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Availability of Computer Programs

The computer programs described in this report have been sent to the
Argonne Code Center for distribution. For further information write

or call

Argonne Code Center, Building 203 Room C-230
Argonne National Laboratory

9700 South Cass Avenue

Argonne, Illinois 60439

Phone: Area 312 739-7711 Extension 4366



Introduction

In this report we describe some six programs written for calculating
point-wise cross-sections in the resolved and unresolved resonance region.
These programs have been written specifically to read in the resonance
parameters in the ENDF/B files. However, the smooth cross-sections from
File 3 have to be added to the output of these programs to obtain the final
cross-section.

Out of the six codes described in this report, the first four calculate
the cross-sections in the resolved resonance region and the last two in the
unresolved resonance region, The first program SIGPLOT calculates cross-
sections for scattering, capture and fission using the single level Breit-
Wigner parameters of ENDF/B Version I data. It also calculates multilevel
scattering cross-sections. The cross-sections may be Doppler broadened
if necessary. The second program SIGMA2 is essentially a modified version
of SIGPLOT written for ENDF/B Version II data. The third program RAMP1
calculates scattering, capture and fission cross~sections using the Reich-
Moore approximation, with or without Doppler broadening. The next program
ADLER calculates cross-sections from the Adler-Adler parameters. Doppler
broadening is done using the i and Y functions. AVRAGE3 and AVRAGE4 calcu-
late cross-sections in the unresolved region using energy independent para-
meters and energy dependent parameters of ENDF/B Version II respectively.
Width~fluctuation corrections are applied by numerical integration. Also,
there is no provision made for allowing any inelastic effects in AVRAGE3
whereas they are taken into account in the latter program. After describing

the programs, we have given the program listings with sample input data and



results of the test problems,

The main purpose of writing these codes has been to have a set of codes
which (i) would serve as a standard reference set against which the results
of other codes could be compared and (ii) could be used in neutron cross-
sections evaluation and (iii) from which automated plots of cross-sections
could be obtained for author proofs. As such, every effort has been made
to obtain accurate results from the codes avoiding the usual computer time-
saving approximations such as taking only a small number of resonances in a
particular energy region. Also, these codes have been checked against
existing codes to trace down any errors of programming. However, the author
would appreciate it if the users could communicate any errors they might
find in using these codes.

My grateful thanks are due to D. E. Cullen for writing the subroutines
used in calculating the Doppler broadened cross sections by the trapezoidal rule
I have also benefited from useful discussions with M. S. Moore.

Copies of these programs have been sent to the Argonne Code Center. (See
Availability of Computer Codes)

Any further details regarding these programs may be obtained from the

author at the National Neutron Cross Section Center.






Description of the Programs







PROGRAM SIGPLOT

This is a program to calculate scattering, capture, fission, and total
cross sections from resonance parameters of Version I data from File 2 of
ENDF/B. Provision is also made to allow for level-level interference effects
in the scattering cross section. The formulae used are essentially the same
as given in the report of Gregson, et gl.,(l) but are modified to include
fission. Modified versions of the three subroutines, ORDER, FACTS, and
SIGMA, described in this report are used in the current program. Further

details of thes formulae are given in the Data Formats and Procedures Manual(z).

Formulae:

1. Elastic Scattering
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2. Capture
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3. Fission
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4. Elastic Scattering with Level-Level Interference

In addition to the expression given in Eq. (1), we have the

following level-level interference term:
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where m is the m* isotope,

Nres (£,J) are the number of resonances for a given 4 and J,
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AWR = mass of the element in units of the neutron mass,
E = neutron energy in eV in the Laboratory System,
S, = shift factor,

P, = penetration factor,

@ = phase shift,
p = Kka,

a = channel radius.

Storage Capacity of the Program

1. Maximum number of isotopes: 10,
2. Maximum number of ¢ values per isotope per energy range:

3. Maximum number of resonances over all isotope energy
ranges and £ values: 500.

4. Total memory for the program: 37K octal,



5. Time: approximately 14 secs C.P. time/ 25 res/ isotope
on the CDC-6600.

6. This program assumes that the resolved resonance parameters
are given for one energy range which is the same for all isotopes.

Procedure:

1. After all the data for one element are read in, the resonance
energies over all isotopes are arranged in increasing order.

2. For each pair of levels which lie within the limits of the energy
range in the input data, a variable number (8 = 4 MM as it stands now) of energy
points which lie between these two levels are generated, and the scattering,
capture, fission, and total cross section are calculated and printed out for
all the resonances of a given isotope as well as for all the isotopes of a
given element. A finer mesh may be obtained by setting MM (card SIGP246)
to a higher wvalue.

3. To avoid having huge core storage, the cross sections are not
stored in memory but are printed out as they are generated.

4, The resonances in each isotope are arranged in increasing order
of £ and for a given increasing order of J before the cross sections are
calculated.

5. For a given isotope, the measured resonance spins are, for
example, 3 and 4. In File 2 the spins of some low energy resonances
where they have been experimentally measured will have one of these two

values, For the rest of the resonances where this data is lacking, the
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spins would be given as 3.5. 1In such a case, in calculating the cross
section with level-level interference, we let spin-3 resonances interfere
with one another. Similarly, spin-4 resonances that interfere with each
other are treated as a group. The rest of the resonances (spin 3.5) do
not interfere among themselves unless this is indicated on the title

card in Col. 65 (see p. 8).

6. To Doppler-broaden cross sections, we write the Doppler-
broadened cross section as

@

/ 1 " - [( £~ E")/A]E "
O'A(E ) = J‘ O—(E ) € dE H] (5)
AN~
o)
where
o V% (g /(em\ 2
= Tees ELeV
A (ev) = 0.3177 203, TWR
Tgff = effective tempera-
ture in degrees
Kelvin.
AWR = nuclear mass

The above expression is obtained as a good approximation for the more
accurate expression for Doppler-broadened cross section (see Solbrig(3))
when E/A>> 1. It is known that this approximation is good except at
very low energies where the more accurate expression has to be used.

Therefore,in this program Doppler-broadening of the cross section is

by-passed for neutron energies less than 0.025 eV. The above expression
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can be written as

@

O’A(E,) - L / o(E’ +X-A)e—x‘2 dx , 6)

E1d
“E£/n

where since E'/A is large, the integral is written as

oo

O'A(E,) - L O'(EI+X~A)e—xde . @

T

A. Gauss-Hermite Quadrature

This integral can be evaluated using a 9-point Gauss-Hermite quadra-
ture formula, provided the structure in the cross section is not small
compared with the Doppler width A . Comparison of a test case which is
Doppler broadened using i and x functions, the trapezoidal rule, and
Gauss-Hermite quadrature formula gives accurate results, provided the
width of the resonmances I' = 5A . If this condition is not satisfied, we
have recourse to using the trapezoidal rule for evaluating the integral
as described below. In most of the cases we use the quadrature formula
for calculating the integral,as it has been found that the trapezoidal
rule method requires a large amount of computer time. However, the trapezoidal
method should be used if the resonances are very narrow and/or are very closely
spaced., This may be done by setting all FLAG(I) = 1 in the subroutine SIEVE.

B. Trapezoidal Method

The above integrals can also be evaluated numerically by using the
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trapezoidal rule. To start with, a certain number of pivot points (NTAB
which is an odd integer) equal to, say, 1l are specified at each energy
E’ where we wish to evaluate the Doppler-broadened cross section. Pivot
points are then specified at eleven energy values given by E” =E’ and

E“" =E'+ A.... E’ + 5A . The cross section to be Doppler-broadened is
explicitly evaluated at each pivot point at every iteration. The inte-
gral will give negligible contribution beyond this energy interval due
to the e_(EI’E”)g‘/Az factor. 1If,however, E’ is very small so that the
energy at one of the above pivot points is less than or equal to zero,

we set E” = 1072 eV as the lowest energy and set the energy of the pivot
points at E” = 1002 + A ...., 100® + 10A . 1In addition, we have to specify
an ERRPR (say of the order of 10"%*). The above integral is then evaluated
at these points, and if the relative value in each subinterval is less

than ERRPR/(NTAB-1), the program assumes that the integral has converged

in that interval; if not, at every iteration the number of steps is

doubled until the integral converges. This method has been checked

against results obtained by using i and x functions in test cases and

found to converge rapidly.

Use of these two numerical methods to evaluate the Doppler-broadened
cross sections enables us to treat resonances due to higher f{-values where
expressions for the Doppler-broadened cross sections in terms of the Y

and ¥ functions become very involved.
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Input Data

The first card of the input is a TITLE card with the format
(744,2%,15,F5.1, 215, E10.4, I5). One can punch an appropriate title
in Cols. 1-28. 1If Doppler-broadened cross sections are desired, punch
1 in Col. 35, or else punch 0. 1In Cols. 36-40 give the effective tempera-
ture Teff in degrees Kelvin, and in Cols. 41-45 punch NTAB, which is
eual to the odd number of pivot points for the integration for Doppler-
broadening; NTAB > 13 seems highly unlikely. 1In Cols. 46-50 punch an
integer between 1 and 6 which specifies the particular cross section to

be Doppler-broadened. The following list indicates these:

1 - scattering cross section with no level-level
interference

2 ~ capture cross section with no level-level
interference

3 - fission cross section with no level-level
interference

4 - sum of the above three

5 =~ scattering cross section with level-level
interference

6 - sum of 5, 2, and 3.

In Cols. 51-60 punch ERROR, which has been described above. 1If
level-level interference in the scattering cross sections among those
resonances which are assigned an average spin is desired, punch 1 in
Col. 65, or else punch 0. The rest of the data cards are from ENDF/RB

File 2 beginning with the HEAD Card and these give the resonance

parameters. These are described in the Data Formats and Procedures Manual(2)
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6.

REACTOR CODE ABSTRACT

Name of Code: SIGPL@T.

Computer for which Code is designed: CDC-6600.

Nature of problem solved: This code calculates the scattering,

capture, fission, and total cross sections from resolved resonance
parameter data. Scattering cross sections may be calculated with or
without level-level interference. Provision is also made to numeri-

cally Doppler-broaden any of the cross sections.

Method of solution: Multi-level Breit-Wigner formula, Details of

(1)

formulae to be found in Gregson, et al.

Restrictions on the complexity of the problem: This program can

handle resonance data up to a maximum of 10 different isotopes with
a total number of 500 resonances and an £ value not exceeding 5.

It further assumes that the resolved resonance parameters are given
for one energy range which is the same for all the isotopes of an
element. The mesh points at which the cross sections are calculated
can be varied. Since the calculated data are not stored, an in-
crease in the number of mesh points does not conflict with any

storage requirements,

Typical running time: Calculations of the cross sections of mono-

isotopic manganese from its resonance data with 27 resonances, with
20 mesh points between the positive energy resonance, takes 14 secs

of central processor time on the CDC-6600.

Unusual features of the program:

a) 1In calculating scattering cross sections with level-level
interference, resonances are grouped according to their spins
for the same £ value. Thus for s-wave resonances, for example,
the spins are 3 and 4. 1t is possible that there are a number

of resonances whose spins have not been measured, and these are
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10.
11.

12.

13.

14.

15.

16.

given an average spin of 3.5, The program normally calculates
scattering cross sections with level-level interference among
the spin-3 group and the spin-4 group. Contributions of the
spin-3.5 resonances are calculated as a sum of single-level
Breit-Wigner terms. If, however, it is desired to include the
level-level interference terms among these resonances, this may

be indicated on the control card.

b) The method of numerical integration used to Doppler-broaden
cross sections is very general and is designed to take care of
situations where the fine structure of the cross section is
rapidly varying.

Related auxiliary programs: This program has been patterned after

the MLBW program(l) with certain corrections and changes in the sub-

routines ORDER, FACTS, and SIGMA.

References: K. Gregson, M. F. James, and D, S. Norton, "MLBW - A
Multi-level Breit-Wigner Computer Program,' U.K. Atomic Energy
Establishment Report AEEW-M517 (1965).

Machine requirements: This needs a 37k octal memory.

Programming language: FORTRAN IV,

Operating system or monitor: Brookhaven National Laboratory version

of CDC Scope 2.0 operating system.

Other programming or operating information: None.

Name and establishment: M. R. Bhat and D. Cullen, National Neutron

Cross Section Center, Brookhaven National Laboratory, Upton, N.Y.

Material available: Fortran deck with sample output.

Category:

-16-



PROGRAM SIGMA2

This program is a modified version of SIGPLOT described in the preceding
pages. The modifications enable it to handle ENDF/B Version II data. These
modifications are described in the Data Formats and Procedures Manual(z) in
great detail and are briefly the following:

(1) provision is made to give the individual isotopic masses AWRI

(2) channel radius "a'" (in units of lO‘lzcmn) and defined by

1/3 -1
a = |1.23(AWRI * 1.008665) + 0.8} x 10

is used to calculate the penetrabilities P, (ka) and the shift factors
S&(ka) whereas the effective scattering radius a is used to calculate ¢%(k§),
the phase shift.

For details regarding the input data, Doppler broadening and other
details of the program please see the write-up on SIGPLOT (p. 12) as they

are common to the two programs.
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PROGRAM RAMP1

Program RAMPl (Reich And Moore Program Version 1) calculates
scattering, capture, fission and total cross sections in the resolved
resonance region using the Reich-Moore formalism(42 The resonance
parameters are assumed to be in the ENDF/B Version-II data format(z).
The cross sections may also be Doppler broadened if so desired.
Formulae:

The cross section for a neutron reaction with the exit channel ¢ is:

- 2 J
Ohe = T X, };: 85 ‘ 6o - U (1)

nc

where %nis the reduced neutron wave length; g5 is the statistical weight
. I . :
factor for resonances of spin J and Unc is the collision matrix.
In the Reich-Moore approximation, the collision matrix is expressed

in terms of a matrix (I-K), with dimensions (m+l)x(m+l) where m is the

number of fission channels ,used in the cross section analysis; (m=2 in the ENDF/B

format) and it is assumed that there is only one neutron channel (though

there may be two channel spins for p-wave neutrons). Thus we define,

I.,1/2 I,1/2

= 1 o c’
(T-K) =61 -5 2, —A——L—E)\_E_i T (2)
by 2

Xy

where E\ is the resonance energy and I&V the corresponding capture width
of the A-th resonance and I&c and Ikc’ are the partial widths corresonding
to the channels ¢ and ¢’. Here it is also further assumed that the shift

factor A ) 1is zero. The collision matrix U%e can be expressed in terms
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of the matrix defined in equation (2) as

o= eMentee) [2(1-k)71-6nc] (3)

nc

where ©n and ¢, are the hard-sphere phase-shifts. The different cross

sections can now be written as

J J
= = 1-U7 )
CITotal Z CTnT 2n .Kzn ngRe( nn
J

J
(4)
EAEDD 1 Ly 4 2R (éZi‘Pﬁ )
' nla gy | (Imcosig)) e Pnn
J
J J 2 J 2
= U +]u
Orission =Zgnf m 761 E gJ (l nf, nf, )
J J
(5)
3
4 m nzj gJ pnfl pnf2
T T |t
Ogcattering }E: O = T A, &3 nn 6
J J

21 7
=1 *12 g5 [ 2(1 - cos 2 (p‘f'l) + 4Re (eZI(pn pnn)
2]

RS gy, (O (I“K);i*ReEI'K)ab' 6ab:’ )
J a,b

J
p

J
- 4Re (pnn) + 4 o

Ocapture

where a,b 1, 2, 3, and 1 = neutron channel and 2, 3 are

fission channels.
The total, fission and capture cross-sections are obtained
by direct calculation and the scattering cross-section is

obtained by subtraction form these.



In the above expressions the matrix pnc is defined as

- - _ wy-1
Phe ~ 6nc a K)nc'

In addition we define the following:

r @ - P, (E) I‘Kn(\E\‘)
An PL(’E)\H

AWRI+1.0

Tally

= 2.196771 x 1072 (——@i—)J E (eV)

where AWRI is the isotopic mass of the I-th isotope in units of the

neutron mass.

E = the neutron energy in eV in the laboratory system.
y y

Pz = penetration factor for angular momentum 4.
0, = phase shift factor " " " ",
where, .

¢ = ka

¢, = ki-tan! (kd)

©2= ka-tan™? __B_ka*'\ etc.

3-k% a2

a = effective scattering radius.

/3 + 0.8) x 10t in

We use a channel radius a = (1.23(AWRI * 1.008665)1
units of 10 *®cm to calculate the penetration factor and the effective scattering

radius "a" as determined from a fit of experimental data to calculate the scattering

cross section.
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Storage Capacity of the Program

1. Maximum number of isotopes: 10.
2. Maximum number of £ values per isotope per energy range: 5.

3. Maximum number of resonances over all isotope energy ranges
and £ values: 500.

4. Total memory for the program: 40 K octal.

5. Time: approximately 11 secs/100 energy points for a nucleus
with 4 isotopes and 294 s- and p-wave resonances.

6. This program assumes that the resolved resonance parameters
are given for one energy range which is the same for all
isotopes.
Procedure:
1. After all the data for one element are read in, the resonance
energies over all isotopes are arranged in increasing order.
2. For each pair of levels which lie within the limits of the energy
range in the input data, a variable number of energy points (4 MM = 8 as it
stands now) which lie between these two levels are generated, and the scattering,
capture, fission, and total cross section are calculated and printed out for all
the resonances of a given isotope as well as for all the isotopes of a given
element. One can get a finer mesh by setting MM (card RMP1228) to a higher value.
3. To avoid having huge core storage, the cross sections are not stored in
memory but are printed out as they are generated.
4. The resonances in each isotope are arranged in increasing order of £
and for a given increasing order of J before the cross sections are calculated,
5. To Doppler-broaden cross sections, the same procedure using Grauss-
Hermite Quadrature or the Trapezoidal Method as described in SIGPLOT (p.10)

is used.
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Input Data

The first card of the input is a TITLE card with the format
(744,2X,15,F.1, 215, E10.4, I5)., One can punch an appropriate title
in Cols. 1-28. 1If Doppler-broadened cross sections are desired, punch
1 in Col. 35, or else punch 0. In Cols. 36-40 give the effective tempera-

ture Te in degrees Kelvin, and in Cols., 41-45 punch NTAB, which is equal

ff
to the odd number of pivot points for the integration for Doppler- broaden-
ing; NTAB > 13 seems highly unlikely. 1In Cols. 46-50 punch an integer
between 1 and 4 which specifies the particular cross section to be Doppler-
broadened. The following list indicates these:

1 - scattering cross section

2 - capture cross section

3 - fission cross section

4 - total cross section.

In Cols. 51-60 punch ERROR, which has been described above. The

rest of the data cards are from ENDF/B File 2 beginning with the HEAD

Card and these give the resonance parameterﬁz).
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10.

11.

REACTOR CODE ABSTRACT

Name of Code: RAMP1

Computer for which code is designed: CDC-6600

Nature of problem solved: This code calculates scattering, capture,

fission and total cross sections from Reich-Moore resolved resonance
parameters. Cross sections may be Doppler broadened if so desired.

Method of solution: Reich-Moore approximation. Details may be

found in the reference given,

Restrictions on the complexity of the problem: This program can

handle resonance data up to a maximum of 10 different isotopes with
a total number of 500 resonances and an § value not exceeding 5.
The mesh points at which the cross sections are calculated can be
varied. Further, since the calculated data are not stored, an
increase in the number. of mesh points does not conflict with any
storage requirements,

Typical running time: Calculations of 4 isotopes involving a total

of 294 s and p-wave resonances took 11 sec. of central processor time
per 100 energy points on the CDC-6600,

Unusual features of the program: The Doppler broadening is done

using numerical methods and can handle p-wave and resonances
corresponding to higher partial waves.

Related auxiliary programs: None

References: C. W, Reich and M. S. Moore, Phys. Rev. 111, 929, 1958,

Machine Requirements: This program needs 40K octal memory.

Programming language: FORTRAN IV
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13. Operating System or monitor: Brookhaven National Laboratory

version of CDC Scope 3.0 operating system.

14, Name and establishment: M, R, Bhat, National Neutron Cross Section

Center, Brookhaven National Laboratory, Upton, N. Y. 11973.

15, Material available: FORTRAN deck with sample output.

16. Category:
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PROGRAM ADLER

This is a program to calculateé total, capture or fission cross-
sections according to the Adler-Adler formalism using the corresponding
parameters from File 2 of ENDF/B Version II data.

Formulae
The Adler-Adler formulae have been discussed in the reports given

(5,6)

in the references ~’ °. The formulae are:

( )(E) = TE— (1 - cos W)

(x) Lax) . (x) (x)_.
+_C_Z Vk(Gk cos u.+Hk sin w)+(“k'E)(Hk cos (o - Gk sin w)
VE g (py BV p,°
(x) (x) (x)
+ §::_ (A§X)+ A% A%? + AES + B§X)E + BéX)E?)

(x) (x) (x) (x) (x)
C (x), A + E + B E);
and B.G = —— (AlX + —%r— + Eg—— —is— °

E

C 2 1 -3 AWRI
h A *° . ==k =2.196771 ¥ X ———
where T = 7 X°; where o 10 ARIFT0 ~E(eV)
where k is the wave number of the incident neutron in the center-of-mass

system and AWRI is the isotopic mass in units of the neutron mass.

2C

l-cos w otential scattering cross section; this term is non-
E =P 24 ;

zero only for scattering and total cross sections.

-27-
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Procedure (con't)

(3) Cross-sections are not stored in memory so that an increase in

mesh points does not conflict with any memory requirements.
(4) Only s-wave resonances are handled by the program.

(5) The Doppler broadened cross-section is written as:

- -(E-E')®
0B = 1_/ sgre  Bap’ 2)
ar

TO 1/2 1/2
_ eff E(eV)
where MeV) = 0.3177 (293.9 (AWRI)

where T:ff = effective temperature in degrees Kelvin

AWRI

mass of the isotope. This expression is quite good

except for resonances of very small energiesf7) We use the
real and imaginary parts of the complex probability integral
which are proportional to the ¥ and & functions to obtain

expressions for Doppler broadened cross-sections,

We define.

i + © e—tz . i + © e—tz
U= Im(; .[Oo oy dt ;. V= Re(E‘/_.(JO poy dt> (3)

where z = £ + i1, § and 7| real. Further,
o _(s-r) /4@
1 e ,
¥ (s,0) = oL & = f = ar
6 (4ﬂ9)% = 1+ 2
' - 1 4o e-(s—r)2/46
and ¢ (s,0) = %J%-! v, = - f rdr
(4me)8 Y = 1+
where 1| = and £ = sT. If we further set £ = BE nam - L3
g A A
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w = Zka Where & corresponds to the effective scattering radius in
0—12

units of 1 cmg
= = __AWRT 3 a
= 2WN ./E(eV) and WN = 2,196771 AWRT + 1.0 Xx 1072 x a,
X X X X)
) 0 A0
and BX) (¥ back d hich gi ibuti
y > By are background parameters which give contributions
due to '"'tails'" of resonances lying outside of the
energy range under consideration. They are associated
with the type of reaction "x".
(x) (%) . L.
Gk ’ Hk Are Adler-Adler parameters, characteristic of the k-th
resonance and the type of reaction indicated by "x".
Procedure

(1) After all the data for one element are read in, the resonance
energies of all the isotopes are arranged in increasing order.

(2) For each pair of resonances which lie within the limits of the
energy range in the input data, a variable number of energy points (20 = 4 MM
as it stands now) which lie between these two resonances are generated, and
the total, capture and fission cross sections are calculated and printed out.
This is done for all the resonances in an element. A finer mesh may be obtained

by setting MM (card ADLR278) to a higher value.
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we obtain the Doppler broadened cross section as

=)
(x) - U
GAX(E) = _Zég (l-cos w) + 9—-{:2 llc (GIEX)cos w4+ I-Ll((x) sin w)

k E2
4
e )

+ %Z ;% (H.f(x) cos ( - G1(<X) sin @)
k

The potential scattering term (non-zero only for scattering and total
cross-sections) and the background terms are not Doppler broadened, as they
are slowly varying and not affected by Doppler broadening. The functions
UEX) and Vﬁx) are characteristic of the k-th resonance of the type of cross-

(8)

section "®" , and its parameters are evaluated using a subroutine-PFCN .

Input Data

First Data Card: Format (744,2X, I5, F5.1)

Reads in TITLE(1), ....... , TITIE(7), IDPL, TEFF

TITIE(1l), ........, TITLE(7), = any suitable title for the program.

IDPL 1 if Doppler broadened cross-sections are desired or else = 0

TEFF

Effective temperature of the sample in degrees kelvin,

Rest of the Data Cards: Follow the ENDF/B File 2 format for Adler-

Adler parameters., This is described in detail in Reference 2.
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10.

11,

12,

REACTOR CODE ABSTRACT

Name of Code: ADLER

Computer for which code is designed: CDC-6600

Nature of problem solved: This code calculates total, capture and

fission cross-sections from the corresponding Adler-Adler parameters

in the ENDF/B File 2 and also Doppler broadens cross-sections.

Method of solution: Adler-Adler formalism, Details of formulae are

to be found in the report given in references.

Restrictions on the complexity of the problem: This program can

handle resonance data up to a maximum of 10 isotopes with a total
number of 500 resonances., It further assumes that the resolved

resonance parameters are given for one energy range which is the same
for all the isotopes of an element. The mesh points at which the
cross-sections are calculated can be varied. Since the calculated
data are not stored, an increase in the number of mesh points does

not conflict with any storage requirement.

Typical running time: Calculations of cross-sections of one isotope

with 37 resonances and 20 mesh points between resonances takes:
(a) without Doppler broadening, 21 secs

(b) with Doppler broadening, 209 secs.

Unusual features of the program: None

Related auxiliary program: None

References: D. B. Adler and F, T. Adler, Analysis of Neutron
Resonances in Fissile Elements: Programs C@DILLI, CURVEPLOT and

SIGMA, Report C00-1546-3 (Sept. 1966), Dept. of Physics, University of

Illinois, Urbana, Illinois.

Machine requirements: This needs a 37K octal memory.

Programming language: FORTRAN 1V

QOperating system or monitor: Brookhaven National Laboratory version

of CDC Scope 3 operating system.
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13. Other programming or operating information: None

14, Name and establishment: M. R. Bhat, National Neutron Cross-Section

Center, Brookhaven National Laboratory, Upton, New York.

15. Material available: FORTRAN Deck with sample output.

16, Category:
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PROGRAM AVRAGE3

This is a program to calculate scattering, capture, and fission cross
sections in the unresolved resonance region from the energy independent

parameters given in ENDF/B, File 2.

Method
)

The method follows the paper of Lane and Lynn and we write the

average scattering, fission, and capture cross section respectively as

\ K 8J 'F F -
<Un,1}/ EZ <DJ> F +I‘f+I‘ / -n Sint @yt op (1)
J

g rr
<" f> - E X & . (2)
0, E (DY I AT AT ;
- J n " f Ty
T
K n-a
= 3
e Cn,) Z my (T ’ S
n " f v
1 s AWRI
where K = (2¢° /K®)E(ev), where k = 5= 2.196771x107 3% | mme—p JE and
AWRI is the isotopic mass,
E = neutron energy in eV,

gJ = Z(Si:};’ where I is the target nucleus spin and J is the
' compound nucleus spin,

mean level spacing in eV for spin J resonances,

%: p{ = potential scattering cross section,

Q
]

sin®
) 4#(2£+1)_E;Jf£ where 4 is the angular momentum and

ka where a is the scattering radius (A)

S
il

ka-tan ! (ka) and etc,

S
1
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and the rest of the quantities are different partial widths in eV. The

quantities in equation (1) refer to one particular £-value. The brackets

indicate averaging over the neutron and fission width fluctuations assumed

to follow a.xz distribution of different degrees of freedom as given in the

ENDF/B data. We would like to point here that the fluctuation correction

factors an’J, Ryﬁ,J’ or sz’J are not calculated separately as the fluctuation
corrections are applied by direct averaging as indicated in equations 1-3. The sum-
mation is over the different spin states. The averaging is done by the method of

Greebler and Hutchins(lo)

and corresponds to evaluating the double integrals
on a 10x10 grid, and v can vary from 1 to 4. The gamma width I& is assumed
to follow a 8-function type of distribution corresponding to a large number
degrees of freedom in the xe distribution.

Incidentally, we note here that this program (l) takes into account
only s- and p-wave contributions to the cross sections and (2) does not take
into account inelastic scattering. This program uses the channel radius

1/3 -1 , -12
a = (1.23 x (AWRI x 1.008668) + 0.8) x 10 © in units of 10 "“cm to calculate
nuclear penetrabilities.

This program needs 21K octal memory for execution.

The data input is explained in great detail in the FORTRAN listing of

the program and follows the ENDF/B format except for the first data card which

is the title card.

Title Card Format (I10,7A4,2X,3E10.4)

This reads in IRUN, RUN(l), -+-----, RUN(7), EO, EN, ESTEP.
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IRUN = Any run number. If this is zero the program exists, otherwise this
card indicates the beginning of a new calculation and one can stack
any number of these one behind another.

RUN(1), ......, RUN(7) = Any alphanumeric information.

EO Beginning energy for calculations in eV.

EN Ending energy for calculations in eV,
ESTEP = Step interval in eV for calculations in eV.

This information is needed only for non-fissile nuclei.
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10.
11,

12,

13'

REACTOR CODE ABSTRACT

Name of Code: AVRAGE3

Computer for which Code is designed: CDC-6600

Nature of problem solved: This Code calculates average scattering,

capture, and fission cross sections from s- and p-wave data of the

unresolved parameters of File 2 of ENDF/B.

Method of calculation: Theory of average cross section due to Lane

and Lynngg)

Restrictions on the complexity of the problem: This program cal-

culates average cross sections up to 100 energy values in the un-
resolved region. It does not allow for inelastic scattering and

calculates only s- and p-wave contributions, Maximum y = 4,

Typical running time: Test run calculating s- and p-wave contribu-

tions to average scattering, capture, and fission cross sections of
Pu-239 at 16 energy points and s~ and p-wave contributions to average
scattering at capture cross section of U-238 at 100 energy points

took 5 secs of central processor time on the CDC-6600,

Unusual feature of the program: This program can allow for different

degrees of freedom for fission width distribution of resonances of

different spins,

Related auxiliary programs: None.

References: A. M. Lane and J. E. Lynn, Proc. Phys. Soc. A70, 557 (1957).

Machine requirements: Needs 21K octal memory.

Programming language: FORTRAN IV.

Operating system or ménitor: Brookhaven National Laboratory version

of CDC Scope 3.0 operating system,

Other programming or operating information: None.

-36-



14, Name and establishment: M. R. Bhat, National Neutron Cross Section

Center, Brookhaven National Laboratory, Upton, New York.

15. Material available: Fortran deck with sample output.

16. Category:
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PROGRAM AVRAGE4

This is a program to calculate scattering capture, and fission cross
sections in the unresolved resonance region, with the ENDF/B Version II
data for the unresolved parameters of File 2 which gives the average neutron,
gamma and fission widths and widths for any competing inelastic processes

as a function of energy.

Method
9)

The method follows the paper of Lane and Lynn and we write the

average scattering, fission, and capture corss section respectively as

g rrT
K J o n - i 1)
(6.) == 2 T}, sin ©, + o (
n EZ(DJS T+ 4T 4T P
J n f Ty Tx
T
K n f
<o>=—2 e , (2)
£ (D Y In+rfﬂ3ﬁI;
T
K ny
d o} = H (3)
an (@) Z () \ T
n"f Ty x
where K = (2 ¢ /k¥)E(eV) where k is defined below,
E = neutron energy in eV,
gy = 2%;;11) > where I is the target nucleus spin and J is the

compound nucleus spin,

(DJ>= mean level spacing in eV spin J resonances,

= z:gpz = potential scattering cross section.
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, 2
Opy = by (2441) S0 P Vhere 4 is the angular momentum and

@o = ki where d is the scattering radius (A)
¢, = ki-tan ' (ki)

A - 3ké
©s = kd-tan . (W) where

. AWRI
k= 2.196771 x 10 s(m) JVE(eV)

and AWRI is the isotopic mass in units of
neutron mass.

I; = is a width in eV to allow for any competing inelastic processes,

and the rest of the quantities are different partial widths in eV.

r = Iz'VE'Vzpz 5 Where I;° is the reduced neutron width
b
(GNO(1L)), My g is the number of degrees of freedom in the neutron
d

width distribution (AMUN), E the neutron energy and V, is the penetration

Y
factor defined as:

\Y 1 for £ =0

)/

F/(Q+p°) for £ =1
p4/(9+3p2+p4) for £ = 2

where p = ka where k is the wave-number of the neutron in the center-of-

]

mass system (see above) and a = (1.23(AWRI x 1.00'8665)1/3 + 0.8) x 0.1 is the channel
radius in units of 107 %m. The brackets indicate averaging over the
neutron, fission , and any inelastic width fluctuations assumed to follow
ax ® Jdistribution of different degrees of freedom as given in the ENDF/B
data. The summation is over the different spin states J. Hence, allowance
is made for possible different degrees of freedom of the fission width
distribution cgrresponding to different spin states. l’(l;he averaging is done
by a method similar to that of Greebler and Hutchins, and corresponds to
evaluating the double integrals on a 10 X 10 grid, and y can vary from 1
to 4. The gamma width I; is assumed to follow a &-function type of distri-
bution corresponding to a large number of degrees of freedom in the Y @
distribution.

Incidentally, we note here that this program (1) takes into account
only s-, p-, and d-wave contributions to the cross sections and (2) does

take into account inelastic scattering. The scattering radius A in the
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unresolved resonance region of ENDF/B File 2 is used to calculate potential
scattering while the nuclear radius a defined above is used to calculate
nuclear penetrabilities as suggested in the new procedural modifications
at the April 1970 CSEWG Meeting.

This program needs 58K (octal) memory for execution.

The data input is explained in great detail in the FORTRAN listing
of the program and follows the ENDF/B format except for the first data

card which is the title card.

Title Card Format (I10, 7A4)
Read in IRUN, RUN(Il), ......, RUN(7)
IRUN = Any run number. If it is zero the program exits if non-zero it
indicates the beginning of a new calculation. One can stack any

number of these cases one behind the other.

RUN(1l), e-««ee., RUN(7) = Any alphanumeric in formation.
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10.

11.

12.

13.

REACTOR CODE ABSTRACT

Name of Code: AVRAGE4

Computer for which Code is designed: CDC-6600

Nature of problem solved: This Code calculates average scattering,

capture, and fission cross sections from s-, p-, and d-wave data of
the unresolved parameters of File 2 of ENDF/B. The parameter cor-
responds to ENDF/B Version II data with energy dependent neutron,

gamme, fission, and inelastic widths.

Method of calculation: Theory of average cross section due to Lane

(9)

and Lynn.

Restrictions on the complexity of the problem: This program cal-

culates average cross sections up to 100 energy values in the un-
resolved region. It allows for inelastic scattering and its width
fluctuation and calculates only s-, p-, and d-wave contributions.

Maximum p = &.

Typical running time: Test run calculating s- and p-wave contribu-

tions to average scattering, capture, and fission cross sections of
Pu-239 at 16 energy points and s- and p-wave contributions to average
scattering and capture cross section of U-238 at 19 energy points took

3.5 secs of central processor time on the CDC-6600.

Unusual feature of the program: This program can allow for different

degrees of freedom for fission width distribution of resonances of

different spins.

Related auxiliary programs: None.

References: A. M. Lane and J. E. Lynn, Proc Phys. Soc. A70, 557 (1957).

Machine requirements: Needs 58K octal memory.

Programming language: FORTRAN IV.

Operating system or monitor: Brookhaven National Laboratory version

of CDC Scope 3.0 operating system.

Other programming or operating information: None,
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14.

15.

16.

Name and establishment: M. R, Bhat, National Neutron Cross Section

Center, Brookhaven National Laboratory, Upton, New York 11973.

Material available: FORTRAN deck with sample output.

Category:
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c PROGRAM SIGPLOT(INPUT,QUTPUT) SIGPRRY

COMMON/D/ERAN(2,501) S1GP@AYY
COMMON/C/EX(1@1),JFLAG(LIoL) SIGPZ”J
COMMON/ZE/ZXMINCA) s XMAX(6) ¢ XREF (6) SIGPER4
COMMON ARAY,IRAY,ERAY,NOT ZAl ,ABNsNERJLFW,EL)EH,LRULRFILANG/NLS) SIGPOUKS
INRES,LN, JN,PENFAR,SHIFAR,SP1,AP,L1S,C, AM, DREF, AREF , IRANGE,NIS, S1GP@DE
3INCROSS, IVSPIN,ELO,TEFF,DELTA,E,AWR SIGP@®?
EXTERNAL MOV, KOM SlGPawy
EXTERNAL MOVE,KOME SI1GPRUY
EXTERNAL DOPPLER SIGPGIU
DIMENSION ARAY(6,522),1RAY(3,500) ,ERAY(2,5080),NOT(28),2A1(12), SIGPEll
1ABN(1Z)'NER(lﬁJlLFw‘lz)pEL(igpiﬂﬁ'EHflﬁll@)lLRU(lﬂnlg)oLRF(lﬁplﬂlpSIGpﬂli
2LANG(12:5,5) ) NLS(1@212) ¢ NRES(12))LN(58)+»JN(150) PENFAR(522), SIGPZLS
ISHIFAR(SED) SPT(12) AP (12),L1S(12),C(10)sAM(10),0REF(6)+AREF(6) SIGPU14
DIMENSION TITLF(7),XTAB(33) SIGP@1>
DATA MAXPTS,MAXRES,ETHERM/29002.108,0,253E-g1/ SIGPpls

fr=~=~THIS A PROGRAM TO CALCULATE SCATTERING,CAPTURE,FISSION AND TOTAL SIGPRLY
Cm====CROSS~SECTIONS EJTHER AS A SUM OF BREIT=-WIGNER TERMS OR WITH A SI1GPR18
Cre=-=MULTI=LEVEL FORMULA TAKING INTC ACCOUNT LEVEL-LEVEL INTERFERENCE, SIGPg19
Ce==-==RUNS ON BOTH CNC=5688 AND PDP-18 S1GPElY1
c 111111211111141124411411141321212211111441211111141112141114111311111S]GPB20
READL, (TITLE(1),1=1,7),1DPL,TEFF,NTAB, INCROSS,ERKOR, IVSPIN SIGPp2]
Cm==--=1DPL=L IF DOPPLER BROADENED CROSS~ SECTIONS ARE DESIRED EL.SE IDPLE=ASIGPB22
Ce~--=-TEFF=EFFECTIVE TEMPERATURE OF THE TARGET IN DEGREES KELVIN, S1GPg2s
Cr=~==NTABeNUMBER OF PIVOT POINTS TO BE USED IN EVALUATING THE DOPPLER SIGPpe4
C---~--BROADENED CRQOSS=SECTION, To GET THE DOPPLER BROADENED CROSS~SECTIOSIGP@Z>
Cr===-<N AT EVERY ENEPGY E WE TAKE THE INTERVAL E~N2eDE{TA TO E«N2#DE[TA SIGPRZ6
C-~===FQR THE INTEGRAL WHERE N2=NTAB/2 AND DELTA IS THE DOPPLER CONSTANTSIGPPZ27
Cre-a-NTAB=11 OR SO SHOULD SUFFICE FOR ALL CASES, NTAB= 00D INTEGER, S1GPp2s
C---w=ERRORz IF THE RELATIVE ERROR BETWEEN TWO SUCCESSIVE ITERATIONS  SIGPg2y
C---==-0F THE DOPPLER INTEGRAL 1S LESS THAN ERROR THE INTEGRATION ROUTINESIGPp3®
C--~o=ASSUMES THAT THE INTEGRAL HAS CONVERGED AND IT EXITS, TYPICAL SIGPp3i
C-=-=zVALUES COULD BFe1,PE~@4, HOWEVER IT 1S RECOMMENDED THAT THE USER SIGPp32
Cre==v=EXERCISE HIS JUDGEMENT IN FEEDING THIS VALUE COMMENSURATE WITH THESIGP@SS
Cr==-=~ACCURACY OF THE FINAL RESULT DESIRED AND COMPUTER TIME AVAILABLE, SIGP233
C-====IN PRACTICE IT 1S FOUND THAT THE SPINS OF ONLY A FEW RESONANCES ARSIGPg3>
C---=~KNOWN AS A RESULT OF DIRECT MEASUREMENT WHILE REST OF THE RESONANCSIGPB3$
Cre-a=ES ARE ASSIGNEN AN AVERAGE SPIN WHICH 1S EQUAL TO THE AVERAGE OF SIGPRS7
Ce~-s~AL| POSSIBLE SPINS FOR THE PARTICULAR PARTIAL WAVE, THIS AVERAGE SI1GPp3s
C==-ueSPIN 1S CALCULATED FOR A GIVEN TARGET NUCLEUS SPIN AND A GIVENL=-VASIGP@3Y
Cr=-2=IN THIS PROGRAM IN CALCULATING THE SCATTERING CROSS=SECTION WITH SIGPp4®
Ce==-=LEVEL=LEVEL, INTERFERENCE, RESONANCES OF A PARTICULAR SPIN VALUE  SIGPg4l
Co==z=INTERFERE AMONGST THEMSELVES, HOWEVER,IF A GROUP OF RESONANCES HASSIGPp42
C-=--=-SPIN EQUAL TO THE AVERAGE SPIN JTHEIR MUTUAL INTERFERENCE TERM IS SIGPPAS
C---z~SET EQUA| TO ZERO,IF IT 1S DESIRED TO INCLUDE THIS MUTUAL INTERFERSIGPp44

Cre=->-TERM PUNCH A 1 IN COLUMN 65 ELSE PUNCH A @, S1GPR45
PRINT24, (TITLE(L)s151,7) SI1GPRAa6

PRINT25 SIGPR47

1 FORMAT(7A4,2%X,15,F5,1,215,E12,4,15) S1GPRA8
IF(IDPL-EQ,1)GM TO 1p11 S16P23Y
GO To 1012 SI1GPEa91

1811 PRINT25 SIGP@5Y
PRINT32, TEFF NTAB,ERROR, INCROSS S1GP@>1
PRINT25 S1GPE»2

GO TO 1013 S1GPESS

1212 CONTINUE SI1GPB54
c 22222222222222222222222222222222222222222222222222222222222222222251GPE55
1013 READ3, ZA, AWR,NOT (1) »NOT(2) yNIS,NOT(3) SIGPE»6
Cmm=z=ZA=(Z,A)DESIGNATION OF MATERIAL,AWR=AT,WT/NEUTRON MASS,N1S=NO OF SI1GP@>7
Cr--z-1SQTOPES SIGPE58

Co==»~=IN THE CURRENT ENDF/8 FORMAT INDIVIDUAL ISOTOPE MASSES ARE NOT S1GPg>oy
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Co==g=GIVEN HENCE WE USE AWR WHICH IS MASS OF THE ELEMENT, SIGPpé6R

PRINTL7,2A, AWNR,NIS S1GPRoY

PRINT25 SI6PE62
Jiz1 SIGPREY
JFID=1 SIGPRG64
Do 191 I=1,NI1S SI1GPE6S
NRANGE=1 S16PR6S
c 333333333333333333333333333333333333333333333333333333333333333333516PB6T
PRINT25 S]GPRAS
PRINTL8,! sicPRé9

PRINT25 S1GPR7#
READ3,ZAY (1), ABNCI) )NOT(4)sLFW(T),NERC]I),NOT(5) SIGPR7]

Cremw~ZAl(1)a(Z,A) DPSXGNATXON OF ITH ISOTOPE ABN(I)=WT FRACTION OF [TH SIGPp72
Cm==-e=1S0TOPE | FW=1 FISSION WIDTHS ARE GIVEN,=P FISSION WIDTHS NOT G]VENSIGPD73$

C~==-c=NER(!)=NO OF EMERGY RANGES USED SIGPQ74
PRINT19,ZA1(1),ABN(I) ,NERCD) SIGPﬁ75

NERI=NER(I) SI1GPR74

Je=1 SIGPR77

c 4444444444444444444444444444444444444444444444444444444444444444445]1GPO78
126 READI,EL(1,J2),EH(],J2),LRUTT,J2),LRF(],J27, NOT(6),NOSIGP079
17(7) SIGPZBD
Ce-=g=E| z| OWER ENERGY | IMIT OF A RANGE, EH=UPPER [IMIT OF A RANGE s516rPp8i
C---c=LRU=1 RESOLVED RESONANCE PARAMETERS,_RU=Z2 UNRESOLVED PARAMTRS SIGPﬂgZ
C~-=»=~LRF INDICATES PARTICULAR TYPE OF RESONANCE FORMULA TO BE USED SIGPR83
PRINT28,EL(1,J2),EHCT,J2),LRUCT,J2),LRFLT,J2) SIGPp84a

LRULJ=LRU(I 42 S1GPP8S
IF(LRUIY~1)127,128,1081@ SIGPpBBé

127 PRINT19 S1GPE87
GO To 132 SIGPZB&

128 NMOM=1 S1GPPEY

c 5555555555555555555555555555555555555555555555555555555555555555555 1 GP@ 7@

READ3Z,SPI(1),AP(1),L1S(1) ,NOT(8) ,NLSET,J2)aNOT(D) SIGPEYL
Cm==s=SP1(1)=SPIN OF THE 1~TH ISOTOPE,AP(I)=zA+ SPIN DEPENDENT SCATTERINGSIGPg92
C=w===LENGTH IN UNITS OF 1,8E-12CM,AM([)=A~, FOR SPIN INDEPENDENCEAM(])=SIGPB93
Ce====P, 1S(1)=0 IMPLIES CALCULATE SCATTERING X-SECN FROM RESONANCE PARASIGPg94
C---==METERS PLUS FILE3,L1S(I)=1 [MPLIES CALCULATE CROSS-SECN FROM FILE3SIGP95

Cre=a=~0ONLY, NLS=NUMBER OF L~VALUES S1GPaye
PRINT2L,SPIC1) , APCI) INLSCI UYL ISCD) SIGPE97

Ji=1 S16Pp98

c 666666666666666666666666666666666666666666666666666666666666666666S51GPBI9
104 READ3,C(I)Y,AMCI) ,LANG(T,J2,JL) NOT(12) ,NRSEX,NRS S1GP12P
C==o=CzCONST USED Tn CALCULATE RHO=C#SQRT(E),AMzSEE ABOVE,LANGzL~VALUE SIGP1i0}
C=-=-==0F THE ANGUL AR MOMENTUM NRS2NUMBER OF RESONANCES SIGP102
PRINT22,C(1) s AMCI),LANG(],J2,JL),NRS S1GP1¥3

NMOM=NMOM+1 S1GP114
J3zJ1+ (NRS=1) SIGP105

¢ 77777777777777777777777777777777777777777777777777777777777777777751GP1K6
READG, ((ARAY(K,J) ,K=1,6),J%J1,J3) S16P187

o THIS IS WHERE THE RESONANCE PARAMETERS ARE READ IN, ARAY(1,J)=ERESSIGP128
c IN EVe ARAY(2,0)=J VALUE,ARAY{3,J)=TOTAL GAMMA, ARAY(4, J)BNEUTRON S1GP10Y
o WIDTH,ARAY(5,J)3GAMMA GAMMA, ARAY(6:J)=FISSION WIDTH, ALL WIDTHS ISIGP110
c N EV, sIGP111
PRINTZS S1G6P112
PRINT23 SI1GP11d

PRINT26,({ (ARAY(K,J) K=1,6),Jd=JL,J3) S1GP1i4d

PRINT25 SIGPL15

DO 182 J=J1.J3 SIGP116
IRAY(1,J)=LANGCT, J2,JL) s]6P1i7
IRAY(2,J)=NRANRE SIGP118
IRAY(34J) =] S1GP11¥
ERAY(1,J)=SPI(1} SIGP120
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ERAY(2,J)2AP(]) SIGP12]

102 CONTINUE s16P122
J1=zJ1+NRS S1GP123
Ji=JL+l SIGP124
IF (NMOM=NLS(1,J2))104,104,183 S1GP145

103 NRANGE=NRANGE+1 SIGP12¢
J2=J2+1 s1GpP127
IF (NRANGE=NERI)106,106,1010 SIGP128

1818 NRES(1)=J1-JFIN SIGP12Y
JF1D=J1 SIGP150

121 CONTINUE SIGPldl
NTOTAL=J1-1 S1GP132
SCALE=1.QE+020 SIGP133
PHI=3,14159265 SIGP164

3 FORMAT(Z2E11.,4,4111) S16P135
4 FORMAT(6E11,4) SIGP146
5 FORMAT(8E11,4,3140) SIGP1d7
6 FORMAT(2X,2E11,4) S1GP138
7 FORMAT(187H NEUTRON ENERGY( EV) SIGNN SIGCAP SSIGP139
11GF S167 SIGNNMULT SIGTMULT ) S1GP14d

8 FORMAT(2X,7E15,6) SIGP141
9 FORMAT(1DX,2E20,6) S1GP142
1@ FORMAT(2@H ERRMR IN INPUT DATA) S1GP143
11 FORMAT(48X,211#) SIGP144
12 FORMAT(1QX,61172) S1GP145
16 FORMAT(15H NEUTRON ENERGYE15,6) S1GP146
14 FORMAT(53H CROSS«SECTIONS CALCULATED WITHOUT DOPPLER BROADENING) SIGP147
15 FORMAT(S5@H CROSS=SECTIONS CALCULATED WITH DOPPLER BROADENING) SIGP148
17 FORMAT(33H (Z,4) DESIGNATION OF THE ELEMENTEL11,4,22H AT,WT/MASS OFSIGP149
1 NEUTRONEL1,4,15W NO OF ISOTOPESI5) SIGP150
18 FORMAT(24H DATA FOR 1SOTOPE NUMBERIS) S1GP15]
19 FORMAT(33H (Z,A) DESIGNATION OF THE ISOTOPEE11,4,21H FRACTIONAL ABSIGP152
1UNDANCEE11,4,20H NO OF ENERGY RANGESIS) S1GP153
20 FORMAT(36H LOWER LIMIT OF THE ENERGY RANGE(EV)E11,4,18H  UPPER LISIGP154
IMIT(EVIELL,4,6H LRUal5,6H LRF=15) SIGP15%
21 FORMAT(13H NUCLEAR SPINE11,4,1B8H SCATTERING LENGTHELL,4,45H NO OF SIGP156
LL-VALUES!5,64 L1S=15) SIGP157

22 FORMAT(41H CONSTANT USED TO CALCULATE PENETRABILITYE41,9,22H SCATTSIGP1n8
1ERING LENGTH{A=)E11,4,17H ANGULAR MOMENTUMIS,17H NO OF RESONANCESISIGP1>Y

25) SIGP16D
23 FORMAT(85H ERES SPIN GTOT GN SIGP16}

1 GGAMMA GF ) 5[1GP162
24 FORMAT(11HITITLE 744) SIGP163
25 FORMAT(//) S1GP164
26 FORMAT(6(2X,E11,4,2X)) S16P165
27 FORMAT(33H CROSS=SECTIONS AT THERMAL ENERGY) S1GP166
28 FORMAT(2X,2E20,6,110) SI1GPL&7
29 FORMAT(2X,4E11,4) SIGP168

30 FORMAT(22H EFFECTIVE TEMPERATUREF5,1,41H IN DEGREES KELVIN, NO S1GP169
10F PIVOT POINTSI5,18W CONVERGENCE ERROREIE 4,134 AND INCROSS®15) S]GP178

31 FORMAT(5IH THE INTEGRAL FOR DOPPLER BROADENING DID NOT CONVERGE) SIGP173
Cme-c-THIS 1S WHERE RESONANCES OF EACH ISOTOPE ARE ARRANGED IN INCREASINSIGP172

Cr=-s5G OQRDER IN | AND FQOR EACH | IN INCREASING ORDER IN J, SIGP179
00 133 ]=1,NIS SIGP174
NRES!=NRES(I) SIGP17%
CALL ORDER(I,NRESI) S1GP176

133 CONTINUE SIGP177
13 FORMAT(1@(1X,I110)) SIGP178
DO 1351=1,NTOTAL SIGPL79
ARAY(1,])=ARAY(1,])#SCALE sIGPiER
ARAY(3,1)=ARAY(3,1)%SCALE S1GP181
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ARAY(4,])=ARAY(4,1)#SCALE SIGP182

