

19 | 7F10.5 sz, I, Macroscopic scattering cross section of the (I+4+ISS)’th mate-
rial in the (J4+JCOMP)’th composition

J=1, KCOMP- Here, the ISS is the number of the last material with MAOPT

KCOMPF) =0 or 1 just before one with MAOPT=2. JCOMP=0 for

NOPT =0, =KCOMPF for NOPT %0.
20 | 7F10.5 (CA2, D, =1, Macroscopic capture cross section

KCOMP-KCOMPF)

21 [7F10.5 | (WQD, Pu(i<j), KISREG=(KSREG*(KSREG +1))*KZ/2
I=1, KISREG)

22 | 7F10.5 | (W1(D), Pi(i<7), KMSREG =(KSREG*(KSREG +1))*(KZ—1)*KCO-
I=1, KMSREG) MPF/2

Note : The information from 19 to’22 must be prepared by KSG sets.
j

7. 2 Output

When the neutron flux distribution ¢5® for ultra-fine group is calculated in each subregion,
various reaction rates or integrated quantities can be obtained from the use of microsopic cross

sections. In this basic quantities computed are

M — m g.m @iM: ;m ]
AM gg&naxkgb and L?nz:h;nqi (7D
with
pim=¢ime~m/V, (7-2)

where M shows the fine group number and x stands for capture, fission or scattering.

At first, we can print the flux distributions of the fine group, ®M/4UM, by using the
option LISTS=%0, where 4UM is the fine group width. Also, the flux for each region defined
by

5IM:(Su7rIz@iMV;) /(AUMSumIVi) ; - (7-3)
i€ i€
can be printed by using the option LISTR 0, where I shows the region number.

The following quantities are computed and printed for each broad group:
1) Averaged flux in each subregion

PE=(SumdM)/UK with UX=SumdUX. (7-4)
MeK MeK

2) Averaged flux in each region

DK = (SumPMAUM) /UK, (7-5)
MeK

3) Effective cross sections in each subregion
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ax;sz<5gKmAIikM>/<@KUK>. (7-6)

4) Effective cross sections in each region

oK = (SumSumAM, V/ (Sum@KUKVY). (7-7)
MeK el iel
5) Effective removal cross section in each subregion

~ Exet/ax E —a k
o,ikK=j oaplen =k p /jE $idE
K+l

Eka (l )E
1 L £k+1 ket X v__ —(u—ug,1+eK) A.K K -
l ak E1 Juml—ek Flk(u) [l ¢ e ] du/(@l v ) (7 8)

where (u,+1—8k) =ux is assumed.

6)  Effective removal cross section in each region

oK = (Sumﬂnk V/VL (7-9)

For each broad group, the infinite dilution cross sections of the special elements with MAOP
=0~3 are also printed. The above quantities from 1) to 6) are always printed for each
subregion, but for each subregion the output of them is omitted when LISTS=0.
The following quantities are obtained from the integration over the whole energy range
of calculation and always printed at the last stage of output.
~:7) Integrated:flux in each region

 Or=SumdMIUM, (7-10)

all M

8) Capture and fission activations in each region

Aun=(Sum Szgngi‘ikVi) /Vi (7-11)
++9) Total capture and fission probabilities

Px=l—k15:l£m(ﬁxlkV1N1k)7§Es (7-12)
with

gzs_{sumzblkvl(l—, Wi )}(25 1)/8 (7-13)

where 8 is defined by Eq. (3-16).
The neutron source slowed down into thermal energy range is calculated by the follow
equations ;

SI(E) =Sum Suc(E) =Sum Ful!) g (7-14)

El_[u ex 1— Ay

where u. is the lethargy corresponding to the cutoff energy FEc and u.=u—e¢x is assumed.

Then, the integrated source over a narrow energy interval from E_ to E, can be given by

EkEJE:S;k(E) dE=jlfwdu'Fik(u’)j':if(u—u’)e‘“du . _1ak (7-15)
where u, and u_ correspond to E_ and E,, respectively. Hence,

Si=0, for ex<u_—uc. (7-16)
For hydrogen atom,

S'ik=r_ch i (u')du’ =constant. 7-17)

On the other hand when w,—& >u.=u_—¢x,



PEACO : A Code for Calculation of Group Constants ol

% Resonance Energy Region in Heterogeneous Systems JAERI 1219
Sik=————l—~ch Fu) (EJ,—akE’)du’] (7-18)
(l_ak)El u.—2g ) .
For ex>u,—u.
Soe 1 (g —EN™ Fu)dw —["""Fu(u) (E-—aE’ '] _
Sk=(— E; (B B[ Futude'~ [ "Fuw) (E-—aurydu ) (7-19)

7. 3 Structure of the PEACO-MAIN code

This code consists of a main program and eight sbroutines. The block diagram of the
code is shown in Fig. 11, and the complete listing will be given in the Appendix C. The
function of each program is given briefly below.

1. Main program MAIN-MAIN: Determines the size of variable dimensions and calls each
subroutine.

2. INPUT 1: Reads in input information.

3. INPUT 2: Reads in Z; [, Vi and collision probabilities, and reads in also cross sections
of the materials with MAOPT =2, and calculates Dancoff factor for the geometry with NOPT
<0.

4. DATA : Computes group independent parameters.

5. OUTPUT 1: Prints input data and group independent parameters.

6. AVERAG: Interpolates collision probabilities on the fine groups, calculates the regional
slowing-down source by the use of Eq. (3-13) and accumulates reaction rates and integrated
fluxes over the fine groups and broad groups.

7. XSECT: Reads in resonance cross sections from library tapes and calculates collision
probabilities and the equations (3-12), (3-20) or (3-25).

8. OUTPUT 2: Lists the fine group fluxes, calculates effective cross sections and averaged

fluxes of each broad group and accumulates various integral quantities over whole energy

range.
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I INPUT 1 | > MAIN - MAIN INPUT 2
o Determination of Read Calculation
[ DATA | size of variabie Zx. 4.7V, | Dancoff

dimensions.

Pij .(Os .05 )| coeff.

Block diagram of PEACO- MAIN code.

Fig. 11

o Group independent
r OUTPUT 1 J calculation. ]
T L_AvERAG_ T T O
|
|
: Materials with
| MAQOPT=1or 2 are included ?
I yes
: yes | Fine group No. is just
I (kS6>1)| on the energy Py and
: nOle M | o given ?
! Materials with
: MAOPT=1 ?
: yes Calculatron of
| Os and Oy by Eq.(3-16)
| |
I
>
: Heterogenuity NOPT ]70
| =0 .
| =5 MAOPT=1or 2
| } yes
: <—‘Interpola'rion Pi; ,Os , Oa
|
| [Materials with MAOPT =322 Calculation
| no of Oa
] |
! yes
| NOPT <0 7
{
|
i
: Calculation of if NOPTS#0| ABCD
| slowing—down source
I )
: Calculation of XSECT
| flux distribution, Read Calculation
i various integrated
quantities resonance | of Py and
: 1 cross source in
' yes [ More ultra- fine section each region
1 [ IR )
| groups ? [CMATRINV ]|
no
! es
I Y2 ['More fine groups ? —"2 OUTPUT 2
: Calculation of
Y®S | More coarse groups ? averaged quantities
: . in a coarse groups
L e e
Return to starting point | yes no
in MAIN - MAIN More problems ? = STOP
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8. PEACO-MCROSS Code

This code is also written in FACOM-230/60 FORTRAN, and it is prepared for the
present purpose by revising the MCROSS code that originates from the GENEX. Here, only
the input information and the structure of the library tape of resonance cross sections will be
described simply.

8. 1 Input
Card | FORMAT Variables Description
1 ‘ 615 10UT 20, Pointwise resonance cross sections are printed.

10TP . 2.0, pointwise resonance cross sections are written in a library
tape.

IREAD =0, resonance parameters of the s and p-wave are read {rom
tapes, and =0, they are read by cards.

IGMO =0, I'=I"4n/ VE, is read in,
=1, I';n is read in.

NONR >0, smooth part cross sections are added to the resonance part
by a step function.

NSMP No. of energy boundaries the smooth cross sections are read in.

2 | 915 MF No. of fission channels,
MF=1, a singe-level formula is used for fissionable materials.

MZ No. of inelastic channels of the Ist. excited levels.

MQ No. of inelastic channels of the 2nd. excited levels.

NORES No. of blocks the s-wave when resonance parameters are read
in.

NOS No. of the s-wave resonance levels in a block.

NOLASS No. of the s-wave levels in the last block.

NOREP No. of blocks when the p-wave resonance parameters are read
in.

NOP No. of the p-wave resonance levels in a block.

NOLASP No. of the p-wave levels in the last block.

3 1915 NOMESH No. of energy groups where the fine-group width is different.

N No. of the s-wave resonance levels of which the resonance le-
vels are summed up when the resonance cross sections are
calculated.

MP =0, the p-wave resonances are not taken into consideration.

] MSP 30, the interference scattering cffect between the s-wave res-
| onances is considered.
| MSS =0, single-evel formula is used for the calculation of resonance
cross sections.
30, multilevel formula is used.

NMP No. of the p-wave resonance levels of which the resonance
levels are summed up when the resonance cross sections are
calculated.

IMP The lowest group number up to which the p-wave resonances
considered.

NT No. of temperatures

NEC =0, g,=47R* and if NEC%x0, ¢,=4nxR*f(x).

4 | 6E12.5 EUPPER The lowest energy boundary
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Card | FORMAT

5 | 6E12.5

6 | 7F10.5

7 | 6E12.5

8 |6E12.5

Variables
AM
R
EFW 2

(TT(D, I=1, NT)
(BOUND(D),
NOIG(D),

NFI(T),

IMME(D),
1=1, NOMESH)

Note : The following, card no. 6, is

(EBS(D),
SCS(D),
SFS(D),
SES(D),
SCP(D),
SFP(D),

SEP(D),
I=1, NSMP)

Note : The following no. 7 cards is
NOS+NOLASS]) cards.

ES

GS

HNS

HCS

HFS

HIS

(CF(D), I=1, MF)

Note : The following no. 8 cards is
1D*NOP+NOLASP]) cards.

EP
GP
HNP
HCP
HFP

Description

Atomic mass
Atomic radius (in Fermi unit)

The lowest energy boundary above which the contribution of
Doppler broadened function F (w,) can be neglected.

Temperature (°K)

Upper energy boundary

No. of fine groups in this energy range
No. of ultra-fine group in a fine group

No. of the fine groups which is used to reduce the round error
appeared in the lethargy calclulated by summing up the fine
group. At every step of this number of the fine groups. the
lethargy is renewed to be consistent with energy value. When
the energy range where the fine group width is constant is
narrower, this number may be selected to be equal to NOIG

M.

not needed for NONR=0.

Lower energy boundary the smooth cross section is given.
Smooth capture cross section for the s-wave neutrons
Smooth fission ”

Smooth elastic ”

Smooth capture cross section for the p-wave neutrons
Smooth fission ”

Smooth elastic ”
unnecessary for IREAD=0. Pile up (1+MSS){NORES—-1)*

E, for the s-wave neutrons

]

I

Iy

I

Iin

Ec=vIc /(I";c)V? for ¢ ¢ f.

unnecessary unless IREADx0 or MPx0. Pile up ((NOREP-

E; for the p-wave neutrons
9

I

FIT

I

Note : The above input, no. 7 and 8, must be read from two separate input-tapes in the binary
form when IREAD=0.

8. 2 Structure of The Library Tape of Resonance Cross Sections

The PEACO-MCROSS code can make only a library tape for each resonant nuclide and
each library tape corresponds to the special case of one nuclide on the structure shown below.

The contents of the final form of the library tape consist of a few information specifying the

fine and ultra-fine groups and of resonance cross sections of several resonant nuclide with a

temperature. Hence, a sorting of tapes must be done for the case of few nuclide.
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Variable

TEMPT(NN)
KREST

(NUCLI(D),
I=1, KREST)

NOXG

EXG(1)
(EXGI+1),
UIGP(D),
NOIG(D),
NFI(D),

I=1, NOXG)
MAXNFI

Note : The followin,

NOXG).

((SAA{J, NN, K)
SFF(J, NN, K),

SSS(J, NN, K),
K=1, NFI(I)),
J=1, KRES)

Temperature of the NN ’th library tape

Description

No. of resonant nuclide in this tape (£4)

Identification of nuclide

No. of energy ranges with different fine and ultra-fine widths, and these energy

ranges are called the cross section groups (NOXG<10)

Starting energy for the calculation of resonance cross sections

Lower energy boundaries of the I'th cross section group

Fine-group width in the I’th cross section group

Total no. of fine groups in the I’th cross section group

No. of ultra-fine groups in a fine group

Maximum no. of NFI(I)

resonance cross sections are piled up by the number of (Sum NOIG(I), I-=1,

¢a for the k’th ultra-fine group in a fine group and for the J'th nuclide

gf

ags

7

”

7

7

14

”
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9. PEACO-COLLIS Code

This code calculates the collision probabilities P;; and their derivatives ag-P;j for the multi-
2

region lattices on twenty points of Z defined by Eq. (5-7). These values of Z and the corr-
esponding values of /X used are shown in TABLE 4. In this code, [ is fixed to be the thickness
of fuel plate or the radius of fuel pin. When other codes are used for the calculation of Py
the number of Z and the value of / may be selected adequately. This code consists of several

subprograms developed by K. TSUCHIHASHI,

TABLE 4 The value of Z and /3 used for interpolation of
collision probabilities

No. Z 1 1Y No. 4 13
1 0.03 1 0.03 11 1.4 1. 6667
2 0.1 1 0.1 12 1.6 2.5
3 0.2 : 0.2 I 13 1.7 3.3333
4 0.4 | 0.4 14 1.8 5.0
5 | 0.5 | 0.5 15 1.875 8.0
6 0.6 } 0.6 16 1. 9333 15.
70 0.7 0.7 17 1.96 20.
8 0.85 | 0.85 18 1.98 50.
9 Lo . 10 . 19 1.99 100.
10 1.2 1.25 | 20 1.998 500.
9. 1 Input
Card | FORMAT Variables Description
18A4 TIL Specification of problem
2 | 1415 NREG No. of regions
NCOMP No. of compositions
NCOMPF No. of fuel compositions
MATER No. of materials except for resonant nuclide
NSCAT No. of energy points where the cross sections of structural or
coolant materials are given.
3 {1415 IWRITE Logical unit no. for the output of the information used in the
PEACO-MAIN.
IPRINT 20, the detailed information is given for collision probabilities.
NOPTI %0, the accuracy of the present method of Eq. (5-8) is che-
cked for the NOPTT resonance levels read below.
NOPT 2 20, the case 2 in sect. 3 can be treated.
4 | 1415 NOPT <0, plane geometry can be treated.
=0, cylindericalized cell
| =1, square lattice
1 ! =2, hexagonal lattice
IBOUND 1 =(), isotropic boundary condition at the outer boundary
? =1, perfect reflection boundary condition
‘ =2, fixed reflection boundary condition
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Card | FORMAT Variables Description
LIMIT I Maximum path length (¢cm) beyond which the neutron path
. i1s neglected.
NCELL No. of unit cells which are considered in the calculation of
P;
NSYMM %0, the plane geometry treated is center-symmetric.
5 | 215, F10.5 , (NOCOM(D), . No. of composition in the I'th region
NSREG(D), Subregion numkter at the outer boundary of the I'th region
RI+1), . Thickness of the I'th region (cm)
| I=1, NREG) ;
6 | 7F10.4 (DEN(M), Atomic number density of resonant nuclide in the M’th fuel
composition
SIGM(M), Microscopic total cross section of admixed material in the M’
th fuel composition per resonant atom
M=1, NCOMPF) This card is not needed for NOPT 1=0 or NOPT 2=0.
7 (DEN(M), Atomic density of resonant nuclide in the M’th composition
M=NCOMPF +1, This card is also unnecessary for NOPT 2=0.
NCOMP)
8 | 1415 (MAOPT(D), MAOPT in Sec. 5.3
I=1, MATER)
9 | 7F10.4 (ESG(L), Energy point where the cross sections of structural or coolant
material are given.
L=1, NSCAT-1) This card is unnecessary for NSCAT<1.
10 | 7F10.4 (SSIGS(L, D, Scattering cross section of the I'th material on the J’th ener-
gy point.
J=1, KGP) KGP=1 for MAOPT =2, KGP=NSCAT for MAOPT=2.
11 | 7F10.4 (SSIGA(I, D, Absorption cross section
J=1, KGP)
12 | 7F10.4 (DENS(I, N, Atomic number density of the I’th material in the N’th com-
N=NCOMPF +1, position
NCOMP)
Note : Pile up the MATER sets of the card no. 10, 11 and 12.
Note : The following card is unnecassary for NSCATZ1 or for the case where the resonance sca-
tterer is absent.
13 | 7F10.4 RE ER in Eq. (5-18)
RSIG O oo
RSIGPP Goy
RSIGPM O
RGJ 93
RGT r
RGN I'n
Note : Pile up the NOPTI sets of the card no. 14 and 15.
14 | 7F10.5 (TEMP(M), Temperature (in °K)
M=1, NCOMPF)
15 | 7F10.5 ER Eo. resonance energy level for the accuracy check
G 95
GN I
GT r
SIGP Gp
AMU Atomic mass

9. 2 Output from PEACO-COLLIS for PEACO-MAIN

The output for the PEACO-MAIN are made by cards or

written on a tape mounted on
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the logical unit no. specified by IWRITE. These output have the FORMAT specified below.

