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CINX:

COLLAPSED INTERPRETATION OF
NUCLEAR X SECTIONS

by

R. B. Kidman and R. E. MacFarlane

ABSTRACT

CINX is a computer code designed to collapse multigroup cross sec-
tions in CCCC format to a subset of the original group structure and to
write the results in the original CCCC format (ISOTXS, BRKOXS, and DLAYXS

files only) or in the much used 1DX and PERT-V formats.

CINX was designed

as a collapse utility code for use with the MINX/SPHINX cross-section pro-
cessing system, but it can be used to collapse CCCC cross-section sets

from any source.

If the weighting function specified is the same as the

one used to generate the original multigroup cross sections, then the re-
sulting collapsed cross sections will be exactly the same as those which
would be obtained by generating the coarse-group cross sections directly.

1. INTRODUCTION

The Committee for Computer Code Coord-
ination (CCCC)1 interface files were de-
signed to facilitate the communication of
nuclear data between the codes and installa-
tions involved in the national fast reactor
The CCCC interface
system allows for the production of cross

development program.

sections using the Self-Shielding Factor
Method.z'3 CINX was designed as a collaps-
ing code for the MINX/SPHINX implementation
of this method, but it can be used with
ISOTXS, BRKOXS, or DLAYXS files in CCCC
Version III4 format from any source.

Figure 1 outlines the MINX/SPHINX pro-
cedure for producing space and energy self-
shielded macroscopic cross sections for use
The MINX code (a
Los Alamos Scientific Laboratory report in

in reactor design codes.

preparation) is used to generate fine-group
cross sections and Legendre components of
the group-to-group scattering matrices from
the ENDF/B-IV nuclear data files.? These
isotope cross sections are output in ISOTXS

format. MINX also produces resonance self-

shielding factors for a set of temperatures
(T) and background cross sections (00).
These f-factors and other Bondarenko con-
stant:s2 are written in BRKOXS format. The
DLAYXS file of delayed neutron yields and
spectra is produced from ENDF/B-IV using
NJOY.

The LINX and BINX codes7
combine isotope cross sections from MINX in-
to multi-isotope CCCC libraries, to list the
binary libraries, and to convert files to BCD
mode and back for transmission between in-
stallations.

The final code, SPHINX,
for the correct T and 99 dependent self-

are used to

8 interpolates

shielding factors for each isotope of the
desired mixture, using equivalence principles
The
fine-group macroscopic cross sections are

to account for some geometry effects.

formed and used in a one-dimensional diffu-
sion calculation (lDX)9 or one-dimensional
discrete ordinates calculation (ANISN).lo

The resulting flux is used to collapse to
the final coarse-group macroscopic space and

energy self-shielded cross sections; the re-

sults are written in ISOTXS format. L
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Fig. 1. Outline of the CCCC interface system

for generating multigroup constants
for fast reactor design.

This system has advantages of economy.
It allows the detailed physics effects to be
included in a seldom-run MINX code and saved
on a pseudo-composition-independent library.
Problem-dependent features can then be added
using the frequently run SPHINX code.

The role of CINX in this system can now
be made clear. For some difficult problems,
very fine-group structures may be required
(e.g., in the region of the iron 27-keV
resonance). In addition, different energy

ranges may be important to different users.

The 14-MeV region so important in fusion ap-
plications is of little consequence in a
fast reactor calculation. The concept of a
"super-group library" has evolved to solve

these two problems. The 239-group struc-

turell

contains features for fast reactors,
CTR, weapons, and shielding applications
The

CINX code can be used to collapse such a su-

which will not be needed by all users.

per-group library into a new job-dependent
library with a group structure and weighting
function appropriate to a particular appli-
cation. This library will be much cheaper
to use with SPHINX.

The CINX code and the MINX multigroup
libraries are also useful without SPHINX.
Some problems do not require detailed self-
shielding; in these cases, CINX can be used
directly to provide group cross sections to
such CCCC interfaced codes as ONETRAN.12 In
order to make MINX cross-section libraries
useful for one widely used setls'la’15 of
fast reactor design codes, CINX has been pro-
vided with optional output in the 1DX9
PERT—V:L6

The algorithms used in CINX, examples,

and
formats.

sample problems, and operating instructions
are discussed in the following sections.

I1. COLLAPSING ALGORITHMS

If an element is present in a medium
in low concentration, the element's partic-
ular resonance structure does not affect
the neutron spectrum. In this case, cross-
section processing codes (ETOX,17 MINX, etc.)
use an arbitrary smooth weighting function
C(E) in the group-averaging process. A typ-
ical choice for C(E) is a thermal spectrum
at low energies followed by a 1/E spectrum
in the mid-range and a fission spectrum at
The "infinitely dilute" iso-
tope cross section for group g and reaction

high energies.

x is given by

f o, (E)C(E)dE
= 28 . (1)

O’xg /.
gC(E)dE




If the infinitely dilute fine-group TABLE I
cross sections e and a weighting flux
¢O(E) are passed on to CINX, CINX can pre-

COLLAPSING AND NOTATION GUIDE

Collaps-
serve reaction rates and collapse to coarse CCCC ing Algo-
group G as follows Quantity Notation rithm

Transport X Sec STRPL 12
Total X Sec STOTPL 2
E o o (n,y) X Sec SNGAM 2
TG X8 Og (2) Fission X Sec SFIS 2
Oeq = 5———5————— ! Neutron Yield/Fission SNUTOT 6
0G Fission Spectrum CHISO 7
(n,a) X Sec SNALF 2
(n,p) X Sec SNP 2
where (n,2n) X Sec SN2N 2
(n,D) X Sec SND 2
(n,T) X Sec SNT 2
¢O = _/;O(E)dE 3) Fission Matrix CHIISO 9
& g Scattering Matrices SCAT 10

Total Self-Shielding
Factor FTOT 22

and Capture Self-Shield-
ing Factor FCAP 19

Fission Self~Shield-
ing Factor FFI1S 19

" E 6 4) Transport Self-Shield-

0G e Og * ing Factor FTR 23

g Elastic Self-Shield-
ing Factor FEL 19
If the weighting flux ¢O(E) is the same as POte§t§Zi Scattering XSPO 2
the weighting function C(E) used in the or- Inelastic X Sec XSIN 2
iginal averaging, the collapsed cross sec- %lastlc X Seec §25U %
tion will have exactly the same value which Elastic Removal X Sec XSED 11
would have been obtained by running the av- gelayed Neutron XSX1 6
eraging in the coarse-group structure di- Spectra CHID 7
rectly. Table I shows the CCCC ISOTXS, Precursor Yield/ SNUDEL 6

BRKOXS, and DLAYXS quantities that are col-

lapsed according to Eq. (2). then exact collapsing can be achieved with

Several quantities must be averaged the following

with appropriate reaction rates in order to

obtain proper group-averaged numbers. Neu~-
tron and delayed neutron precursor yields/ = ng¢0g
fission must be weighted with the fission QxG = 9cboc ‘ (6)

rate. The average cosine of the elastic

scattering angle u and the average elas- Fission and delayed neutron spectra

tic scattering logarithmic energy decrement are represented by the fractions xg that

¢ must be weighted with the elastic scatter- are born into the various fine groups. Thus,
ing rate. Let Qx represent the quantity to

the fraction born into coarse-group G is
be reaction-rate averaged and Oy the appro-

simply

= . 7
Xg g};xg (7N

o. (E)C(E)dE (3) If a fission chi matrix is given in the
'/; x ISOTXS file, it will have been produced by
the following equation

priate cross section, and let the process-
ing code provide

LQX (E)o, (E)C(E)dE

Ueg =



LdEL.dE'x(E-*E')v(E)of(E)C(E)
jfv(E)of(E)C(E)dE
g

» (8)

where x(E+E') is the normalized fission
spectrum due to a neutron captured at ener-

gy E.
in

Preserving the reaction rate results

Z Z Xgrg ' VgofgP0g

- 8eG g'eG’
Xe-c! V676?06 N

The collapsing algorithm for the Le-
gendre components of the group~-to-group
scattering matrices can be derived by pre-
serving the transfer reaction rates. The

Z E O%%;g+g'%0g

1 1
- et g eG . (10)
0G

result is

O%2;G+G'

The coarse-group elastic removal cross sec-
tion is computed from the already collapsed
elastic and elastic in-group cross section

on;G»G . (1)

26 ~ %G ~
The coarse-group £ = 1 transport cross sec-
tion is also computed from already collaps-
ed quantities

o

=0 (12)

tr,G - %tG T Mg
The quantities considered up to this
point were derived assuming the isotope was
present in low concentration. When a ma-
terial's concentration is not negligible,
its resonance structure affects the neutron
flux in the mixture. For the purpose of
cross-section averaging, the weight func-
tion for the isotope being considered is

taken to be

- C(E)
¢(E.T,°0) = Ea—qrjﬂ:ogjfy s (13)

where 9 is a parameter provided to account
for the environment of the isotope (mixture
and geometry). is usually

taken to equal the part of the total macro-

The value of 9

scopic cross section contributed by the
other isotopes of the mixture divided by
the density of the isotope in question; it
is often modified by equivalence principles
appropriate to the geometry of the system.
The effective cross section at T and 9% is
then given by

cx(E,T)C(E)
004-ctiE,T5 dE
oxg(T,co) = =8 N QR:Y)
dE

C(E
on+o _(E,T
0 "t
jg

For library purposes, it has proven

to be convenient to represent the T and 99
(14) using
the infinite dilution cross sections of

dependent cross sections of Eq.

Eq. (1) and a set of correction (or self-
shielding) factors as follows

oxg(T,oo) = fxg(T,oo)oxg . (15)

Tables of f-factors are precomputed for the
elastic, fission, capture, total, and trans-
port cross sections and for an arbitrary

The f-factors (and
the effective cross section via a multipli-

set of T and 95 values.
cation) for any given T and 0y can then be
obtained by interpolating in these tables.

The ability to exactly collapse these
f-factors depends on the ability to repro-
duce the fine-group flux used in the orig-
inal generation of the multigroup constants.
First, note that the effective total cross
section is given by

Opg (T.00) = £, (T,00)0 =

/Q ctiE,TS + oOdE gotEE,T; + 9 dE , (16)




where Utg is the infinitely dilute total One f-factor, ftot’ is provided so that
cross section provided by the processing one can compute an effective diffusion coef-
codes and where ficient for use in diffusion theory codes.

ffg(T,co)ofg + fcg(T’GO)ch4+ feg(T,co)oeg

£ (T,04) = , a7
tg 0 ofg + ch + oeg
(all quantities to the right are also pro- This requires that the total cross section
vided by the processing codes). Now, with be weighted by the current rather than the
just a little algebra, the original flux can flux. MINX assumes that the current can be
be reproduced with the data provided approximated by

¢q(E)
¢g(T,00) = W(O’ﬁ)—_*_—%dE = /d,O(E)d%Gtg(T’OO) +ogl = ¢0g/[ftg(T’00)ctg+°0] - (18)
g g

The exact collapsing algorithm for the

$4(E)
"x" f-factor can now be derived by rewrit- ¢, (E,on,T) = 0 20)
Lm0 [0, (E,T) + 0nq]°
ing Eq. (16) in terms of the coarse group £y 0
and expanding in terms of the fine-group
quantitities Algebra similar to that used to obtain Eq.
o (T,on) (18) gives
Gx*"’"0 9%
¢1g(T:00) =
_LUX(E,T)¢(E,T,oo)dE/£¢(E,T,oo)dE
/ ox(E)¢0(E)d12//¢O(E)dE £, (T,0g)0 s +0p] [(Fioeg (T190)0pg +0g]
G G
(21)
The final algorithm for collapsing £
Z/OX(E,T,M(E,T,%)dE/Z/q;(E,T;co)dE totg
e 2eGJg becomes
0, (B0 (E)dE/Z; 66 (E)dE _
é/ b4 0 3 0 ftotg(T,Uo)
g g
thotg(T’(’O)"tgq’lg/ Z:Gq’lg
ngx(T"’o)"gx‘”g(T"’O)/Zq’g(T’oO) &t 7 Be < (22)
- BeG geG tg

2 Cextog 2 tog o
geG geG The transport self-shielding factor for
is provided so that one can compute an ef-

£f__ (T,on)0. 0 ¢ fective current weighted transport cross sec-
5 s o fE = i Th 11 d 1f-shieldi
fog(T’UO)ctg +oo/ thg(l‘,oo)otg+oo tion. e collapsed transport self-shielding
_ geG geG factors can be calculated from already col-
- %G lapsed quantities

for x = ¢,e,f, . (19) _
frotcT1 90296 ~¥6Feg(T190)%c

9t T Bglg

ftrG(T’o‘O)=
(23)

5



III. CODING ASSUMPTIONS AND LIMITATIONS

The purpose of this section is to enu-
merate variances, arbitrary choices, or as-
sumptions that may affect the use of CINX
results.

If any 2 > 1 transport (STRPL) or 2 >
0 total (STOTPL) cross-section arrays are
provided, they will be collapsed according
to Eq. (2).

If the CCCC cross sections were pro-
vided with MINX,
following points.

one should be aware of the

1. The total scattering matrix will be
the sum of elastic and all inelastic scat-
tering reactions times their multiplicities
(for instance, 3 x (n,3n) is added to the
total).

2. The inelastic matrix will be the sum
of all inelastic scattering reactions times
their multiplicities, except (n,2n) is not
included.

3. The (n,2n) scattering matrix will not
have the 2x multiplicity included, i.e.,
the elements will sum to the (n,2n) reac-
tion cross sections (SN2N).

4.  The inelastic cross section, XSIN, is
the sum of all scattering reactions with
secondary neutrons times their multiplici-
ties, except (n,2n) is not included, and
(n,3n) is added without its multiplicity.
5. The capture self-shielding factor,
FCAP, is actually the self-shielding factor
for only the (n,y) reaction.

MINX normally generates all Legendre
order scattering matrices using the zero-
order weighting flux. Since CINX will us-
ually be processing MINX data, CINX will
also collapse all Legendre order scattering
matrices with the zero-order flux [as per
Eq. (10)].

Some quantities in the CCCC format are
not explicitly defined. Thus, in CINX (and
MINX) the total self-shielding factor FTOT
is taken to be a current weighted quantity
that can be used to compute an effective
diffusion coefficient for use in diffusion
FTOT is therefore
(22). CINX and

theory calculations.
collapsed according to Eq.

MINX assume that the transport self-shielding
factor FIR is derived from a current weighted
transport cross section and can therefore

be collapsed according to Eq. (23).

The CCCC definition of XSED is the elas-
tic downscattering to the adjacent group. As
Eq. (11) shows, CINX changes XSED to be the
elastic removal cross section.

Some adjustment of the CCCC data is re-
quired to put it in proper 1DX format. The
(m,y), (m,e), (n,p), (n,D), and (n,T) reac-
tions are summed to form the 1DX capture
SIGC.
self-shielding factors of 1DX are computed

cross section, Hence the capture

in the following manner

FCAP, v = [SIGC)px - SNGAMgooe

+FCAPooc ¥ SNCAMi o) /STGC py | (24)

The inelastic matrix for 1DX is formed
by summing all the inelastic scattering re-
The 1DX
total inelastic cross section SIGIN is like-
wise a sum of all inelastic scattering reac-

actions times their multiplicities.

tions times their multiplicities, except the
(n,2n) and (n,3n) reactions are added with-
out multiplying by their multiplicities.