ARAY(5,1)=ARAY(5,1)#SCALE SIGP183
ARAY(6,1)=ARAY(6,1)4SCALE SIGP184

135 CONTINUE SIGP185
NCOUNT=1 SIGP180

00 1332 1=1,)NIS S1GP187
APXEAPC]) S1GP188
NRESI=NRES(]) siGP18y
NLMT=NCQUNT+NRFS»1 SIGP190

D0 1331 J=NCOUNT,NLMT SIGP191

CALL FACTS(ARAY(4,J), IRAY (1,4} PENFARCJ))SHIFAR(J),PS,CUNST,AWR, SIGP19Z2
1APX,1.2) SIGP1Y3
1331 CONTINUE S1GP194
NCOUNT=NCOUNT+NRES] SIGP195

1330 CONTINUE SIGP196
DO 108 ]=1,NTOTAL SIGR1Y7
ERAN(L, 1) =ARAY (1, 1) SIGP198
ERAN(2,1)=ARAY(3, 1) SIGP1YY

128 CONTINUE S1GP222
CALL QIKS(1,NTOTAL,M0OV,KOM) SIGP2p1

Cr---~HERE RESONANCE IN AN ELEMENT ARE ARRANGED IN INCREASING ORDER [N SI1GP20¢
C~=-s~ENERGY ALONG WI!TH THEIR TOTAL GAMMAS TO CALCULATE THE ENERGY MESH SI1GP203

Cre=c=AT WHICH THE CROSS~SECTIONS ARE CALCULATED, S1GP204
146 PRINT27 S16P285
PRINT25 S1GP206
PRINT7 SI1GP207
E=ETHERM SI1GP228

CALL SIGMACETHERM,AWR,1) S1GP209
PRINT25 SIGP210
ELO=EL(L,1)#SCALE s16P211
JFLAG(1) =21 SI1GP212
IRANGE=1 SIGP213

Cr--z=~WE HAVE ARBITRARILY SET ELO=1,PE-~11 MEV HERE TO BE ABLE TO DOPPLERSIGP214
C-=--<BROADEN THERMA|, CROSS~SECTIONS,LATER ON IN THE PROGRAM ELO 1S READSIGP215

C-=-==IN FROM THE DATA AND COULD VARY FROM 1,0E-11 T0 1,2E=B9MEV, SIGP216
PRINT8,ETHERM, tAREF(LL) LL=1,86) S1GP217
IF(IPPL.EQ,1)GN TO 147 S1GP218
Go To 148 S16P2181

147 TEF=TEFF/293,0 S1GP219
DELTA=@.31772SORT ((TEF#ETHERM)/AWR) S1GP22#

c CONTINUE s1GP221
CALL GRID(ETHERM,DELTA,NTAB,XTAB) S16P222
CALL GREAT2(DOPPLER,FINT,XTAB,NTAB,ERROR, IERR) SIGP229
PRINT28,ETHERM,FINT, JFLAG(1) SIGP224
IF(IERR . EQ,1)PRINT3L S16P225

148 PRINT25 SlGP22é
PRINT? S1GP227
PRINT25 S1GP228
DO 124 JJ=1,NIS s16P229
NERJJENER(JJ) S16P242
DO 125 KK=1,NERJ,) S1GP2s1
IRANGE=KK s16P252
LRUJK=LRU(JJ, K1) S1GP233
IF(LRUJK=13131,1321,125 S1GP234

131 PRINTiR S1GP235
Go ToO 138 SIGP236

1321 IF(JJ,EQ,1)60 TO 132p SIGP247
GO To 182 S16P2371
1320 ELOREF=EL(JJsKK)@SCALE S1GP238
EHIREF=EH{JJ,KK)#SCALE S1GP239Y
ELO=ELOREF S1GP247
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132

1240

117

1105
1119

1111
1112
11096

1116

1113
1123

1124

1125
1114

1118

112¢

116

EHISEHIREF

GO T0o 1249

ELO=EL(JJ KK)®SCALE

EHIZEH(JJ KKI®SCALE
IF(ELO0,EQ,ELOREF AND,EH! ,EQ,EHIREF)GO TO 124
GO To 1249

MM=MAXPTS/(B8#MAXRES)

NN=MM

IFLAG=1

NLSKK=NLS(JJ s KK)

Jas=1

ISTART=1

1END=1

IF(IEND EG,D)GN TO 125

NEENEES]

E1zERAN(L, J4)

G1=ERAN(2,J%)

E2=ERAN(1,J5)

G2=zERAN(2,J5)

IF(E4 | TLELO,AND,E2, T,EL0)GO TQ 1120
GO To 1105
IF(EY,LE,ELLO,AMD,E2,GT,ELD)GO TO 1110
Go To 1111

E1=EL0

61=G62

ISTART=U

GO To 1114

IF(EL1.GT ,ELO,AND,E2,LE,EHIIGC TO 1112
GO To 1113
IF(J4,EQ,1,AND,ISTARY,EQ,1)G0 TO 1106
GO To 1114

E2=E1

G2=61

E1=ELD

NEENELES

ISTART=U

GO To 1114

E2zEHI+GL1/FLOAT (MM)

62=6G1

IFLAG=®

GO Tp 1114

IF(EL,LT,ER] ,AND,E2,GE,EHI)GO TO 1123
GO To 1124

E2=EH]

G2=61

IEND=0

GO To 1114

IF(EL,GE,EHI ,AND,E2,GT,ERT)GC TO 125
Go Tp 1125

IF(IFLAG)1120C,125,1120

IF(EL.EQ,E2)G0 T0 1129

GO To 1118

CONTINUE

CALL SIEVE(El)n‘l’EZPGZJMMINNlNX'TEFF'ANR)
CaLL QIKS(1,NX,MOVE,KOME)

Go To 116

IF¢IEND.EG,2)GN TO 125

Ja=Ja+i

Go T0 117

DO 129 I=1,NX

E=EX(])
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SIGP243}
S1GP242
SIGP243
S1GP244
SI1GP245
s16P24%1
S1GP246
SI1GP247
S1GP248
S1GP249
SIGP25P
S1GP25}
S1GP252
S1GP253
SIGP294
SI1GP255
SI1GP256
S16P257
S1GP258
S16P259
S16P2291
SIGP26D
S1G6P2601
S1GP261
SIGP262
SIGP26Y
SI1GP264
S1GP2583
S1GP2651
S16P266
S1GP2661
SIGP287
S1GP288
S1GP26Y
SI1GP270
S1GP27]
SiGP272
SIGP273
SI1GP274
SIGP27>
SIGP276
S16P277
SIGP2771
SIGr278
S1GP279
SIGP28Y
S16P281
SiGP282
S1GP2821
SIGP283
SIGP284
S]GP2841
S1GP285
SIGP286
S16P287
S1GP288
S1GP28Y
S]GP290
SiGP291
SIGP2Y2
SIGP293



141

JFLAGL=JFLAG(D)
CALL SIGMACE,AWR,;KK)

PRINTS,E, (AREF(LL) ) LL=1,6)

IF(¢IDPL-EQ,1)60 Y0 143
GO To 109

IF(E,LT-ETHERMYGO TO 129

GO To 1410

S1GP294
S1GP295
SI1GP296
S1GP297
SI1GP2971
SIGP298
S1GP2981

Cre=s~]F TWE NEUTRON ENERGY 1S LESS THAN 2,825 EV DOPPLER BRUADENING ]SS1GP299

C~=--3-PASSED AS 4 DIFFERENT KERNEL SHOULD BE USED TO CALCULATE DOPPLER
C~=---BROADENED CROSS=SECTIONS,

1410

1121
32

1122
189
1117
1259
125
124

120
139

TEF=YEFF/293,0

DELTA=z0.3177#S0RT ((TEF®E)/AWR)

CONTINUE

GO ToO (1121,1122):JFLAG[
CALL GRID(E,DELTA,NTAB,XTAB)

FORMAT(2X,11E11,4)

CALL GREAT2(DOPPLER,FINT,XTAB,NTAB,ERROR, IERR)
PRINT28,E,FINT, JFLAG(])

IFC(IERR.EG,1)PRINT3L
GO To 1@9

CA{ L GAUSS(E,DELTA,DoPE)
PRINT28,E,D0PE,JFLAG(I)

CONTINUE
IF(IFLAGY11174125,1117
JadzJd+l

IF(NTOTA|»J4)125,1250,117

E1=ERAN(1,J4)
G1szERAN(2,/4)

GO To 1116

CONTINUE

CONTINUE

CONTINUE

CALL EXIT

END

SUBROUTINE ORDER(K,N1)

COMMON ARAY,IRAY,ERAY,NOT,2Al,ABN,NER, FW,EL,EH,LRU,LRF,LANG,NLS,
INRES, LNy JN,PENFAR,SHIFAR,SPI,AP,L1S,C,AM,DREF, AREF, IRANGE,NIS,

3INCROSS, IVSPIN,ELO, TEFF,DELTA,E,AWR

DIMENSION ARAY(6,588),RAY(3.5008),ERAY(2,500),N0T(20),2A1(10),

SIGP39R
S1GP301
S1GP3©Z
SIGP303
SIGP304
SIGP3U>
SIGP3W6
SI1GP317
SI1GP308
SIGP3BY
SIGP31P
SIGP311
SIGP312
SIGP313
SIGP31i4
S1GP315
SIGP316
SIGP317
S1GP318
SI1GP31Y
S1GP322
SI1GP321
S1GP32Z
SI1GP32S
S1GP324
S16P325
ORDR2Y]
ORDR2©2
ORORPBY
ORDRDV4
ORDR2OS

1ABN(12),NER(10) ,LFW(L2) ,EL(10,12),EH(10,12),LRU(10,18),LRF(18,10),0RDRE0D6
2LANG(13,5,5) yNLS(12,10) NRES(12), N(508)»JN(158) ,PENFAR(S@2) ,SHIFARORDRDUT

S(502),SPI1(10),AP(1€),L1S(12),C(12),AM(10),DREF(6),AREF(0)

IF({K=112,2,3

NTR=2

NUML =0

NUMJ=@

NN=z0

MM=3

NNEY

NC=2

MC=0

NT=NTR+1

NTR=NTR+N1

0L='@'9

OL=0L+*1.2

DO 181 N=NT,NTR
TERM=FLOAT (IRAY(1,N))
IF(OL=TERM)121,101,9
NN=NN+1

Do 12@J=1,6

AZARAY (J,N)

-50-

ORDROUS
ORDR@YY
ORDR21P
ORDRB11
ORDRZL2
ORDRZ13
ORORD14
ORDR215
ORDRE16
ORDRP17
ORDRBLE
ORDRE1S
ORDREZ0
ORDRBZ],
ORDRB2Z
ORDRZ23
ORDR@24
ORDR@25
ORDRP26
ORDREZ7



100

1001

i1e92
191

11

14

15

224

2041

2042
205

16

17
18

ARAYCJ,N)EZARAY CJ,NN)
ARAY(J,NN)=A
CONTINUE

00 12021 J=1.3
[A=]RAY (4, N)
IRAY(J,N)=IRAY (J,NN)
TRAY(JaNNI=TA
CONTINUE

DO 19062 J=1.2
EA=ERAY(J,N)

ERAY (J,N)=ERAY(J,NN)
ERAY(J)NNI=EA
CONTINUE

CONTINUE
IF(NNsNC)B,8y11

NUML =NUM_ +1
LN(NUML I =NN=NC

NC=NN

NUsNT+| N{NUML ) =~1

OM= g.,2>

OM=0M+3 -5

DO 285 M=NT,NU
TERMJ=ARAY (2, M)
IF(OM=TERMJ)20%,2054+15
MM=MM+1

DO 294 J=1,6
A=zARAY (J, M)

ARAY (J,M)=ARAY (JyMM)}
ARAY(J,MM)=A
CONTINUE

DO 241 J=1.3
TA=sIRAY (4, M)
IRAY(JyMISIRAY (JyMM)
IRAY (J,MM)=TA
CONTINUE

D0 2042 J=1,2
EAsERAY(J, M)
ERAY(J,MISERAY (J,MM)
ERAY(J,MM) =EA
CONTINUE

CONTINUE
IF(MM=MC)14,14,16
NUMJ=NUMJ+1

JN(NUMJ) =MM=MC

MC=MM

NTaNT+JNINUMJ)
IF(NN=MM)17,17,14
IF(NTR~NN)18,18,8
RETURN

END

SUBROUTINE SI1GMA(Q,BWR,KK)

COMMON/E/XMIN(6) , XMAX(6) ,XREF (6)

COMMON ARAY, IRAY,ERAY,NOT,ZAl,ABN,NER, | FW,EL,EH, | LRUsLRFILANGINLS)
INRES,LN,IN,PENFAR,SHIFAR,SP1,AP,1S,C,AMsDREF, AREF, IRANGE,NIS,

3INCROSS,1VSPIN,ELO,TEFF,DELTA,E, AWR

DIMENSION ARAY(6,50@),IRAY(3,500),ERAY(2,500),N0OT(28),2A1(10),

ORDRP28
ORDR@29
ORDRB30
ORDR23]
ORDR232
ORDR@33$
ORDRB34
ORDRE35
ORDREZ36
ORDRB37
ORDR@38
ORDR@39
ORDR24#
ORDR@A]
ORDRAE2
ORDR43
ORDRP44
ORDRE45
ORDRP46
ORDRpA7
ORDRE48
ORDRBAY
ORDR5®
ORDRE5],
ORDR@52
ORDRE53
ORDRE4
ORDRE55
ORDRBS6
ORDR257
ORDR@58
ORDRE59
ORDR262
ORDRPEY
ORDRA62
ORDRE8S
ORDR2G4
ORDR265
ORDR286
ORDRB67
ORDRP68
ORDRPEY
ORDRB70
ORDRE71
ORDRB72
ORDRE7$
ORDR@74
ORDRE75
ORDRB76
ORDR@77
S1GMBRYL
SI1GMpR2
S1GM2O3
SIGMPR4
S1GMB25
S1GMBL6

LABN(10) ,NER(10) JLFW(LB),EL(L,10) ,EN(L1C,30),LRU(30,10),LRF(10,108),516Mo0B7
2LANG(16,5,5))NL.S(18,18),NRES(12), LN(SG)nJN(lSZ)pPENFAR(5ﬂ0),SHIFARSIGMGW&

3¢5¢2),SP1(18),AP(10),L1S¢12),C(12),AM(12),DREF(6),AREF(6)

P1=3,141592653%9
00 4 J=1,6
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SIGMRR9
S1GM2L@
S1GMpil



1080
182

123

104

116

117
115

1025

AREF (J)=2,(
CONTINUE
TERROR=1,7E~G3
L.2=s0
N2=0
LA=0
JA=0
NTR=Q
DO 112 I=1,NIS
NRESI=NRES(!)
API=AP(])
NTR=ENTR*NRES]
[F(NRESI)112,118,109
LAz A+]
L2z 2+LN(LA)
CALL FACTS(Q,IRAY(1,L2),PF,SF,PS,CONSTE,BWR,AP1,3,83)
SNGLN=0 -0
SNGLG=¢-@
SNGLF=g.0
SNNL2=Q-2
JASJA+L
Ni=N2+]
N2zN2+JN(JA)
GJ=2,8#(2,9#3P1(1)+1,0)
GJUs=(2,0%ARAY(2,N1)+1,2)/GJ
X=1.0
SPINzARAY(2,N1)
SPI1=SPI(1)
CALL SPINOR(SPII,IRAY(1,L2),XSPIN)
ABDIF=ABS (XSPIN=SPIN)
IF(IVSPIN,EQ,1)G0 TO 115
GO Y0 116
IF(ABDIF,LT,TERRORIGD TO 117
GO To 1158
X=0.,0
SNNK23=20,0
DO 128 K=N1,N2
GNK=PF#ARAY(4,K)/PENFAR({K)
GKaGNK+ARAY {5 ,K)+ARAY(6&,K)
ERDK=ARAY(1,K) % ((SHIFAR(K)~SF)®ARAY(4,K))/(2,0ePENFAR(K])
ED=Q~ERDK
DKeED#ED+D ,25806K#GK
SNNK2=2GNK#GNK#£0S (2,84PS)
SNNK2=SNNK2=2, 2 #GNK# (ARAY (5, K)+*ARAY(6,K) I #SIN(PS)#SIN(PS)
SNNK2=SNNK2+2,08GNK#EDaSIN (2,0a4P8)
SNNK2=SNNK2/DK
SNGKeGNK#ARAY(5,K) /DK
SNFK=GNK#ARAY(&,K) /DK
SNGLN=SNGLN*SNNK2#GJ
SNGLG=SNGLG*SNGK#G)
SNGLF=SNGLF+*SNFKsGJ
SNNK3=0.0
IF¢(KeN1)127,107,1085
MizKel
DO 126 M=N1.M1
GNMzPF@ARAY(4,M)/PENFAR(M)
GM=GNM+ARAY(5,M)+ARAY(6,M)
ERDM=ARAY (1, M)+ ((SHIFAR(M)=SF)#ARAY(4,M))/(2,2%PENFAR(M))
EDD=0-EROM
DM=EDD®EDD+Q ,25#GMaGM
SNNM3I=EQ#EDD+0,254GKaGM
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SI1GM@EL2
SIGMBLS
SIGMPL4
SIGMELS
SIGMB16
S1GMAL7
SIGMPLE
SIGMALY
SIGMP2D
S1GMB2l
S1GMg22
S1GMB23
S1GMp24
S1G6MB25
S1GMB28
S1GMg27
S1GMB28
S1GMB2%
S1GMeSB
SIGMp31
S1GMp32
SIGMB33
SIGME34
S1GMp35
SIGMP36
S1GMBST7
S1GMZ38
S1GMB3Y
SIGMR42
S1GME4l
S1GMp3a2
slGrpdal
SIGMP4E3
SIGMRA3Y
SIGME44
S1GMB45
SIGMBA6
SIGMR4T7
SIGMB48
SIGMEA49
SIGMP5®
SIGM@51
S1GMp52
SIGMZ53$
SIGMBY4
SIGMPS5
SIGM256
S1GMB57
SIGM@o8
S1GMB5Y
SIGME6D
SI1GMP81
SI1GMPER
SIGMBES
S1GMBo4
SIGMBED
S1GME66
S1GME87
SIGMB6B
SIGMBEY
SIGMBTP



106
127
108

109

lip

1250

126
125

112

aQaOaOQOaaao

SNNM3=SINMI#2 ,0#GNK#GNM/ (DM#DK)

SNNK3I=SIHNK3+SNMMZ
CONTINUE
CONTINUE

SNNK23=SNNK23+SNNK2*SNNKI #X

CONTINUE
SNNL2=SNNL2+SNNK2386
TF(L2eN2) 149,109,183

BETA=PI®#ABN(1)/(CONSTE#CONSTE)
AREF(1)=AREF(1)+SNGLN#BETA
AREF(2)=AREF(2)+SNGLG*BETA

AREF (3)=AREF (3)+SNGLF#BETA
AREF(4)=AREF(4)+BETA®(SNGLN+SNGLG+SNGLF)
AREF (5)=AREF (5)*SNNL2#BETA

AREF (6)SAREF (6)+BETAn(SNGLG+SNGLF+SNNL2)

IF(L2=NTR) 122,112,140
SIGP=8,0

LRUJKELRUCT pKK)
IF(LRUJK=111250,1252,125
NLSKK=NLS (14 KK)

DO 126 LI=1,NLSKK
LURE2LANG (1, KK, LL)
SS=FL0AT (LURE)

CALL FACTS(G,LURE,PF,SF,PS,CONSTA,BWR,API,3,2)

TRM=(2,0#5S+1,0)%4,0eP]

TRMETRM#SIN(PS)I®SIN(PS)/(CONSTA#CONSTA)

SIGP=SIGP+TRM

CONTINUE
AREF(L1)=AREF(1)*SIGP#ABN(
AREF(4)=AREF(4)+S1GP#ABN(
AREF(5)sAREF(5)+SIGP#ABN(
AREF (6)=AREF(6)+SIGPeABN(
CONTINUE

RETURN

END

P
D
1P
D

SUBROUTINE FACTS(Q,L,PF,SF,PS,CONSTE,BWR,BP,PLOD)

SUBROUTINE TO FALCULATE PENETRATION AND

SHIFT FACTORS

Q@ 1S THE ENERGY | IS THE ANGULAR MOMENTUM PF PENETRATION FACTOR
SF THE SHIFT FACTOR AND PS THE PHASE SHIFT AP IS R CONSTE IS KM
FOR DETAILS OF FORMULAE SEE GREGSON ET AL AEEW=M517(MLBW)1965

DATA WNEUT/1,008665/
EABzABS(Q)

CONHLD=2,196771EeB3#BYR#SQRT(EAB)

CONSTE=CONHLD/(BWR+1,2)

sicMp7d
SiGMg72
SiGMB7d
S1GMB74
sS1GMB75
SIGMBTS
sSlGmMa77
SIGMB78
S1GMR79
S1GMPBR
s1GMaBY
S1GMpB2
S1GMpB3
S1GMDB4
S1GMEES
S1GMpBe
S1GM@87
S1GMPBS
51GMp8Y
S1GMBYE
SIGMPYS
SIGMp92
SI1GMEYS
S16Mp94
SIGME95
SIGMZ296
SIGMB97
S1GM@Y8
S1GMB99
SIGM1UP
sieM1@1
SI1GM102
SIGM1RS
SIGM104
SIGM1©5
FACTEOL
FACTR@2
FACTQR3
FACTOUA
FACTEWS
FACTORS
FACTRD7
FACTRUS
FACTERY
FACTOLR
FacTeil
FACTR:2

Crw~==SINCE AWR 1S GIVEN WITH THE NEUTRON MASS AS UNITY WE ADD ONE ABOVEFACTQ213
Cr--==T0O CONVERT TO THE CENTER=OF=MASS SYSTEM

180

119

ROE=BP&#CONSTE

S=F{0AY (L)}

IF(L,LE-2)GO Tn 100

GO T0(110,12¢,130,140,159
PF=RQE

SF=0,0

IF(PLOD-LT,2,2) GO To 162
PS=RDE

GO TO 172

ROE2=ROE#ROE
DENGOM=1 - 2+ROE2
PF=ROE2%ROE/DENOM

s
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FACTRLA
FACTOL5
FACTEL6
FACTOLT
FACTD18
FACTDL9
FACTD20
FACTRZ]
FACTp22
FACTER2S
FACTR2A
FACT@25
FACTZ26



128

132

140

150

161
170

SFe-1,0/DENOM

IF(PLOD.LT,2,0) GO Tp 162

PSaROE~ATAN (ROE)

IF(PS/RQE<0,000001)160,170,170

ROE2aROE#ROE

ROE4sROE2#ROER

DENOM=23.9aROE2+R0EA+9 , 0

PFzROE4%ROE/DENOM

SFee(18.2+3,0#R0E2)/DENOM

IF(PLOD-LT,2,0) GO TO 160

PSaROE~ATAN (3,0#R0E/(3,p=R0E2))
IF(PS/RQE=C,020001)1460,172,170

ROE2sROEaROE

ROE4=ROE2#ROE2

ROE6=ROE4#ROE2

DENOMS225,0+45,00R0E2+6 ,0#R0OE4+ROES
PFsROE6«ROE/DENOM
SFa=(675,0+90,0%R0E2+6,08R0E4)/DENOM
IF¢(PLOD.LT,2,8) GO To 1612

PS=ROE~ATAN ((15,00RQE~ROE24RQE)/(15,0=6,@08R0E2))
IF(PS/RQE~0,0000201)160,172,170

ROE2=ROE#ROE

ROE4=ROE2#ROE2

ROESSROE4#ROE2

ROEB=sRNEA4#ROE4

DENOM=11025,0+1575 ,08RCE2+135,C4ROE4+10,0#ROE6+ROES
PF=ROE8B%ROE/DENOM

IF(PLOD-LT.2,8) GO TO 160
SFe=(44100,044725,08R0E2¢270,0#R0E4+10,8%R0E6) /DENOM
PS=ROE=ATAN ((125,P2%R0E~10,0%ROE24ROE)/(105,8~45,0
1sROE2+RQE4))

IF(PS/RQE~2,000001)1606,178,172

ROEZ2=RQE#ROE

ROE4=ROE2#ROE2

ROE6=ROE44ROEZ2

ROE8aROE4#ROE4

ROEL@=ROE6%ROE4

DENOM=893025,0+99225,0#ROE2%630Q ,I#ROE4%515,0#R0ES
1+15,24RQEB+ROELD

PFzROE10«ROE/DENOM
SF=4465125,04396900,04RNE2+1B900,04ROE4
14630 ,24R0OE6+15,0aR0ES

SFz=«SF/DENOM

IF¢PLOD-.T+2,2) GO TO 160

PSzROE=ATAN ((945,0#ROE~ROE#(105,0«R0E2~R0OE4))/(945,0-420,06R0E2+

115,2#R0E4))
IF(PS/ROE.GE.@.ﬂBEEG1> GO YO 17¢
PS=2,2

RETURN

END

SUBROUTINE MOV(I,J)
COMMON/D/ERAN(2,501)
I1=]

JizJ
IF(11.,EQ,@)11=501
IF(J1,EQ,2)J1=501
ERAN(1,J1)=ERAN(L,I1)
ERAN(2,J1)=ERAN(2,11)
RETURN

END

SUBROUTINE MOVE(LQ,J?
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FACTB27
FACTQZ8
FACTRZ2Y
FACTR3D
FACTDSY
FACTBSZ
FACT233
FACTES4
FACTESS
FACTB36
FACTpST
FACT@S8
FACTRSY
FACTRAW
FACTRAl
FACTR4Z
FACTR43
FACTR44
FACT245
FACT@46
FACTD47
FACTRA4S
FACTZAY
FACTR5D
FACTE®1
FACTEY2
FACTRSS
FACTES4
FACTEbS
FACTBYE
FACTES7
FACTPSE
FACTEZDY
FACTDOD
FACTDO]
FACTROZ
FACTO6S
FACTB64
FACTPES
FACTB6G
FACTE87
FACTOG6B
FACTREY
FACTR7D
FACTR7)
FACTE72
FACTB7S
FACTR74
FACTR75
FACTRT6

MOV
MOV
MOV
MOV
MOV
MOV
MOV
MOV
MOV
MOV

w0l
g2
pes
004
TE
o5
g7
208
BL9
g1y

MOVEDBKL



120
101

182
123

109
121

192
123

CQAIKS

O

Q ana

35

32

134

COMMON/C/EX(181),JFLAG(121)
[1=!

Wwi=dJ
IF(11.EG,2)11=10%
IF(J1.,EQ,0)J1=101
EX(JId=EX(IL)
SFLAG(JL ) =JFLAGLTL)
RETURN

END

FUNCTION KOM(I,J)
COMMON/D/ERAN(2,521)
f1=1

Wiz
IF(11,EQ,2)11=501
IF(Ji-EQ.@)J1=5@1
EOMSERAN(L, [1)=ERAN(L, J1)
IF(EOMyYi08,121,1@2
KOM3w]

GO To 1#@3

KOM=0

GO TO 1wk3

KOM=1

RETURN

END

FUNCTION KOME(T,J)
COMMON/C/EX(181) ,JFLAG(L12L)
I1=1

wiz=J
IF(11,EQ,0)11=103
IF(J1.,EQ,0)J1=10]
EOXZEX(IL)=EX(JL)
IF(EQX)100,101,102
KOMEss]

GO To 103

KOME=D

Go TO 103

KOME=1

RETURN

END
SUBROUTINE QIKS (MM:NN,MOVE,COMPAR)
ALLe IN=MEMORY SORT PROGRAM
MM = FIRST SUBSCRIPT
NN & LAST SUBSCRIPT (ARRAY 1S IN COMMON)
MOVE AND COMPAR ARE USER SUPPLIED PROGRAMS
DIMENSION MSAVF(20),NSAVE(20)
KEYLOC(M,N)=(N«M)/2
I=0
J=2
LEVEL = 2
MaMM
Nz=NN
CONTINUE
TEST FOR ONE OR TWO ITEMS
IF(N=M~1) 31,51,32
CONTINUE
PARTITION AND SPREADER GO MWERE, SEE BELOW,
PUSH DOWN
LEVELSLEVEL*L
WORK ON SMALLEST PORTION
IF ((J=M) = (N=I)) 134, 134, 34
MSAVE(LEVEL) = I
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RETURN IS TO 8

MOVEQKZ
MOVE@® S
MOVE@Q4
MOVER®S
MOVEDRS
MOVEZR?
MOVEpRDS
MOVEREY
MOVER1®
KOM 893
KQOM pRZ
KQM 203
KOM 284
KOM BR85S
KOM p@6
KOM 207
KOM @8
KOM g0y
KOM 210
KOM 211
KOM @i2
KoM 213
KOM 214
KOM @15

KOME@D2
KOMED®@3
KOME@© 4
KOMED®S
KOME@26
KOME@R7
KOMERDS
KOMED®S
KOMEB1D
KOMEZ11
KOMEZ12
KOME@LS
KOME@L4
KOME@L>
LETEY
01KS@02e
QIKSDR3D
01KS@R42
01KSPESe
01KSP26P
Ql1KS@R7e
Q1KSBO8D
Q1KSEE90
alKS@120
Qlksgiie
Q1KSP1ZP
01KS@132
01KSEL40
01KSP158
0IKSZ169
alKksei7g
QIKS@182
Ql1KSEL99
01KSPZ20
01KSP24P
Q1KSP22e
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Crm-g

101
102
123

111

124

105

126
187

108
109

100
iie

101

182

122
112

Ce=~=e»CARRY 0OUT CONVFRGENCE INTEGRATIQON SCHWEME USING TRAPAZQIDAL RULE

-LEVELsLEVEL INTERFERENCE,
IF(S,EQ-3,)60 T0 1g2

GO ToO 103

XJ=FLOAT (L)

GO T0 1i@

XJ12S+@.5

XJ2=8=0.5

X_=2FLOAT (L)
IF(XJ1,67,XL1Gn TO 1p4

G0 Yo 105
TERM=TERM+XJi#(2,8eX_*1,2)
DENOM=OENOM#(2,BuX+1,2)
GO To 106
TERMaTERM* XL #(2,08XJ4+1,0)
DENOMSDENOMe (2,04XJ1+1,0)
1F(XJ2,6T,XLIGH TO 197

GO TO 108
TERMITERM*XJ26(2,00X +1,2)
DENOMaDENOM# (2 ,08X| *1,2)
GO T0 109
TERMeTERM+XL#(2,04XJ2+1,0)
DENOM=OENOM# (2,08XJ2+1,3)
XJaTERM/DENOM

GO TO 112

XJs@,0

RETURN

END

SUBROUTINE GAUSS(Q,BELTA,DOPE)
COMMON ARAY, IRAY,ERAY,NOY,ZAl,ABN,NER,LFW,EL,EH,LRUJLRFILANGINLS)
INRES, LN, JN,PENFAR,SHIFAR,SP1,AP,L1S8,C,AM,DREF,AREF, JRANGE,N]S,

JINCROSS, IVSPIN,ELO,TEFF,DELTA,E, AWR

DIMENSION ARAY(6, Eﬁﬂ).IRAY(3p5@Z)p;RAY(2;SBZ)aNOT(Zl).ZAI(iﬂ)u

SPNRORS
SPNRIE?
SPNRGU?l
SPNRODS
SPNREQY
SPNRE:E
SPNRp1d
SPNR@12
SFNRI16
SPNRGlbl
SPNRE14
SPNRgls
SPNRBLS
SPNRB17
SPNRZ18
SPNR@;?
SPNRQ171
SPNRPZQ
SPNRp2}
SPNRO22
SPNRZZ$
SPNRO24
SPNRp28
SPNRZZé
SPNRQ27
SPNRQZ28
SPNRQZ?
GAUSPRY
GAUSBUZ
GAUSZRS
GAUSPU4
GAUSOY>

LABN(1@) 4N ER(1W):LFN(10);EL(1@ 12),EH(12,10),LRU(18,18),LRF(10,12),GAUSR0S

2LANG(14,5,5))NLS(10:10) )NRES(12)LN(52) JN(lSQ),PENFAR(bGﬂ);
3SHIFAR(582),SPI(10)AP(18),L1S(19),C(10)AM(10),DREF(6)AREF(6)

DIMENSION ABC(O),WET(9)

GAUSEOT
GAUSDR8
GAUSBRY

DATA ABC/=3,19899320178153,%2,26658058455184,-1,46855328921667,~0,6AUS210
172355101875284,0,0,0,72355101875284,1, 46555328921667:2.266582584535Au3011

2184,3, 19%9932@178153/

GAUSP12

DATA WET/0,3960697726326E~04,0,4943624279537E82,0,8847452739438E~GAUSRLS
101,0 432651557MBZ6E¢EE 2 7262352156@61[*@@ 0,4326515570026E+20,0 ,8GAUSALA

2847452769438r A1.0, 4943624275537E 2.9, S?6I6977263?§E~@4/

DATA PHIRT/1,772454/
TERM=22,0

X=BELTA®#ABC(9)
IF(E-X)100,100,121

D0 182 [=1,9

ABCI=ABC(])

WETI=WETC(])
Z=E+ABCI#BELTA

CALL SIGMAC(Z,AWR, IRANGE)

TERM=TERM+AREF (INCROSS)#WET]

CONTINUE
DOPE=TERM/PHIRT
Go To 119
DopPE=0,u

RETURN

END

SURROUTINE GREATL(F,FINT,NTAB, JMAX,XTAB,PARTS,GO0F,INTER,ERROR,

1 1ERR)
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GAUSZLD
GAUS216
GAUSBL7
GAUSPLE
GAUSEL9
GAUSBZR
GAUSEZ3
GAUSB22
GAUSZZC!
cAUSZ24
GAUSP25
GAUSEZ6
cAUSE27
GAUSD28
GAUSE2Y
GAUSZ S0
GAUSE 3]
GRT1p04
GRT1P62
GRT1E03



Cm>~=wAND DOUBLING THE NUMBER OF REGIONS PER SUBINTERVAL FOR EACH GRT1804
Cre=-==1TERATION, ONLY DOUBLE UP IN THOSE INTERVALS THAT HAVE NOT ALREADYGRT1g45

Cr=~==CONVERGED, GRT1pY6
CrmrmwaF =SINGLE PRECISION FUNCTION TO BE INTEGRATED GRT1007
Crew==aFINT =THE RESULTING INTEGRAL GRT1pRd
C--=-a~NTAB =NUMBER NF ORDINATES SUPPLIED (THERE ARE N=1 INTERVALS) GRT1069
ComwmaJMAX =MAXIMUM ALLOWABLE NUMBER OF ITERATIONS GRT1p10
Cr=-wsXTAB =TABLE OF THE ORDINATE VALUES: RANGE OF INTEGRATION [S GRT1P11
Cre=-um FROM XTAB(1) TO XTAB(NTAB) GRT1@12
Ce==-2PARTS =ARRAY OF DIMENSION NTAB, EQUAL TO THE PARTIAL INTEGRALS GRT1P1S
Cre=wn QVER EACH OF THE NTAB~1 INTERVALS GRT1p14
C~=-29G00F =ARRAY OF DIMENSION NTAB, EQUAL TO THE NORMAL ERROR IN EACH GRT1g15
Cre~c=- OF THE NTAB=~1 INTERVAL, GRT1p16
Cr==+=INTER =ARRAY OF DIMENSION NTAB, SEPECIFYING THE NUMBER OF GRT1pi7
Cow=se SUBINTERVALS IN EACH INTERVAL GRT1p18
Cem=~wERROR =ACCEPTABLE NORMAL ERROR GRT1219
C-=---1ERR =ERROR INDICATOR, SET TO ZERO IF METHOD CONVERGES, SET TO  GRT1g2d
Cre~an ONE IF METHOD DOES NOT CONVERGE GRT1g21
DIMENSION XTAB(NTAB) ,PARTS(NTAB),INTER(NTAB),GOOF(NTAB) GRT1p22
Cm==wgINITIALIZE VALUE OF THE INTEGRAL GRT1pZS
FINT=D,0 GRT1224
Cre=-eeCALCULATE THE NUMBER OF INTERVALS GRT1pe»
NM1aNTABe1 GRT1p26
Cm====CALCULATE ALLOWABLE ERROR PER INTERVAL GRT1027
ERRN=ERROR/FLOAT(NM1} GRT1@2H
Cre=a=INITIALIZE APPROXIMATIGN TO INTEGRAL GRT1p29
TOTAL=C-Q GRT1RS0
Cr==~e=CALCULATE INITTAL APPROXIMATION GRT1051
D0 10 1s1,NM3 GRTLWS2
INTER(1)=1 GRT1p3$
PARTS(1)ap,54(XTABCI+L1)~XTABCI)I#(FIXTABCI1))+F(XTAB(I))) GRT1p34

10 TOTAL=TOTAL+PARTS(]) GRT1P85
Cr==»=CALCULATE INITI1AL ERRORS GRTLUSE
DO 15 131,NM1 GRT1287

15 GOOF(I1)=PARTS(1) GRT1p38
C~~-=aSET UP LOOP OVER ITERATIONS GRT1g39
Do 122 J=1, MAX GRT1248
C=~~e=SAVE LAST APPRAXIMATION GRT1241
TOTAL1=TOTAL GRT1p42
C-==-3SET UP LOOP OVER INTERVALS GRT1043
DO 2g 1s1,NM1 GRT1@44
Cm==»=CHECK FUR CONVFRGENCE IN THIS INTERVAL GRT1P45
IF(ABS(GOCOF(I)/TOTAL) ,LT,ERRN) GO TO 202 GRT1u46
C-==w=CALCULATE DOUBLE INTERVAL GRT1047
DX=(XTABCI+1)-¥TAB(I))/FLOATCINTERCI)) GRT1048
C-~-=»DOUBLE WUMBER nF STEPS GRT1P49
INTER(1)=2#INTER(I) GRT1850
Cm=-w=INIT!ALIZE CONTRIBUTION TO INTEGRAL GRT1p51
REST=0,0 GRT1p52
[1=INTERCD) GRT1p>$
C~==»=INITIALIZE ORDINATE GRT1@8>4
XNOW=XTAB(1)+2,5DX GRT1855
C-=-weSET UP LOOP OVFER ORDINATES GHT1g56
Do 318 k=1,11,2 GRTl@D/
REST=REST+F {XNOW) GRT1pbH

3¢ XNOWsXNOW+DX GRT1g59
Cee===CALCULATE NEXT PARTIAL INTEGRAL GRT1260
REST=z0,58(PARTS(1)+DX#REST) GRT1061]
Cr=-%5ADD NEW PARTIAL INTEGRAL AND SUBTRACT OLD PARTIAL INTEGRAL GRT1p62
TOTAL=TOTAL+RESTmPARTS(]) GRT106%
Cr==5~CALCULATE NEW ERROR AND SET PARTIAL INTEGRAL TO NEW VALUE GRT1p64
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GOOQF(1)=REST=PARTS(]) GRT106%

PARTS(1)=REST GRT1066

20 CONTINUE GRT1267
Cr=-csCHECK FOR CONVFRGENCE GRTL1E68
102 I1F(ABS(L1,=TOTALL/TOTAL).LE,ERROR) GO TO 222 GRT1869
Cr==c=THE METHOD HAS NOT CONVERGED GRT1p78
FINTaTOTAL GRT1071
JERR=1 GRT1872
RETURN GRT1Q73
Cme===<THE METHOD HWAS CONVERGED GRT1g74
200 FINT=TOTAL GRT1875
1ERR=¢ GRT1076
RETURN GRT1277

END GRT1B78
SUBROUTINE GREAT2(F,FINT,XTAB,NTAB,ERROR, IERR) GRT2g81

Ce=-2=CARRY OUT CONVERGENCE INTEGRATIO\ SCHEME USING UP TO 20¢ INTERVALSGRTZG@d
C-==c=WH{]CH ARE THEN FURTHER SUBDIVIDED UNTIL CONVERGENCE OCCYRS OR THE GRT2p03
Crm==aMAXIMUM ALLOWARLE NUMBER OF ITERATIONS IS EXCEEDED, THE SUBROUTINEGRT2004

Com-=~ARGUMENTS ARE NEFINED AS FOLLOWSs,ereey GRT2005
Cremw=F =FUNCTION TO BE INTEGRATED, GRT2806
Crm====F[NT =THE RESULTING INTEGRAL GRT2207
Co--ceXTAB =TABLE OF ORDINATES (INTEGRATION INTERVAL ]S FROM XTAB(1) TOGRT2pK8
Crm=mm XTAB(NTAB)) GRT201Y
C-==s~NTAB =THE LENATH OF THE XTAE TABLE (NUMBER OF ORDINATES), GRT2019
C-==--ERROR =ALLOWABLE NORMAL ERROR, GRT2p11
C-=-»=I1ERR =ERROR INDJCATOR SET TO ZERQ IF METHOD CONVERGES, SET 70 GRYTZ@12
Com=u-= UNE IF METHOD DQES MOT CONVERGE, GRTZ2p19$
Crmmu= ONE IF METHOD NOES NGT CONVERGE OR TABLE (XTAB) 1S TOO LONGGRT2p14
DIMENSION XTAB(33),PARTS(33),G00F(33),INTER(33) GRT2@1%
C-=-w=DEFINE THE MAXIMUM ALLOWABLE NUMBER OF ITERATIONS AND THE MAXIMUM GRT2£16
C-»=c=TABLE LENGTH, GRT2817
DATA JMAX,NTABMX/20,10082/ GRTZp18
Cuw==<=DETERMINE IF TABLE 1S TOO LONG GRT2819
IF(NTAB-GT,NTARMX) Gp TO 100 GRT2p28
C-~-weCALL GENERAL INTEGRATION SUBROUTINE, GRT2p21
2ZZ=F(5.2) GRT2p211
CALL GREAT1(F,FINT,NTAB,JMAX,XTAB,PARTS,GQOF,INTER,ERROR, [ERR) GRT2p22
RETURN GRT2023
Cr=-ceTABLE IS TOO LONG, GRT2p24
100 lERR=1 GRTZ2025
FINTSO,0 GRTZQ26
RETURN GRTZ2027
END GRT2028
FUNCTION DGPPLER(X) DOPRLBRY
COMMON ARAY,IRAY,ERAY,NOT,ZAl,ABN,NER,LFW,EL,EH,LRU,LRF_LANG,NLS, DOPLRU2
INRES,LN,JN,PENFAR,SH]FAR,SP1,AP,L1S,»C,AM,DREF,AREF, IRANGE,NIS, pDOPLERS
3INCROSS,)1VSPIN,ELO, TEFF,DELTA,E,AKR DOPLBY4
DIMENSION ARAY{6,50@),IRAY(3,5088),ERAY(2,500),N0OT(22),2A1(12), DOPLBYS

LABN(10) /NER(12) ,LFW(1B),EL(12,10),EH(LiE,10), RU(1C,10),LRF(10,10),D0P 200
2LANG(12,5,5),NL.S(12, 13)pNRES(iﬂ);LN(E@)oJN(lSZ)pPENFAR(bﬂD).SHIFARDOPLGE?

3(502),SP1(10),AP(12),L1S(12),C(12),AM(10),DREF(6),AREF (0} DOPL 28
Zz(E-X)/DELTA DOPLORY
Z2=Zuf DOPL I8
CALL SIGMA(X,AWR,IRANGE) DOPLO1Y
DOPPLER =AREF(INCROSS)#EXP(mZ2)/(DELTA®L1,772454) poPLBLZ
RETURN DOPLOLS
END DOPLEL4
SUBROUTINE GRIN(Q,BELTA,NTAB,)XTAB) GRIDEAL
COMMON ARAY,IRAY,ERAY,NOT,ZAl,ABN,NER,LFW,EL,EH, RU,LRF.LANG,NLS, GRIDpO2

INRES, LN, N, PENFAR SHIFAR, SPI AP LIS C, AM,DREF AREF IRANbE,NIS, GR]O@@S

3INCROSS.IVSPIN ELO TEFF.DELTA E,AWR GR1DQUS
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i41g

1412

1411

1413

1415
1414

329

1028

1804
1202

107

1003
109

DIMENSION ARAY(6,580),IRAY(3,522),ERAY(2:500),N07(20),ZA1(12),

GR1D2ES

1ABN(12),NERCLQ)Y)LFW(1@),EL(12,10),ER(18,18),LRU(12,10),LRF(18,12),GRI0DOWE

2l,ANG(13,5,5),N..8(12,108),NRES(12),LN(50),JN(1502),PENFAR(502),
SSHIFAR(5A2) (SPI(L8) 1 AP(12), IS(1@),C(10))AM(12),DREF(6))AREF(6)

DIMENSION XTAB¢33)

IGNORE=Y

N2=NTAB/2

N21=N2+1

N22zN2+2

N3=NTAB~1

XTABEN21)=Q

DO 1419 !=N22,MTAB
XTAB(l)=XTAB(I~1)+BE_TA
11=NTAB+1~]
XTABCI1)=XTAB(II41)mBELTA
CONTINUE

DO 1411 1=1,NTAB
XTABI=XTAB(])
IF(XTABL)1412,1412,1411
I1GNORE=Q

CONTINUE

IF(IGNORE,EQ,2)G0 TO 1413
GO Y0 1414

XTAB(1)=1,0E503

DO 1445 1=1,N3

[1=]+1
XTAB(I1)=XTAB(1)«FLOAT (1)#BELTA
CONTINUE

RETURN

END

SUBROUTINE SIEVE(E1,61,E2:,G2)M,N,NX,BEFF,BWR)
COMMON/C/ZEX(421) ,JFLAG(1rL)
IF(E2.,T,EL)GO TO 1@%

G0 YO 300

N2=2aN

00 1p091=1,100

JFLAG(1) =2

CONTINUE

TEF=BEFF/293,9
DP=(1,5885£+0@)8SQRT (TEF/BWR)

WHEN MULTIPLIER BY SQRT(E) DP GIVES 5 TIMES CORRESPONDING DELTA

DP1=DP#SQRT(EL)
DP2=DP#SQRT (E2)
DG1=GL/FLOAT (M)
DG2=G2/FLOAT (M)
EX(1)=EL
IF¢GL,LT,DP1)GO TO 1201
GO TO 1¥@2

JFLAG(1) =1

ENDIF=ABS (E2-F1)

NX=1

Do 128 [=14N
XX=E1+DGLeFLOAT ()
IF¢(XX,LT,E2)G0 To 187
60 To 12¢

NX=NX+1

EX(NX)=XX
IF(GL,LT,DPL)GO TO 1@@3
GO To 109

WFLAGINK) =1

CONTINUE
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GRI0ZE7
GR1D2U8
GRIDBES
GR10212
GRIDOLI
GRIDE1Z
GRIDP1S
GRIDPB14
GR10015
GR1D216
GR10B17
GRIDPLE
GR1DZ19
GRIDBEY
GRIDZZ1
GR1DB22
GR]D@e$
GR1DDZ4
GR1DZZ5
GRIDBZ6
GRIDEZ61
GRIDBZ7
GR1Do28
GRIDE2Y
GRIDDSR
GRIDBSL
GR1DE32
GRIDB3S
SIEVeRI
SIEVEY2
SIEVEBOS
SIEVBOSL
SIEVDYA4
SIEVDRS
SIEVBYS
SIEVEL7
HATLL
SIEVEUS
SIEVD10
SIEVRLd
SIEVplZ
SIEVALY
SIEVE14
SIEVRLS
SIEVB16
SIEVP161
SIEVEL7
SIEVELB
SIEVEL?
SIEVE2D
SIEVEel
SIEVDZ2
SIEVD221
SIEVE23
SIEVEZA
SIEVEES
SIEVEZ5L
SIEVR26
S1EVD27



108

10885
200
119
121
123

2008
192

1006

111
1027

10208
1010
1809
ie11

112
104¢

114
113
124

DO 2082 1=1,N
XX=E2=DG24FLOATY (1)
IF(XX,.GT,E1)G0 TO 128
Go To 268

NXaNX+1

EX(NX)=XX
IF(G2,L.T,0P2)Gn T0 ig25
Go To 207

JFLAG(NX) =1

CONTINUE
DIFF=(E2;E1)/FLOCAT (N2
IF(DIFF)101,102,4@2
PRINT123
PRINT200®,EL1,E2,DIFF

GO TO 104

FORMAT(32H CALLING SEQUENCE OF SIEVE WRONG)
FORMAT(4H E1=E13,6,4H E22E13,6,6H DIFF=E13,6)

N21=NX+1

NN=NX

N223N21+N2~2

NX=N22

E21=2(E1+E2)/2.,2
DP12=0DpP#SQRT (£21)
E43cF2~E1=((G1+G2)/2,0)
IF(E43,L.T.DP12)GO TO 1¢@6
Go To 12¢7

DO 111 [=N21,N22

[2=]=NN
EX(I)=EL+DIFF#FLOAT (]12)
JFLAG(I) =1

CONTINUE

G0 TO 1040

D0 112 ]=N21.N22

1221oNN
EX(1)=EL+«DIFF*FLOAT (12}
OPTEST=[P#SART (EX(I))
1FCEX(T) ,LEE21)60 To 1008
GO TO 1629
IF(G1.LT,DPTESTIGO To 12172
GO To 112

JFLAG(T) =1

GO TO 112
IF(G2,LT,DPTEST)IGO TO 1411
GO To 112

JFLAG(T) =1

CONTINUE

DO 113 I=1,NX

DPF=DPeSQRT (EX(1))
IF(DPF,EQ,2,0)60 TO 113
TERM=EX(1)/DPF
IF(TERM.LT,25,)60 70 114
GO To 113

JFLAG(TI) =1

CONTINUE

RETURN

END
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SIEVE2l
SIEVB2Y
SIEVESR
SIEVRSRL
SIEVESL
SIEV@32
SIEVE3¢
SIEVE33L
SIEVES4
SIEVRSS
SIEVDS6
S1EVE37
SIEVS8
SIEVDIY
SIEVE4D
SIEVA1
SIEVE42
SIEVE4S
SIEVE44
SIEVE3D
SIEVR3A6
SIEVBA7
SIEVDBA4Y
SIEVEaY
SIEV50
SIEVE 21
SIEVESL
SIEVESZ
SIEVDSS
SIEVDS54
SIEVESS
SIEVEYE
SIEVES7
SIEVESE
SIEVESY
SIEVE6R
SIEVE6L
SIEVEE1Y
SIEVEE2
SlEVE621
SIEV@6S
SIEVEb4
S1EVBES
SIEVPE51
SIEVA66
SIEVEET
SIEVD6S
SIEVPEY
SIEVR69L
SIEVETD
SIEVET71
SIEVR711
SIEVET7Z
SIEVE7S
SIEVRT74
SIEVRT75



SIGPLOT TEST, IRON DATA,
26056 ,E+055.36724E+0 2
26054,0 g.2584 2
4750, 100 ,E+3 1
a2, , 6 2
'B81175 8,9 2
"15@@0. |5E"‘g 56@1.20@
7,83€+3 1 SE+E 12M2.16
52,1 E+3 15E+0 2100 .E+0
71:9 E+3 1SE+D 1600,.E+0
98,5 E+3 1SE+D 402 E+Q
182,6 E+3 1SE+P 1375 ,E+0
132, E+3 BE+D 1600 E+2
147, E+3 ySE+D 195¢ ,E+0
173, E+3 +SE+D 4800 E+2
188,5 F+3 WSE+«0 38007 . E+0
245, E+3 (SE+C  13000,E+0
330, E+3 WSESE 2750 ,E+0
378, E*3 yBE+D 3020 E+0
1.175EG3 @. 1
9480, .- 2.04
144720, . 2.13
26056 ,E+0 +19168E+0 2
4750, 100 ,E+3 1
B.E+D +6CED 2
1201187 2,2 [
~40020, ) 576,01
27790, 5 1404 ,44
74, E+3 BE+0Q 425 E+E
83,6 F+3 SE+D 1002.E+¢
123,5 E+3 ' SE+D 15¢ E+¢2
1390, E+3 ySE+D Sed.E+C
141,3 E+3 ) SE«C 2303 E+C
169, E+3 1 SE+0 69Q.,E+0
188, E#+3 ' SE+D 316 ,E+0
220, E+*3 +DE+Q 13¢0,E+0
243,5 E+3 SE2 302, E+0
273, FE+3 WSED 3500 ,E+p
315, E+3 BE+D 5502 .E+0
367, f[+3% WyBE+# 9302, E+0
382, E+3 (BEC?  1000@,E+¢
1,187€23 2,2 1
1152, -] 616
235¢, - 1.0004
112¢2¢e, 1,5 1.022
22720, 1,5 1,1655%
34100, 1.56 2,346
36600, 5 1,42
38320, 1,5 1,298
4582@, W2 2.381
51902, - 2,685
53309, 1,5 1,37
552382, .5 1,1625
59000, .- 2,74
26057 ,E+0 ,021700E+0 |4
4759, 100 ,E+3 1
+ B ' o
0081193 2,2 2
3900, 2,0 241,5
6300, 1,2 463,73
28008, 1 3e05,