Description for other output will be omitted because they are printed following to self-evident

symbols.
No. | FORMAT Variable Description
1 |7F10.6 (Z(K), K=1, 20) Z in Eq. (5-7)
7F10.6 |RF !'in Eq. (5-7)
v, Volume of each subregion
I=1, IMAX) IMAX=NSREG (NREG)
3 |7F10.2 (ESG(L), This information is not output when NSCAT<1.
L=1, NSCAT-1)
Note : All the following information is piled up by NSCAT pairs.
4 | 7F10.6 (SSS(L, M, ND, 2 of the M’th material in the N’th composition
N=NTEMP,
NCOMP) NTEMP=NCOMPF +1
5 | 7F10.6 (AAA(L M, N), 2
N=NTEMP,
NCOMP)
Note : The above information of no. 4 and 5 is piled up by MATER npair.
6 |7F10.6 Wd{, J, K), P
J=1, D,
I=1, IMAX),
K=1, 20)
7 |7F10.6 W1M, T, ], K), ?g—Pii
2
J=19 I)s
I=1, IMAX),
M=1, NCOMPF),
K=1, 20)
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Appendix A Sample problem listing of PEACO-MAIN code

To illustrate the use of PEACO-MAIN, a sample problem is presented for the case no.
1 in TaBLe 1. In this problem, the five-regions problem is reduced to two-regions one where
fuel rod has an averaged temperature, 1500 °K, and the mixed region of sodium bond, cladding
and coolant is taken in outer region. For the simplicity, the resonance cross sections of #°Pu
are given by effective cross sections and MAOPT for ®Pu is assumed to be 3. The energy

range treated extends from 7.73 to 0.1 keV.
*# 1LPUT DATA LIST ®%(fHc LIST IS Dunk IN ThE S&iE FURMAT AS [1PyT)

Twts REGTON PRORLEN FOR WeH, UNIT CpLL

2 5 i 2 1 by 1

2 1 0 ) 1 ¢ 0
Oe780UE 04

] 0 -

1 N
0.15000E 04

1 2 03403V wo

2 3 CespBavE OV

10 7000 14 1 059 2) 500
Qe TTH0UE 0% Dah65SUvE vé e3600VE U4 0.27800F U4 0.21500F 04 0+16600F 04
0412900F 04 0¢100UUF 24 0446500 03 0,21500F U3 U.10000E U3

123 233sv 0000 090000 [V 1500000 00,0
0.24990F=01 G40

NA25 23440900 0400450 0.0 CINLLND] 1 0.0
0.t 01060 iF=Ci

FESU €000V 001150 0.0 1320090 20,0
Y] 0e7629uE=Le

pU2Y 23%:00C0Y 3445050 e 11.n0003 3 0.0
0.44100E=02 0.0

c=12 120009 (V) 0.0 4,u800Y 4 0.0
0.294%0E=01 Q.0

0:2B5008 04 0.K00UVF VS Co63LULE QU 0.38JUGE U3 0,10000F Uu

Qes655nE 00
Oveg550E 04
0+31900E 04
0+164T50E 04
0.68550E 03
0431900F 03

#r OUTPUT FROM TAFL *»

0e5257vF v

>4

Ge3p6VF U
0.%36446F UL

0.R3T3¢F U

-

O as2u~f UL

041251 U2

NUCLID #as ubd,

TAPE HODWJTEMPTINTYZRREST/NCAG/EAG L) IMAXNNF ] #nsx 1
EXG/UTGP/NOIG/NF] #¥%

EXG/UIGP/NOIG/NFL »

4650,00

* 2150.00

EXG/UIGP/NOIG/NFS #%%  1000,00
EXG/UIGPINOIG/NF ] #ax 465,00
LXG/UIGP/NQIG/NF L auw 215,00
LXG/UIGP/NOIG/NF§ *ue 106V G0
EXG/UTGP/NOIG/NF1 2w 46,50
EXG/UIGP/NOIG/NF L #ax 10,00
EXG/VIGP/NOTG/NE L »an 3.00
LXG/UTGP/NOIG/NF ] exs ua10

Ua3130F C4
0.24550E L4
Ue21420E 03
Q531508 U3

D426050F V3

0e44586F UL 0,4125UE .04 0.45927¢ Gl
0.67%08¢ J1 0.L9C5CE U+ . 72440UF 0L
0.64432F Ui 0.g86YUE 03 0491550F 01
0413123F Uz 0,4120UE U3 0.TA58VF QU
0.27721¢

7

1500.00 1 lo 4p000,00

0.00040 3115 10

0.00050 1542 10

0.00050 1530 15

0400079
G.00lu0
0.001C0
G.00200
0.00501
0.u0752
0.00975

gv5 20
71 20
1v5 10
383 12
3t 15
lv0 10
Sn9 2

Bwrtnnn [LFORAATION FOR VARTABLE DIMENSTON ###sexrs

1 LLs tis LLe2
1 51 110 155

[

PIXTYY 13

Lleo
2tlo

LL22
Y960

LLzs Liza LL2s LL26
sl46v 11461 11581 11695

20

27
11235



JAERI 1219 Appendix A Sample problem listing of PEACO-MAIN code

Teu REGION PROBLEM Fog weHs UNTT CELL

wersbarn [SFOT TATA LIST FOR PIELKC CODE s#eruxex

NO» OF nE(zsn.':NS NOs» OF MA;ER[ALb RESUNALT TMERIALS NO« QF LOMPUSITe MO« OF FUEL COMP, NO« OF TEMPERATURE
: 2 1 1

MATERIAL Anp Cross

Ha SFCTION  wun axx NO. UF COMBGSITION 4D DENGTTY  sxe
NO+ WNUCLTHF MASY SloMA=]  LIGMA=A  SIaMA=F  S1G1MA=T # 1 2
1 1738 23R.0000 15,0000 09905 V.0 15.9000 = 0,020 0,0
2 1a23 230900 %, 0000 0.0UU4S v.n 90045 2.0 0.0197
3 FF56 56:0L00  13.2000 0.GL1% u.d 13:2115 » 0.0 0.0076
4 -PU29 2300400 11,0000 344504 u.n 14:45C4% = 0.0044 0.0
5 c=12 1240800 4,6800 [¢23%] u,0 4:6000 0,023y 0.0
0+ UF COMPUSTTION  TEMPERATURE (K. UEGREES)
1 4500400
E
##%  SLOwING DUAN PROPERTY wx»
N0y, MUCLIVE  ALPHA UMax 1y 17¢1.-ALF )
1 U238 0.98333 0.01681 60.0n11
2 NAZS 0.p4028  6.1i402 82609
2 Freé C.93106  0.01144 14420545
4 PLi29 0.%8340  0.UL1e74 6042511
5 t=12 0.71598 0433411 3.5208
OPTION FOR GEOAL TRY® 2 *#xx{170010200¢43 CQUOMETRYEHONU o sPLANE sCYL IMDER s SWUARE vHEASGOI | Y #wan
ausnpns  SUBRESION  saraexsees AERRp AR HEGIUN L T
NUs voLukg  CerrustTlun MO VOorLumMt R MAY S1GMATT
. 0.0910 IS 1 D.4038 ue34U3 U597
2 0.,272u i b} 0.3933 UsR4U S 3.5%67
E 0.651i2 ¢ 4 016212 Qe5b84 #.2719
—
senawlaatl For TaTEgpobatlun OF oLl iglOy PruRAnli 1Ty
NO» 1 ? 4 5 o 7 3 9 16
¢ [V 5 AW A 041004 rydtiely] 00 €.5040 G+n000 CaTene Q500 1.0v00 1,400V
N0 11 12 13 it 15 iv 17 1o 19 ¢
¢ 1.,4900 14600 14,7040 1edotu 1.67:0 1.9333 1. 30600 1,800 1,9900 1,9980
CANSTANT FOR [HIT1AL FLOUACSYCIYREYPICHUDI) ¥Rpnxttiny L= De20b%
AVERAGE 1 CGAL 1TAMIG wASa AT The BIOhe ST EHESGY MLGTOIO= 0.C2272
€k ENFEGY POLNTS wirfnn COLLTDION PROBARILIYIS AKE GIVLN (lg§2 2 1yF= 3 .vl= 2) wancs
NOo oF SCATTeRING GruuP 1 2 3 4 5 & ' a g 10
EHERGY (1) 600030 SSuu ULy BO0DL LMD A%ugedey  4uDNeuDs ASOn.00n 3200600 2890, 0uL ¢ T00,u00 2500,990
NOa GF SCATTORING GRULP 11 i Ls
FHLRARY (1Y 2007,000 1700 tuddeudd ;
ABSORF 110 - CrODS 5-CTIul CF 41H MATERIAL
NO+ OF ABSUPTICH GROULP 1 2 3 4 5 6 7 8 9 10
ENENGY (1) 655,000 5315.0uv 4125,U00 31¥0,0Uv  2465.000 19u5.00u 1475.G00 1145.00u  g86.300 632,509
4 0eT17 e 8,313 6.443 9.158
S 1GMANCTY 20450 3,600 4,459 4592 5:365 3 wova 4476 %520
ANCE) 302 y3e 1512 2026 2541 3056 vs v
NOs (F ABSOPTION GHuuP 1s 12 13 14
ENLRGY (1) 231,200  4:2,5w0 219,000 246,500
Slorancl) 8,520 110123 0.1786 13,51
NAGCEY 514L 5429 5686 5344



PEACO : A Code for Calculation of Group Constants of JAERI 1219

Resonance Energy Region in Heterogeneous Systems

HEA¥ LIST OF InFORuAT 00 10 0roUP STRUCTURE FOR KrgECTTON AVERAGE #*%wws

nee FNGY) Lafrtad DrUTA=Y (OGN Ay 1RGENID D

L Ti29,5313 b5V, 0000 (2082 Z 12:1 1
2 4405040000 350“.).')1,»1\ 04559 2 511 7
3 30000060 278v.0000 n.};ss 2 5i7 4
4 2Y80.0004 215v,0uu0 Ne2570 2 514 2
215040000 14bv,0UVQ 0:2597 3 5i7 1
t 1760.G000 1290,00u0 02522 3 [ i
T 129046000 106¢0.0000 hEPL T 4 509 2?2
¢ 1000.00%G  465,0000 Ns7¢57 5 CI 1
9 465.06006  21.,0%600 0477 [ Ti1 1
1o 215.0000 10v.0ug D765y - 7 Tee 1

i
GROUP STRUCTURE FOR RESUNANCE X-SECTION REPKESLITATION
» A=SECTIUA  biOup T T INIERMEDIATE CRULP R FIME  GROUP e
* LiCe L0 Ewetl) TDRITA=U X NU¥BERS  DELTA=U  * NUMDERS DELTA™U *
1 T1294931 450,000 0.5C323 1271 0,v0043 17 0.00004%
- 4650.0006 2150300  0+77140 01542 0.u0050 19 0.0000%
3 2150000 1en0evod  0e7e547 1530  0.v0N50 15 0.00002
4 1000,000  445.090 074572 .. 985 0,u007y 20 0.40004
5 465,000  £15.00) 077140 771 0.v0169 . 20 0.00005
v 215,000 4n0.900 0476547 765  0,40100 19 0.0001V
? 100,000 460500 0.76572 383 0420200 10 0.00020
B 44,500 10+000 153687 307 0.tQs5Ul 15 0.00053
9 1¢.000 3.000 1430357 160 0.U07%2 10 0,0007>
v 3,0C0 N+190  3.80120 349 0.u0975 2 0.00487

wewnswns Cag CULATED RES L TS FOn TNTERAEDIATF Fiux AnD AVFRAULFD CROSS SFLTIU S  »asdsess

« OF BRUWD GROJP= 1:+s+ ENERGY RANGEC 77294931 Ev Ty 4650000 V) eeas

srwkwwrs WO, AGL FLUXIPER UnIT vOLUME AND LpTHANGY) OF HACH REGIOM sxasxsss
(LAST Lins SHOW AVENAGED FLUX OveR CELL?

GROUP NOo  FNERGY /1 2

1 T720.3%  1.1037 1.0038 1.yv73
¢ T725:30  1.1002 1,0907 1.U%41
3 7724.21 1.1000 1,0995 1+u%39
4 771w 1.0%70 1.0684 3.0917
v 771,63 1.0939 1.0851 1.05K5
[ T710.90 1.0886 1.¢804 1.uUn3}
&

TI0wE 1.0813 1.0739 1.0:65

3 700, '8 1:07T¢ 1,002 1.0107
9 Y ORIRLY 1e3717 Taued3 1.0u7€
w TT6uab62 1:e066% 140607 peuc2d |
1 7697454 1.904% 1.0593 140013 ’
12 To4aesl 146591 149541 1.0Z53
13 ThYL.3? 1.9639 100490 1.036%
i4 Tohsa32 1:CGa36 149402 1.0e14
15 Thu 4 1.3955 1.0330 1.0%39
14 TeR AT 140133 142132 1602432
1% 7679410 0e9455 QuvS2t 0.9500
i T6le.U3 VET35 0,4%987 Nevsi?B
19 767290 0eY212 V4309 Qey-T74
24 Tept.8Y 10283 1.U2¢5 1::}:.71
21 76n0483  1.0%sa 1,553 1.0256
22 TheteTt 1.0531 1.0487 1.0203
23 766570 140860 1,0423 1.va3b
24 To57.6% 1.040% C374 1.U3R5
2% 765,57 1.03% 332 1.u3al
26 7651.51 1.031s 1.0G293 1.0.00
21 T646.4> 1,0262 1.0247 1.0252
28 7645040 1+C194 1.018% 1.1288
29 764734 1.0134 1.0132 1.6433
3d T840 2Y 20127 1.0126 1.Ul26
31 7626.23 1.0117 1,117 1.0317
3 7633010 1,207 11,0080 1.0-7R
33 163wl 13 1.0023 1.0031 1.0u27
34 7627.08  0.9951 0.9968 0N.9v52
35 T624.03  ©.9820 U.9851 n.vuau
36 7623498 0.9395 0.%471 0.v44h
37 7617.93  0.a567 C,8732 n,d673
38 7614.89 0.8430 0.8810 0.524F
3y 7613 ,84 0.9326 €.9408 0.7379
40 T603.80  0.2917 0.9936 D.%729
4l 7605.76  G+3883 C.9906 n.vc99
42 Tene T2 G.96d¢ €.3729 0.5713
a4z 7599.68 U201 C,9296 0.746%
44 159664 U805, C.8273 De0a9n
45 1593.60 07276 C.1587 07476 : -
46 7590.57  0V.A282 G.A4T6 D.b4nk
47 7587053 0.9828 0.9859 (.7ch>
40 154,50 1.0014 1.0020 1.001R8
4y 581,47 0.9314 (.5994 nL7260 - L.

50 T57h. 44" (LRRS. 0L KOB3 ALEuR



JAERI 1219 Appendix A Sample problem listing of PEACO-MAIN code

esctee SUMAARY FOR AviRALED FLUX AND (RO&S SECTIONS OF 1 TH BrOAD GROUP ssses

axnae REGTOUAL THFORMATION #xwss

FEGINN .0 kg FLACTION u23a HAZ3 FESo P29 c-1¢
AnSORPTLON 061917 DR 0. 3.5977 0.0
F1sStan 0eC PR 0.2 0.0 [

1 0¢8152CINTFGRATFD VALUE QMR V. And U = 0:15073 )

SCATTFRINA 1he24%2 G0 0.0 11.uu00 4.6:00
SEIAOVAL 01262 g oy Q+1341 1ec0T?
ARZIRPTION D« 40029 0.u108 0.0 0.U
FISEION Q0 [ARYY) G0 040 [ X"
? DeRIQLUINTFCRATED vAlut OveR V. Aniy U = 0.27109 )
SCATTFRING 0.U 2.7704 11:2172 0.0 0.0
RtMevaL 0s1) 106944 042053 0:0 040
vasee  CELL AVERAGED TOTAL CHOSS SECTIONS ANG FLUX oreue
ABSANETION FISS104 SCATTERING  REMNVA( FLUA
770136 uer 0r:723 00623 0+4218V INTECRATFD OVFR VOLU-E Al LETHARGY?
gadns TP INITE DiLuilon agEC 1o FOK SPECIAL ELEENT waws
TEMPERATUKE RFACTION uza
1500.00 CAPTURE oo4e 0.e59%
FISSION ooas G0
SCATIFRING + 16,2657
REMOVAL s94s Ga17€2
XSECTION GF 2TH MATFRIAL aaes SCATTERING = 9.96392 REMOVAL = €,13396

CAPTURE ASFCTION nF &TH MATERiAL =  3.62054

ceevs SUMMARY FOR AVLGAGEZD FLUX AND (ROSS SECTIO:S OF 10 TH BRGAD GROLP esgss

varan REGIOHAL IMFORMATION #awvy

REGION 0w Flux REACTION P13 NA23 FESE pu2% c-1¢
ARSORPTION 1.9079 0.0 0.0 13.5455 9.0
FISSIUN 0.0 0.0 0. 0.0 5.0

1 0.N14TCINTEGRATFD VALUY OVER Ve AND U = 0,00409 )

SCATVFRING 1402065 0.0 0+0 i1.0000 84,6500
tet MOVaAL 0sLu57? 0.0 040 00675 D.4084
ARSORPT LUN 0.0 0.0014 0.0379 0.0 0.0
FISSION 0.0 0.0 N0 0.0 0.0
2 0.0150VINT.GRATED VALUZ OVER Ve Alin U = 0,00746 )
SCATTER It 0.0 249997 1045401 0.0 e.0
REMOVAL Ce0 041318 veltor 0.0 0.9
ssese CFLL AVERAGFL TNTAL CkOSS STLTIONS AND FLUX ssaes
ARG PPTION FISuIoN SCATTERING  FeMOvAL Flux
00381 9.9 02814 0-5757 6-0LISCINTECRATED OVFR YOLU E And LETHARGY?
ARSOEPTIOMIFISSIUN AnD TNTAL ~APTURE PRURARILITISY EGUAL REIPECIIVELY 4y 0,939+ 0.0 ¢.9391
waee INCINITFE DILUTISH ASECTIOM FOk SPECIAL FLEMFHT e
TEMPERATUNE RFACTICN uz3e
150000 CAPTURE svee  19.3%5u1
FISSION snye 0.0
SCATTFRING o 67,8735
RFEMOVAL eeus v.nlle
ASFCTION OF 21R MATERIAL cose STAITERING = 2499979 rFHOVAL = U, 319533

CoPTURE XSFCTION oF 4TH MATERIAL = 13,54564
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PEACO : A Code for Calculation of Group Constants of
Resonance Energy Region in Heterogeneous Systems

JAERI 1219

Sample input listing of PEACO-COLLIS and PEACO-MCROSS codes

F3600111051061406n000428G1W0ST000400B200006UR

k15T

SAMPLF [NPUT DATA FOR PFACO=COLLIS ++ CASE NU. 1 IN TABLE 3

wus CALCUI ATINN FOR we He UNTTE CRLL

5 o
? 0 1
0 0 20
1 1 0.240
? 2 0340
3 3 n.39%
4 4 0,381
3 5 n.38R
00294 4.1
1 1
600,
0
002186 At
543
0.0
0.0 N, 085
1800, 1200,
2883, 1.
SAMPLE

2
7
0

1
20
1 0,562
? 1,297
040473 N
0.00709

!
11,
0
0.01272
4

xwornn

()

0.01397

270,

1149, 1,

SAMDPLF

¢ 2
1 2u
1 0,22
? a.4n
3 0,96

[FENRINL AN

2 13
Qeubd

2043
tie

e

a7

Ne

ARV A
240
0.0

s
v,
GvaT
3uu,
9v1,7s

SAMSLE TPUT BATA FOK PEACO=MCRUSS «» CASE Nu, 4 TH TABLE 11

1Lu0.