Cne of the CINX options for 1DX output
is the number of downscattering terms for
the 1DX inelastic matrix. If this number
is less than the terms provided in the CCCC
format, then the additional downscattering
terms will be summed into the last 1DX down-
scattering term.

IV. INPUT AND OPERATION

The CINX input and operation informa-
tion has been condensed into Table II. At
most, there are only four types of input
cards required and, if one is only going to
switch from CCCC to 1DX format, just one
card is required.

The major function (MF) indicator gives
one the option to collapse in CCCC format,
to switch from CCCC to 1DX format, or to col-
lapse and put the result in both CCCC and
1DX format.




The number of coarse groups (NCG) in-
dicator and the second card (number of fine
groups per coarse group) allow one to col-
lapse to any subset group structure.

The ICF option allows collapsing to
proceed with a parameter specified (card 3)
built-in collapsing flux, or with a com-
pletely arbitrary read-in flux (card 4).
Collapsing will be exact if this flux is
identical to the original.

The number of downscattering terms
(NDT) determines the size of the inelastic
scattering matrix for the 1DX format.

The neutron precursor file (NPF) indi-
cator in conjunction with MF gives one the
option to simply not process the delayed
neutron data, to collapse in CCCC format,
to switch from CCC to PERT-V format, or to
collapse and put the results in both CCCC
and PERT-V format. (Data terminators [''3"]
have to be added by hand to the PERT-V
cards.)

CINX running times on the CDC-7600 are
relatively short. For instance, it takes
29 s to collapse 240-group 239Pu to 50
groups. It takes 64 s to combine 50-group,
101-isotope ISOTXS and BRKOXS files into
the 1DX format.

As a reminder, both the ISOTXS and
BRKOXS files have to be supplied for any
CINX run.
order on both files.

Isotopes have to be in the same
The DLAYXS file does
not have to be supplied if one does not
wish to process it. Usually the DLAYXS
file has fewer isotopes than the ISOTXS and
BRKOXS files...which is all right as long
as ISOTXS and BRKOXS contain the DLAYXS
isotopes in the DLAYXS order (neglecting
isotopes with no delayed neutron data).

TABLE II

CINX OPERATING INFORMATION
Input Files

3,4,12 - Fine-group binary CCCC-III
ISOTXS, BRKOXS, and DLAYXS
files, respectively.

Qutput Files

8,9,13 - Coarse-group binary CCCC-III
ISOTXS, BRKOXS, and DLAYXS
files, respectively.

10 - Coarse-group 1DX binary format.

System Files

5 - Data cards.

6 - Computer printout.

PUN - PERT-V output on cards.
Data Cards

1 - Run options input card (Format 516)
MF Major functions (0/1/2 = col-
lapse/1DX/both).

NCG Number of coarse groups (omit
if MF = 1)

ICF Collapsing flux (0/1 = thermal-
Fermi-Watt/input) (omit if MF
= 1).

NDT Number of downscattering terms
(including ingroup) (omit if
MF = 0)

NPF Neutron precursor file (0/1 =
No/Yes) (-for PERT-V data).

2 - Number of fine groups per each coarse
group (Format 1216) (omit if MF = 1).

3 - Parameters for ICF = 0 option (For-
gat)4E12.5) (omit if MF = 1 or ICF
0).

TB Nuclear temperature (eV) for
thermal spectrum region (0.025
used for LIB-1IV).

EB Upper limit (eV) for thermal re-
gion (0.1 used for LIB-IV).

TC Nuclear temperature (eV) for 6
WATT spectrum region (1.4 x 10
used for LIB-IV).

EC Lower limit (eV) for WATT re-
gion (0.8208 x 106 used for
LIB-IV).

4 - Input flux (format 6E12.5) (omit if
MF = 1 or ICF = 0).
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APPENDIX A LASL IDENTIFICATION

NO:

LISTING OF CINX CODE

LP-0509

PROGRAM MAIN (INP,OUT,PUN,FSET3,FSETY4,FSETT,FSET8,FSETQ,FSET1A,FSE CINX
1T11,FSET12,FSET13,FSETS=INP,FSET6=0UT)

REKKAANKR R KRR ARRRRKARANCRRRARNRRKRRKARKARARRARAA KA ARRRANAR AR KKk k Ak

MATN PROGRAM FOR COLLAPSING FINE GROUP ISOTXS AND BROKXS FILES.
FINE GRQOUP 1ISOTXS ON FSETS,

FINE GROUP BROKXS ON FSETa,

FINE GROUP DLAYXS ON FSETH2.

COURSE GROUP 1S0OTXS ON FSETS,

COURSE GROUP BROKXS ON FSETS,

COURSE GROUP DLAYXS ON FSET13,

10X OUTPUT ON FSET1Y,

PERTV NUTPUT ON PUNCHED CARDS,

AARRNRKR KR A AR RN RN R AR AR R AR AN R AR R AN AR A AR AR R ARA AR AR AR A AR RN AL A

X K £ K
MAIN

INPUY

MAX

Fl22

JelJ

COLLAP
COLLFF
* X X &
MF

ICF

NDT

NPF
NGROUP
NCG
NGG(T)
LG (D)
FCT)
TFCI)

SUBROUTINE DESCRIPTIONS & % & «

MAIN PROGRAM

READS AND WRITES THE INPUT DATA AND FORMS THE FINE GROUP
FLUX, COURSE GRUUP FLUX, AND MARKS EACH FINE GROUP AS TO
WHICH COURSE GROUP IT BELONGS,

COMPUTES THE MAXIMUM NUMBER OF GROUPS DOWNSCATTER AND
UPSCATTER FOR THE COQURSE GROUP STRUCTURE,

COLLAPSES A FINE GROUP FTSSION SOURCE MATRIX TO A COURSE
GROUP FISSTON SQURCE MATRIX,

COMPUTES THE SCATTERING BANDWIDTHS AND THE IN-GROUP
SCATTERING POSITIONS FOR THE COLLAPSED GROUPS,

COLLAPSES THE FINE GROUP X=SECS,
COLLAPSES THE FINE GROUP SELF~SHIELOING FACTORS,
VARTABLE DESCRIPTIONS &« « & #

MAJOR FUNCTION INDICATOR,
FLUX OPTTON INDICATOR,
NUMBER OF DOWNSCATTERING TERMS,
DELAYED NEUTRON PROCESSING INDICATOR,
NUMBER OF FINE GROUPS,
NUMBER OF COURSE GROUPS,
NUMBER OF FINE GROUPS IN COURSE GROUP T,
COURSE GROUP NUMBER FOR FINE GROUP I,
ABSOLUTE FLUX IN FINE GROUP I,

ABSOLUTE FLuUX IN COURSE GROUP T,

REAL*8 HABSID,HIDENT,HMAT

COMMON A(310A2),X(602),IJBFL(120),JBFH(10R),NTABP(108),NTABT(300),J
1RL(1A3),JBH(137),NGG(240),L6(248),F(24@), TF(243),XSED(240),XSXI(24
20),W(240),L0RD(4),XSPO(240),XSIN(240),XSE(240),XSMU(240),STOTPL (24
33),SNGAM(248),5F1S(240),STRPL(240),JBAND(2406,4),IBAN(C280A,48),TDSCT(

48),CAP(240),SNUTOT(24B),SN2N(248),TB(300)
DIMENSTON HSETID(24), HISONM(208), CHIC(248), VEL(248), £MAX(241),

CINX
CUNX
CINX
CINX
CINX
CINX
C INX
C INX
CINX
CINX
CINX
CINX
CINX
CINX
CINX
CINX
CINX
CINX
CINX
CINX
CINX
C INX
CINX
CTINX
CINX
C TNX
CINX
CINX
CINX
C INX
CINX
CINX
CINX
CTNX
CINX
CINX
C INX
CINX
CTNX
CINX
CINX
CINX
CINX
CINX
CINX
CINX
CINX
€ INX
CTNX
CINX
CINX
CINX
CINX
CINX
CINX
C INX
C TNX
CINX

CINX
CINX
CINX
CINX
CINX
CINX

VoOE~NCVEWN




a2NaXe]

1 84

1BM

2a
3

49

50

1LOCA(198), G(960), IJJ(248,4), 1J(248,4), GG(244,4), FTOT(H,3,240)
2s FCAP(6,3,24B), FFIS(6,3,248), FTR(6,3,240), FEL(6,3,240), FT(6,3
3,249

DIMENSION HABS(20@), NKFAM(17A8), PERTV(1Q), FLAM(S08@), CHID(24@,12
13), NUMFAM(1R3), SNUDEL(240,10@)

EQGUIVALENCE CA(1),HSETID(1Y), (AC225),CHTY(1)), (ACU46S),VEL(1)), (A
1(70S),EMAXCL) ), CAC1346),13J(01,1)), (A(2366),1J3(1,1)), (A(29081),6
2(1)), CA(1Y,FTOT(1,1,1)), (A(4323),FCAP(1,1,1)), (A(BR641),FFIS(L,!
3¢1))e (AC12961),FTR(1,1,1)), (A(17281),FFL(1,1,1)), (A(216A1),FT(1
4,1,1)), C(A(30041),GG(1,1))

EQUIVALENCE C(A(1346),FLAM(1)), (A(2001),CHID(C1,1)), C(ACL1B47), NUMFA
tM(1)), (A(C3001),SNUDEL(L1,1))

CREATE AN END=OF=FILE«SIMULATOR FOR WRITING BETWFEN FTR ISOTOPFS,

DAYA EOFS/4HEQFS/

DO 192 I=1,38748

A(T)=0

MULT=1

MULT=2

IDIM=3144a
FILE IDENTIFICATION RECORDS,

NWDS=1+34MULTY
READ (3)(CA(I),I=21,NWDS)

READ (4)CACI),TI=1,NWDS)

WRITE (7)CA(T),1=1,NWDS)

WRITE (9)(A(I),I=1,NWDS)

FILE CONTROL RECORDS,

READ (3)NGROUP,NISO,MAXUP,MAXDN,MAXORD, ICHIST,NSCMAX,NSBLOK
READ (4)INGROUP,NISOSH,NSIGPT,NTEMPT

FILE DATA RECORDS,

TD2=12*MULY

NMI=NISOxMULT

IF (ICHIST.EQ,1) READ (ZV(HSETID(I),1=1,ID2),(HISONM(I),T=1,NM1),(
LCHI(J) ,J=1,NGROUP), (VEL(J),J=1,NGROUP), (EMAX(J),J=1,NGROUP),EMIN, (
2LOCA(I),I=t,NISO)

IF (ICHIST,NE.1) READ (3)(HSETID(I),I=1,1D2), (HISONMCI),T=1,NM1)},(
IVEL(J) ,J=1,NGROUP), (EMAX(J),J=1,NGROUP) ,EMIN, (LOCACI),I=1,N]ISO)

WE NOW HAVE THE FINE GROUP ENERGY STRUCTURE SO WE CAN READ THE
USER INPUT, FINISH WORKING ON THE FILE CONTROL RECORDS AND WRITE

THEM 0OUT,

NG1=NGROUP+1
EMAX(NGE)=FMIN
CALL INPUT (NGROUP,NCG,NGG,LG,NGY,EMAX,F, TF, MF,NDT,NPF)

IF (NPF,EQ.,®) GO TO 40
READ (12)(A(I),1=1,NWDS)

WRITE (13)CACI),T=1,NKWDS)

READ (12)NGROUP,NISOD, NFAM, IDUM
WRITE ($13)NCG,NISOD,NFAM, IDUM
NDY=NISOD#MULTYT
READ (12)(HABS(1),Ia31t,NDY), (FLAM(N),N=1,NFAM), C(CHID(J,N),J=1,NGRO
tUPY ) N=1,NFAM), (EMAX(J),J =1 ,NGROUP) ,EMIN, (NKFAM(I),I=1,NISOD),(LOCA
2(1),1=1,NIS0D)

N0 30 N=i1,NFAM
L=9
DO 38 JI=1,NCG-

J=NGG(J])

S=a.n

DO 2@ K=t,J

L=b+1

S=S+CHID(L,N)

IF (S.L7.0.9) S=@,0

CHID(JTI,N)}=S

IF (NPF,GT,9) GO TO 49

PUNCH 840, (FLAM(K),K=1,NFAM)

PUNCH 84@, ((CHIDCJI,K),J=1,NCG),K=1,NFAM)

CONTINUE

IF (MF.EQ,1) GO TO SO
CALL MAX (MAXUP,MAXDN,MUP,MDN,NGG,NCG)

WRITE (7INCG,NYIS0O,MUP,MDN,MAXORD, ICHIST,NSCMAX,NCG

WRITE (9INCG,NISOSH,NSTGPT,NTEMPT
RESUME WORKING WITH THE FILE DATA RECORDS,

NM2=NISOSH&MULT
READ (4)(HYSONM(T),I=s1,NM2), (X(K),K=1,NSIGPT), (TB(K),K=1,NTEMPT), (

CINX
C INX
C UNX
CINX
CINX
CTINX
CINX
CINX
CINX
CTNX
CINX
CINX
CINX
CINX
CTINX
CINX
CINX
CINX
CINX
CINX
CINX
€ INX
CINX
CINX
CINX
CINX
CINX
CINX
CINX
CINX
CINX
CINX
CTNX
CINX
CINX
CINX
C INX
CTNX
CINX
CINX
CINX
CINX
CINX
CINX
CTNX
CINX
CINX
CINX
CINX
CINX
CINX
CINX
CINX
CINX
CINX
CINX
CINX
C INX
CINX
CINX
CINX
CINX
CINX
CINX
CINX
CINX
CINX
CINX
CINX
CINX
CINX
CINX

189

112
113
114
118
116
117
118
tt9
120
121

122
123
124
126
126
127
128
129
130
131

132
133
134
138
136
137
138



10

c

c

60

70

av

94
104

119

tav

1302

140

1EMAX(J), J=1,NGROUP) ,EMIN, (JBFLC(I),I=1,NISOSH), (JBFH(I),I=1,NISOSH)

2, (NTABP(T),1I=1,NISOSH), (NTABT(I),I=1,NISOSH)
IF (MF.EQ,1) GO TO 99

DETERMINE THE LOWEST,J8L, AND THE HIGHEST,J8H,

WHICH SELF-SHIELDING FACTORS WILL BE GIVEN,
DO 6@ Y=1,NISOSH

JL=JBFL(D)

JH=JBFH(TI)

JBL(I)=LG(JL)

JBH(I)=LG(JH)

DETERMINE THE COURSE GROUP ENERGY BOUNDARIES (STORING THEM IN THE

COURSE GROUPS FOR

ORGINAL EMAX ARRAY) AND COLLAPSE THE SET FISSION SOURCE VECTOR.