B 352, i
2
]
2
@
4]

5g0@,
1208 ,E+0
2107 .E+¢
16080,E+0
400, E+D
1375,E+0
1600 ,E+0
1950 ,E+0
4800 .E+D
3800p,E+0
13080 ,E+?
2750 .,E+0
3g20.E+D
o

1.24
1,13
2

2
2

g
575,
1400,
425 ,E+2
19080 ,E+p
152 ,E+0
BZQ . E+0
2300 . E+2
692 .E+0
3167 ., E+D
1320 .E+2
0@, E+0
3500 E+Q
5502.,E+0
930 E+2
10200 ,5+0
@
252
Feos
22
,1955
L 346
43
298
381
, 685
.37
,1625
74

O™

24¢,
467,
3ged,
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42529,
45580,
BD1193
1630,
4752,
7229,
7947,
12827,
13922,
18200,
21300,
26758 ,F+0
4759,
DE+Y
1,2272Es3
627,
1.,200E3
230,
359,

LLR VISR

2516,83
269.83

1.28
1,086
1,753
1.146
1,336
24426
2.74
6,92

N KL

3,57

1.20654
1.2173

2516,
269,

125

1256
1923
' 316
.566
W 776

1.056
1.92

DWW ™

2457

2
187654
8173
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4,7507Q0E*03
4,981865€6+03
5,137500g+23
541213730E+33
5,525080p+083
5,836270E+023
5,912500E+23
6,068135E+03
6,300000c+03
6,530000E+03
6,531865p+03
6,760000E+33
6,763730£+03
6,9920080E+023
7,218247¢+03
74219123E+23
7,220000€+03
7,220876E+03
7,221783¢+03
7.228920E+023
7.372502€+23
7,525000E+03
7,677502E+23
7,830000E+03
7,847500E+03
7,865200E+03
7,88250CE+23
7.898884E+L3
7.,899427€+23
7,900000E+03
7,980573E+23
7,981146E+03
8,295880E+23
B,6907Q0PE+03
9,B85AP0F+03
9,47796BE+D3
9,478980E+03
9,48C002E+03
9,481020E+03
9,482040E+23
9,910082E+023
1,23400BE+04
1,077220E+04
1,119898E+04
1,119949E+24
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1,12p051E+04
1.12010828+04
1,162700E+04
1,203200E+24
1,2407200c+04
1,279866E+04
14279933E+C4
1,280000E+04
14280267E+24
1.283134E+24
1,3075@0E+04
1,335000E+04

6,785774E+08
6,502255E+08
6,465403E+20
6,460483E+20
6,5808239p+20
7.,275494E+00
7.693594E+00
9,35273¢E+02
1,367890E+21
1,153816E+01
1,151748E+01
1,839644E+031
1,039733E+24
1.128880E+21
1,414936E+01
1,466B05E+01
1.552657E+2
1,469754E+9
1,420473E+09
1,399226E+31
1,656123E+04
1,996881E+021
2,328673E+21
2.541229E+01
2,517465E+01
2.519768E+01
2,519288E+94
2.523834E+01
2,536322E+01
2.557363E+01
2,536117E+21
2.523234E+01
1,919762£+931
1,335408E+01
1.020244g+01
9.323128E+00
1,061444E+01
1.277854E+81
1,061935E+31
9,318655E+30
7,313152£+00
6,564929E+00
6,031694E+292
5,66E840E+020
5,720218E+00
5,832226E+00
5.,735508E+020
5,672045E+28
5,320346c+00
5,062646E+00
4,B38706E+02
4,802337E+20
5,047677E+00
5,459894C+2p
5,051584E+20
4,824717E+C0
4,513546E+20
4,394794E+00

5,602725E~01
5,412982E~03
5,973383E~03
6,343325E~23
8,971672E-83
1,643329E=02
2,030699E~02
3,432255Em02
6,217445E~02
3.5190809E~02
3,498536g-02
2,128743E-02
2,119639E~02
1,963277E-82
3,261779E-01
7,810764E-~01
1,539844E+00
7.,810644E~01
3,263950g-01
3,789944E-02
2,761971€-~02
3,279241E02
3,7@7367E~02
3,8p65368E-82
3,794436E-02
3,787235E~02
3,846959En02
2,589722E-21
5,920254E~01
1,147331E+00
5,920871E-01
2,589441E~01
2,253p41€-02
1,199169E-22
7,876996E=23
8,350098E~01
2,081131E+00
4,159574E+00
2,081001E+08
8,350569E~01
3,242707E-23
2,419987E~03
1,925410E~03
1,862921E+00
4,654958E+00
9,308277E+00
4,655149E+20
1,863079E+02
1.384587g~23
1,213998E~23
1,098311g-03
2,700987E~21
6,737919E-21
1,346754E+00
6,737859E~01
2,701045E-81
9,679320E-04
9,259876E~04

0,200008E+00
0,000@C2E«2D
¢,000080E%00
2,000820E%00
0,000000E+00
¢,000020E+00
2,000000E00
2,000022E+00
2,000200E+20
2,000000E+20
2,000000E+00
2,200080E+00
2,00008CE%00
?,000020E+00
¢,P22000E 0D
0,000020E+00
?,000020E+00
Z,002002£400
©,000C20E+00
?,000000E+00
©,200002E+00
2,000082E+20
2,208800E+00
?,8000C0E+00
2,000922E+02
?,008000E00
0,000000E+20
?,080220E+20
2,0004C2E+00
?,000002E+20
2,00002CE+00
2,000002E%00
2,002020c+00
2,000200E00
0.200200E+0D
¢,000800E=20
2,000000E+00
2,020000E+B0
?,000002E+09
2,000000E+20
2,000080E+00
,00002CE+D0
¢,202000E %00
2,000070E D0
2,000002E+00
2,200220E+00
,200C8CE«00
¢,00PBR2E+0B0
2,00080CE+00
2,000000E+2D
?,00000CE+00
2,000000E+00
?,200020E 20
2,000000E+00
2,000022E+00
?,020800E+00
?,00000CE+00
2,000000E+00

7.346044F%00
6,507667E4R92
6,471377g+0C0
6,466B26E*00
6,589210g+02
7,291627E+09
7,713901E+00
9,385053E+00
1,374108g401
1,157335E%01
1,155247¢g+01
1,041770E+01
1,941855+01
1,130843E+01
1,447554E01
1.,244913E+0
1,706642E+01
1,547860E%21
1,453104p+B21
1,4083016E01
1,658885(+01
2,000160E+01
2,332380E+01
2,515035E%01
2,520962E+01
2,9523555+01
2,522935E+01
2,549731E+01
2,595524E£401
2,672097E+01
2,595318E+01
2,549129E+03
1,922015£%021
1,3366B7E+01
1,020951¢g+81
1,015812E+01
1,269557g+01
1.693811E%01
1,270035E+01
1,215401E+01
7,316394E%00
6,567349E+08
6,033619E+00
7.523761E+00
1.237518£+01
1.,213850E+81
1.039066E+01
7.535124E+00
5,321728E+00
5,06386QE«00
4,B39804F+0D
5,072428E%080
5,721469E+00
6,826648E+00
5,725372E+00
5,074822E+020
4,514514E400
4,395720E+22

5,693696E+0282
5,432315E+02
5,410554£+00
5,413359E+00
5,570369E+20
6,323456E+08
6,760468E+020
8,444930E+202
1.253046E+03
1,013255E+8%
1,241165E+0%
9,043376E+00
9,044939E£+00
9,945008E+00
1,287594Ex04
1,3395@8E«01
1,425398E«0Y
1,342535E+04
1,293296F+0%
1,272393E~09
1,538890E+01
1,897588E+01
2,256588E+0)
2,470823E+P4
2,480228E+03
2,48619BE+P]
2,488779e+01
2,496464E+01
2,509050E+03
2,530192E+04
2,509p46E+01
2,496264E+0]
1,923586E+ 21,
1.,330078Ex03
1,003792E+23
9,083403E+02
1,837469E403
1,253810E+03
1,037823E«04,
9.,077790E»00
7,021118g+00
6,241760E00
5,690138E«020
5,309128E+002
5,368%06E+00
5,478464E+00
5,383495E+00
5,320232E+10
4,9640027E%00
4,705p38E+00
4,48218BE+00
4,449188E+00
4,694669E+00
5,106218E+00
4,697238E+00
4,450510E+00
4,162595E+00
4,047085E+02

61253968E+08
5,437728E+00
5,416524E+00
5,419702E+00
5,579341E+00
6.33989PE+20
6,780775E+00
8.479252E+00
11259264E+01
1)816774E+21
1/214663E01
9,034663E+20
9,036135£+08
$,965442E+00
1,320212F+01
11417612E+01
1:579382E+01
1,420642E+01
1,325927E+0%
11276183401
1,544652E+01
1,900867E+01
2,260295E+01
2,474630E+01
2,484015E+04
2,489986E+01
2,492626E+01,
2.522358E+01
2,568252F+01
2,1644925E+01
2,568247E+01
2,522458E+01
11925839021
4133427BE+01
1,004499E+01
9,918413E+00
1,,245582E01
1166976BE01
1,265924E+04
9,912847E+20
7,024352E+00
6,244180E+00
5,652064E+20
7,172049E+00
11002346E+01
11478674E+01
1,003884E+p1
7,183311E+@8
4,965388E+00
4,706244E+00
4,483286¢+00
4,719278E+00
5,368461E+00
6.452972E+80
5,371024E+80
4,720614E+20
4,163563E+20
4,848011E+00






c PROGRAM SIGMA2(INPUT,QUTPUT) S162861

COMMON/D/ERAN(2,501) S1620842
COMMON/C/EX(121) ,JFLAG(L121) S1G2p0s
COMMON/E/XMIN(A) ,XMAX (&), XREF(6) S1G22k4

COMMON ARAY, [RAY,ERAY,NOT,ZA!,ABN,NER,LFW,ELEX,LRU,LRFILANG,NLS, SI1G2o¥>
ANRES LN, JN,PENFAR,SHIFAR,SP1, AP, AWR], AM, DREF, AREF ,BREF, IRANGE,N1S,S]162266

3INCROSS, IVSPIN,ELO, TEFF,DELTA,E,AWR s162@97
EXTERNAL MOV, KNM 5162008
EXTERNAL MOVE,kOME S16296Y
EXTERNAL DOPPLER S1G2p18
DIMENSION ARAY(6,508),IRAY(3,522),ERAY(2:588) ,NOT(22),2A1(18), sIGzeil
1ABN(1Z)pNERﬁlﬂ).LFW(iﬁ).EL(lﬂ 1¢),EH(1@,12),,RU(L8,12),LRF(19,10),5162p12
2LANGC1R,5,5) )N S(L10s13) »NRES(12))LN(52), gN<150> PENFAR(20Q), S162018
3SHIFAR(5@0>:SPI<10>nAP(lz).ANRI(1@).AM<1W).DREF<6).AREF(e).BREr<e.5102z;g
419) $162915
DIMENSION TITLEC7),XTAB(33) S162p18
DATA MAXPTS,MAYRES,ETHERM/20£0,190,08,253E-1/ $1620917

Cr=-=<TH1S A PROGRAM TO CALCULATE SCATTERING,CAPTURE,FISSION AND TOTAL SIG2¢18
Cm=~=~CROSS~SECTIONS EITHER AS A SUW OF BREIT~WIGNER TERMS OR WITH A S162019
Cre=-=MULTI-|.EVEL FORMULA TAKING INTO ACCOUNT LEVEL=~LEVEL INTERFERENCE, S1G6208¢¥
Cm=-==THIS PROGRAM MADIFIED ON 30,7,1973 TO INCLUDE NEW FORMAT CHANGES S§IG2p21
Cr====GIVING INDIVIDUAL ISOTOPE MASSES AND TWO OIFFERENT NUCLEAR RADII, SI16222%2

Cre-==THESE FORMAT CWANGES CORRESPOND TO ENDF/B VERSION Il DATA, S1G2024$
Cre-e=RUNS ON COC=6603 AND PDP-18 S16222%1
c 111114212143242444223443212121141494314212214112414111414134111111111111151G20p24

READL, (TITLECY),151,7),IDPL,TEFF,NTAB, INCROSS,ERROR, IVSPIN S1620¢>
Cr=~-z-I1DPL=1 ]F DOPPLER BROADENED CROSS~SECTIONS ARE DESIRED ELSE INPL=25162026
Cr==-=~TEFF=EFFECTIVE TEMPERATURE OF THE TARGET IN DEGREES KELVIN, S162p27
Cre==cNTAB=NUMBER OF PIVOT POINTS To BE USED IN EVALUATING THE DOPPLER S1G2g28
C--~~gBROADENED CROSS=~SECTION, T GET THE DOPPLER BROADENED CROSS~SECTI0S1G2029
Cre==-==N AT EVERY ENERGY E WE TAKE THE INTERVAL E=N2#DELTA TO E«N2#DELTA S1627s2
Cr-e--=FQOR THE INTEGRAL WHERE N2=NTAB/2 AND DELTA IS THE DOPPLER CONSTANTSIG2781
Cr==-o=NTAB311 OR SO SHOULD SUFFICE FOR ALL CASES, NTAB= 0DD INTEGER, s1G62ese
C~==-=ERROR= IF THE RELATIVE ERROR BETWEEN TWO SUCCESSIVE ITERATIONS S1G2g33
Cr=-3=0F TWE DOPPLER INTEGRAL IS LESS THAN ERROR THE INTEGRATION ROUTINES!G2p34
Ce=-=2ASSUMES THAT TWE INTEGRAL HAS CONVERGED AND IT EXITS, TYPICAL S1G2p35
Cm==o=YALUES COULD BFsi,pE-04, HOWEVER IT 1S RECOMMENDED THAT THE USER SIG2g$¢
Cr=-=-EXCRCISE HIS JI'DGEMENT IN FEEDING THIS VALUE COMMENSURATE WITH THES1G2@8$7
Cm===sACCURACY OF THET FINAL RESULY DESIRED AND COMPUTER TIME AVAILABLE, S1G2ps8
C-=se=IN PRACTICE IT 1§ FOUND THAT THE SPINS OF ONLY A FEW RESONANCES ARS1GZ2gSY
Cr=<egKNOWN AS A RESULT OF DIRECT MEASUREMENT WHILE REST OF THE RESONANCS[G2940
Cmev-==ES ARE ASSIGNED AN AVERAGE SPIN WHICH IS EQUAL TO THE AVERAGE OF S1G2p43
Cr=~s~ALL POSSIBLE SPINS FOR THE PARTICULAR PARTIAL WAVE, THIS AVERAGE S1G2p4e
Cre=-wzSPIN IS CALCULATED FOR A GIVEN TARGET NUCLEUS SPIN AND A GIVENLZVASIGZB3$
C-=-o=IN THIS PROGRAM {N CALCULATING YHE SCATTERING CROSSeSECTION WITH SI1G2p44
Cre=e-|EVEL~LEVEL INTERFERENCE, RESQNANCES OF A PARTICULAR SPIN VALUE 5162245
C===s~INTERFERE AMONAST THEMSELVES, HOWEVER,I1F A GROUP OF RESUNANCES HASSIGZ@gg
Cr==caSPIN EQUAL TO THE AVERAGE SPIN ,THEIR MUTUAL INTERFERENCE TERM 18 S1G20Q47
C~=~w~SET FQUAL TO ZFRO,IF 1T 1S DESIRED TO INCLUDE THIS MUTUAL INTERFERS]G2g48

C--~-==TERM PUNCH A 1 IN COLUMN 65 E_SE PUNCH A @, S162849
PRINT33 s16205¢

PRINT25 sic2evi
PRINTZ4,(TITLECI)+) 1,7) sigaese

PRINT25 §162¢59

1 FORMAT(7A4,2X,15,F5,4,2]15/E12,4,15) S162¢54
IFCIDPL-EQ,1)60 TO 1211 S162¢55

GO TO 1012 SIGz@bbl

1211 PRINT2S S162856
PRINT3@,TEFF,NTAB,ERROR, INCROSS S162027
PRINT25 $1620>8

GO To 1013 S[G2aby
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1212 CONTINUYE $1G2p60

c 222222222222222222222222222222222222222222222222222222222222222222516286},
1213 READ3,ZA,AWR,NOT(1)NOT(2))NIS,NOT(3) S1629062
CrevcgZA=(Z,A)DESIGNATION OF MATERIAL,AWR=AT,WT/NEUTRON MASS,NISaNO OF S1G2p6s
Cev===[SOTOPES SIGZZ64
PRINTL7,2A,AWR,NIS SIG&ZO%

PRINT25 S1629866

J1=1 S162087
JF1D=1 SIGZZOB

DO 191 ]=1,NIS s1G2g69
NRANGE=3 siGep74

c 33333333333333333333333333333333333333335333333333333339333333333351G2071
PRINTZ25 sic2p7e
PPINT18,1 $162273

PRINT25 §162274
RFADI,ZATCL) ) ABN(I) NOTC4) ,LFW(TY ,NER(I),NOT(5) 5162075

Comm=gZAl(1)2(Z,A} DFSIGNATION OF ITH ISOTOPE ABN(])=WT FRACTION OF ITH S1G2g76
C-==--~1S0TOPE LFW=4 FISSION WIDTHS ARE GIVEN,32 FISSION WIDTHS NOT GIVENS]G2877

C~=--«NER(!}=ND OF ENERGY RANGES USED 5162078
PRINTL9,ZAI(1), ABN(I),NER(]) s162p79

NERI=NER(T) s162p80

Jas1 5162081

c 444444444444444444444444444444444444444494444444444444444444444444516G2082
126 READ3,EL(1,42),EH(1,J2),LRUTT,J2),LRF(],J27,NOT(6),NOSIG208S
17(7) S162p84
Cme-==EL=LOWER ENERGY LIMIT OF A RANGE, EHsUPPER LIMIT OF A RANGE $162p83
Cr==w={RUz1 RESOLVED RESONANCE PARAMETERS,[RU%2 UNRESOLVED PARAMTRS S162086
Ce=--=LRF INDJCATES PARTICULAR TYPE OF RESONANCE FORMULA TO BE USED S1G2087
PRINT20,EL(1,J2),EN(T,J2),LRUCT,J2),LRF(],J2) S162088

LRULJ=LRUCT,J2) s162889
IF(LRYIJ=11127,128,1010 S162092

127 PRINT1O S16289%
GO TO 138 S1G2eve

128 NMOM=1 $162093

c 5555555555555565555555555555555555555555555555555555555:55555555553lszva
READ3I,SPIC1),APCI) ,NOT(7) ,NOT(8),NLS(I,J2)sNOT(9) 5162895

C-w=5=SPI(1)2SPIN OF THE l.TH ISOTOPE, AP(1)=As SPIN DEPENDENT SCATTERINGS1G2296
C-==== ENGTH IN UNITS OF 1,BE~12CM,AM({l)=zAw», FOR SPIN INDEPENDENCEAM(I)=S1G2297

C---z-NLS=NUMBER OF [~VALUES S162098
PRINT21,SP1(1) ,AP(1) ,NLS(1/u2) S162099

Jisi S162100

¢ 666666666666666666666666666666666666666696666666666666696666666666SIG21@1
104 READ3» AWRI(1) s AMCI),LANG(1,J2,JL),NOT(1D) ,NRSEX,NRS $162102
Cre-=-AWRI([)=MASS QF THE 1=TH ISOTQPE IN UNITS OF NEUTRON MASS,AM=SEE AS16219$
Co--2cLANG=L~VALUE OF THE ANGULAR MOMENTUM,NRSZNUMBER OF RESONANCES, S1G2104
PRINT22,AWRT (114 AM(1),LANG(1,J2,JL) s NRS S162125

NMOM=NMOM#1 S162106
J3=J1+ (NRS~1} S162187

c 7777777777777777777777777777777777777777777777777777777777777777775162108
READ4, { (ARAY(K,J) 1 K=Z1,6),J7J1,)3) 5162189

¢ THIS 1S WHERE THE RESONANCE PARAMETERS ARE READ IN, ARAY(1,J)=ERESSIG2112
c IN EV, ARAY(2,J)=J VALUE,ARAY(3,J)=TOTAL GAMMA, ARAY(4,J)=NEUTRON S1G211]
c WIDTH,ARAY (5,J)2GAMMA GAMMA, ARAY(6,J)=FISSION WIDTH, ALL WIDTHS 15162142
c N EV, $162113
PRINT25 S162114
PRINT23 $162115

PRINT26, ( (ARAY(K,J) 1K=1,6) rd=J1,J3) S162116

PRINT25 $162117

DO 102 J=J1,.J3 $162118
TRAY(1,J)=LANG(T,J2,sJL) S162119
IRAY(2,J)=NRANGE $162120
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[RAY(3,J) =] s162122
ERAY(L,J)=SPI(1) s162122
ERAY(2,J1=AP(]) S162123

192 CONTINUE 162124
J1zJ1*NRS s1G2125
JisJl+l $1621¢6
IF(NMOM-NLS(1,42))104,124,103 s162127

103 NRANGE=NRANGE+1 sl621e8
J2=J2+1 5162129

IF (NRANGE=-NERIY106,106,1012 S$162130
1240 NRES(1)=J1~JFID 5162191
WF1D=J1 S162132

101 CONTINUE $162133
NTOTAL=J1s1 : S1621484
SCALE=1.QE+00 S162135
PH1=3,14159265 S162136

3 FORMAT(2E11,4,4111) S162187

4 FORMAT(6ELL %) 5162138

5 FORMAT(8E11,4,3110) 5162139

6 FORMAT(2X,2E11,4) S162140

7 FORMAT(187H NEUTRON ENERGY( EV) SIGNN SIGCAP SS162143
11G6F SIGT SIGNNMULT SIGTMULT ) §16214%2

8 FORMAT(2X,7E15,6) S!G214J

9 FORMAT(10X,2E20,6) S162144
19 FORMAT(20H ERRAR IN INPUT DATA) S162143
11 FORMAT(10X,2110) S$162146
12 FORMAT(1@X,6112) S162147
14 FORMAT(53H CROSSSECTIONS CALCULATED WITHOUT DOPPLER BROADENING) S1G2149
15 FORMAT(49H CROSS=-SECTIONS CALCULTED WITH DOPPLER BROADENING) S16215¢
16 FORMAT(I5H NEUTRON ENERGYE15,6) $162148
17 FORMAT(33H (Z,A) DESIGNATIQN OF THE ELEMENTE1L,4,22H AT,WT/MASS OFSIG2151
1 NEUTRONE11,4,15H NO OF ISOTOPESIS) §1621%2

18 FORMAT(24H DATA FOR 1SOTOPE NUMBERIS) S1G215¢
19 FORMAT(33H (Z,A) DESIGNATION OF THE ISOTOPEEL11,4,21H FRAGTIONAL ABSIG2154
1UNDANCEE11,4,28H NO OF ENERGY RANGES!5) s1G2455

20 FORMAT(36H LOWER L IMIT OF THE ENERGY RANGE(EV)E1Y1,4,318H UPPER [ IS162150
IMIT(EY)IEL1,4,64 LRUm!5,6H LRF=I5) S162157

21 FORMAT(13H NUCLEAR SPINE11,4,18KH SCATTERING LENGTHE11,4,15H NO OF S162158
1L-VALUES!S5) $1G62159

22 FORMAT(45H MASS OF THE ISOTOPE IN UNITS OF NEUTRON MASSE11,4,22H SS162162
1CATTERING LENGTH(A=)EL11,4,17H ANGULAR MOMENTUMIS5,17H NO OF RESONANS!GZlbl

2CESIS) 5162162
23 FORMAT(85H ERES SPIN GTOT GN 5162163

1 GGAMMA GF ) S1G2164
24 FORMAT(11H TITLE 744) 5162185
25 FORMAT(//) S162166
26 FORMAT(6(2X,E11.4,2X)) S162167
27 FORMAT(33H CROSS=SECTIONS AT THERMAL ENERGY) S162168
28 FORMAT(2X,2E20.6,110) $162169
29 FORMAT(2X,4E11,4) S162170

30 FORMAT(22H EFFECTYIVE TEMPERATUREF7,1,41H 1IN DEGREES KELVIN, NO S1G2171

10F PIVOT POINTSI5,18W CONVERGENCE ERRORELO.4,13H AND INCROSS=]5) S]G2172
31 FORMAT(53H THE INTEGRAL FOR DQPPLER BROADENING DID NOT CONVERGE) SlIG2179
33 FORMAT(116H1 PROGRAM SIGMA2, PROGRAM TO CALCULATE SINGLE OR MULTILSIG2174

1EVE[ BREIT=WIGMER CROSSe SECTIONS. USES ENDF/8 VERSION 11 DATA) $1G2175
Cm=-==THIS IS WHERE RESONANCES OF EACH ISOTQPE ARE ARRANGED IN INCREASINSIG21/6
C===23GC ORDER IN L AND FOR EACH L IN IMCREASING ORDER IN J, $162177
DO 133 ]=1,NIS S162178
NRESI=NRES(I) S1G62179

CALL ORDER(I,ZNRESI) S162180

133 CONTINUE siG2181
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13 FORMAT(L12(1X,110)) S[G218¢

DO 135151, NTOTAL 5162184
ARAY(1,1)=ARAY!1,1)#SCALE S1621484
ARAY(3,]1=ARAY (3, 1)9SCALE $1G218>
ARAY(4,1)=ARAY(4,1)#SCALE 5162186
ARAY(5,1)=ARAY(5,])#SCALE 5162187
ARAY(6,1)=ARAY 6,1 )8SCALE S1621388

135 CONTINUE S162489
NCOUNT=1 s162190

DO 1332 1=14NIS S1Ge1i¥y
XWR=AWRI(]) 5162192
YWRzXWR#1 ,2086A5 5162193
YWREYWR®#(1,8/3,8) 5162194
APX=Q,123aYWR+%,08 S16219>
NRES{=NRES (1) S162196
NLMT2NCOUNT#NRES el S162197

D0 1331 J=NCOUNT,NLMT 5162198
CALL FACTS(ARAY(1,J),IRAY(1,v) PENFAR(J)»SHIFAR(J) PS,CONST,XWR, 8162199
1APX,1.4) S1622¢9
1331 CONTINUE 5162241
NCOUNT=NCOUNT+NRES] S1622p2
1338 CONTINUE S162213
D0 198 I=1,NTOTAL S162204
ERAN(L, 1) =ARAY (L, ]) S16220%
ERAN(2,1)=ARAY(3,1) S162206

128 CONTINUE §162207
CALL QIKS(L1,NTOTAL,MOV,KOM) Sl162208

C-=-<-HERE RESONANCE IN AN ELEMENT ARE ARRANGED IN INCREASING ORDER IN S]G2289
Cr=-c<ENERGY ALONG WITH THEIR TOTAL GAMMAS TO CALCULATE THE ENERGY MESH S1G622i2

Cre-w~AT WHICH THE CROSS~SECTIGNS ARE CALCULATED, 5162211
146 PRINT27 s$162232
PRINT2S 5162213
PRINT? §1G62214
E=ETHERM s162235

CALL SIGMACETHERM,1) s162236
PRINT25 $162217
ELOSEL(L,1)8#SCALE 5162218
JFLAG(1) =1 s162219
IRANGE=1 S162220

C-e-ogWE HAVE ARBITRARILY SET ELO=1,PE~11 MEV HERE T0 BE ABLE TO DOPPLERSIG222]
C-==s=BROADEN THERMAL CROSS=SECTIONS,LATER ON IN THE PROGRAM E[0 IS READS]62222

Ce=-c=IN FROM THE DATA AND COULD VARY FROM 1,0E=11 TO 1,.ZEwB9MEV, S162223
PRINT8,ETHERM, tAREF(LL) yLLSL+6) s1G2224
IF(IpPL -EQ,L3G0 TO 147 $162225
GO TO 148 §1622254

147 TEF=TEFF/293,0 S1G2226
DELTA=Q-31774S0RT ((TEF#ETHERM)/AWR) S1622¢7

o CONTINUE s1G2228
CALL GRID(ETHERM,DELTA,NTAB,XTAB) S]1G2229
CALL GREAT2(DOPPLER,FINT,XTAB,NTAB,ERROR, IERR) 5162230
PRINT28,ETHERM,FINT, JFLAG(1) s16223%
IF(1ERR.EQ,L)PRINT3L 5162282

148 PRINT25 $162233
PRINT? S162234
PRINT25 S1G6228b
DO 124 JJ=1,NIS§ §1G6223¢6
NERJJENER (JJ) S162237
00 125 KK=1,NERJJ 8162238
IRANGE =KK S162239
LRUJKZLRUCJJ, K®) 5162240
IF(LRUJK=1)131,1321,125 S162243
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131
1321

1320

132

1240

117

11025
1112

1111
1112
1196

1116

1113
1123

1124

1125
1114

1118

PRINTL2

GO To 180
IF(JJ,+EQ,12G0 TO 1322
Go To 1382

ELOREF=EL (JJsKK)«SCALE
EHIREF=EH(JJ K)#SCALE
ELO=ELOREF

EHISEHIREF

GO To 12490

ELO=EL(JJ KK)#SCALE
EHISEH(JJ, KK} #QCALE

IF(ELO.EQELQRFF,AND,EH] EQ,EHIREF)GO TO 124

GO TO 1240
MM=MAXPTS/ (B#MAXRES)
NN=MM

IFLAG=Y
NLSKKENLS (JJ s KK)
NEXL)

ISTART=]

1END=1
IF(IEND-EQ,2)Gn TO 125
Wiz 4+l
E1=ERAN(1,J4)
G1=ERAN(2,J4)
E2=ERAN{1,J5)
G2=ERAN(2,J5)

IF(EL LT,ELO,AND,E2, TLELO)GD TO 1122

Go To 11@5

IF(EL.LE,ELO,AND,E2,GT,ELO)GO TO 1112

GO0 To 1111
E1=ELD
G1=62
ISTART=0
GO To 1114

IF(EL.GT,ELO,AMD,E2,LE,EH])IGO TO 1112

GO To 1313

IF(J4.EQ.1AND,ISTART,EQ,1)60 TO 11026

GO To 1114
E2=E1
G2=61
E1=ELO
NEENE- 51

"ISTART=D

GO TO 1114
E2=EHI+GL/FLOAT (MM)
G2=061

IFLAG=Q

Go To 1114

IF(E4, LT, EH]I,AND ,E2,GE,EHI)GO TO 1223

GO TO 1124
E2:=EWl
G2=G1
[END=Q

GO 70 1114

IF(EL GE ,EHI ,ANDE24+6T,ERI)IGO TO 125

GO To 1i25
IF(IFLAG)112¢,125,1127
IF(E1.EQ,E2)G0 TO 1127
GO Yo 1118

CONTINUE

CALL SIEVEC(EL1,G1,E2/,G2,MM/NN,NX,TEFF,AWR)
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S162242
$162248
$162244
S1622441
S162245
§162246
S1G2247
$162248
5162249
5162250
$162251
§1622%2
S1622v21
§162259
$1622°4
5162255
S1G622%6
S16e2s7
$1G622%8
5162259
s162269
s1Ge26l
5162262
5162264
S162264
S162265
s1Gaz66
$1622661
S162267
51622671
S162268
S162269
S1G227k
s162271
5162272
s1622721
§16227¢$
51622731
5162274
s162275
s162276
S1G62277
S1G2278
S162279
S1G62280
$162281
si16228¢
$162289
s1G62284
S1G622841
5162285
§162286
s162287
S1G2288
S1G62289
s16228v1
S1622%0
s1G2291
S1G22911
5162292
5162294



c

C---wsPASSED AS A DIFFERENT KERNEL SHOULD BE USED TO CALCULATE DOPPLER

1120

116

CALL QIKS(1,NX,MOVEF ,KOME)
GO To 116

IF¢IEND.EQ,2)GN TO 125
FEENELS]

GO To 1347

DO 1989 I[=1,NX

E=EX(])

JFLAGI=JFLAG(I)

CALL SIGMA(E,KK)
PRINTB,E, (AREF(LL) LL=1,6)
IF(IDPL-EQ,L)60 TO 141

GO Yo 1i9
IF(E,LT-ETHERM)GO TO 129
GO Y0 1410

5162294
s1622v5
S162296
§162297
S162298
s162299
5162310
s16a3el
§162302
816230
5162324
$1623041
$162385
$]1623051

IF THE NEUTRON ENERGY 1S LESS THAN 2,0255 EV DOPPLER BROADENING ]SSIG2306

C~=--<«BROADENED CROSS-SECT]ONS,

c

C

aaa

14182

1121
32

1122
109
1117
125¢
125
124

12¢
132

GIKS

35

32

TEF=TEFF/293,2
DELTA=2.3177#8nRT ((TEF%E)/AWR)
CONTINUE

GO TO (1121,1122),JFLAG!

CaLL GRID(E,DELTA,NTAB,XTAB)
FORMAT(2X,11E11,4)

CALL GREAT2(DOPPLER,FINT,XTAB,NTAB,ERROR:ERR)

PRINT28,E,FINT,JFLAG(!)

IF(IERR E£Q,1)PRINT31

GO ToO 1@9

CALL GAUSS(E,DFLTA,DoPE)

PRINT28,E,DOPE,JFLAG(])

CONTINUE

IFCIFLAGYLL174125,1117

NEENETS ]

IF(NTQTAL=J4)125,1250,117

E1=ERAN(L,J9)

G1=zERAN(2,J4)

GO TO 1116

CONTINUE

CONTINUE

CONTINUE

CALL EX|T

END

SUBROUTINE QIKS (MM,NN,MOVE,COMPAR)
ALL«IN=MEMORY SORT PROGRAM

MM = FIRST SUBSCRIFT

NN = LAST SUBSARIPT (ARRAY IS IN COMMON)

MQVE AND COMPAR ARE USER SUPP_IED PROGRAMS

DIMENSION MSAVE(2@),NSAVE(2@)

KEYLOC(M,N)Z(N+M) /2

1=7

J=o

LEVEL = 2

M= MM

N=NN

CONTINUE

TEST FOR QNE QP TWG 1TEMS

IF(NeMwl) 31,51,32

CONTINUE

PARTITION AND SPREADER GO HWERE, SEE BELOW,

PUSH DOWN

LEVEL=LEVEL*1

WORK ON SMALLEST PGRTICN
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RETURN IS TO 8

$162307
$162308
$162309
5162312
$]62311
$162312
S162313
S162314
S162315
5162316
S162317
$162318
S162319
$162320
5162321
S1G2322
5162323
$162324
$162325
$162326
5162327
S162328
$162329
S162348
5162331
$162332
QIKS2030
OIKSPR2ZD
Q1KSBE3R
QlKS@240
QIKSEY5B
QIKSVJOE
QIKSPO70
Q1KSpRER
01KS2R92
01KS@109
01KS@11i0
Q1KSP12e
G1KSEi3e
QIKSB140
0IKSZLi52
QIKSPL16R
01KSP17¢2
QIKSZL80
0lKSgivp
Q1KSBE0e



aaaa

34

51
131
31
152
151

32

54

12
1102

19
io8

I L Ve ¥V = 1Y

N=J

GO TO 35
MSAVE(LEVEL) =M
NSAVE(LEVEL)=J

Mz 1

Go To 35
IF¢COMPAR(M,N))31,31,131
SWAP IF ONLY TWO ITEMS ARE OUT OF ORDER
CALL MOVE(M,2)

CALL MOVE(N,M)

CALL MOVE(Z,N)

IF (LEVEL) 151, 15p, 151
RETURN

POP UP

M = MSAVE(LEVEL)
NeNSAVE(LEVEL)
LEVELSLEVEL=1

GO To 35

END MAIN

PARTITION

fzM

JEN

KEYSKEYLOC(M,N)

CALL MOVE(KEY, 0)

IF (N = KEY) 17, 1, 17
CALL MOVE(N,KEY)
CONTINUE

HOLE AT BOTTOM
JF{COMPAR(Y,1)13,2,2
I=1+1

IF (I = J) 1, 40 1
CALL MOVE(!,J)

GO YO 5

CONTINUE

HOILE AT TOP
IF(COMPAR(Z,J)15,5,7
NENL S

IF (1 = J) 6, 4, 6
CALL MOVE(J,ID

GO To 2

CONTINUE

SPREADFR GOES HERE

END PARTITION
SPREADER

CALL MOVE(2, 1)

1 =1 + 1
IF(COMPAR(Z,1))12,12,1¢
{F (J = M) 128, 8, 10@8
o= J -1
IF(COMPAR(1J))8 10,48
CONTINUE

RETURN T0O MAIN PROGRAM
END

SURROUTINE MOV(I, )
COMMON/D/ERAN(Z2,501)
11=1

JizJ

W4 TA R T

01KS2248
QlKS@z5e
Ql1KSZ260
01KS@278
QI1KS@260
01KSB25D
alKSBsLe
Ql1KS@sLe
GIKSp32p
Q1KS@3sp
0IKSR342
01KSB358
QIKSEs60
Ql1KSB378
QIKSB38Y
QIKS2390
01KSE42D
Q1KSP4L0
Q1KSE42e
Q1KSP432
QlKSB44p
01KSZ452
QIKSP460
R1KS2470
01KS@440
AlKSp49e
01KS8500
01KS@>1e
ST EYT
QIKS@> 2
ST ELY
Q1KS8550
QIKS@>60
QI1KSZ572
CEVELY:
01KSB590
01KS@620
0lKSB612
01KSP620
QIKS@E0
Q1KS@840R
Q1KSB652
Q1KSB66E
Q1KSB670
QIKSB6EY
01KSZ692
Q1KSB70D
01KS2718
QIKS@728
QlKSg73p
aIKSe748
Q1KSE758
01KS@760@
0lKSB778
MOV 203

MOV 202

MOV 803

MOV B4



IF¢(11.EG,2)11=501 MOV 805

IF(JL,EU,2)J1=501 MOV 216
ERAN{1,J1)=ERAN(L,11) MOV 207
ERAN(2,J1)=ERANI2, 1) MOV gu8
RETURN MOV 289

END MOV @810
SURROUTINE MOVE(1,J) MOVEDKY
COMMON/C/EX(104) , JFLAG(11) MOVEDD2
11=1 MOVEBRS
JizJ MOVEQ2DA4
IFCI1,EQ, 9 11=10 MOVEQ#®S
IF(J1.EQ,2)J1=101 MOVE@R&
EX(JL)=EX(I1) MOVER®@7
JFLAG(JLY=JUFLAG(TIL) MOVEQYS
RETURN MOVEQWY

END MOVERL®
FUNCTION KOM(I,J? KOM @i
COMMON/L/ERAN(2,581) KOM 2ie
I1=1 KOM 20§
JizJ KOM 224
IF(11,EQ,0)11=501 KOM 215
IF(J1,EQ,0)J1=501 KOM pEé8
EQOMZERAN(L, I1)~ERAN(L, J1) KOM 207
IF(EOM) 100,101,102 KOM 208

102 KQOM=wl KOM 289
GO To 183 KOM @12

101 KOMz@ KOM 211
GO To 163 KOM Bi¢

102 KoM=1 : KOM 0813
103 RETURN KOM 214
END KOM @15
FUNCTION KOME(T,J) KOMEB®Y
COMMON/C/EX(401) ,JFLAG(LGL) KOMER®?2
I1=] KOMER®S
WizJ KOMERD4
IF(11,E0,0)11=161 KOME2®S
IF(J1,EQ,2)JL=101 KOMEQDS
EOXZEX(CIL)~EX (1) KOME@D7
IF(E0X)100,121,102 KOME@QS

122 KOME=zwy KOME@ZY
G0 To 103 KOMERLR

101 KOME=p KOMED L1
GO To 103 KOMERLZ

102 KOME=1 KOME@LY
193 RETURN KOMEQL4
END KOMED15
SUBROUTINE SPINOR(S,L,XJ)} SPNREU]
TERM=0,0 SPNRZDZ
DENOMZZ - 0 SPNRER
IF(S,EQ-Z,,AND.L,EQ,¢)C0 TO 100 SPNREG4
Go To 101 SPNRBI4L
C---=~FOR 83p AND S-WAVE RESONANCES SPINS ARE ALL KNOWN HENCE ONE NEEDS SPNROU®
C-=-s=LEVEL~LEVEL INTERFERENCE, SPNREZRE
191 IF(S,E0.2,)G0 TO 182 SPNRRWG7
GO TO 113 SPNRPE71

102 XJsFLOAT (L) SPNR228
GO TO 11¢ SPNR@PY

183 XJyi=5+0-5 SPNR@i0
XJ23Se0.5 SPNR21}

111 XL=FLOAT (L) SPNRP1Z2
IF(XJL,6T,XL)GO TO 1¢4 SPNRQLS
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GO To 105 SPNR@1SL

124 TERM=TERM+XJi#(2,0eX_ +1,0) SPNR@14
DENOMSDENOM* (2,2aX| +1,2) SPNR@1>
GO To 106 SPNRO16
125 TERM=TERM+XL#(2,08XJ1+1,2) SPNRO17
DENOMZDENOM*(2,2%X j1+1,2) SPNRg18
106 IF(XJ2,GT.XL)Gn TO 117 SPNROLS
GO TO 108 SPNROLY1
127 TERM=TERM+XJ2#(2,0uX| +1,0) SPNR@Z2®
DENOM=DENOM# (2, ,28X | *1,0) SPNRp2l
Go Yo 189 SPNRR22
108 TERMSTERM+*XL#(2,8a8xJ2+1,0) SPNRZZS
DENOM=DENOM#»(2,0%XJ2¢1,2) SPNROZ4
129 XJ=TERM/DENOM SPNRg2Zb
Go Ta 110 SPNRBZ6
109 XJ=0,0 SPNRB27
112 RETURN SPNRg28
END SPNRpP2Y
SUBROUTINE GREAT2(F,FINT,XTAB,NTAB,ERROR,IERR) GRTazwl

C-=-5~CARRY QUT CONVERGENCE INTEGRATION SCHEME USING UP TO 20¢ INTERVALSGRTEMMZ
C-=~a=~WHICM ARE THEN FURTHER SUBDIVIDED UNTIL CONVERGENCE OCCURS OR THE GRT2p9S
C-w=-~=MAXIMUM ALLOWABLE NUMBER OF ITERATIONS IS EXCEEDED, THE SUBROUTINEGRT2204

Cr=-e=ARGUMENTS ARE NEFINED AS FOLLOWS 4 sse, GRT2085
Cm==w=F =FUNCTION YO BE INTEGRATED, GRT2016
Cm=-seFINT =THE RESULTING INTEGRAL GRT2007
C-=-»=XTAB =TABLE OF ORDINATES (INTEGRATION INTERVAL 1S FROM XTAB(1) YOGRT20U8
Crmwes XTAB(NTAB)) GRTZZW?
Cm==3=NTAB =THE LENGTH OF THE XTAB TABLE (NUMBER OF QROINATES), GRT2010
C---s3ERROR =ALLOWABLE NORMAL ERROR, GRTZ2P11
C-==o=1ERR =ERROR INDICATGR SET TO ZERG IF METHOD CONVERGES, SET T0 GRT2p12
Cremen ONE IF METHOD DOES NQOT CONVERGE, GRT2plS
Cmm=wn ONE IF METHOD DOES NOT CONVERGE OR TABLE (XTAB) 1S TOO _ONGGRT2214
DIMENSION XTAB(33),PARTS(33),G00F(33),INTER(33) GRT2215
Cm=~-3~DEFINE THE MAXTMUM AL LOWABLE NUMBER OF ITERATIONS AND THE MAXIMUM GRT2816
C-====TABLE LENGTH, GRT2017
DATA JMAX,NTABMX/20,1008/ GRT2@18
Cem==-==DETERMINE IF TaBLE IS TOO LONG GRT2019
IF(NTAR.GT,NTARBMX) Go TO ip@ GRT2P20
Cammmsz ZCALL GENERAL INTEGRATION SUBROUTINE, GRT2023
2Z22F(5.0) GRTZ2@231
CALL GREATL(F,FINT,NTAB,JMAX,XTAB,PARTS,G00F, INTER,ERROK, IERR) GRT2p2¢
RETURN GRT2823
C-=-==TABLE 1§ TOO LONG, GRT2P24
102 1ERRel GRTZ2025
FINT=0,0 GRT2026
RETURN GRT2p27
END GRT2028
SUBROUTINE GREAT4(FFINT,NTAB,JMAX,XTAB,PARTS,GDOF,INTER,ERROR,  GRT1gU}
1 1ERR) GRT1002
Cr==3=CARRY OUT CONVERGENCE INTEGRATION SCHEME USING TRAPAZOIUAL RULE  GRTL@23
C=e=-c=AND DOUBLING THE NUMBER OF REGIONS PER SUBINTERVAL FOR EACH GRT1204
C=-=-s=1TERATION, ONLY DOUBLE UP IN THOSE INTERVALS THAT HAVE NOT ALREADYGRTLPES
C---s=CONVERGED, GRT1206
Cmrmo=F =SINGLE PRECISION FUNCTION TO BE INTEGRATED GRY1007
Cm====FINT =THE RESULTING INTEGRAL GRT1p08
C-=~5~NTAB =NUMBER NF ORDINATES SUPPLIED (THERE ARE N=1 INTEKVALS) GRT1209
C-wm=sJMAX =MAXIMUM ALLOWABLE NUMBER OF ITERATIONS GRT1210
C~==55XTAB =TABLE OF THE ORDINATE VALUES. RANGE OF INTEGRATION IS GRT1p11
Crm-=3 FROM XTAB(1) TO XTAB(NTAB) GRT1212
Cr=-5mPARTS =ARRAY OF DIMENSION NTAB, EQUAL TO THE PARTIAL INTEGRALS GRT1013
Cr==ra QVER EACH OF THE NTAB-1 INTERVALS GRT1014
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C-==-ccGOOF =ARRAY OF DIMENSION NTAB, EQUAL TO THE NORMAL ERROR IN EACH GRTLgZiY

Couvmmn OF THE NTAB=1 INTERVAL,
C--=z=<INTER =ARRAY OF DIMENSION NTAB. SEPECIFYING THE NUMBER OF
Creeco SUBINTERVALS IN EACH INTERVAL

C-=-=c«ERROR =ACCEPTABLE NORMAL ERROR

C-=--sglERR =ERROR INDICATOR, SET T0O ZERQ IF METHOD CONVERGES, SET TO

Cre=c= ONE [F METHOD DOES NOT CONVERGE
DIMENSION XTAB(NTAB) ,PARTS(NTAB), INTER(NTAB),GOOF(NTAB)
Cr=esINITIALIZE VALUE OF THE INTEGRAL
FINT=0,0
C===-s=CALCULATE THE NUMBER OF INTERVALS
NM1=NTABs1
C-=ro=CALCULATE ALLOWABLE ERROR PER INTERVAL
ERRN=zERROR/FLOAT(NML)
Cee-cgINITIALIZE APPROXIMATION TO INTEGRAL
TOTAL=Z -0
Cre~cgCALCULATE INITTAL APPROXIMATION
DO 10 1s1,NMY
INTER() =1
PARTS(1)202,5¢(XTAB(lel)aXTAB(I)I®(F(XTAB(I4L))IF(XTAB(]?))
10 TOTAL=TQTAL*PARTS(I)
Ce~g=CALCULATE INITIAL ERRORS
D0 15 I=1,NM1
15 GOOF(¢I)=PARTS(")
Ce==ccSET UP LLOOP OVER ITERATIONS
00 198 J=1, MAX
Cre~==SAVE LAST APPRAXIMATION
TOTAL1=TOTAL
C-=-=-c«SET YP LOOP OVFR INTERVALS
DO 29 131,NM1
C~====CHECK FQOR CONVERGENCE IN THIS INTERVAL
IF (ABS(GOOF(I)/TOTAL) L T,ERRN) GO TO 28
Cr=~c=CALCULATE DOUBLE INTERVAL
DXz (XTAB(I+1)~XTAB(1))/FLOATCINTER(I))
C-=-<=-DOUBLE NUMBER AF STEPS
INTER(1) =22 INTER(])
Co==<eINITIALIZE CONTRIBUTION TO INTEGRAL
REST=019
II=INTERC¢])
Co==-o=INITIALIZE ORDINATE
XNOW=XTAB(]1) %2, 540X
C~=-==SET UP LOOP OVER ORDINATES
Do 3@ k=1,11,2
REST=REST+F (XNOW)
3@ XNOW=XNQW+DX
C==-coCALCULATE NEXT PARTIAL INTEGRAL
REST=A,54(PARTS(])+DX#REST)
Cr=~=cADD NEW PARTIAL, INTEGRAL AND SUBTRACT OLD PARTIAL INTEGRAL
TOTAL=TOTAL+REST=PARTS (]}
Ce=-=-~CALCULATE NEW FRROR AND SET PARTIAL INTEGRAL TO NEW VALUVE
GOOF(1)=REST=PARTS(I)
PARTS(I)=REST
2¢ CONTINUE
C-==-c=CHECK FOR CONVERGENCE
198 1F(ABS(1,-TOTALL1/TOTAL),LE,ERROR) GO TO 202
C-=-czTHE METHOD MAS NOT CONVERGED
FINT2TOTAL
IERR=1
RETURN
C-~~s=THE METHOD HAS CONVERGED
200 FINT=TOTAL
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GRT1916
GRTLR47
GRT17L0
GRT1019
GRT1p¢8
GRT1@4%
GRY1g22
GRT1p23
GRY1Q24
GRT1p28
GRT1EZ8
GRTip27
GRTL1p¢8
GRT1p29
GRY1089
GRT1p38]
GRT128%2
GRTLP33
GRTL034
GRT1p35
GRY1B 6
GRT1087
GRT1pd8
GRT123%
GRT1242
GRT1241
GRT1842
GRT104S
GRY1P44
GRTL1D45
GRT1246
GRT1p47
GRYLP48
GRT1049
GRT1250
GRT1251
CRT1D5%
GRT1E5%
GRT1254
GRT1055
GRT1p56
GRT1057
GRT1@>8
GRT1@59
GRT1060
GRTig6}
GRT1P62
GRT126$
GRT1264
GRT1p85
GRT1266
GRT1p47
GRT1268
GRT1069
GRTi278
GRT1p7]
GRT1p72
GRT1p7S
GRT1274
GRT1p75



141p

1412
1411

1413

1415
1414

1ERR=0 GRT1B76

RETURN GRT1B77
END GRT1p78
SUBROUTINE GRID(Q,BELTA,NTAB)XTAB) GR1D@#L

COMMON ARAY,]RAY,ERAY,NOT,ZAl,ABN,NER,LFW,EL,EH,LRU,LRF,LANG,NLS, GRIDﬂ@¢
INRES,LN» N, PENFAR, SHIFAR,SP]+AP,AWR] 4 AM/ DREF , AREF,BREF» IRANGE,NIS,GR]DRRS
JINCROSS, 1VSPIN,ELO, TEFF,DELTA,L,AWR GR1DgK4

DIMENSION ARAY(6,502),1RAY(3,508) ,ERAY(2:500),NOT(20),2A1(10), GRIDgW>
iABN(iﬂ)pNER(lE):LPN(iZ):EL(lE 12}, EH(lﬂ:lﬂ)rLRU(iﬁclﬂ) LRF(198,12),GRIDgu6