1047
1v29,
1vlygs

Z
v
1u 0
6
3
]
0
4
0.029%4
?
0.5263

4.7

U.5454

xn

1us7

238,

TRFUT DATA FOR PEACO=CoLLIS +» CASE N, 2 1t TABLE 1

?
1

i (4
S

02986

238,

*an TEST CALCHLATION OF THE EAAMPIE [n RALRLE €N DF #*%#
7 1

INFUT DATA FOR FEACO=CoLLI> «+ CASE NO. 3 IN TABLE 1

J

10 1

1.26
N,

0.0792

NG

01,0434
1.

1. c

3 1
v 1
u -
2380
100 49

[ VA U U AT NN U U S TP SRR Y

0,001%

FhEL

LU
JOUED
UG
SUUN0
L010
L0
L0100
SOUs0
L1270
202850
12360
w1460
W70
ERIY
04 -0
27140
0110
Wt 7
LU0
500
suic
0510
sounT
0140
OUN6

040475
ueduldl

O

FCA HETFENGENITIY CALCULATION FOR CORD CHELK
3 1 3 1

10475
10.7%

o

1
lougsu

102460
P
A
Qs 46
2 Qs bh
+ 00 46
iy
U 4b
0. 46
o0, 46
.46
2 Qebb
(246
W0rsh
W0tk
07246
20246
0246
16246
23246
0246
0746
isah
0246
0246

238,
238,

T8

*
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Appendix C Listing of the PEACO-MAIN source deck

Appendix C Listing of the PEACO-MAIN source deck

¥GJUR 2262031 TAKANOLHIDFK 4431402 GeHIT
¥FURTR
C b,eeesmhur  MAIN PROGRAMM #¥%#%, 4000
COMMUN KBG+K LGP 1 KXGvKSG1KAGK7 1KSUUCE + 1554 TAANOPT NOPTFLINOPTS
INREAD «NRMATsLISTRALISTSyMORE ¢ TVF 4 VL 1NBR«NOPTX sNOPTCP
COMMUN/ 1/ [BGeJBG(IRGH s [FGP+1XG+IiSGy TAGY INDEXs INDEX1
COMMUN ZAAZ UWUFGP (UBGIFOPT o KF s VMAX VALPHA «GAMGUZAT «
1PHITOT yRCS yACSAFCS SCSAPHI TyRCSGP 1 ACSGP s FCSGP s SCSGP + ENRAT
24500 INF ¢ SODR ¢ AAINF JERF S GAMT v GJsPUTENIPEAK « GAMGsPOTENL
COMMON /807 TILCLRY+Z(25)vPZ(4) +NTEMP(3) +TEMP(3) +S1G(T)
LVRINFC443) JAINF(443) sFINF(443)4SIF(443)
COMMON 7CC/ ENCALY JUBGP (40) sUIGP (10) +UXG<10) sEXG(11) 4VCAP (10D
1656¢30) +CS1(5.6) 1CAL(51624C52(5+6) +CA2 (5+4) +EAG(20) +STAAC2]
2) AMUCL0) «UMAX (10 (BETA (10) +STGACLI0) +51GF (10) +S1GSCL10) WDENCIUSTY o
AVR(20) «RMAX (20) sPHIRT(20) «FLUXR (20) 4£SOUCE (4U) »
4V(20245€20)+C(20) +PHI (20) +PHISR (2V) iPEACU(20) +PEACOG
COMMUN /MM/ NIBC40) sNBAC40) sNFG(40) §JRGP (40) +NO1GC10) sNF1 (102
INSG(30) yNAG(20) *NUCL 1D (10D +NaUBR (20) sLSRG (202 sNCOMP (20)
DIMENS [ON A(34000)
DOUBLE PRECISION UWUFGP
DOUBLE PRECISION S4PHI<C
50 CALL INPUTL
1(KREGIKSRFGIKMAT sKRES s XCOMP s KCOMPF + K TEMP «MAXNF 1 +KKGP +NRB s NBH?
C % % INITIALIZATION OF BRO-D GRQUP NO+
IHG=1
JuG=2
1XG=1
IpT==1

* » 1uG===BROAD GrOUP CONTROLER R
C #* % JBG===INTFRMFUIATE GROUP CONTROLEK IN A Be GKs
C % # IXG===XSECT GROUP CONTROLER
1sG=1
1AG=1
C % 8
NHK=AMAT#K COMP

LL1=1 +NHK
L1 2=Li 14N

L1 3=L1 24NiHK
NHK=KRES*KTEMP *MAXNF |
LU 4=L1 3+l

LU S=LE 4+NHK

LI 6=LL 5+NHK

L1 7=LtL 6+KLREGHKSKEG
HHK=RMAT#XREG

LI B=LE 7+1HK

L1 9=L1 B+IHK

LL10®I L9+NHK

LUL1®1 L10+KHK
NHK=KMAT#KSREG
LE12%1 L114NHK

LI 13=1 L12+NHK

Ll 14=1 L13+NHK

LL15=1 L14+NHK
LL16%=1 L15+NHK
LL1T=UL16+NHK
LU18=) L17+HHK
LL19=LL18+NHK
LL20=1 194K SEEG*IRE
LI 21= [ 204KKGP
L1.22= L2L+KSRFG*NBH

KVR=KSREG
HVR=NBR
1F (1SS (EQKRES)KVRml
IFCISS+EQ KRESINYR=L
L1 23=UL224KVR*NVK
KVL=KSREG
NVL*NHB
TFCLISTS o L. Te1dkVLimg
TF(LISTS,LT+1)NVL=]
LL24=(.L 23+KVL#NVL
KTMPPa(KSRFG#(KSKFG+1))/2
K1SREG=KTMPP#KZ
KMSREG*KCOMPF #K TMPP# (K7 =1)
LL.25=1 L24+K1SREG
LL26=) L25+KMSREG
M1SREG=K1SREG
MMSREGaKMSREG
IF(KSG(LEW1) MLSREG=1
IF(KSG1.Es1) MMSKEG=1
L1 27=1.L 26 +M1SREG
LL28=1 L27T+MMSREG
NNSG=1
KKSG=1
MMSG=1
IFCISSEQ VLY GO TO 2
KKSGwkSG
MMSG= VL=18S
NNSGaKCOMP =K COMPF
IF(NOPT.EQ,0) NNSG=1
? LL29%1 L28+KKSG#MMSGANNSG N
1PRINT 2100y LLLIOLLGo 1 aeLlL12¢t L2001 k22401234 LL240LL259LL260LL2TY
swL2b
21Up FORMAT(LMO//7/7+30Xv53H#nun%u%x [NFORMATION FOR VARIARLE DIMENS]ON
1 wunenuw  //43X 120K L L4 iLs L1z
2 LL20 LL22 LL23 Lik24 LL2s LL26 LL
327 LL28  /3X,12110)
TF(LL29.,LT,34000) GO T 40
PRINT 2000 )
zuOolzggg;I(lnl.//.loﬂ. 49HINPUT UATA ¥155 4434 (VARTABLE DIMENSIONGT.3

STOP
40 CALL INPUT 2

1UKMAT sk CUMP ' KCOMPF 1K SREG sK1SHF G KMSREGsM1GREG sMMSREG1KKSGs

2MMSG W NNSG s [PTeACL) JACLLL) sACLL2) ¢ACLL24) sACLL25) +ACLL26) sACLL2T) o
3ACLL24))

CALL DATA

L (KREGVKSREGKMAT sKRES s X TEAP yMAXNF ] 4 KKOP 1 KCOMP o

2ACLL2Y VACLL3) JACLL4) sALLLD) 4ACLL20Y)

CALL OUTPTL ~

1 (KREU'KSREGIKMAT 1KRES 4K COMP s KCOMPF s K TEMPY

CALL AVERAG
1(KREG'KSKEG*KMAT ' KRES 1 X.COMP +KCOMPF K TEMP sMAXNF ] YKKGP ¢ NBB yNBH tKyR Y
2HVR YKV ANV| 1K1 SKREG W KMSOEGYMIOREG I MMSKEG1KK SGYMMSGINNSGeA(L) ¢
BACLLLY sACLL2) «ACLL3) sA(LLa) sACLLS) sACLLE) ¢ACLLT) sACLLBY YACLLY)
GACLLLNY sACLLLITY *ACLLL2YoACLLES) vACLLL4) ¢ACLLLS) vA(LLL6) YACLLLT)
SACLLIAY vACLL10) *ACLL20Y vACLL21) VACLL2Z) vA(LLZ23) YA(LL24) s

6ACLL25) sACLL26) sACLL2T) JACLLZR))

IF (MUREY 141450
1 STOP

END
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PEACO : A Code for Calculation of Group Constants of
Resonance Energy Region in Heterogeneous Systems

SUBRUUTINF INPUTL
1(KREG+KSHFGYKMAT +KRES s *COMP 1 RCOMPF +KTFMP +MAXNF [ +KKGP 4 NBB +NBH)
COMMON KB K TGP sKXGIKSAKAGIK? «KSOUCE + 1S54 TAAJNOPT ¢NOPTFL «NOP IS,
INREAD JMRMAT L ISTRILISTS(MORE * 1VF 4 IyL +WARSNOPTX sNOPTCP
COMMUN/1J7 TBGaJBGLIRGP [FGP Y 1XG1SGy JAGs INPEX s INDEXL
COMMUN /AA/ UsUFGP JURGEOPT sKF s VMAX {ALPHA .GAMJGUZAT «
IPHITOT WRCS JACS 4 FUS 4SS PHIT o RCSGP s ACSGP + FCSGP + SCSGP « ENRAT
2150D IVF « SODRVAAINF JERF SV GAMT 2+ JsPUTER s PEAK + GAMGYPOTEM
COMMUN /8R7 TILCIRY +Z(2%) «PZC4) sNTEMP(3) +TEMP(3)4S1G(T)
LoRINF(443) JAINFC(443) oF INF (443) JSINF(443)
COMMUN /CC7 ENCA1) JURGR (40) ¢UTGP(10) sUXG(10) sEXG(11) o VCAP(10) «
LESGLINY 1LS1(5.6)9CAL(5+6)1CS20546) +CAL(546) +EAG(20) +STAA(2L
2) s AMUC10) sUMAX (10) JBETACIU) 4 DTGACI0) 9STGF €10) +SIGSC10) +DENCLIVTY o
3VR{20) «RHAX (20) sPHIRT (20} +FLUXR(2V) ¢ESOUCF (40) +
4V20)4S(20)+C(20) «PHI(20) sPHISR(20) (PLACU(20) +PEACOG
COMMUN MM/ N1B(40) «NRG(4U) »NF5(40) 1 JBGP(40) sNOIGC10) sNF ] (10) »
INSG(30) «NAG(20) *NUCLIN10) +NSUBR(£0) +LSRG(29) +NCOMP (20)
DIMENSION TEMPTC10) «NUCLIC10)
DOUBLE PRECISION U UFGP
LOUBLE PRECISION S¢PHIWC
0 FORMAT(1H1 /720X 46 THax 13PUT DATA LIST #%(THE LIST 1S DONE IN THE
1 SAME FORMAT &S INPUT) //7/2UX118A%)
1 FORMAT (140.20x+1216)
2 FORMAT (1H0,20%4216,E12:%)
3 FORMAT (1HD, 20X 416 ,E12,%)
4 FORMAT (1HD,20X6E12,5)
5 FORMAT (1H03 20X+ A4 ,8X44r12454¢142E12.5)
6 FORMAT (1H1,//4¢10Xs22Hn% QUTPUT FRUM TAPE #% /)
7 FORMAT (1A0423X+49HTAPF NO«/TEMPT(NT) /KREST/NUXG/EXG(1) /MAXNNF I sn#
1#15+F10,202154F10,2415)
8 FORMAT (1HN.23X 1 21HEXG/IITGP/NUIG/NF] #%% F10,24F10454215)
9 FORMAT (1HD,23X+1UHNUCLID ###% 4(AX.A4))
0 FORMAT(1H1.//7/+10X.. 92H *%%* INPUT DATA MISSCKCOMPF,GT.1,ANDNOPT
IXeGT+0) ¢y SUCH A PROBLEM CAN NOT Bt TREATED w=##» )
KZ=20
KEAD 101+(TIL(])elIml410)
1 FORMAT(18A4)
PRINT 3000, (TILCIY 4 [w1418)
READ 102 FREGKMATKRFSyKCOMP +KCOMPF tKTEMP JNRMAT
2 FORMAT(1216)
PRINT3001KREG1KMATIKRES +KCOMP +KCUMPF + X TEMP « NRMAT
READ 102+ NOPT'NOPTFLANOPTS sNREADLISTRILISTSINOPTX
PEACUG=0.5
# # NOPT.(Us142.3) GO TO (HUMO* PLANEUSQUARF +HEX:) (NOPT.LT:0) GO TO
*1THE CORRESPONDING GEOMETRY TREATED BY NOKDHEIM APPROXIMATION
# 1F(NUPT+(T43) v A COMPLFX GEUMETRY SACH AS CLUSTER IS TREATEL)
PRINTI00LeNOPTANOPTFLANOPTS s WREAD S L ISTRALISTS sNOPTX
IR (KCOMPE oNT s 1,AND . NOPTX26T40) PRINT 3010
1F CRCOMPF ¢ME « 1 0 AND (NOPTX «GT+¥) STUP
KEAD 103+ FOPT
PRINT3004FOPT
IF(NUPT.LE,0) NREAD=S
LF(KRFSeEws1) NRMAT=1
RFAD 102+ KSOUCEsMORE
PRINTI001.KSONCE yMORF
DO 500 N=1,KTEMP
HN=h

U0 RFWIND NN
REAP(54102) (NTEMP (1) [=lsKCOMPF)
PRINT 3001 GHTEMPIN) sN=1kCOMPF)
READ 103+ CTEMB (N) yN=) (X TEMP)
PRIMT 3004, (TEFMP (1) v 121 4K 1EME)
IECIUPTYIS Y 00
4 READ 1044 (COMP LT WHSUHR (D) arMAX (1) § 121 «KREG)

Lug FORMAT(214.E172,%)

PRINT 3902, (NCOMP (1) +NSUBK {1 JRHMAA(T) v J=11KRLG)
KSREG=NSUBRIKKEG)

IF(NUFT.OE,0) GO TO 5
IF(KKEG.NE, 2. 0RKSREGWMELZ) PRINT 2000

2090 FORMAT(1H1,4//7+7Xs112HIVPUT DATA MISS «oys  TH(NOPT.LT40)+ THEN KREG®

Y

10

pY]

2

2

>
2

IKSREU=E 440 BEFORFE *vOU PREPARE INPUTs. vOul SHOULD COOL YOUK HEAD

2
2

IF (I GWNE 2, 0RsR5RFG. 'Fu2) WO TO 200
(F=HIAX (1Y
V(1)=3,1alpnRExKE

VI2)=3.1016%kmAX ()02 (1)

VAAX® Y (24 (0Y
vu 97T U=l.»
VR{JI=VrJ)
LSRG ()Y sheoMp (J)
6O TO 5
NCOMF (13 =1
NSUBK (1) el
KMAX (1) =1,
vely=1,
ViAAY =1,

LSRG(1)=1

VR(1)=1.