M=1

DO 78 T1=1,NCG

N=NGG(1)

CHI(I)=@,d

EMAX(CI)sSEMAX (M)

DO 7@ J={,N

CHICI)aCHICI)+CHI(M)

MaMe g

COMPUTE THE COURSE GROUP VELOCITTES,
NCG1=NCG=1
C=SQART(1,682/(1,67482%2,))*1,E6

DO 8@ T=1,NCGY
VEL(I)=C*(SARTCEMAX(I))+SQRY(EMAX(I+1)))
VEL(NCG)=C#*#SQRT(EMAX(NCG))

WRITE OUY THE FILE DATA RECORDS

IF (TCHISTL.EQ,1) WRITE (7)(HSETID(I),I=1,1ID2), (HISONM(T),I=1,NM1),
1(CHI(J),J=14NCB), (VEL(J),J=1,NCG), (EMAX(J),J=1,NCG),EMIN, (LOCA(I),

2I=1,NISO)

IF (ICHIST.NE.1) WRITE (7)(HSETID(I1),I=1,1ID2), (HISONM(TY),I=1,NM1),

1(VEL(J),J=1,NCG), (EMAX(J),J=1,NCG),EMIN, (LOCA(TY),I=1,NIS0)

WRITE (9)(HISONM(I),I=1,NM2), (X(K),K=1,NSIGPT), (TB(K),K=1,NTEMPT),
1 CEMAX(J) ¢ J=1,NCG) ,EMIN, (JBL(I),I=1,NISOSH), (JBH(T),T=2,NISOSH), (NT

2ABP(1),I=1,NISOSH), (NTABT(T),I=1,NISOSH)
If (NPF,EQ.®) GO TO 90

WRITE (13) (HABS(I),I=1,NDY), (FLAM(N),N=1,NFAM), (CCHID(J,N),J=1,NCG
1),N=1,NFAM)Y, (EMAX(J),J=1,NCG),EMIN, (NKFAM(T),I=1,NISOD), (LOCA(I),I

2=1,N1S0D)

D0 128 K=1,NSIGPT
X(K)=10,*xX (K)

DO 11Q K={,NTEMPY
TB(K)I=TB(K)+273,.16

SET CHI MATRIX,

IF (TCHIST,LE.1) GO TO 130
NWNS=NGROUP* (ICHIST+1)

IF (NWDS+#NCGA*NCG+2&4NGROUP,GT,IDIM) GO TO 830
READ (3)CACI),I=1,NWDS)

IF (MF.EQ,1) GO TO 132
N2=2*NGROUP

DO 120 I=t,N2

A(NWDS+I) =1,

CALL FJIZZ (AC1),ACICHIST+NGROUP+1),A(NWDS+1),A(NWDS+NGROUP+1),F,NG

16, ICHIST,NGROUP,NCG, A(NKDS+2+#NGROUP+1))
NCGNCG=NCGxNCG

WRITE (7)(A(NWDS+2¢NGROUP+J) ,J=x],NCGNCG), (ACTCHIST«NGROUP+J),J=1,N

1CG)

CONTINUE

LOOP OVER ALL ISOYOPES,
NX=@

KT=0

NOR=@

TI=1

DO 74@ I=1,NISO

DO 148 J=1,NGROUP
SFIS(J)=8

SNUTOT(J)=0

SN2N(J)=0

CONTINUE

LOCACI)=NOR

TSOTOPE CONTROL AND GROUP TNDEPENDENT DATA,

CINX
CINX
C INX
CINX
CINX
CINX
CINX
CINX
CINX
CINX
CTINX
CINX
CINX
CINX
CINX
C INX
CINX
CINX
CINX
C INX
CINX
CINX
CINX
CINX
CINX
CTINX
CINX
CINX
CINX
CINX
CINX
CINX
CINX
CINX
CINX
CINX
CINX
CINX
CINX
CINX
CINX
CINX
C INX
CINX
C INX
CINX
CINX
CINX
CENX
CINX
C INX
CINX
C INX
CTNX
CINX
CINX
C INX
CINX
CINX
C INX
CINX
CInX
CINX
CTNX
CINX
C INX
CINX
CINX
CINX
CINX
C INX

READ (3)HABSID,HTDENT,HMAT,AMASS,EFISS,ECAPT,TEMP,SIGPOT,ADENS,KBR CINX

139
140
1414
142
143
144
145
146
147
148
149
150
151

192
153
154
155
156
157
158
159
160
161

162
163
164
165
166
167
168
169
170
171
172
173
174
175
176
177
178
179
188
181

182
183
184
185
186
187
188
189
194
191
192
193
194
195
196
197
198
199
208
2M
202
203
29y
285
2a6
27
298
209
2la



c

1,ICHI,IFIS, JALF,INP, IN2N, IND, INT,LTOY,LTRN, ISTRPD, (IDSCT(N),N=1,NS
2CMAX) , (LORD(N) ,N=1 ,NSCMAX), ((JRAND(J,N),J=1,NGRUOUP) ,N=1,NSCMAX), ((
3IJJC(JI,N)»J=1,NGROUP) ,N=1,NSCMAX)

IF (MF,.EB,1) GO TO 159

CALL JRIJ (JBAND,IJJ,JBAN,TJ,NGG,NSCMAX,NGROUP,NCB)

WRITE (7)HABSID,HIDENT,HMAT,AMASS,EFISS,FCAPY,TEMP,SIGPOT, ADENS,KB
1R, ICHI, IFIS, TALF,INP, INSN, IND, INT,LTOT,LTRN,ISTRPD, (IDSCT(N),N=f,N
2SCMAX) , (LORD(N), N2t ,NSCMAX), ((JBAN(J,N),J=1,NCG),N=1,NSCMAX), ((IJ¢(
3J+N),J=1,NCG) ) N2, NSCHMAX)

NOR=NOR+1

PRINCIPAL CROSS SECTIONS,

158 NWOSZ(1+LTRN*LTUT+TALF+INPHINSNFINNDIINT+ISTRPD4+2XxIFIS+ICHIX(2/(ICH
1I141)))ANGROUP

READ (3)(A(J),J=1,NWDS)

SAVING AND COLLAPSTING THE TRANSPORTY X=SEC,

DO 170 L=1,LTRN

IF (L,GT,1) 60 YO 7@

DO 168 J=1,NGROUP

16@ STRPL(J)=ACJ)
170 CALL COLLAP (A(NGROUP«(L=1)+1),A(NCG*(L=1)+1),F,NGG,NGROUP,NCG)

SAVING AND COLLAPSING THE TOTAL X-SEC,

M= TRN#NGRQUP
DU 19@ L=%,LTOT

IF (L.GT,1) GO ¥O 190
DO 1RA0 J=1,NGROUP

180 STOTPL(J)Y=A(J+M)
190 CALL COLLAP (A(MeNGROUPX(L=1)+1),A(LTRNANCG+NCG*(L-1)+1),F,NGG,NGR
10UP,/NCG)

SAVING AND COLLAPSING THF N,G X=SEC.

Mz (LTRN+LTOT)aNGROUP
DO 208 J=t,NGROUP
CAP(J)=A(J+M)

288 SNGAM(J)=A(J+M)

CALL COLLAP (A(M+1),A(NCGA#(LTRN+LTOT)+1),F,NGG,NGROUP,NCR)

SAVING AND COLLAPSING THE FISSION x=SEC,

IF (IF1S.LE.Q) GO TO 278

M= (1 +LTRN+LTODT)aNGROUP

DO 2318 J=1,NGROUP

210 SFIS(J)=A(J+M)

CALL COLLAP (A(M+¢1),AC1+C1+LTRN+LTOT)I&NCG),F,NGG,NGROUP,NCG)

SAVING AND COLLAPSING THE NEUTRON YIELD/FISSTON,

M=M+NGROUR

DO 226 J=1,NGROUP

SNUYOT(J)=A(JeM)

220 W(JI=SFIS(JI*F(J)

CALL COLLAP (A(M+1),ACL1#(2+LTRN+LTOT)ANCG),uw,NGG,NGROUP,NCG)

IF (NPF,EQ, B OR HISONM(I#MULT) NE.HABSCIT#MULT)) GO TO 270

NKFAMIaNKFAMCIT)

READ (12)((SNUDEL(J,K),J=1,NGROUP),K=1,NKFAMI), (NUMFAM(K) ,K=1,NKFA
tMI)

IF (NPF.GT,®) GO 10 250
SUM=0.0
DO 238 K=1,NKFAMT
CALL COLLAP (SNUDEL(1,K),PERTV(K),W,NGROUP,NGROUFP, 1)

2384 SUM=SUM$PERTV(K)
DO 248 K=1,NKFAMY
249 PERTV(K)=PERTV(K)/SUM
PUNCH 849, SUM
PUNCH B840, (PERTV(K),K=1,NKFAMI)
250 CONTINUE
DO 268 K=1,NKFAMT
264 CALL COLLAP (SNUDEL(1,K),SNUDEL(1,K),%,NGG,NGROUP,NCG)

WRITE C13)((SNUDEL(J,K),J=1,NCG),K=1,NKFAMT), (NUMFAM(K),K=1,NKFAM]
1)

TI=11+%

2794 IF (ICHI,LE.@) GO TO 300

COLLAPSING THE ISOTVOPE FISSION SOURCE VECTOR,

MzM+NGROUP
L=
N=(LTRN+LTOT+1¢2+#IFIS)*NCG
DO 299 JI=1,NC6
J=NGG(JI)

CINX
CINX
CINX
CINX
C INX
CINX
CINX
CINX
CINX
C INX
C INX
C INX
CINX
C INX
CINX
CINX
CINX
C INX
€ TNX
CINX
CINX
CINX
CINX
C INX
CINYX
C INX
CINX
€ INX
€ INX
C INX
CINX
CINX
CINX
C INX
C INX
CINYX
CINX
CINX
CTNX
C INX
CINX
CINX
CINY
CINX
CINX
CINX
CINX
CTNX
CINX
CINX
CINX
CINX
CTNX
CINX
C INX
CINX
C INX
CINX
CINX
CTNX
CINX
CINX
C INX
CINX
CINX
C INX
C INX
CINX
C INX
CINX
CINX
CINX

21t

212
213
214
215
2té
e17
218
219
224
221

222
22%
224
225
226
227
228
229
230
231

232
233
234
235
236
237
238
239
24n
241

2n2
243
244
245
246
247
248
249
250
251
252
253
254
255
256
257
258
259
269
261

262
263
264
265
266
267
268
269
270
271

272
273
274
275
276
a77
278
279
289
281

282

11
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288
290

300

310
320

338
340

3509

360

379
384

390

499

419

422 NWOS=(1+LTRN¢LTOT+TALF+INP+IN2N+IND+INT+ISTRPD+2*xIFIS+ICHIx(2/(ICH

439

449

$=0,0

DO 288 K=1,J

Lal+l

SaS+A(M+L)

ACJI+N)=S

COLLAPSE THE REMAINING X=SEC,

MM=NCGA (LTRN+LTOT+2+IFIS+ICHI*«(2/(CICHI+1)))
IF (1ALF,EQ,.@) GO TO 320

MaM+NGROUP

MMz=MM+NCG

DO 318 J=1,NGROUP

CAP(J)=CAP(JI®A(J+M)

CALL COLLAP (A(CM+1),A(MM+1),F,NGG,NGROUP,NCG)
IF (INP.EQ,8) GO TO 340

M=M+NGROUP

MM=MM+NCG

DO 338 J=1,NGROUP

CAP(J)=CAP(JI+A(J+M)

CALL COLLAP CACM+1)Y,A(MM+1),F,NGG,NGROUP, NCG)
IF (IN2N,EQ.Q) GO TO 360

MM+ NGROUP

MM=MM+NCG

DO 358 J=1,NGROUP

SNZN(J)=A(M+ )

CALL COLLAP (A(M+1),A(MM#1),F,NGG,NGROUP,NCG)
IF (IND.EQ@.Q) GO TO 380

M=M+NGROUP

MM=MM+NCG

DO 370 J=1,NGROUP

CAP(JI=CAP(JI+A(J+M)

CALL COLLAP (A(M+1),A(MM+1),F,NGG,NGROUP,NCG)
IF (INT.EQ.8) GO TO 4460

M=M+NGROUP

MMsMM+NCG

DO 396 J=1,NGROUP

CAP(J)=CAP(J)+A(J+M)

CALL COLLAP (A(M+1),A(MM+1),F,NGG,NGROUP,NCG)
IF (ISTRPD,EQ.A) GO YO 420

DO 418 L=1,ISTRPD

M=M+NGROUP

MM=MM¢NCG

CALL COLLAP (A(CM+1),A(MM+1),F,NGG,NGROUP,NCG)
CONTTINUE

1I+1)))+NCG

IF (MF ,NE.1) WRITE (7)CA(J),J=1,NNWDS)
NOR=NOR+1
SELF-SHIELDING FACTORS,
NBINT=NTABP(T)
NBTEM=NTABT(I)
JBFLI=JBFLCI)
JBFHI=JBFH(I)
JBLI=JBL(I)

JBHI=JBH(I)

DO 438 J=1{,NGROUP

DO 430 K=z1,NBTEM

DO 4383 N=1,NBINT
FTIOTIN,KsJ)=t,
FCAP(N,K,J) =1,
FEIS(N,K,J)=1,
FTR(N,K,J)=1,
FEL(NsK,J)=1.

READ (4)C(C(FTOT(N,KeJ),N21,NBINT),K=1,NBTEM),d=JBFLI,JBFHI), (((FCA
{P(N,K,J) ) N=1,NBINT),K=1,NBTEM) ,J=JBFLYI,JBFHRI), (((FFIS(N,K,J),N=1,N
2BINT),K=1,NBTEM) ,J=JIBFLI,JBFHI), CCC(FTR(N,K,J),N=21,NBINT),K=1,NBTEM
3)IJ=JBFLIpJBFHI)’(((FEL(NIK'J)'NleNBINT)lellNBrEM)IJ=JBFLLIJBFHI

4)

READ (4)(XSPO(J),J=1,NGROUP),(XSIN(CJ),J=1,NGROUP), (XSE(J)},J=1,NGRO
1UP) » (XSMU(J) ,J=1,NGROUP) , (XSED(J),J=1,NGROUPY, (XSXT(J),Jd=1,NGROUP)

DO 449 J=1,NGROUP
SN2N(J)=SN2N(JI+XSIN(I)
1F (MF,EQ.,1) GO TO 480

C INX
CINX
CINX
CINX
CINX
CINX
CINX
CINX
CINX
CINX
CINX
CINX
CINX
CINX
CINX
CINX
CINX
€ INX
CINX
CINX
CINX
CINX
CINX
CINX
CINX
CINX
CINX
CINX
CINX
CINX
CINX
CINX
CINX
C INX
CINX
C INX
CINX
C INX
CINX
CINX
CINX
CINX
CTINX
CINX
CINX
CINX
CINX
CINX
C INX
CINX
CINX
CINX
CINX
CINX
CINX
CINX
CINX
CINX
CINX
CINX
CINX
CINX
CINX
CINX
CINX
CINX
CINX
CINX
CINX
C INX
C INX
€ INX

283
284
285
286
287
288
289
29y
291

292
293
294
295
296
297
298
299
300
301

302
383
384
305
306
307
308
309
310
311

3te
313
314
318
316
317
318
319
320
321

322
323
324
325
326
327
328
329
330
3314
332
333
334
335
336
337
338
339
340
3414
342
343
344
345
346
347
348
349
350
351
352
353
354




c

C

DU 450 J=1,NGROUP

DO 45@ K=1,NBTEM

DO 25¥ N=1,NBINT

453 FTIN,KsJY=CFFIS(N,K,J)*SFIS(J)+FCAP(N,K,JI*SNGAM(JI+FEL(N,K,J)~XSE
1(JI+STOTPL(JI=SFIS(J)=SNGAM(J)I=XSE(J)I)/STOTPL(J)

CALL COLLFF (FTOY,STOTPL,FY,STOTPL,F,X,NX,NGG,NBINT,NBTEM,NGROUP,N
1CG,NSIGPT, 1)

« CALL COLLFF (FCAP,SNGAM,FT,STOTPL,F,X,NX,NGG,NBINT,NBTEM, NGROUP,NC

1G,NSIGPY, 3)

CALL COLLFF (FFIS,SFIS,FT,STOTPL,F,X,NX,NGG,NBINT,NBTEM,NGROUP,NCG
1,NSIGPT,?)