2LANG(10+5,5) 1 NLS(10+1P) yNRES(18) /LN(58) 2 JN(L158),PENFAR(520), GR1DEDT

3SHIFAR(580),SPT(18) 1AP(1D), ANRL(18) » AM(1B) , DREF(6) ) AREF (6) 4 BREF (6,CR 0808

410) GRIDERY
DIMENSION XTAB(33) GR1DE1B
1GNORE=1 GRID213
N2zNTAB/2 GR]D212
N21zN2+1 GRIDOLS
N223N2+2 GRIDRL4
N3=NTAB-1 GRIDZL3
XTAB(N24)=Q GRIDD16
DO 141g 1=N22,NTAB GRIDPL7
XTAB(I)SXTAB(I~1)+BELTA GRIDPLSE
11=NTAB+1s! GR10B1¥
XTAB(I1)aXTAB(!I#1)mBELTA GRID@P20
CONTINUE GR1DEZ1
DO 1411 1=1,NTAB GRIDPZ2
XTABI=XTAB(!) GR]Dp23
IF(XTABL)1412,1442,2411 GRIDg24
1GNORE=2 GR1DD25
CONTINVE GRIDP26
IF(IGNORE ,EQ,8)G0 TO 1413 GR1D@27
GO TO 1414 GR1DB271
XTAB(1)=1,0E«D3 GR1DD2E
DO 1415 131,N3 GR]Dp2Y
J1=zlet GRIDD3B
XTABCI1)=XTAB(1)#FLOAT (1)aBELTA GR1DPS
CONTINUE GRIDB3C
RETURN GRIDB3S
END GRIDD34
SUBROUTINE GAUSS(Q,BELTA,DOPE) caUSELl

COMMON ARAY,IRAY,ERAY,NOT,ZAl,ABN,NER,LFW.EL,EH,LRU)LRF/LANG,NLS, GAUS@RZ
INRES, LN+ JN,PENFAR,SHIFAR,SP1+AP,AWR] AM,DREF, AREF,BREF, IRANGE,NIS,GAUSERS

3INCROSS, IVSPIN,ELO, TEFF,DELTA,E,AWR GAUSEU4

DIMENSION ARAY(6&,528),1RAY(3,500),ERAY(2,500),NOT(20),2A1(10), GAUSQUS
LABN(12) sNER(LE) ) LFW(L0) \EL(10,1@) ,EN(10,10),LRUSLD,10), LRF(16,12),GAUSEDS®
2LANG(10,5,5) NLS(10418), NRES(10) ) LN(5D) s JN(158) ,PENFAR(50D), GAUSER7
3SHIFAR(5@0) ,SPT(42) AP (1), ANRI(18) s AM(L10) ,DREF(6),AREF(6),BREF(6,GAUSPUE
410 GAUSBUY

DIMENSIQON ABC(%),WET(9) GAUSELR

DATA ABC/33,19099320178153,n2,26658053455184,+1,46855328921667,:9,6AUS011
172355101875284,0,0,9,723551021875284,1,46855328021667,2,26658058453GAUS012
2184,3,19899320178153/ GAUSBLS

DATA WET/D,3960697726326E=04,0,4943624275537F-02,0,8847452739438E~GAUSTL4
101,08,4326515570026E+00,0,7202352156061E+00,0,4326515570026E+R¢2,0,8GAUSP15

28474527359438E-01,7,4943624275537E~02,0,5960697726326E~04/ GAUSRLe
DATA PHIRT/1,772454/ GAUSRLY
TEF=TEFF/293,4 GAUSD18
TERM=0,0 GAUSB19
DO 222 K=1,NIS GAUSRZY
T1=0,8 GAUSE21
XWR=ZAWRT(K) GAUSPZ22
BELTAZ(D,3177E+02)#SORT((Q8TEF)/XWR) GAUSE2S
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X=BELTA%ABC(9) GAUS@24

[F(E-X)100,100,121 GAUSE25

181 Do 1p2 1=1,9 GAUSDZ6
ABC1=ABC(I) GAUSREZ7
WETIsWET () GAUSH28
Z=E+ABC[#BELTA GAUS@29

CALL SIGMA(Z,IRANGE) GAUSDSD
T1=T1+BREF(INCROSS,K)#HET] CAUSESL

182 CONTINUE cAUSP32
GO TH 110 GAUSZSS

102 T1=0,0 GAUSB 34
110 TERM=TERM+TY GAUSB35
200 CONTINUE GAUSP 36
DOPE=TERM/PHIRT GAUSBIT
RETURN GAUSP38

END GAUSBIY
SUBROUTINE FACTS(O,L,PF,SF,PS,CONSTE,BWR,BP,PLOD) FACTBR]

c FACTRR2
c SUBROUTINE TO CALCULATE PENETRATION AND FACTERS
c SHIFT FACTORS FACTDR4
c Q 1S THE ENERGY | IS THE ANGULAR MOMENTUM PF PENETRATION FACTOR  FACTQDS
c SF THE SHIFT FaCTOR AND PS THE PHASE SHIFT AP 1S R CONSTE IS KM  FACTOB6
c FOR DETAILS OF FORMULAE SEE GREGSON ET AL AEEW-MS{7(MLBW)1965 FACTZR7
c FACT@®8
DATA WNEUT/1,B228665/ FACTRDY
EAB3ABS(Q) FACTEL0
CONHLD=2,196771E«B3#BWR4SQRT(EAB) FACTe1d
CONSTE=CONHLD/ tBWR+1,0) FACT@12
C-v=5zSINCE AWR IS GIVEN WITH THE NEUTRON MASS AS UNITY WE ADD ONE ABOVEFACT@13
C-=-e=TO CONVERT TO THE CENTER=OF=MASS SYSTEM FACTR14
ROE=BP#CONSTE FACTBLS
S=FLOAT (L) FACTB16
IF(L,LE-2)6G0 Tn 100 FACTOL7

GO T0(112,120,132,142,150),| FACTR18

18¢ PF=ROE FACTB19
SF=8,0 FACTRZR
IF¢PLOD.LT,2,0) GO To 162 FACT@2]
PS=RoE FACTE22

GO To 179 FACTP23

110 ROE2=ROE#ROE FACTDZ4
DENOM=1-@+ROE2 FACT@25
PFsROE2#ROE/NENOM FACTZ26
SFs~1,0/DENOM FACTRET
IF(PLON-LT,2,@) GO To 168 FACTE28
PS=ROE=-ATAN (RNE) FACTR29
IF(PS/ROE-%,000001)160,170,178 FACTBSD

120 ROE2=ROE#ROE FACT®3]
ROE4=ROE2#ROE2 FACT@32
DENOM=3 - 3eROE2+ROE4%S, FACTB33
PFzRQE4#ROE/DENOM FACT234
SFee(18 @+3,89R0E2)/DENOM FACTR35
IF(PLOD-{T,2,@) GO TO 168 FACTOSS
PSzROE-ATAN (3,2%ROE/(3,CsR0E2)) FACTR37
1F(PS/ROE~0,00872201)160,170,170 FACTBSS

130 ROE2=RQE#RQE FACT239
ROE4=ROE2#ROE2 FACTR4M
ROE63ROE4®ROE2 FACT@A1
DENOM=225,2+45,00R0E2+6,BROE4+ROES FACTRAZ
PF=ROE6%ROE/DENOM FACTRAS
SFz=(675,0+90,0%R0E246 ,8aROE4) /DENOM FACT244
IF(PLOD-LT,2,8) GO T 162 FACTPAS
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PSzROE~ATAN ((15,04ROE-ROE24ROE)/(15,0~6,04R0E2)) FACTg46

IF(PS/RUE~C,7000201)160,179,172 FACT247

142 ROE2=ROE=ROE FACTR48
ROEA4=ROE24ROEZ FACTR49
ROE6=ROE4#ROE2 FACTZ9%
ROE8=ROEA#ROE4 FACTE91
DENOM=11025,0+1575,8aR0E2+1.35,0uR0E4+17,L¥ROE6+ROES FACTRS2
PF=ROEB#ROE/DENOM FACT293
IF(PLOD LT,2,8) GO TO 162 FACTED4
SFe~(44400,0+4725,5%R0E2+270,0+#R0OE4+10,0#ROE6) /DENOM FACTg55
PS=ROE~ATAN ((185,0%R0E=10,8%ROE2#ROE)/(105,0845,0 FACTEY6
1#ROE2+ROE4)) FACTRS7
IF(PS/ROE<Y,00MCYL) 168,170,170 FACT258

150 ROE2=RNE®ROE FACTESY
ROE4=RCE2#ROE2 FACTROD
ROE6=ROE4#ROE2 FACTOO1
ROEB=ROE4#ROE4 FACTROZ
ROEL1@=ROE6%ROE4 FACTRGS
DENOM=893025,0+99225,84sROER«6320,8eRQE4+*315,8%R0ES FACTRO6A
1+15,2%RQEB+ROE1D FACTRES
PFsROE10#ROE/DENOM FACTZES
SF24465125,0+396902 ,88R0E2+108920,04R0E4 FACTOE7
1+630,0¢R0E6*15,8#R0EB FACTEZOB
SF=z=SF/UENOM FACTROY
1F(PLOD-LT,2,0) GO TO 168 FACTR78
PS=zROE=~ATAN ((945,2%R0E<ROE®(125,0#ROE2-R0OE4))/(945,0~427,24R0E2+ FACTR/1
115,@sR0E4)) FACTE72
IF(PS/ROE,GE,2,PQ00001) GO T0 172 FACTD/3

162 PS=0,0 FACTB74
174 RETURN FACTB7®
END FACTB76
SUBROUTINE ORDER(K,N1) ORDRPEY

COMMON ARAY,IRAY,ERAY,NOT,ZAT1,ABN,NER, LFW,EL,EH,LRU,LRF+LANG,;NLS, ORDRZ®2
INRES, LN, JN,PENFAR,SHIFAR,SP1 AP, AWR], AM)DREF, AREF ,BREF, [RANGE,NIS, ORDREES

3INCROSS,1VSPIN,ELO, TEFF,DELTA,E, ANR ORDRBX4
DIMENSION ARAY(6,502),1RAY(3,520),ERAY(2,52@),N0OT(20),2A(12), ORDREUS
LABN(1@)  NER(12),LFWt1D),EL(10,10),EH(12,12),LRU(40,1@),LRF(10,10),0R0R2US
2LANG(10+5,5) yNLSC12,40) NRES(18) s LN(5B) ) JIN(152) ,PENFAR(D2E), ORDRRO7
ISHIFAR(5P2) )SPY(18) 1 AP(12),AWRI(10))AM(1D) ,DREF(6),AREF(6),BREF (6,0RDR2US
410) ORDREKY
IF(K=1}2,2,3 ORDR@LY

2 NTR=Q ORDHROLY
NUML=2 CRDRPLZ
NUMJ=P ORDRZLS
NN=0 ORDRPL4
MMz 2 ORDRP15
JJ=0 ORDREZ16
NC=@ ORDRR17
MC=2 ORDRZ18

3 NT=aNTR+% ORDRZ1Y
NTRaENTR*N1 ORDRPZD
OL==2.9 ORDR@Z1

8 OL=0L+1-0 ORDRPZZ
DO 181 N=aNT,NTR ORDRZES
TERM=FLOAT (IRAY(1,N)) ORDRp24
IF(OL~TERM)101,101,9 ORDREZ25

9 NN=NN+1 ORDRPZ26
00 180J=1,6 ORDR227
A=ARAY (J,N) ORDRBZ8
ARAY (J)N)=ARAY (J,NN) ORDR@ZY
ARAY (J)NN) =4 ORDROS®
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100

1001

1882
101

11

14

15

204

2041

2042
205

16

17
is

CONTINUE

Do 1221 J=1,3

1A= IRAY(J,N)
TRAY(J)N)SIRAY(J,NN)
IRAY(J NN)=1A
CONTINUE

DO 1902 J=1,2
EASERAY(J/N?
ERAY(J,N)=ERAY (J,NN)
ERAYCJ)NNI=EA
CONTINUE

CONTINUE
IF(NN=NC)8,8,11
NUMLaNUML +1

LN CNUML ) =NN=NC

NC=NN

NUaNT+ N(NUM| ) -2

0M= ﬂ025

OM=0M+2 -5

DO 205 M=aNT,NU
TERMJ=ARAY(2,M)
IF(OM=TERMJ)205,285,15
MM=MM+1

Do 294 J=1,6
AZARAY (J M)

ARAY ¢(J MIZARAY (J MM)
ARAY (J,MM) =A
CONTINUE

DO 2¢41 Js1,3

1A= IRAY ()M}
IRAY(J A MIZIRAY (J,MM)
IRAY(J,MM) =1 A
CONTINUE

DO 2042 Js1.2
EAZERAY (. J,M)
ERAY(J,M)=ERAY(J,MM)
ERAY(J,MMI=EA
CONTINUE

CONTINUE
IF(MMeMC)14,14,16
NUMJ=NUMJ+1
WN(NUMJ ) 2MM=MC

MCzMM

NT=NT+JN(NUM)
IF(NN=MM)17,17,14
IF(NTR=NN)18,1%8,8
RETURN

END

FUNCTION DOPPLER(X)

ORDREZ31
QRDRPS2
ORDRPS3I
QRORg34
ORORE 35
ORDRASS
ORDRES7
ORDRD 38
ORDRB39
ORDRDAQ
ORDR241
ORDRp42
ORDRPA3
ORDRp44
ORDREAS
ORDRBAS
ORDRR47
ORDRP48
ORDRZ4Y
ORDRB5#
ORDRE51
ORDRg52
ORDRE53
ORDRE54
ORDRPS5
ORDRP56
ORDRES7
ORDRESB
ORDREYY
ORDR@6?
ORDRE6}
ORDRD6Z
ORDRZ63
ORDREG4
ORDROGS
ORDRZ66
ORDRZ67
ORDRE68
ORORRPEY
ORDRE7
ORDRB71
ORDRB72
ORDR@7 3
ORDRE7 4
ORORE75
DRORZ7&
ORDRE77
ORDRE73
DOPLERY

COMMON ARAY,IRAY,ERAY,NOT,ZA1,ABN,NER,LFW,EL,EH,LRU,LRFILANG,NLS, DOPLBEZ
INRES,LN, N,PENFAR,SHIFAR,SP1,AP,AWR],AM,DREF, AREF,BREF, IRANGE,N]S,D0PL2B3
3INCROSS,IVSPIN,ELO,TEFF,DELTA,E,AWR

DIMENSION ARAY(6,508),1RAY(3,500),ERAY(2,508),N0T(20),2A1(12),

DOPLOV4
DOPLEOS

1ABN(12) ¢NER{L10) ,LFW(18) ,EL(412,10) ,EH(18,10),LRU(LD,18),LRF(10,10),D0PLB06

2L ANG(10,5,5),NLSt10,18) ,NRES(12),LN(58)»JN(158),PENFAR(D20),

DOPL2O7

JSHIFAR(522),SPYI(12))ARP(12),AWRI(12)AM(11),DREF(6),AREF(6),BREF(6,D0PLOKE

412)
TEF=TEFF/293,0
TERM=2,0
CALL SIGMA(X, IRANGE)
Do 1€ [=1,NIS
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DOPLRY
poPLeiR
DOPLALL
DOPLBL2
DOPLRLS



198

F AN |

ieo
102

1923
104

XWREAWRI (1)

CELTA=(P,3177E+DB)#SQRT((TEF*E)/XWR)}

Za{E~-X)/CELTA

22=2ZaZ

T12BREF(INCROSS, 1) EXP(<22)/(CELTA®L,772454)

TERMaTERM+T1

CONTINUE

DOPPLER=STERM

RETURN

END

SUBROUTINE SIGMA(Q,KK)

COMMON/ZE/XMINC&) , XMAX(6) , XREF(6)

COMMON ARAY,IRAY,ERAY,NOT,ZAI ,ABN,NER, L FW,EL  EH, RU+LRF 1 ANG NS,
41NRES, LN, JN,PENFAR,SHIFAR,SP]1,AP,AWR],AM,DREF, AREF ,BREF, IRANGE,NIS,
JINCROSS, IVSPIN,ELO,TEFF,DELTA,E, AWR

DIMENSION ARAY(6,52@),1RAY(3,500),ERAY(2,520),NOT(20),ZA1(10),
1ABN(42) JNER(12),LFW(102),EL(1@,18),EH(10,10),,RU(12,18),LRF({12,18),
2LANG(18¢5,5) )NLS(L12,10),NRES(18) ) LN(5D) 1 JIN(L150),PENFAR(DED),
ESSIFAR(bﬂZ)nSPltiﬂ)pAP(iﬂ),ANRI(lz);AM(lw).DREFcb).AREF(G).BREF(én

19)

P123,141%9265359

Do 4 Jy=1,6

AREF(J)=0,2

DO 5 K=zi,1¥

BREF(JJK)=UQQ

CONTINUE

CONTINUE

TERROR=1,0E~23

L2=0

N2=z@

LA=D

Jaz@

NTR=0

DO 112 [=1,NIS

NRESI=NRES(I?

APIZAP(])

XWR=AWRI(])

YWR=XWR#1,P08665

YWR=YWR##(1,2/3,8)

APX=@,1234YWR+), 28

NTREZNTR+*NRES]
IF(NRESI)110,112,129
LA=LA+Y

L2sL2+LN(LA)

CALL FACTS(Q,IRAY(1)L2),PF,SF,PX)CONSTE)XWR,APX,3,+2)
CALL FACTS(Q,1RAY(1,0L2),PX,SX,PS,CONSTE,XWR)API,3,0)
SNGLN=2 -0
SNGLG=0 - @
SNGLF=2.0
SNNL2=D .0
JAzJA+Y
N1izN2+1
N2=N2+UN(JA)
GJ=2,0%(2,p*SP1(])+1,0)
GJ=(2.,8%ARAY(2,N3)+1,2)/6G
Xs1,0
SPIN=ARAY(2,N1)
SPI1=SPI(I)
CALL SPINOR{SP1],IRAY(1,L2),XSPIN)}
ABDIF=ABS (XSPINwSPIN)
IF¢CIVSPIN,EQ,1)G0 TO 115
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DOPLAL4
DOPLBLS
DOPLBLG
DoPLEL7
DOPL@L8
DOPL219
DOPLB20
DOPLBZ1
DOPLB2Z
DOPLRZS
S1GMpel
S1GMpK2
SIGMER3
SIGMpu4
SIGMBY5
S1GM@U6
SIGMRU7
SIGMBRB
SIGMBRY
SIGMOLE
SIGMpll
s16MpLE
S1GMaLs
SIGMR14
S1GMB1>
SIGMR16
S1GMBL7
S1GME18
S1GM@L9
S1GMP2R
S16ME21
S1GMp22
S16M@2S
S1GMp24
slGMBeb
S1G6MB26
S1GMB27
SlGMpe8
s16MRe9
S16Mpd0
S1GM@s
sicmede
SIGMPSS
S1GMB34
SIGMBSS
SIGMB36
S1GMgd7
SIGME S8
SIGMBSY
SiGMpaw
SIGMB4l
s16MB42
SIGMBAS
S1GMB4a4
S1GMBAaS
SI1GME4s
SIGMBAT
SI1GMp48
S16MB49
SIGM@oR
S1GM@ol



116

117
115

1@5

106
187
1p8

129

110

12592

GO To 116
IF(ABDIF,LT,TERROR)GO T0O 117

Go To 115
X200
SNNK23=6,9

DO 178 K=NL1:N2

GNK=PF#ARAY (4,4} /PENFAR(K)
GK=GNK+ARAY (3, XY #ARAY(6,X)
ERDK=ARAY (1, K+ ((SHIFAR(K)=SF)I®ARAY(4,K) )/ (2,B#PENFAR(K))
ED=Q=ERDK
DK=ED®ED+T ,254nK#GK
SNNK2zGNKeGNK#0S (2,09PS)
SNNK23SNNK2m2 ,O8GNKO (ARAY (5, K)+ARAY(6,K))I#SIN(PS)#SIN(PS)
SNNK2=SNNK2+2,0eGNK#EDaSIN (2,2#PS)
SNNK2=2SNNK2/DK
SNGK=GNK®ARAY (5,K) /DK
SNFK=GNK#ARAY (4,K) /DK
SNGLN=SNGLN+*SNNK2#G
SNGLG=SNGLG*SNBK#G
SNGLF=SNGLF+SNFKaGJ
SNNK3=4-0

IF(KeN1)127,127,105
MizKel
DO 126 M=Ni,M1
GNM=PF#ARAY(4,M)/PENFAR(M)
GM=GNM+ARAY (5,M) +ARAY(6,M)
ERDM=ARAY (1, M)+ { (SHIFAR(M)~SF)#ARAY(4,M) )/ (2,04PENFAR(M))
EDN=Q<EROM

OM=EDD#LDD+0 ,254GMaGM
SNNM3=ED4EDD*E,254GKeGM

SNNM3I=SNNM3I#2 ,B4GNKEGNM/ (DMeDK)
SNNK3=SNNK3+SNNM3

CONTINUE

CONTINUE

SNNK23=SNNK23+SNNKZ*SNNK3#X

CONTINUE
SNNL23SNNL2+SNNK23#G

IF(L2~N2)109,109,1E3
BETA=P [#ABN{])/(CONSTE#CONSTE)

AREF (1) =AREF (1) «SNGLN#BETA
AREF (2)=AREF (2)+SNGLG#BETA
AREF (3)sAREF(3)+SNGLF#BETA
AREF(4)=AREF(4)+BETA®(SNGLN+SNGLG+SNGLF}
AREF(5)5AREF(5)+SNN[,2%BETA
AREF (6)SAREF(6)+BETAn (SNGLG+SNGLF +«SNNL2)
BREF {1, l)=SNGLN*BETA +BREF(1:1)
BREF(2,1)=SNGL3%BETA+BREF(2,1)
BREF(3,])=SNGLFeBETA#BREF (3, 1)
BREF(4,])=BETA#(SNGLN+SNGLG*SNGLF)+BREF{(4,1)
BREF (5, 1)=SNNL24BETA«BREF(S,!)
BREF (6, )=BETA#(SNGLG*SNGLF«SNN{2)+BREF(6,1)
IF(L2sNTR)128,112,1192
S16P=0,¥
LRUJK=LRUC T, KK)

IF(LRUJKs1)1257@,42502,125
NLSKKENLS(1KK)
DO 126 LL=1)NLSKK
LURE=LANG{ T KK, LL)
SS=FLOAT (| .URE)
CALL FACTS(Q,L!JREsPF,SF,PS,CONSTA,XWR,AP],3,8)
TRM=(2,205S+1,0)44,0aP]

84~

SIGMP51L
S EY]
S1GM@521
S16MB53
S1GM2b4
SIGMP55
SIGMES6
S1GME57
SIGMg58
SI1GMB5Y
S1GMp&R
SI1GMp6Y
SIGMBGE
S16MP63
S1GMpo4
S1GMPE>
S1GMR66
S1GMR67
S1GMpos
SIGMpEY
SIGMBT7D
sigMa71
S1GMB7E
SIGMET73
S1GM@74
S1GMB75
S1GMB76
SIGMB77
SIGMET78
SI1GMp79
S1GMP8R
SiGMpBY
siGMeae
SIGMRBS
SiGMeB4
S1GMg85
SI1GMPEBE
S1GMpE7
SI1GMg88
SI1GMRBY
sicMed2
S16Mp93
SI1GMpy2
SIGMBYS
SIGMPY4
SIGME95
S1GM2%6
S1GMR97
SIGMEYS
S1GMPYY
s16M1ip
S1GM111
SIGM1ie
SIGM11$
SIGM1i4
S16M113
SIGM116
S1GM117
SI1GM118
SIGM119
SIGMLZP



126
125

112

300

1200

1001
1202

127

1203
109

108

1005
209
110

iey

123

TRMaTRMeSIN(PS)#SIN(PS)/(CONSTA#CONSTA)
SIGP=SIGP+TRM

CONTINUE
AREF(L)SAREF(L)*SIGP#ABN{])
AREF(4)SAREF(4)+SIGP#ABN(I])
AREF(5)=AREF(5)+*SIGPwABN(I])
AREF(6)=AREF(6)+SIGPuABN( )
BREF(1,])=BREF(1,1)+SIGP%ABN(])
BREF(4,])=BREF(4,1)+SIGPaARN(])
BREF(5,])=BREF(5,1)¢5IGP®ABN(])
BREF(6,]1)=BREF(6,1)*SIGPsABN(])
CONTINUE

RETURN

END

SUBROUTINE SIEVE(EL.61,E2,G2,M;NsNX,BEFFBWR)
COMMON/G/ZEX(121) ,JFLAG(1RY)
IF(E2,LT,E4)1G0 TO 104

G0 To 3dg

N2e2aN

DO 1g@pl=1,182

JFLAG(1)=2

CONTINUE

TEF=BEFF/293,0
DP=(1,5885E+0@)9SART (TEF/BWR)
WHEN MULTIPLIED BY SQRT(E) DP GIVES 5 TIMES CORRESPONDING DELTA
DP1=pPeSART(EL)

DP2=pP8SQRT (E2)

DG1=G1/FL0AT (M)

DG2=G2/FLOAT (M)

EX(L1)sEd

IF(GL,LT,DPL)GN TO 1201

Go To 1082

WFLAG(1) 3l

ENDIF=ABS (E2-F1)

NX=]

Do 102 J=21,N

XX=E1+DG1#FLOAT (I)
1F(XX.,LT,E2)G0 TO 197

GO To 149

NXzNX*1

EX(NX)=XX

1IF(GL ,LT.DPLIGN TO 1823

GO To 140

JFLAGINX)=1

CONTINUE

DO 220 l=1,N

XXsE2=DG2#F.OAT (1)
IF(XX,6T,EL1)GO TO 1ge

GO To 200

NXaNx+1

EX{NX)=XX

1F¢G2,LT,DP2)GO TO 1905

GO Ton 2092

JFLAG(NX) =1

CONTINUE

DIFFa(E23EL)}/FLLOAT (N2)
IF(DIFF)121,102,182

PRINT123

PRINT20UQ,EL1,E2,DIFF

GO TO 104

FORMAT(32H CALLING SEQUENCE OF SIEVE WRONG)
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SIGM121
SIGM122
SIGM123$
SIGM124
SIGM125
SIGM126
S1GM127
SIGM128
S1GM129
S1GM180
SIGM131
S1GM132
SIGM188
SIGM134
SIEVEQ3
SIEVDRZ
SIEVDLS
S1EVEY3L
SIEVED4
SIEVZE5
SIEVEL6
SIEVER7?
SIEVE®S
SIEVERY
SIEVDLE
SIEVE1l
SIEVPLZ
SIEVALS
SIEVEL4
SIEVDLS
SIEVB16
SIEVO161
SIEVEL7
SIEV@LY
SIEVBLY
SIEVEZR
SIEVDZY
SIEVE22Z
SIEVD221
SIEVE2S
SIEVZe4
SIEVDZS
SIEVEeSL
SIEV@26
SIEVB27
SIEVEES
S1EVPEY
SIEVESD
SIEVESuL
SIEVES1
SIEVRS2
SIEVD3S
SIEV@SSL
SIEVES4
SIEVES5
SIEVESs
SIEVE3T
SIEVR38
SIEVDSY
SIEVR42
SIEVP4L



2002
lo2

1026

111
1007

1008
1010
1209
1211

112
1040

114
113
124

FORMAT(4H E1=E13,6,4H E2=E13,6,6H DIFF=E13,6)
N21aNX+]

NN=NX

N223N21+N2~2

NXaN22

E21=(E1+E2)/2,@
DP12=DP#SQRT (F21)
E433E2~E1=((61+62)/2,2)
IF(E43,LT,DP123G0 T0 1206
GO TO 1607

00 111 I=N21,N22

[2=]=NN
EXCIY=EL«DIFF#FLO0AT (12)
JFLAG(]) a1l

CONTINUE

GO TO 1040

DO 112 I=N21,N22

12=x=NN
EX(I)ZEL«DIFF#*FLOAT (129
DPTEST=DP#SQRT (EX(I1))
IFCEX(1),LE,E21)G0 To 10208
GO TO 1029
IF(G1.LT,DPTEST)GO T0O 1910
GO To 112

JFLAG(1) =Y

GO To 112
IF(G2.,LT,DPTESTIGO To 1011
GO To 112

JFLAG(T) =1

CONTINUE

D0 113 I=1,NX

DPF=DPuSQRT (EX(1))
IF(DPF,EQ,9,4)00 TO0 113
TERM=EX(1)/DPF
IF(TERM.|.T,25,3G0 TO 114
GO T0O 113

WFLAG(]) =1

CONTINUE

RETURN

END
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SIEVEES
SIEVEES5L
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SIEVPES
SIEVEBEY
SIEVRE91
S1EVB70
SIEVB71
SIEVET41
SIEVB72
SIEVRT73
SIEVR74
SIEVETS



SIGMA2 TEST, IRON DATA,
26056 ,£+055.36724E+0
26054 ,E+¢ JI5B4E D

4750, 128,E+3
2, .6
53,4762 2,9
»15200, 1SE+D
7.83E+3 1 BE+D
52,1 E+3 W SEHD
7149 E+3 WSE+D
98,5 E+3 1 BE+D
1z2t6 E+3 ,5E#ﬂ
132, E£+3 15E+D
147, E+3 SED
173, E+3 SBE+D
188,5 £+3 -1%1%
245, £+ -1
I3, E*3 1BED
370, E+3 BE+D
53,4762 <N
948@, V5
14400, 5
26056 ,F+2 L 9168E+0
4750, 100 ,E+3
B.E*D L 60E+0
55,4544 ¢,0
-4308", 5
277088@, N
74, FE+3 1SE+R
83,6 E+3 1 5E+D
123,5 £+3 SE«0
13¢, E+3 WSE+D
141,3 g+3 1 SE+D
169, E+3 1 SEXD
188, E+3 1 SE+0
220, E+3 -1XY"
243.,5 E+3 1 SE+D
273, E+3 SEE
315, £+3 'BED
360, E+3 ' SESC
382, £+3 1SE+C
55,4544 g.0
11582, -]
2359, B
11222, 1,5
2272@, 1.5
344104, 1.5
36600, 5
38300, 1,5
45800, 5
51900, 5
53300, 1,5
55¢00¢, -
59000, W5
26057 ,g+0 ,621703E~0
4758@, 120 ,E+3
5 W6
56,4463 2,9
3900, 2,2
6300, 1,0
28000, 1.

2
2
1
2
2
Eggi.e00

1202.16
21082.E+0
1400,E+0
42p, £+
1375,E+D
1607,E+02
1950,E+¢
4800 E+0
38002, E+0
13000 .E+0
2750 ,E+g
3000 . E*0
1

2.04
2,13

Lo I i |

4]
576,01
1401 ,44
425 JE+
100¢ . E+2
158 ,E+2
502.E+0
2300 ,E+0
690 ,E+0D
3166 ,E+0
1300, E+2
I E+D
3800, E+0
580n,E+2
930 E+7
12002.,E+9
1

616
41,2024
1,822
1,155
2,346
1,43
1,298
2,381
2.685
1.37

e 350,

28N R Oy

5020,
1200 .,E+9
2100,E+2
1620 ,E+0
420 E+¢
1375 ,E+8
1600 ,E+0
1950.,E+0
4820, E+ D
38009 .E+0
13003 ,E+0
2750 . E+2
3p00,E+Q
@
1.24
1.13
2

2
4]

2
575,
1402,

425 ,E+0
1078, E+0
150 ,E+0
570,540
2320 ,E+
690 ,F+1
316C E+D
13%0,E+2
I0e,E*Q
IE0Q  E+7
5502,E+2
930 E+D
10000 ,E+2
2

, 252
P804
222
L1055
346

43
298
,281
L6858
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47500 ,
45500,
56,4463
1639,
4759,
7220,
7900,
128080,
13998,
18300,
21309,
26058 ,E+1
4754,
ﬁ.E‘*
57,4356
-629,
57,4356
230,
359,

=

[AVE O IE Ll i s B M S Y i
e e + & m @ e

[y
a

1l
JO23LESD
102,E+3
WBESD
2,2

*
o
L}
.
]

v wm

2516 ,83
269,83

1.28
1,086
1,753
1,146
14336
2,426
2.71
6,92

3,57

1,20654
1,173

-

2516,
269,

125

[] 256
1923
1316
W26
2776

1.96
1.92

[SIAN NS MV RN

WA7654

0173
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C PROGRAM RAMPL(INPUT,QUTPUT) RMP1241

COMMON/U/ERAN(?,501) RMP18402
COMMON/C/EX(101) , JFLAG(1E1) RMP1223
COMMON/ZE/XMIN(6) , XMAX(6) , XREF (6) RMP L1044

COMMON ARAY,IRAY,ERAY,NOT,ZAl,ABN,NER,LFW,EL,EH,LRU,LRF,LANG,NLS, RMP1OR>
INRES LN, JN, PENFAR SH1FAR, SPI AP AwRI AM DREF, AREF,BREF IRANGE, NIS,RMP1006

SINCROSS IVSPIN,ELC, TEFF.DELTA E,AWR RMP1RE7
EXTERNAL MOV, KoM RMP1B28
EXTERNAL MOVE,wOME RMP1B10Y
EXTERNAL DOPPLER RMP1R1b

DIMENSION ARAY(6,528),1RAY(3,582),ERAY(2,500),N0T(20),2A1(10), RMP1R11
1ABN(12) s NERCLIQY,LFW(L?) EL(L1@,1¢),EH(10.10),LRU(L2,10),LRF (12,18} ,RMP1R1Z

2LANGE12,5,5),NL.S(12) 10) \NRES(18) LN(52) , JN(150) ,PENFAR(58E) , RMP1E13
3SHIFAR(508)1SPI(1P8) s AP(18),ANRI(18))AM(10) ,DREF(6),AREF(6),BREF(6,RMP1014
419) RMP1015
DIMENSION TITLE(7),XTAB(33) RMPLE16
DATA MAXPTS,MAXRES,ETHERM/202@,100,8,0253/ RMP1Q17
Cr=r2-REICH=MCORE FORMALISM USED TO CALCULATE SCATTERING,CAPTURE(FISSIONRMPLE1S
Cr=--=AND TOTAL CROSS»SECTIONS, RUNS ON CDC-668@ AND PDP<12, RMP1E1Y

Cr=-2gTHIS PROGRAM MADIFIER ON 38,7,1670 TO INCLUDE NEW FORMAT CHANGES RMP1p2¢
C-e~wzGIVING INDIVIDUAL 1SOTOPE MASSES AND TWO DIFFERENT NUCLEAR RADII, RMPlo<}

Cr=~==THESE FORMAT CWANGES CORRESPOND TO ENDF/B VERSION 11 DATA, RMP1@22
o 111112221121412421211434211321211111114411211111111111441121111111111RMP1 P23

READL,(TITLE(1),1=1,7),1DPL,TEFF,NTAB, INCROSS,ERKROR RMP1024
C====~1DpPL=1 IF DOPPLER BROADENED CROSS~SECTIONS ARE DESIRED,ELSE IDPL=@RMP1EZ25
Cw=-e~TEFF=EFFECTIVE TEMPERATURE OF THE TARGET IN DEGREES KELVIN, RMP1@26

C-=-==NTABsNUMBER OF P1VOT POINTS T0 BE USED IN EVALUATING THE DOPPLER RMP1g27
C-=-5-BROADENED CROSS=SECTION, To GET THE DOPPLER BROADENED CROSS~SECT|ORMP1g28
C=~=<=N AT EVERY ENERGY £ WE TAKE THE INTERVAL E~N2#DELTA TO E+N2#DELTA RMP12Z%
Cr==>=FOR THE INTEGRAL WHERE N2=NTAB/2 AND DELTA IS THE DOPPLER CONSTANTRMPIDJQ
C-=--%NTAB=11 OR SO SHOULD SUFFICE FOR ALL CASES, NTAB= 0DD INTEGER, RMP1p31
C~==-zgERROR= IF THE RELATIVE ERROR BETWEEN TWO SUCCESSIVE ITERATIONS RMP1p 32
C-=-==0F THE (OPPLER INTEGRAL 1S LESS THAN ERROR THE INTEGRATION ROUTINERMPl%éJ
C~»-==ASSUMES THAT THWE INTEGRA|L HAS CONVERGED AND 1T EXITS, TYPICAL RMPL1p 34
C~=-weVALUES COULD Bfs=1,2E=B4, HOWEVER IT 1S RECOMMENDED THAT THE USER RMP1gd>
C===gEXERCISE HIS JUDGEMENT IN FEEDING THIS VALUE COMMENSURATE WITH THERMP1g36
C-=-==ACCURACY OF THE FINAL RESULY DESIRED AND COMPUTER TIME AVAILABLE, RMP1p&7

PRINT33 RMP1238

PRINT25 RMPL1@ Y

PRINT24,(TITLE(I) 1=1,7) RMP1p4#

PRINT25 RMP1g41

1 FORMAT(744,2X%X,15,F5,4,215,E40,4) RMP10D42
IF(IDPL-EQ,13G0 TO 1p11 RMP1g4$

GO To 1912 RMP1244

1211 PRINT25 RMP1@45
PRINT3¢,TEFF ;NTAB,ERROR, INCROSS RMPL@Q&
PRINT25 RMP1p47

Go To 1@43 RMP1248

1912 CONTINUE RMP1949
o 2202222222222202222222222222222222222222222222222222222222222222222RMP102D
1913 READI,2A, AWRSNOT (1) )NOT(2) )NIS,NOT(3) RMPL125]
Cr=-a«Z2A=z(Z,A)DESIGNATION OF MATERIAL,AWR=®AT , WT/NEUTRON MASS,N]S=NC OF RMPlzba
Cre===1SO0TOPES RMP1p23
PRINTL7,ZA4AWR,NIS RMP1254

PRINT25 RMP1255

J1=21 RMP1@96
JF1D=1 RMP1R57

D0 1281 J=1,NIS RWPlZDB
NRANGE=1 RMP1259

o 333333333333333333333333333333333333333383333333333333353333333333RMP1LO6E
PRINTZ25 RMP1261
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PRINTLSB,! RMP1206%

PRINT25 RMP1p63
READ3,ZAI(1)sABN(T)/NOT(4)sLLFW(T),NER(]),NOT(5) RMPL264

Cre=-s=ZAl1(122(Z,A) DESIGNATXON OF ITH ISOTOPE ABN(I)=WT FRACTION OF [TH RMP1p&5
Cr=-cclSOTOPE [FW=24 FISSION WIDTHS ARE GIVEN,=0 FISSION WIDTHS NOT GIVENRMPLP66

Cr=-cmNER(1)=NO OF ENERGY RANGES USED RMP1B67
PRINT19,2A1(¢1),ABN(]),NERCI) RMP1268

NERI=NER(]) RMP1g89

J2=1 RMPL1O78

c A444444444444444444444444444444444444444444444444444444444444444444RMPLOT]
106 READ3,EL(1,J2) EH{1+J2),LRUTI,J2),LRF(1,J2),NOT(6),NORMPLBT7 2
1T(7) RMPL1B73
C~==s=EL=LOWER ENERGY LIMIT OF A RANGE, EH=UPPER LIMIT OF A RANGE RMP1074
C-=-==_RUz1 RESOLVED RESONANCE PARAMETERS,[RU=2 UNRESOLVED PARAMTRS RMP1275
C-==<=|RF INDICATES PARTICULAR TYPE OF RESQONANGE FORMULA TO BE USED RMP1g76
PRINT2Q,EL{1,J2),EM(T,J2),LRUCT,J2),LRF(],J2) RMP1a77

LRUTJLRUCT,J2) RMP1B78
IF(LRUIJ&1)127,128,1010 RMP1679

127 PRINT12 RMP1288
GO TO 138 RMP1281

128 NMOM=1 RMP1pB2

c 555555555555555555555555555555555555555555555555555555555555555555RMP1 08

READ3,SPICI),AP(I),NOT(7),NOT(8),NLS(1,J2)sNOT(9) RMP1p84
C-=-s=SP1(])=SPIN OF TWE leTH 1SOTOPE,AP(I1)=A+ SPIN DEPENDENT SCATTERINGRMP1p8Y
C==~=={ENGTH IN UNITS OF 1.0E=12CM-ALSO =SCATTERING LENGTH FOR SPIN INDERMP1g85%1

C-=-u-PENDENT CASE,NLS=NUMBER OF L VALUES., RMPlGBb
PRINT2L,SPI(I1,APCI),NLS(],J2) RMPlES?

Ji=1 RMPlDBB

C 666666666666666666666666666666666666666696666666666666696666666666RHP1E59
184 READS AWRI(T), AM(TI),LANGET,J2,JL),NOT{1R),NRSEX,NRS RMP1092
Cre-w=AWRI(1)2MASS OF THE 1=TH ISOTOPE IN UNITS OF NEUTRON MASS,AM=A=, RMP1p9i
Ce==--=THIS IS SET=@,2 FOR SPIN INDEPENDENT CASE, RMPlZ?d
Cr====ANG=| ~VALUE OF THE ANGUL AR MOMENTUM,NRSSNUMBER OF RESONANCES, RMPIDQB
PRINT22,AWRI(I) AMCT) ,LANG(I,WZ,JL) I NRS RMP109§

NMOMaNMOM+1 RMP1295
J33J1+(NRS~1) RMP12Y6

C 77777777777777777777777077777777777777 7777770777777 77777777777TTIRMPLRYT
READ4, (LARAY(KsJ) 1 K31,6),43J1,J3) RMP1O98

o THIS IS WHERE THE RESONANCE PARAMETERS ARE READ IN, ARAY(1, J3=ERESRMP1I99
C IN EV, ARAY(2,J)=J VALUE,ARAY(3,J)sNEUTRON NXDTH,ARAY(40J)=GAMMA RMpllwﬂ
o WIDTH, ARAY(5,J)sFISSION WIDTH OF FIRST FISSION CHANNEL, ARAY(6,J)RMP112%
c =F[SSIoN WIDTH QF SECOND FISSION CHANNEL,» ALL WIDTHS ARE IN EV, RMPL11d2
PRINT25 RMPL1#$
PRINT23 RMP1104

PRINT26, ((ARAY(K,J)sK=1,6),J3J1,J3) RMP11128

PRINT25 RMP1106

DO 122 J=aJl,J3 RMP1107

IRAY (L, J)=LANG( Y, J2JL) RMPliﬂB
IRAY(2,J)=NRANGE RHP11U9
TRAY(3,4d)=1 RHPlllU
ERAY(L,0)=SPI(D) rMP11i1
ERAY(2,J3=AP(])Y RMP1112

192 CONTINUE RMPlllé
J132J3 *NRS RMP1114
NIENIRS| RMP1115
IF(NMOM=NLS(1,)2))104,104,103 RMP1116

123 NRANGE=zNRANGE+4 RMP1117
J2sJd2+1 RMP1118
IF(NRANGE&NERI)106,106,1010 RMPlll9

1810 NRES(I)sJ1~JFID RMplldw
JFID=J1 RMP1124
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181 CONTINUE RMP112%2

NTOTAL=J1=1 RMPlldé
PH12%,14159265359 RMP1124

3 FORMAT{REL11,4,4]111) RMPlig?
4 FORMAT(6EL1L,4) RMP11¢6
5 FORMAT(BE11,4,3110) RMP1127
6 FORMAT(2X,2E11.4) RMP1128
7 FORMAT(786H NEUTRON ENERGY(EV) SIGNN SI1GCAP SIGRMP1129
iF SIsToTAL) RMP11$2

8 FQRMAT(2X.7E15,6) RMP1133
9 FORMAT(108X,2E20,6) RMP1132
18 FORMAT(22H ERROR IN INPUT DATA) RMP1134
11 FORMAT(i@X,211e) RMP1134
12 FORMAT(10X,614@) RMP1135
16 FORMAT(15H NEUTRON ENERGYE15,6) RMP1136
14 FORMAT(53H CROSS~SECTIONS CALCULATED WITHOUT DOPPLER BROADENING) RMP1137
15 FORMAT(50H CROSS=-SECTIONS CALCULATED WITH DOPPLER BROADENING) RMP1138
17 FORMAT(33H (2,A) DESIGNATION OF THE ELEMENTE11,4,22H AT,WT/MASS OFRMP1189
1 NEUTRONFE11,4,45H NO OF !ISOTQPES!S5) RMP1140
18 FORMAT(24H DATA FOR 1SOTOPE NUMBERIS) RMP1141
19 FORMAT(33H (Z,A) DESIGNATION OF THE ISOTOPEE11,4,21H FRACTIONAL ABRMP11342
1UNDANCEEL11,4,20H NO OF ENERGY RANGESIS) RMP1143
20 FORMAT(36H Loer LIMIT OF THE ENERGY RANGE(EV)E11,4,18H UPPER | IRMP1144
IMIT(EVIEL1,4,6H LRU=I5,6H LRF=I5) RMP1145
21 FORMAT(13H NUCLEAR SPINE11,4,18H SCATTERING LENGTHEL11,4,15H NO OF RMP1146
1L~VALUESIS) RMP1147

22 FORMAT(45H MASS OF TWE ISOTOPE IN UNITS OF NEUTRON MASSE11,4,22H SRMP1148
L1CATTERING LENGTH(A=)EL1,4,17H ANGULAR MOMENTUM15,17H NO OF RESONANRMP1149

2CES!S) RMP1150
23 FORMAT(B4H ERES SPIN GN GGAMMARMP115]

1 GFA GFB) RMP1152
24 FORMAT(11H TITLE 7a4) RMP115$
25 FORMAT(//) RMP1154
26 FORMAT(6(2X,E11,4,2X)) RMP1155
27 FORMAT(33H CROSSmSECTIONS AT THERMAL ENERGY) RMP1156
28 FORMAT(2X,2£20,6,110) RMP1157
29 FORMAT(2X,4E11,4) RMP1158

30 FORMAT(22H EFFECTIVE TEMPERATUREFS,1,41H IN DEGREES KELVIN, NO RMP1159
10F PIVOT POINTSIB,18W CONVERGENCE ERRORElW 4,134 AND INCROSS=15) RMP116¥
31 FORMAT(54H THE INTEGRAL FOR DOPPLER BROADENING DOES NOT CONVERGE) RMP1161

33 FORMAT(L26H1 PROGRAM RAMPL, PROGRAM TO CALCULATE CROSS=SECTIRMP1162
10NS ACCORDING TO THE REICH-MOORE FORMALISM, USES ENDF/B VERSION JIRMP1164

2 DATA) RMP11l04
Cr==-w=THIS 1S WHERE RESONANCES OF EACH ISOTOPE ARE ARRANGED IN INCREASINRMPllbb
Ce====G ORDER IN L AND FOR EACH L IN INCREASING ORDER IN J, RMP1166
Do 133 [=1,NIS RMP1167
NRESI=NRES( ) RMPlloa
CALL ORDER(I,NRESI) RMP1169

133 CONTINUE RMPL1172
13 FORMAT(12118) RMP1171
NCOoUNT=1 RMPll/d

DO 1338 1=1,NI% RMPL117
XWR3AWRIL(I) RMP1174
YWRSXWR#1,408665 RMPL175
YWREYWR®#(1,0/3,8) RMP1176
APX=0,123#YWR+7,48 RMP1177
NRESI=NRES(]) RMP1178
NLMTeNCOUNT+NRFS]=1 RMPL1/9

DO 1331 J=NCOUNT,NLMY RMP1189
CALL FACTS(ARAY(1,J),IRAY(1,J)PENFAR(J)»SHIFAR(J)PS,CONST,XKR, RMP1181
14PX,1.2) RMP1182
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1331
1332

108

C---s~HERE RESONANCE IN AN ELEMENT ARE ARRANGED IN INGCREASING ORDER IN
Coe==~ENERGY AL ONG WITH THEIR TOTAL GAMMAS TO CALCULATE TWE ENERGY MESH

CONTINUE
NCOUNT=NCOUNT+NMRES]
CONTINUE

DO 188 [=1,NTQOTAL
ERAN(L, 1)=ARAY (L, )
ABGFA=ABS(ARAY(5,1))
ABGFB=ABS(ARAY(6,1))

ERAN(2,1)=ARAY (34 1)+*ARAY(4,1)»ABGFA*ABGFB

CONTINUE
CALL QIKS(L,NT2TAL,MOV,KOM)

C-==-cwAT WHICH THE CROSS=-SECTIONS ARE CALCULATED,

146

148

131
1321
13206

132

124¢

117

1105

PRINT27

PRINT25

PRINT?

EzETHERM

CALL RMSIGM{ETHERM,1)
PRINT25

ELO=EL(L,1)
JFLAG(1) =1

IRANGE=]
PRINT8,ETHERM, tAREF{LL),LLz1,4)
PRINTZ25

PRINT?

PRINTZ25

D0 124 JJy=1,NIS
NERJJENER(JJ)

DO 125 KK=1,NERJ
[RANGE =KK
LRUJK=LRU(JJ KK}
IF(LRUJKG1)131,1321,425
PRINTLQ

Go To 138
IF(JJ.EQ,1)G0 TO 1322
GO To 1382

ELOREF=EL (JJ,KK)
EHIREF=EH(JJ, KK)
ELO=ELOREF

EHI=EHIREF

GO TO 1240

ELO=EL (JJ)KK)
EHISEHCJJ L KK)

IF(ELO0EQ,ELOREF ,AND,EHI ,EQ,EHIREF)GO TO 124

GO TO 1240
MMEMAXPTS/ (8#MAXRES)
NNsMM

IFLAG=1
NLSKK=NLS (JJ ) KK)
Jael

ISTART=1

IEND=L
IFCIEND-EQ,2)G0 TO 125
WJEEJ4+1
E1=zERAN(L, 44
G1=ERAN(2,J4)
E2=ERAN(1,J5)
G2=ERAN{2,)5)

IFCEL L T,ELOVAND,E2,|T,EL0)GO TO 1120
IF(EL . LE,ELO,AMD,E2,6T,ELO)GO TO 1112

Go To 1111
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RMP1188
RMP1189
RMPll?W
RMP1191
RMP1192
RMP1193
RMP1194
RMP1193
RMP1196
RMPL197
RMP11Y8
RMP1199
RMP1200
RMPlzw;
RMP1202
RMP120¢
RMP1204
RMPlZUD
RMPlzwe
RMP12W7
RMP1218
RMP120%
RMP121p
RMP1211
RMP1212
RMP121s
RMP1214
RMP1215
RMP1216
RMP1217
RMP1218
RMP1219
RMP1224
RMP1221
RMPL222
RMPL223
RMP1224
RMP1225
RMP1226
RMP 1227
RMP1228
RMP1229
RMPlZél
RMP1233
RMPlZéd
RMPlZda
RMP1234
RMP126>
RMP1236
RMP1267
RMP1258
RMP1259
RMP124U
RMP1241
RMP124£
RMPL1243



1110

1111
1112
11026

1116

1113

1123

1124

1125
1114

1118

1128

116

141

Ei1=ELO

G1=G2

[START=0

G0 To 1114
1IF(E1.,6T,ELO,AND,E2,LE,EHIVGO TO 1112
GO TO 1113
1F(JY9.EQG L AND,ISTART,EQ,1)G0 Tp 1126
GO To 1114

E2=Eq

G2=G4

E1=sELOQ

SEXNELSN

ISTART=Q

GO To 1114

E2=EWI+G1/FLOAT (MM)

G2sG1

1FLAG=Q

GO To 1114

IF(E1.LT,EHI ,AND,E2,GE,EH]I)GO TO 1123
GO To 1124

E2=EM!

G2=G1

IEND=2

GO TO 1114

IF(E1,GE,EH] JAND,E2,6T,EH]IIGC TO 125
Go To 1125

IFCIFLAG)1127,125,1120

IF(E1.EQ,E2)G0 TO 1129

GO To 1118

CONTINUE

CALL SIEVE(EL,G81,E2,62, MM, NNaNX,TEFF,AWR)
CALL QIKS(1,NX,MOVE,KOME)

Go To 116
IF(IEND.EQ,.2)G0 TO 125
Ja=Ja+l

GO TO 117

DO 189 I=1,NX

EsgEX(])

JFLAGI=JFLAG(D)

CALL RMSIGM(E,u4K)
PRINTS,E, (AREF(LL))LL=1,4)
IF(IDPL-EQ.L1)GO TO 141

GO To 119
IF¢E,LT-ETHERMYGO TO 129
GO0 Yo 141¢

RMP1244
RMP1245>
RMP1246
RMP1247
RMP1248b
RMP1249
RMP1250
RMP1251
RMP1252
RMP125¢
RMP1254
RMP1255
RMP1296
RMP1297
RMP1228
RMP1259
RMP126K
RMP1261
RMP1262
RMP1263
RMP1264
RMP1265
RMP1266
RMP1267
RMPLl268
RMPL126Y
RMP1270
RMP1271
RMP1272
RMP1274
RMP1274
RMP1275
RMP1276
RMP1277
RMP1278
RMP1279
RMP128%
RMP1281
RMP1282
RMP1283
RMP1284
RMP128>
RMP1286
RMP1287
RMP1288

Cm==-=1F THE NEUTRON ENERGY IS LESS THAN ©,P25$ EV DOPPLER BROADENING ISRMP1289

Cr=-2=PASSED AS A DIFFERENT KERNEL SHOULD BE USED TO CALCULATE DOPPLER

Cr==5<BROADENED CROSS~SECTIONS,

1419

1121
32

1122
129

TEFSTEFF/293,2
DELLTA=Q-31774SNRT ((TEF®E)/AWR)
GO TO (1121,1122),JFLAG!