KSREL=1

COMTINUE

RFAD 102 KDNGUKKGP sk SGyFAG IR W NRE W NBK
PRINTIONL v AG KEGE 4K SG 2 K AL T NUH (NRH (M

TFANKEAD oNF o 5 ANU L KSGL T o Le A NOPT 0T 43) REWIND WEAU

FORMAT (41h4E12,9)

KHGOEKHG+1

HFAD 1034 (FNCT1Y 121 4KR55)

PRINT 3704, (Eh{1) 4 =1 4<AGGD

FORMAT(461:12.5)

JaA=Y

ESS=RRES

tvi=18S

IvE=15S

HOPTLP=) Yyr
DO 3 1=1aCuAT

HEAD 105aniCLID G dAMUCT) oSTGACTII VSTGF (1) vSTOSCT) s MAQR T VCAL ()
PRINT 3005 NUCLTLCI) »A~UCTI) oSTGACI) 450 GECT) 4 SIGSUIY vMAORT o VCA- (1)
FURMAT (A4 e 3Xv4F12.5416.F10.57

TFCVLAR (1) (6T.0+00031) NOPTCR=NORTCP+1 YvYy
VCAP (1) =VCAP (1) *SQRT (0.0253) Yyy
IFCLALE.KRFS) GO TO 50

IF(MAOPT  =2351452433
1 ISS=I6S+1

IVFmISG+1

IvL=ISS
u) Tu 50

fvl=lvL+l

GO Tu 50

3 IF(MAOPTFRed) T1AAm]
0 RFAD 103+ (NENCI YD) ¢ J=lkCuMP)

PRINT 3004, (OFNCLvJ) v J=1vRCOMW)

-

o

>

]

>

~
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Appendix C Listing of the PEACO-MAIN source deck

CONT INUE

IF(KSG.LE.1+ORISSLEGKRES) 60 TO 6
RFAD 103+ERESIPEAK «GU¢OAMT +GAMG

READ 103+pOTEP PUTEM

PRINT 30U4,FRESYPFAK «GJ4GAMT sGAMG
PRINT 3004.POTEFPOTEM

1F(KAG.LEV 1) GO TO 2
SIAA(LY=STGA(TAA)

KEAD 103+ CFAGAT) sSTAACT+1) ¢ I=14KAG=1)

PRINT300644 (FAGCI) 4STAACI+1) v Ia19KAG=1)

LF (KSOUCE «NE«N) KFAD(5+103) (ESOUCE (1) v 121 +KSOUCE)

IF (KSUUCE . EL0) PRINT 30041+ (ESOUCE (1) ¢ 1=1+xSOUCE)

PRINT 3006

DO 200 NT=3+KTEMP

NNT=iNT

READ (MNT) TEMPI(NT) sK«ESTs (uCLICI) ¢1=x1eKREST) sNOXGIEXG(L)

LEFXGCI41) TGR (T WNNTGEEY o NEFCTY (Iwl o NOXG) «MAXNF |

202
1000

PRINT 3009, (NOCLIDCT) s I=1+KREST)

PRINT 3007 NTATEMPT(NT) (KRESTINOXGVEXG(1) sMAXNFT

PRINT 300A, (EXGUl+1)vUIGP (1) yNOTGLI) oWF I (1)« I =1 s HOXG)

TMP® ARS(TFME (NT)=TEMP I (Ni)) =10,

[F(TMP) 20142017202

WRITE(6:1000) MT

FORMATCLHL,////+10Xy 3HCOOL YOUk HEAL ##» TEMPERATURE IN s1¢s

146HTH TAPE 15 NOT CONSISIENT wiTH [NFUT DATA *%# )

2V1

203
tunl

G0 TU 20>

KKK=KREG=KREST

[F(KKK) 201342041203

WRITEC61001)

FORMAT (1M1 4//7/+10X, 84HCUOL YOUR HEAU #»a NOU. OF RESONANCE MATER

11ALS 1S NOT CONSISTENT WITH INPUT DATA ##% )

2Vy

208
1002

200

205
210

60 TO 295

TMP=EXG(LY=EN(1)

IF(TMR)Y 206+200%200

WRITEC(6+1002) .
FORMAT (1H1 (////+10X, 40HCUOL YOUR HEAV ##x((E(1) IN TAPE}sLT«E1))
6O TO 205

COMTINUE

GO TO 210

STOP

KXG=NOXG

RETURN

END

SUBROUUTINE  INPYT2

1 (KMAT «KCUMP + KCOMPF +KSRFG 1K 1SKFGYKMSREG «MISRFG+MMSREG 1KKSG Y

2ZMMSGAINNSG e [PToSAISF 1SS eWewleww Wwl (C5S)

COMMUN KBGyK I AP YKXGoKSGaKAGI K7 «KSUUCE 1 1SS+ TAASNOPT +NOPTFLINOPTS s

INREAD «NRMAT L ISTRAIISTSMORE v TyF + Iyk yNBRNOPTX +NOPTCP

COMMUN/1J/ (BGyJBGIRGP«IFGPYIXG+1SG+1AG INDEX+ INDEX]
COMMUN 7AA/ UwUFGP yUBGVEOPT o RF s VMAX FALPHA «GAMWAGUZA|

13
A2

40
5
C*a

1PHITUT +RCS ACS s FCS4SCS sPHIToRCSGP 1 ACSGP +FCSGP » SCSGP vENRAT
2+SOD INF +SODRAAINF yERES yGAMT 1GJ+POTEN+PEAK + GAMGsPOTENL

COMMUN /BB TILC18Y+Z(25) P2 (4) sNTEMP(3) s TEMP(3)+S1G(T7)
LWRINF (443) JAINF (443) oF INF (443 1SINFC443)

COMMUN /CC/ ENC4L) JUBGP (40 +sUTGP (103 +UXGC10) vEXG(11) 4 VCAP(10)+
1ESGC30) +CS1CD46) vCALL516) 1C52(546) «CAZ(546) 4EAGL20) +STAA(2L "

23 VAMUC12) +yMAX (10) \BETA(LU) +S1GACL0Y +SIGF (100 +SIGSC(10) +DEN(1UT) 4
3VR (20) 4RMAX (2U) *PHIRT (20) s FLUXR (20) 1ESOUCE (40) +

4V (20045203 +C €202 +PHE (20) sPHISR(20) IPEACO(20) sPEACOG

COMMON /MM/ NIB(40) JNBG(4U) sHEG(40) 4 JBGP (40) yNOIGCLO) yNF [ (1003

1INSGC30) yNAGC20) sNUCLIRC10) NS BR(20) +L5RG(20) «NCOMP(20)
DIMENSION SA(KMAT +XCOMP) + SF (KMAT +KCOMP) 3+ SS(KMAT SKCOMP) »
1WC(K1SHEG) «W1(KMSKFG) sw~ (ML1SREG) sWw1 {MMSREG) +LSS(KKSGeMMSGINNSG)
LOYBLE PRECISION UWUFGP

DOUBLE PRECTISION S4PHIC

IECIFTWNE.-1) 6O TO %

1CSaKCOMPF +1

1F(NUPT.E@,0) 1CS=1

DO 12 J=l.KCOMP

516(J)=0,

DO 13 I=LlskMaT

SACIV DI mDENCT v S #S1GACT)

SFC1sd)=DENCL JI*STGFCI)

SSCIv I =DENCE I *S TGS ()
SIG(D=SIGLN +SAC1 U +SF (1403 4S5C1))

CONTINUE

IF (IVELEQ, 158) GO 10 5

DO 40 J=lCSWRCOMP

JUmJ=KCOMPE

IFCNOPT.Eq,0) JJ=i

DO 40 T=fvFeTuL

1i=1=188

CS1CI1,J0r1=5S 110y

CSSCISG 1T, N=55(1 )

CALCITVJDaSACI YD

IFC(NOPT)70,80480

* NOPT.{Uv1+2+3) GO TO (HUMOs PLANEYSQUAKE 4HEXs) (NOPT.LT.0) UO TO

C # #1THE.CORRESPONUING GEOMITRY TREATED BY NORDHEIM APPROXIMATION

70
60

71
20u0
T2
73
Ta

bo

300
301
17

30ug

[FCIPTY 60.%0.60

NTMP=1ABS (NOPT)

IF(NTMP=2) 71.72473

PRINT 2020

FORMAT (1H1 10X+ 759HCOLLISTON PROBABIRITY FOR PLANE GEOMETRY 1S NOT

1PREPARED FOR SAUER.S MFTHUD )

STOP

VVR=VR (2) 7VR (1)
TaU={(},9049#SWRT (1 ,4VVityals)/VVR=0,08

GO TO 74

VVR=VR (2) /v (1)
TAU=(D.48632#5GRT (1, +VYRI=143/VVR=0112
MaLSRG(2)

RAR=Z . #RF #YVR

GAM® 1 ~EXP (=TAU*STG(MI *BAR) /(1,4 (1,2TAU) *#STG(M)*BAR)
IFCIPT) B0,8U,20

IFCISGNEL 1Y 60 TO 17

1F (NUPT,GT,0) READ(NRFAD+300) (2(1)¥1=1¢k7)
1FCHUPT . GT,0) READ(NRFADY300) RF+(V(I241=1,kSREG)
FORMAT(TH1046)

IF(X5G.GT.1) READCNREANDS301) (ESG(1)sI=1+KkSG-1)
FORMAT(7F10. %)

60 TU 41

IFCIVELEQ.15S8) GO TO 41

JL=KCOMP =K COMPF

1F(NOPT.FR,0) JL=1

DO 42 T=1VFy IVl

Ti={=-1SS

RFAD CWRFAD 43003 (CS2¢T1 4 J) s J=1JL)
READ(NREAN 4300) (CA2(T1¢J) e J=1sJL)

PRINT 3000, ISGr(CS2¢TT4J)J=14JL)
FORMAT (1H0 410X+ 5H, s s a0 4 11045F10,5,4/)

41



42
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PEACO : A Code for Calculation of Group Constants of
Resonance Energy Region in Heterogeneous Systems

DO 42 J=lcS KcOMP
Ja= =K COMPF R
IF(NUPT.EQ,0) Jd=1
IFLIS6NE.KS56) 60 TO 42
SSCIv ) nC52 (114
SAC110)=CA2C114J0)

2 CaSCISG 11, J=Coo(tTald)

1 IF{NUPT,.LE,D) GO TG 20
TFUISGGTa 10 AND ¢ 1SG, NEKSL) G0 TO 30
READ(NREAN 300 ) (wW(1)4|*14K1SREG)
READ CNREAN G300 ) (W1([) 1 1®1KMSREG)
G0 TO 20

0 READC(NREAD,300) (wW( 1)+ I=m1k15REG)
KFAD CGWREAD 4 300) (wwW1 (1) « [ s1+KMSREG)
0 RFTURN

END

SUBRUNTINE DATA

1 (KREG\KSRFGsKMAT 1KRES 1 TEMP sMAXNF ] +KKGP yKCOMP +

2554SAALSHF \SOSSHENGP)

COMMUN KBG K LGP YKXG1KSGIKAGWKZ 1 KSUYCE Y 1SS+ TAAVNOPTsNOPTFLINOPTS
1HREAD «NRMAT oL TSTR L [ST5yMORE s TVF o LVE sNRR+NORPTX +NOPTCP

COMMUN/ 1D/ THOyJHGTRGP Y IFGP Y IXGy 156G 1AGY INDEX« INDEXL

COMMUN /AA/Z 11 UF 6P v UBGAUOPT vKF « VMAX VALPHA L GAMAGUZA | »

LPHITUT s RCS WACS s FCS 4 SCS+PHIT yRCSGP 1ACSGP +FCSGP 1 SCSGP ¢ ENRAT
2+SODINF 1 50ODRYAATNF S ERES+GAMT s GJsPOTENSPEAK « GAMG*POTENL

COMMUN /837 TILCLBY v 2(25)+P2{a) sNTEMPL3) «TEMP(3)+S16(T)
ToRINFC423) JALNF(433) sFINF(443)4SINF(443)

COMMUN 7CC/7 ENC41) JURGP (40) s VTGP (10) +UXG(10) EXG(11) s VCAP(10) +
1ESGL30Y +C51(5.6) 1 CAL(5+16)1CS2(5+6) +CA2(5+6) +EAG(20) +S1AA(21
2) ¢ AMUC10) v iMAX (10 ,RETAC10) «STGAC10) +STGF (103 +S1GSCL0) aDEN(LO+T) ¢
3VR(20) 1EMAX(20) sPHIRT (203 +FLUXR(2U) VESOUCF (40) »
4V(20)45(20)+Ce20) 4PHE(20) sPHISR (20) {PEACO(20) +PFACOG

COMMUN /Mi47 N1B(40) \NRG(4U) «NFG(40) 4 JBGP(40) +NOTG(10) +NF1(10)+
1NSGL30) s NAGI20Y *NUCLLID (102 +MOUBR(20) LSRG (202 sNCOMP (20)
DIMENSION AREAC(20)SH~S(10) X

DIMENSION SSIKMAT W KCOMP) + SAACKRES s K TEMP +MAXIF 1) ¢ SFF (KRES'KTEMP ¢ MAX
INF 1Y 4SSS(KRES «KTEMP «MAXNF 1) +ENGP (KKGF )

DOUBLE PRECISTON {)+UF6+

DOUBLE PRECISTON SPHIWC

DOUBLE PRECISTON ByBTMO (SUMaUTUX

PI=3.141%926%

NOXX*KX5+1

DO 210 NX=32 4 NOXX

TMP=ALOG(FNC(L1Y /EXGINX)Y

IF(TMP) 210.210v211

211 NHK1=NX-l

UT=UIGP (NHK1) .
TMPL=ALDGCFXG(NHKT) /EN(L1Y)+UL
NHK22TMP L/

TMP=U 1 /NF § (NHK 1)

NHK 3= (TME1 =NHK 2%UT1) /TMP 414
NTMP=NF [ (NHK1)/2

IF (NHK 3, G NTMP Y NHK 2 =NHK 2+ 1
TMP=(NHK2=1) #U)[=TMP /2.,
ENCLY=EXGINHE L) #EXP (=TVP)

o) T 2135

210 CONTINUE

PRINT 10u2

10U2 FORMAT(1HL4/7/420X, 64H#%®% COOL YOUK HEAD. <+« tINPUT DATA MISS(EN

v
21

1C€1) oLTIEXGEMAX))  w¥wn )

5 STOP

5 KXG=NOXA~NHKL1
UOPT=ALOG (ENCL) /UOPT)
NSTART=NHK 3 :
DO 216 J=1.KTEM?

NNT=J
DO 24k f=1eNnkl
KF=NF 1 (N

1G=NU1 G (NN

IFCMNNSED s NHK L) 1G=NHK2

DO ?2le 11=1410 ) R

KEAD (MNT) CCSAACTVJaKk P oSFFECTvIaKkI ¢SS5 CT 1Sk 2 vK=LaKFY v T=10KRED)

216 CONTINUE

21

W

21

21

21
32

SUM==111/ (NF [ (NHK 1) #2)
ToUM=GUM
HSUM=0
iFml
NYY=1
UR=ALOGCEN (1) 7EN(2) ) +TsUM
URGP (1) =UX
ENGP (1) =EH (1)
BTMP=FNGP (1)
EXG(LY=EN(L)
NF=0
UXG(LI=0a
DO 21T HX=14KXG
WXX=NHK1+nX i
NF ] CNX) =wMF [ (NXX)
UIGP (NX) =U TGP (NXX)
beEXP (=0 1GP (NX))
HOTG (NGO = 0 [ GINXXY
EXG(NX+1)af XG(NXX+1)
1FENXVER.1) NOTGINX)»NOTGINX) =NHKZ2+1
UlaUiGP (NX)
[L=NUTGINYXY
00 218 'sIFII
HSUMENSUM+q
RTMP®H#B THP
ENGP (NSUM+1) sRTMP
SUM=SIM+ U]
TMP=UX=SUM_
1F(TMP) 21442194218
4 TMP=TMP+U1/72s
[F(TMPY 20432044219
4 NIBINYY)sNSUM=NF=1
UBGP (NYY) aguM=u |
MF =NSUM=1
LU TU 213
G NIB(NYY)SNSUM=NF
URGP (NYY) =gUM
NF =NSUM
NEGINYY) =t
NBG(NYY ) wNF | (X))
NYYRNYY+l
IF(NYY.GT.¥BG) GO TO 320
UX=ALOG(EN(LIZENCNYY #13) +TSUM
UBGP (NYY ) =X
8 CONTINUE
0 LXG(NX+1)=8UM
JFINYY . GT.kBG) GU TO 220

w
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217 CoNTINUE
220 KI1GP=NSUM
FF(XSGLE.1) NSG(1)=NSUM
IF(KSG.LE.1) GO TO 221
15p=l1
NSG(KGG) *NSUM
00 222 [=1,NSUM
1F(ENGP (1) ,GT.ESGCISP)) 6O TU 222
HNSG(IsP) =]
IFCISP.GE ' (KSG=1)) GO TO 221
18P=1GP+1
222 CONTINUE
22) IF(KAG.LE 1) NAG(1)=NSUM
1IFCKAG.LEW 1) <O To 225
NAG(KAG) »NSUM
1AP=1
DO 224 1=1,NSuM
IFCENGP (1) .GT.EAGCIAPY) GO TO 224
NAGC[AP) =1
1+ (1AP,GE . (KAG=1)) GO TO 225
1AP=]aP+l
224 CONTINUE
225 1F(NUPTY 2324232231
231 IFs=i
VMAX=0,
DO 234 J=1.KRFG
1L=NSUBR (D
VHR(JI=0,
DO 235 1=iFelL
VHAX=VMAX+V (1)
VR{JYmyR(Dy+v L)
235 LSRGCI)=NCOMP (J)
IFmli+)
234 CONTINGE
IF (NOPT.GT,4)G0 To 232
IF (NUPT=-2)65+80180
BO AREACC1)=PI#RMAX(]) %2
0O 75 J=2.KRFG
785 AREACCJ) =P [# (RMAX (J) ##)~RMAX (J=1)%#2)
GO TO 95
6% AREAC(1)=RMAX(1)
DO 90 J=2.kRFG
90 AREAC(J) ®RMAX(J)=RMAX (J=1)
Y5 DO 96 I=1.kREG
TMP= ABS(VR(13Y=AKFAC(1))/VR(1)~-0.01
1IF(TMP,GT.0.)PRINT 100341
IF(TMP 6T 04 6O TO 205 N
10U3 FORMAT(LH1(//4/+20X, 44THE +12469n REGION VOLUME 1S MOT COMSESTENT
1 WITH ONF USKFD IN CALCULATION OF CuPe
96 CONTINUE
232 SuM=U.
LO 3> J=lekMAT
1F (AMU () =110 525410
5 UMAX(J) =20,
G0 TO 35
10 UMAXCJI =2 #ALOGCL L4247/ (AMU(II=1:))
3% BETAC() =1, /(1.=EXP(~UMAX(J)}))
DO 240 J=1,KMAT
SUMS () =0,
DO 240 [=1,KREG

M=NCUMP (1)
2400 SUMS () =SUMS G VR ETI*5S (U eM)
D0 230 1=1.KKc G
M=NCOHP (1)
SHUM2SUM+VR (1) a5 10 (M)
CONTINUE
ALPHA=Y .
DO 241 K=1,3
TMP=u,
00 242 J=1,KMAT
IF(BETACDH LT 1. 01) GO TO 251
TMPETMP+ (1 o= (1e=1. /RETA (I IH®ALPHA) #BETA (J) #SUMS (J) /S5UM
60 Tu 242
251 TMP=TMP+50UMS (1) /5UM
242 CONTINUE

ALPHA=TMP
1612 FORMAT (1H0,10X1UF10.3)
241 CONTINUE

GUZAI=0.

DO 243 1=1.KKFG

MaNCuMP (1)

LU 243 J=LKARY

TMP=VR (1) #SS (4 k)

TF(UNAXL),GT.19s) GO TO 244

TMPAL=1.=1./HFTACD

1F (UMAXCJD W LE0¢3) GO TO 245

GUZAT=GUZAT+TMP*BETACI # (1o =IMPAL¥ (Lo +MAX(I)))

GO TU 243

£45 GUZAL=GULAL+2.#THPZ (AMI(IY+0.665T)
G0 TO 243

P44 GUZAI=GULZA[+TMP

243 CONTInUE

GUZAL=GUZAT 2A| PHA

TMP=UIGP (13 /~nF 1 (1)

O 13 1=14kSKEG

SC)=u,

KalLSw 6¢1)

PHI (1) =DBIF (VL) %TMD)

OU 13 J=1sKitAT

TF(BETACIH (LT+1:ULY GO TO 252 .