CALL COLLFF (FEL XSE,FT,STOTPL,F,X,NX,NGG,NBINT,NBTEM,NGROUP, NCG,N
1SIGPT, Q)

DO 460 J=1,NGROUP

460 W(J)SXSE(J)2F(J)

CALL COLLAP (XSPO,XSPQ,F,NGG, NGROUP,NCG)

CALL COLLAP (XSIN,XSIN,F,NGG,NGROUP,NCG)

CALL COLLAP (XSE,XSE,F,NGG,NGROUP,NCG)

CALL COLLAP (XSMU,XSMU,W,NGG,NGROUP,NCG)

CALL COLLAP (XSXT,XSXI,W,NGG,NGROUP,NCG)

COMPUTFE COURSE GROUP TRANSPORT F=FACTORS.

CALL COLLAP (STOTPL,STIDTPL,F,NGG,NGROUP,NCG)

DO 478 J=1,NCG

STRPL(J)=STOTPL(J)=XSMU(JI*XSE(JI)

PO 478 K=1,NBTEM

PO 47@ N=1,NBINT

ATR FTR(N, K, J)2(FTOT(N, K, JYASTOTPL(J)=XSMU(CJIXFEL(N,K,J)*XSE(J))/STRPL
1(J)

WRITE (9Y(C((FTOYC(N,K,J),N=t{,NBINT),K=1,NBTEM)Y,J2JBLI,.JBHY), (((FCAP
1 (N, KpJY,NS1,NBINT),K=1,NBTEM),J=IBLI,JBHI), (C(FFIS(N,K,J),N=1,NBTIN
2T) s K=1,NBTEM) , J=JBLI,JBHT) , (C(FTR(N,K,J), N2t ,NBINT),KSt1,NBYEM),Jd=J
3BLT,JIBHI) ) CCCFEL(N,Ko,J),N=1,NBINT) K=t ,NBTEM), J=JBLI, JBHY)

WRITE OUY F=FACTORS IN FTR FORMAT,

48a4 IF (MF,EQ.@) GO TO SPQ

IF (MF,EQ.3) WRITE (10)HABSID,AMASS,NBTEM,JBFL(I), JBFH(1),NBINT,NB
1INT,NBINT,NBINT, (TB(KT4+K),K=1,NBTEM)

JF (MF,EQ.2) WRITE (10)YHABSID,AMASS,NBTEM,JBL(T),JBH(I),NBINT,NBIN
1T,NBINT,NBINT, (TRB(KT+K),K=1,NBTEM)

NB=JBFLI

Ne=JBFH]

IF (MF,EQ,2) NR=JBLI

IF (MF,EQ.2) NE=JBHI

WRITE (1Q)(XC(NX+K),K=1,NRINT)

WRITE (1M C(((FFIS(N,K,.J),N=1,NBINT),K=1,NBTEM),J=NB,NE)

WRITE (10) (X(NX+K),K=21,NBINT)

IF (MF_.EQ.2) CALL COLLAP (CAP,CAP,F,NGG,NGROUP,NCG)

TF (MF,EQ,.2) CALL COLLAP (SNGAM,SNGAM,F,NGG,NGROUP,NCG)

NO 498 N=1,NBINT

D0 498 K=1,NRTEM

DO 498 J=NB/NE

IF (CAP(J).NE,B.0) FCAP(N,K,J)21.+(FCAP(N,K,J)=1,)%SNGAM(J)/CAP(J)

493 CONTINUE

WRITE (10)C(CFCAP(N,K,J),N=1,NBINT),K=1,NBTEM),J=NB,NE)

WRITE (1@)(X(NX+K),K=1,NBINT)

WRITE (1B)Y((CFTOT(N,K,J),N=1,NBINT),K=1,NBTEM}, J=NBR,NE)

WRITE (10)(X(NX+K),K=21,NBINT)

WRITE (1M (((FEL(N,K,J),N=1,NBINT),Kz},NBTEM), J=NB, NE)

SU® CONTINUE

COLLAPSING THE ISOTOPE FISSION SOURCE MATRIX.

IF (ICHILLE.1) GO 7O S10

NADS=NGROUPXx (JCHTI+1)

IF (NWDS+NCG*NCG,GT.IDIM) GO TO 837
READ (3)(ACJ),Jd=1,NKDS)

IF (MF_.EQ,1) GO TO St@

CALL FYZZ (A(1),AC(ICHT*NGROUP+1),SFIS,SNUTOT,F,NGG, TCHT,NGROUP,NCG
1t ACNWDS+24NGROUP+1))

NCGNCG=NCG*NCG

WRITE (7)(A(NADS+2+NGROUP+J),J=1,NCGNCG), (ACICHISTANGROUP+J),J=1,N
tc6)

NOR=NOR+ 1

COLLAPSING THE SCATTERING MATRICES,

514 NN=(NGROUP#x2«NGROLIP) /72¢NGROUP

DO S2@ N=zi,NN

CINX
CINX
C INX
CINX
CINX
CINX
C INX
CINX
C INX
CINX
CINX
C INX
CTNX
C INX
CINX
CINX
C INX
CINX
C INX
C INX
CINX
CINX
CINX
CINX
CINX
CINX
CINX
CINX
CINX
CINX
CINX
CINX
CINX
CINX
CINX
CINX
CINX
C INX
CINX
CINX
CINX
CINX
CINX
CINX
CINX
CINX
CINX
CINX
CINX
CINX
CINX
CINX
CINX
CINX
CINX
CINX
C INX
CINX
CINX
C INX
CTNX
CTINX
CINX
CINX
CINX
C INX
CINX
CINX
CINX
CINX
CINX
CINX

CINX

355
356
357
358
359
360
361
362
363
364
365
366
367
368
369
379

371
372
373
374
375
376
377
378
379
380
381

382
383
384
385
386
387
388
389
190
391
392
393
394
395
396
397
398
399
40y
401
4@2
403
424
405
une
4ay
478
409
410
411

412
413
414
415
416
417
418
419
420
421

422
423
424
425
426

427

13



14

529

538

540
559

Sey¥

S7@

584
594

640

610

624
630
649

654

A(N)=@,0

DO 648 N=1,NSCMAX
LORDN=LORD(N)

IF (LORDN_EQ.Q) GO TO 640
IDSCTN=IDSCT(N)

IF (MF,NE,1) GO TO Sé60

M=

DO 558 J=1,NSBLOK
M=M+NGROUP=J+1

JL=JBAND(J, N)

IF (JL.EQ.®) GO TO S50

READ (3)(G(K),K=1,JL)

IF (JDSCTN,EG.A) GO TO S5%@
TF (IDSCTN.NE.1080) GO YO 530
XSED(JYI=XSE(J)=G(1)

GO TO 550

MM=M

DO S48 K=zt,JdL
MM=MM=NGROUP=K+J
A(MMIK)I=A(MM+K)+G(K)

TF (TDSCTN.EG,3AA) A(MM4¢K)I=A(MM+K)I+G(K)
CONTINUE

CONTINUE

GO TO 640

CONTINUE

MMM=0

IFG=p

DO 638 1CGP=1,NCG
MMM=MMM+NCG=ICGP+1
NN=NGGC(ICGP)

DO S70 M=1,4

DO S7Q L=1,240

GG(L,M)Y=01,0

DO Y98 M=1,NN

IFG=IFG+1
JBANDI=JBAND(IFG,N)
JL=JBRAND T« ORDN

TF (JL,EQ.®) GO TO S99

READ (3)(G(K),K=1,JL)

DO SAR@ L=1,LO0RDN

DO S88 J=1,JBANDT
ICG=LG(IFG=J+1)
II=1CGP+1=-1CG
GGCIT,L)=G(I+(L=1)*xJBANDI)*F(IFG=J+1)/TF(ICGI+GG(II,L)
CONTINUE

CONTINUE

TI=JBAN(TICGP,N)

IF (TI1.,EQ.,@) GO TO 608

IF (MF,NE.1) WRITE (7)((GGE(J,L),JI=1,T1),L=1,LORDN)
NOR=NOR+1

CONT INUE

IF (IDSCTN.ER,@) GO TO 630
IF (IDSCTN,NE.180) GO TO 610
XSED(ICGP)=XSE(ICGP)«GG(1,1)
GO T0 630

MM=MMM

DO 620 K=1,I1
MM=MMeNCG=K+ICGP
A(MM+#K)ISA(MM+K)I+GG(K, 1)

IF (YDSCTN,EQ,30A) A(MM+¢K)=AC(MM+K)+GG(K,1)
CONTINUE

CONT ITNUE

CONT INUE

IF (MF.NE.1) WRITE (9)(XSPO(J),J=21,NCG)Y, (XSIN(J),J=1,NCB), (XSE(J),
1J=1,NCG) s (XSMUCJ),J=1,NCG), (XSED(J),J=1,NCG), (XSXI(J),J=1,NCG)

NG=NGROUP

IF (MF,EQ.@) GO TO 731

IF (MF.EG,1) GO TO 660

NG=NCG

DO 650 J=1,NGROUP

W(J)=SFIS(JI*F ()

CALL COLLAP (SNUTOT,SNUTOT,W,NGG, NGROUP,NCG)

CINX
CINX
CINX
CINX
CINX
CINX
CINX
CINX
C INX
CINX
CINX
C INX
CINX
CINX
C INX
CINX
C INX
CINX
CINX
CINX
CINX
C INX
CINX
CINX
CINX
CINX
CINX
CINX
CINX
CINX
C INX
CINX
CINX
C INX
CINX
CINX
CINX
CINX
CINX
CTNX
CINX
CINX
CINX
CINX
CINX
CINX
CINX
CTINX
CINX
CINX
CINX
CINX
CINX
CINX
CINX
CINX
CINX
CINX
CINX
CINX
CINX
CINX
CINX
CINX
CINX
CINX
CINX
CINX
CINX
CINX
CINX
CINX

428
429
430
43

432
433
434
435
436
437
438
439
449
441
442
443
444
44s
446
447
a48
449
450
451
452
453
454
45%
4So
457
458
459
46@
a6

462
463
464
465
466
467
468
469
470
471

472
4713
474
4715
476
4717
478
479
480
481
482
4873
484
485
486
487
4R8
489
490
491

492
493
494
498
496
497
498
499




CALL COLLAP (SFIS,SFIS,F,NGG,NGROUP,NCG)
CALL COLLAP (SN2N,SN2N,F,NGG,NGROUP,NCG)

663 CONTINUE

672
680

690
700
718

729

739

T48

759

7608

WRITE (16)CSTOTPL(N),SFIS(N)Y,SNUTOT(N),CAP(N),SN2N(N),XSE(N),XSMU(
IN) s XSXT(N),XSED(N),N=1,NG)

220,09

Mz=NGe=1

DO 716 J=1,NG

MzMeNGeJ+2

NGJ=NG+1=J

NNSNDT=NGJ

IF (NN) 680,700,670

WRITE (11)CACM+K),K=1,NGJ),(Z,K=1,NN)

GO T0 710

NDT1=NDT+1

DO 690 NaNDTt,NGJ

A(MENDT)I=A(MENDTI+A(MeN)

WRITE (11)(A(MeK),K=1,NDT)

CONT INUE

REWIND t1

NGNDT=NGANDT

IF (NGNDT,GT,38748) GO YO 820

DO 728 J=1,NG

NN=(J=1)*NDT

READ (11)CACNN#NY,N=1,NDT)

REWIND 11

WRITE (1@)(A(J),J=1,NGNDT)

WRITE (1Q)FOFS

NX=NX+NBINT

KT=KT+NBTEM

CONTINUE

IF (MF.,EQ,1) GO TO 81¢

ACCOMODATING THE CONFOUNDED LOCA ARRAY

END FILE 7

REWIND 7

NADS=1+3*MULT

READ (7)(A(CI),I=1,NwDS)

WRITE (B8)(A(I),1=1,NWDS)

READ (7)NGROUP,NISO,MAXUP,MAXDN,MAXORD, ICHIST,NSCMAX,NSBLUK

WRITE (B8)NGROUP,NISO,MAXUP,MAXDN,MAXORD, ICHIST,NSCMAX, MSBLOK

IF (ICHIST,EQ.1) READ (7)(HSFTID(1),TI=1,1ID2),(HISONMCI),T=1,NM1),(
1CHI(J),J=1,NGROUP), (VEL(J),J=1,NGROUP), (EMAX(J),J=1,NGROUP),EMIN, (
2LARK, I=1,NISO)

IF (ICHIST NE,1) READ (7)(HSETID(I),T=1,ID2), (HISONM(I),T=1,NM1),(
IVEL(J) ,J=1,NGROUP), (EMAX(J),J=1,NGROUPY,EMNIN, (LARK,I=1,NIS50)

IF (JCHIST.EQ.1) WRITE (8)(HSETID(I),I=1,ID2), (HISONM(T),I=1,NM1),
1 (CHI(J)Y,J=1,NGROUP) , (VEL(J),J=1,NGRAUP), (EMAX(J),J=t,NGROUP),EMIN,
2(LOCA(T),I=1,NISO)

IF (TCHIST.NE.1) WRITE (B)(HSETID(I),I=z{,IN2), (HISONM(I),I=1,NM1),
1(VEL(J),J=1,NGROUP)Y, (EMAX(J),Jd=1,NGROUP) ,EMIN, (LOCA(I),I=1,NISO)

IF (ICHIST,LE.$) GO TO 759

NWDSaNGROUP* (ICHIST+1)

READ (T)(ACI),I=1,NWDS)

WRITE (8)(A(I),I1=z1,NWDS)

DO 88@ I=1,NISO

READ (7)HABSID,HIDFNT,HMAT, AMASS,EFISS,ECAPT,TEMP,SIGPOT,ADENS, KBR
1, ICHT, IFIS, IALF, INP, IN2N, IND, INT,LTOT,LTRN, ISTRPD, (IDSCT(N),N=1,N5
2CMAX), (LORD(N) ,N=§,NSCMAX), ((JBANDCJ,NY, J=1,NGROUP) ,N=1,NSCMAX), ((
31JJ(I/N)»J=1,NGROUP),N=1,NSCMAX)

WRITE (8)HABSID,HIDENT,HMAT,AMASS,EFISS,ECAPT, TEMP,SIGPOT, ADFNS,KB
1R, TCHI, IFIS, TALF,INP, IN2N, IND, INT, L LTOT,LTRN, ISTRPOD, (IDSCT(N),N=§,N
2SCMAX) , (LORD(INY ,N=1,NSCMAX), ((JBAND{J,NY,J=1,NGROUP) ,N=1,NSCMAX), (
3CIJICI,NY,JI=1,NGRUOUP) ,N=1,NSCMAX)

NHDS=(1+LTRN+LTOT+TALF+INP+INSN+IND+INT+ISTRPD+2#IFIS+TICHI®x(2/(ICH
11+41)))*NGROUP

READ (7)CA(J)Y,J=1,NWDS)

DO 764 J=1,NGROUP

A(J)=STRPL(J)

WRITE (8)(A(J),J=1,NWDS)