CALL GRID(E,DELTANNTAB,XTAB)
FORMAT(ZX,11E11,4)

CALL GREAT2(DOPPLER,FINT,XTAB,NTAB,ERROR) IERR)

PRINT28,E,FINT,JFLAG(])
IF(IERR-EQ,L)PRINT3L

GO To 19

CALL GAUSS(E,OFELTA,DOPE)
PRINTZ28,E,C0PE,JFLAG(])
CONTINUE
IF(IFLAG)1117,125,1147
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RMP1298
RMP1291
RMPL29YZ
RMP1293
RMP1294
RMP129>
RMP1296
RMP1297
RMP1298
RMP1299
RMP13020
RMP1321
RMP130¢
RMP13¥9
RMP1304



1117
125¢

125
124
12¢
1302

CQIKS

35

Q

32

aaoa

(o]

134

34

51
131
31
1582

151

32

54
17

JasJd+l
IF(NTOTALcJ4)125,1250,117
E1=ERAN(1,.4)
G1=ERAN(2,J4)

GO TO 1116

CONTINUE

CONTINUE

CONTINUE

CALL EXIT

END

SUBROUTINE QIKS (MM,NN,MOVE,COMPAR)
ALL=IN=MEMORY SORT PROGRAM

MM = FIRST SUBSCRIFT

NN = LAST SUBSCRIPT (ARRAY IS IN COMMON)

MOVE AND COMPAR ARE USER SUPPLIED PROGRAMS

DIMENSION MSAVE(2@),NSAVE(29)

KEYLOC(M ,N)=(N=M)/2

I1=9

SEY

LEVEL = #

M=MM

N=NN

CONTINUE

TEST FOR ONE OR TWO ITEMS

IF(NeM=1) 31,51,32

CONTINUE

PARTITION AND SPREADER GO HERE, SEE BELOW,

PUSH DOWN

LEVEL=LEVEL*1

WORK ON SMALLEST PORTION

IF (tJ=M) = (N=1)) 134, 134, 34

MSAVE(LEVEL) = 1

NSAVE(LEVEL)=N

N=J

GO To 35

MSAVE(LEVEL)=sM

NSAVE(LEVEL)=J

M=1

GO0 To 35

IF(COMPAR(M,N))34,31,131

SWAP IF ONLY TWO ITEMS ARE OUT OF ORDER

CALL MOVE(M,?)

CALL MOVE(NM)

CALL MOVE(Z,N)

IF (LEVEL) 151, 15¢, 151

RETURN

POP UP

M = MSAVE(LEVEL)

NaNSAVE(LEVEL)

LEVELFLEVEL=L

GO To 35

END MAIN

PARTITION

I=M

J=N

KEY=KEYLOC(M,N)

CALL MOVE(KEY, 2}

IF (N = KEY) 17, 1, 17

CALL MOVE(N,KEY)

CONTINUE

HOLE AT BOTTOM
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RETURN IS TO 8

RMP13#5
RMP13@6

RMP1387

RMP1308

RMPL309

RMP1310

RMP1311

RMP1312

RMPL313

RMP1314

QIKSpPie
QlKSgp2p
QIKSPR3P
QIKS@L4p
QIKSPEhp
QIKSEY6R
QlKSpO7R
QIKSERED
GIKSPUYD
QlKS@lée
QlKSpiie
QlKSpeizZe
QIKSE1s0
QlKSpide
QlKkspibe
QIKSD180
QIKSE170
QIKSPL80
QIKSEL9p
01KSP2R0
Q1KS@2ip
QIKSP220
QIKSB23P
Q1KS@240
Q1KSB2oR
alksp2se
0IKSP27R
QlKSp28R
01KS@29e
QIKSg320
QlKsodip
Qlksedée
QIKSE3SRe
QIKSZ340
QIKSpd5p
QIKSZ360
Q1KSB370
01KSp 380
QlKSP39p
QIKSe4LR
Qlkspaie
QIKSz4dp
QIKSZAsP
Q1KSPAa4p
QlKSZA52
QlKSPa6R
QIKS@E47R
QlKSE48D
QIKSP49p
Q1KS@508
QIKS@E21P



aaoaa

IF(COMPAR(2,1)13,2,2 QIKS@220

2 I=1+1 QIKSEYSR
IF (L = J) 1, 40 1 alkSgb4¢

3 CALL MOVE(!,J) QlKSBL5p
60 Ta 5 Q1KSZ562

6 CONTINUE QIKSE>78
HOLE AT TOP QIKSZ58D

1F (COMPAR(D,J))5,5,7 QIKSB59p

5 JzJ=i QIKSp6DE
IF (1 = J) 6, 4, 6 QIKSB61D

7 CALL MOVE(J: D) QIKSp6eze
6o To 2 QlkSpodp

4 CONTINUE alxksSeé4p
SPREADER GOES WERE 0IKSP650

END  PARTITION Q1KSD66D
SPREADER QlKSeée7e

4 CaLL MOVE(®,]) aiKspése
12 IF (1 = N) 112, 18, t1g 01KSBOYY
112 1 =1 + 4 QIKSE780
IF(COMPAR(Z,1))40,12,10 Q1KSB710

10 IF (J - M) 108, 8, 1@8 QlKSB728

128 J s g = 1 QIKSE73p
IF(COMPAR(Z,J))8,1¢,8 0lKsS@740

8 CONTINUE QIKSB75p
RETURN TO MAIN PROGRAM Q1KSB760

END QIKS2778
SUBROUTINE MOV(I,H) MOV 203}
COMMON/D/ERAN(2,581) MOV Bi2
11=] MOV 203
Wi=d MOV 204
IF(11,EQ,2) 112584 MOV @i3
IF(J1,EQ,2)J1=501 MOV 286
ERAN(1,J1)=ERAN(L, 1) MOV 287
ERAN(2,J1)=ERAN(2,]1) MOV P8
RETURN MOY @09

END MOV 239
SUBROUTINE MOVE(L, 1) MOVERY1
COMMON/G/EX(LB1), JFLAG(101) MOVEg®RZ
11s! MOVE@RS
Jisy) MOVEB24
IF(11.EQ,2) 11510y MOVE@ED
IF(J1,EQ,2)Ji=101 MOVE@®6
EXCJLI=EX(IL) MOVER®T
JFLAG(JL)=JFLAG{IL) MOVE@YS
RETURN MOVEBDY
END MOVEQLY
FUNCTION KOM(I,J) KOM gol
COMMON/L/ERAN(2,581) KOM 202
Il=1 KOM gos$
Ji=J KoM 204
IF(IL,EQ,0)1L=50Y KOM 2>
IF(JL1.EU, ) J1=501 KOM gu6
EOMZERANCL, [1)-ERANCL, J1) KOM 207
IF(EOM) 100,161,122 KOM 2¢8

120 KOM=a=1l KOM 289
G0 TO 103 KOM 210

191 KOM=g KOM 211
GO TO 143 KoM 2le

192 rom=1 KOM 919
103 RETURN KOM 214
END KaM @15
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FUNCTION KOME(Y,J) KOMEZ21

COMMON/C/EX(101),JFLAG(LEL) KOME2R2
11=1 KOMEBDS
Ji=J KOMER?4
IF(11,80,2)11=101 KOMEB©5
IF(J1.,EQ,8)JL1=101 KOMEB®26
EOXSEX(I1)~EX(J1) KOMEB®RT
IF(E0X) 160,101,102 KOME@®DS
182 KOME=s1 KOME@®9
GO TO 163 KOMER1D
181 KOME=0 KOMERL1
GO TO 1U3 KOME212
102 KOME=1 KOMERLS
183 RETURN KOMED14
END KOME@L®
SUBROUTINE GREAT2(F,FINT,XTAB,NTAB,ERROR, [ERR) GRTZ2p01

Cr==z==CARRY OUT CONVFRGENCE INTEGRATION SCHEME USING UP TO 2p¥ INTERVALSGRYZ2ppZ
Ce==exW4{CH ARE THEN FURTHER SUBDIVIDED UNTIL CONVERGENCE OCCURS OR THE GRT2003
Cm=-c=MAXIMUM ALLOWARLE NUMBER OF ITERATIONS 18 EXCEEDED, THE SUBRQUTINEGRTZ204

C=~cs=ARGUMENTS ARE DEFINED AS FOLLOWS 1vensoee GRT2085
CreeanF =FUNCTION TO BE INTEGRATED, GRT2006
Cm====FINT =THE RESULTING INTEGRAL GRT2847
Cr=-c~XTAB =TABLE OF QRDINATES (INTEGRATION INTERVAL 1S FROM XTAB(1) TOGRT2@K0E
Crows~ XTAB(NTAB)) GRT209Y
Ce=~==NTAB =THE LENGTH oF THE XTAB TABLE (NUMBER OF ORDINATES), GRT2019
C-=~s=ERROR =ALLOWABLE NCRMAL ERROR, GRTZ@11
C---=w[ERR =ERROR IMDICATOR SET TG0 ZgRQ IF METHOD CONVERGES, SET To GRT2piz
Crow== ONE 1F METHOD DOES NOT CONVERGE, GRT2p13
Commo=m ONE IF METHCD DOES NOT CONVERGE OR TABLE (XTAB) IS TOO LONGGRTZ2814
DIMENSION XTAB(33),PARTS(33),G00F(33),INTER(33) GRT2015
C-=-ssDEFINE THE MAXIMUM ALLOWABLE NUMBER OF ITERATIONS AND THE MAXIMUM GRT2216
C-==~<TABLE LENGTH, GRT2817
DATA JMAX,NTABMX/20,1@20/ GRTZ2018
C-==-=GDETERMINE IF TABLE IS TOO LONG GRT2P19
IF(NTAB.GT,NTABMX) Go TO 1282 GRT2p20
C-=--ewCALL GENERAL INTEGRATION SUBROUTINE, GRT2p21
2ZZ=F(5.2) GRT20211
CALL GREATI(F,FINT,NTAB,J JMAX,XTAB,PARTS,GOOF, INTER,ERROR, IERR) GRT2p22
RETURN GRT2p23
C--~-wsgTABLE 1S TQO LNANG, GRT2@¢24
122 JERR=1 GRT2pe5
FINT=8B,¢ GRTZ2226
RETURN GRTZ2p27
END GRT2p28
SUBROUTINE GREATL(F,FINT,NTAB, MAX,XTAB:PARTS,GO0F, INTER,ERROR, GRT1pw]
1 lERR) GRTlBDd
C-=-~<CARRY 0UT CONVERGENCE INTEGRATION SCHEME USING TRAPAZQIDAL RULE  GRT1p93
C-==as~AND DOUBLING THE NUMBER OF REGIONS PER SUBINTERVAL FOR EACH GRT1PW4
Cm=-==ITERATION, ONLY DOUBLE UP IN THOSE INTERVALS THAT HAVE NOT ALREADYGRT1p85
C-=-g~CONVERGED, GRT1p06
Co==g~F =SINGLE PRECISION FUNCTION TO BE INTEGRATED GRT1007
Cm=--s«FINT =THE RESULTING INTEGRAL GRTLpU8
C~=-=aNTAB =NUMBER OF ORDINATES SUPPLIED (THERE ARE N=1 INTERVALS) GRT1DKY
Cre=soJMAX =MAXIMUM ALLOWABLE NUMBER OF ITERATIONS GRT1p1R
C-~=s~XTAB =TABLE OF THE QRDINATE VALUES, RANGE OF INTEGRATION IS GRT1g11
C-=-&g FROM XTAB(1) TO XTAB(NTAB) GRT121¢
C~=-w5PARTS =zARRAY OF DIMENSION NTAB, EQUAL TO THE PARTIAL INTEGRALS GRT1013
Comugm QVER EACH OF THE NTAB=1 INTERVALS GRTi214
Cr=-+gGOOF =ARRAY OF DIMENSION NTAB:, EQUAL TO THE NORMAL ERROR IN EACW GRTL1Z15
C-=-sg QF THE MTABe1 INTERVAL, GRT1016
Cr=-szINTER aARRAY OF DIMENSION NTAB, SEPECIFYING THE NUMBER OF GRT1917
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Comesz SUBINTERVALS IN EACH INTERVAL

C~~=-=-ERROR =ACCEPTARLE NORMAL ERROR

Cr==z=zlERR =ERROR INDICATOR, SET TQ ZERO IF METHOD CONVERGES, SET TQ
Cro=cs= QNE IF METHOD DOES NOT CONVERGE

DIMENSION XTAB¢NTAB),PARTS(NTAB),INTER(NTAB),GOOF(NTAB)
Cre=sgINITIALIZE VALVE OF THE INTEGRAL
FINT=9|E
Cre=-ozCALCULATE THE MUMBER OF INTERVALS
NM1=NTABsL
Ce==-=wCALCULATE ALLOWABLE ERROR PER INTERVAL
ERRNSERROR/FLOAT(NML)
Cre=c=INITIAL]ZE APPROXIMATION TO INTEGRAL
TOTAL=®-0
Cme=o=CALCULATE INITYAL APPROXIMATION
DO 10 !=4,NM1
INTER(]) =1
PARTS(1)=2,54(XTAB(I+2)=XTAB(I))*(FIXTABSI+L1))+F(XTAB(I)))
12 TOTAL=TOTAL*PARTS(])
Cr==5=CALCULATE INITIAL ERRORS
DO 15 1=1,NML
15 GOOF({l)sPARTS(1)
Crw===SET UP | OOP OVFR JTERATIONS
DO 12@ y=1, MAY
Cm==z«SAVE LAST APPROXIMATION
TOTALL1=TOTAL
Cr=-5=SET UP LOOP OVFR INTERVALS
DO 28 !=1,NM1
C-====CHECK FOR CONVFRGENCE IN THIS INTERVAL
IF(ABS(GOOF(1)/TOTALY,LT,ERRN) GO TO 24
C-==a=CALCULATE DOUBLE INTERVAL
DX={(XTABCI+1)-¥TAB(I))/FLOATCINTER(I))
C~=~e=DOUBLE NUMRBRER AnF STEPS
INTER(])=2#INTFR(])
Ce===~INITIALJZE CONTRIBUTION TO INTEGRAL
REST=0,0
II=INTER(I)
Cr=->=INITIALIZE ORDINATE
XNOW=XTAB(])*2,5#0X
Ce=-2=SET UP LOOP OVER ORDINATES
Do 32 ks1,11,2
RESTEREST+F (XNOW)
39 XNOWaXNOW+DX
Cew=e=CALCULATE NEXT PARTIAL INTEGRAL
REST=0,5#(PARTS(I)+DX#REST)
Cm==5eADD NEW PARTIAL INTEGRAL AND SUBTRACT OLD PARTIAL INTEGRAL
TOTALETQOTAL+REST=PARTS(I)
Cr==z=CALCULATE NEW SRROR AND SET PARTIAL INTEGRAL TO NEW VALUE
GOOF(1)=RESTSPARTS(I)
PARTS(1J)=REST
22 CONTINUE
Cw=-==CHECK FOR CONVFRGENCE
190 IF(ABS(L,~TOTAL1/TOTAL),.LE.ERROR) GO TO 2092
Cr====THE METHOD HAS NOT CONVERGED
FINTaTOTAL
IERR=1
RETURN
Cr==-z=THE METHOD HAS CONVERGED
22¢ FINT=sTOTAL
1ERR=0
RETURN
END
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GRT1p18
GRT1819
GRT1p20
GRT1B21
GRT10822
GRT194$
GRT1024
GRT10¢5
GRT1026
GRT1827
GRT1028
GRT1B29
GRTLESY
GRT1p81
GRT1242
GRT1p33
GRT1pS4
GRT1835
GRT1BS6
GRT1B37
GRT1258
GRT1239
GRT1p40
GRT1043
GRT1B42
GRT1B4S
GRT1p44
GRT1d45
GRT1046
GRT1047
GRT1p48
GRT1249
GRT1250
GRT1g5%
GRT1252
GRT125$
GRT1B24
GRT1@95
GRT1g56
GRT1857
GRT1Z5Y
GRTLE2Y
GRT1860
GRT1261
GRT1862
GRT1R6S
GRT1264
GRTL265
GRT1066
GRT1267
GRT1268
GRT126Y
GRT1870
GRT1871
GRT1872
GRT187S
GRT1p74
GRT1@75
GRT1876
GRT1277
GRT1078



141p

1412

1411

1413

1415
1414

1081

SUBROUTINE GRIN(Q,BELTA,NTABXTAB) GRIDOWY
COMMON ARAY, IRAY,ERAY,NOT,ZAl ,ABN,NER, LFW,EL,EX,LRU,LRFLANG,NLS, GRIDG@Z
INRES, LNy JN, PENFAR.SH!FAR SP1.:AP, ANRI AMyDREF , AREF ,BREF, IRANGE,NIS, GRIDGES
31NcRoss,1vSP1N ELO,TEFF, oELTA E, AWR GRIDpO4
DIMENSION ARAY(6,528), 1RAY(3.50¢> ERAY(2,500),NOT(228),2A3(10), GRIDERS
1ABN(10);NER<10)nLFN(iﬁ)aEL(lZ 1g),EHW(19,10),LRU(LE,18)LRF(L1D,10),GRIDBRE

2LANG(1015,5) yNLS(12,10) NRES(10) ) LN(58) JN(lSﬂ).PENFAR(bzz). GRID2O7
3SHIFAR(502)SP1(108),AP(18) ,AWNRI(12) 1AM(10) ,DREF(6)+AREF(6),BREF (6,GR]DOUE
410) GR1D22Y
DIMENSION XTAB(33) GR1Dp12
IGNORE=}, GR1DD11
N2=NTAB/2 GRIDB1Z
N21=N2+] GRIDELS
N22aN2+2 GRIDZL4
N3=NTAB-1 GRIDELS
XTAB(N21)=0 GRIDBLG
DO 141pg 1=N22,NTAB GR1D217
XTAB(1)=XTAB(I=1)+BE_TA GRI0218
11aNTAB+1~1 GR1DE19
XTAB{11)=XTAB(11+1) »BELTA GR1DDZY
CONTINUE GR1D@21
DO 1411 1=1,NTAB GRIDB22
XTABI=XTAB( 1) GRIDB2S
IF(XTABI)1412,1412,1411 GRID@B24
1GNORE=0 GR1D025
CONTINUE GRID226
1F(1GNORE,£Q,2)60 T0 1413 GR]Dg27
GO TO 1414 GRID@271
XTAB(1)=1,PEcD3 GR1D@2E
D0 1415 1=1,N3 GRID@2Y
T1=z]e1 GR1D2SR
XTAB(11)aXTAB(4)¢FLOAT (1)@BELTA GRIDE3L
CONTINUE GR1DASZ
RETURN GR1DBIS
END GRIDES4
SUBROUTINE GAUSS(Q,BELTA,DOPE) cAUSpRl

COMMON ARAY,IRAY,ERAY,NOT,ZAl,ABN,NER, FW,EL,EH,LRU,LRF.LANG,NLS, GAUSEWZ
INRES, LN+ JIN,PENFAR,SHIFAR,SPY /AP, AWRI,AM,DREF,AREF,BREF . [RANGE,N]S,GAUSDLS
3INCROSS, IVSPIN,ELO,TEFF,DELTA,E,AWR GAUSDR4

DIMENSION ARAY(6,5p08),1RAY(3,500),ERAY(2,500),NOT(20),2A1(10), GAUSDES
LABN(10),NER(LB),LFW(10) ,EL(12,10),EH(10,18),LRU(18,10),LRF(12,12),6AUSED6

2LANG(10+5,5) \NLS(12,12) ,NRES(10),LNt58) , IN(158) ,PENFAR(58D), GAUSERT
3SHIFAR(522),SPT(18) s AP(18),AURT (10) AM(1£) ,DREF (6) ¢ AREF (6, BREF (6, CAUSDUS
410) GAUSBU?
DIMENSION ABC(9),WET(9) GAUSPLR

DATA ABC/~3, 19@99320x73156.—2 26658058455184,=1,46855328921667,-0,GAUS01]
172355161875284 2,0,0,72355101875284,1,46855328921667,2,26658858453GAUSB12
2184,3, 1920932ﬂ178153/ GAUSELS

DATA WET/2,396M697726326F~04,0,4943624275537E~02,0,8B47452739438E~GAUSELA
101,09, 432651557m026E*00 2, 72@2352156B61Eth 2, 4326515570u26£*00 2,8GAUSPLS

2847452769438E ~%1,0, 4943624275537E =240, 5966697726326E-ﬁ4/ GAUSZl6
DATA PHIRT/1,772454/ GAUSZL7
TEF=YEFF/293,8 GAUSO18
TERM=0,% GAUSBLY
DO 2@@ K=1,NIS GAUSRZ®
Ti=0,0 GAUSBZl
XWRZAWRI(K) GAUSBZZ
BELTA=(0,3177E+2@)#SQRT((QeTEF)/XWR) GAUS@ZS
X=BE| TA#ABC(9) GAUSB24
IF(E~-X)1p@,108,101 GAUSEZ>
B0 182 I=1,9 GAUS@26
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102

108
110
209

aaoaaoaaoaa

ABCI=ABC(I)
WETI=WET(I)
ZsE+ABCI#BELTA

CALL RMSIGM{Z, 1RANGE)
TieT1+BREF(INCROSS,K)yaWET!
CONTINUE

Go To 142

T1=0,0

TERMsTERM+T]

CONTINUE
DOPEATERM/PHIRT
RETURN

END
SUBROUTINE FACTS(Q,L,PF,SF,PS,CONSTE,BWR,BP,PLOD)

SUBROUTINE T0 CALCULATE PENETRATION AND

SHIFT FACTORS
G 1S THE ENERGY L IS THE ANGULAR MOMENTUM PF PENETRATION FACTOR
SF THE SHIFT FACTOR AND PS THE PHASE SHIFT AP 1S R CONSTE IS KM
FOR DETAILS OF FORMULAE SEF GREGSON ET AL AEEW=MS517(MLBW)1965

DOUBLE PRECISION PS,CCNSTE,ROE,ROEZ,ROES
EAB=ABS(Q)
CONHLD=22,196771Em@34¢BWR#SQART(EAR)
CONSTE=CONHLO/ (BWR+1,2)

GAUS@E?
GAUSPZ8
GAUSPEY
GAUSB S0
GAUSEJ]
GAUSpaZ
GAUSZ34
GAUSRIA
GAUSBSS
GAUSBIS
GAUSBS7
GAUSPEI8
CAUSBSY
FACTgR]
FACTRL?
FACTERS
FACT2R4
FACTQ®5
FACTQR6
FACTOR?
FACTQRY
FACTRRY
FACTEO
FACTELY
FACTRL2

Ce=-=~SINCE AWR IS GIVEN WITH THE NEUTRON MASS AS UNITY WE ADD ONE ABOVEFACT@1S
Cm==5=T0 CONVERT TO THE CENTEReOF=MASS SYSTEM

109

110

120

136

142

ROE=BP#CONSTE

SsFLOAT (L)

IF¢(L.LE-2)GO To L@@

GO T0(110,120,1302,142,1508),L
PF=ROE

SF=2,0

IF(PLOD.LT,2,0) GO Tp 162

PS=ROE

GO To 179

ROEZ2sRQOE4ROE

DENOM=] . 0+ROE2

PF2ROE2#ROE/DENOM

SF==1,4/DENOM

IF(PLOD. L.T.2,0) GO Tp 160
PS=ROE~DATAN(RNE)
IF(PS/ROE=3,0200881)160,173,172
ROE2aROE#ROE

ROE4aRQE2#ROE2
DENOM=3.0#ROE2+RQE4+9,D
PF=zROE4%ROE/DENCM
SF==(18.0+3,0#R0FE2)/DENOM
IF(PLOD..T,2,2) GO TO 169
PS=ROE~DATAN(3,8#R0OE/(3,3~R0E2))
IF(PS/ROE»Y,000001)160,17@,170
ROE2eROE#ROE

ROE4=zROE2#ROE2

ROE6=ROE4#ROE2

DENOM=225,0+45 ,0#R0OE2+6,0¢R0E4+ROES
PF=ROE6%ROE/DENOM
SF==(675,0+90,3#R0E2+6,0eR0E4)/DENOM
IF(PLOD.LT,2,0) GO TO 160
PSzROE~DATAN{ (15 ,0#ROE~ROE28ROE)/(15,8=6,04R0E2))
IF(PS/ROE~3,000201)160,170,17¢
ROE2=ROE#ROE
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FACTDL4
FACTZ15
FACTGL6
FACTEL7
FACTEL8
FACT@LY
FACT2ZD
FACTEZ]
FACTp22
FACTB2S
FACTE24
FACTZ25
FACTDZ6
FACTRRT7
FACT@Z8
FACTR2Y
FACTZ SR
FACTP31
FACTBS2
FACTRSS
FACTP34
FACTZ35
FACTE36
FACTBS7
FACTZS8
FACTE3Y
FACT240
FACTR41
FACTQ42
FACTP4S
FACTBA4
FACTZA5
FACTBA6
FACTEA7
FACT248



159

16¢
17¢

129

ROE4=ROE2#RQE2

ROF&=ROE4#ROE2

ROEB=ROE4#ROE4
DENOM=11025,0+1575,08R0E2+135,04R0E4+10,0#ROE6+ROEB
PF=ROEB%ROE/DENQOM

IF(PLOD - |LT,2,2) GO T0 160

SFae (44100 ,M+4725,C%ROE2+270,07ROE4+10,8%ROE6) /DENOM
PS=ROE~DATAN((105,0%RQE=12,84R0E2«ROE}/(105,8=45,08
L14ROE2+RUE4))

IF(PS/ROE=V,@00001)160,170,17¢

ROE2=ROE®ROE

ROE4=ROE2#ROE2

ROE63ROL48ROE2

ROE8=ROE4#ROE4

ROELG=RUES#ROE4
DENQM3893225,0+99225,04RpE2+6300,.0sROE4*515,8#ROES
1+15,0#ROEB+ROCLE

PF=ROE1U#ROE/DENOM
SF=z4465125,0+396900,2#R0F2418900,8+R0OE4
14637 ,04R0E6+15,MeR0ES

SF=<SF/DENOM

IF(PLOD.LT,2,2) GO To 162

PSzROE-DATAN({ (945 ,0%ROE=ROE4 (105 ,04ROE2»ROC4) )/ (945,042 ,0%R0E2+

115,0a«R0E4))
IF¢(PS/ROE,GE,0,022021) GO TO 1782
PS=2,0

RETURN

END

SURROUT]INE ORDFR(K,N1)

COMMON ARAY, IRAY,ERAY,NOT,ZAl,ABN,NER,LFW,EL,EM,LRU,;LRF,LANG)NLS,

FACTZ4Y
FACTE52
FACTE:
FACTES?2
FACTEDS
FACTRS4
FACT252
FACTR56
FACTQb7
FACT258
FACT259
FACTOOD
FACTREL
FACTR62
FACTR6Y
FACTDE4
FACTE6Y
FACTQ66
FACTRET
FACTR6B
FACTZ6Y
FACTR7R
FACTR?1
FACTR72
FACTB73
FACTD74
FACT275
FACTR76
DRDREYI
ORDRBYZ

INRES, LNy JN, pENFAR SHIFAR SP1. AP AWRIDAMIDREF AREF BREF:IRANGE:VIS ORDR@WVS

31NCROSS.!VSPIN ELO,TEFF,DELYA,E,AWR

DIMENSION ARAY(S, 5@')p1RAY(3|5@G),ERAY(Z-SGB);NOT(zﬂ) Zay(1e),

ORDRBU4
ORDRPP5

1ABN(1@).NER(1u);LFw(1D) EL(12,18),EH(108,18),[RU{L2, 10) LRF(18,12),0RDROLE

2LANG(10,5,5),NLLE(LE, 19):NRES(lﬂ)uLN(5Z)nJN(150) PENFAR(D20),

ORDRY®?7

3SHIFAR(508),SP1(12)1AP(10),AWRI(10), AH(lw),DREF(&).AREF(G).BREF(é ORDRED8

419)

IF(K=1)2,2,3

NTR=Y

NUML =2

NUMJ=2

NN=@

MM=p

JJz=0

NC=8@

MC=p

NT=NTR+1

NTRaNTR+N1

OLz=@.9

OL=z0L+*1-0

DO 181 N=NT,NTR
TERMsFLUAT (I1RAY(1,N))
1F¢OL=-TERM)1p21,171,9
NNaNN+1

DO 128.=41.,5%
AzARAY(J,N)
ARAY(J,NY=ARAY CJ,NN)
ARAY(JaNN)=A
CONTINUE

DO 1081 Js1.3
TAzIRAY(J,N)
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QRDREEY
ORDREL®
ORDR211
ORDRR1Z
ORDR@L3S
ORDRB14
ORDRP15
ORDRB16
ORDR@L7
ORDRZlG
ORDR219
ORDRE2D
ORDR@21
ORDRBZ2
ORDR@2$
ORDRE24
ORDR225
ORDRB26
ORDR@27
ORDREZ28
ORDRE2Y
ORDREOSD
ORDR@ S
ORDRSZ
ORDRP$S



1201

1002
121

11

14

15

224

2241

2042
225

16

17
18

TRAY(J,NY=TRAY L J,NN)
IRAY(J,NN)=1A
CONTINUE

B0 19282 J=1,2
EAZERAY(J,N)
ERAY(J,NY=ERAY(J,NN)
ERAY(JsiAN)=EA
CONTINUE

CONT INUE
IF(NN-NGC)8,8,11

NUML zNUML +1

LN (NUML ) sNN=NC

NC=NN
NUZNT+LN(NUML =1

0M= E.Zb

OM=0M*@ .5

DO 2g5 M=NT,NU
TERMJ=ARAY (2, M)
{F(OMeTERMJ) 205,205,415
MM=MM=+1

DO 2184 J=1.,6
AZARAY (J M)
ARAY(J,M)=ARAY (J,MM)
ARAY(JaMM) =A
CONTINUE

DO 2041 Jz143
TA=]RAY(J, M)
IRAY(J, M) IRAY LI, MM)
IRAY(J,MM)=TA
CONTINUE

DO 2042 J=1.2
EA=ERAY(J, M)

ERAY(J, MYSERAY (J,MM)
ERAY(J,MM)=EA
CONTINUE

CONTINUE
IF(MM=MC)14,14,16
NUMJ=NUMJ+1

JNI(NUMJ) sMM=MC

MC=MM

NTsNT+JNINUMY)
IF(NN=MM)17,17,14
IF(NTR~NN)18,18,8
RETURN

END

FUNCTION DOPPLER(X)

COMMON ARAY, IRAY,ERAY ,NOT,ZA1,ABN,NER,LFW,ELEH,LRU,LRF)ANG)NLS,
INRES,LN+JN,PENFAR,SHIFAR,SP1,AP,AWR],AM,DREF, AREF,BREF, IRANGE,NIS,

3INCROSS,IVSPIN,ELO, TEFF,DELTA,E, AWR

DIMENSION ARAY(6,5¢8),IRAY(3,520),ERAY(2,5080),NOT(20),2ZA1(10),
1ABN(1@)  NER(LBY ,LFW(1B),EL(10,1p) ,EH(L12,18),LRY(10,12),LRF(12,10),
2LANG(12:5,5) ) NLLS(12+10),NRES(18) s LN(5B)»JIN(L150) ,PENFAR(520),
3SHIFAR(D0@),SP1(18),AP(1P),AWRI(10)1AM(1D),DREF(6),AREF(6),BREF (6,

41a3)

TEF=TEFF/293,0
TERM=2,¥

CALL RMSIGM(X,1RANGE)
DO 10@ I=1,N1S
XWRE2AWRI(])

CELTAZ{Q,3177E+0B)«STRT((TEF®E)}/XWR)

2=(E<X)/CELTA
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ORDRES4
QORDRZS5
ORDRZS6
CRORRS7
ORDRRSE
ORDRESY
ORDREZ4D
ORDR2Z41
ORDRA42
ORDRPEY
ORDRE44
ORDRE45
ORDREA46
ORDR247
ORDREA8
ORDRE4Y
DRORZ5Y
ORDR251
DRORE2E
ORDRZ5S
ORDRE24
ORORMSS
ORDRg56
ORDRB>7
ORDRB>8
ORDR@5Y
ORDRBGD
ORDRD6L
URDRE6Z
ORDRPOS
DRORD6E4
GRDR2E5
ORDRZ66
ORDRp67
CRORZ68
ORDORO6Y
CRORRTD
DRDRZ 71
ORDRR72
ORDR27$
ORDRE74
ORDRE75
ORDRB76
ORDRO77
ORDRQ78
DOPL@RL
DOPLRGZ
DOPLRYS
DOPLDK4
DOPLDES
DOPLEUE
DOPLERT
DOPLRUS
DOPLEEY
DOPLDLY
DOPL213
DOPLB12
DOPLELS
DOPLB14
pOPLELS
DOPLR16



i0@

la2
181
i20@

C-==e~THIS SUBROUTINE [NVERTS A COMPLEX MATRIX WITW REAL AND IMAGINARY

£23Z%6?
T41=BREF(INCROSS, 1) #EXP{«22)/(CELTA®L,772454)
TERMETERM+TL

CONTINUE

DOPPLERSTERM

RETURN

END

SUBROUTINE ABCMAT(A,B,C)
DOUBLE PRECISION A,B,C
DIMENSION A(3,3),B(3,3),C(3,3)
DO 1e0@ [=1,3

D0 1921 J=1,3

C(1,4)20,0

DO 122 K=1,3

CeIyd) =Gl , I+A(L I K)#B(K,J)
CONTINUE

CONTINUE

CONTINUE

RETURN

END

SUBROUTINE FROBNS(A+8,C,D)
DOUBLE PRECISINN A,B,C,D,0
DIMENSION A(3,3)4B(3,3),C(3,3),D(3,3),G6(3,3)

DOPLELY
DOPLOLE
DOPLELY
DOPL22P
DOPLRZ1
DOPLOZ2E
DOPLBZ3
ABCMPOY
ABCMp@22
ABCMBUOS
ABCMPR4
ABCMDES
ABCMORS
ABCMER7
ABCMRI8
ABCMORY
ABCMP1D
ABCM@L]
ABCMP1Z
ABCM@LS
FROBER]
FROBE®2
FROBED3I
FROBRD4

C-+-~5=-PARTS A AND B AND GIVES C AND D THE REAL AND IMAGINARY RARTS OF THFROBZOS

C~-~-cgE INVERSE, FRORENIUS-SCHUR METHOD OF INVERSION,

201
208

203
2g2

205
284

590

501
5p2

Do 292 [=1,3

Do 2@1 4=1,3
Cll,J)=AC],J)
CONTINUE

CONTINUE

CALL THRINV(A,3,IND)
IF(IND,EQ,1) GO TO S5@0
CALL ABCMAT(A,R,Q)
CALL ABCMAT(B,f,D)
DO 282 [=21,3

Do 283 J=1,3
CCI,J)sCtIJ)+0(1,u)
CONTINUE

CONTINUE

CALL THRINV(C,3,INC)
IFCIND,EG,1) GO TO 5¢0
CALL ABCMAT(G,C,D)
Do 204 1=1,3

0o 285 J=1,3

D1, Jd)==0D(1,J)
CONTINUE

CONTINUE

GO To 562

PRINT534

GO To Spz

FORMAT(52H TROUBLE IN INVERTING THE COMPLEX MATRIX, JOB ABORT,)

RETURN
END
SUBROUTINE THRINV(D,N,KIMERR}

C INVERTS SYMMETRIC MATRIX (D(1,J)sJ=1,N,l=1,4)

55
26

DOUBLE PREC!SIAN D,S,FOOEY
DIMENSION D(3,3),S(3)
KIMERR=3

CONTINUE

D01J=1,N
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FROB2Z6
FROBORT
FRQBEYE
FROBEEY
FROB21D
FROBBL]
FROBBLZ
FROBELJ
FROB214
FROBO15
FROBB16
FROB217
FROBOL8
FROBE19
FROBR20
FROB@Z1
FROBRZZ
FROBBZS
FROBEZ24
FROBEZY
FROBR26
FROBPZ7
FROBg2Y
FRQBEZ9
FROBRSP
FROB@S]
FROBESZ
FROBRS3
FROBBS4
THRIZ?3
THRIpRZ
THRIBRS
THRIDP4
THRIBEY
THRIDD6
THRIDE?



29

=N

31
333
27

32
28

41
33
34
35

503

10801

320

1008

1001
1o@2

197

10e3
120

Do21=1,J
D(1,J)a-D(1,J)
D(J 103Dl )
D(JIJ)gla"’D‘J’J>
DO7LR=14N
FOOEY=2l,~D(LR,LR)
IF(FOOEY ,EQ, @,8) GO TO 333
D(LR:LR) = 1./FOOEY
CONTINUE
GO 10 27
KIMERR=Y
GoTOo1201
D04LJ=1.N
S(J)=B(LR,J?
1F(JelLR128,41,28
D(JeLRIEDCJILRI®D(LR, LR}
D(LR,JI=D(J1LR)
CONTINUE
DO 7J=1.N
IF(JeLR) 6,76
IF(1s_R) 8,503,8
De1,J)=DCI ) +DCILLRY#S(J)
D¢Jy 130T,
CONTINUE
CONTINUE
RETURN
END

SUBROUTINE SIEVE(EL,G61,E2,62)MaN)NX,BEFFBWR)

COMMON/C/EX($31),JFLAG(10Y)
IF(E2.LT,EL1IG0 YO 101

GO Yo 398

NZ2=2aN

DG 190201=1,100

JFLAG(])=2

CONTINUE

TEF=RBEFF/293,2
DP=z(4,5885E+0@)%SQRT (TEF/BWR)

WHEN MULTIPLIER BY SQRT(E) DP GIVES 5 TIMES CORRESPONDING DELTA

DP1=DP#SQRT(EL)
DP2apP#SQRT (E2)
DG1=61/F.OAT (M)
DG2=G2/FL.OAT (M)
EX(1)=EL
IF(GL,LT,DP1IGN TO 1p01
Go To 1vg2

JFLAG(1) =1

ENDIF2ABS (E2-F1)
NX=l

DO 120 I=i,N
XX=E1#DGL#FLOAT (1)
IF(XX.LT,E2)G0 TO 1@7
GO TO 190

NX=NX+1

EX{NX)=XX
IF(G1,LT.,DPLIGN TO 1283
GO To 10@

WFLAG(INX)=1

CONTINUE

DO 2@ I=14N
XX=E2aD62#FLOAT (1)
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THR1228
THR1209
THR1B10
THRIB11
THRIB12
THRIDLS
THR1g14
THRIG1
THR1216
THR1GL7
THRIB18E
THR121Y
THRIB20
THRI21
THR1p22
THR122$
THRIg24
THR18253
THR1226
THR1027
THR1028
THR182%
THR12$2
THRI@31
THR1932
THRIZ33
THRI234
THR1B35
HATTH
SIEVR0Z
SIEVERS
SIEVEYSL
STEVER3
SI1EV25
SIEVEUE
SIEVERT?
SIEVEUS
SIEVEBRY
SIEVELR
SIEVRLL
SIEVEiZ
SIEVEiS
SIEVEL4
SIEVRLS
SIEVE16
SIEVE161
SIEVE17
SIEVRis
SIEVD1Y
STEVE220
SIEVPEL
SIEVEZR
S1EV@Z221
SIEVE23S
SIEV@24
SIEVE25
SIEVEZ51
SIEVDZS
SIEVDRT
SIEVBZE
S1EVERY



128

1225
2ead
110
101
123

2000
122

1006

111

1207

1208
1018
1009
1611

112
1249

114
113
104

IF(XX.GT,E1)GO TO 108
Go To 20

NXaNx+1

EX(NX)=XX
IF(G2.,LT,DP2IGN TO 1225
GO To 209

JFLAGINX) =1

CONTINUE
DIFF=(F2«E1)/FLOAT (N2)
IF(DIFF)1D1,122,122
PRINT123
PRINT2000,E1,E2,DIFF

GO To 1w4

FORMAT (32K CALLING SEQUENCE OF SIEVE WRONG)
FORMAT(4H E1=E13,6,4H E2=FE13,6,6H DIFF=E13,6)
NZ21=NX+]

NN=NX

N22=N21+N2~2

NX=N22

E213(E4+E2)/2,0

DP12=DP#SQRT (F21)
E43=£2~E1-((G14G2)/2,0)
IF(E43,LT,DP12)G0O T0 1226
GO Y0 1907

DO 111 [=N21i,NR2

12=]sNN
EX(I)SEL+DIFFerL0AT (12)
JELAG(T) =1

CONTINUE

GO To 1442

DO 112 [=N2%i,N22

12=1e«NN
EXCI)=EL+DIFF&FLOAT (12)
DPTYEST=[P#SQRT (EX(1))
IF(EX(1) ,LE(E21)60 Tp 1028
GO To 1649
IF(G1,LT,DPTESTIGO To 1212
GO TO 112

JEFLAG(I) =1

G0 To 112
IF(G2,LT,DPTESTIGO To 1211
GO To 112

JFLAG(I) =1

CONTINUE

D0 113 I=1,NX

DPF=DP#SQRT (EX(1))
IF(DPF,EQ,2,2)R0 TO 113
TERMSEX(1)/0PF
IF(TERM.[LT,25,)60 TO 114
GO To 113

WJFLAG(I) a1

CONTINUE

RETURN

END

SUBROUTINE RMSIGM(G,KK)
COMMON/E/XMIN(6) ,XMAX(6) ,XREF(6)

SIEVR3D
SIEV@sVy
SIEVES]
S1EVESY
SIEVZ33
SIEVRE331
SIEVR34
SIEVRSS
SIEVR3S
S1EVR37
SIEVRSE
SIEVP3Y
SIEVPAR
SIEVEALL
SIEVD42
SIEVE4S
SIEV@44
SIEVB45
SIEVE3S
SIEV247
S1EVDAE
SIEVPAY
SIEVPSY
SIEVEYUL
S1EVES]
SIEVEY9Z
SIEVEDS
SIEVES4
SIEVPSS
SIEVES56
SIEVD57
SIEV@ESE
SIEVESY
SIEVEED
SIEVE6]
SIEVE6Il
SIEVEEE
S1EVEB21
SIEVEES
SIEVD64
SIEVRES
SIEVEEDL
SIEVEE6
SIEV@S7
SIEVPESE
SIEVREY
SIEVEE9L
SIEVRT#
SIEVE7Y
SIEVE731
SIEVDTE
SIEVR73
SIEVRB74
S1EVET7S
RMSGROY
RMSGDR2

COMMON ARAY ' IRAY,ERAY,NOT,ZA1,ABN,NER,LFW,EL,EH, RU,LRF/ILANG,)NLS, RMSGEDS
INRES,LN, JN,PENFAR,SHIFAR,SP, AP, AWRT, AM, DREF , AREF , BREF, IRANGE, NS, RMSGoDR 4

SINCROSS,IVSPIN,ELQ, TEFF,DELTA,E,AWR

DIMENSION ARAY(6,500), IRAY(3,500),ERAY(2,580) ,NOT(28),2A1(10),

RMSG@US
RMSGRE6

1ABN(12) )NER(A2)SLFW(10))ELCL0,18) ,EH(10,10)LRU(LG,10),LRF(10,10),RMSCER7
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Cre-a
Crmm-

B

120
122

183
124

3001

2LANG(12,5,5) )NLS¢1p,12) ,NRES(12) LN(BQ) »JN(L50) ,PENFAR(222), RMSGRRY
ISHIFAR(S@E) 1 SPI(L0) 1 AP(L10) ,AWRI(18),AMI11), DREF(6).AREF(6) BREF (6,RMSGRUY
410) RMSG@1¥

DOUBLEPRECISIOMR,S,R1,51,8,0EN,DIFF,P1,R2,RH0L,RH02,6J,T1,T2,T3, T4RMSGAL1
1, TERMT, TERMN, TFRMF TERMA, TERMG,SIGNNI SIGNG!,SIGNF1,SIGNAT,SIGNT],RMSGRLZ

2BETA,TRM, SIGP rOMSTE COVSTA P1,PS RMSGR21Y
DIMENSION R<3,3).S(3.3)nRI(3-3),SI(3.3).B<3.3) RMSGQ14
~THIS SUBROUTINFE USES THE FROBENJUS~-SCHUR METHOD FOR INVERTING THE RMSGg1l®
~COMPLEX MATRIX, RMSGR16
P133,141592653590+0282 RMSGR17
Q2=SQRT(Q) RMSGZ18
D0 4 J=l,6 RMSG@19
AREF(J)=0,2 RMSGBZ20
D0 5 K=1,1¢ RMSG@dl
BREF(J.K)=2,8 RMSGPZZ
CONTINUE RMSGR23
CONTINUE RMSG@24
L2=7 RMSG229
N2=2 RMSGOZ6
LA=2 RMSGR27
JAZE RMSGRZE
NTR=p RMSG@ZY
D0 112 lai.NIS RMSG@SL
NREST=NRES(1) RMSG@S1
AP1=AP(]) RMSGR 32
XWRZAWRI (1} RMSGES3
YWREXWR#1,008685 RMSG@S4
YWREYWR##(1,0/3,9) RMSGBS5
APX2(,123#YWR+(, 08 RMSGEZS6
NTRENTR+NRES! RMSGRS7
IF(NRES])112,112,129 RMSGR S8
LA=LA+1 RMSGESY
W22+ N(LA) RMSGD4D
CALL FACTS(Q,IRAY(1,L2),PF,SF,PX,)CONSTE)XWR APX,3.0) RMSGRA1
CALL FACTS(Q,IRAY(1,1.2),PX,S5X,PS,CONSTE,XWR,AP1,3,2) RMSGD42
SIGNNI=U,2 RMSGE4S
SIGNG1=0,0 RMSGZ44
SIGNFl=p,0 RMSGB4S
SIGNAl=0,D RMSGR46
SIGNTI=E,0 RMSGB4E7
JATJA+Y RMSGg48
NizN2+1 RMSGR4Y
N2=N2+JNEJA) RMSGEZ>0
GJs2,88(2,2%SP1(1)+1,0) RMSG223
GJ=(2,0%ARAY(2,NV)+1,2)/0J RMSG@Y2
Do 7 Jsl,3 RMSGEB2$
D0 8 K=1,3 RMSGZ54
S(JyK)13D, 0 RMSG255
1F(J,EQ.-KIGO T2 9 RMSGE»6
GO To 10 RMSGB>57
R(JiK)=1,0 RMSGRo Y
GO To 8 RMSGD29
R(JiK)=0,2 RMSGD6U
CONTINUE RMSG@61
CONTINUE RMSGE62
DO 128 KaNi,N2 RMSG264
DIFF2ARAY(1,K)~Q RMSGZ64
A1zARAY(3,K) RMSGE65
Al=(AL#PF)/PENFAR(K) RMSGQ66
A1=SQRT(AL) RMSGE67
A2zARAY(5,K) RMSG268
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202
201

202
300

301
302

303
ApQ

128

12
11

1F(A2)200,221,7202

A2==SQRT(=A2)

60 To 390

A2=0,2

GO Y0 ¥

A2=SQRT(A2)

A3=ARAY(6,K)

1F¢(A3)304,302,303

AZ=«SORT(=A3)

GO Y0 4p0

A3=0,0

GO To 400

A3aSQRT(A3)
DENsDIFFe®2+0 ,250 ARAY(4,K)®ARAY (4,K)
RE1)1)=R(1L,1)+((B,258ARAY (4, K)nAL®AL)Y/DEN)
S(1,1)3S5¢1,1)-((0.,5#DIFFuALeAl)/DEN)
R{1s2)=R(1,2Y+((2,258ARAY(4,K)®AL%A2)/DEN)
S(1,2)=25(1,2)-((3,54D]FFapAL1®A2)/DEN)
R(1e3)zR(1,3)+((2,258ARAY(4,K)2AL#AT)/DEN)
S(1+,3)3S5(1.,3)=~((B . 5«DIFFaALeAZ)/DEN)
R(2,2)=R(2,2)+({(D,258ARAY(4,K)#A2#A2)/DEN)
S(2:2)35(2,2)~((D.5#D]IFFuA2aA2)/0EN)
R(3+3)=R(3,3)+((B3,259ARAY(4,K)#A32A3)/DEN)
S(3+3)=28(3,3)~((3,5#D[FFuAZwAT)/DEN)
R(2)3)zR(2,3)+((B,25aARAY(4,K)#A2#A3)/DEN)
$(2,3)=8(2,3)~-((2,58DIFFuA24AT)/DEN)
CONTINUE

R{2,34)=Rt1.,2)

$(2,1)a35¢1,2)

R(3,1)=R(1,3)

$(3,1)=5(1,3)

R(3,2)=R(2,3)

S(3,2)1=8(2,3)

00 11 JJJs1,3

D0 12 KKK=1,3

BCJJJ KKK 2R(JJJ ) KKK)

CONTINUE

CONTINUE

CALL FROBNS(R,S,RI,SI)

RHO1=RI(1,1)

RH02=2S1(1,1)

P1=DCOS(2,4#PS)

P2=-NSIN(2,P4P8)

TERMT=(1,2-P1#(2,0eRH01%.2)*2,0%P2%RH02)%2,0

TERMT=GJ#TERMT=4,084GJ8DSIN(PS)*DSIN(PS)
T1=R1(1,2)

T2=281(1,2)

T3=R1(1,3)

T4=2S1(1,3)
TERMF=GJa(Tla#2+T2082+730a824T4842)084,7

TERMGE(RHOL#42+RHOZ2402)8(B(1)1)wl,B)+(TLl#u24T2002)8(B(2,2)=1,2)*

L(TI#a2+T4a82)#(B(3,3)=1,0)

TERMG=TERMG+2,0% (RHO1#T1wRHOZ2#T2)#B(1,2)+2 0o (RHOL*T3+RHO2#T4) »

1B(113)+2,B#(TLaT3+T24T4) 4B (2,3)
TERMG=4 . BoGJaTERMG
TERMN=TERMT=TERMF=TERMG
SIGNNI=SIGNNI+TERMN
SIGNG1=SIGNG!+TERMG
SIGNF1=SIGNFI+TERMF
SIGNTI=SIGNTI+TERMT
IF(L2~N2)189,109,123
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RMSGP69
RMSGP70
RMSG@7)
RMSGE72
RMSGR7S
RMSG@74
RMSGR75
RMSGOT76
RMSGB77
RMSGRP78
RMSG27Y
RMSGO8D
RMSGEE]
RMSGR82
RMSGP8Y
RMSG@84
RMSGBES
RMSGQE6
RMSG287
RMSGRES
RMSGEEY
RMSG@92
RMSGEZY1
RMSGRY2
RMSGO93
RMSGE94
RMSGRYS
RMSGEYS
RMSGRY7
RMSGZY98
RMSGQRY9
RMSG10@
RMSG1@],
RMSG10¢
RMSG123
RMSG1E4
RMSG1U3
RMSG106
RMSG1E7
RMSG108
RMSG1E9
RMSG11@
RMSG111
RMSG112
RMSG11$
RMSG1L4
RMSG115
RMSG116
RMSG147
RMSG118
RMSG11Y
RMSG120
RMSG121
RMSG122
RMSG123
RMSG124
RMSG125
RMSG126
RMS8G127
RMSG128
RMSG129



189

110

125p

126
125

112

BETA=zPI#ABN(1)/(CONSTESCONSTE)
AREF(1)=AREF(1)+SIGNNI®BETA
AREF(2)SAREF(2)*SIGNGI4BETA
AREF(3)3AREF(3)+SIGNFIwBETA
AREF(4)SAREF{4)#»SIGNTI#BETA
BREF(1,])#BREF(1,1)+SIGNNI#BETA
BREF(2,])=BREF(2,1)*S]GNGI«BETA
BREF(3,1)=BREF(3,1)+5IGNFleBETA
BREF(4,])=BREF(4,1)+SIGNTI#BETA
ZF(LZ-NTR)lm.ilz.ilz

SI1GPs0,9

LRUJK=LRU( T4 KK)
IF(LRUJKG1)1252,1250,125
NLSKKk=NLS(1,KK)

D0 126 [ =1,NLSKK
LURE=LANG( I XK,LL)
SSeFLOAT{LURE)

CALL FAGTS(Q,LURE,PZ,SZ,PS,CONSTA,XKR,API,3,0)

TRMZ(2,0#55+1,08)#4,08P]

TRM=TRM&OSIN(PS)#DSIN(PS)/ (CONSTA#CONSTA)

SIGP=SIGP+TRM

CONTINUE
AREF(L)=AREF(L)+SIGP#ABN(I)
AREF(4)=AREF{4)+5S1GP=ABN(I)
BREF(1,])=BREF(1,1)*SIGP#ABN(])
BREF(4,])=BREF(4,1)+SIGPaABN(]}
CONTINUE

RETURN

END
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RMSG138
RMSG131
RMSG182
RMSG133
RMSG184
RMSG135
RMSG186
RMSG1$7
RMSG1 38
RMSG139
RMSG140
RMSG141
RMSG142
RMSG149
RMSGL44
RMSG145
RMSG146
RMSG147
RMSG148
RMSG149
RMSG1o0
RMSG191
RMSG122
RMSG159
RMSG1Y4
RMSG195
RMSG196
RMSG1®7
RMSG198



MOCK PU-241 RAMP1 TEST DATA,

940241 .0
940241 .9
1,2

2.5
238,9859
md.160
2,262
4,30¢
4,%80
5,920
6,932
9,508
12,192
12,78#@
13,400
14,750
15,980
16,690
17,838

238,9889

1.9

20,0

2,9772
2.0

N UWNGUNRNEUNWN LN WR WD

eI EERAS

2550.0 11

1) )]

2 1

1 3

2 2

2 ]

0, B29E=-03 4,0E~D2
P1@51E=03 4,0E"02
B.660E=03 4,0EmB2
0.430E~-B3 4,0E=82
21430E=03 4,0E=~0221
P4710E=-03 4,0E=02
11982E-83 4.0E=B2
P118DE=03 4,0E=02
1:500E-03 4,0E~B2
@.790E=D3 4,0E=22
2+200E-03 4.,0E=02
6:120PE23 4.QE=D2
1.52€=63 4,0E°02
11230Ee03 4,0E"02
3|ZQQE’G3 4 ,0E"B2
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4 1,0e~04
1 e
1 2
2 2
3 2
5@ 15

4,000E~02 2,000E=02
5,000E02 2,500E=D2
el ,60BE~B2 1,6B0E~02
8,080E~02 B8,002E~02
90, 0BPE=B2=35,000E~02
3,500E=02 6,000E~D2
~2,08BE~02 6,0B2E~D2
n4,P00E~02 B8,P00E~D2
G,00BE~02 98,000E~02
20,000E=02 3,500E=D2
1,400E=02 2,500E=02
1,400E~02 4,4PUE=02
40 ,020E~22 6,500E~02
10,000E~02 8,000F=02
~3,308E~B2 2,000E-02



PROGRAM RAMPL, PROGRAM TO CALCULATE CROSS-SECTIONS ACCORDING TO THE REICH~MOORE FORMALISM, USES ENDF/B VERSION I!