SEDESCD YD RSSO =RETALND # (1o =(1. =1 /AFTA(I) ) % *ALPHA) JALPIA

G TU 13

252 SRS CT v (11 #5502 K 7ALPHA
13 CoNTlonu

RF TURN

END

SHARUNT LE OuipTa
1(KREG KSREGKNAT aKRZES « ¥ COMP o RCOMPF 4 XTEMP)

COMMUN KBG P 1A sEXG XS 19KAG k2 +KSOYCE ¢ 1SS TAAHOPT WMOPTFL AN 1S,y
1E AU S NRMAT S L TSTR L ISTS W MURE s TYF 4 iyl s PR VOO TX A HOP TR

COMMUN/TI/ TBLWIRGOITRGZ S TFGP 1 IXGISGYy LAGY INDEX v INDF XL

COMMUN JALZ Lo UFGP OJGeEOF T o HF o VMAX VAL PHA L GAMGUZAT «
IPHITUY 4205 A0S 4TS SCS e PHIT o RCSGP 1 ACOUR W F USGH « SCOSLP o FNZAT
29SONDLINF 4 BOKR s AA 19 (T RE Sy GAMT 16 JsPUTENPFAK « GAMGPUTENL

COMMUN /8187 TTLCTRY W2 C28) o PZEa) anIFMP(3) «TEWR (D) 4516 1)
LaRIMNFCA33) (ATuF Cad3) oF INF LB 43) WSTNF (443)

COMMUG 2CCT FruChh) s UBGH (40) sUTGP(10) sUXGLIE) sEXG(11) o VCARCT0)
TESGCI0) 3081 v6YvCAL (946 vCSZ54h) vCAC (5e&) s EAGI20) o511 84(21
2Y9ATUCLD) v iMAX CLOY WPFT (1u) o5 TGACI0) v H1GF (10D 2STGE (L0 DENCIVIT)
BVRE20IARHAX(2UY sPHIPRPTCC D) W FLUXKC2G) AELHOUCK (4U)

A
w
Q
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AV 200 45€20Y 2 Ce20Y JPHT(20) «PHISR(20) 3PFACD(20) \PEACOG
COMMUN /M7 NIRC40) JNBLC4U) sNEGC40) 4 JUGP €40) sNOTG(10) sNF 1 (10«
108G {30) «NAG L 1) SUCEL 14 10) INSHRR (20) sLSRG(20) +NCOMP (20)
DOUBLE PRECTSTON UaEG?
OOUBLE PRFCISION S4PHILC
PRINT 2004 (T C 1 Yalm=isla)d
20 FORMAT (1M1 4 // 4 40ACIRALN/11)
PRINT 201 aKkEGeNMAT okK 500 COMP (KCOMPE s TEMP
Zu] FORMAT (Lriuy4UX «4THR# e s ex INFUT DATA 1 ST FNR PIECKO CODE #*#*saxps,
1//45% 11HHNO. OF REGIUNS N0+ OF MATEKIALS RESONAINI MAT
2ER1ALS  hO, OF CUMPOSTT. ~Oe OF FUEL CoMPe NO. OF TEMPEKATURE
3 W/5AlL0es 120N
PRINT 2044 (Tv121vkCOMNP)
04 FORMAT(IHO//+16X436Hax%  MATFRIAL AND CKOSS SECTION w#% 120&439n
inwe (0, OF COMPOSTTION AMD DENSITY  ##x «//43Xe65HNO. NUCLIDF
2 MASS SluvA=g S1GMA=4 STGMA~F SIGMA=T 2H #s6C4xXs160/ )
U 112 131 ,KMAT
THP=51G5C1)+S1GALT) +STEF (1) .
112 PRINT 205% TanUCUIDCIY s AMUCT) STGSCII sSTOACTY sSTGF L)+ TMP Y
LEDFILT 4 J) 4 J=1 KCUMP)
U5 FORMATCLHO,2X 4 17 vAX AL 2X A SF10.845H % «AF10,4)
PRINT 270
210 FORMAT (1ri) s 777 440X yuuH Ne OF COMPUSTTION  TEMPERATURE (K. DEGKEFS)
1)

DO 171 N=1,FCOMPF

K=aNTEHP G
111 PRINT 271 TEMP(K)
1 FORMATCLNO 40X 12416XsF1042)

PRINT 250
/D0 FORMAT(LNMOW/Z/7485%, 3 Hewx  SLOWING DUWN PROPERTY  #%x% «//440Ky 470

NG NUCL 1OF ALPHA UMAx (1) 1721=ALF) )

DO 150 1=1,KHAT

TMP={1.~2. /7 (AMUCTY 1) Y uns
530 PRIMT 251s fawnCLID (1) TMESUMAX CT) 4BETACE
£91 FORMAT (1HU L IUX 1 245X eAn 4142 10.54F12.8)
I1% PKINT 2024MOFT
cud FORMAT(IHL//Z14X20HOPTIAN FOR GEOMETRY= 12.71H  #exs(v=0,1:243,443(
15FOMLTRYSHOMU . «PLANE +CYL INDER s SRUARE y1iE XAGONAL ) ¥ %% W1 20%

2 TOH*#at%%e  SUBRFGIUN  #adieasgdsie RRERRN R REGION %
uananxr 2/ 023X I5HN0 VOLUME  COMPUSTTION NO«
4 VOLUME R=MAX C16MA=T )

fF=l

L) 110 1=1,KKFG
L =MSUBR Ty
00 111 J=NF el
MaL SSRGS
141 PRINT 2030 Jov () ema LR O skmAX(T) 1STG (MY
03 FORMAT(IHO0 22X 0 124X aFéunvbXa12016X31204X FB 412X 1FBou14XsF9ed)
Li0 NF=NL+}
TF CURTLLEL ) GO TO 104
206 FORMAT{1H02 /777 240X +531COURD INATE FOR IMIFROULATION OF CuLl.1sion p
© IROBABILITY )
PRINT 206
PRINT 2074 ¢1a1=1410)
PRINT 208+ (7 (1) si=t 10
PRINT 2074 (lJ1=11.x7)
PRINT 27384 £7.¢1) v i=114k%)
2u7 FORMAT (110,132 38N0 10 110)
eug FORMAT(IH (12834H2 (1) 43X+ 10F10,447)
120 PRINT 2404ALPHA

260 FORMAT(1M04/ 7/ <20X54HCNSTANT FOR INITIAL FLUXCRmYCIY*EXP (CHUD) an
Juwwsns Cm Flo,%4)
PRINT 261aGU7AL
261 FORMAT(1HO /720X, S4HAVERAGE LOGAL ITHMIC LOSSCAT THE HIGHEST EN
1ERGY REGIOnMI= F10.5)
IF(KSa.LE.2) 60 To 111
NTMP=(KSG=1)/10
NL=NTHP+1
[TMP=)
KSS=14
PRINT 209.1SSeIVFaIvL
209 FORMAT(INOV///420X 6u4Hunude ENFRGY PUINTS WHERE COLLISION PROBABIL
LITIS ARE GIVEN CISS= s1292X1aHIVF= §1242Xe4HIVL=™ 1[2,TH) *#*x¥x /)
DO 10 N=1lenL
IF(NGGT. 1) [TMPERSS+1
IF(NGFRHLY KSS=RS8G=1
TF(KSS.Ew.n) 6O TO 10
PRINT 210¢¢fal=1TMPKSS)
FORMAT (1t 3x923HNO. F SCATTERING GROUP 410110)
PRINT 2114 (FSOCI) v 1=1T4P«kSS)
211 FORMATCLHO 416X OHFHFRIY (1) 43X410F1043)
in CONTINUE
113 TF(KAGLLE GO TO 114
PRINT 22041AA
220 FORMAT(LHO G/ /4430X 42 TH RSURPTION CROSS SECTION OF 4 12412HTH MATERIA
w )
NTMP=KSG/10
ML =NTMP 41,
1TMP=1
k5=l
DO L N=Llil
IFLNaGT 1) 1 TiaP=R5G+1
IFIN.GT 1) KSS5=KAG-1
PRINT 221a¢lsi=1T1P,xSS)
221 FORMAT(1HOW 3X+23HND. OF ABSUPTION GKOUP «10110)
PRINT 2114CEAGCI) o1 =1 TP 4K SS)
PRINT 2224 ¢SiaACl)1=11MPskSS)
222 FORMAT(1ri 41hXs IHSIGMIACI) 40X+ 10F1043)
PUIMT 2227, (aG L) (IR THP 1KSS)
11 CONTLNGE
2442 FORMATCR 416X49H  NAGCT? 21x410010)
1lg PxiNT 230
230 FORMAT(Ivi1/7/17Xs

21

o

* Thtweesne | 1ST OF IMFORMATION TO GROUP STRUCTUKE FOR
1 X SECTIUG AVFRAGE #%%xu% //324Xy64HNO ENCN) EN(N+1) DEL
2TA=U CNEG (M) NIB(N) NBG(NYY)Y )

Xy 130 H=1,rRG

THP=UHGP (N)

TFCHeGT 1y THR=THP=BGE (N=1)
130 PiINT 231aMaEr (M) dENCN*1) «TME CNEGIND 'NIBUN) 2 NBGCN)
231 FORMAY (1HU 22X+ 1241X 437 104443(18,42X))
PRINT 240
240 FORAAT (LMD, /7774295 458H510UP STRUCTUKE FOR RESONANCE X=SECTIOH REP
IRFSENTATION o777 421X s liaiCXs  H6HX=SECTION GROUP * INTE
2RMEDIATE GROUR *  FINF  GROUP  #4//21X+T8H* NO. E(N) 3
3(N+1)  DLLYA-u * NUMHF 'S Dbl TA=U % NUMBERS DELTA=U * )
DO 140 =1 KXG
DFLUSUTGR (V) ZI0F T (NY
THP=ALOG(FXGINY/EXG(N+T))
140 PRINT 241 eNsEXGONI VEXGEN+L) s THP sNOTG () sUTGP (ki) «NF T (ND $DELU
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241 FORMAT(1H0 422X 0 1242X02F10.34F 104512 C4Xa164F1045))

DO 15 I=1l4kRES

15 UMAX (1) =UMAX (NRMAT)

RETURNI

END

SHRRUNT INF AVERAG
1 (KREGKSRF G RMAT JKRES ¥ COMP 4 KCOMPF WK TFMP «MAXNF T 'KKGP yNR3 4y NRH A VR
2NVRVRVE o 10V) 4K 1SREG I KMSHEGIMLSREG yMMSREG 1 KK S5 MMSG W NNSG
35A1SF eSS SAAHFF 5SS, X} RIFK\RIAR KIFRWKISRs
GRIRSIMIASIRIFSIRISS, SIGKRGS1GABGSIGFROSIGSRLY
SFLUXAFNGP (SCATHISCATRVFLUXSRaW W1 eWWswW14CSS)

COMMUN KBGsK1RP IKXGKSGIKAGIKZ vKSOUCE « 1SS« 1AAYNOPT sNOPTFL ANOPTS,
INKEAD «NRMAT oL 1STRL ISTSWMORE v 1VF 4 [VL +BRINOPTX «NOPTCP

COMMUN/Z 1 J/ [BGaJRGIRGP Y [FGP Y IXGs ISGe1AGs INDEX s INDEXL

COMMUN 7AB7 UsUFGPVURGAFOPT o RF o VMAX VALPHA 4 GAMGUZAL »
1PHITOT W RCSWACS s FCSaSCS o PHIToNCSGP s ACSGP 1 FCSGP 1 SCSGP s ENRAT
24SODIHF s SUNRAATNF s FRFS 4 GAMT s G JsPUTEN ¢PEAK +» GAMG *POTENL

COMMON 78R/ TILCLRYZ(2S)PZC4) «NTEMP(3) «TEMP(3)+S]G(T)
1oRINF €4 03) JATHF (443) oF INF (4 43) 4 SINF (4v3)

COMMUN /CC/7 FNC41Y JURGH (40 VTGP (10) sUXGC10) vEXG(11) «VCAP (10D +
1ESGC30) 1081 (%462 sCALC546)+CS2¢546) +CAZ(546) +EAG(20)+STAA(21
2) SAML (1)) s UMAX (LOY RETACLU) v 5 1GAC1D) vST1GF €102 +STGS{10) +DENCIOTY »
AVR20) «RMAX(PN0) sPHIRT(20) +yFLUXR(20) 4ESOUCF (4U) «
4VE20)$SC20) 40020 PHLC20) WPHISR{20) WPEACU(20) +PEACOG

COMMON 7t47 NTRT40) JNBIC4UD yHEGC40) 1 JBGP(40) «NOTGC10) sNFI(10) s
INSGE3INY vMaG(20) sWUCLINC10) +NaUIBRC20) LSRG (203 +NCOMP (20)

DIMENS 1NN SACKMAT W KCOMP) + SF (KMAT 4K COMP) + 55 (KMAT +KCOMP) +
15AACKRES sK TEMP +MAXNE 1) o SFF (XNKFSeKTEMP s MAXNF [} 1 SSS{KRFS +KTEMP yMAXNF
213 P{KSRFGKSRFG)»
3NIRR(EMAT o KREG) *KIAR (K AT +KREG) yRIFR(XMAT +KREG) \RISR(KMATKREG) o
4RIRSCKMAT 4 ¥ SKHFG) sRIAS{YMA T +KSREG) +RIFS (KMAT 4 KSREG) sR15SS (KMATRSREG
5) 151 GHBG(KMAT KSKFG) 181 GARG(KMAT yKSREG) +STGFBG(KMATsKSREG) +
651GSHG(KMAT KSREWLY » © FIUX(KSREG«NBH) JENGP (KKGP) +
TSCATH(KSRF GoNBH) vSCATRLKVR«NVR) s FLUXSK (KVI oNVL ) o
B4 (KISREG) +W1(KMSHFG) oW s (MISREG) sWw1 (MMSRFG) ¢ €SS (KKSGaMMSGINNSG)

DIMENSINN FILUXSS(20)

DOUBLE ORECISTOM UWUFGH

VOUBLE PRECISION S4PHI.C

DOUBLE PRECISION TMPATPL1eTMEI «TMPA1THPS s TMREaTMPT7 s TMFP10+ TMPP

DOUBLE PRECISION X UEAPPHIEXPIY14Y2ey3avyY

C##LONTROLER FUR NAISOU

INDEX=1

JHNDEXI=]

Ip1=u

1P2=1

1CS=KCOMPF+1

1F (NOPT,EQ,0) 1CS=1

NOXSUM=NOIG(1)+2

NXSUM=]

IF (NUPT.ER,02 P(li1)eml,

IF(KAG.GT.1) SIGAA=SIGACIAA)

U=0,

URG=URGP ( IRG)

UFGP=NBLE (UI6p CTXG) INFICIXGY)

TMPE6=DBLE(1. 7U]OP{IXGY)

THP4=DEXP {=UFuP)

ENRAT=EHCIAGHI)/LNC(TY

VSQRT2=0. Yy

IF(KSGaGTa10ARD L 1SS, NE LKRES) S1GOP=SEGRT(FEAK*POTEN*GY
1# (GAMT=GAMB) 76:AMT) -

C * % INITIALIZATION OF x=-SECTIUNS AND FLUXES OF gkOAD GROUP NO. 1
RCS=U,
ACS=U,
FCS=u.
SCS=0.
PHITUT=O,
DO 2 I=1+KREG
PHIRTCI) =0,
DO 2 JalekmAT
KRIRR(J T)=n,
RIARCI 1) =4,
RIFRCGI 1) =n.
KIS 1) =0,
DO 5 I=1+KSREG
PAISKC[) =0,
DO S5 J=leKMAT
RIRS iy 1)=0.
RIAS oy 1) n,
REFSCHs1Y=n,
RISSCIs D=,
13O 300 t=1,KSKEG
M=LSKG(1)
TTT=V Y %GR (1)
0O 301 J=1,KRES
UL SCATRET+ 1) xDENCIIMISTGS () RBFTACII#TTT
IF (1SS HF W XRFS)
1SCATHOI v 1) =DF i (1SS M) #8TGSCISRI*BETACISS) #TTT
300 FLOXCEy1)=TTT
C® n % »
C * = INJTIALIZATIGN OF INFI .ITF XSFCTIONS OF SODIUM AND RFSDNANCE MATERIALS
SIGSUN=STGS(185)
SODINF=U
AAINFaD,
SODR=,
DU BYA M=l KKFS
L0 8B8 N1 KTIMP
RINF (M) =00
AINF {MyM) =0
FINF (o820,
888 SINF{M, ) a0,
C* 5% &
DO 45 [BGR=2 Wk [GP
UFXPEDEXH (Ut ¢ 38UFGP)
INDEA?=0) Yyy
TF(NURPTCP.6T.0) VSART1=1./SART(ENGPLIBGP)) yyy
IFCIBGP LT NOASUMY GO 10 30
1X62IXG+L
HOXSUi=NOXSUM+NO LG (T XG)Y
NXSUMENXSIM+NOTG(TXG=1)
UFGP=DRLE CU1GP (I XG) /NF ] (1AG) )
THR4=DEXP («UF GP)
UEAP=DEXF (=114 0. S*#UFGP)
TuP6=0RLE (1. /u15PLT¥%6))
TMPT=1 ., /UIGP (1XG=1)
C * » CALCULATION GF RESOMANCF XSECTION OF SODIUM
B0 1S (KSGLEL1-ANDKAG,LFA1) GO TO 999
TFCIBOP W LF  NSG(L) «OR 1SGERKRSG) GO TO 81
INDEAI =1 YYY
IFCIBGPWLE JNHGEISGEY) GO Tu 5L
156=2156+1