IF (ICHI,LE.1) GO TO 770

NADS=NGROUP* (ICHT+1)

READ (7)(A(J),J=1,NwDS)

WRITE (8)(A(J),Jd=1,NWDS)

CINX
CINX
CINX
CINX
CTINX
CINX
CINX
CINX
CINX
CINX
CINX
CINX
CINX
CINX
CINX
CINX
CINX
CINX
CINX
CINX
CINX
CINX
CINX
CINX
CINX
CINX
CTINX
CINX
CINX
CINX
C INX
CINX
C INX
CINX
CINX
CINX
CINX
CINX
CINX
CINX
CINX
CINX
CINX
CINX
CINX
CINX
CINX
CINX
CINX
CINX
CInX
CINX
CINX
CINX
CINX
CINX
CINX
CINX
CINX
CINX
CINX
CINX
CINX
CINX
CINX
CINX
CINX
CINX
C INX
CINX
CINX
CINX
CINX

500
501
502
583
504
5085
506
507
5es8
509
518
511
512
513
514
515
516
517

519
520
521
522
523%
524
525
526
527
528
529
530
931
532
533
534
53%
536
537
538
539
548
541
S42
543
544
945
546
547
548
549
550
551
S52
553
554
555
556
957
558
559
560
561
562
563
564
965
S66
567
568
569
579
371
572

15



16

o000

ooaon

770

780
794
Ape
a1

824

R3p

B4n
859

Ao FORMAT (76H THIS VERSION OF CINX CANNOT HANDLE SUCH A

874

10

24

14

29
3

DO 794 N=z=1,NSCMAX

TF (LORD(NY ., EW,.¥) GO TQ 790
D0 780 J=1,NSBLUK
LJ=LORD(N) «JRAND(J, N)
IF (LJ.ER.A) GO TUO 7R
READ (7)CA(M),M21,Ld)
WRITE (8)(A(M),M=1,Ld)
CUNTTINUE

CONT INUE

CUNT INUE

CONTINUE

WRITE (6,858)

RETURN

WRITE (6,860)

RETURN

WRITF (6,870)

RETURN

FORMAT (6(3X,1PE9,.3))

FORMAT (iHR,A6HCINX IS FINISHED, RUN UNITS 8,
INX TO GET A PRINY OF YOUR COLLAPSEND/20AX,A8HCCCC NATA AND/OR RUN UN
21T 1™ THROQUGH PUPX TO GET A PRINT OF YOUR
3 CALLED FOR DELAYED NEUTRON DATA FOR PERTV IT WILL BE/24uX,23HFOUND

4 ON PUNCHED CARDS,)

1FLASTIC MATKRIX RECORD)

FORMAT (68H THIS VERSION OF CINX CANNOY HANDLE SUCH A LARGE SET CH

11 DATA RECORD)
END

SUBRNDUTINE COLLAP(XS,X,F,NGG,NG,NCG)
AKRARARRAR R AR KR KR KA RN R AR AN AR AR R AR R AR KA AR AR KA RN AR AR RAKARAKRARAA KA A KA

9

10X/720X, 66HDATA,

AND 13 THROUGH BI

T YOu

LARGE tDX IN

COLLAPSES THE FINE GROUP X=SECS TU THE COURSE GROUP STRUCTURE,

KEARKKKXA KK AKX AKRRRNERRKARNARRA R A RANRANNAN AR ARARRARRRAA R KA K AARK AR AN AN KAk AAK

DIMENSION XS(1), F(1), X(1), NGG(1)
L=@a

DO 29 T=1,NCG

J=NGG(])

S=0,n

T=A.@

NO 1@ K=1,J

Lal+g

S=S+XS(LIxF (L)

T=T+F (L)

JF (T.LE.A,0) X(T)=0,9
IF (T.GT,8.8) X(1)=S/T
CONTTNIE

RETURN

END

SUBROUTINE JBIJ(JBAND,TJJ,IBAN, IJ,NGG,NSCMAX,NGROUP,NCR)

AR A AR KA RAR KRR AR A AR AR R R RAR AR EAN R AR R AR AR ARNRA A AR AR A AR AR KA KA A ALK

COMPUTES THE SCATYTERING BANDWINDTHS AND THE IN=GROUP SCATTERING
ASSUMES ALL 1JJ=1,

PUSITIONS FOR THE COLLAPSED GROUPS,
AR AR KRR A A KRR R AR R AR KA A A RN KRR R R R AR R KRR R AR AR R RN kAR AR R AR AR A A A &

DIMENSTON JBAND(246,4), 1JJ(240,4),
DO 4@ N=1,NSCMAX

M=

DU 49 T=1,NCG

L=NGG(T)

MIN=M+1

JCK=@

DU 14 J=1,1L

Mz=M¢ |

TIF (JBAND(M,N)} NE.?) JCK=1
MINSMINA(MIN, M+ IJI(M,N)=JBAND(M,N))
MC=4d

DO 2 Kai1,NCG

MC=MC+NGG(K)

IF (MC,GE,MIN) GO0 TO 30

CONTINUE

JBAN(I,N)=I=K+i

IF (JCKL,EQ.@) JBAN(I,N)=0Q

JBAN(240,4),

1J(24m,4),

NGG(1)

CINX
CINX
CINX
C INX
CINX
CTINX
C INX
CINX
CInNX
CINX
CINX
CINX
CINX
CINX
CTNX
L INX
CINX
CINX
CINX
C INX
CINX
CINX
C TNX
CINX
CINX
CINX
CINX
CINX
C I'NX
CINX
CINX
CINX
CINX
CINX
CINX
CINX
CINX
CINX
CINY
CTNX
CTINX
CINX
CINX
C INX
CINX
CINX
CINX
CINX
C INX
CINX
CINX
CINX
CINX
CINX
CINX
CINX
CINX
CINX
CINX
CINX
CTNX
CINX
C INX
CTINX
CINX
C INX
CINX
CINX
CTINnX
CINX
CINX
CINX

573
574
57%
576
577
578
579
584
581
582
583
584
585
586
SR87
S88
589
590
591
592
593
594
595
596
597
594
599
604
601
602
603
604
605
Y-
607
678
6909
610
611
612
613
614
615
6te
vl7
618
619
Y4
621
622
623
624
62%
626
6217
628
629
639
631
632
633
634
6395
636
637
638
639
640
641
642
[ L¥]
644




sEaNeNeKe]

ocnonN

4@

19

24

49

54

19
4y

39

a@

1JCI,N)=1
RETURN
END

SUBROUTINE MAX(MAXUP,MAXDN,MUP,MDN,NGG,NCG)

AR R AR R A AR AR R R R AR A R R R R R AR AR R R R R R AR R RN R R AN R R AR R kA ARk kA X
COMPUTES THE MAXIMUM NUMBER OF GRUUPS DOWNSCATTER,
MAXIMUM NUMBER OF GROUPS UPSCATTER,

STRUCTURE,

RARKKRKRRAARRRRRRRRA KA ANR KR RRARKRRAN RN AR ARAKRRKARRARAANRKAR AR AR A A A kR Ak kA&

DIMENSTION N&GG(1)
NCG1=NCG=}

IF (MAXDN,GT,3) GO TO 18
MON=9

MDN=1

DO 4@ I=1,NCGH

M=Q

N=@

DO 20 J=I1,NCG1Y

M=M¢ §

N=N+NGG(J+1)

IF (N,GE,MAXDNY GO 7O 39
CONT INYE

MDN=MAXUA(MDN, M)

CONTINUE

IF (MAXUP,GT,0) GO TN 54
MUP=@

GO T0O 9@

MUP=1

DO 80 I=1,NCGY

MzQ

N=0

DO 69 J=I,NCGH

MzMe g

NN+ NGG(NCGR=J)

IF (N,GE,MAXUP) GO TO 7@
CONTINUE

MUPZMAXQ(MUP, M)

CONTINUE

RETURN

END

SUBROUTINE FTZZ(CHT,ISSPEC,SFIS,SNUTOT,F,NGG, ICHTIST,NGROUP,NCG, X)
AR R K Ak AR R R R R R Rk R AR AR R AR AR R R R R AR R KRR AR A AP R AR R R AR R A AR R AR R AN R &

COLLAPSES THE FINE GROUP FTSSTION SOURCE MATRIX TN A COURSE

GROUP FISSTON SUURCE MATRIX,

AR R R R R AR R AR AR AR A AR R RN R A AR R AR KA R R A RN R AR AR AR AR KRR R AR R AR AR
DIMENSTON CHI(ICHIST,NMGROUP),
1 (NGROUP), F(NGRUUP), NGG(NCG),
COLLAPSE CHI(CICHIST,NGROUP) TU CHICICHIST,NCG),

DO 20 K=1,TCHIST
M=0

DO 2@ J=1,NCG
N=NGG(J)

SuM=p .0

DO 1@ L=1,N
M=M+
SUMzSUM+CHTI (K, M)
CHI(K,J)=sSUM

COMPUTE X(T,J)=FRACTION OF NEUTRONS EMITYED IN BROAD GROUP J AS A
RESULT OF A FISSTON IN BROAD GROUP T,

Mz

DO 5@ J=1,NCG

N=NGG(J)

00 30 JP=1,NCG
X(J,JP)=0,0

ROT=A

DO 4@ L=i,N

Mz=M+1

I=TSSPEC(M)
WzSNUTOT(MI*SFISIMIXF (M)
BRUOT=BOT+HW

DO 47 JP=1,NCG
X(J,JP)=X(J,IPY+CHTI(I,JP) W
DO 5@ JP=1,NCG

THE COURSE GROUP

ISSPEC(NGROUP),
X(NCG,NCG)

SFIS(NGROUP),

CINX
CINX
CINX
C INX
CINX
€ INX
CINX
CINX
CINX
CINX
C INX
CINX
CINX
CINX
CINX
CINX
CINX
CINX
€ INX
CINX
CINYX
CTNX
CINX
CINX
CINX
CINX
CINX
C INX
CINX
CINX
CINX
CINX
CINX
CINX
CINX
CINX
CINX
C RNX
CINX
CINX
CINX
CINX
CINYX
CINX
CINX
C INX
CINX
CINX
C INYX
CINX
CINX
CINX
CINX
C INX
CINX
CINX
CINX
C INX
CINX
CINX
CINX
CINnX
CINX
CINX
CINX
C INX
CINX
CINX
CINnX
CINX
CINX
CINX
CINX

645
646
647
648
bAQ
650
651

652
653
654
655
656
657
658
659
660
661

662
663
664
665
bbb
667
668
669
67TW
678

672
673
674
675
676
677
678
679
6809
o8t
6R2
083
684
6R%
686
687
688
6R9
690
691

692
693
694
695
696
697
698
699
700
701

702
70%
724
795
770
707
798
709
710
71

712
713
714
715
716
717

17
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[sNeNse]

o000

50

Y

14

on
34

14

44

X(J,JPISX(J,JPI/BOT

EACH BROAD GROUP HAS ITS OWN FISSION SPECTRUM,

DO 6@ J=1,NCG
ISSPEC(J)=J
RETURN

END

SUBROUTINE COLLFF(FF,XS,FT,XT,F,X,NX,NGG,NBINT,NBTEM,NG,NCG,NSIGPT

1,NTOTAL)

AR AR KRN RAARAARA KRR I AR AR ANRARR AR AR ARRRARRARN RN IR RRRX KRR K RARRR A AR AR A

COLLAPSES THE SELF~SHIELDING FACTORS.

ARARKR KRN A KRR R AR RN KRR R AR R AR R RR KRR AR R AR RN A AR AR AR R Ak kA h Ak hkih

DIMENSTON FF(6,3,240), XS(1), Fite,3,244),

11)

M=0

DO 3@ J=%,NCG
LL=NGG(J)

DU 20 K=1,NBTEM
DO 2@ N=1,NBINT
SIGPO=X(NX+N)
S1=0,04

$2=0,49

$3=0,9

S4=z0,4

DO 10 L=1,LL
MLzM+L

WsF (MLY/Z (FT(N,K,MLY2XT(ML)+SIGPQ)

IF (NTOTAL.EQ,1) WaF(MLY/Z({(FT(N,K,MLY&*XT(ML)+SIGPO)*(FF(N,K,ML)*XT

1(ML)+STGPOY)
S1=8S1+W*FF{N, K, ML) *XS (ML)
S23S2+W

S3=S3+F (ML)
S4=S4+XS (ML) *F (ML)
CONTINUE

IF (S2.LE. 7. 8,0R,S4,LE.0.,8) FF(N,K,J)=t,

XT(1),

F(1),

IF (S2.,GT,0.8.AND.S4.6T.A.0) FF(N,K,J)=§1%x53/(52+84)

CONTINUE
M=M+ | L
RETURN
END

NGG(1),

SUBROUTINE INPUT(NGROUP,NCG,NGG,LG,NGY,EMAX,F,TF,MF,NDT,NPF)

ARKKKA KR AR KRR KA RN A AARARRKR AR RNAARR RN AR A A AR AN A AR A AR R A A AR AR A kX

READS THE INPUT DATA AND FORMS THE FINE GROUP AND COURSE GROUP

SPECTRA,

KKK AKAAK RN AR AR KA A AR A RANRCARARARANA R AR AN AAAARARRA AR AR RRE A A AN ARAR K A

DIMENSTON NGG(1), LG(1), F(1), TF(1),

READ (5, 19@)MF,NCG, ICF,NDT,NPF
WRITE (6,110)

WRITE (b,120)MF,NCG, ICF,NDT,NPF
IF (MF,.EQ,1) GO TO 90

READ (5,102) (NGG(IY, I=1,NCG)
WRITE (6,130)(NGG(I),I31,NCG)
IF (TCF.EQ,1) GO [0 69

RtAD (S5,15R)7B,EB,TC,EC

WRITE (6,140)TB,EB,TC,EC
AB=1,./(EXP(=EB/TR)*EBx%x2,0)
AC=21,./(EXP(=EC/TC)*EC*%1,5)
PI=.52SQ0RT(35,141592654)

DO 57 T=1,NGROUP

F(I)=a,0

ASEMAX(I+1)

B=EMAX(I)

IF (A,GT,EC) GO TO 3@

IF (B.LT.ER) GO 7O 4a

IF (FC.LE,B.ANDFC,GE.A) GO TO 10
IF (EB,LE,B.AND,EB,GE.A) GO TO 20
F(T)=ALOG(R/4)

GU 10 SU
FO(I)=F(IY+ALOG(EC/A)
AzEC

GO 10 31
F(IY=F(I)+ALOG(B/ER)
B=ERB

EMAX (1)

X (¢

CINX
CINX
C INX
CINX
C INX
CINX
CINX
CINX
CINX
C UNX
CINX
CINX
CINX
CINX
CINX
CINX
C TNX
CINX
CINX
CINX
CINX
CTNX
C INX
CINX
CTNX
CINX
CINX
CINX
CINX
CINX
CINX
CINX
CTNX
C INX
C INX
CINX
CINX
CINX
CTNX
C TNX
CINX
CINX
CINX
CTINX
CINX
CINX
CINX
CINX
CINX
C INX
CINX
CINX
CINX
CTNX
CINX
CINX
CINX
C INX
C INX
C INX
C INX
CINX
CINX
CINX
CINX
CINX
CINX
CINX
CTINX
CINX
CINX
C INX

718
719
720
721
722
723
724
725
726
727
728
729
730
731
732
733
734
735

737
738
739
749
741
742
743%
744
745
746
747
748
749
750
751
752
753
754
755
756
157
758
759
760
761
762
763
764
765
766
767
768
769
774
771
772
77%
774
775
770
177
778