TITLE MOCK PU=244 RAMPY TEST DATA,

(Z,A) DESIGNATION OF THE ELEMENT 9,4024E+@5 AT,WT/MASS OF NEUTRON 2,3899E+02 NO OoF !SOTOPES 1

DATA FOR !SOTOPE NUMRER 1

(Z,A) DESIGNATION OF THE ISOTOPE ¢,4p24E«@5 FRACTIONAL ABUNDANCE 1,p0@PE+20 NO OF ENERGY RANGES 1
LOWER LIMIT OF THE ENERGY RANGE(EV) 1,0QQ0Q0E+00 UPPER LIMIT(EY) 2,0900E+91 LRU= 1 LRF= 3
NUCLEAR SPIN 2,5000E+00 SCATTERING LENGTH 9,7720E~21 NO OF L~VALUES 1

MASS OF THE ISOTOPE 1N UNITS OF NEUTRON MASS 2,3899E+@2 SCATTERING LENGTH(A=) 2,2008£+80 ANGULAR MOMENTUM v NO OF RESO!

ERES SPIN N GGAMMA GF A GFB
=1,6000E=01 2,000PE+00 2,9200E~E5 4,0000E=02 4,0000Ec02 2,0000E~B2
2,6000E-01 3,000PE+E2 5,1B6RE~D5 4, BBBPE=D2 5,0000E~02 2,5080E~D2
4,3000E+00 2,0000E+20 6,600BE~4 4, DOBOE~D?2 *1,6000E<02 11 6000E~D2
4,5800E+p0 3.0000E+08 4,30C0Enp4 4,0080E=02 8,2200E~22 8,0002E-02
5,9200E+08 2,0000E+20 2,4300E~p3 4,0000E=02 1.080BE+00 «345800E~01
6.9300E+00 3.0088E+20 7,1000E~24 4,0200E=02 3,5080Ec02 6,00BBE~D2
8,6000E+00 2,0000E+20 1,0060E~03 4,0B0CE=D2 -2,B220E~02 8,0000E02
9.5000E+00 3,0008E+00 1,800¢E~p4 4,0002E=02 ~4,0000E02 8,2000E~82
1.0100E+01 2,0000E+02 1,5002E~03 4,0000E~02 ?,000BE+00 9.0000E~PY
1,2780E+01 3,0020E+00 7.9022E~04 4, PPOBE=DB2 2,0000E-C1 $.5000E~22
1.340PE+01 2,0090E+20 2,208PEmD3 4,0080E=C2 1,4000E<02 2,5000E-02
1,4750E+01 3,0000E+28 6,2008BEnD3 4,000PE=D2 1,4000E002 1,4000E=p2
1,5980E+01 2,8730E+08 1,520BE~23 4,0000E-02 4,2200Ee01 6,5¢00E~22
1,6690E+01 3,6000E+80 1,2300E~33 4,0000E-22 14, 00E0E~B1 B,2p20E~D2
1,7830E+01 2,0022E+00 3,2000E~03 4,008QE-82 ~3,0000ERR3 2,0022E~B2
CROSS«SECTIONS AT THERMAL ENERGY
NEUTRON ENERGY(EV) SIGNN S1GCAP S1GF SIGTOTAL
2,530080E~02 9.96B436E+00  3,062950E+02 5,856657E¢02  9,019291E+22
NEUTRON ENERGY(EV) SIGNN S1GCAP SIGF SIGTOTAL



1,000000E+00
1,036330E+00
1:072660E+00
1,825Q000E+0¢
2,650000£+00
3,4750@0E+02
4,227340E+00
4,263670E+00
4,300000E*00
4,336330E+002
4,370202p+00
4,372660E+00
4,379578¢+00
4,440000E+00
4,479785E+08
4,5180p0E+00
4,580000+00
4,68¢215E+00
4,782430E+00
4,915%00p+02
5,2237B5E+00
5,2527200E+00
5,585000E+00
5.:920000E+002
6,172500FE+900
6,425000£+00
6,6162156+00
6,677500E+0¢2
6,79429PE+00
6,862145E+00
6,932000E+00
6,997855¢+30
7.0657108E+082
7.:347500E+00
7,765080E+50
8,182500E+089
8,4790Q0E+022
8,5395@0E+20
§,600000E+00
B,66p520E+00
8,721000E+00
8,82500PE+00
9,850030E+70
9,275C20E+09
9,339820E+00
9,419910E+02
9.,500C002E+28
9,58009PE+00
9,629250E+00
9,650000E+00
9,660180E+00
9,800000E+00
9,950¢DPE+20
1,010020€E+01
1,857075€E+@1
1.,077000g+01
1,104150€E+21
1,144700E+21
1.:2119080€+01
1,250421E+01
1,264210E+21

1.258544E+01
1.,255058E+01
1.851764E+01
1.981607E+01
9,478008FE+00
B,536163E+00
5.104562E+00
8,831456E+00
3.043822E+0%
3.186469E+071
2,108056g+0
2.252070E+01
1,921911E+8y
1,322645E+04
1.177551E+01
1,150442E+01
1.384179€+01
1.510298E+@1
1.332331E+01
1.183322E+01
1,0236864E+01
1.,030479E+0y
9,990475E+080
1.965295E+01
1,115306E+01
1,09176pE+01
1,004552E+01
9,570393E+029
8,371799E+092
8,879052E+00
1.809265E+01
2,187452E+0%
1,792169E+0y
1,344669E+21
1,166345¢+037]
1,025646E+01
9,194361E+20
1,284646E+01
2.9726658E+01
2.454734E+01
1.,864061E+0y
1.,468965E+0
1,243703E+04
1,298433E+01
1,054623E+01
1,016824E+81
1.119660E+01
1.21639%7E+21
1.198685E+01
1,190027E+04
1.186879E+81
1.160841E+@1
1.1869041E+03
1,24224B8E+0]
1.253795E+0
1.208537E+014
1,147766E+01
1,065231E+31
9,.055921E+90
7.469381E+00
7.849704E+020

4,9¢0407E%00
4,552330E+00
4,253114E+00
2,271752E+00
2,614635g+09
5,725111E+0¢
2,650225E+02
6,450148E+p2
1,5B84681E+B3
9,107029E+02
3,779431g+02
3,56780¢6E+02
3,099162E+02
1,463447E+02
1,314830E+02
1,402460E+02
1,699830g+02
3,895554E+01
4,045471E+01
2.875535g+01
1,163614E+01
1,147385E+01
1,2¢3536E+01
1.366816E+01
1,348941E+01
1,446035E+01
2,218022E+01
2,959330E+21
7,467768BE+D1
1,775740E+02
3,452943E+02
1,728851E+02
7.144360E+01
1,236468E+01
6,508113E+00
1,088876E+21
7,555025E+01
1,851301E+02
3,831015E+02
1,891886E+p2
7,491894F+214
2,658259E+81
1,003372E+01
1,096461E+021
1,473751E+0),
2,829259E+061
5.097828E+01
2,855911E+01
1,877122E+01
1,639476E+01
1.547843E+01
1.061038E+01
1,825375E+01
1.281515E+01
5,386169E+¢8
4,153931F+29
3,316Q95E+20
3,060883E+00
5,867992E+00
1.,438958E+01
3,017804E+01
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6,772793E+00
6,920152E+00
7,085793E400
1,118875E+021
1,666293E%01
2,680162E+01
1,355504E+02
3,4p2282E+02
1,0696B1E+23
9,132591E+02
5,675073E+02
5,526902E+02
5,199569E+02
4 ,368031E+02
4,885665E+02
5,650123E+02
7,829183E+82
3,722261E+02
2,830781E+02
1,519174E402
1,708226E+02
1,754491E+02
2,565913E+82
3,219918E+22
S,800274E+02
2,438126E%02
2,202129E+02
2,264784E+02
3,153549E+22
5,515465E+02
9,409558E+02
5,203538E+02
2,72623BE+082
1,138863E+22
9,027773E+81
1,142373E+02
3,162147E+02
5,432464E+02
7,850983E+02
1,836176E+02
2,864014E+01
3,616975E+00
2,632857E+01
6,047112E%81
7,9640874E81
1,3025088E+02
2,142998E+22
1,639949E+02
1,432153E+02
1,395057E%02
1,385668E+02
1,504076E+02
1,728589E+02
1,738L37E+22
6,741B65E+21
4,115512E+01
2,293927E+01
1,302784E+01
1,926266E+01
7,350651E+01
1,655657E%02

2,225864E421
2,2023C6FE+01
2,185652E+01
2,347657E+21
2,875557E+91
4,1062689E+01
4,056774E+02
9,940745g+02
2,68464BE*D3
1,855825E+403
9,6653C9E+02
9,299915E+02
8,490922E+02
5,963742E 22
6,518250E+02
7,165627E+02
8,866631E+02
4,762B46E+02
2,4568561E%82
1,845459¢+082
1,928274g+02
1,972248E+02
2,786171E+02
3,463169€+482
3,246699E+02
2,691905E+02
2,524387E+02
2,656421E%82
3.,984p44E02
7.379996E%82
1,304343E+403
7,142335g+02
3,619883E+02
1,396976E+82
1,084493£482
1,353825E+02
4,809593E+22
7,404229E+02
1,113926E+24
3,973535(+02
1,2231997E+02
4,488922E+81
4,849932E+21
8,234005E+21
4,049245E+02
1,689696E+22
2,764744E+082
2,047180E+02
1.,737734E+02
1,678008E+02
1,659060E+02
1,726264E+82
1,949816E+02
1,954513E+82
8,533478E+81,
5,739442p¢021
3,773303E+01
2,674104E4+01
3,338657E+%01
9,536547E+01
2.827934E482



o PRGGRAM ADLER(INPUT,QUTPUT) ADLREBY

COMMON/D/ERAN(2,5081) ADLRBEZ
COMMON/G/EX(101),JFLAG(101) ADLREO3
COMMON ARAY1(6,500) ,ARAY2(6,580) NOT(20)+2A1(20),ABN(1D), AD ROZ3
ANER(12)»LFW(1@)sEL(1@,10)EH(18,10) L. RU(1Q,18),LRF(12,1R), ADLR@pY
2LANG(L1E4+5,5) ,NLS(10, 1Z).NRES(iﬂ)oSPI(iﬂSoAP(iﬂ).LIS(lI)aAMtlﬂ), ADLROD6
3AWRJE1g), LI(lE) NXX{18),ABG(13,6,3),NJSt1g,5,5),4J(18,5,8), ADLRpR7
4AREF(6)1TEFFaDELTAnE ADLROPE
DIMENSION TITLECT) ADLRo®Y
EXTERNAL MOV,KOM ADLRO}®2
EXTERNAL MOVE,«OME ADLRD14
DATA MAXPTS,MAXRES,ETHERM/2000,100,9,253E=01/ ADLRE1Z

C==~s=THIS IS A PROGRAM TO CALGULATE TOTAL,CAPTURE AND FISSJON CROSS= ADLRELS
Cr==g=SECTIONS FROM THE CORRESPONDING AOLER ADLER PARAMETERS, THERE 1S ADLRO14
C~=e-=0PTION FOR DOPPLER BROADENING USING THE CONVENT!ONAL PS] AND CHI! ADLR215
C-=~c=FUNCTIONS,NOTE THAT THE CONSTANT C=E(EV)®Pl#(LAMBDA=BAR)##2 [S NOTADLRp16
Cr~-scINCLUDED IN THE ADLER PARAMETERS G AND M AS IT IS DONE [N SOME ADLRB17

Cre=-c=EVALUATIONS, RUNS OGN BOTH CDC~6622 AND PDP-182, ADLRoi8
Cm=-wwENDF/B VERSION Il DATA ADLRE1Y
c 11141112212131311443413122114224341213222212112441312111311211411113111A0 RG22
READL, (TITLE{1),121,7),10PL, YEFF ADLRRZ1

Cm=-e=l0PLal IF DOPPLER BROADENED CROSS-SECTIONS ARE DESIRED,ELSE [DPLmpADLR@Z2
Cre-ecTEFFREFFECTIVE TEMPERATURE OF THE TARGET IN DEGREES KELVIN, ADLREZE
PRINT42 ADLRB24

PRINT25 ADLRB23

PRINT43 ADLR226

PRINT25 ADLRE2F

PRINT24,(TITLE(I) 1 151,7) ADLRRZ28

PRINT25 ADLRO2ZY
PRINT2,1DPL, TEFF ADRESH

PRINT25 ADLRZS]

1 FORMAT(7A4,2X,15,F5,1) ADLRB3Z

o 222222222222222222222222222222222222222232222222222222222222222222AOLRZSS
1013 READ3, ZAs AWR/NOT(1)»NOT(2)NIS,NOT(3) ADLRES4
C~-s'~ZA=(Z.A)DESIGNATION OF MATERIAL,AWRSAT,WT/NEUTRON MASS:NIS=NQ OF AD|ROS>
Cr=-5gISOTOPES ADLRO36
PRINTL7 ,2A,AWR,N1S ADLRB37

PRINT25 ADLRBSB

Ji=1 ADLRDSF
JF1Ds1 ADLRD4D

DO 101 l=1,NIS ADLR241
NRANGE =1 ADLRE4Z

c 333333333333333333333333333333333333333333333333333333333333333333AOLR03§
PRINT25 ADLRD44
PRINT18,! ADLRB43

PRINT25 ADLRR48
READI,ZAT( 1), ABNCI) JNOT(4) s LFWCT) ,NERCI),NOT(5) ADLR247

Cee=cgZAl{1)=(Z,A) DESIGNATION OF 1TH ISOTOQPE ABN(I)'HT FRACTJON OF ITH ADLRE48
Cr=osc]SOTOPE |FWs] FISSION WIDTHS ARE GIVEN,32 FISSION WIDTHS NOT GIVENADLRPA?

C-=~ssNER(1)2NO OF ENERGY RANGES USED ADLRA5Q
PRINTL9,ZAI(1),ABN(]I) NERCTD) ADLROSL

NERI=NER(I) AQLRE52

J2=1 ADLRB>?3

o 444444444444444444444444444444444444444444444444444444404444444444AD RD54
106 READ3,EL(1,J2),EH(T1,J2),LRUTT,J2),LRF(]1,J27,NOT(6),NOADLR@DS
1T(7) ADLR@S8
C~=-sgE( = OWER ENERGY [ IMIT OF A RANGE:, EH=UPPER [IM]T OF A RANGE AD| RB57

C--=-gLRU=3 RESOLVED RESGNANCE PARAMETERS,LRU=Z UNRESOLVED PARAMTRS ADLR@BS8E
C--s=zRF=4 INDICATES THAT THE ADLER-ADLER FORMULAE SHOULD BE USED TO ADLRBSY
C===-z=-CALCULATE CROSS~SECTIONS, ADLRO6D

PPINTZZ,EL(I;JZ),EH(I:JZJaLRU(I.JE).LRF(IoJZ) ADLROS1
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LRUTJLRUCT ) ADLREOZ

IF(LRUIJ=11127,128,1010 ADLRDOS

127 PRINT12 ADLRO64
60 To 132 ADLR265

128 NMOM=1 ADLRBE6

¢ 555555555555555555555555555555555555555555555555555555555555555555A0(,R867

READ3,SPICI) APCI ) NOT(7) ,NOT(8) ,NLS(L,J2) NOT(9) ADLRpoO8
Cre==2SP1(1)25PIN OF THE JaTH 1SOTOPE,AP(1)zA% SPIN DEPENDENT SCATTERINGADLR669
Crm==~ENGTH [N UNITS OF 1,0E~-12CM, AM(I)HA»; FOR SPIN INDEPENDENCEAM(I)=AD|RE70

Ce=--~NLS3NUMBER OF I-VALUES ADLR2 73
PRINTzl;SPI(!).AP(I).NLS(IpJZ) ADLRQ72

Jb=l ADLRg73

c 666666666666666666666666666666666666666666666666666666666666666666AD RB74
104 READ3,AWRJ(T),NOT(L1) LI ¢I) o NOT(12) ,NX6X,NXX(]) ADLRE75
PRINT37.ANRJ(I) ADLR276

PRINT41,L1(1) ADLRB77

PRINTZ8,NXX(D) ADLRET7Y

PRINT25 ADLRR79

Cr=-»gAWRJ(I)}SRATIO AF THE MASS OF THE 1«TH NUCLEUS TO THE NEUTRON MASS,AD{,Rp8®
Co==gz=LI(]}=5 IF TOTAL AND CAPTURE ,L1(I1)z6 [F FISSION AND CAPTURE AND ADLRp81
Cr==z= 1(1)=7 IF TOTA{,CAPTURE AND FISSION CROSS-SECTIONS ARE GIVEN, ADLRR82

Cme=w=NXX(1)=2 IF THE BACKGROUND PARAMETERS ARE GIVEN FOR THE ADLRZBS
C-=~==TOTAL AND CAPTURE CROSS~SECTIONS, NXX(1)=3 IF THE BACKGROUND PARA-AD| R284
C--=-c=METERS ARE GIVEN FOR TOTAL,CAPTURE AND FISSION CROSSeSECTIONS, ADLR@Y5
NMOMaNMOM#*1 ADLRRY6
NXXITeNXX(1) ADLRO87

o 7777777772777777777777777777777777777777777777777777777777777777777 A0 R@BE
00 1281 J31,NXY1 ADLRDBY
READ4, (ABG(I+KsJ) 1 K=1,6) ADLRBY0

GO TO (1222,1293,1004),J ADLREYY

1802 PRINT33 ADLREY2
G0 To 1@25 ADLRE9S

1003 PRINT34 ADLR@Y4
GO To 1025 ADLREY5

1084 PRINT3S ADLR296
1805 PRINT3I6,) CABG(L K J) 1 K=1,46) ADLRBYT
PRINT2S ADLRBYB

1901 CONTINUE AULREYY

Cr=-2=ABG(1sK,J) ARE THE BACKGROUND PARAMETERS WHICH ARE SUPPOSED TQ ACCADLR1VY
Cmm===0UNT FOR THE TAli,S OF RESONANCES WHICH ARE OUTSIDE THE ENERGY RANGAOLR101

C~~-w=E UNDER CONSIDERATION, ADLR102
o 88388888882 38838386638388680838383680858583388885885888808B8888888R868AD,R104
READ3,NOT(L13) ,NOT(14) ,LANGCT,J2,JL) aNOT(15),NJSCT,J2,ADR1Y4

1JL) 4 NOT(L6) AQLR18S
Co==seANG(T,J2,JL) GIVES THE ANGULAR MGMENTUM OF THE RESONANCES, NJS ISAD|R196
C--wa~THE NUMBER OF J=VALUES, ADLR1©7
PRINTIGLANGtT ,d2.db ) NJSET U200 ADLR1Y3

NJSTJ=NJS(I,J2,dL) ADLR19OY

Jas=1 ADLR110

o 999999999999999999999999099999999699999999999999999999999999999999AN(R111
2092 READS,AJCT 1 J2, L1 s AM(TI) 4NOTTL7) ,NOT(18) ,NLJ12,NLY ADLR112
PRINT25 ADLR11S
PRINT4D,A 5010020 JL) 1 NLJ ADLR114

C-w=-e=AJ GIVES THE SPIN OF THE RESONANCES IN THIS GROUP, THIS SHOULD BE ADLR11Y®
C=====A FOUR DIMENSIANAL ARRAY, SINCE A FOUR DIMENSIONAL ARRAY CANNOT BEADLR116
Cr--w= HANDLED BY THF CDC=662@ AND SINCE WE DO NOT USE THIS INFORMATION ADLR1l7
Cm==a=ANYWAY, WE HAVF LEFT THIS HERE AS A THREE DIMENSIONAL ARRAY, ADLR118
C-==~=-=AM(l)=A~ SPIN NEPENDENT SCATTERING LENGTH IN UNITS OF 1.@g-12CM, ADLR11Y
Co~-wwAM(1)=@.9 AT PRESENT IN ENDF/B, NLJ= NUMBER OF RESOMANCES WITH A ADLR120
C-=-a~GIVEN [ AND J YALUE, ADLR121

J3zJ1+(NLJ-1) ADLR1Z2
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C AAAAAAAAAAAAAAAAAAAAAAAAAAAAAAAAAAAAAAAAAAAAAAAAAAAAAAAAAAAAAAAAAAADLRLZS

DO 12008 J=J1,J3
RFEAD4, (ARAY1(K,d)K=1,6)
READ4, (ARAY2(K,d)1K21,6)
128¢ CONTINUE
C---o=THESE ARE THE ADLER-ADLER RESONANCE PARAMETERS,
Co==s=ARAY{(1+J)=MUT, ARAY1(2,J)=NUT,ARAY1(3,J)3GT,ARAYL(4,J) =HT,
Comew=ARAY1(5, ) =MUF,ARAYL (6, J)=NUF , ARAY2(1,JI3GF ARAY2(2J)=NF,
Cre=w=ARAY2(3)J)=MUC,ARAY2(4,J)=NUC,ARAY2(5, ) EGC)ARAY2(6, ) =HE,
PRINT2S
PRINT ¢
PRINT 25
PRINT3Z
PRINT23, CARAYL(1, 0 ARAYL(2,J) ) ARAYL(3,J) s ARAYL (4, ), J=d4,U3)
PRINT25
PRINT31
PRINYZ23, (ARAYL(5,J) s ARAYL(6,J) 1 ARAY2(1,J), ARAY2(2,J),JEdL,J3)
PRINT25
PRINT32
PRINT23, (ARAY2(3,J) 1 ARAY2(4, ), ARAY2(5,J),ARAY2(6,J),J=J1,J3}
WizJ1+NLYJ
Jémjd+l
1F(J4~NJSIJ)202,202,203
203 JL=JL+1
PRINY25
TF(NMOM=NLS(1,.J2))104,104,1023
193 NRANGE=NRANGE+1
J2=J2+1
I1F (NRANGE~NERI)126,126,1010
1210 NRES(I1)=Ji-~JFIN
JF1D=J1
181 CONTINUE
NTOTAL=Jlsl
PH1=3,14159265

ADLR124
ADLR125
ADLR126
ADLR127
ADLR128
ADLR1£9
ADLR130
ADLR131
ADLR1s2
ADLR183
ADLR164
ADLR135
ADLR1sé
ADLR1S7
AD|LR138
ADLR139
ADLR140
AOLR14}
ADLR14£
ADLR143
ADLR144
ADLR14>
ADLR146
ADLR147
ADLR148
ADLR14y
ADLR159
ADLR169
ADLR161
ADLR164
ADR16%
ADLR164
ADLR185

2 FORMAT(26H OPTION TO DOPPLER BROADENIS,26H EFFECTIVE TEMPERATURE(#ADLR166

1K)Flg.3)
FORMAT<2E11.4a4111)
FORMAT(6ELL,4)
FORMAT(2X,4(2X,E2D2,6,2X))
FORMAT(4gH ADLFR=ADLER PARAMETERS FCR THIS ISOTOPE)
12 FORMAT{(2@H ERRAR IN INPUT DATA)
11 FORMAT(44H ADLER=ADLER CROSS-SECTIONS FOR THIS ELEMENT)
12 FORMAT(37H CROSS«~SECTIONS NOT DOPPLER BROADENED)
13 FORMAT(33H CROSSSECTIONS DOPPLER BROADENED)
14 FORMAT(98H NEUTRON ENERGY(EV) TOTAL X=SECTION
1FISSION X=SECTION CAPTURE X~SECT}ON)

O @

ADLR171
AD|,R172
ADLR174
AQLR174
ADLR175
ADLR176
ADLR177

17 FORMAT(33H (Z,A) DESIGNATION OF THE ELEMENTE11,4,22H AT,WT/MASS OFADLR178

1 NEUTRONE11.4,15H NO OF ISOTOPESIS)
18 FQRMAT(24H DATA FOR ISOTOPE NUMBERIS)

ADLR179
ADLR18E

19 FORMAT(S3H (Z,4) DESIGNATION OF THE ]SOTOPEE11,4,21H FRACTIONAL ABADLR181

1UNDANCEE11,4,28H NO OF EMERGY RANGESIS)

ADLR182

20 FORMAT(36H LOWER LIMIT OF THE ENERGY RANGE(EV)E11,4,18H  UPPER | ]1AD|R183

IMIT(EVIEL11,4,6W LRUal5,6H L|RF=l15)

ADLR184

21 FORMAT(13H NUCLEAR SPINE11,4,18H SCATTERING LENGTHEL11,4,415H NO OF ADLR18>

1L-VALUESTS)

ADLR186

22 FORMAT(41H CONSTANT USED To CALCULATE PENETRABI|ITYEL11,4,22H SCATTADLR187
1ERING LENGTH(A=)E1144,17H ANGULAR MOMENTUMI5,17H NO OF RESONANCESIAOLR188

25)
23 FORMAT(2X,4(E2B,6))
24 FORMAT(11H TITLE 7A4)

25 FORMAT(//)
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26 FORMAT(12(1X,F8,5,2X)) ADLR19S$

27 FORMAT(33H CROSS=SECTIONS AT THERMAL ENERGY) AOLR1Y4
28 FORMAT(4(E13,6,1X,11)) ADLR195
29 FORMAT(33H THE BACKGROUND PARAMETERS ARE) ADLR196
30 FORMAT(74H MUT NUT GT ADLR1Y7?

1 HT) ADLR198
31 FORMAT(74H MUF NUF GF  ADLR199

1 HF ) ADR20@0
52 FORMAT(74H Myc NUC GC ADLR243

1 HC) ADLR212
33 FORMAT(5¢H BACKXGROUND PARAMETERS FOR THE TOTAL CROSSaSECTION) ADLR213

34 FORMAT(52H BACKGROUND PARAMETERS FOR THE FISSION CROSS=SECTION) AD_R244
35 FORMAT(52H BACKGROUND PARAMETERS FOR THE CAPTURE CROSS~SECTION) ADLR2©5
36 FORMAT(4H AL=E18,6,4H A2=E18.6,4H AS=E1B,6,4H A4cE18,6,4W B1=E18,6ADR206
1,44 B2xE18,6) ADLR207
37 FoPMAT<48H MASS QF THIS 1SQTOPE In UNITS OF NEUTRON MASS E11,4) AD|R2¢8
38 FORMAT(4H NX=13,182H IF NX=2 TOTAL AND CAPTURE BCKGRND PARAMETERS ADLR22Y
1GIVEN,IF NXs3 TOTAL,CAPTURE AND FISSION PARAMETERS GIVEN) ADLR218
S$9 FORMAT(S5H ANGULAR MOMENTUM OF THE RESONANCESI1g,19H NUMBER OF JmSADLR211
LTATESI1O) AD[R212
42 FORMAT(29H JaVALUE FOR THESE RESONANCESF5,2,57H NUMBER OF RESONANCADLR21S
1ES FOR THE ABOVE L~VALUE AND THIS J 1SI1@) AD{R214
41 FORMAT(4H LI=15,109H IF LI=5 TOTAL AND CAPTURE, LI=6 FISSION AND CADLR215
LAPTURE, AND | I=7 TOTAL CAPTURE AND FISSION CROSS~SECTIONS GIVEN) AD|R216
42 FORMAT(126H1 PROGRAM ADLER, CALCULATES CROSS~-SECTIONS FROM ADLER=AADLR217

1DLER PARAMETERS WITH OPTION FOR DOPPLER BROADENING,) ADLR218

43 FORMAT(24H ENDF/B VERSION I1 DATA,) ADLR21Y
DO 128 [=1,NTOTAL ADLR220
TERMi=ARAY1(L, 1) ADLR223%
TERM2zARAY1(2,1) ADLR222
IF(TERML ,EQ,2,0,0R, TFRM2,EQ,2,0)60 TO 1480 ADLR223

GO To 1081 AD{R2¢31

1080 TERM1=ARAY1(5,1) ADLR224
TERM2=ARAY1(6,1) ADLR2¢5
IF(TERM},EQ,2,0,0R,TFRM2,EG,2,0)G0 TO 1082 ADLR226

Go To 1083 ADLR2261

1081 ERAN(1,])=TERML ADLR227
ERAN(2,])=TERM2 ADLR228

GO To 108 ADLR229

1082 TERM13ARAY2(3,1) ADLR2$8
TERM2=ARAY2(4,1) ADL,R2S1
IF(TERML,EQ,@.,@,0R, TERM2,£0Q,2,2)G0 TO 10b4 ADLR282
GO To 1085 ADLR2821

1083 ERAN(1,])=TERM1 AD|R2S3$
ERAN(2,])=TERM2 ADLR254

GO TO 1@8 ADLR23D

1284 PRINT1C ADR236
GO To 130 ’ ADR237

1285 ERAN(L,])=TERM!L ADLR238
ERAN(2,])=TERM2 AD|,R239

128 CONTINUE ADLR24¥
CALL QIKS(1,NTOTAL,MOV,KOM) ADLR241
PRINT11 ADLR242
PRINT25 ADLR243
PRINT27 ADLR244
PRINT25 ADLR24>
PRINT14 ADLR236
PRINT25 ADLR247
E=ETWERM ADLR248

CALL ADSIGMA(E,NIS,1,o) ADLR249Y
PRINT8B,E, (AREF(LL),LL21,3) ADLR25D
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1529
1501
122

134
1321
1320

132

1249

117

1105
1110

1111

1112
1106

1116

PRINTZ5
JFC(IDPL-EQ.1)G0T01509
PRINTL2

PRINT25

GO To 15@1

PRINT13

PRINT25

PRINT14

PRINTZ25

CONTINUE

D0 124 JJy31,NIS
NERJJZNER(JJ)

DO 125 KK=1,NERJJ
IRANGE=KK
LRUJKELRU(JJKK)
IF(LRUJK=11131,1321,325
PRINT1d

GO To 138
IF(JJ.EQ,1)G0 TO 1329
GO To 182

ELOREF=EL (JJ,KK)
EHIREF=EH(JJ,KK)
ELOSELOREF

EHIsEHIREF

GO To 1242
ELO=EL(JJsKK)
EHI=EH{JJ,KK)

IF(ELO,EQ,E,OREF (AND,EH] EQ,EHIREF)GO TO 124

GO To 1244

MM=MAXPTS/ (44MAXRES)

NN=MM

IFLAG=1

NLSKK=NLS (JJKK)

Jé=1

1START=1

1END=Y

IF(IEND.EQ,2)G0 TO 125

FLENE- TSN

E1=ERAN(L,J4)

G1=ERAN(2,.J4)

E22ERANC(1,J5)

G2=ERAN(2,)5)

IFCEL . T.ELO.ANDE2,( TLELO)GO TO 13120
GO To 1195
IF(ELLEL,ELO,AND,E2,6T,ELO)GO TO 1118
GO To 1111

Ei=ELO

G1=G2

ISTART=p

GC To 1114
IF(ELGT,ELO,AND,E2,LE,EHI)GO TO 1112
Go To 1113
IF(J4.EQ,1,AND,ISTART,EQ,1)GO Tp 1106
GO To 1114

E2=E1

G2=G1

E1=ELO

NELNEE Y

ISTART=P

GO To 1114

E2=EHI+G1/FLOAT (MM
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ADLR253
ADLR252
ADLR253
ADLR2%4
ADLR255
ADLR296
ADLR257
ADLR258
ADLR2D¥
ADLR26®
ADLR261
ADLR262
ADLR263
AD|R264
ADLR26%
ADLR266
ADLR267
ADLR268
ADLR269
ADLR2891
ADLR270
ADLR271
ADLR272
ADLR273$
ADLR27%
ADLR275
ADLR276
ADLR277
ADLR2771
ADLR278
ADLR279
AQLR28U
ADLR28}
ADLR282
ADLR2B3S
AQLR284
ADLR2B5
ADLR286
AD| R287
ADLR288
ADLR2B9
ADLR29%
ADLR29]
ADLR2931
ADLR292
ADLR2921
ADLR293
ADLR294
ADLR295
ADLR2Y$
ADLR2Y7
ADLR2971
ADLR2%8
ADLR29B1

. ADLR299

ADLR300
ADLR32],
ADLR30Z
AD R30S
ADLR3Q4
ADLR305



1113
1123

1124

1125
1114

1118

112¢e

116

129
1117
1258

125

124
130

500
12085

IF(EL1.LT,EH] ,AND,E2,6E,EH])GO TO 1123

Go To 1124

E2=EMT

G2=61

1END=R

GO To 1114

IF(EL.GE,EHI ,AND,E26T,EHIIGO TO 125

GO To 1125

IFCIFLAG)1120,125,1120

IF(E1.EG,E2)G0 TO 1120

GO To 1118

CONTINUE

CALL SIEVE(E1,G1,E2,62,MM,NN,NX,TEFF,AWR)

CALL QIKS(1,NX,MOVE,KOME)

GO T0 116

IF(IEND-EQ,2)G0 TO 125

JazJ4+]1

GO To 117

Do 199 [=21,NX

E=EX(1)

JFLAGIaJFLAG(I)

CALL ADSIGMA(E,NIS,KK,IDPL)

PRINT8,E, (AREF(LL) LL=1,3)

CONTINUE

IFCIFLAG)YL1147,125,1147

NEENELES

IF(NTOTAL~J4)125,1250,117

E1=ERAN(L,J4)

G1=ERAN(2,J4)

GO To 1116

CONTINUE

CONTINUE

CALL EXIT

END

SUBROUTINE ADSIGMA(G,NIT,XK,10PL)

COMMON/D/ERAN(2,5321)

COMMON/ZC/ZEX(401),JFLAGtLEL)

COMMON ARAY1(6,502),ARAY2(6,5002),NOT(20),2A1(202),ABN(1D),
INER(L1@) pLFW(L@) yEL(LIR,10),EH(10,10)LRULLD, H&v.rxﬂﬁps Hbv.
2LANG(10,5,5) )NLS(10,12),NRES(1D),SP1¢108),AP(12),L15(48)AM(12),
m>zmgﬂpsv_rgﬂpav.zxxapav ABG(10.:6,3)NJS{1B,5,5),A0(12,5:5),
4AREF(6),TEFF,DELTA,E

TEF=TEFF/293,@

E12=8QRT(Q)

Tis=1,0/E12

N2=¢@

NTR=Q

Do 4 J=1,6

AREF(J)=8,d

CONTINUE

Do 112 I=1,NIT

LT=1

LC=1

LF=1

LITsLIC(D)

IF(L1!=5)500,581,5¢2

PRINTLUUS

FORMAT (23K ERROR INPUT DATA L1I¢(1))

ADLR3LY
ADLR3W91
ADLR31D
ADLR3LY
>crmupu
ADLR31J
AOLR314
ADLR3141
ADLR315
ADLR316
ADLR3L61
ADLR317
ADLR318
ADLR319
ADLR3ZD
ADLR3Z}
AD|R32¢
ADLR32&
ADLR324
ADLR32>
ADLR328
ADLR327
ADLR328
ADLR329
AQLR330
ADLR3ISY
ADLR3S2
ADLR3SS
ADLR3$4
ADLR3$5
AD|R336
ADLR337
ADLR3S8
ADLR359
ADSGOR]
ADSGOYZ
ADSGRLS
>omms-»
ADSGEY5
ADSGOWE
ADSGRO7
ADSGRYE
ADSGERY
ADSGBLY
ADSGP1L
ADSGELZ
ADSGB1S
ADSGEL4
ADSGBLD
ADSG216
ADSGB17
ADSGZLY
ADSGBLY
ADSG@2K
ADSGR21
ADSGp22
ADSGB2$
ADSGRZA




GO TO 112
501 LF=9
GO TO 6092
502 1F(L11-6)500,503,504
503 L7=0
Go To 668
594 1F(L11-7)5230,50¢5,5080
505 CONTINUE
600 NRESI=NRES(I)
AP1zAP(])
AWRJITAWRYLD)
WNz2 ,196771E=038(AWRJI/ (AWRJI+1,8))8AP]
WAVER2,196774E~B3 8 (AWRJI/Z(AWRIIHL,3))
CC=z1,B8/(WAVE®#2)
CC=CC#3.1415927
BELTA=0.3177#SORT((TEF«Q)/AWRJ])
[F(IDPL.EQ,01Ga TO 7¢¢
BETA=(CC»1,7724538)/BELTA
722 XOMEGA32,28WN8F12
S16T=0,0
S16C=0,0
SI16F=2,0
NXXT=NXX(I)
IF(NXX1.EQ,23Gn TO 1p2@
GO To 1001
1900 TAILT=ABG(Is1+4)¢(ABG(1,2,1)/Q)+(ABG(]1,3,1)/(Guu2))*
1(ABG(1,4,1)/(Q#a3))+ABG(1,5,1)*Q*ABG(],06,1)%Q4Q
TAILT=TAILT#CC/EL2
TATLC=ABG(I,122)«(ABG(1,2+2)/Q)+(ABG(],342)/(Quu2))+
1(ABG(1,4,2)/(Qua3))+ABG(1,5,2)#Q+*ABG(],6:2)%Q#Q
TAILCSTAILC#CC/E42
TAILF=0.0
Go To 1012
1281 IF(NXX!.EQ,3)Gn TO 1m@2
GO TO 1083
1022 TAILT=ABG(I,1,1)+(ABG(],2,1)/Q)+(ABC(I,3,1)/(Qwn2))+
1(ABG(1,4,1)/(Qus3))«ABG(1,5,1)#Q+ABG(],6,1)#Q%0
TAILT=TAILT®#CC/EL2
TAILF=ABG(I,142)#(ABG(1,2,2)/Q)+*(ABG(1,342)/(Qun2))+
1(ABG(1,4,2)/(Que3))«ABG(),5,2)#Q¢ABG(],06,2)8Q%Q
TAILF=TAILF#CC/EL2
TAILC=ABG(I,1,3)«(ABG(1,2,3)/Q)*(ABG(I1,3+3)/(Q0e2))+
1(ABG(1,4,3)/(Qa®3))+ABG(1,5,3)#Q+ABG(1,6,3)%Q%Q
TAILF=TAILF®CC/EL2
GO To 1012
1223 PRINT1204
1924 FORMAT(24H ERROR INPUT DATA NXX(I))
1812 NisN2+1
N2=N2+NRES]
DO 1@8 K=N1,N2
IF(LT,EQ,2)G0 TO 320
XMUT=ARAYL(1,K)
XNUT=ARAYL(2K)
XGT=ARAY1(3,K)
XHT=ARAY1(4,K)
S1=XGTeCOS(XOMEGA) ¢ XHT#SIN(XOMEGA)
S2=XHT#COS(XOMFGA) ~XGT#SIN(XOMEGA)
IF¢IDPL.EQ,?)GD TO 221
GO To 202
201 DENT(XMUTGQ)##24 (XNUT##2)
TERMz {XNUT#S1+(XMUT=Q)#S2)/DEN
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ADSGBZ®
ADSGRZS
ADSGBZ27
ADSGP28
ADSGR2Y
ADSGDSP
ADSGOSL
ADSGRBSE
ADSGR3$
ADSGRS4
ADSGE3S
ADSGD 36
ADSGR37
ADSGR S8
ADSGEZ 89
ADSGE40
ADSGR4R1
ADSGR4]
ADSGE42
ADSGR4S
ADSGRA4
ADSGR&5
ADSGR46
ADSGE47
ADSGE471
ADSGZ48
ADSGR4Y
ADSGR50
ADSGE51
ADSGE>2
ADSGERS
ADSGES4
ADSGEb5
ADSGRoe
ADSGR561
ADSGE57
ADSGZ58
ADSGZ5Y
ADSGEER
ADSGgé1
ADSGO62
ADSGRES
ADSGRE4
ADSGRES
ADSGREE
ADSGRE7
ADSGR68
ADSGEEY
ADSGR7®
ADSGE71
ADSGR7Z
ADSGR7S
ADSGR74
ADSGB75
ADSGB76
ADSGE77
ADSGR78
ADSGR7Y
ADSGZ791
ADSGR8R
ADSGZE1



202

300

301

302

420

4921

402

108

112

399

1009

SIGTaSIGT+(TERM#CCaTY)

GO TO 3Iop
SX1=z(XMUT=Q)/BFLTA
ETASXNUT/BELTA

CALL PFON(SX!,ETA U V)
TERM=T1a(SisU+S2aV)
S1GT=SIGT+TERMaBETA
IF(LF,EQ,2)G0 TO 4p0
XMUF=ARAY1(5,K)
XNUF=ARAY1(6,K)
XGF=ARAY2(1,K)
XHFBARAY2(2,K)
IF(IoPL.EQ,@)GN TO 3p1
GO To 392

DENS ¢ XMUF=Q)#a2+ (XNUF®a2)
TERMe (XNUF#XGF + (XMUF=Q) #XHF)/DEN
SIGFeSIGF+TERMsCCHTY

GO To 40¢
SX1=¢XMUFaQ)/BELTA
ETA=XNUF/BELTA

CALL PFONC(SXI,ETA,U,V)
TERMeT18(UsXGF+VaXKHF)
SIGF=SI{GF+TERMaBETA
IF(LC.EQG,B)G0 TO 1M8
XMUC=ARAY2(3,K)
XMUC=ARAY2(3,K)
XNUC=ARAY2(4,K)
XGC=ARAYZ2(5,K)
XHC3ARAY2(6,K)
IF(IDPL-EQ,2)G0 TO 4p1

GO TOo 402
DEN®E(XMUC=Q) #8224+ (XNUCHe2)
TERMa (XNUC#XGC+{XMUC=Q) #XHC)/DEN
S1GCeSIGC+TERMaCCaTY

GO TO 188
SX1={XMUC=E)/BFELTA
ETASXNUC/BELTA

CALL PFCONISXIETA,U»V)
TERMeT1#(UsXGC+VuXHC)
SIGCaSIGC+TERM#BETA
CONTINUE
SIGP=(2-8/Q)#(1,0=COS(XOMEGA) ) &CC
SIGT=SIGT+SIGP
SIGTaSIGT+TAILT
SIGF=SIGF+TAILF
SIGC=SIGC+TAlLE
IF(LT.EQ,8)S1GT=0,0
AREF(1)EAREF (1)« ABN(1)#SIGT
AREF(2)=AREF(2)¢ABN(1)aSIGF
AREF(3)=AREF(3)*ABN(]1)#S1GC
CONTINUE

RETURN

END

SUBROUTINE SIEVE(EL1,GL,E2,62:MsNsNX)SEFFBWR)

COMMON/C/EX(101) ,JFLAG(121)
IF(E2,LT,EL)G0 To 101

GO TO 348

N2=2aN

DO 1g@@l=l,108

JFLAG(1) =2

CONTINUE
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ADSG@82
ADSGDBS
ADSGP84
ADSGPE5
ADSGD86
ADSGE87
ADSG@B8
ADSGEYY
ADSG@Y2
ADSGBY1
ADSGBYZ
ADSGBY S
ADSGRY4
ADSGPY41
ADSG295
ADSGEZ96
ADSGE97
ADSGBY8
ADSG299
ADSG1K0
ADSG1R3
ADSG10Z
ADSG18S
ADSG104
ADSG105
ADSG166
ADSG107
ADSG168®
ADSGL1BY
ADSG1ie
ADSG1i01
ADSG111
ADSG112
ADSG11$
ADSG114
ADSG115
ADSG116
ADSG117
ADSG118
ADSG119
ADSG120
ADSG12j
ADSG122
ADSG128
ADSG124
ADSG125
ADSG126
ADSG127
ADSG128
ADSG129
ADSG180
ADSG151
ADSG182
S1EVDUY
SIEVRYZ
SIEVEDS
SIEV@LSL
SIEVDU4
SIEVPW5
SIEVBUE
SIEVD07T



1081
1002

127

1003
102

108

10p5
209
110

101

1006

i1
1807

i22s8

TEFSSEFF /293,18

DP=(1,5885E+82)*SQRT (TEF/BWR)
WHEN MULTIPLIEN BY SQRT(E) QP GIVES 5 TIMES CORRESPONDING DELTA

Dp1=DPeSQRT(EL)
DP2=3pP#SQART (E2)
DG13G1/FLOAT (M)
DG28G2/FLL0AT (M)
Ex(1)=EL
1F(G1,L7,D0PLYGN TO 1001
GO TO 1982

WFLAG(L) =1

ENDIF=ABS (E2-E1)

NXx=1

00 182 [=1.N
XX=E1+DG1#FLOAT (I)
IFtXX,LT,E2)G0 TO 187
Go To 160

NX=NX+]

EX(NX)=XX
1F¢GL.LT,DPL1)GN TO 1g23
Go To 169

WFLAG(NX)=1

CONTINUE

00 228 [=1.N
XX=E2~DG2#FLOAY (D)
IF(XX.GT,EL}GO TO 1@8
GO To 20Q

NXsNX+1

EX(NX)=XX
IF¢G2,L.7,0P2)G0 TO 1gg5
Go Yo 200

JFLAG(NX)=1

CONTINUE
DIFF=(E2«EL1)/FLOAT (N2)
IF(DIFF)101,101,102
PRINT123

GO TO 144

FORMAT(32H CALLING SEQUENCE OF SIEVE WRONG)

N21=NX+1

NN=NX

N22=N21+N2=2

NX=N22

E21=(E1+E2)/2,2
DP12aDP#SQRT (F21)
E43=£2-E1s(({G1+G2)/2,0)
IF(E43,LT,DP12)G0 TO 1006
GO To 1wg7

00 111 [=N21,N22

1231alNN
EX¢(I)=EL+DIFF#FL QAT (12)
JFLAG(TI) =1

CONTINUE

GO To 1049

DO 112 I=N21,N22

12=1<«NN
EX(IY=EL+DIFF=FL0AT (12)
DPTEST=20P#SQRT (EX(I))
IF(EX(1Y,LE,E21)G0 Y0 10228
Go To 1699
{F(GL.,,T,DPTEST)GO T0 1012
GO To 112

-123~

SIEVBUS
SIEVR®Y
S1EVE1Q
SIEVELL
SIEVELZ
SIEVOLS
SIEVOL4
SIEVPL5
SIEVD16
SIEVPL161
SIEVEL7
SIEVP18
SIEVELY
SIEVDZD
S1EVP2L
SIEVE2Z
S1EV@221
SIEV@ZS
SIEVD24
SIEVP23
SIEVP251
SIEVPZ6
SIEVDZ7
SIEVDZE
SIEVEZY
SIEVESP
SIEVESDL
SIEVES1
SIEVPS2
SIEVR3S
SIEVE331
SIEVDS4
SIEVDSS
SIEVDSE
SIEVES7
SIEVRSE
SIEVPSY
SIEVD42
SIEVEaL
S1EVDA2
SIEVP43
SIEVD4
SIEVD3>
SIEVE4S
SIEVBAT7
SIEVE48
SIEVPAa81
SIEVEAY
SIEVE52
SIEVESL
SIEVES2
SIEVE5S
SIEVDH4
SIEVEDS
SIEVDSé
SIEVEST7
SIEVESS
SIEVE59
SIEVES91
SIEVE6D
SIEVE6R1



1919
1009

1211
112
1049

114
113
104

CPFC2

11
99
992
§922

993

995

994

9941

9942

9921

9%23

JFLAG(T) =1
GO TO 142
IF¢G2.LT,DPTESTIGO TO 1011
Go Yo 1i2
JFLAG(1)=1
CONTINUE
Do 113 I=1,NX
DPF=DP#SQRT (EX(1))
IF(DPF ,EQ,2,@8)60 TC 113
TERMsEX(1)/DPF
IF(TERM (T.,5,2)60 T0 114
GO TO 113
JELAG(L) =1
CONTINUE
RETURN
END
SUBROUTINE PFCN(SXIETA,U V)
SUBROUTINE TO EVALUATE THE COMPLEX PROBABILITY INTEGRAL
AS A CONTOUR INTEGRAL
UREF(Z)S(H/PHI)®(YLOEXP (w(Zoa2))/((X1-Z)ea2eYlas2))
VIMFLZ)S{H/PHIY®((XL=Z)SEXP (~(Z#82))/({X1B)t02aviau2))
TANF(Z)=sSIN(2)/COS(Z)
VALFtZ)=(8,56419139392619+24(29,337337812464+24(563,226547088
114+2a(5026,5043121835+24¢(21563, 20?42866@*2»(4117! 756829233+
2Z#(27662,791034654+2a(2810,0614942205)1)1))))1/(%, p+Ze(52,5
3#2»(1023.75*2#(9384.375*2#(42229.6875*2’(88682.34375
4+Z4(73901,953125+20(15836,1328125))1))1 1))
TERROR=1,0E~27
PH1=3,1415926536
X12ABS(SX])
Y1=ABS(ETA)
IF (x1) 11,22,11
IF (Y1) 77,99,77
IF (X1~2,8) 991,991,992
{F (x1n5,9) 9921,9922,9922
=2
DWSN=2,0
DwW=4,0
I=1+1
G163
DW=DW#((2,2%GIGm1,2)/(2,88(X1ax2)))
IF (DW=TERROR) 994,994,995
DWSN=DWSEN+DW
GO To 993
DWSN2DWSN+1,0
DWSN= (DWSN)/t2,0%X1)
IF {(8X!) 9941,9941,9942
UsSEXP (~(X1##2))
z=<<2.@)/SORT {PH1) ) aDWSN
==y
GO To 88
UsEXP (~(X1##2))
V=((2,3)/SQRT (PHI))#DWSN
Go To 88
=0
DWSN=@2,0
AXES(@,1)/(X1%e2)
I=z1+q
GlG=1
GIG"'Zo@*GIG'ln@
GIG=GIG*GIG
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SIEVE6L
SIEVR6Z