~

w
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Call INPUT?
1 (KMAT «KCUAP s KCOMPF KSRE G K1SREGIKMSREG MISREG yMMSREG 4KKSGs
2MMSGINNSGL TP1eSASGF 1SS aWewl oW WW1,CS5)
IF(1SS.EQ.KRES) GO TO 52
1F (15G.NE.xSGY GU TO 51
POTEN=POTEN+PUTENL
S1GSUN=ROTEN
DO 53 J=lcSKeOMP
53 SSLISS 4 JI=POTEN*DEN(ISSJ)
60 Tu 81
51 1F(ISS.EQ.KRFS) GO TO 52
XX=2 4% (ENGP (RGP Y =ERES) /GAMT
RR=(PEAY,+2 , #XX#STGOPY 7 (XX#XX+GAMT/ (2 #FRES) +1.) +POTEN+POTENT
RAaPEAK*GAMGZ ( (XX#XX+GAMT/ (2, #ERES) #1. ) #GAMT)
DO 82 J=lCSaxcOMP .
SACISS v ) aRA®DENCISS )
82 501564 =RR#DENCISS .Y
S16SUN=RIR
27 DELE®=CENGP (IHGPY=FSGLISGY )/ (LENGP (INGP=1)=FSG{15G.
INHM= 1RGP =NSG(]15GY +5
TF 4NiSNM, 5T 1N DELF=0,
Fl=1.=DELF
1HLISS, R TVEY 60 TO 54
DO 59 J=legeXKCOMP
Jm =k CHRE
TF(NUPT L F0,0) JJ=1
DO 55 1=1VFvivi
11=1-155
CS1CITaUD =82 0T 10 g #r T+CSICT T I SDELE
CALCE S =CAD (T LU #F 14CALLT T 0 JU) #UELE
S5L1.aCS1CTT I
SALLY)=CAT (114003
25 CONTINUE
54 IFCNUPT.LF,0) GO To 81
C * & LINEAKR INTERPOLATION OF COLLION PHORABILITY
b0 57 11=1.x1sREG
2T WD) =aww (TR 14w (1) RDFLE
DO 58 [1=1,KMSREG
o8 W1{ld=vwl¢l1d#Flewl(I11)%DELE
81 IF(XAR.LE,1) GO TO R3
1F (TGP OT  NALCTAG)Y 1aG=1AGHL
TF(IAGE@.1.00,1AG,E@4KAG) GO TO A3
INDEX2=1
DFLE=(ENGP (IBUPI=FAG(IAG) )/ (EAGCIAG=1) =FAG(IAG))
Flel.«DELF
SIGAA=STAACTAGI*F1+4S1A - (IAG=LI*DELE
85 DO 84 J=1.xComP
B4 SACIAAG))I SSTOAA*DFN(TAA L]
83 IFL15GIERKSLANDL JAGL: QoxAG) INDEX2=U
999 L0 56 J={CSIKCOMP
S15¢J)=0.
D) 56 1=1.¢MAT
TECNUPTER L GTA0) SACT e 3SACT 1) +VCAP CLY*DEN (T2 J) #(VSERT1-VSQRT2)
56 SIGINaGIGII+SS T I+ ACI VD)
' VSURT2=VSwRTL
i LFCHUPT LT 20AND e INDEX 06T, 0) CALL ENPUT2
1(RAAT sKCUAP sRCOMPF oK SitF GAR 1SHEG$KMSREGWMISRFEGAMMSREGIKKSG
2MMSGANNSG P25 1GF 4SS ewl amw Wwl (CSS)
RCSGP=0.4
ACSGP=0,

FCS6P=0.,
SCSGP=0.
i PH1T=0, .
i MU= (LRGP=13/NBB
NU=1bGP=NAR*MU
1= CINGP=13 /hBH
tiH= [BGP=TBH*MH
iR=C1RGP=1y /18R
WR=aIBGP=NBR#HMR
LO 1uJdal+KSREG
FLUX CJoNU) 20
FLUXSS () =0,
SCATHC ) WNidY =0, .
1F (1S5S NFLKRES) SCATRCJWNR) =0
DD 10 k=lkMAT
SIGRBG(KsJ)w0,
SIGABG(KyJ)=0,
SIGFBG(KsJ)=0,
SIGSBG(KyJY=04
DO 15 J=lgkREG
15 FLUXR()Y=D,
70 NF=l
NL=NET ¢(1XGY
DO 20 1¥GP=NFINL
IF(KAGIGTe 1) AAINF=AATLF ¢S] GAARUFGP
UsU+UF GP
TMPS=UF 5P X 1FGE
DU 90 I=1.KSREG
PEACUL]Y=0,0
K=LSR G(1)
DO 9ULJ=1iKMAT .
TF(DEN(HKI LT 0,00001) 6O TO 901
SCI)=ESII+ ¢SS (I KIRBETACHIRPHICD)
TUP=U-UHAX ()
LF(TMIY 91,91492
[FCIXG.E@.1) GO TO 93
TMP1=U=1JXG(IXR)
NTMPL=TMP1 /U1GP CIXG)
TMP2=IXG (1 XG)=THP
IF(TMP2) 93199494
MX=TMP2#TMPT
MaNTMP L +MX
IF(MsGTJNRRY GO TO 901
TMPO=UFGP*TMPT
IXXX=1XG=1
GO TU 95
TMP2=UMAX( J) =TMP5
MaTMP2X¥TMP 4
TMPPaUFGPATMPA
IXXX=1XG
MX =M
1 95 LmmlBGP~M=1 .
i IF (NOPTSel T41) GO TO 100
UX=TMP2a (Mx 4045 #UTGP (1 XXAY
TMP1?=UXHP(IKXX5
100 CONTINVE - -
0 [FCLAGAME 1 sAND s IFGP o EGo 1+ AND [BGF (FUeNXSUM) TMPP=1+/NOTGCIXGT1)
LF(J=155) 96196197
96 IFC(J=KRESIF02498499
98 MM=(i.mM=1) /NBH

1

>

9

>

k4

+

9

w

YYy

Yvyy

Yyy

Yyy

Yyy
YYY

yy?
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M| M=NB{#MM
LF (NUPTS+GT40Y GO TO 598
o} SC1)=S(1)=SCATHC «M)#TVPP
PEACUCI)=PFACO (L) +SCATH (] M) ¥ TMPP
GO TO 901
Y8 Y2=SCATH(I M)
M33=Me)
IF(MeFQNBHIM33=1
Y3=SCATHCI ¢M33)
IF(MiNEs 1Y Y1=SCATH(Iv1=1)
TF(LMsNE+ LoAND e MaF@.1) Y1=SCATHCT WNBH)
CALL ABCO(Y14Y23Y3,UXsTMP104YY)
< SC1)YSS(1)=yY*TMPP
PEACOCD) =PEACOC L) +YY#T PP
GO TO 901
99 MM=(LM=1)/NBR
MuLM=NBR#MM
IF(NOPTSsGT03 GO TO 509
C SC1)=5¢1)=SCATRCI M) #T PP
PEACOCI) =PEACO( 1) +TMPP*SCATRC T 4M)
6O TU 901
599 Y2aSCATR(] M)
M33=M+]
IF(M.FQ.NRRIMII=1
Y3=SCATR(I,M33)
TF(MaNE, 1) Y1=SCATR(I +¥al)
IFC(LIeNE+ 1, ANDMLFRJ L) Y1=SCATRCIHBR)
CALL ABCDCY1+Y29Y3,UXsTMPLO,YY)
4 SCI)=ES (1) =YY #TMPP
PFACUCT) =PFACU(]) 4 TMPPaYY
GO TO 901
97 MM=(LM=1)/NBB
MalLM=NBR*MM
IFCJeRT IV OR, 1SG E@1Y WO TO 580
IXx=0
JimJ=155
KK aK=k COMPE
TF(NOFTFR,0) KK=1
IF (NUPT.EQ,0) Jd=1
DO 581 |Y=14156
1YY=15G=1Y41
TIF(LM.LTeNSGCIYY)) GO TO %81
1XX=1YY
GO TU 592
CONT INUE
IF(TAX F@40) CTHMP=CSS(140J9KKD
IF(IXXE@.0) wO TO 583
582 IF(IXX,EQ. (KSG=1)) GO TO 580
DFLE= (ENGP (LMY ~ESG (1XX+1) 4/ (FSGCI1XX) =ESGCIXX+1))
F1=14=DELE
CTMP=CSS CIXX+1 0 JIoKKI#F 1+CSSCIXX v JI4KK) #UELE
G0 T 583
580 CTMP=SS(Jdek)
283 1F(NUPTS.GT.0) GO TO %47
C SCI =S ()= (CTMP*EETA (D #FLUX (T 4M) ) %TMPP
PFACOCT)=PFACOCI) +CTMP*BETACJ) ¥FLUX (1 1M) #TMPP
60 7O 901
597 Yo=FLUX(I M)
M33EM+1
IF (Mo FQ.NRBIM3Z=1

1]

-

Y3=FLUX(14M33)

1IF(MeWE«1) Y1=FLUX(TsM=1)
[F(LMoNE o3 oANLoMaFQRu1) Y1=FLUX (14nRBY
CALL ABCU(YLsY21Y3.UXsIMPLOMYY)

C SIS (1) =(CTHP*BETACL) #YY) % TMPP
PFACUCT)=PFACOCE) +THPP*YY*BETA (I *CTHP
L0 TO 901
91 IF(UMaX£J),GT.1%60 T 901 )
C S(l)‘b([)-(DFN(J\K)GSIGS(J)*V(])hBETAkJ))&UFGP*DLXP(TH?*ALPHA)

PFACOL1)=PFACOCT Y +DENC 13K) #S1GS (I #V (1) #BFTACJ) *UFGP
1*OHEXP (TME#ALPHA)

YU1 CONTINUE
S es 1) =pEACOCD

90 CONTINVE

caLl xsECTT .
1 (KSREGWKAAT s KNES1KCOHP +KCUMPF A K TEMP AMAXNE 1 vKLSREGyKMSKE Gy
25A4SF 4SS SAALSFF 5SS P aWnl)

DO 2V [=1KSKEG

MaLSKG (1)

PHICD =CCIY/STG MY

FLUXCTANUDZFLUX CLANUD +PHTCT)

UFXP=UEXP*TMP 4

PHIEXP=UEXP*PHICT)

FLUX5521)=FLUXSSCI)+PHIEXP

00 20 JalskMAT

1F{DEN(JsM)+1.T«0.00001) Gu TO 20

1F (J=155) 30330435

30 IF{J=KRES) 31431132

31 SCATHC siHY=SCATHE T JNHY+BFTACII #5S CIr) #PHI (D)
6 TO 3%

32 SCATRCI yNKY=SCATRCTWNRY +RF TACH) #SS(Jar) #PHE (D)
TMPU=y+UmMAX (N =UBGP ( IRG)
SODINF=S0D INF +S TosON*UT GP
IF(KSGLLEL 1.0, TMPYLLELO4) GU TO 35
[MPSUNaS [GSOU#UF GP# (ENTAT/UEAP=€14=1:/RETA(I D)
SODR=SODK+THPS00

35 TMP2=04UMAX (N =UBGP (IRG)

IF(THP2) 72072071

T1 IFCTMP2~0.7211373,74

73 SIGRRG(Is 13=ST1GRBG (s 1Y +BFTACI) #SS(Jvr) #PHT (1) #THP2
LU Tu 72

Ta STGRUGCIVII=STGREGC s [Y+BFTAC) #SS(JMIRPHI (1)

1L e=cly=1, /HFTACIY Y ®UEXP/ENRAT)

T2 SIGABGEIY1I=STGABG (I« 1Y +PHIEAHNSA(JIF)

STGFIGEIr1I=S1GFBGL)s 1V +PHIEAPASE (Jo1)
S165bG I I1=ST1GSBG(Jy IV+PHIEXP#SS(JaM)
CONT IWUE

LF=1

10 25 1=14kRFt

LL=NSUBRCTS

0 €0 L=l FLLL
FLYYRC13 =aF L UXK (T #FLUXES (L)
PHIRTCP) =PidIKT (12 4FLUXSS (L)

COMT INUE

LF=Lt+]

CONT LU

DO 40 1=LlXSKFS

PHITSPHIT+FLUXS5(T)

PHISK(D) =P0ISREI +FLUXSSCL)

TFELISTSeaT o) FLUXSR O h) =R UXSS(T)

£

k=3

9

N
w o
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DO 4o J=l.KNAT

HIASU I3 1) =RIAS (Ja 1) +ST1GABG
RIRSC.Is 13=RTHS (s 1) +S10RAG
RIFSCIsII=RTES (I 1) +STISFHG
RISS Iy 1) =RISS(Ja1) 4516586

(Je1)
1)
J. 1D
D)

RCSGH=RCSUP+STGRLG (Je1)
ACSGPRACSGR+ST6ABG (Jai)
FCSGP=FCSuP+SIGHDG (Unl)

40 SCS5GPa3CSGR+SIGSBG (Jal)

[

)

4
2

Z

2
2

b6

1

1
7

6

Y

LF=l
DO 61 [=1lvkREG
LL=NSUBR(1)
VO 62 L=LFLLL
DO 62 J=LKMAT
RIARCA s 1) =RTAK(J 1) +S12ABGEI L)
RIFRCI 12 =RIFRCIv 1) 4STGFEG I
RISRCIy12=RISKCIS 1) +STOSHGESsL )
2 KIRRCUWII=RIKR{IVIYI+SIGRBGIINL )
LEaLL 41
1 CONTINUE
PHITOT=PHITOT+PHIT
RCS=RCS HRCSGP
ACS2ACS+ACKGH
FCS=FCS+FCRGP
SCS=S0S+5CGR
CALL vuTk12
1(KREGVKSKEGKMAT tKRES 1K COMP yKCOMPF yKTEMP s MAXNF 1 ' KKGP s NRBANBHIRVR ¢
2LVRVRVL vHVI s K 1SREG Y KMSREG Y MILREG s MMSKE G KK SG1MMSGeNNSG s
35A+SF e85 eSAASFF 858, Ps RIRK«RIAR+KIFR'HISR"
4hIRSIRIASRIFSSPISS S1GhBGYSIGABGSIGFBGSIUSRG
SFLUX $FNGP s SCATHISCATR 1 FLUXSR W aW1 e WWwW1+CSS)
5 CONTINUE
0 RFTURN
END
SHBRONTINF XSFCTT
1(KSREGyKMAT 1 KRES +KCOMP + KCOMPF + K TEMP $MAXNF 1 1K1SREG 1 KMSREGH
25A4SFASS SAASFF1SSS P wewl) . .
COMMUN KBG WK LGP sKXG1KSGyKAGKZ +KSOUCE Y 1SS+ [AAWNOPT «NOPTFLSNOP 154
AMKEAD NRMATsLISTKLISTSyMURE * IVF ¢ 1VL 1NBR'NOPTX +NOPTCP
COMMUNZ 17 1BGyJRGLIBGP s IFGP Y IXGe15Gy LAG INDEX s INDEXY
CUMMON AR/ U41FUP yUBG W UJOPT o KF s VMAX VALPHA L GAMLGUZAT
IPHITUT 4ROS «ACS 1 FCS L SCS «PHI T RCSGP «ACSGP W FCSGP « SCSGP 1 FNRAT
2180DINF Y SONRYAAINF ERFS «GAMT vaJsPOTENVPEAK « GAMG SPOTENL
COMMON /BR/ TILC1B)42(25Y4PZC4Y sNTEMP (3} +TEMP(3) «SIG(T)
1aRINF (443 JAINF(443) oFINF(443) 4 SINF(443)
COMMON /CC/ ENC41) JUBGP (40) sV TGP (10) sUXG(10) +£XG(11) 4VCAP (1004
1ESGC30)4CS1(5.46) «CAL(546)+CS21546) «CAZ(51£) JEAGC20) +SIAA(2]
23 JAMUC10) JUIMAX C10) yRET A (10) 93 1GACLO) +S1GF (10) 4SIGS (20 4DEN(IUIT)
3VRC20) yRMAX (20) sPHIRT (20) s FLUXR(2U) $ESOUCF (40D »
4V(20)4SC20Y4CC20) «PH1€20) +PHISR(20) tPLACU(20) +PEACOG
COMMUN /7Mid NIBC40) JNRG(AU) sINFGLA0) VIBGEP (40 sNOIG(L0) WNFI (10D
ANSG(30) vNAG(20) sNUCLID -10) «NSUBR(20) sL5RG(20) sNCOMP (20)
DIMENSTON C20)+Y(€20)4A (26420
DIMENSION SACKMAT «KCOME) « SF (AMAT 4 KCOMP Y v S5 (KMAT 'KCOMP) «
15AACKKES sk TEMP AMAXNF 1) + SFF (KRFS K TEMP «MAXNF [ ) sSSS(KRFS +KTEMP s mAXNF
213 P LKSREGKSREG) « WIK1SRFG) twl (KMSREG)
DOUBLE PRECISION UWUFG2
BUUBLE PRECISTION SWPHIAC
DOUBLE PRECISTON &4V
IFC1BGP.ER,2+40R IFGPsNEL12 GO TO 5

DO 10 NT=1.%TEMP
NNT=HT
Ki=NF1(IXG)
DO 10 [=14KKES
KEADANNT) (SAACToNT«KY «SFF CIANT oK) 4555 ¢ sNT 1K) 4K=14KL)
KCOFF =K COMPF
TF{NUPTX.GT+0) KCOFF=K{OMP
DU 2V J=1eKCOFF
516¢H =0,
M=l
IF (Je1.E KCOMPF) M=NTEMP(J)
DO 22 {=1.xRED
SACIv)=5SAACT«MITFGRI #ENCT D
SFC1vD)aSFF LMy [FGPI#DEN(T v
2 5S(11U)mSSSCE WMy IFGRI#DENCT V)
DO 23 1=1.kMAT
3 SIG(D=SIGEN +SACT 4 ) #SF (12 +S5C1+d)
0 PZCJI=RF®S1GCI)
O BoH 131 ,KRES
DO B k=1 KTEMP
ATNFCT KD =ATRE (1 oK) $SAA (14K IFGP) #UFOP
FINFUYa%) =F INF CTaK) +SFF (14Ke TFGP)*UFGP
SINFCTeX) =S INF (Fek ) +SSH (11K TFGP) #UFGY
TMPU=U+uUMAX (1) =UsGP (TR
TFCTMPULLE.O.3 GO TO B73 .
RINFCEo ) =RINF €1 aK) 455~ (1 K+ 1FGPI*BETA(I) #UFGP *TMPY
8 CONTINUFR
IF(NOPT) 71s114 T4
1 P7Z=P7{1)
PESCi=1.=PC P72)
PC1r2) 25AMSPESCP/ (Lom(1om20 472 (1) #PESLPI# (1. GAM))
P(1e1)=2.=p(142)
HeLSKG(2)
Pe2elray(13*S1GILI#P (14237 (V(2)#51G(M))
Pe2+2)=1.=p(2.1
GO Tu 11