780
781
782
783
784
785
786
787
788
789




sEs e NsRsNeRaNe]

30 FOI)=H(IY+ACKTCx2] Sk (SQRT(A/TCI*EXP(=A/TC)=SURT(B/TC)AEXP(=-B/TC)+

4R
7

4
74

8v

Q4

1002
1143

1208 FORMAT (36H RUN OPTINNS INPUT CARD (FORMAT SI6)/13X,2HMF,S%,41HMAJ
1OR FUNCTIONS (@/1/2=COLLAPSt/IDX/BOTH),19X,T6/12%,3HNCG,SX, 23HNUME
2ER OF COURSE GROUPS,37X,16/12X,3HLCF,5X,46HCOLLAPSTNG FLUX (A/t=TH
SERMAL=FERMI=WATT/INPUTY, 14X, T6/12X, 3HNDT,SX,SAHNUMBER OF LOWNSCATT
INGROUP), 1A%, T6/712X, 3HNPF ,5X,SUHNEUTRON PRF

13 FORMAT (1HQA,STHNUMBER OF FTINE GROUPS PFR EACH COURSE GROUP (FURMAT
t216)/7(14x,
1474 FORMAT (44HQPARAMETERS FOR ICF=¢ UPTION (FORMAT 4E12.5)/13X,2HTH,5
1X,52HNUCLEAR TEMPERATURE (EV) FOR THERMAL SPECTRUM REGIUN,2X,E12.5
2/13X,2HEB, 5X, 3SHUPPER LIMIT (EV) FOR THERMAL REGTON,19X%,F12.5/13X,
3CHTC,5X, 49HNUCLEAR TEMPERATURE (EV) FOR WATT SPECTRUM REGION,SX,E|

19

2v
3a

4n
50

60

GO 10 49

tPI&(ERRF(SQRT(B/TC))=ERRF(SQRT(A/TCII))

4QFRING TERMS (INCLUNING

GO T0 Swn

FOI)2F(I)+AB*TB2((A+TBIXEXP(~A/TB)=-(B+TBI®EXP(=-B/1R))

CONT INUE
GO 10 7n

READ (S5,150)(F (1), I=1,NGRUUP)
WRITE (6,168)(F(I),1=1,NGROUP)

COMPUTE THE
GROUP AS 70O
M=7

TOTAL FLUX IN EACH COURSE GROUP AND MARK EACH FINE
WHICH CUURSE GROUP IT BELQONGS.

DO 82 T=1,NCG

TF(I)=0,0
N=NGG(I)

D¢ 8@ J=1,N
M=M4 g
LG(M)=T

TFCIY=TFCIY+F (M)

CONTINUE

WRTTE (6,17)(CTF(IY,1=1,NCG)

CONTTNUE
RETURN

FORMAT (1276)
FORMAT (1H1,43X,aHCINX///)

SCURSOR FILF (0/1=NN/YES) (= FOR PERTV DATA),6X,16)

1

1276))

A2.5/13X,2HEC, 5%, 32HLOWER LTIMIT (EV) FOR WATT REGTON,22X,£12.5)
1S90 FURMAT (6E12,6)

16 FORMAT (1HG,26HINPUT FLUX (FORMAT 6E12.5)/(14X,6FE12.5))

178 FORMAT (1H®A,33HCOURSE GROUP FLUX (FORMAT 6E12.5)/(14X,6E12.5))

-

END

FUNCTION ERRF (Y)

ERRF(Y)

*axkx  SURPROGRAM axs

THIS SUBPROGRAM CALCULATES THE ERROR FUNCTTON OF v,
SUBPROGRAM IS A PROGRAM OF RATTONAL APPROXIMATION 7,1
PAGE 299, OF THE NATTONAL BUREAU OF STANDARDS HANDROUO
MATHEMATICAL FUNCTIONS, JUNE 1974,

DIMENSTIUN A(7)
DATA A/1,000,70,5230784E-3,42.2820123E=3,9,.270WS272F=3,1,52R143F=4,

Q. T656T2E=uU,

YY=ABS(Y)
IF (YY=6,0)
ERRF=1,

GO 70 60

4,3863RE=-S5/

20,19,10

TF (YY=-.000018) 30,3¢,40
ERRF=2,4YY/1,7725%

GO T0 60
SDFu=a,
PO sa TI=1,7

SUFG=SDFR+CACI) )% (YYxx(I=1))
ERRF=1,=SDFQR*x(=16)
ERRF=STIGN(ERRF,Y)

RETURN
END

CTNX
C INX
CINX
CInX
CTNX
CTNX
C INX
CINX
CINX
CTINX
CINX
CTINX
CINX
CINX
CINX
CTNY
C INX
CINYX
CINX
CINX
CTINX
CINX
CINX
CINX
CINX
CINX
CTINX
CTINY
CINX
CINX
CINX
CINX
CINX
CINX
CINX
CINX
CINX
CINX
CINX
CTNX
CTINX
CINX
CINX
CINX
CINX
CINX
CINX
CINX
CINX
CTNX
C INX
CINX
CINX
CINX
CINX
CINX
CINX
C INX
CINX
CINX
CTINX
CINX
CINX
CINX
CINX
CINX
CINX
CINX
CINX

790
791

792
793
794
795
790
797
7198
799
80N
881

ane
8a3
a8y
805
806
8ay7
898
aa9
8108
811

812
813
814
815
81o
817
818
819
820
821
82¢
823
8624
825
82n
827
828
829
830
831
832
833
834
839
836
837
838
839
840
841

842
8473
844
845
846
847
848
849
850
B51

852
853%
854
855
856
857
858
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APPENDIX B
LISTING OF SAMPLE PROBLEM INPUT AND OUTPUT

CARD INPUT:
? 4 0 4 0
3 1 2 1
«02S ol lets+s «8208+6

COMPUTER OUTPUT:

2Q

CINX

RUN OPTIONS TNPUT CARD (FORMAT 516)

MF MAJOR FUNCTIONS (@/1/2=COLLAPSE/1DX/BOTH)

NCG NUMBER OF COURSE GROUPS

ICF COLLAPSING FLUX (@/1=zTHERMAL=-FERMI=WAYT/INPUT)

NDT NUMBER OF DOWNSCATTERING TERMS (INCLUDING INGROUP)

NPF NEUTRON PRECURSOR FILE (©8/1=NO/YES) (= FOR PERTV DATA)
NUMBER OF FINE GROUPS PER EACH COURSE GROUP (FORMAT 1276)

3 1 2 )

PARAMETERS FOR JCF=Q OPTION (FORMAT 4E12,5)

T8 NUCLEAR TEMPERATURE (EV) FOR THERMAL SPECTRUM REGION

EB UPPER LIMJT (EV) FOR THERMAL REGION

TC NUCLEAR TEMPERATURE (EV) FOR WATT SPECTRUM REGION

EC LOWER LIMIT (EV) FOR WATT REGTON

INPUT FLUX (FORMAT 6E12,.5)

+S0QGBQE+00 ,SQAGAF+3Q ,SOCGBVE«QQ ,SOAARE+AN _SOAARE+AA
«508206E+021

COURSE GROUP FLUX (FORMAT 6E12.5)
«1500QE+0) ,SOQGBRE+07 .10020E+01 ,S0206E+01

Sa/esn

.250ANE~21
. 10PNAE+0Q
. 14NaNE+07
.82ABAE+86

.50N0NE+80Q

CINX 18 FINISHED, RUN UNITS 8, 9 AND 13 THROUGH BINX TO GET A PRINT OF YOUR COLLAPSED

CCCC DATA AND/OR RUN UNIT 1@ THROUGH PUPX TO GEY A PRINT OF YOUR 1DX

DATA, IF YOU CALLED FOUR DELAYED NEIITRON DATA FOR PERTv IT WILL BE

FOUND ON PUNCHED CARDS,




APPENDIX C

BINX LISTING OF SAMPLE PROBLEM INPUT ISOTXS AND BRKOXS FILES

BINXee . LUNVERT MOOE OF CCCC FILE

MODE=1 (1 MEANS BIN TO BCD, 2 MEANS BCH TO BIN)

TYPE=1 (1 MEANS ISOTXS, 2 MEANS BRKOXS, 3 MEANS DLAYXS)

IRD= i 1 1 1 1 1 i 1 1 i

kxx FILEISOTXS =~ VERSTON 1 == UNIT 3aw#
*xUSER IDENTIFTICATION&xT2LASL MINX

FILE CONTROL PARAMETERS

NGROUP NUMBER OF ENERGY GROUPS IN SET

NISO NUMBER OF ISOTOPES IN SET

MAXUP MAXTMUM NUMBER OF UPSCATYER GROLPS
MAXDN MAXIMUM NUMBER OF DOWNSCATTER GROUPS

MAXORD MAXIMUM SCATTERING ORDER
ICHIST SET FISSION SPECTRUM FLAG
ICHIST=1 SET VECTOR
=NGROUP, SET MATRIX
NSCMAX MAXIMUM NUMBER OF BLOCKS Of
SCATTERING DATA
NSBLOK BLOCKING CONTROL FOR SCATTERING DATA

AM=24% 7=GP FOR CINX APPENDIX

ISOTOPE NAME
1 AM241

GROUP STRUCTURE

NEUTRON VELOCITY UPPER ENERGY
GROUP (CM/SEC) (EV)
1 4.55483E+06 1.37096E+¢1
2 3,54730E+A6 8.31529€+9@
3 2.76264E+06 S,A43URE+O0
4 2.15155E+0@4 3, AS9U2E + (0
5 1,67563E406 1, B5539E +yA
6 1.30498E+76 1.12535E+28
7 5.73538E425 h.8256BE-01

1,0B000E-05

NUMBER OF RECORDS TU BE SKIPPED

ISOTOPE RECORDS
1 %)
ISOTOPE

ISDTOPE CONTRUL PARAMETERS

HABSID ABSOLUTE ISOTOPE LABEL

HIDENT LIBRARY IDENTJIFIER

HMAT ISOTOPE IDENTIFICATION

AMASS GRAM ATOMIC WEIGHT

EF1SsS THERMAL ENERGY/FISSJON (w«SEC/FISS)
ECAPT THERMAL ENERGY/CAPTURE (WxSEC/CAPT)
TEMP ISOTOPE TEMPERATURE (DEG K)

SIGPOT AVE, POTENTTAL SCATTERING (BARNS/ATOM)
ADENS REFERENCE ATOM DENSTTY (A/B%CM)

KBR ISOTOPE CLASSIFICATION

ICHI FISSION SPECTRUM FLAG (@/1/N=SET CHI/VECTOR/MATRIX)
IF1S (N,F) X~SEC FLAG (4/1=NO/YES)

IALF (N,A) X-SEC FLAG (¥/1=NO/YES)

INP (N,P) X=SEC FLAG (0/1=NO/YES)

IN2N (N, 2N) X=SEC FLAG (@/1=NQO/YES)

IND (N,D) X=-SEC FLAG (©/1=NO/YES)

VDN =

AM241
ENDFB

10564

s 2U4102E+073
e 33740PE-10
«2506AE~11

«16AUAE+11

a.

DS DS reme N
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INT (N,T) X=SEC FLAG (8/1=NO/YES) "
LTOT NUMBER OF TOTAL X=SEC MOMENTS 1
LTRN NUMBER OF TRANSPORT X~SEC MOMENTS 1
ISTRPD NUMBER OF TRANSPORT X=SEC DIRECTJONS )
SCATTERING BLOCKS
BLOCK NAME TYPE  ORDERS
1  ELASTC 100
2 TOTAL 8
SCATTERING BANDWIDTH AND IN-GROUP SCATTERING POSITION
GROUP/BLOCK 1 2 1 2
1 1 1 1 1
2 2 2 1 1
3 2 2 1 1
4 2 2 1 1
5 2 2 1 1
6 2 2 1 1
7 2 2 1 1
PRINCIPAL CROSS SECTTONS
GROUP STRPL STOTPL SNGAM SFIS SNUTOT
1 9,58519E+81 9,58803E+01 B8.52114E+01 4,83847€-31 3,0893A0E+AY
2 2.18886E+M2 2,14127E+Q02 1,98187E+¢82 1,51A44E+48 3,09408E+00
3 1,43234E+B2 1.43260E+82 1,33883E+082 2,.48191E«~81 3,.890¥0E+A0
4 3.61953E+02 3.61984E+02 3.50028E+@2 9,79400E-21 3,09090E+00
5 1,81304E+03 1,.01309E+03 9,8R950E+32 6,56440E+20 3,A90A0E+A0
6 1.69485E+@2 1,69427E+402 1,60874E+02 B,83848E-Y1 3,090G6F+08
7 7.37421E+02 T.3TUR9E+082 7,23144E+02 4,40148£+08 3,89A00E+A0
BLOCK 1 ELASTC SCATTERING, ORDER - 4
GROUP 1
POSN ORDER 1 ORDER 2 ORDER 3 ORDER 4
1 1.00294E+81 7.95843E-02 2,95852E-04 @,
GROUP
POSN ORDER 1 ORDER 2 ORDER 3 ORDER &
1 1,428126+81 1,06639E=-01 4,73289E-083 @,
2 1.54811E=01 =5,11704E-82 -2,.60178E-04 @,
GROUP
POSN ORDER 1 ORDER 2 ORDER 3 ORDER 4
1 8.96323E+00 7,99534E-82 2,96215E-04 0,
2 2.27185E=01 -6.61687E=-02 =4,68207E=-03 @,
GROUP
POSN ORDER 1 ORDER 2 ORDER 3 ORDER 4
1 1.ABSUSE4D1  6,99356E~=02 6,7SBTAE-U4 B,
2 1.64795E=@1 =5,80865E=02 =2,64241E-04 B,
GROUP
POSN ORDER 1 ORDER 2 ORDER 3 ORDER 4
1 1,749836+81 7,56254E-82 3,1368RE-04 U,
2 1.21106E=81 =3.93138E-02 -6,37428E-04 8,
GROUP
POSN ORDER 1 ORDER 2 ORDER 3 ORDER &
1 7.50800E+00 7,74826E-02 3,86423E-04 0,
2 8.10871E+82 =2,65794E-02 ~2,52111E-44 0,
GROUP
POSN ORDER 1 ORDER 2 ORDER 3 ORDER 4
1 9.73760E+08 2,71677E-02 3,41089E-85 @,
2 1.70068BE-81 =5,68832E-02 -3,59557E-04 0,
BLOCK 2  TOTAL SCATTERING, ORDER 4
GROUP
POSN ORDER 1 ORDER 2 ORDER 3 ORDER 4
1 1.00294E+8) 7,95843E=82 2.95852E-24 @.