SIEV26S

SIEVEOS1
SIEVR54

SIEVE65

SIEV26E

SIEVE67

SIEVE671
SIEVZ8S

SIEVD6Y

SIEVE691
SIEVDT®

SIEVE7]

SIEVET72

STEVRTS

PFCNBORY
PFCNRY22
PFCNG2R3
PFCNELRS
PFCNBO06
PFCNERD7
PFCNDRRS
PFCNEQLY
PFCNZ1D
PFONEZRLL
PFCNZY12
PFCNR213
PFCNRY14
PFCNEOLS
PFCNEOLS
PFCNBYL7
PFCN2ULE
PFCNE239
PFCNRLZD
PFCNEO21
PFCNBR22
PFCNBO23
PFCNZB24
PFCNDDZ5
PFCNBO26
PFCNBUZ27
PFCNER28
PFCNERZY
PFCNBW&@
PFCNBVS1
PFCNED32
PFCNBRS3
PFCNZO 34
PFCNBRSS
PFCNBU36
PFCNBB3T
PFCNRRS8
PFCNEU 39
PFCNOR4D
PFCNBRAL
PFCN2G42
PFCNBR33
PFCNRD44
PFCNBUAS
PFCNBYU46



TERM2(EXP (»{GIG#AXE#(X1##2))))/(GICeAXE~"1,D) PFCN@U47

ABSTRM=zABS (TERM) PFCNQUA4B

IF (ABSTRM~TERROR) 9925,9928,9924 PFCNBR4Y

9924 DWSNsDWSN+TERM PFCN@2%0
GO0 To 9923 PFCNB®R21

9925 DWSN=(2-0)#SQRT (AXE/PHI)*®#DWSN PFCNDY52
DWSN1=(®,5)#SQRT (PHI)#EXP (~(X1##2))eTANF(PHI/(2,@#SQRT (AXE))) PFCNEUS3
DWSNa=DWSN pPFCNZR54
DWSN=DWSN+DWSN1 PFCN@E®5

IF (SX1) 9926,9926,9927 PFCNBB56

9926 UsEXP (-(X1##2)) PFCNBR37
Va((2,0)/SQART (PHI))#DUSN PFCNBU28

V==Y PFCNBUS9

GO To 88 PFCNER62

9927 UsEXP (=(X1%#82)} PFCN@DReL
V=((2,0)/S0RT (PHI))#DWSN PFCNpRé&2

Go To 88 PFCNBRO3

991 1z0 PFCNBRS4
DWSNa@,0 PFCNRBES
DW=e=(1,0) PFCNDYE&S

996 1=1+1 PFCNPUG67
GIG=! PFONDLES8
DWzDW#((2,Z8(X1882))/(2,0G1G=1,8)) PFCNQWe9
DW==DW PFONBUTR
ABSDW=ABS (DW) PFCNBRT71

IF (ABSOW=TERRQR) 997,997,998 PFCNOK72

998 DWSN=DWSN+DW PFCNE®73
GO TO 996 PFGNBR74

997 DWSN=DWSN/(2,0#X1) PFCNGU?75
IF (SX1) 9971,9971,9972 PFCNOLTE

9971 U=EXP (=(X1#82)) PFCNBO77
V=((2,2)/5QRT (PH1))«DWSN FFCNGO78

VaaV PFCNEY79

Go To 88 PFCN@UER

9972 UsEXP (=(X1#82)) PFCNOUBYL
V=((2,0)/53RT (PHI))#DWSN PFCN@@82

GO To 88 PFCNOPES

22 IF (ETA) 44,55,66 PFCNOLB4
44 1F(Y1~1-5)444,445,445 PFCNBULE5
444 UspXP (Y1##2)#(1 B+«ERRORF(YL1)) PFCNDIKBE
V2.0 PFCNDRREY

GO Yo 88 PFCNBU8S

445 X2=1,8/(Y18Y1) PFCNOUEY
Us2 A#EXP (Y1#a2)w(VALF(X2)/Y1) PFCNOL9Q
V=2.0 PFCNBUYL

GO ToO 88 PFCNRRY2

55 Uz1,2 PFCNOYY3
V=0,0 PFCNBRY4

Go To 88 PFCNRRIS

66 IF(Y1<1-5)664,665,665 PFCNGDBY6
664 UzgXP (Yiw##2)#(1,8«ERRORF(Y1)) PFCNRYY97
V=p,2 PFCNDE98

G0 To 88 PFCNBU99

665 X2=1,0/(Y18Y1) PFCNBL12R
UsVALF(X2) /YL PFCN@191
Vzp,2 PFCNBLR2

GO TO 88 PFCNR2103

77 IF(X1~0-04)778,770,771 PFCNR10O4
778 1F(Y1~0-04)772,772,771 PFCNE1Y5
772 HzQ,5% PFCNELLS
GO To 773 PFCNBYR7
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771

1211
1812

1021

1022

773

123

1231
122
125

1241
124
126

128

1271

127

130

1291
129

300

RHO=SQRT (Xi#u2+Ylua2)
TERL®ALOG(TERROR)
RHOlsPHI4PHIaY1eY1
IF(RHO1-2,1)3211,1212,1012
RHO122,1

RHO1=ABS (RHOL)
RHO2=zALOG((1,13#RHD}/RHOL)
H1=PH]/SQGRT (RHO2=TERL)
RHO3a(PHI/HLl)#e2mY 0yl
IF(RMO3~2,1)1021,10822,1222
RHOS‘@.l

RHO3=ABS (RH0D3)
RHOA4=ALOG((1,13#RHO) /RHOT)
HzPH1/SQRT (RHN4=TERL)
AlL=~(2,0)aPHI®Yl/H
BMa(2,Q8)axisyl
CNe(2,0)aPHIaX1/H

T=W1ﬂ

AU=UREF(0,8)

UrP0sS=0,9

TaT+H

UT=zUREF(T)

{F(UT=TERROR) 122,122,1231
UPOSsUPQS+UT

GO To 123

UNEG=@,0

S=0.0

S=8=H

US=UREF(S)

IF(US=TERROR) 124,124,1241
UNEG=UNEG*+US

GO To 125

AUsAU+UPQS+UNES

GO To 126

VPQS20,0

AVzVIMF(@,8)

T=2,0

TzT+H

VT=VIMF(T)

ABSPT=ABS (VT)

IF (ABSPT=-TERRNR) 127,127,1271
VPOSaVPQOS+VYT

GO Yo 128

S=p,0

VNEG’EQE

S=Sen

VS=VIMF(S)

ABSPS=ABS (VS)
IF(ABSPS<TERROR) 129,129,1291
VNEGeVYNEG+VS

GO To 130

AVsAV+YPOS+VYNER

Ui=AY

Vi=Ay

POLRe(2.0#EXP (Y1#02=X1#a2)0({EXP (2,0%ALJ4C0S (BM)=EXP (AL)#

1C0S (CN=BM)I))/(1,0-2,88EXP (AL)#COS (CNI+EXP (2,0%AL))

POLla~(2,C#EXP (Ylwua2-Xlau2)s(EXP (2,0%AL)%SIN (BM)*EXP (AL)*

1SIN (CN=8M)))/(1,8~2,80EXP (AL)®COS (CNI*EXP (2,8%AL))

PHIH=PH]/H
I[F(Y1=PHIH) 302,400,500
A=1,0
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PFCNP1R8
PFCNBLBY
PFCNB11lp
PFCNZ111
PFCNBil2
PFCNPLLS
PFCNB114
PFCND1L5
PFCNO116
PFCNZL17
PFCNp118
PFCNB1LY
PFCNB12D
PFCNgizl
PFCNBL22
PFCNDL23
PFCNE124
PFCN@125
PFCNB126
PFCND127
PFCNR128
PFCND129
PFCNBL3D
PFCNE131
PFCNZL32
PFCNEL33
PFCNBL34
PFCNBLSS
PFCNOL36
PFCNB137
PFCNELS8
PFCN@1S9
PFCNBL4D
PFCNE13L
PFCNELA2
PFCNE143
PFCNE144
PFCNE145
PFCNB146
PFCNBL47
PFCNgids
PFCNR149
PFCNB1530
PFCNE151
PFCNB152
PFCNDLDS
PFCN2154
PFCNEL55
PFCNE156
PFCNBAST7
PFCNE158
PFCNZ159
PFCN216D
PFCNBLG1
PFCNZ162
PFCNG163
PFCNDLB4
PFCNB165
PFCN2166
PFCNG187
PFCNR168



420

502

630

33
331
333
441

443

661

663
88

B=1,0

GO TO 600

A=zI5

B=2,5

GO To 600

Az2,Q

B=g.0

Ul=U1+A%POLR

VizVi+B#POL1

Gop To 33

1F (sx1) 331,88,333

IF (ETA) 441,88,443

IF (ETA) 661,88,663

Us2,0%EXP (Y1#a2aXi0p2)4C0S (2,04X1%Y1)mUl
V=2 ,08EXP (Ylew2=X1lus2)aSIN (2,08XlaY1)=V]
GO To 88

Usujl

VaaVy

GO To 88

Uz2,8%EXP (Yl2e2aX1®a2)8C0S (2,0%X10Y1)~Ul
V2 ,2#EXP (Yi#u2aX18a2)8SIN (2,@%X10Y1)eV]
Go To 88

U=yl

Vavi

RETURN

END

FUNCTION ERRORF{X)

DATA P,A1,A2,A3,A4,A5/2,3275911,0,254829°92,e0,284496736,

1 1,424413744,-1,453152027,1,061405429/
T=1,8/(%,2+P#X)

ERRORF =4, Om{ (((AS#T+A4)#T+AT ) #T#A2)0T+ALISTHEXP(mX#82)

RETURN

END

SUBROUTINE MOV(1,J)

COMMON/D/ERAN(2,501)
1t=1]

JisJ

IF(11,E60,2) 145501
IF(J1,EQ,2)Ji=501

ERAN(L, JL)=ERAN(L,IL)

ERAN(2,J1)=ERAN(2,11)

RETURN

END

SUBROUTINE MOVE(!,J)
?OMTON/C/Extlﬂii,JFLAG(lBl)
is

NIEN

IF(l1.E0,2)11=104
IF(J1+EG,@)J1=101

EX(J1)=EX(I1)

JFLAG(JLYSUFLAG(IL)

RETURN

END

FUNCTION KOM(I,J)

COMMON/D/ERAN(?,581)

11=1

WizJ

[F¢11,EG,@)11=501
IF¢J1.EG,P)J1=50]

EOMZERAN(L, [1)=ERAN(1,J1)
IF(EOM)12@,101,102
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PFCNEL69
PFCNG7@
PFCNZL71
PFCNBL72
PFCNR173
PFCN2L74
PFCN2L75
PFCNBL76
PFCNBL77
PFCNB178
PFCNB179
PFCNELH0
PFCNB181
PFCNE182
PFCNPL83
PFCND184
PFCNE185
PFCN2186
PFCNBL187
PFCNE188
PFCN2LB9
PFCNOL70
PFCNZ191
PFCNDL192
PFCNELY3
PFCNDL94
ERRF 28]
ERRFPL2
ERRFEU3
ERRF204
ERRF L5
ERRF206
ERRFBO7
MOVORL
MOVBBZ
MOVDES
MOVE24
MOVD@5
MOVRO6
MOVeR7
MOVEQS
MOVEEY
MOVO1Y
MOVERQY
MOVED©2Z
MOVEZSS
MOVEDZ4
MOVEBUS
MOVED@6
MOVER®7
MOVE@®DS
MOVEBYD
MOVEZ10
KOMB23,
KOMPB 22
KOMB@S
KOME 24
KOMB B>
KOMR D6
KaMeB7
KOMD 2B



1p0
101

o2
183

190
121
122
123

CQIKS

C

C
35

c
c 32

c

c
8

c
134
34
51

c
131
31
15¢

o}

151

KoM=2al

GO To 193

KoMz g

GO To 1e3

Komei

RETURN

END

FUNCTION KOME(!.J)

COMMON/C/EX(L0L),JFLAG(121)

[i=]

wizJ

IF(11,EQ,0)11=12¢

IF(J1,EQ,2)Ji=101

EOX=EX(]1)=EX(JL1)

IF(EOX)L00,101,102

KOMEse1

GO To 143

KOME=®

GO To 13

KOME=1

RETURN

END

SUBROUTINE QIKS (MM,NN,MOVE,COMPAR)
ALLsIN«MEMORY SORT PROGRAM

MM = FIRST SUBSCRIPT

NN = LAST SUBSCRIPT (ARRAY IS IN COMMON)

MOVE AND COMPAR ARE USER SUPPLIED PROGRAMS

DIMENSION MSAVF(20),NSAVE(202)

KEYLOC(M N)=(N&M)/2

I=0

LY

LEVEL = @

M=MM

N=NN

CONTINUE

TEST FOR ONE OR TWO ITEMS

IF(NeM=3) 31,51,32

CONTINUE

PARTITIQON AND SPREADER GO WERE, SEE BE(LOW,

PUSH DOWN

LEVEL=SLEVEL=*1

WORK ON SMALLEST PORTION

IF (¢J=M) = (N«])) 134, 134, 34

MSAVE(LEVEL) = ]

NSAVE(LEVEL)=N

N= g

GO To 35

MSAVE(LEVEL) =M

NSAVE(LEVEL)=J

M=1

GO To 35

IF(COMPAR({M,N))31,31,131

SWAP IF ONLY TWO ITEMS ARE OUT OF ORDER

CALL MOVE(M,2)

CALL MOVE(N,M)

CALL MOVE(2,N)

IF (LEVEL) 151, 15p, 151

RETURN

POP UP

M = MSAVE(LEVEL)

NaNSAVE(LEVEL)
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RETURN IS TO 8

KOM229
KOMB10
KOMB11
KOMB12
KOMB1S
KOMP14
KOM©15
KOMEZD1
KOME @22
KOME@RS
KOME@24
KOME@?5
KOMED®R6
KOME@®27
KOMEBUE
KOME@©Y
KOMED1®
KOME@1]
KOMEDLZ
KOME®LS
KOMEB14
KOME@L5
QIKSpYLR
QlKSEe2e
01KS@230
QIKSL4P
01KSBE50
01KS@6D
GlKSEU7@
QlKSEUER
Q1KSPU9P
01KSP1RP
QIKSz1lio
01KS@L20
QIKSE130
QlKSZLlap
01KS@158
Q1KSE160
Ql1KSP1i70
0IKSZise
Q1KSB190
Q1KS@Z0p
QI1KSB2ip
01KS@220
QIKSE230
QIKSB24R
01KSP252
Q1KS@260
QIKSB272
QIKSp282
01KSp290
QIKSZSeR
QlKsp3ip
alKS@320
GIKSPS32
QIKSZS40
QIKSP$5¢
Q1KS2360
GIKS2370
QlIKSZ38e
QIKS2$90



aaaao

32

54
17

iz
110

1@
128

LEVEL=LEVEL»1

GO0 To 35

END MATIN

PARTITION

=M

WEN

KEYSKEYLOC (M, N)

CALL MOVE(KEY, 0)

IF (N = KEY) 17+ 1, 17
CALL MOVE(N,KEY)
CONTINUE

HOLE AT BOTTOM
IF(COMPAR(Z,1)13,2,2
lzl+y

IF (1 = J) 1, 4, 1
CALL MOVE(!,J)

GO To 5

CONTINUE

HOLE AT TOP
IF(COMPAR(2,J)15,5,7
SENLSE

IF € = J) 6y 4, 6
CALL MOYE(J» 1)

GO0 To 2

CONTINUE

SPREADER GOQOES HERE
END PARTITION
SPREADER

CALL MOVE(@,])

IF (! = N) 112, 10, 110
[ =1 +1
IF(COMPAR(D,1))18,12,1¢

IF (0 »~ M) 108, 8, 108
Jz J-1
IF(COMPAR(3,J)18,12,8
CONTINUE

RETURN TO MAIN PROGRAM
END
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0lkSp4oR
QIKSPALe
01Ksp42p
Q1KSo430
Ql1KS244@
QlKkSP45p
QIKSPasD
0IKS2478
0lKS2482
01KSP498
QIKS@509
QIKsSgsig
QIKSP520
0lKSE53e
QIKS@542
Q1KSP558
Ql1KS@269
QIKS2579
QlKS@>8R
QlKSpse
QlKSBs00
Qlksp6ip
QlKSp62p
QIKS26sD
QIKS@64g
Ql1KSp6sp
0IKSBB6D
0IKS@é70
0l1KSB688
QI1KS2698
QIKSe700
QIKS@2710
QI1KSE720
QIKSE738
QlKSg7ép
Q1KSB750
Q1KS2762
QIKSEB770



ADLER TEST, U-233 DATA,

92233,

92233,

2,790

2.5
231,8375

2.
a.

2. @

9.84R1E-75-5.

g. /)]
1.6998E-04~4
2.

2. @ -
5.6869E-05-6 "
a. a-
3.1404E~-25 1.
Q. "4
6.6570E~05-8 "

2. @
1.5626E~05~ 3
2.

B.
7.9581E-26 2
2.

0.

2.2373E-25~ 2-

2.

5.2970E-05 1A

2.

@.
3.5308E-24 6

a. 0
5.1934E-05 2.

g. 4 -
7.4794E-05=~3.
U .

2.
1.8451E-24-5
2.
1.5429E-04-7

=

=

2.
1.4357E-04 4
2

2.
6.4438E-25 6-

2. 2

9.0755E~25 7-

2. ]

3.2556E~04~6-

g -
~2.5726E-23=8 -

¢
~3.1983E-07m1

2
6.5002E-25 2.

2.5643E-%4 3.

2.3332E-75- 14
4.1572E-04 5:

2 -
9.7624E~06-6-
2.

231,037%

2336E~04
2945E-06
1965€-05
4167€-07
6881E~05
4606E-05
@707E-25
2684E-03
8745E-05%
28p2E-~0%

117RE~-26
1118E£-06
318RE~D25
1934E-06
4@57E-05
J204E~06
7225E-05
5495E~05
2043E-25
-5650E-05
5693E-26
2527E~25
I3ISTE-Q6
4627€E-27
9144E-95

LIRS )
- . -
oo as

2,
=2,7900E«020D

: . 8000E-01
242008400
. 788pEe00
2. 2900E+00
g:3GﬂZE*GE
3. 6300£+00
452006400
5. 7300€+00
8000400
4500420
8 630pE 400
o 1520420
E:D3SGE*51
E:lzBEE*ﬂl
. 1750E401
227608401 4
34708001
. 3660E4D1
L 5280£401
" 6430E401
:'652m5~w1
L 79308401
::842ﬂE001

z‘
1,8860E+01

2293.0

\-R-R-)
- ® -
aueeeeerrS

@,
3.7000E"R1

7 o000E02
gzszzzs-ai
gizmzmgnwi
5 000aE~02
5 pogE =21
8’ B000E 02
3. 9000Em01
1.8000E~01
9 0g00E 02
o 0000E 02
2 6pB0E01
1. 4000E~01
 6p0pE-01
g'zzozznz1
E 6022ERD1~
1.7000Em01
g:wﬂﬂDE-ﬂl
2 sponE-01
L 2000E-01
2,

2.2000¢-01
1:3zzezvz1
2000601
g:iiﬂﬂE-ﬂi

1.5008E =01

~130-

o] ISR RS
e
CPrRaTOP P

~

[~ R~
- ® =
(SRR RONAR SR R SE S

~
w

~2,7900E+008 3,7000E=21
1+16119E=D4=6,8078E=06
1,8PBPE=QL 7,000VE~D2
4,2644E07=6,0920E~=08
1+/4200E+00 3,5000E~DL
5,5486E=06m1,1103E=05

1,780802E+p0
§t9887E"25
2,2900E~00
5,6747E=@5
S.3000E+02D
2,4520E06
3,6300E00
1,4257E~05
4,5200E+00

1,2008E=01
8,8334E=06
5,0000E~02
2,8328E~06
5,0000E~01
1,0661E~D6
8,P00BE 02
1,3250E-06
3,9000E~01

B.7B74E=06m4 ,1730E~26
5,7308E+02 1,8002E-01
5,1020E~06w3,2744En26

6.8000E+20
8,7314E~05
7.4900E+00
2.6805E=06

9,0000E~02
4,0359E~06
9,2000E~02
1,50878E~06

8,6300E+00 2,600UE~D1
3,5029E-06n2,8328E~06
9,150BE+P2 1,400UE=D1
4,8431E~P6~9,4426F07
1. ZS?ﬂE*ﬂi 1. 6EZUE—01
8,2866E-05 3,609%Ex06
1,1280E+01 2, ﬂZQDE 21
5,4523En@6n5,0107E=06
1.175E+81 1, 6ﬂﬂwE 21
1 B493E~P5=3, 50295-@7
1,276QE+2% 1, 7G0uc-a1
4,8873E=05 3.5334:-06
1,3470E+01 2,0208E~01
1,491BE«@5~5, 361006
1,3660E+01 1, APDYE~D1
$,1678E=06 2,3759E=06
1,5280E+8% 1,2000F~0C1
7.0576E=B5=4 ,4167FE=06
1,6130E+QL 2,2PPRE~RY
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1,435700E=04
6,443820E-25
9,075508€-05
3,255600E=24
1,6876PBE=04
1,991800E-04
8,122280E=04
1,441400E~04
9,811200E=085
1,261700E=D4
4,B858400E=26
9,4563P0E=05
2,030200€-05
3,468300E~05
3,115300E~04
6,68680BE~06
4,0055p0E~06
7,9394B0E=05
2,105700E=04
1,631400E~04
6,110380E=05

?,P0B0B0E LY
Z,08200BE+BL
0,0080UPE VL
0,000000E+00
¢,000000E+00
7, 00000BE 00
¢,000880E+00
2,000200E+B0
@,070200E+00
%,020080E+00
?,000000E LN
7.@2OCO0E+0L
2,000020E+G0
%,000000E+20
,00000BE+00

HF

»8,2336U2E~04

~1,294500E~-V0
=5,196500E=Y>
*4,416780E=07
2,688100E205
=-6,4606Q0E~05
1,070700E=0>
=8,2684URE~¥>
=3,874500E-¥5>
5,280200E~¥5
2,117000E=06
#1,111800E-16
=2,318000E~8>
5,19340DE-6
1,405700E=0%
=6,320400E-106
6,722500E=¥>
2,549580E=>
~3,2B81300E-¥>
«5,565000E=0>
«7,5693UPE=¥6
4,852700E~k>
6,335780E~0B6
7,462700E~¥7
=6 ,9144P0E-05
1,815800E-0>
1,331600E~04
=1,217200E-04
2,2236R0E~B6
*1,411400E-4
=6 ,4088UQEsKD
1,594600E~0>
1,777320E=E>
*1,67070RE~DD
3,69330PE=U>
8,7572080E-Vb
1,74698PE=05
~2,878500E+06
7,220500E~05
"1,13110PE~04
1,920700E~U5
=1,400100E~L4



3,403082E+01
3,453000E+21
3.51900BE+01
3,546000E+01
3.654B02E+01
3, 7500006471
3.946000E+21
3.957000E+ 01
4,706000E+01
4, 106800E+71
4,262000E+71
4,34700DE+D1
4,464080E+01
4,531200E+01
4,601708E+D1
4,71706PE+01
4,864000E+P1
4,912000E+01
5,021000E+21
5.0992@@E+T1
5,1950@0E+71
5,2910B0E+21
5,397000E+F1
5,477000E+01
5,60908BE+21
5,635000E+01
5,748000E+01
5,8510B3E+01
6,130200E+01
6,250000E+71
6,43006RE+P]

MUC

-2,7902Q0E+22

1.800200E~7Y
1.420¢08E+22
1.780P00E+02
2,290060E+¢Y
3,300p00E+C0
3.,63C000E+DD
4,520@408E+20
5,730003E+07
6,800000E+77
7.,498000E+282
8,630000E+00
9.1508006PE+30
1,835002E+21
1,128000€E+21
1,175800E+21
1.,2760800FE+21
1.,347200E+21
1.366000E+21
1.5280€0E+D1
1,613000E+21
1,652000E+91
1.,793020E+31
1,842000E+021
1,886200E+21
2,053000E+21

6,600000E 01
4,200000E=01
1,200000E=01
1,790000E~01
9,00000RE-R2
2,400000E~01
2,800000E~01
1,600000E-p1
4,90008PEnE1
9,0p02P0En02
1,200000E~21
1,420000E=01
5,600000E=B1
5,200087E=01
8,020000E~02
2.300080E~01
1,300080E~p1
9, 000000 =02
4,5000P080E-01
3,800000c=01
6,20000CE=01
2,22720CE=p1
1,400200E-01
3,B002BLERA2
2,70000CE~01
3,000000E-01
4,900080E~01
2,300000E-01
4,000000F-01
2,000200E-01
4,002908RE-21

NUC

3,700000E=01

7.000020E~02
3,522002CE-21
1,200¢000E-021
5.000080E-22
5,0000@2E~21
8,0p8z02E~02
3.900000E=-21
1,8000Q0CE~21
9,000080E~p2
9.2CC000E~Q2
2,602080E~01
1,402200£~01
1,6002080E~21
2.000302E=21
1,60008CE-31
1.70000¢2E-01
2,2¢0020E-01
1,420¢00E~-21
1,200002E=-01
2,200000E~01
1,300000E=01
1,209002e-p1
2,100000E-91
1.5000208c-01
2,9000208E~021
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1,463408E=04
2,616120E=04
4,042000E=05
1,777380E=35
8,559300E=05
1,139202E-24
1,73700CE~24
2,95460RE=06
1,445200E=04
3,175500E=05
9,392300E~85
5,068500E=05
1,179700E~24
1,69662RE=05
3.876002E~05%
1,140920E~04
2,537300E=04
1,375320E~25
7,767380E~85
2,727780E=85
2,36520BEn05
7.2875B0E=D5
9,183700E=05
9,1928PRE =25
9,331400E~05
3,339500E-04
4,358700E~04
1,410600E-D4
2,825300E-04
1,642700E~04
3,472700E-04

Ge

11611902Ew04

4,26440BE-07
3,548600E~06
3,988700E-05
5,674708E=85
2,452000E-06
1,405700E=25
5,787408E~06
5,102080E-06
8,731400E~05
2,680508E=06
3,502900E-06
4,8431009E-06
8,286608E=05
5,452300E06
*1,2493PBE D5
4,887320E-25
1,491000€-25
3,167802E~06
7,85760BE~05
8,209000E=06
3,04750@F 05
1,465100E=05
1,B80622E=05
5,367000E=05
2,861700E05

4,86600BE=05
4,974100E=05
-9,244600E=06
-3,595800E-05
2,813000E~0%
4,576600E=85
1,753680E~24
~9,853800E~05
=1,41730PE~04
2,019500E-05
2,543400E=05
B,513600E=06
3,871500E-05
-6,069100E-D5
"2,461200E=05
"9,808100E-05
-3,283600E-05
=9 ,732020E=06
-4,570500E-05
=6,853500E=7
~6,617400E=05
«9,772800Eol5
«3,443500E05
1,13622PE=L>
1,952500E=04
~8,193700E=05
3,5943B0ED5
3,9598B0E-05
7,231200E05
~2,278400E-05
=3,35820BE~05

HC

~6,807800E-06

~6,092000E~08
~1,110300E-05
8,833400E~06
2,832800E08
1,066100E~-06
1,32500QE=06
~4,173000E-06
-3,274400ER6
4,035900E-06
1,507800E-06
-2,8328R0E-06
=9,442600E=07
3,609508E-06
~5,218700E-06
-3,502908E-07
3,533400E~06
~5,361000E=06
2,375920E~08
=4,416700E08
~4,584200E806
6,625000E«06
2,162700E=06
~1,919000E=06
4,690820E~06
1,218400Eaib



2,185000E+D1 1.,300000E=01 5,2391002E-05 1,731600Ea0>
2,223000E+01 2,400000E-01 9,843100E~05 n],2C4700E=D>
2,294C00E+01 3,800000E-21 =1,417900E~85 1,1895Q8PE=0>
2,354000E+01 3,302008CE~Q1 6,107200E=06 4,614700E~1B
2,51320BE+21 1,9000200E~01 2,11P900E-05 =4 ,873600E-07
2,619900E+21 1,700p00E=-01 ©8,696302E~06 -2,132200E=06
2,657000E+01 2,400000E=P1 1,963102E~05 1,378300E~U>
2,739000E+21 4,300200E~21 1,1636020E-05 5,345700E=06
2,833700E+01 1.,620000E~01L 1.,7758QR2E=R5 m6,396600E-07
2,899000E+01 3,000002E-01 2,6835p2E-05 =1:1666808E-0>
2.966000E+2) 7,000002E~02 4,858400E=06 =1 ,005200E-6
3,A15a880E+01 1.820200E=01 °99,594928E-027 =1,949420E=00
3,M76200E+01 1,4020220€-01 1,7910200E-25 1,294500E=06
3,120000E+21¢ 4,700002€-01 1.882900E~05 =8 ,742000E =06
3.,198202E+01 1,400000E-01 3.522700€E~05 =1,026500E=05
3,2743URCE+D] 4,30000RE=-01 =1,30980PE=06 "1,646400E=05
3,403000E+01 5,600000E-01 ©3,4648R0E~05 =3,699400Ew0>
3,453000E+23 4,200008E=01 6,274800E-26 2.228100k<¥>
3,519000E+01 1,2¢0000E~-01 =5,5589Q0E=06 1,8885¢R2E~i8
3,546000E+31 1,702000E~01 1,73620BE~06 9,457800E=-00
3,654000E+21 9,200030E-32 2,998800E-05 8,361300E06
3,750000E+21 2,400p00E~-21 7,995700E=26 4,726100E~b6
3,946002E+74 2.,800000E~21 32,208300QE=26 ~1.,8733020E-0>
3,95700BE~AY 1,600z00E~21 96,427100E=06 1,306782E0>
4,006C00E+D1 4,902p00E~Q1 1,325202E~05 1,667700E=65
4,106000E~01 9,00000CE=02 1,637202€~05 4,980200E<006
4,262002E+71 1,200000e~01 2,642400E~05 5,437100E-66

4,347000E+01

1,4920302E~21

1,053900E-05

=1,675300E-087

4,464000E4+21 5,600p2%E=01 5,330500E-026 9.1228008E«06
4,531080E+71] 5,200220E-081 6,838300E-06 =6,9601008E=06
4,601000E+D4 8,000C00E~02 2,1977Q00E-25 =6,229100E=D6
4,71700RE+A1 2,320000E-21 5,5894B0E~06 *5,665600E-16
4,864000E+21 1,300002E~21 1,222400E~P4 5,012720E-06
4,912000E+01 9.,000C00E-R2 *3,304900E-06 =7,081900E=06
5,021000E+021 4,500000E-21 22,589120E=D7 =6,152900E-08
5,099000E+@1 3,800¢0CE-01 ~2,284500E=26 =1,248900E~0>
5,195000E+03 6,200000E~021 v2,4886Q0E=025 1,081300E=L6
5,291200E+21 2,200002E-01 1,2397202E~05 3,67B40BE-U6
5,3970002E+01 1,400200€-01 1,717900E=05 3,472400E=00
5,477000E+23 9,20030CE~02 3,0780¢8E~B5 3,914100E-06
5,609000E+21 2.780022E~01 8,833400E-26 3,807500Es07
5,635000E+021 3,002080E~21, 3,434400E-05 8,041420Ec008
5,7480002E+21 4,900000E-01 2,4002002E~05 4,888B0C0E=006
5,851000E+21 2,320080E-01 1,576382E-05 =3,8765¢80E=W8
6,132000E+01 4,200002E-01 1,271700E~25 =1,797180E-06
6,250000E+02¢ 2,00002020E-01 8,541232E~85 =3,992320E<06
6,430000E+01 4,000000E-01 5,408200E~05 =2,464202E05

4DLER=ADLER CROSS=SENTIONS FOR TWIS ELEMENT
CROSS=SECTIONS AT THERMAL ENERGY
FISSION X=SECTION CAPTURE X~-SECTION

NEUTRON ENERGY(EV) TOTAL X~SECTION
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2,5300C0E=22 2.,000000E+00 5,2123087E4+82 4,774973E+004

JROSS»SECTIONS NOT DAPPLER BROADENED

NEUTRON ENERGY(EV) TOTAL X~SECTION FISSION X«SECTION CAPTURE X=SECT]ON

7.,9002080E~21 0,000Q@BBEBY 11161008E+22 9,006454E400
8,530200E=01 @,0000@0E+00 1.185189E+02 9, 343464E+00
8,600000E~01 2.000000E+00 1,489266F402 9.395523E+0¢
9,160080E=01 2,00000QE DY 1,233242E+02 9,936258E+08
9,30p000E=01 0,02Q00BE+BY 1.247669E+02 1,P11810E+01
9,792000E=01 2.000200pE+20 1,940541E+02 1.086522E+0%
1,000000E+080 2,0000B0F+2Y 1343985402 1,126910E+03
1,042000E+00 2.,000p00E+DY 1,424159E+02 1,225153E+2¢
1,070000E+28 2,000000E+RD 1.288460E*ﬂ2 1. 395792E401
1,070000E+20 0.,00000BE+00 1,988460E+02 1,305792E+04
1,105000E+00 P.020ORBE+BD 1,582335c+02 1,426979E+D1
1,140000E+20 2,000820E+02 1,692363E+02 1.574855E+0%
1,140000E+00 2,000000E+00 1,092363F+02 1,574855E+09
1.1680D2E+00 2,020000E+00 1,792582€+02 1,715593E+91
1,240000E+00 P,RCRORBE+BD 1,963328E+22 1,970238E+034
1,2312P0E+00 0.000200E+B0 2,057450E+02 2.1195585*@1
1,280000E+00 0,000000EDD 2,296199E+02 2,532049E+01
1,294000E+20 2.,00002QE+00 2,368252£+02 2,667538E+07
1,350000E+20 2,¢00000E+02 2,664782E402 3,293553E+04
1,357000E+00 z goQRROE+PD 2,702130E+02 3,381631E+04
1,420000E+02 .zzzzﬂoc~zm 3,034496E402 4,281927E+D03
1,456000E+20 2.,000000E+0Y 3,224419E02 4,897963E+01
1,490000E+00 0,0000080E+00 3,445267E+02 5,572214E401
1,492020E+00 2, zzzlzzs~wﬁ 3.327206E+02 5, 615359E&01
1.,528000E+D2 0.,200000E+0Y 3,065928E«22 6,477248E+04
1,562000E+00 2,0000BBE+BD 3,937754E+02 7,449964E+01
1,564000E+00 2,000002E+00 3.977481E*02 7, 552899E*01
1,600000E+B0 0,000000E+08Y 4,415726F«02 8,943715E+84
1,632200E+00 2,000800E+02 4.929178E#02 1,043572E+02
1,636000E+00 ?,000020E+09 5,0%52494F+02 1.077749€492
1.66220@E*00 B,POPRRRERD 5,625275E+02 1,22998RE+02
1,672000E+00 2.0000080E~00 5,761533F+02 1,315074E+82
1.ge4zaaz*wz 2,000000E00 6,529760E+22 1,405066E+02
1,700000E+00 2.0P0PROE+DP 6,861321F+02 1,529312E02
1,708000E+00 2.000P00E+DV 7 1377335#62 1. 591180E+02
1,708000E+20 2,200200F+00 7.137733E+02 1,591180E402
1,7320P0E+00 2,000000E+00 7.2457255‘02 1,75856B8E422
1,744000E+00 0.200000E+02 B,290315E+02 1,820382E+02
1,756808E+00 ¢,p20000E+029 8,584532E+02 1,858469E+02
1,770000E+20 2.0C00R0E+RY 8,722724E+92 1,865439E+02
1.,780000E+00 R.020BRBE+RY 8,733790E+02 1,843288E+02
1,804000E+00 ?,002000E+DY 8,581879E+02 1,783944E+D2
1,828002E+00 2,000008PE+00 7,848652E402 1,483B86E+02
1.831000E+00 0,000000E+00 7,906169E+02 1,482918Es+82
1,852000E+28 2,000000E+00 6,082678E+02 1,242388E+02
1,8760P0E+00 P,0PBPROE+DP 5,771687E+02 1,025709E+02
1,882000E+00 2.008000E+00 5,961347F+02 9,778110E«01
1,900000E+00 2,000200E+0RY 4,984142E+02 5.5u59675¢n1
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C PROGRAM AVRAGE3(INPUT,OUTPUT) AVG30B]
Cm=v==THIS PROGRAM CALCULATES AVERAGE CAPTURE AND FISSION CROSS~SECNS AVG3g@2

Ce==-~FROM ENUF/B DATA, LIMITATIONS=1,CALCULATES S AND P-WAVE X-SECNS AVG3pB3
C=m=-e=ONLY,2,INELASTIC EFFECTS NOT ALLOWED FOR, 3,WIDTH FLUCTUATIONS OF AVG3p24

C-=--<UPTO 4 DEGREES OF FRFEDOM CAN BE AVERAGED OVER, AVG3825
C-==--THIS PROGRAM MMDIFIEN ON 21,9,7% TC TAKE INTO ACCOUNT THE NEW AVG30206
Cemma=FORMAT MODIFICATIONS WHICH GIVE THE ISOTOPE MASS AWRI AND THE NEW AVG3p87
Crw-==RECOMMENDATION TO USE THE RADIUS As(1,232AWRlea(1/3)+7,8)s2,1 AVG3p@8
Cee=vaTO CALCULATE PENETRABILITIES AND USE A DIFFERENT RADIUS YO O0BTAIN AVG3209
Cem-==POTENTIAL SCATTERING, RUNS ON CDC~6822 AND PDP-17, AVG3E12
DIMENSION RUN(7),BLA(20),ES(182) ,MUFACLE),DAC10) ,XJAL10) ,XXJA(10),AV6381Y
1GNO(12),66(11),GFE(1a0,12),MUFB(12) ,DAB(12),XJB(12) ,XXJBI1D), AVG3pL2
2GNOB(17),GGB(13),GFER(1@2,18) ,MUFF(18) MXJA(12), AVG3p13
3G16GS(1960),G1GRP(108),GIGFS(1a0),GIGFP(120),G15S(120),618P(188)  AVG3D14
COMMON/XBAR/XX(4,16) AVG3pi5

DATA XX/@,2M52%2,0,951755,¢,112925,8,169150,0,237171,90,1638295, AVG3Q16
12,265600,0,342780,2,103126,0,288421,0,424385,0,480574,2,207836, AVG3217
2P,434766,0,547724,08,617825,0,359852,%,599210,08,724048,2,762381, AVG3218
30.574283,0,800%62,0,880440,0,9228968,8,8792334,1.853224,11296835, AVG3819
41,111387,1.334R17,4,393040,1.374373,1,352285,2,125227,1.916232, AVG3Q28

51.786357,1,697511,4,3908020,3,30%1643,2,824583,2,546602/ AVG3B21
Cmew-=11114111111211114122412221142414121342243311211114411121241212113214vG3p22
881 RFADL, IRUN, (RUNCT), 121,7),EQ0,EN,ESTEP AVG3R223
IFCIRUN.EQ,ZIGN TO 8820 AVG3p24
GO TO 882 AVG3g241

882 PRINT39 AVG3p25
PRIMT3S AVG3B26

PRAINTAR AVG3g27

PPINTIS AVG3pg28

PRINTZ27,IFUN, (RUN(I),1=1,7)sEQ0,EN,ESTEP AVG3Q29

Crm==--=1F IRUN EQUALS ZERQ THE PROGRAM EXITS, RUN(L) TO RUN(7) ANY TITLE AVG3p32
C-====IN COLUMNS 11 T2 38, E@,EN,ESTEP ALL IN EV NEED RE GIVEN ONLY FOR AVG3231
Cec===A NONgFISSILE NUCLEUS, THE PROGRAM THEN CALCULATES THE AVERAGE AVG3p32
Cruee=CROSS~SECTIONS FROM EZ TO EN IN STEPS OF ESTEP, FOR A FISSILE NUCLAVG3@33
Crme=e=THE CROSSeSECTTONS ARE CALCULATED FOR THOSE ENERGIES ES(]) FOR WHIAVG3IR34
L=rww-THE FISSION WINTHS ARE GIVFN,EXCEPT FOR THE TITLE CARD ALL THE AVG3p35
C-w=-=REST OF THE DATA CARDS ARE IN EnNDF/B FORMAT FOR UNRESQLVED PARAs AVG3236

C-=--=METERS N FILE 2, AVG3037
1 FORMAT(113,7A4,2%,3E19,4) AVG3238
NELAGL=Y AVG3039
Cm--w=22022222022202222222222222222222222222222222222222222222222222222222AV63040
READ 2.EN1,EN2,LRU,LRF,LFI AVG3p4l
PRINT26,FN1,EN2,LRU,LRFLF] AVG3p42

C----wEN4sLOMER ENERAY LIMIT OF A RANGE,EN2zUPPER LIMIT, LRU=1 [MPLIES AVG3g43
C-=-<-RESOLVED PARAMTTERS,[RU=2 UNRESOLVED PARAMETERS, LFI1=3¢ NON-FISSILEAVG3p44

C-==--1SNTOPE,LFl=1 FISSILE ISOTOPE, AVG3045
2 FORMAT(2E11,4,4111) AVG3@46
Cmmmmm 333333333333333333333333333333333333333333333333333333333333333333AV63047
R:AD?RSPINIAIBLA(E)JBLA(;S)INEINLS AVGSZ48

PRINT28,SPIN, A, NE AVG3B49

C-====SPINzNUCLEAR S®IN, AzSCATTERING LENGTH IN UNITS 0OF 1,3%*Em12 CM, AVG3Q50
Came==NE=NUMRER 0OF EMERGY VALUES AT WHICH FISSION WIDTHS ARE TABULATED, AVG3I@S1

C-==--=-NLS=NUMBER OF 1. STATES. AVG3R52
! IF NUS IS ZERQ IT IS A MONFISSILE NUCLEUS, THIS 1S DONE TO GET AVG3IR53
Com-m= AROUND THE FACT THAT LFI IS GIVEM ONLY IN FILE4 FIRST SECTION AVG3p54
Commwe= AND NOWHERE IN FILE 2 AVG3p55
IF(NLS)643,543,641 AVG3pS56

641 PRINT23 AVG3g57
PRINT35 AVG3@58
PRINT24 AVG3259
PRINT3S AVG3a60
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Cm=-=-444444444444444444444444444444444444444444444444444444844444444444AYG3061

RFEADI, (ES(1),121,NE) AVG3p62

PRINT29 AVG3R63
PRINT3.(ES(1),131,NEY AVG3064
Cum~==ES(I)=ENERGY VALUES AT WHICH FISSION WIDTHS ARE TABULATED, AVG3g65
3 FORMAT(SELL,4) AVG3066
-=--~555555555555555555555555555555555555555555555555555555555555555555AY63067
READZ ) AWRY ,BLA(S),LAIBLA(G) /NJS, A AVG3R68
PRINT34,AWRI,LA,NJS AVG3p6S

Cr==<=THESE ARFE SoWAVE PARAMETERS, AVG3g72

Cem===AWRI=ISOTOPIC MASS IN UNITS OF THE NEUTRON MASS,[A=zANGULAR MOMENTMAVG3g71
Cr=---NJS=NO OF SPIN STATES FOR THIS L~VALUE,JA=NJS FQR NON-FISSILE NUC,AVG3@72

JASNJS AVG3B73
NReN{'S AVG3@74
Crrm-~v666666666666666666666666666666666666666066666666666666666666666666AVG3R75
DO 644 [=1,JA ‘ AVG3276
REANZ,BLACT),BLACE) JLASMUFALLY ,BLACS) BLACLE) AVG3077

READI,DACT),XJALT) ,XXJALT) »GNOCT) GG 1), DRAT AVG3p78

PRINT35 AVG3279
PRINTIZ,DA(1),XJAL1),GNO(TI),66(T) AVG3p@BE
ILLTADEINT(XXJAD)) AVG3@81

PRINT3IL,ILLIAD AVG3p82

PRINT32,MUFAC]) AVG3283

PRINT33 AVG3284
READZ,(GFE(YIT,1),1121,NE) AVG3P85

PRINTI, (GFECII,1),11=1,NE) AVG3p86

644 CONTINUE AVG3287
C-=~---THESE ARE S<WAVE PARAMETERS FOR A FISSILE NUCLEUS, AVG3p83
C-==-w=L AzANGULAR MOMFNTUM,MUFA(]1)=NUMBER OF DEGREES nF FREEDOM FOR FISSNAVG3089
Q=w=-=WINTH DISTRIBUTION FOR THE I=»TH SPIN STATE, AVG3g9e

Cme-om-DA(TY=MEAN LEVFL SPACING [~TH SPIN STATEXJACI)=FIOATING PT VALUE AVG3293
C==~==0F J, XXJA(I)=NUMBER OF DEGREES CF FREEDOM FOR NEUTRON WIDTH DSTRNAVG3892
C-=e==GNO(1)=AVERAGE REDLCFED NEUTRON WINTH(EV) 1GG(1)=AVERAGE GAMMA WDTH,AVG3293
Comme=GFE(II,)=AVERAGE FISSION WIDTH FOR 1-TH SPIN STATE AND !1-TH ENERAYG3p94

C~-=-=GY WHERE [l RUMS FROM 1 TO NE, AVG3g95
1F(NR=2)2285,9%,88 AVG3096

642 NFLAGLl=d AVG3297
PRINT22 AVG3298
PRINT3S AVG3299
PRINTZ24 AVG310D
PRINT35 AVG31@1

o FROM NOW ON NFLAGL ZERO INDICATES A NONFISSILE NUCLEUS AVG31B2
NLS=sNE AVG3103
NRaNLS AVG31R4
Com===7777777777777777727777777777777777777777777777777777777777777777777AVG3185
READ2,AWRI,BLA(S) ,LABLA(S)Y ,NJB, JA AVG3106
PRINT34,AWRI,LA,JA AVG3187

N0 6400 1=41,.A AVG3168
READI,DACTI) XJACTI) ,XXJALT)H»GNO(T),GG(L 7, DRAT AVG3149

PRINTIZ,0401) ,XJALT),GNGIT)GG(T) AVG3110
ILLTADSINT(XXJALI)) AVG3111

FRIMTIL,ILLIAD AVG3112

6408 CONTINUE AVG3113
C-=-uwTHESE ARE S-WAVE PARAMFTERS FOR A NON-FISSILE NUCLEUS. AVG3114
Cm==«~THESE ARF THE SAME AS THOSE READR IN AFTER READ CARDS 5 AND 6 AVG3115
IF(NR®»2)2085,9%,83 AVG3116

9% IF(NFLAGL)646,446,647 AVG3117
C-~---88385888885888ARBRRRBEREBRRBRRESEEERRRBBE88885358888R888538B8R8888AV63118
647 READ? ,AWRT ,BLA(S),LB)RLACE),NJS, B AVG3119
PRINT3S AVG3128
PRINT25 AVG3121
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PRINT35 AVG3122

PRINT34,AWRT,LB)NJS AVG3123

WB=NJS AVG3124
Cr==+=9959999099999999959999999995966569599959999999999999999996999999999AYG3125
DO 648 I=1,JB , AVG3126
READ2,BLA(7),BLA(B) LB, MUFB(]),BLACS) BLALLE) AVG3127

READZ,DABCI) , XJECLY yXXJBLI)4GNOBCY) ,GGB(I1),DRAT AVG3128

PRINT3S AVG3129
PRINTIZ,DAB(L1) ) ¥XJB(1),GNOB(I),BG6R (1) AVG3130
ILLIADSINT(XXJB(T1)) AVG3I131

PRINTIL,ILLIAD AVG3132

PRINT3I2,MUFB(Y) AVG3133

READI L (GFEB(II, 1), 11=1,NE) AVG3134

PRINT3Z AVG3135

PRINT3, (GFEB(II,1),11=1:NE) AVG3136

648 CONTINUE AVG3137
(-=-s=-THESF ARF p~WAVE PARAMETERs Fgr A FlssILE NUCLEUS. AYG3138

Cem--=|B=ANGULAR MOMENTUM,NJS=NUMBER OF SPIN STATES,J BsNJS FOR A NON-FISAVG3139
Cre-==SILE NUCLEUS,D8B(1)=MEAN LEVEL SPACING FOR THE l-TH SPIN STATE, AVG3142
CrrmeogXJB(1)FLOATINR FT, VALUE OF J FOR THE I=TH SPIN STATE,XXuB(D)e AVG3141
C===-cNUMBER QF DEGRFES oF FREEDOM FOR NEUTRON WIDTH DISTRIBUTION FOR  AVG3142
C=e~=s=THE 1sTH STATE.MUFB(1)=SAME FOR FISSION WIDTH DISTRIBUTION, AVG3143
Crme==cGNOBtI)BREDUCER NEUTRON WINDTH I=TH SPIN STATE=NEUTRON WIDTH(EV)/ AVGIL144
Cow=o=(XXJR(1)#SORT(FISPENETRATION FACTOR), IN CALCULATING THE PENETRATNAVG3145
C-~~==FACTAR »THE NUFCLEAR RADIUS USED IS GIVEN BY =(1,234AWRI##(1/3)+0,8AVG3146

Cremw=)al,1 WHERE AWRI=ZAWRIa1,008665, GGB{l)=AVERAGE GAMMA WDTH AVG3I147
C-=-sweW]DTH,GFERB(1I,1)=AVERAGE FISSION WIDTH FOR 1-TH SPIN STATE AND  AVG3148
Ce~-w=sll-TH ENERGY VALUE WWERE Il VARIES FROM 1 TO NE, AVG3149
GO To 2¢85 AVG3150
Crem-e=AAAAAAAAAAAAAAAAAAAAAAAAAAAAAAAAAAAAAALAAAAAAANAAAAAAAAAAAAAAAAAAAAYGIL5Y
646 READ?,AWRI,BLA(9),LB,BLACLE),BLA(LL),JB AVG3152
PRINT25 AVG3153
PRINT34,AWRI,LE,JB AVGI154
Do 6460 1=1,.B AVG3155
RPEADISDAR(Y)  XJBOI) , XXJBCI),GNOB( 1) ,GGB(1),DRAT AVG3156
PRINTIZ,DAB(I),XJB(IY,6N0R(1),668¢D) AVG3157
ILLIADZINT(XXJB(1)) AVG3158
PRINT3L,ILLIAR AVG3159
6460 CONTINUE AVG31682
Cr==c=~THESE ARE P<WAVE PARAMETRS FOR A NON=FISSILE NUCLEUS, SOME OF AVG3161
C-r=s=THEM ARE THE SAME AS THE PARAMETRS DEFINED FOR A FISSILE NUCLEUS AVG3162
C-=-=-zABOVE AFTER READ CARD ¢ AVG3163
2085 T=2,196771E~03u(AWRI/(AWRI+1,8)) AVG3164
CONST=19,73922R8/(TeT) AVG31641
PHIFOR= 12,566371 AVG3165
ASS=AWR]#1,808865 AVG3166
CRT=ASS##(1,0/3,2) AVG3167
APEN=(@.1238CRT+7,28) AVG3168
PRINT38,APEN AVG3169
€22,196771E=23#(AWRI/ (AWRI*1,2))#A AVG317@
CPEN=2,196774E«034 (AWRI/(AWRI+1,8))#APEN AVG3171
IF(NFLAGL)220,200,300 AVG3172
c THIS TAKES CARF OF TWE NONFISSILE NUCLE] AVG3L73
20¢ E=tQ AVG3174
I=1 AVG3175
204 GIG=d.0 AVG3176
G1S=23,0 AVG3177
ES(1)sE AVG3178
E2=SQRT(E) AVG3179
RHO=zC#ERZ AVG3182
RHOPEN=CPEN®E?2 AVG3181
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201

296

207

285

RHO2:RH0u42
RHOPNZ23RHOPEN#®®2
WAVE=2,196771E~034F2a(AWRI/(AWR]I+1,2))
PSS=RHO

PSP2RHO=ATAN (RHO)