"o

T DO 75 1=lakCompF

IF(PLE1Y=1.) (5475476
6 PI(1)=2.=1,/P7 (1)
5 CONTINUSC
PP=0.
DO 60 J=LykConmpF
0 PR=PP+PZ (1)
PpasPR/KCUHPF
IFCIIEX=1) 14192
N=10
INDEX=3
MHK1=(KSKRFG* (kSPEG+121 /2
KKZ=NHKL#(K7=1)
IF(Pre=2(1y310u,i00,101
LF(PReZ (113343408
tmpi=1
LF(PP=Z ()Y 343455
NuN+1
1F (Mol ToK7 ,AND, (PR=Z(NY) W GT u) GO TO 4
TE (NG F@ R/ (AND G (PRPaZ (W) 0T e 00) Gu TU 90
NaN~1
6 TU 85
DO 91 J=l4eSKEG
DO 9L =it

-

W=

>

=
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NHKa (T a¢la1)) s2+J4KK2
91 P ] vJ) =W (NHK)
GO TU 102
9% DU 56 M=1.kCOMPF
PLM)®PZ (Y=L (N
CONTINUE
DO 6 1=1+KSREG
DO 6 J=lsi
Cx# PCLaDI=W T SN
NHK2=(I1#([=1))/2+])
NHE3®IHHK 10 (N=1) +NHK 2
PCf1J) =W (NHKD)
DO 6 M=1sKCOMPF
NHK&4ZNHK 14 (KCOMPE # (N=1) #M=1) +NHK 2
Cuw POlaD =P (14 D) +WllMs [ JiN) *PZ (M)
PEled)=P (1 4J)+WLANHKa) #PZ (M)
CONT INUE
GO Tu 102
DO 103 1%1KSKEG
DO 103 J=1,1
NHK2= (1 #(1=1)) /24
103 POl =W (NHK2)
102 DO T ¥=14+KSREG
MI=LSKG(I)
JF=141
SUMP=0,
Lo 61 J=lag
SUMP=SUME +p (14 J)
SUMA=SUMP=P (1 +1)
IF(1F@.KSREG) P(l41)=1,~5UMA
TFCJF.GTKSREG) GO TO 7
U0 8 J=JF KSKEG
MU= SKG(J)
PO =VINRSIGIMD*P (L DD/ VIS IGMM]))
SUMP=SUMP+P (140)
TMPB= (1. =5SUMA) 7 (SUMP-SUMA)
() 62 J=1KSKFG
POy =Pl JIxTMPR
TFCLaFQ.J) GO TO 62
Py 1I=P (I 1I2TMPY
62 CONTINUE
CONT INDE
11 tFCHOPTFLLER O ORYLWLT YORTY PEACUG=040
TF(HOPT L EQ,0) C(1)=SL)*UFGP
IF(NOPT.EQ,0) GO TO 32
DO 30 I=1.KSRFG
Cel)=0q
DO 3L Jal g SREG
C 31 COpI=CCD+P I 1I*SCN)
31 CO=CCII+P (Jr [ #*(S(J) -PEACOG#PEACO())
30 CCD=UFGP*CCL)
C 32 IFQU.LT.UOPTY GO TO 50
32 IF(NORPTFL.EQ0,.OR Y LT, UOPTY GO TO 50
DO 14 _[=14kSREG
SuM=0.,
MeLSRU(1)
DO 15 JmlekMAT
15 SMaSIIMASS (J VMY *BETACS)
14 QCLY=SUMBUFGP /2,
202 FORMAT(1HO 10X+ 1uH@(T) *pnxxs ¢5F10.5)

5

EN

£

i0

o

&

At

E

~

IF(NUPTFL.T0.1) GO TO S0
DO 41 1=1.¥SKEG
M=LSKGCT)
TMP=1,/51G¢(M)
Y(I)=u,
DO 40 J=1l.xSkEG
40 YCII=Y Q1) 4P (v D2 RO (DI #C (JIXTHP
41 CLD=CCl) +y (D)
60 TO 50
80 DO 81 I=l.kSkiG
Ml SKG(1)
TMP=1./S1G(M)
ACTald=tvm=p(lel) %0 {1)%*TMP
DO 81 J=1l.KSREG
IFCJFR. Iy 6O TO a1
ACTyJImmF g0 1300C) T~

81 CONTINUE
CALL MAT Ly CAWKSKRFGeCal WDET 4 20)
20 RFTURN

END

SUBRONTINE ARLD (YT 4Y24Y34UX4UsY)

DOUBLE PRECTISION Y14Y24Y340UX0t14Y

A= (YL+Y3=2,4Y2) /(2 %Un11)

ban.5#(71-y2) /U

YRARUXRUX+R¥UX+Y2

RETURN

END

SUBRUNTINFE OUTPT2
J(KﬂEb\VRnFﬁukNATcKQFS-'CUMPvL(DMP}o!TtMpcMAXNPviKGPoNRH.NnH.AVQ1
2NVRSKVE v NV 3L 1SREGIKMS PEG e MLOYEG v mMSKREG 1 RKSG+iMMSG s NNSG «
35ASFe859SAACSFFASSSe P RIKK(RIARVKIFRARISRY
4GRIRSYNIASRIFSeRISS S1OKBGYSIGABGYSIGFBOLS[GSBLY
SELUXsFNGP QCATHYSCATR+F L UKSRywawlawn s vw1+CSS)

COMMOUN KGR TGP YK XG55 9KAG K 7 4KSUUCE v 1SS« TAAWNDPT sNOPTFLANOP TS,
INREAL +NRMAT o1 1STRSILISTSeMORE ¢ IyF o Lyl sARINOPTX «NOPTCP

COMMUN/ 1 U7 TBUSIBG IRGZ s [FGP Y IXGe13G 1AGY INDEX s INDEXL

COMMUN FAA/ UWUFOP 2 UBGEUFT o RF s VMAX 1AL PHA «GAMYGUZA +
IPHITUT s PCSVACSAFUS 4 SCSPHIT A RCSGP 1 ACSUP 2 FCSGP 1 SCSGP A ENRAT
2+SONINF ySOPRIAAINE A ERE S+ GAMT 16 JsPOTFN«PEAK + GAMG *POTENL

COMMUN /BB TILCLBY vZ(25)+P7 (4) +NTEMP (3)+sTEMP(3) +SIG(T)
LaRINF(443) JAINF(443) 4F INF (419)0STIF(443)

COMMON /CC/7 ENCA1Y 4 UG (4U) sUIGP (10) slIXG(L10) sEXG(L11) 8 VCAP (1000
1ESGL30) «LH1C5162 1 CAL(516)1CS2(546) +CA2(516) «EAG(20) +STAA(2L
2) 2 AMUCL0D S UMAX (10D 4BETACI0) +STGACLO) sS1GF (102 +ST1GS (102 «DENCLUSTY o
3VR(20) yRMAX (20) sPHIRT(20) «FLUXR{20) 1ESOUCF (aU) +
4V(20)45(20)4C (202 \PHI (20X «PHISR(20) ¢PEACU(20) +PEACOG

COMMON /ritt/ NIBC40) «NBGC40Y vWFG (40D VIBGP (40) sNOTGC10) +MF 1 (100 s
INSG(30) 4NAGC20) sNUCL 11 (10) 1NSUBR(20) +LSRG(20) +NCOMP (20)

DIMENS [ON PHINRC20) +SUICE (200 «SOUSE (20) «FATIT(20) sACTAC10,20) 4ACTF
1(10420)

DIMENSTON SACKMAT v COMD) +SF (KMAT o XCOMP) 1SS (KMAT YKCOMP) o
1SAACKKES s KTEMP W MAXNF 1) 1 GFF (KKFSeK FEMP aMAXNF 1) + 5SS CKRES 1K TEMP s MAXNF
21) WP (KSREG JKSREG) o
ARIRR(KMAT o kREGY *KTAR(K -ATvKRLG) +RIFR(KMAT KREG) YRISR(KMATIKREG) o
4RTRSCKMAT ok SKFG) YRTAS(KMAT sKSREG) vRIFS (KMAT W RSREG) «RISS(KMAT1KSREG
5) 1STURBG(KMAT WK SKEG) ¢5 | GABG(KMAT «KSREL) 1+ STGFBG (KMAT sKSREG) +
6S1GSBG(KMATAKSREG) (FLUX (KSREGANBB)Y ¢ENGP (KKGP) v
TSCATHCKSKE G tSHY vSCATR (KVR ¢ NVR) sFLUXSK (KVI aNVL) »
BW(K1H5REG) vwL (AMSKEG) sW(MLSREG) vwwl (MHSRFG) s CSS (KKSG e MMSGINNS )
DOURLE PRECISION UWUFGP
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DOUBLE PRECISION SWPHIsC
C % » STARTING POINT
33UVl FORMAT (1H0,10x410110)
IF(IBGP.GT,.2) GO To 1
1

MalSKG(1)
SOUSEC[) =0,
D0 2 JalskMAT
TFCUMAX (JY . 6G1a194) SOUSECD) =SOUSE (1) +ST1GSCJIRDEN (I M)
CONT INUE
FAITCI ) =0,
DO 3 I=1ekMAT
ACTACH D) =n.
ACTF(Ss 1) =0,
UN=UBGR (KRG
FPR=FNG? (h TGH)Y
KREP=KREG
ESCAFA=d.
ESCAPF=0.
IF(KRFG.GT,13) Kkfp=lsa
KSREGL=XSHFG
1IF(KSREG.GF415) KSREGL=14
IF(KSOUCE.[Fai) GO TO 700
DO TULl =l kSKEG
PO TUL J=1,kmaT
TFQUMAN(J) ,GTe196) SOUSECI)=LOUSECI) #IRSC S 1)
101 CONTINUE
U0 TF(JBGLEQ.2) PRINT 1004 [BGWFA(13G) JFNUIRGHL)
InGG=IRGP=1
100 FORMAT(IHL//20X881%wnxunxx CALCULATLD KESULTS FOR INTEKMEDIATE F
JLUX AN AVFRAGED CROSS SFCTIUNS  s###axk® //330X+19HKO. OF unQUL
26HOUP= 12 1Rhes e ENFUGY RANGEC sF10.346H FV TOsF10.348H £VDa,as?
IF(JBGED, 1« ANDLISTR +NEJD) ©RINT 1014 (14 i=1,KREP)
LUl FORMATCLHOL/Z7425X 0 TSHenwn®®u% NO. AND FLUX(OLR UNIT voLUME AU LET
1HARGY) OF FACH REGINON Kexnentx/
260X v 40HCLAST 1 INE §HUN AVFRAGED FLUK UVFR CFLL) 773X+ 20HGROUP NOW
3 ENEHGY /(15(14¢3%) 3
TECLISTRFR.0Y GU TO 1D
KLISTaR L IST+1
IF(KLIST L Fa4Y) GO TO 70%
KL1ST=0
PRINE 1101, (1 I=14KREP)
1101 FORMAT (LI o /7 e25X o ToH#nmak k% NOs AND FLUX(PER UNIT VULUME Aiu LET
1HARGYY OF FACH REGION *maustuws/
240X 40HLLAGT L {NE SHUW AVFRAGFD FLUX OVEX CFLL) //3Xy20HGROUP NOe
3 ENERGY /.15€14+3X) )
IUs FEm(FNGP (TRGPY+ENGP (IBGP=1))7/2.
PHIR®PH] T/ (VMAX*UIGP (1XG))
DO 1Ll J=l.kKREG
11 PHIRRCII®FLUXR(I) /7 (VRCI)RUIGP (IXG))
PRINT 3102418GGEL« (PHIYRCIY 9 1=1 sKKEP) JPHIR
dU2 FORMATCIH o 3x41442X F104212X415F7,4)
IF(KREG.GE[15) PrINT 3004(PHIRRCI) +[=15,KREG) \PHIR
U0 FORMAT(1H ¢21X+PF7.4)
10 1FCIBG=MIRCIBGY) 20421421
20 JHGPIRG+L
G0 TO 30
21 PRINT 112.(3G.(NUCLIDCT) +1=14xMAT)

N

w

-

112 FORMAT(1Ht, /7.
» 20X493H, 4002 SUMMARY FUR AVFRAGFD FLUX AND CHUSS 2uCTIO
INS OF «1Z+21H TH HROAD GRUUP sasase//77 ¢4UX 3 2Ha%%%x REGIONAL IMFOR
2UATIUN #%xx# /7 45Y4311REGION NO. FLUK KEACTION +5Xs
3TCaXeAb4X))
DO 31 [=lekREG
M=NCOMP 1)
TMP=FHIRTCT)
FAITUSSFAITCI *PHIPTCI)
DO 32 J=lvkMAT
ESCAFA=ESCAPA+RIAR (I 12
ESCAMF=ESCAPE+RIFR(Js 1)
ACTACIS1YSACTACIVI)4R1ARCINTD
ACTF O 1) =ACTE (Ja 1) +RIFRCUN DD
TMP1aTMPRFN ()W)
RIARCI 1) sRIARCI 0 1) /TM ]
RIFRCIy 1) =RIFREITI 7 TMOL
KISRCI1I=RISKH (I 1) /TML
RIRRCIs 1IaRIKR (I 1) #ENEAT/TMP Y
THUP=TMP/ (URG*VR (1))
PRINT 1134 (RIARCJAT) v =1 4KMATY
PRINT 1314« (RIFRCJVIY vJx1amMADY
PRINT 11541+THUPPHIRT(])
PRINT 116« (RISRCJe1Y 9 0= oKMAT)
PRINT 1174 (RIRRCIaTY s im) o KMAT)
31 PRINT 12%
12% FORMAT (1HUO 430X s Sheaema (30X SHomwee )
113 FORMAT(IMO 26X+ JUHARSOOPTION «3X 7 (1XvF10.4444))
114 FORMATCIH (26X FHF [SSION 24X e7TCQIXFLO.441X))
118 FORMAT (1H0411X+[12.F1044433HCINTEGRATEL VAL UF OVEK ye AND U = +F10.
15124 ) )
116 FORMAT(1H0,26X+1OHSCATTERING «3X 2 T{LXsF10.441X))
117 FORMAT{1H 26X FHREMOVAL 14X T(1X+F10,441X))
IFCLISTR.LT,5) GU TO 1235
PUACH 1234, (PHIRTL]) v1=1+KREW)
1234 FORMAT(6E12.2)
1235 CONTIHUE
ACS=ACSfPHITOT
FCS=ECS/PETTOL
SCS=SCS/PHITOT
RCS=RCS/PHTTOT
PHINT 119.ACSFCSSCSRCSPHITOT
119 FORMAT(1MUW///420&,5TH.sess CELL AVEWAGED TUTAL CROSS SECTIUINS AN
1D FLUX 4eaus o/7/725Xe6r4ABSORPTION FISSION SCATTERING KRFMUvAL
2 FLUX +//.29%+5F10.443THCINIEGRATED UVER vOLUME AND LFTHARGY?)
PRINT 200 (NuCLINCJY ¢ Jm1+KRES)
<UD FURMATCLHO// /320X 5BHe#n®s [NFINITE UILUTION XSECTION FUK SPECIAL
1 FLEMENT #sx#  // 15X ?8HTEMPFRATURE REACTION 24 (3X1AG3X 2
21N
LU TU [=1lvkRES
DO TU MalexTEMP
AINF LN =ATNF CLaNy ZURS
FINF M) =E INF (T ONY ZUBG
SINFC1 4 H) =S INF (1 vN) 7URG
10 RINFCT.M)=RINF (L oNY 7URS
DO 71 N=1KTEMP
PRINT 201¢TFMP (N) o (AINF (T oN) 2 I=] «KRES)
PRINT 202« (FINFCLaNY 0§21 4KRES)
PRINT 203« (SInFCLaN) v =1 okRED)
71 PRINT 204+ (RINFULINY o121V ARES)

E]