CHTSO
5.27633t-41
2.49237E-91
1, 17731E-41
5.56124E=-02
2.62695E-02
1.24088E~02.
1.11082E-82




GROULP
POSN

GROUP
POSN

2
GROUP
POSN

GROUP
POSN

GROUP
POSN

GROUP
POSN

ORDER ¢
1.42812E+01
1.54811E=-01

ORDER 1
8.96323t+20
2.2710S5E=-01

ORDER 1
1.28545E+01
1.6479S5E~01

ORDER 1
1.74983E+01
1.21106E-01

ORDER 1§
7,500080E+00
8.18071E-02

ORDER 1
9.73760E+00
1.78068BE=-01

ORDER 2
1.86639€E=-01
=S5, 117A4E-02

ORDER 2
7.99534E-02
~6.616ATE«B2

ORDER 2
6,99356E-02
-5, 48865E=-02

ORDER 2
7,56254E=82
-3,93138E=02

ORDER 2
7.78826E=02
=2.65794E~-02

NRDER 2
C.71677E=P2
-5,6@832F=A2

BINX...CONVERT MODE DF CCCC FILE

MODE=1 (1 MEANS BIN TO BCD,
TYPE=2 (1 MEANS JSOTXS,

IRD= 1 1

1 1

xx* FI| EBRKOXS == VERSION
*xUSER IDENTIFICATION#xT2LASL MINX

FILE CONTROL PARAMETERS

NGROUP NUMBER OF ENERGY GROUPS IN SET

2 MEANS BCD

2 MEANS BRKOXS,

1 1 1

ORDER 3
4,73289E-03
-2,60178E=-04

ORDER 3
2,96215E-04
~4,68207€-03

ORDER 3
6,75R874E-024
-2.64241E-04

ORDER 3
3.13688E-~u4
=6,37428BE-04

ORDER 3
3.86423E-04
-2.,52111E-04

ORDER 3

3.41089E-05
=-3.59557€=-¢44

TO BIN)

ORDER

3 MEANS DLAYXS)

1

== UNIT 3Ixsx

NISOSH NUMBER OF ISOTOPES WITH SELFe

SHIELDING FACTORS

NSIGPT TOTAL NUMBER OF VALUES OF VARIABLE X

WHICH ARE GIVEN, NSIGPT IS
THE 8UM FROM | TO NISNSH OF NTABP(I)

EQUAL YO

NTEMPT TOTAL NUMRER OF VALUES OF VARIABLE T8

1SOTOPE
1

NAME
AM241

WHICH ARE GIVEN, NTEMPT IS
THE SUM FROM | TO NISOSH OF NTABT(I)

LN(SIGPO)/LN(1@) VALUES FOR ALL ISOTOPES

ISOTOPE

18T VALUE
1 4,00000E+00

2,

2ND VALUE
B80ABAE+00

TEMPERATURES (DEG C) FOR ALL ISOTOPES

ISOTOPE tST VALUE
1 2.6840UE+R)

2ND VALUE
6,26840E+32

GROUP STRUCTURE

GROUP TOP ENERGY
1,37096E+01
8.31529E+09
S5,84348E+00
3.05902E + a4
1,85539E+08
1.12535E+00
6,82560E=01
1,00000E =25

O N EWN -

EQUAL IO

1.82684E+03

23
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F=-FACTOR START END GROUPS AND NUMBER OF SIGPO TEMP VALUES

ISOTOPFE JBFH JBFL NTABP
i 1 7 3
TJOTAL SELF-SHIELDING FACTORS TSOIOPE 1t
GROUP 1
S160 TEMP 1 TEMP 2 TEMP 3
1 9.69444E-91 9,81417E~-21 9_.89869E-01
2 4,92773E~01 S5,44876E=01 6,11973E~01
3 3.90327€E-081 4,¢1827E~01 4,24233F-41
GROUP 2
SI60 TeEMP 1 TEMP e TEMP 3
1 8,27421E-81 B,77994E=81 9,161S1E-41
2 2.62275E-81 2,.78872E-03 2,82090@E-u1
3 2.03664E=-81 2,05174E-21 2,08030E~-01
GROUP 3
SIGO TEMP 1 TEMP 2 TEMP 3
1 9.22047E~-381 9.3%662E=01 9,43920E~-01
2 4,71083E-01 4.,91419E~-@1 S,25436E-01
3 4,19915E=-231 4,28v98E~-81 4,43877E~-01
GROUP 4
SIGO TEMP 1 TEMP 2 TEMP 3
1 9.1952R8E~31 9,35136F-A1 9,34651E-~01
2 3.32057E=0t 3.5237vE-~0) 3,91112¢t-01
3 2¢55864E-81 2,59740F-01 2, 73012E~41
GROUP S
S$160 TEMP 1 TEMP 2 TEMP 3
1 6.63519E=-81 7,13436E-01 7,73821E-01
2 1.57295E-81 1,684A9E-A1 {_,68650E-01
3 1.36625E-01 1,386R8E~-11 {,84112E-01
GROUP 6
SIGO TEMP 1 TEMP 2 TEMP 3
1 1,00660E+00 1,.82383E+00 1,06954E+¢0
2 9,57428E~81 9,67556E-01 9,89957E~-01
3 9.36262E~-01 9,44427E«01 9,61451E-u1}
GROUP 7
SI1GO TEMP 1 TEMP 2 TEMP 3
1 8.78755E~-901 B8,82599E~01 8,98557F~-01
2 S.61789E=01 5,66677E=21 5,7SA7RE=-V!
3 5.39833E=-01 S.44381E-Q21 5,52730E-61
CAPTURE SELF=SHIELDING FACTORS ISOTOPE
GROUP 1
$1IGO TEMP 1 TEMP 2 TEMP 3
1 9.82899E~01 9,89848E=-A1 9,94164E-21
2 SeQU264E~B1 6,6T4STE=A1 7,41453€E=-11
3 4,31736E-81 4,77254E~81 5.37285E-01
GROUP 2
S$160 TEMP 1 TEMP 2 TEMP 3
1 9,78186E=-01 9,41774F=-01 9,6530RE~-3)
2 3.36821E-01 3,64881E-01 3I,97606E=v!
3 2.37857E~¥1 2,5A584E-01 2,66853F=01
GROUP 3
SIGO TEMP 1 TEMP 2 TEMP 3
1 9,47310E-81 9,.SA403E-01 9,54486F-01
2 5.U48725E=-0V1 S5.,85697E=81 6,34556E-01
3 4.59785E~81 4,83517E-01 5.,19868E-21
GROUP 4
SIGO TEMP 1 TEMP 2 TEMP 3
1 9.56122E-81 9.60142E~-01 9,S50114E~41
2 4,8787SE-01 S5,.35444E=-01 6,93794E=y}
3 3.80643E~01 4,12296E-01 4,60236E-01
GROUP S
SIGO TEMP 1 TEMP 2 TEMP 3
1 8.05471E-01 8,40960E-01 B8,.80392E=-41
2 2.494829E-U1 2,64592E-81 2,94R99E-21
3 2.04568E-01 2,15153E~81 2,37575E-01
GROUP 6
SIGO TEMP 1 TEMP 2 TEMP 3
1 1.00779E+090 1,02600E+08 1,Q7440E+40C
2 9.79698E~21 9,93544E-QA1 1,82713E+00
3 9.66016E-81 9,78289E-~A1 1.00711E+0@
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GROUP
SIGO

7
TEMP 1

9.27139€-01
6.60830BE~01
6.37649E-01

TEMP 2

9,.35319E=-01
6,68692F=A1
6.45484E-01

FISSION SELF-SHIELDING FACTORS

GROUP
SIGO
1
2
3
GROUP
S160

GROUP
SIGO

GROUP
SIGO

GROUP
SIGO

GROUP
S1GO

GROUP

SIGO
1
2
3

1

TEMP 1
9,82481E=91
S.68920E~0}
3,97863E-01
?

TEMP 1
8.717v8E-01
2.41239E-31
1.60226E=01
3

TEMP 1
9.86762E=-01
8,93224€-01
8.65788E~-¥1
4

TEMP 1
9,65429E-01
S.66672E=41
4.67687E~81
5

TEMP 1
7.98860E~-01
2.24827E-81
1,78500€E~-01
6

TEMP 1

1.20822E+20
9,77718E-01
9.63116E=01

7

TEMP 1
9,22875E-31
6.51175¢E-01
6.29762E=01

TEMP 2

9.89575E~04
6,82456E=-01
4,39562E-01

TEMP 2

9,06447E-01
2.68787E-01
1.659A5E=0)

TEMP 2

9.8R76TE~A1
9,86547E~A1
B,766A3E=-A1

TEMP 2

9. 7h648E=0Q1
6.1%641F=-01
4,970A8E-A1

TEMP 2

8,32547E=0411
2,37852E-01
1.,87350E-01

TEMP 2

1.027S3E+00
9,92180E=01
9,75874E=A1

TEMP 2

9.305A3E-01
6.59118E-081
6.37160E-Q}

TRANSPORT SELF-SHIELDING FACTORS

GROUP
SIGO
t

2
3
GROUP
S$160
1
2
3
GROUP
SI1GO

GROUP
SIGO

GROUP
siGo

1

TEMP 1
9,69395E-81
4,92632E~-01
3.98160E-01
2

TEMP 1
B.27395E~-41
2.62179E=-01
2.83562E-01
3

TEMP 1
9,22033E~01
4,70994E=-01
4,19818E-01
4

TEMP 1
9.19521E~01
3.32004E=01
2.55886E-01
5

TeEMP 1
6,635087E-01
1.,57271E=-01
1.36601E=-01

TEMP 2

9,81412E-01
5,84749E=01
4,01662E-01

TEMP 2

8,77976E=81
2.78776E-A1
2,05072E~01

TEMP 2

9.33650E=01
4,91332E~-01
4,28001E-01

TEMP 2

9,35138E-01
3.52318E-91
2,596B1E-01

TEMP 2

7.13426E=0)
1,603R4E=0)
1,38664E=0]

TEMP 3

9,45924E~01
6.,83119E=21
6.,59132€~01

ISOTOPE 1

TEMP 3

9,93919E-01
7,13684E-0)
4,91639E-01

TEMP 3

9.31716E-01
2.88477E-01
1,75561E-01

TEMP 3

9,94851E-01
9,24732E=01
8.92590E-01

TEMP 3

9,66255E~u1
6.63714E-91
S.40622E-01

TEMP 3

8,67193E-01
2,63502E-¢1
2.05921E=01

TEMP 3

1.A7909E+0A
1,02721F+020
1.00S75€+00

TEMP 3

9,41672E-01
6., 72780RE-A1
6.50007E-01

ISOTOPE §

TEMP 3

9,89466E=-01
6,1186U4E=01
4,2408T4E=-01

TEMP 3

9.16140E-81
2.8199UE-91
2,087928E-01

TEMP 3

9,839¢9E-a1
5,25355E=01
4,43782E=01

TEMP 3

9,34646E~01
3,91063F~01
2,72953E-01

TEMP 3

7,73813E=01
1.68625E-81
1,8408SE=01
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TEMP 2

1,A23R4E+00
9,67551E-01
9,.83420E=01

TEMP 2

8,.82597E~01
5.66664E-81
S.U4367E-AY

TEMP 2

9.99566E-01
9,72898E-0}
9,57030E~91

TEMP 2

9,70363E~01
7.80863E-01
7.84799E=-01

TEMP 2

1.00223E+20
9.77990E~01
9,73887E=-71

TEMP 2

9,98945E=01
9,631R8E~A1
9.55963E=01

TEMP 2

9.24713E=7A1}
6,67525E-931
6,46006E-N1

TEMP 2

1.07124E+00
1,00304E+00
1.08345E+00

TEMP 2

9,41212E~31
9,15493E=-01
9,11858E-01

XSIN

GROUP 6
SIGO TEMP 1
1 1.70660E+28
2 9.57423E=01
3 9.36253E=01
GROUP 7
SIGO TEMP 1
1 B.70752E=01
2 5.61776E-01
3 5.39819€-01
ELASTIC SELF=SHIELOING FACTORS
GROUP 1
S160 TEMP 1
1 9.98573E=01
2 9.67164E~01
3 9.53941E=01
GROUP 2
SIGU TEMP 1
1 9.61065E=01
2 7.73873E=01
3 7.43031E-01
GROUP 3
SIGO TEMP 1
1 9.98994E=-01
2 9.72727E-01
3 9.69897E=¢1
GROUP a
S160 TEMP 1
1 9,96331E-01
2 9.5519AE=21
3 9,49525E-01
GROUP 5
SIGO TEMP 1
1 9,87279E=01
2 6.57801E=01
3 6,38286E-01
GROUP 6
SIGO TEMP 1
1 1.28038E+80
2 1.08209E+00
3 1.08252E+00
GROUP 7
SIGa TEMP 1
1 9,52578E~01
2 9,30429E=01
3 9.27722E=01
CROSS SECTIONS
GROUP XSPO
1 9.51136E+00 a.
2 9.51141E400 a,
3 9,51144E+00 a.
4 9.51146E+00 2.
5 9.,51147F+00 2.
6 9,51148E+00 2,
7 9,51148F+00 Ao

TEMP 3
1,06955E+00
9,89955E~-01
9.61445E-01

TEMP 3

8,98556E-01
5.,75866E~01
5.52717E-91

ISOTOPE 1

TEMP 3

1,00063E+00
9,78969E-031
9.61341E~01

TEMP 3

9,77433E-01
7.89360E-01
7.45893E-a1

TEMP 3

1.00493E+00
9,B4ATCE-01
9,79416E-01

TEMP 3

9,99710E-01
9,70825E=01
9,.62683E-01

TEMP 3

9,45373E-01
6,87134E~01
6.61982E=01

TEMP 3

1,28719€+00
1.008B4E+00@
1.0@788E+00

TEMP 3

9,35474E-01
9,08931E=-01
9,04798E=01

XSE
1.01843E+01
1. 45083E+01
9,12802E+00
1,09756F+01
1.75793E+@1
7.,67007E+00
9.,73760E+00

XSMU
2.79039E=0%
2.79A39t-0%
2,79039E=-07%
2.79039E-03
2.79039E-0%3
2,79039E=-03
2.79039E=0%

XSFD
1.54811F=01
2.27105F=01
1,64795E=-01
1,21106E-01
B, 10071F=02
1,7P@6BE-01
9,17466F=09




APPENDIX D
BINX LISTING OF SAMPLE PROBLEM OUTPUT ISOTXS AND BRKOXS FILES

BINX,..CONVERT MOLE OF CCCC FILE

MODE=y (1 MEANS BIN TO BCD, 2 MEANS BCD TO BIN)

TYPE=1 (1 MEANS 1S0TXS, 2 MEANS BRKOXS, 3 MEANS DLAYXS)

IRD= 1 1 1 1 1 1 ! 1 1 1

xx% FILEAMw24) w= VERSION R == UNTT Sxxs
x*USER IDENTIFTCATIUN&x 7<GP FOR CI

FILE CONTROL PARAMETERS

NGROUP NUMBER OF ENERGY GROUPS IN SET

NISO NUMBER QF ISOTOPES 1IN SET
MAXUP MAXIMUM NUMBER OF UPSCATTER GROUPS
MAXDN MAXIMUM NUMBER 0OF DOWNSCATTER GROUUPS
MAXORD MAXIMUM SCATTERING ORDER
ICHISTY SET FISSION SPECTRUM FLAG