~
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201 FORMATEIM0 14X sFLO 2 A 12HCAPTURE 404 e s 4F1004)
cup FURMAT (110, 3Ux s LeHFISSION sons +4F1004)
203 FORMAT (190, 30x+ 12HSCATTERING . +4F1044)
204 FORMAT (1010,30X 1ZHRFMOVAL seve 04F1004477)
TF(ISN FO.kPFS) GO T 72
SOD TNk =SGD FHEF 2073
SOUDR=ESONR*AFTALILS) JUka
PRIRINY 2054 1S5 SODINF «STDR
205 FORMAT(1i140,10Xs11HXSECTION OF «12429HTH MATERIAL seve SCATIFRING =+
1F10.545% QHREMNOVAL = F1045e /)
72 1F(KAG.CB.n) GO T 73
AAIHF =AAINF /UG
PRINT 206« 184 ARINF
2U6 FORMAT (1H40,10X+19HCAPTURF XSFUTION OF +[2413HTH MATERIAL = F10,5)
13 1FCIBaNExB6Y GO TO 34
PRINT 12%h
1236 FORMAT (1H1/27420X095H¢ s v s INTEGRATED FLUXCOVER VR AND U) ANU CAP
1TURE AND F[SSION ACTIVATIUNS IN FACH REGION seevee )
PRIMT 1237, CUCLINCJY v s vKMAT)
1237 FORMAT (14047 35X238Hess ACTIVATIONS FUR EACH MATERIALS a0 4//342Xs
1 2BMREGION O  FlLUX REACTION 14Xv10(2XsA442X)47)
DO 4 1=1REG
DO 5 .=l exMAT
ACTALIVII=ACTACI 1Y FVRCT)
ACTF L4 i =ACTH I Y ZVRDY
PRINT 123H,(ACTACI 1Y 4 im1aKMAT)
PRINT 1239,[+HAITCD)
PRINT 12404 (ACTF (e 1) 0 =1 sKMAT)
4 CONTINUE
1238 FORMAT(1H 20X s1UHCAPTIIRE + +10F10,.8)
1239 FORMAT(IH (SX+15:F10. 3
1240 FORMAT(1H ,2Ux+lUMTISSION s 110F10.4+/7)
FSCAPA=ESCAPA/ZGULAL
ESCAPFEESCAPF/GUZATL
TMP=ESCAPA+FSCAPF
PRINT 118.ESCAPASESCAPF o THP .
118 FORMAT(1HO.//+10RsT7H (ABSORPTIONFISSION AND TOTAL CAPTURE PROBAB
1TL1TISY EQUAL «RESPECTIVELY «e403F1044)
34 IF(NUPT,LF ,DURSLISTSFRI0) LO TO 40
PRINT 110.]RGa (! 41=14KSREGL)
110 FORMAT(1H14/120Xs4AHe e oo s SUBREGIONAL [NTERMEDIATE GROUP FLUX FOR
14144 L4HTH BROAD GROUP +//+4Xs IHENERGY (1) +15C1543X)
LHGP=IRGP=NIH(1BGI+1
IF(NIR(I8GY+GT.NBR) LRGP=1BGF=-NBB+1
1F(LBGPER.1) LBGPe2
DO 22 1=LAGP IBGP
KLISTS#KLISTS+1
1F (KLISTS.{ £.60) GO TO 708
KLISTS=0
PRINT 11041BGe (JeJIm14KSREGL)
1Ug FU=(FNGP (1) +ENGP (121))/24
H=C1=1) /N8R
M= =NRB#*M
TMP=ALOGLFNG! (I=1)Y ZENGR (1))
DO 23 J=1l.kSkFGL
23 PHIRKRC)) =FI UXSRCIv MY /(7 (JI*TMP)
PHINT 1114FF s (PHIRR(J) » J=aeKDREGL)
111 FORMAT(Lr (2X1F9.3,15F%,3)
IF(XSREG.GT15) PRINT -304(PHIRR(J) 4J=161KSREG)
CONTINUE

o

2

~

130 FORMAT(IH 11x+15F8.44 1)

PRINT 1204 (WuCLIDCI) « I=1eKMATY
120 FORMAT (1H1+40xs36H.*%%* SUB=RFGIONAL IMFURMATION mikex +// 32X
134HSUBREGICON t0e FLUX KEACTION +5XT(4XsA4+4X))

DU 35 I=lkSkkG

1=l SKRG (1

THP=PRSK(T)

DO 36 J=l.EMA

1nP1=rMn*n+N(J.M$

RIASCIy 12 =R1IANCI 9 1)/ TMEL
RUFSCIa1)=RTES (I /TM L
RISSLI1)2r]SS (e [y /TMOL

RIRS (Jy 1)=RTKS (S 1) #FNGAT/TMPL
TMP=THE CIRG*Y (1))

PRINT 1134 (RIAS(JIVT) 9 JulsKMATY
PRIMT 1164 (RIFSCJaIYsJs1ekMAT)
PRINT 1154 1sTMPPHISR(T)

PRINT llho{RIoS(J'l)vJalthAl)
PRINT 1174 (RIKS(J0 1) 9 )=l kMATY
35 PRINT 1“9

40 1F (KSOUCF o F2.0,0KL 1RG.1FE.KBGIGO TU 45

WRITE (45220) (14121 (5RrFGL)

220 FORMAT(1H14/7420Ks  THH.es NFUTRON SOURCF FROM KESONANCE REGION 1
INTO THERMA] KFGIONC/UNIT VOLUME) b v//e8Xs
2 P26HEGERGY (FVY /SUBRFGION NO«# 141747)

00 9V KalyxSOUCE

FMI=FSOUCF (K)

DELE [2FPr=iMI

UPsALOGCEN(L) ZEMDY

DO 91 1=lexSKRFG

SOUCE (1) =30USF (1) #DELFT ‘

MalLSRGCT)

N 92 J=laxMAT

IF(UMAX (DY, 6T.1%) GO TO 92

THPL=LMU=UMAX (1)

TMP2eLP=UiMAX (J)

TiP=0.

[F (UBGP(XBGY .1 E+TMPL) O T0 92

NTMP L= (URGP (KRG =TMP1) /UTGP (1XG)

TF{NTMP1 ¢ GT+ \HBI NTMP 1=MRH

IF (UBGEP (KRG oL Te TMP2)Y GO TO Y3

DO 94 L=lsnThel

LMM= RGP =L

1E (J=135) 95495196

98 1F (J=KRES) 94.ROA1L
80 LM=LimM/pSH

LU= MM+ L=LaxnsH

TUR=TMP+SCATHCT SLL)

GO TU 94

Bl LM=LMM/NBR

L1 =Lidt+ 1 =L MANRR

_TMP=TMP +3CATR(ISLL)

GO Tu 94

Y6 Lu=LMM/BH
LL=L i+ =L M#NAR
TMP=T.AP+35 (JoMI*FI UXCIWLLI#RETACD)
94 CONTINUE
SOUCE (13 =50UCK (1) + TMPRNELET
93 YY=EPR
1F (UBGP (KAG) +GE» TMP2) YY=EMI

3
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PEACO : A Code for Calculation of Group Constants of

Resonance Energy Region in Heterogeneous Systems

HTMP2=]
Tup=0.
TFCUBGP CERG) +GE s TMP2) THP2=(UBGP (KRG =TMPR) /UTGP (1XG) +1
DO T L=EIMP2 W NTMPL
Ned= lEGD=L +1
TuP3=YY=C1 =1, /BETA(J) Y #ENGP (NN)
L.MM=1d5p=1.
IF(J=155) 984%8+99
1 (J=(RESY 97182443
LM=L MM /Mot
LI mLt+e 1= M¥ENRH
TMPETMP+SCATHCT 'LL) ¥ THO3
GO Ty 97
Lid={ MM /MisR
Li=LiMe L] M#NBR
TMP=THMP+SCATRC]2LL)#TMR3
G0 TU 97
Lual MM/t
LL=LiM+ 1~1 M#NRB
TUP=TMP+ D5 (MY *¥FL UX CIALL) *BETACJI) #TMF3
CONTInyS
SOUCE (1) =S0UCK (1) 4TMP
CONT LUK
AOUCE Ty =300CF (1 vy
1F (K F Q.1 TMPanU=SOUCF (KSREG)
DO BY 1=l ¥5KFG
SOUCE € [) =$NUCF 1) 7T4PSOU
L=
Fl=FPR
WRITE(£4221) & sFSOUCE (K) 3 (SOUCF (1) 4 121 4KSKFG1Y
FURMAT(TH 41X¢124F12.3420A414F7.3)
IF (FSREGGT«16IPRINT 2224k SREG (SOUCECT) + 1=151KSREG)
FORMAT (LHD 64X ATHREGION NOL 15 1041244X35FT43)
CoNT LHUE
PRING 223+ TMesOU
EORMAT (LHO . 2/ 10444 3HNORMAL TZATION FACTOR OF THERMAL SOUKCE eess
151044 )
INITIALTZATION UF BROAD wROuH CrUSS SFCTIONS AND FLUXES
JF=l
DO 4l T=LloREG
JLENSUBRCTY
PHIRTC DY =01,
DO 42 Kk=1lecMAT
RIRRCY 4 J3aD.
NIAR(K 4 [D=00
RIS (K 10=0.
KIFR(K 4 1)=00
XY 42 J=JF 4
PHISR(JI=,
RIAS(k oJ
HIFS (K,
RISS(xyJI=n.
RIR5(X «J) =00
RLENIN Y
CONT INUR
£ 15T=1
K1 1STa=1
HnesS=
FUS=Ua
3US=U.

RCS=0, . -
FHITOT=de

TSITIALTZATION OF INF1TTE XSECTIONS 0f SONDTUR AND RESONANCE HATERTALS

SODINF=
AATHF
SODR=0,

VU BBY M=1,XRFS

DO B8Y HTLKTeMP

RINF GA4MY=0a

ALNE Gdy D=0

FINF(MaNI =0

SINF(r,N) =0

*

JiG=2

ING=[AG+1

EJRAT=ENCIRG+1) /EN (L)

URG=UAGP (1AGY=URLIP (1BG=1)

RETURS

END

SUHRULTINE MATINY (A a2 eMsDETFRMarN)
MATRIX INVFRSION

SUBRLITTNR MATIHv,

BROGRAMMED BY RUNTON S+ GARBOWS ARGONNE NATIONAL L ABORATURY®
AND KEPORTED IN 184 7Du=7Y9 SHARF LIBRARY A§ AN F402.

THIS SUBKOULINE CoMPUTES THE [MVERSF AND DETERMINANT OF
MATRIX Av OF ORDER Na 'y THE AAUSS=JORDAN METHOD, A=INVERSE
RFPLACES Ay AND THE DFTERIINANT OF A 15 PLACED IN DETERM. IF
M= 1 THE yFCTO? B CONTAINS THE CONSTANT VFCTOR WHEN MATINV 1>
CALLEM, A&wd THIS IS RFOLACED wITH THE SOLUTIUN VECTOR. IF M = 0.
HO SIMOLTANEOUS EQUATIAN SOLUTIONS AKL CALLED FOke AND R IS hOT
PERTINENT« N IS INOT Tn FXCEEW NN, °

THIS PROGRAM 1§ CHA: GFD INTO VARTASLE DIMENSTON FokM
RY TSUCHIHASHI JEAI]
As No Be d, AND LFTFRM {8 Tee ARGUMEN] LIST ARE DuMMy VARIABLES,

DIMENSTON TP IVOT (99) s ACNNNND (B CANY 3 INDEX (9942) sPIVOTL99)
FOUTVALEHCF CTROW ¢ JROWY 3 ¢ ICOLUM JCULUMY « (AMAX s T4 SwapP)
NDOUSLE PRFCISION R

TNITTALTZATION

DETERH=1.0

DO 20 J=laN

IPIVGT () =0

DO 555 [=1,N

SFARCH FuR PIVOT FLEMFhT

ANAXFD 0

DO 1us J=I4N

IFCIPIVOTCD FQ 136D TH 1us

DO 100 K=14N

TECIPIVOT (1) =1)8041004740

IF (ABS CAMAX)Y o GEeARS (A (UK IDD00 TO 10U

IROWI=}

1CoLuM=r

AMAXZAC J oK)

CONT INUF,

CONT TYE

T2 IVOT LLET M =12 tyn T CTCOLUM) +1

INTERCHANGE ROWS TO PUT PLVOT ELFHFNT OM DIAGONAL
UECIROwFRL ECOLUMIGD TO 260

LF TERM=«DF TERHM

1

JAERI 1219



JAERI 1219

2up

260

350

S0
55%

Appendix C Listing of the PEACO-MAIN source deck

DO 200 L= N

SWAP=A(ROWsL)
ACIRUW LI =ACTCOLLM, L)
ACICOLMaL) =SwAP

IF(MFQR.03GD 10 269
SWAP= ([ ROW)
BCIRUW) =B (1COLYM)

BO1COLYM) =gwAY
THDEACT ¢ 1) = [ROW

INDEX ([ 422 =]COLVM .
PIVOTCIY =Aa (TCULUMG TCOLUM)
DFTERMaDE TERUeP IVOT (1)

NIVINE PIVAT ROW BY PIVOT FLEMENT
ACTCULUM TENL UMY =1, 0

DO 350 =1 N
ACICOLUALY=ACTCOIL UM Y ZPIVDT ()
{FIMFR.UIGO TO 38D
BCICOLY ap (ICOLLMY 79 Ty T LD
KEDUCE MON=PIVOT ROWS

DO 550 Ll=twy
TFCLLEQeICOLuMIGL TO 550
T=ACLL4 ICOE UMY

ALV 1TOLUMY =0, 0

D 430 L=1\N
ACLLsbY=A (] T4l I=ACTCOL M) ¥T
IF(MaFR 0G0 TO 550

BCLD =B L1y =Be ICOLUM) T

CONT LwyF

CONTINyS

INTERCHANGFE CoLUsgs

D0 Tlu (=i N

f=ysl=t
TFCLNDEX W1 LEGL INDEX (L2 Y0U TO 710
JRYKNSINDEX (1 1)

JEOLuM=T X U 2 2)

DO TUu K==L

SWAPEA (Y« JROW)

ALK v IR0 =A (K JCUL UMD

781034782824, T0459,
7946544796244 .T71814

813674,81500+.81630440817593 0BLARA ., BLV12,

Mihv 39
MINV 40
MINY 41
MINY 42
MINV 43
MIW 44
MINV 45
MINV 46
MINV 47
MINV 48
MINV 49
Ml 50
MINY 51
MIY 52
MINY 53
MINV 534
MINV 35
MLtV 56
MINY 57
MINV 58
MItY 59
MINY 60
MINV 61
MIuY 62
MINV 63
MLV 64
MINV 65
MINY 66
MINYV 67
MINY 68
MIkV 69
MIny T0
MIhv 71
MINV T2
Mlivv 73
MINY T4
MINY 75
MIny 76
Mlinv 77
MINY T8
Mlsv 79
MINY 80

PCcl 1000

PCT 1050
PCT 11p0
PCl 1159
PCT 1200
PCH 1250
PCT 1300
PCT 1350
PCT 1400
PCi 1450

PCT 1500
PCI 1550

pCI 1600
PCI 1650
PCT 1700
PCI 1750
PCI 1800
PCT 1R%0

TUn ALK JOOL ) =SwAP
o CONT Lays
740 AFTURN
EnDd
FUNCTION PECXDY
DIMENGTN 1 0CT(301) ,PCT1(T72) WHCT2(T2) 2 CTICT2)PCT4(T2) PCIS(L3)
FQUIVALEWFE (PCTA1Y W PCTIO) v (PCT(T3) sPCT2 (1)) 2 (PCT (1452 9PCT3C1I ) v
1 (PLT(217) W PCTH (L)) v (PCTL28Y9) WPLTH (1))
/9C TALF /7 CASEWHOFFMN  (0.02 CYL Ovem=b,0)
WATA BCTL/
1 TH0UL0 L0251, 049674 ,07268+,09421,,11498,,134874.,10396,
2 VIT2319,189960,2069744223360.2349184.2564A4.269234,28351,
3 297339.310704,3¢35664,336214.348738,.36019,,371€44,38474,
4 393VE L B0AND 618260, 424140,83377,.4631440452254.46412,
5 BHAIG58 67916, 406364 ,4394324,502094.509664.51T7044,52424,
3 $5312640932114,5847940.0554314,55T67.1.563894.569964.57288
7 c5R1AT S 5RT 344 592854 598244.6N0354,.608704.613754,610691
8 CA23920 0 m2R25 0 632R 106374030841 8340646160+650410,6D457
9 CRSNE6Y e h626344666540.6T0381.6T4134.67T78Les681421468495/
DATA pCi2/ .
1 SARR429 1 AQTIRY G AUS1AL 698434, T0LAG,+ 7047944707884, 71091
2 «7130899 71481, ,TL9664,T225004725264+727984+.730651.73327,
3 CTASKS 1303y THOBT 4 TE3310 07657740 THROKL 4 T50400.70269,
4 C759430.0757184,79931 4 761450, 76355, 076562, T6T6S 31 To Y66
5 CTTER300TTAST A, TI5408., TTT344,77921,
a TEHI31 0 TRADS ¢ THIT+4, 791404479304,
7 LT99369 JANDKK L B023940, 803874080932, .80677,.802184.8U758,
8 (810964, R12
9 c8213A4 042238 B43794,8249R1.82616448773724,828474,8¢760/

660

sY0

Nk COENPVLLRNKE_ SOOI US wN -

DATA PCT3S

2A30T100831425,832910,83399+.R3505,.836104.837144,83016.

A3YiTraR4IL T Rellby,

471640.084310,,84560%,.845001,84293,

W RB5E5 BT Thy JRTELUL L BEY554.30043,.851304.852164.85201,

2R5IB51 A54AR, ,B8I55UCBY6324,85712,.85T92
2R6UZS L RALNT L ABLT 4 ,862515,84325,.86398
RBB133 HARE Y inT97 (0866214 REBRGWRAEYDE

RHBTQs.BO94R,
ROGGTLA RLILZ
870734.87U894

WRTLSG 4 RT2194, 872834 ,873664,RT409,+8T471L44815334.87/294,
CRTOG40  BTTLG W HITTO  BTG324 87890, 4879474 ,88004,,88061
CRBLIT4WR91T 34, Ka22n4, 882524 RA336,8A3KY,sRBLE34.80495/

DATA FCT4/

WDBANATIVA3594 4 83650 B3 T0L.R8T51 4288801 94B88R501486099
LABYNBYeRRIIA Y BTN 8YG9L 1 A1 4459184108923044894T6
WBI3210 . R9355 0 ATy 899559, R94994,5954200895801,8y928
CR9E 11 BOTLY LB T594, 997980 89837 4.898T84,899194,89759,
VB9Y994 4 FID3R 900TT 4, F01164,90155,.901934.9u2314,90c68,
v90305644903434,90381,,904174,90453,.90489,,9u5254.9U 60
9N5954.90A31,,96662¢,301004.90734,.90765%,.90R024.90835,
,90868+,90932,,9u)344,92967+,90999,.,91031,,91063,,94U95.

L911264,911574¢,94134,,912194.91250,.912804,313104.94340/

DATA PCTO/

1913695 ,913990,94429,.914574,91487,,91515,4,915444.91572,

«6lou0ve916284,926504,910LB44.91711/

TFX T 100 TU 650
IF{XsaTe0 0000 TU 690
GO TO A80

PC=1433338x-0.5%(ALOG(2. /742 +1.25=0.571216) #X*X

RETURN
PC14=0,12/X+0Q.09375/X%#3
RETHRN

HaxX /0,02
DX=X=FIDAT (NI %00

PC=PCT (+ 14 (RCTINF2)=nCTLH+ 1Y ) #DR /v

RETURN
END

PCi 1900

PCT 1950
PCt 2900
PCT 2050
PCI 21uu
PCI 2150
PCT 2200
PC1 225y
PCi 2300
PCt 2350

PCt 2400
PCl 2459
PCT 2500
PCT 2550
Pcl 260v
PCT 2650
PcT 2700
PCT 2750
Pcl 2800

PCT 2850
PCl 2900

53