ICHIST=1 SET VECTOR

=NGROUP, SET MATRIX

NSCMAX MAXTMUM NUMRER OF BLOCKS OF

SCATTERING DATA
NSBLOK BLOCKTING CONTROL FOR SCATTERING DATA

AM=24% 7-GP FOR CINX APPENDIX

ISOTOPE NAME
1 AM24}

GROUP STRUCTURE

NEUTRON VELOCITY UPPER ENERGY

GROUP (CM/SEC) (EV)
1 3. 7721 7E+0Gb 1.37096E+01

2 2,15155€+@6 3.A5902E+00

3 1.51335€+06 {.,85539E+90

4 5,7T1351E+25 6,82560E-01

1.7000AE=-A5
NUMBER OF RECORDS TO BE SKIPPED

ISOTOPE RECORDS
1 2

ISOTOPE 1
ISOTOPE CONTROL PARAMETERS

HABSID ABSOLUTE ISOTOPE LABEL

HIDENT LIBRARY IDENTIFIER

HMAT ISOTOPE IDENTIFICATION

AMASS GRAM ATOMIC WEIGHT

EFISS THERMAL ENERGY/FISSION (W*SEC/FISS)
ECAPT THERMAL ENERGY/CAPTURE (W#SEC/CAPT)
TEMP ISOTOPE TEMPERATURE (DEG K)

SIGPOT AVE, POTENTJAL SCATTERING (BARNS/ATOM)
ADENS REFERENCE ATOM DENSTITY (A/B8%CM)

KBR ISOTOPE CLASSTFICATION

SWW L&

AM241
ENDFB
1756
L24102E+83
«33T4RE=10
. 25060E=11
2.
L 10B0AE+11
a,

3
ICHI FISSION SPECTRUM FLAG (@/1/N=SET CHI/VECTOR/MATRIX) 1
IFIS (N,F) X-SEC FLAG (0/1=NQ/YES) 1
IALF (N,A) X~-SEC FLAG (0/1=NO/YES) 0
INP (N,P) x«SEC FLAG (0/1=2NO/YES) /]
IN2N (N, 2N) X=SEC FLAG (A/1=NO/YES) a
IND (N,D) X«SEC FLAG (@/31=NO/YES) 2]
INT (N,T) X=SEC FLAG (4/1=NO/YES) a
LTOT NUMBER OF TOTAL x=SEC MOMENTS 1
LTRN NUMBER OF TRANSPORT X=SEC MOMENTS 1
ISTRPD NUMBER OF TRANSPORT X-SEC DIRECTIONS a
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SCATTERING BLOCKS

BLOCK NAME TYPE ORDERS
1 ELASTC 100 4
2 TOTAL 2] a

SCATTERING BANDWIDTH AND IN=GROUP SCATTERING POSITION

GROUP/BLOCK 1 2 1 2
1 1 1 1 1
2 2 2 1 1
3 2 2 1 1
4 2 2 1 i
PRINCIPAL CROSS SECTIONS
GROUP STRP|. STATPL SNGAM SFIS

£ WN we

BLOCK 1 ELASTYC SCATTERING, ORDER 4

GROUP 1
POSN ORDER ¢ ORDER 2 ORDER 3
1 1.12186E+81 4,96151E-082 1,27569E~-44
GROUP 2
POSN ORDER 1 ORDER 2 ORDER 3
1 1.08545E+81 6,993556E-02 6,75874E-04
2 5.49317E=02 =1.81622E-32 -B,80RASF~-05
GROUP 3
POSN ORDER 1 ORDER 2 ORDFR 3
1 1.25397E+0t1 6,32643E-02 2,24000E-04
2 1.21106E£~901 =3,93138E-02 «6,37428E~-04
GROUP 4
POSN ORDER 1 ORDER 2 URDER 3
1 9,73760E+80 2.71677E=A2 3,41089k-05
2 B.50338E~82 =~2,8R416E-02 =1,7977RE-04

BLOCK 2 TOTAL SCATTERING, ORDER 4

GROYP i
POSN ORDER 1 ORDER 2 GROER 3
1 1.12186L+21 4,961S1E-A2 1,.27569E-uv4
GROUP 2
POSN ORDER 1 ORDER 2 ORDER 3
1 1.A8545E+01 6,993%6E~02 6,75R74E~-y4
e S,49317E~82 =-1,B81622E=02 ~8,B80885E-¥5
GROuUP 3
POSN ORDER 1 ORDER 2 ORDER 3
1 1.25397€+01 6.32643E~82 2,24000E-04
2 1.21106E=-81 ~3,93138E~-A2 =-6,3742RE~-04
GROUP 4
POSN ORDER 1 ORDER 2 ORDER 3
1 9.7376RE+4 2,71677E~-02 3,41089E-0S
2 8.S033BE~-Y2 =2,.80416E~-02 -1,79778E-04

28

SNUTOT

1.,51057E+02 1,51089E+02 1,39867E+02 T7.,47493E=-01 3,09408F+00
3.61953E+02 3,.61984E+02 3,50028FE+02 9,79400E-v1 3,09U0VF+0Q
5,91225E+02 S,.91260E+832 5,.74912E+02 3.72393E+40 3,09080E+%Y
To37421E+22 T,37449E+02 7.23144E+02 4,40148E+80 3, A9000E+00

ORDER 4
é.

ORDER 4
9,
Q.

ORDER 4
g,
a.

CHISO
R,94641E~v1
5.56124E-02
3.86743E-02
1.11382E=-02




BINX,..CONVERT MODF OF CCCC FILE

MODE=f (1 MEANS BIN TN RCD, 2 MEANS BCD TO BIN)

TYPE=2 (1 MEANS [S0TXS, 2 MEANS BRKOXS, 3 MEANS DLAYXS)
IRD= 1 1 1 i 1 1 1 1 1 1

*xx FILEAM=24) =« VERSTON R == UNIT 3xwx
*&kSER IDENTIFICATION®x 7=GP FOR CI

FILE CONTROL PARAMETERS

NGROUP NUMBER OF ENERGY GROUPS IN SET a
NISOSH NUMBER OF ISOTOPES WITH SELF=-

SHIELDING FACTORS 1
NSIGPT TOTAL NUMBER OF VALUES QF VARTABLE X

WHICH ARE GIVEN, NSIGPT IS EQUAL TO

THE SUM FROM | T0 NISOSH OF NTABP(I) 3
NYEMPT TOTAL NUMBER OF VALUES OF VARTARLE T8

WHICH ARE GIVEN, NTEMPYT IS EQUAL [0

THE SUM FRUM § TO NISOSH OF NTABT(I) 3
ISOTORE NAME

1 AM241

LN(SIGPOY/LN(1@) VALUES FUR ALL TSOTOPES

IS0TOPE 15T VALUE 2ND VALUE . o .
1 4.00QA0E+0Y 2.000DAE +10Q 6.

TEMPERATURES (DEG C) FOR ALL 1SOTOPES

ISOTOPE 18T VALUE 2ND VALUE » o o
1 2.68400E+01 6,26840E4+02 1.,82684E+03

GROUP STRUCTURE

GROUP TOP ENERGY
1,37096E+01
3.05902E+00
1.85539F+00
6,82560E~01
1.00000F -5

& Wi e

F-FACTOR START END GROUPS AND NUMBER OF SIGPO TEMP VALUES

1SOTOPE JBFH JBFL NTABP NTABT
1 1 4 3 3
TOTAL SELF=-SHIELDING FACTORS ISOTOPE 1
GROUP !
SIGO TEMP 1 TEMP 2 TEMP 3
1 B.85663E=C1 9,15396E=01 9,37975E~01
2 3.71340€~41 3.94074E=A1 4,24955E8-01
3 2.90949E=31 2,9T74R9E=01 3.89127E-01
GROUP P
S1G0 TEMP 1 TEMP 2 TEMP 3
1 9.19528E~01 9,35136E=01 9,34651E-01
2 3.32057E-¥1  3,52370E-11  3,91112E-01
3 2.55R864E-01 2,59T4PE~A1 2.73312E-01
GROUP 3
SIGO TEMP 1 TEMP 2 TEMP 3
1 6.B9441E=01 7,307A3E=01 7,B436@E-0]
2 2.72283t-01 2,7625@E-01 2.8579SE-01
3 2.52328E-81 2.55574E-01 2,63@84E-01
GROUP 4
SIGO TEMP 1 TEMP 2 TEMP 3
1 8.7U755E-#1 8.82599E-A1 8,98557E-01
2 S5,61789E=81 5,66677E~B1 5.795878E=01
3 5.39R33E=d1 S, 44381E-01 5,52738E-01

26



30

CAPTURE SELF=-SHIELDING FACTORS
GROUP 1
SIGU TEMP 1 TEMP 2
1 9, JURSBE-A1 9,530S56E-B1
2 4,53569E=-01 4,94225E-01
3 T.36T4TE~01 3,61054E~-01
GROUP 2
SIGO TEMP 1 TEMP 2
1 9.56122E=01 9,63142E-01
2 4,8787SE=-21 5,35444FE-0})
3 3.80643E~-01 4,12296E~-01
GROUP 3
SIGO TEMP 1 TEMP 2
b 8,16766E~-31 8.481Nn7FE-01
2 3,80M24E-31 3,51912E-A1
3 3.05665E-01 3,14646E-0)
GROUP a
SIGO TEMP 1 TEMP 2
1 9.27139E=-01 9,35319E-0a1
2 6,60308t=-81 6,68692E-01)
3 6o 3T6U9E-B1 6,85484E-01
FISSION SELF=SHIELNING FACTORS
GROUP 1
SIGO TEMP 1 TEMP 2
b 9.9632RE~-B1 9,31171E-91
4 3. 3U4280E~-01 4,15349E=01
3 2.87193E-81 3,83159E-0)
GROUP 2
SIGO TEMP 1 TEMP 2
i 9,65429E-081 9,7R648E-91
2 S.66672E=-01 6,10641E-01
3 4,67687€E-01 4,97308E-0§
GROUP 3
SI1GO TEMP 1 TEMP 2
1 8.,085687E-01 8.35907E-21
2 3.A1898E~-01 3,12151F=-01
3 2.65875E-41 2,73475E-01
GROUP [}
SIGU TEMP 1 TEMP 2
1 9,22087SE=01 9,30503E-01
P4 6.,51175E=-81 6.,59118E=-01
3 6.29762E~-31 6.37160E-01
TRANSPORY SELF-SHIELDING FACTORS
GROUYP 1
SIGO TEMP 1 TEMP 2
1 R.85643E-01 9,153R81E-0)
e 3.71232E~-01 3,93970E-01
3 2.90828E-81 °2.97369E~01
GROUP ?
SIGO TEMP 1 TEMP 2
1 9,19521E=-01 9,35130E=-01
2 3.32004E-01 3,52318E-01
3 2.558B6E=01 2,59681E-01
GROUP 3
SIGO TEMP b TEMP 2
1 6,89387E~81 7,30691E=-71
2 2+ 72255E=-01 2.76222E-01%
3 2452299€E-01 2,55546E-01
GROULP 4
SIGO TEMP 1 TEMP 2
1 8,760752E-01 B8,82597E~01
2 5+6177T6E=01 5,66664E-01
3 5.39819E~81 5,80367E-01
ELASTIC SELF+SHIELPDING FACTORS
GROUP {
SIGO TEMP 1 TEMP 2
1 9,8199SE=-01 9,87082E-A1
2 8.86062E~61 8,92082E-01
3 8.71989E=-01 8,74920E=01

1SOTOPE 1

TEMP 3

9,.66346E-01
5.406B6E~D1
3,93591E-41

TEMP 3

9,50114E-01
5.937908E=41
4,60236E-01

TEMP 3
8.87A4BE-01
3, 76056E=01
3,33583E-01

TEMP 3

9,45924E-021
6,83119E~01
6,59132E-41

ISOTOPE 1

TEMP 3

9,49581E-01
4,51847E-01
3.24561E-01

TEMP 3

9,66235E=01
6,63714E-01
5,48622E-61

TEMP 3

8,.70861E-01
3.32764E-81
2.89419€-01

TEMP 3

9,81672E-21
6,72780E-01
6.508007E-01

ISOTOPE

TEMP 3

9,37964E-01
4,24B856E=01
3,09@08E=01

TEMP 3

9,.34646E~01
3,91063E=-01
2.T72953E~01

TEMP 3

7.84350E-91
2.,85768E-01
2,63056E-81

TEMP 3

8,98556E~81
5,75866E=01
5,52717€-01

ISOTOPE 1t

TEMP 3

9,91112€-081
8,99138E-01
8,78609€-01




GROUP
SIGO

GROUP
SIGO

GROUP

S16GO
1
2
3

CROSS SECTI

GROUP

B NN+

2

TEMP 1
9.96331E=-01
9.5519AE=01
9,49525k-01
3

TEMP 1
9.25456E=021
7.39429E-01
7.30283E~021
4

TEMP 1

9,5257PE~01
9.33429E~-01
9.27722t~-01

ONS

XSPO
9.51140E+00
9.51146E+00
9.51147E+09
9.51148E+00

TEMP 2

9.98945E=-01
9.631RBE-21
9,55963E=-01

TEMP 2

9, 36978E-04
7.42937E~01
7.326R9E=0]

TEMP 2

. u1212€-01
9,15493E=-0}
9,11858E=-01

XSIN

TEMP 3

9,99710E~-01
9,70R25E~21
9.62683E-021

TEMP 3

9,52259E~-81
7.51269€E=01
7.38619E<-01

TEMP 3

9,35474€E-01
9,08931E-81
9,34798E~81

XSE
1.12735E+01
1.89756E+01
1,26247E+01
9.73760E+0A@

XSMU
2.79A39E-23
2. 7T9A39E=07
2.79A39E=-A3
2.79039E-43

XSED
5.,49317E=-02
1.21106E-01
8,5A338E=-02
9.17464F=09
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APPENDIX E
PUPX LISTING OF SAMPLE PROBLEM 1DX OUTPUT

1 CROSS SECTION DATA FOR AM241
GROUP SIGT SIGF NU SI1GC SIGIN SIGEL MUEL XT SIGDEL
1 151,089 « 747 5,090 139.067 w,000 11,274 .AR3 .48 +955
2 361,984 979 3.090 358,828 8,000 16,976 .003 .0808 . 121
3 591,260 3.724 3,099 574,912 0,002 12.628 03 . 308 +BRS
4 737,449 4,401 3,894 723.144 2,008 9,738 . 203 Al <808

INELASTIC SCATTERING MATRIX FOR AM24]

GROUP GX6 GXG+1 6XG+2 . ..
1 ¢.000 9,000 3.600 @.000
2 2,800 0,000 2,000 ¢.000
3 2,000 2.000 2.9080 2.00¢
4 0.000 2,800 0.000 2.000

FISSION SELF=SHIELDING FACTORS FOR AM241 ARF GIVEN AT T = 3@#, 94@, AND 2100 ODEGREES KELVIN

$I1G0 ,L1E+05 .1E+@3 ,1E+01 (1E+@S 1E+03 1E+01 L1E+@AS 1E+A3 (1E+Q}

GROUP
1 + 906 .384 «287 «931 «415 .303 +950 452 »325
2 0965 567 468 971 0611 LU97 2966 .664 W54
3 8086 302 266 «836 312 .273 -871% 333 .289
L} 922 651 «638 2931 » 659 .637 <942 673 «65¥

CAPTURE SELF=-SHIELDING FACTORS FOR AM241 ARE GIVEN AT T = 300, 9AB, AND 21A@ DEGREES KFLVIN

SI60 L1E+0S .1E+03 ,1E+@1 ,1E+QS ,1E+@3 (1E+81 1E+05 ,1E+0A3 _1F+01

GROUP
1 «935 .454 «337 «953 <494 . 361 2966 541 -394
2 «956 .488 .381 960 «535 812 « 950 .594 460
3 .817 « 340 «306 .848 »352 . 315 887 376 «334
4 0927 .660 638 «935 «669 .645 946 683 . 659




€€
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