SIGPTS= (SIN (®SS)/WAVE)#ep
SIPTSaSIGPTS#®HIFCR
SIGPTP=(SIN(PSP)/WAVE ) ##2
SIGPTPuSIGPTPuPHIFOQR
SIGPTP=3,04SIGPTP

D0 281 Jel,Ja
GJ=(2.@*XJA(J)*1.2>/(2.E'SPIN+1.Z>
GJ:GJ/Z.Z

XXJAJEXXJACI)

GNaGNQ(J)#FE2aXXJ4Y

MU= INT (XXJAJ)

GAMMAIGG(J)

GALPHA=GN

GBETA=0.0

GF=0,0
TERM=(CONSTH#GIsGNAGG(J) I/ (E4DA(Y))
TERSa(MONST#GJaGNOGCN)/(E#DAC(J))

CALL GCAP(GALP“A,GEETA,GAMMA,GF ,My,5C)
CALL GSCAT(GALPHA,GRETA,GAMMA,GF ,MU,GS)
GC=GC#TERM

GS=GS#TERS

CORR=a (CONST#GJ#2,2aGNaSIN(PSS)#SIN(PSS)I/(E#DA(Y))
GS=GS~CORR

GIG=GIG*GC

GIS=GIS*GS

CONTINUE

GIGGS(1}=G!IG

GISS(I)aGIS+SIAPTS
IF{NR=2)205.,204,88

G1G6=2,0

GI1S8=2.0

DO 287 J=1,JB
GJz(2,0#XJUB(J)+1,8)/(2,0#SPIN+1,3)
GJ3G /2.2

VL=RHOPN2/ (RHOPN2+1,3)

XXJBJ=XXJB(J)

MU= INT (XXJBJ)
GN=GNOB{J)#E2#V sXX B

GAMMA=GGB ()

GF=z0,0
GALPHA=GN
GBETA=7.0

TERM=(CONST#GUsGN8GGB(JI)/(ESDAR(U))
TERS=(CONST#GJsGNeGN)Y/ (EaDAB(J))

CALL GCAP(GALPHA,GBETA,GAMMA,GF,MU,GC)
CALL GSCAT(GALPHA,GBETA,GAMMA,GF ,MU,GS)
GC=GC*TERM

GS=GS*TERS
CORR=(CONST#GJs2,ZeGN#SIN(PSP)#SIN(PSP)II/(E#DAB(J))
6S=GS~CORR

GIG=GIG*GC

GI1S3G1S*GS

CONTINUE

GIGGP(1)=GIG

GISP(1)aGIS+SIAPTP

Ezf+ESTEP
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AVG3182
AVG3183
AVG3184
AVG3185
AVG3186
AVG3187
AVG3188
AVG3189
AVG3192
AVG3191
AVG3192
AVG3193
AVG3194
AVG3195
AVG3196
AVG3197
AVG3198
AVG3199
AVG3220
AVG3221
AVG3202
AVG3223
AyG3204
AVG3205
AVG3226
AVG3207
AVG32P71
AVG32872
AVG3228
AVG3289
AVG3218
AVG3211
AVG3212
AVG3213
AVG3214
AVG3215
AVG3216
AVG3217
AVG3218
AVG3219
AVG3229
AVG3221
AVG3222
AVG3223
AVG3224
AVG3225
AVG3226
AVG3227
AVG3228
AVG3229
AVG3238
AVG3231
AVG3232
AVG32321
AVG32322
AVG3233
AVG3234
AVG3235
AVG3236
AVG3237
AVG3238



283
282
322

211

212

IF(E,GT.ENYGD TD 2p2

G0 To 283

Tz1+4

GO To 204

NC=1

GO To 490

D0 218 1=1,NE

£=£S¢1)

£2:SORT(E)

RHOaC®ER

RHOPEN=CPEN®E2
WAVE=2,196771E~C3%E2a(AWRI/(AWRL+1,3))
PSS=RHO

PSPaRHOGATAN (RHD)
SIGPTS=(SIN(PSS) /WAVE) wn2
SIGPTS=SIGPTS#PHIFOR
SIGPTPE({SIN(PS®)/WAVE ) ua2
SIGPTPaSIGPTP#PHIFOR
SIGPTP=3,24S]GRTP

RHOZaRHQa#2

RHOPN2=RHOPEN®##2

VL=RHOPNZ2/ (RHOPN2+1,0)

G16=0.0

GlF=0.8

G15=2.,2

00 211491, JA
GJS(2,2%XJACI)Y*+1,8)/(2,2%SPIN+1, D)
Gu=GJr2.4

XXJAJEXXJA L)

MUEINT (XXJAJ)

NU=MUFA(J)

GN=GNO(JY®#E28XYJAY

GAMMA=SGG(J)

GALPHA=GN

GBETA=GFE(I,J)

TERM=z (CONST#GJaGN#GFE(],J))/{E#DA(CJ))
TERG=(CONSTH#CJRGG (UGN /(F8DACY))
TERS=(CONSTaGJuGNaGNY/ (EsDA(J))

CALL GFIS(GALPYA,GRETA,GAMMA,MU,NU,GS)
CALL GSPE(GALPHA,GBETA,GAMMA,MU,NU,GC)
CALL SCAF(GALPHA,GRETA,GAMMA,MU,NU,SF)
GSaG3#TERM

GC=GC*TERG

SF=SF#TERS

CORR=(CONST#GJ2 ,Buln#SIN(PSS)#SINIPSS) I/ (E#DA(U)Y)

SF=SF=CQRR
GI16=61G+GC
GIF=GIF+GS
GI1S=G]S*SF
COMTINUE
GIGGS(1)=GIG
GIGFS(I)=GIF
GlsSt1)aGIs+SInpPTS
IF(NR=2)216,217,88
GIG=0.,d

GIF=0.0

G1S=0.,0

00 213 J=1,JB
GJz(2,28XJBlJ)+1,8)/(2,88SPIN+1,8)
GJ=GJ/2.%
XXJBJ=XXJB(J)
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AVG3239
AVG32391
AVG3240
AVG3241
AVG3242
AVG3243
AVGI244
AVG3245
AVG3246
AVG3247
AVG3248
AVG3249
AVG3250
AVG3251
AVG3252
AVG3253
AVG3254
AVG3255
AVG3256
AVG3257
AVG3258
AVG3259
AVG3262
AVG3261
AVG3262
AVG3263
AVG3264
AVG3265
AVG3266
AVG3267
AVG3268
AVG3269
AVG3279
AVG3271
AVG3272
AVG3273
AVG3274
AVG3275
AVG3276
AVG3277
AVG3278
AVG3279
AVG3280
AVG3281
AVG32811
AVG32812
AVG3282
AVG3283
AVG3284
AVG3285
AVG3286
AVG3287
AVG3288
AVG3289
AVG3298
AVG3291
AVG3292
AVG3293
AVG3294
AVG3295
AVG3296



MUEINT (XXJBJ) AVG3297

NU=MUFB(.J) AVG3298
GN=GNOR(J)RE2#XXJBJRVL AVG3299
GAMMA=ZGGR(J) AVG33022
GALPHA=RGN AVG3321
GBETA=GFFEB(I,J) AVG3322
TERMz (CUNST#GJoGFER(1,J)#GN)/ (EaDARIJ)) AVG3323
TERG=(CONST#GU#GN#GGR{J) )/ (E¥DAB(Y)) AVG3324
TERS=a(CONSTeGJsGNaGNY/ (EwDAB(J)) AVG33D5
Call GFIS(GALPHA,GBETA,BAMMA,MU,NU,GS) AVG33R6
CALL GSPE(GALPHA,GBETA,GAMMA,MU,NU,GC) AVG33E7
CALL SCAF(GALPHA,GBETA,GAMMA,MU,NU.SF) AVG3308
GS=GS#TERM AVG3329
GCzGCH#TERG AVG331R
SF=SF#TERS AVG3311
CORR=(CONST#GJ82,2eGN4SIN(PSP)#SINIPSP) )/ (ESDAR(Y)) AVG33111
SF=SFeCORR AYG33112
GI16=261G+GC AVG3312
GIF=sGIF+*GS AVG3313
G1S=61S+SF AVG3314
213 CONTINUE AVG3I15
GIGGP(11=CGIG AVG3316
GIGFP(1)=GIF AVG3317
GISP(I)IEGIS*SIAPTP AVG3I318
212 CONTINUE AVG3319
GO To 41m AVG33282
473 PRINTL® AVG3321
12 FORMAT(72H AVERAGE SCATTERING AND CAPTURE CROSS~-SECTIONS FOR A NONAVG3322
1=-FISSILE NUCLEUS) AVG3323
PRINTLL(RUN( Y, 21, 7) AVG3324
11 FORMAT(9H TITLF 7A4) AVG3325
PRINT12:E0,EN AVG3326
12 FORMAT(24H ENERGY L IMITS LOWER E£19,4,10H UPPER E10,4) AVG3327
GO TO (4g1,402),NR AVG3328
421 PRINT21 AVG3329
PRINT36 AVG3332
PRINTL14,(ES(I),GISS(1),1=1,NC) AVG33Z31
PRINT3S AVG3332
PRINT1Z AVG3233
13 FORMAT(53H NEUTRON ENERGY(EV) S-WAVE CAPTURE ROSS~SECTION) AVG3334
36 FORMAT(534 NEUTRON ENERGY(EV) S-WAVE SCATRNG CROSS~SECTION) AVG3335
14 FORMAT(2E2Z,6) AVG3I336
PRINTLI4,(ES(1),GIGGS(I),1=1,NC) AVG3337
GO To 887 AVG3338
432 PRINT21 AVG3339
PRINT37 AVG3340
DO 7881 1=1.NC AVG3341
TOTAL=GISS(1)+~ISP(]} AVG3342
PRINT16,ES(I),0ISS(1),CISP(]),TOTAL AVG3343
7321 CONTINUE AVG3344
PRINT3B AVG3345
PRINT1S AVG3346
15 FORMAT(L1@H NEUTROM ENERGY(EV) S«-WAVE CAPTURE CROSS~SEZCTION AVG3IZA47
1 P~WAVE CAPTURE CROSS~SECTICN TOTAL) AVG3348
37 FORMAT(110H NEU'TRON ENERGY(EV) S-WAVE SCATRNG CROSSeSECTION AVG3349
1 P~WAVE SCATRMG CROSS-SECTION TOTAL) AVG3352
16 FORMAT(4X,E13,4)17X E13,6,21%,813,8,21X4E13.6) AVG3351
B0 7987 1=1,NC AVG3352
TOTAL=6IGGS())+GIGGP(]) AVG3353
PRINT16,ES¢I,nIGGS(1),GIGGP(1),TOTAL AVG3354
782¢ COMTINUE AVG3355
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GO TO 887 AVG3356

413 PRINT17 AVG3357
17 FORMAT(76H AVERAGE SCATTERING CAPTURE AMD FISSION CROSS»SECTIONS FAVG3358
10R A FISSILE NUCLELS) AVG3I359
PRINTLL: (RUNCUY»JE1,7) AVG3360

GO TO (411,412),NR AVG3361

411 PRINT21 AVG3362
PRINT36 AVG3363
PRINT14,¢ES(1),G188(1),1=1,NE) AVG3364
PRINT3S AYG3I365
PRINT1Z AVG3366
PRINTL14,(ES(L),GIGES (1) ,1=1,NE) AVG3367
PRINT18 AVG3368

18 FORMAT(53H ME''TRON ENERGY(EV) S~-WAVE FISSION CROSS~SECTION) AVG336%
PRINT14,(ES(1),GIGFS(I),1=1,NE) AVG33782

Go To 884 AVB3371

412 PRINT21 AVG3372
PRINT37 AVG3373

DO 74082 1=1,NE AVG3374
TOTAL=GISS(I)+nISP (]} AVG3I375
PRINT16,ES(I),A18S5(1),61SP(1),TOTAL AVG3376
7032 CONTINUE AVG3377
PRINT35 AVG3378
PRINT15 AVG3379

DO 7003 1=1,NE AVG3380
TOTAL=GIGGS(I)+GIGGR(I) AVG3381
PRINTL6,ES(1),0166S(1),G1GGP(1),TOTAL AVG3382
7223 CONTINUE AVG3383
PRINT19 AVG3384

19 FORMAT(418H NEUTRONM ENERGY(EV) S-WAVE F1SSION CROSS~SECTION AVG3385
1 PaWAVE NTUTRON CROSS~SECSTION TCTAL) AVG3386

Dp 7284 1=1,NE AVG3387
TOTAL=GIGFS(I)+GIGFP () AVG3388
PRINTL16,ES(I),rIGFS(1),GIGFP(1),TOTAL AVG3389
7234 CONTINUE AVG3390
GO TO 88¢g AVG3394

88 PRINT2% AVG3392
20 FORMAT(47H INPI'T ERRCR NUMRER CF L VALUES LARGER THAN TWE) AVG3393
21 FORMAT(62H AVERAGE CROSS-SECTIONS CALCULTED USING GREEBLER APPROXIAVG3394
IMATION) AYG3395

22 FORMAT(34H DAT2 FOR A NON-FISSILE NUCLEUS) AVG3396
23 FORMAT(27H DATA FOR 4 FISSILE MULLEUS) AVG3397
24 FORMAT(12H S=WAVE DATA) AVG3398
CONTINUE AVG3399

25 FORMAT(L12H P=WAVE [ATA) AVG3400
26 FORMAT(2@gH ENE®GY LIMITS LOWERE2P,6,7H UPPERE2%,6,7H  LRU=I5,7H AVG3401
1 LRF=15,74 1F1=15) AVG3402

27 FORMAT(7H RUN MCI15,9H TITLE 7A4,4H FEOE13,6,4H ENE13.6,7H ESTEAVG3493
1PEL3/6) AVG34231

28 FORMAT(12H TARRET SPINE11,4,18H SCATTERING LENGTHE11,4,54H NO OF EAVG3404
INERGY VALUES AT WHICH FISSION WIDTHS ARE GIVENIB) AVG3425

29 FORMAT(51H FISSION WIDTHS ARE GIVEN AT THE FOLLOWING ENERGIES) AVG3406
32 FORMAT(19H MEAM LEVEL SPACINGE11,4,11H LEVEL SPINEL11,4,22H REDUCEDAVG3487

1 NEUTRON WIDTHR11,4,12H GAMMA GAMMAEL1.4) AVG3408
31 FORMAT(56H NO NF DEGREES OF FREEDOM FOR NEUTRON WIDTH DISTRIBUTIONAVG3402%
117 AVG3410
32 FORMAT(56H NO NF DEGREES OF FREEDOM FOR FISSION WIDTH DISTRIBUTIONAVG341Y
117) AVG3412
33 FORMAT(23H THE FISSIaN WIDTHS ARE) AVG3413
34 FORMAT(14H 1SOTOPIC MASSEL1,4,17H ANGULAR MOMENTUM!IS,18H NO OF SPIAVG3414
1IN STATES1S) AVG3415
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35 FORMAT(//) AVG3416
38 FORMAT(46H NUCLEAR RADIUS A=(1,23#MASS#%1/3+0,8)#0,1 *E11.4) AVG3417
39 FORMAT(80H1 PRAGRAM AVRAGE3, CALCULATES CROSS-SECTIONS IN THE UNREAVG3418

1SOLVED RESONANARE REGION,) AVG3419

4% FORMAT(59H ENDF/8 VERSION Il DATA WITH ENERGY INDEPENDENT PARAMETEAVG3428
1RS,) AVG3421
88¢ Go To 881 AVG3422
8800 RETURN AVG3423
END AVG3424
SURROUTINE GCAP(GALPHA,GBETA)GAMMA,GGF ,MVU,SC) GCAPQD1
COMMON/XBAR/XX(4,1¢g) GCAPpR2
Sc=2,9 GCAPRO3

Do 128 J=1,1¢ GCAPRD4
XJ=XX (MU, J) GCAPZO5
VALUE=XJ/Z (GALPYASX J+GBETASCGF +GAMMA) GCAPQOS6
SC=SC+VALUE GCAPRE7

16@ CONTINUE GCAPQYZS
SC=Sc/10,0 GCAPORY
RETURN GCAP@lE

END GCAPRLL
SUBROUTINE GFIS(GALPNA,GBETA,GAMMA,MU,NU,S) GF1Spo1
COMMON/XBAR/XXt4,1¢) GF1S@0@2
S=7.9 GFispo3

DO 4198 J=1,1@ GF1Spd4
YJ=XX(NU, J) GF1Sp@5
CALL GCAP(GALPYA,GRETA,GAMMA,YJ,MU,SC) CF1Sp@s
Szg+yJeSC GF1see?

182 CONTINUE GF1Spos
325/102,9 GF1Sp29
RETURN GFlSgig

END GFlsgil
SURROUTINE GSPE(GALPHA,GBETA,AMMA,MU,NU,S) GSPE@RY
COMMON/XBAR/XXt4,1¢) GSPEg®@2
S=0,0 GSPERR23

DO 404 J=z1,18 GSPEQR4
YJ=XXINU, J) GSPERYS
CALL GCAP(GALPHA,GBETA,GAMMA,YJ,MU,S5C) GSPEQUES
S=5+8C GSPEQ@7

108 CONTINUE GSPEpRES
S=5/108.¢ GSPEGRZ9
RETURN GSPED1C

END GSPEQ1L
SURROUTINE GSCAT(GALPHA,GBETA,GAMMA,GGF,MU,SC) GSCTgel
COMMON/XBAR/XX(4,12) GSCTgd2
s¢=7,8 GSCT2Y3

Do 122 J=1,10 GSCTga4
XJeXX (MU, ) GSCT2e>
VALUE=(XJ#XJ)/(GALPHARXJ+GBETA9GGF +GAMMA Y GSCTRR6
SC=SC+VALUE GSCTRR7

100 CONTINUE GSCTER8
SC=S6/10,2 GSCT2P9
RETURN GSCTO10

END GSCToll
SURRGUTINE SCAF(GALPHA,GBETA,GAMMA,MU,NU,S) SCAFGOL
COMMON/XBAR/XXt4,18) SCAFpO2
§=2,0 SCAFQ@3

D0 100 J=1,17 SCAF@®24
YJ=XXINU, J) SCAFOE5
CALL GSCAT(GALPHA,GBETA,GAMMA,YJ,MU,SC) SCAF@26
S=5+SC SCAF227

120 COMTINUE SCAFp@s8
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SCAF@o9
e SCAF@ll
END
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1 AVERAGE3 TEST,PU=239

I.20020+
5.20000
3.00080+
5.00000+
5.20000+
236,998%
@ *
8.78200+
2.80000+
2 800280+
2.80200+
2. +
3.12200+
5.52000-
6,57000-
2.48000=
236,9985
2. + @
8.78200+20
.B4220
240020
24200
2.00000+08
3.12000+09
24203
240207
4009
B.00000+00
2.12200+00
04200
24089
24000

BN

AN ROR

1-00200+
9.75¢00~
6.0Z000+ 2
R.20203+ 3
6.07200+ 4
« 0
+ @
+ 0
2.8C0%0+ @
2.800008+ 0
@
@
7
2
2
1

=,

LS RS R

2.80080+
a. +
1.00020+
5.59000=
7.33088-
2.00700-
3.00022+00
2. + 7
7. -
. @4y08
.p4goo
40002
7.00983+20
1.00000+70
~gagaa
Q4gae
.04700
G.00200+00
2.02000+00
.p4nae
04200
.R40A%

1.2p200+
1.30020+
8,2p020«

1.000020+
2.80200+
2,800008+
2.80020+

1.00000+
50 6BZQG-
8,7200%a
3.86200s

1.,800004+0
Racn?
4002
04020
1
2.000C7+00
L0400
\Barco

1

1.00000+89
24220
24l
04200

ZAVERAGE3 TRST,.Um238DATA

3.9280E+03

@lg
236,0058

18,5
236,8958

18,5

9.25

3 AVERAGE3 TEST,

6.4504E+71
3.5
6.4504E+01
3.5®E+Z2
2.50E+23
1.25E+74
5,00F+24
233,2247
7.0
1.¢0
2.7310E-01
4-.24495701
4.3837E-01
7.0
1,00
1.4737E-01
1.3655E-01

5.00¢0E+04
749104

5,0E+m4
8,3668E=71
8,2E+71
4,50E+22
3. 50E+73
1,75E+724

2,0

2,9

3.0
\9264E~01
.8109E-71
.2358E~71
.387AE=01

PG b

z,0
4,0
1.4632E-711
2.2554E-91

1

1.
1.
U=235

NOX™ S RSN

]

1,25E+82
6, 02E+D2
4,50E+D3
2,25E+04

4}

2

1.7
2.4623Ea01
4,4004E~01
3.2196E501
4,5635Ex01

¢

1,0
1.2311Ea01
2.2002E-01

ATA
1 2 #1051
¢ 16 21051
1,5p200% 3 2.50000+ 3 3,52008+ 31051
2,20280% 4 3.20000+ 4 4,00000+ 410851
1.2p000% 5 1251
o} 2 21251
2 22 1251
9,40000" 4 3,870080~ 2 O, + 21851
2.,80003% @ 2.8080%+ 0§ 2,80000+ Z1ip51
2,80008% @ 2,80000+ 0 2,80008+ 21051
2.,8p0007% @
1 22 21251
3,34009= 4 3,87202~ 2 @, + 21051
5,7808C* 2 5.93200~ 2 6,23080~ 21251
1.,1P28%= 1 1.5220C= 4 3.,97580~ 11051
4,852a0= 1 1951
2 3 21p51
2 22 g1es51
2.,19500m03 3.87000-02 O, + 21051
T YA 240032 B400p
Jnezee V24202 2420E
Jepge 242022 ,0400¢
2 22 2
7.80000"04 3.87000-02 ©,00200+00
04020 NP1 24002
zager R4agoe \H4002
04007 WB4TA7 64020
2 22 2
5,3000¢m04 3,87000=02 C,20000+00
04007 34200 24008
240G 24PE7 04203
BeBND 24BED W04nRp
G.1000E+P40,1007E%260 AC20E+R4
1 )
2 2 plLpar
9 6 11047
1.739=3 24,6m3 2.281047
2 12 21947
2.923=3 24,6m3 2.01047
1-4615'3 24,6~3 Z.R‘lﬂ47
ATA
1 2 g1zad
) 25 21844
1,75E422 2,25E+22 2,75E+021044
8,50E+22 1.,25E+23 1.75E+031044
5,50E+23 7.08E+83  9,00F+331344
2,75E+94 3. 50E+04 4,50E+041044
1744
2 2 gipad
2 31 g1p44
1.8E~24 2,235 g.21044
2,4258E=01 2,6413E~-01 4,9785E-011044
2,3327E=01 3.0220En31 3.53CPE~P11044
3,2284E=91 3.3089E~71 3,3291F~011244
4,7280E~0B1 5,2078E~P1 5,9992E~011044
1044
1 31 gip4d
1,0E~24 2.235 g.,01044
1,2129Ewid1 1:3207E-01 2.,4852E~211744
1,1663E=21 145110E-01 1.7650E~011044
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21514
2451
2154
2151
2151
2151
2151
2151
2451
2151

2151
2151
2154
2154
2151
2151
2154
2151

2151
2151
2151
2151
2151
2151

2151
2454
21514
2151
2151
2151
2151
2151
2151
2151
2153
2151
215%
2151
2151
2151
2151
2151
2151

203
204
205
206
287
2¢e8
209
210
231
212

214
215
216
217
218
219
220

226
227
228
229
230
23

186
187
188
189
1909
191
192
193
194
195
196
197
198
199
209
201
222
203
204



2.1225p~01 1-.61796-71 1.6898F=01 1,6142c~71 1,6585c-01 1.6646p-011044
1935E=71 2.2517F=01 2,3647E=1 2,6B839E«1 2,9956F-011044

2.1918E-01 2.

2.8%175-01
233,%247

7.2
1,16
3,320~71
3,320
3,32e-01
3,32E=-21
3,32c-71
2
llmm
1,276~71
1.27E'@1
1!27E’@1
1.27€-014
1.27£-01
D40
1.@8
2086E‘@1
2,86C-0F1
2,86E-v1
2|86E‘ﬂ1
2.86E-@1
28
1,12
1,43c-M
1,438-71
1-43E'ﬂ1
1.43E-91
1,43E-01

2.2
2,2

2.2
3,326-71
3,32e-01
3,32€-71
3,32E-71

3,2
E
1.27E-71
1.27E«71
1,276-71
13275-9‘1

2,2
4,0
2,868-01
2.86C8=71
2,85c-01
2,86E=01

2.0
5.0
1.,43E=71
1043E-71
1,43E=01
1, 43E-01

1

1

1.2
3.32E=21
3,32Es01
3.,32E:21
3‘! 3259@1

1

2.7
1,27Ex01
1.27E=01
1,27Es01
1,27E=21

1

2.2
2.86E=@1
2.86E=01
2,86E-01
2.86E201

1

1.2
1,43E-01
1,43E:2%
1.43E'81
1,43E<21

2

2
2,32Em04
3,32E=21
3,32E~01
3,32F-71
3,32E-21

1
2,40E~024
1,27E=21
1,27€=01
1,27E=81
1,27E-21

2
2,20p~04
2,86Ew01
2.86F=C1
2,86Em01
2,866x01

i
2,24E-024
1,43E~21
1,43e~01
1,43E-021
1,436-21
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4

31

n,235
3,32e~-01
3,326-01
3,32E-01
3,32E~01

31

2,835
1,27E-21
1,27E~214
1.27E~01
1,27E~01

31

2,235
2.86E-01
2.,86E~01
2,86E-21
2.86£-01

31

2,235

1 |43E"’e1
1,43£-01
1,43E~01
1,43E-01

1744
P1044

BLr44
?,01044
3,326-211044
3,320-711244
3,328-011044
3,32F-211744
1044

g1raq
¢,01244
1,276-011044
1,27€-011044
1.,27E~811044
1,27E=211744
1044

21044
5.01044
2,86E-011044
2,86F=011744
2,86F-011044
2 B6F=11744
1744

g1744
2,71044
1,43F-211044
1,43F~211044
1,43E-011044
1.43F-711744
1044

2151
2151
2151
2151
2151
2151
2151
2151
2151
2151
2154
2151
2151
2151
2151
21514
2151
2151
2151
2151
2153
2151
2151
21514
2151
2151
2151
2151
2151
2151
2151
2151

285
206
207
208
209
210
211
212
213
214
215
216
217
218
219
229
221
222
223
224
225
226
227
228
229
233
231
232
233
234
23%
236



PROGRAM AVRAGE3, CALLCULATES CROSS=SECTICNS IN THE UNRESOLVED RESONANCE REGION,

ENDF/B VERSION 11 DATA WITH ENERGY INDEPENDENT PARAMETERS,

RUN NO 1 TITLE AVERAGE3 TEST,PUA?239 DATA EQ g,nzaceokegy EN 2.0000¢00E+pp FESTEP p,.000022E+ge
ENERGY LIMITS LOWER 3, FU@ZE%E*E? UPPER 1,000Q00F«05 LRU= 2 LRF= 1 LFl= 2
TARGET SPIN 5.0¢22E-71 SCATTERINV LENGTH $,25@0E~01 NO OF ENERGY VALUES AT WHICH FlssIoN WIDTHS ARE GIVEN
DATA FOR A FISSILE NUCLEUS

S=-WAVE DATA

FISSION WIDTHS ARE GIVEN AT THWE FOLLOWING ENERGIES

3,0000E+22 6,0000E%22 1.,C00QE+P3 4,5220E+03 2.5800E+23 3,500CE+03
5.0000E+723 8,0PC0E+27 1,3000E+04 2.3002E+%4 3,0000E+24 4,0000E+4
5.0Q000E+74 6,0000E+24 B, 0ACPE+A4 1,00QUEES

1SOTOPIC MASS 2,370PE+22 ANGULAR MOMENTUM 2 NO OF SPIN STATES 2

MEAN LEVEL SPACING 8,78@02E+«27 LEVEL SPIN #,0008CE+Q2@ REDUCED NEUTRON 4IDTH 9,4002€-84 GAMMA GAMMA 3,8700E~
NO OF DEGREES OF FREFDOM FOR NEUTRON WIDTH DISTRIRUTION

NO OF DEGREES OF FREFDOM For FISSION wIOTH DISTRIBUTION 2

THE FISSION W]IDTHS ARE

2.8000E+30 2,8p00E¢27 2.8000E+00 2,8200FE+07 2.8200E+20 2.8020E4+p2

2,6000E+20 2,8000E+C0 2,8000E+00 2,8200E+00 2,8000E+20 2,8000E«00

2,.80P0E+nR 2,820RF+2% 2,820QC*00 2,8000E400

MEAN LEVEL SPACING 3,120CE«@¢ LEVEL SPIN 1,820PE+80 REDUCED NEUTRON WIDTH 3,3400E~04 GAMMA GAMMA 3,870BE(
NO OF DEGREES OF FREFDOM FEoR NEUTRON WIDTH DISTRIBUTION b

NO OF DEGREES OF FREFDOM FgR FISSION WIDTR DISTRIBUTION i

THE FISS1ON WIDTHS ARE

5.5200E-02 5,5900E=07 5,6800Ew02 5.7807E-02 5,9328E-02 6,2300E~02

6,5720Ee2 7,3300E"C2 B8,7200Ewl2 1,1Z20E~C01 1.5020E-01 1.9757E=p1

2,4800F-21 3,0000E~Z1 3.8600EePl 4.8502E~0C1

P~WAVE DATA

1S0TOPIC MASS 2,3708%+022 ANGULAR MOMENTUM 1 NO OF SPIN STATES 3

MEAN LEVEL SPACING 8,78@2E«@p LEVEL SPIN 0,2002E«0¢ REDUCED NEUTRON WIDTH 2,1950F=03 GAMMA GAMMA 3,8700E 1
NO OF DEGREES OF FREFDOM FOR NEUTRON WIDTH DISTRIBUTION 1

NO OF DEGREES OF FREEDOM FOR FISSION WIDTH DISTRIBUTION 2

THE FISSION W]DTHS ARE

4,0000E-22 4,0000E~02 4,0000E<02 4,0000E=02 4,0020E-02 4,000%E~D2

4,C2000E-02 4,000CE~07 4,0000E<02 4,00Q0E-02 4,0200E~02 4,0000E«02



4,0022E=-72 4,0000E=02 4,0000Cw?2 4

MEAN LEVEL SPACING 3,1202E+P¢ LEVEL SPIN 1,2002E+2p REDUCED NEUTRON

1EUE2E-22

NO OF DEGREES OF FRERDOM FOR NEUTRON WIQTH DISTR{BUTION
NO OF DEGREES OF FRE®DOM FBR FISSION WIDTH DISTRIBUTION

THE FISS10N WIDTHS ARE

4.0800E-72 4,0000E~0? 4,0020Ce02 4,0000E~02 4,0QC2E~02 4,000CE~g2
4,0000Ee?2 4,0200E~02 4,0000EwC2 4,00Q0E~E2 4,.0000E~32 4,0000E-22

4,0000E-22 4,0007E~0" 4,0020E~22 4

MEAN LEVEL SPACING 2,1200E«@7 LEVEL SPIN 2,00PRFE«P9 REDYCED NEUTRON

10228E~Q2

NO OF DEGREES OF FREEDOM FOR NEUTRON WIDTH pISTRIBUTION
NO OF DEGREES OF FRETDOM FOR FISSION WIDTH pISTRIBUTION

THE FISSION WIDTHS ARE

4.0200E-22 4,0007E=22 4,0030E<02 4,Q000E~02 4,0000E~02 4,2C30E~Q2
4,0200E-22 4,0007%Eed? 4,0000Es02 4.002CE~22 4.,0290E~02 4,0032E=02

4,0000E-02 4,0000E=22 4,20p0EcR2 4
NUCLEAR RADIUS A=(1,23sMASS#nl/3+0

AVERAGE SCATTERING CAPTURE AND FISSION CROSSSECT]ONS FOR A FISSILE

TITLE AVERAGE3 TEART,PU=239 DATA

AVERAGE CROSSeSECTIOMS CaLgULTED USING GREEBLER APPROXIMATION
S=WAVE SCATRNG CROSS-SECTION

NEUTRON ENERGY (EV)
3,000880E+92
6.A02000E+22
1,200708F*33
1,5000822€+23
2,500800E+03
3. 5P0002E+23
5, PRAAGRE+E3
8,007000E*E3
1,300000E+34
2.0PC000E+04
3,200000E04
4,C000aQE+24
5,00020BE~04
6,00000CE+04
8,000020E+04
1.,822020E+05

NEUTRON ENERGY(EV)
3,000220E+02
6,002038E+p2
1,002080E+03
1,500000F«23
2,50C008E+23
3,50¢008E+03
5. 200330 BE+D3
8,020000E+23
1,3320p0E+04
2,080003FE*04
3.000002E+04
4,0000P3E+04
5,203C030E+04
6,0070QBE+C4
8,202030E+04

lg@me-ma
1 8)88,1 =

1,383416E+01
1.,3470¢5E+01
1,316930E+01
1,291372E+21%
1,257470E+21
1,232945E+0%
1,20645BE+0%
1,169198E+24
1,127335E+01
1.785939c+01
1,044848F+01
1, 006639E+01
9,769172E+08
9,504816E+00
9,257618E+07
B,660133E+27

9,2953196+072
6,096594E+27
4,44523BE+02
3,3916735428
2,418175E+0¢
1,901494E+D7
1,472163E+22
1,035788E457
7,044930E-21
4,887885Em21
3.37253PE=01
2,546117F-01
2,032893E-03
1,685859E-01
1,267224E-01

8,4337e=21

S=WAVE CAPTURE CROSS-SECTION

WIDTH 7,8000E=B4 GAMMA GAMMA 3,8700E-~@2

WIDTH 5,3202E%24 GAMMA GAMMA 3,870@E~02

NUCLEUS

P-WAVE SCATRNG CROSS«SgeTloN

1.296935E~04
5,165503E"04
1,425274g~03
3,476370E~83
8,631692E=03
1.650611E-022
3,235447E~02
7.591461E~02
1,724855£=01
3,332512E~01
5,767438E=01
8,139086E=01
1,036500E+20
1,242964E+0Q
1.6112086E+282
1.928741E+00

P-WAVE CAPTURE CROSS=-SgCTION

1,878727E=01
1,519540E~01
1,942551g~01
2.365860Em31
3,014797E-01
3,514680E~01
4,098882E=21
4,911123c~21
5,685306E~01
6,162974g=81
6,302902E-01
6,18194ZE=01
%,963265E-21
5,712251g~71
5,212052E=01

TOTAL
1,383429€+p1
1,347856E+03
1,317873g+01
1,291690E+@14
1,258333E+p1
1,234616E+01
1.209694F+01
1,176790E+01
1,144583E+p21
1.119264E+01
1,299523E+01
1.088080E+01
1.080567E+81
1.27497BE+p1
1.266862E+01
1.058887E+01

TOTAL
9.402392E+00
6.,247648E+p0
4,609493E+00
3,628259E+28
2,711655E+00
2.252962E+272
1.8820@51E+p0
1.526120E+00
1.273021E+22
1.185078€+20
9.475432E~D1
8.,728Q50E~p1
7.996159€-01
7.398142E~p1
6.477276E~21
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PP+3.08660°T Tg=3£93%La3'Y TR=3L57926'9 SP«3002002'T
gR+3252p6T°T Tg=39,0782" Y T2~3Tv3I19¢" L Y0+3000222°8
pos34c8228'T To«306L069'Y 10=-386LL88"8 bo+30000480'9
P0+39969658°3 T@=3248128°Y TO=36LLErT6 v0+3000002°S
Pg2+3250580°T Tp=30v2506°Y Ty-3g82sk6's Y2+30000080°' 7
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PROGRAM AVRAGEZ, CALCULATES CROSS~SECTIONS IN THE UNRESGLVED RESONANCE REGION,

ENDF/B VERSION Il DATA WITH ENERGY INDEPENDENT PARAMETERS,

RUN NO 2 TITLE AVERAGE3 TEST,U~-238DATA £E0 1,02000CE+@3 EN 1,C00000E+a5 ESTEP L.00000QE+03
ENERGY LIMITS LOWER 3,92002fc+03 UPPER 5,000000E+24 LRU= 2 LRF= 1 LFl= 2

TARGET SPIN g.p2@2t+20 SCATTERING LENGTH 9,1840E~g1 NO OF ENERGY VALUES AT WHICH FISSION WIDTHS ARE GIVEN 2
DATA FOR A NON«FISSILE NUCLELS

S=WAVE DATA

1SOTOPIC 'MASS 2,36217+22 AnGULAR MOMENTUM 2 NO OF SPIN STATES 1 ‘

MEAN LEVEL SPACING 1,85@gEspl LEVEL SPIN 5,0000E~21 REDUCED NEUTRON WIDTH 1,7392E«23 GAMMA GAMMA 2,46ppE~g2
NO OF DEGREES OF FREFDOM FOR NEUTRON WIDTH DISTRIBUTION 1

PmWAVE DATA

1SOTOPIC MASS 2,3601c+0G2 ANGULAR MOMENTUM 1 NG OF SPIN STATES 2

MEAN LEVEL SPACING 1,85@¢E«21 LEVEL SPIN 5,p00@F~@4 REDUCED NEUTRON WIDTH 2,9230E=23 GAMMA GAMMA 2,46Q0E-p2
NO OF DEGREES OF FREFAOM FOR NEUTRON WIRTH OISTRIBUTION 1

MEAN LEYEL SPACING 9,2507E+2¢ LEVEL SPIN 1,5CBQFE+Z0 RENDUCED NEUTRON WIDTH 1,4615E#23 GAMMA GAMMA 2,46B0E-02
NO- OF DEGREES OF FREEDCM FoR NEUTRON WIDTH DISTRIBUTION 1

NUCLEAR RADIUS A=(1,73#MASS#wi/3+0,8)00,1 = 8,423ZE~01

AVERAGE SCATTERING AMD CAPTURE CROSS~SECTIONS FOR A NON»FISSILE NUCLEUS

TITLE AVERAGEZ TEST,Uw2380ATA

ENERGY LIMITS LOWER 1,0200E+Q3 UPPER 1,0022E+25

AVERAGE CROSSeSECTIOMS CALGULTED USING GREEBLER APPROXIMATION

NEUTRON ENERGY(EV) S~WAVE SCATRNG CROSS=SECTION P-WAVE SCATRNG CROSS=SECTI!oN TOTAL
1,0@820805+03 2,016256F+01 4,648083E~63 2.014724E%04
2.,0020800E%23 1,7664954E+21 1.,744892E~02 1.766729E+p1
3,008000E+83 1,64405BE+01 3.,647962E702 1,647706E+01
4,007000F+23 1,56784BE+01 5,999283E-02 1,573847F«01
5.0CH0RCE+D3 $.513575€+01 8,659323E~22 1.522235E+21
6. 83AF2E+03 1.472052E+01 1,152278E~03 1,483574E+0
7. B22000E+C3 1,438736E+01 1,451215E~01 1.,453250E+014
8,80¢020F+23 1,411002E+01 1,757174E=01 1.428663E%p1
$,270PABE+03 1,387560E+01 2.066137E~21 1,408222E+01
1,000000F+04 1,367133F+01 2,375251E~21 1,390886E+01
1.107000F+04 1.349419E+21 2.682505E~01 1.375944E+01
1.220000E+14 1.333027E+061 21986493Em21 1,362892E+01
1.372C00E+04 1.318497E+021 3,286254E~01 1.351359E+01
1.,422000E+04 1,305258E401 3.581147E=01 1.341069E%01
1,500000E+04 1,293508E+21 3.870764E=01 1,331808E+01
1,600202E+34 1,281862E+04 4,154869E=21 1,323411F+01
1,770@BPE+04 1,271411E+01 4,433347g~01 1.315745€+21
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8.900000F«04
9.0p00000E*04
9.1200820E*D4
9.,202000E+04
9.302300E+04
9,4020DPE*D4
9,570000E+R4
9,600000E*04
9.,70029QE*34
9.80000Q0E%04
9.,922000F*04
1.000000E+aS5

NEUTRON ENERGY(EV)

1.00EAQBE+23
2,700000p+03
3.200000E%03
4,000ABGESD3

5.020000E+33

6,23003QE+23
7,072000E#33
8,200000F+n3
9,02 BEBE+DT
1.,900B00E*24
1,172008E+D4
1,200000E+04
1.300A0BE+04
1.4BCA0CE+24
1,522008E+04
1.682000E+24
1.7CP000E*34
1,8000030E+04
1.9220p8E+04
2.,902000E%04
2,12¢072E%24
2,2070B0F+04
2.302000E%24
2,402000E 424
2,502220E%04
2,607000E+34
2,790090E+04
2,802028E%04
2,900BHBEHD4
3,082200E+74
3,100000E+n4
3,200000E+34
3. 300008F+24
3,407000E«74
3,502200E%04
3,60200CE»04
3, 700APRE+04
2. BAAARBE+A4
3,900008E+04
4, AR0RE+H4
4 1709PQE+04
4,200R00F %04
4,3000BE+R4
4,402030E+04
4,500000E+04

9,813988E+20
9,790817E+00
9,767808E+00
9,744955E+00
9,722257E+00
9,69972BE+082
9,677307E+2882
9,655050E+00
§,632934E+00
9.,61095T7E+00
9.589115€+26
9.,5674C7E+2E

S-WAVE CAPTURE CRCSS.SECTION

2.,6827#5E+QC
1,45806Bg+00
1,022954€+02
7,964915E~01
6,549666E~01
5,576861E-p1
4,864937E-01
4,320128g-021
3.889121E-01
3.539154E-01
3,249098E~01
3, BE4580E-01
2,795524E-C1
2.614641E~02
2,456523E-01
2,317074E-01
2,19343CE~01
2,28229%€-01
1.,982336E-01
1,891916E-01
1,809653FE~01
1.734476E-01
1,665495E-01
1,603967E-21
1,543261E=01
1,488841E~01
1,438249E-01
1,391939E~01
1,347020€~01
1,385743E-01
1,266999€-31
1,232558E~01
1.,196259E~01
1.163802E-~01
1,1331496-01
1,124117E-21
1.676580F =61
1.,050424E-01
1.225547E-p1
L.0Z1855E=pd
9,792659E-02
9,577824¢-~92
$,378984F -2
9,173827E-¢2
§,985260E~C2

1,640642E+00
1,652064E+00
1,663419E0+00
1,674709E+80
1,685936E%20
1,697100E+00
1.,728202E420
1,719244E422
1,730226E+20
147411504802
1.,752817E%20
1.762828E+020

P-WAVE CAPTURE CROSS-SECTION

2.845669E=0
2,775752g"01
3,238675€~01
3.550220€-021
3,762565E~07
3,905912E=21
3,999717E~03
4,057238p=01
4,087823E"04
4.298224E"01
4,093407E=21
4,077075E~01
4,052024E"21
4,020384E=01
3.983793E-21
3.943522E=~01
3,980552E~01
3,855662E=01
3,809460E~01
3,762422E-01
3,714927~01
3,667273E=014
3,619697En~01
3,572384pw01
3,525480€-21
3,479098E~01
3.433327e~01
3,388234E~01
3,343868E~21
3,300268E-01
3,2857457g~21
3,215455¢~21
3,174269g"=21
3,133903E=01
3,294358E~R1
3.255628Em01
34.017705E-01
2+980579E~01
2.944239£~01
2.,908670E~21
2.,8738B59E=01
2.839790g~21
2,806446E=21
2.773812E=21
2.741871E~21

1,14%463E+01
1.144288E+01
1,143123E+p1
1,144966E+p1
1,140819E+0¢
1.139681E+21
1.138551E+p1
1.137429E+01
1.136316E+01
1,135211E+0¢
1,134413E+21
1.133223E+01

TOTAL
2.807272€+0¢2
1,727583¢+02
1.346861E%022
1.151513E+00
1.834223E+08
$.4828p3E-p1
B8.864654E~01
8.377366F-p1
7:976924E~04
7.637378E~01
7.342505E~01
7.084655E~01
6.847548E~01
6,635024E~p1
6,440346E~014
6.268594E~01
6,093682E-01
5,937872E~01
5.791795€~01
5,654338F~01
5,524579E~p1
5.401749E~01
5.285192E~01
5,174351FE =01
5.068741E~01
4,967939E-01
4.871576E~01
4,779323E-01
4,690888E=D1
4,606011E-01
4.,524457E-01
4,4460Q013E-01
4,370488€~01
4,297705€E-01
4,227507E~21
4,159745E-01
4,p94285E~01
4.031004E-01
3.969786E~01
3,910526E~-p1
3.853125E-21
3,797492E-21
3.743542E-21
3.691195E-p1
3.648377E-01



4,6Q20000E+04
4,722020F%04
4,800000E+04
4,927PQRAE+T4
5,00P00QE%04
5,100000F+04
5.,2000BQ0E+04
5,37000Q0E+04
5.,4000PRE+4
5,527000E+34
S, 6PRRNTESD4
5.,700700E24
5,800020E+04
5,920300E+24
£, 0FCOUPE+D4
6,.10ncpRFE+04
6,2PC0P0E+C4
6,300000c+04
£,400000E+04
6,500000E*24
6,600000E+24
&, T0BDPOE*V4
6,830000c+24
6,9000UBE*D4
7,0C0020F «04
7, 10CPIBE+R4
7.2000B0E*C4
7.300000E+24
7,400000E+04
7,50CA0PE~p4
7.62002BE*04
7,700000F+04
7.827008E+34
7.920000E+04
8,07000BE+4
8,100080E+24
B.20RR0CE+04
8,300000E+04
8,400020E+24
8,500000E+04
B,.6700PCE+04
8,700000E+04
8,BP00PCE+D4
8,907002E«24
9,0p0020E+B4
9,100000E+04
$,20C000E+04
$,302PRRE+D4
9,4003008E+04
9,500000E+04
9,600000E%04
9,700000E+04
9.,800000E%04
9.927000E+04
1.007900E%05

8,804128E~02
8,6372548F-p2
B,463876E~02
8,373771E~92
B.149648E-02
8,201369E-02
7.,858540F-02
7.720864E-02
7.58BR44E~D2
7,459881F~02
7,336078E-02
7,216439E-02

7.120729¢€-022

6,988782E~22
6,880427E~022
6,77543%Emp?2
6,673701E-22
6,575361¢-22
6,479374E-02
6,3865E7E-02
6,296335c-p2
6,2087438-62
6,123619¢~02
6,040860E=-02
5,960367¢-02
5,882049E-02
5,8¢5815E-02
5,731585E~02
5,659278E-02
5,588821f-02
5.,520143E~022
5,453176=02
5,38785KE=C2
5,324123E-22
5,261919E-02
£, 201190E-22
5,141802E~02
5,082946E~02
5,027335E-02
4,972002€-02
4,917906E=02
4, 665003E-02
4,613256E-02
4,762626E-02
4,713876E~02
4,664573E-p2
4,617083E-02
4 ,5708575F-02
4,525018E=02
4,480382E-02
4, 436640E~E2
4,393766E-22
4,354732E~02
4,310516E=02
4,2708584E~C2

2.710687E~01
2,580001g~01
2.650039E"21
2.620723E~01
2,591977E~21
2,563846E~01
2¢536293E"01
2:509323E-21
2.482861E~01
2.456952E~01
2.431563E-01
2,406678E=p1
24382285E"01
2.358370E~21
2.334924E=01
2,311924gw021
2.289369E~C1
2.267242E"04
2.245533E"21
2,224231E"01
2,203325E~01
2.1828B5E-D1
2.162660p"01
2.142880E~61
2.,123457g~01
2,104381E=01
2.085644E=01
2:,267236E-01
2.049149¢€w21
2.,8313768EwD1
2,£213908E=01
1,996738g=01
1,97985BE=2}
1.963262E~01
1,946942EmC1
1,930892F~081
1,915106E~C1
1,899576E=81
1,884297E=21
1,869264E=31
1,854469E=01
1,839908E=01
1+825576E~01
1.811466E=01
1.797574E=01
1.783896Em0DL
1,770425E~01
1,757158E=01
1,744090BE=B1
1.731217g~01
1.718534E~01
1.706037E=21
1,693722E=21
1,681585E~01
1,669623E=21

3.594020E~01
3,543p56¢-01
3.4964276-01
3.451073E-01
3,406942E-01
3,363983E-01
3,322147E-01
3,284389E01
3,241667E-03,
3.202940E-01
3.,165170€-01
3,128321F-~p1
3.092358E-01
3.857248E-21
3.022961E~01
2,989487F-p1
2.,956739E~01
2.924748p~p1
2.893471E-01
2.862882E~71
2.832959E-01
2.803679E-01
2,775021p~01
2.746966E~01
2,719494p-01
2.692586F 21
2,6662250~01
2,640394E-01
2,615877€~01
2.500258E-21
2,565922F~01
2,542055p-01
2.51B644E~21
2,495674E~04
2.473134E-01
2,454011E-01
2.429294E-01
2,407971E-01
2.387231E~01
2,366464E~01
2.346260E~21
2,326409E~01
2,306921E-01
2,287729E~p1
2.268882E-01
2,250353E~01
2.232134E~01
2,214216E-01
2.196592E~01
2,179255E~-21
2,162498E~04
2.145413E-01
2,1286895¢-01
2.112637E-21
2.896633E~0%



PROGRAM AVRAGE3, CALCULATES CROSS=SECTIONS IN THE UNRESOLVED RESONANCE REGION,
ENDF/8 VERSION Il DATA WITH ENERGY INDEPENDENT PARAMETERS,

RUN NO 3 OTITLE AVERAGE3 TEST, Um235 DATA E0 7.,000002E+QC EN P,000Qp8E+z0 ESTEP 2.000000FE+00

ENERGY LIMITS LOWER 6,4504p0E+g1 UPPER 5,000700E+24 LRU= 2 LRF= 1 LFls 2

TARGET SPIN 3.5202E+28 SCATTERING LENGTH 8,2366BE~21 NO OF ENERGY VALUES AT. WHICH FISSION WIDTHS ARE GIVEN 25
DATA FOR A FISSILE NiI!CLEUS

S~WAVE DATA

FISSION IpTHS ARE GUVEN AT THE FOLLOWING ENERGIES

6,45%4C+01, B,2002p+%1 1.25¢0p+02 1.,7502g+02 2.,2500F+02 2.7500E+82
3.5000E+72 4,5000E+22 6,C0QRE+R2 8,5C0CFE+22 1.25208E+03 1.7500E403
2.5200E+53 3,50072E+03% 4,52¢0E+03 5,5020E+83 7.8002E+03 9,220CE+3
1,250BE+04 1 ,75C0E+0¢ 2,2500E+04 2,7500E+04 3,50008E+04 4,5C00E+04
5,00870E+74

ISOTOPIC MASS 2,33025+22 ANGULAR MOMENTUM B NO OF SPIN STATES 2

MEAN LEVEL SPACING 1,0P2¢E+@e LEVEL SPIN 3,000RPE+@@ REDUCED NEUTRON WIDTH 1,020@00E=R4 GAMMA GAMMA 3,50080E-02
NO OF DEGREES OF FREFDOM FOR NEUTRON WIGTH DISTRIBUTION b8

NO OF DEGREES oF FREFDOM FgR FISSION WIDTH DISTRISUTION 2

THE FISSION WIDTHS ARE

2.9474E~31 2,9264Ewdq 2,4623Eel1 2,4258E~01 2,6413E~01 4,9725E-21

2,7310E=74 4,5109Em01 4,4Q¢4E5C1 2,3327E~01 3.,2220E~01 3,5302E-21

4,2449E»71 3,2358E~21 3,2196Eaf1 3,2284E~21 3,322%9€~21 3,3291E-71

4,3837Ew71 4,3879C501 4,5@35Ex01 4,7280E-C1 5,2078E-01 5.9992E=71

5,7033E-71

MEAN LEVEL SPACING 1,72082E+@f LEVEL SPIN 4,0002E+22 REDUCED NEUTRON WIDTH 1.0C0¢E=04 GAMMA GaMMA 3,5B20E~02
NO OF DEGREES OF FREFDOM FOR NEUTRCN WIDTH DISTRIBUTION 1

NO OF DEGREES OF FREFDOM FpR FISSION WIDTH DISTRIBUTION 1

THE FISSION WINTHS ARE

1.4737€-51 1,4632E8«0¢ 1.,2311E~21 1,2129€E-21 1,3207E~81 2.,4852E~01

1,3655E~01 2,2554E~21 2,2202Es81 1,1663E~21 1,D5112E~21 1.765CE~01

241225E8-01 1,6179Es01 1.6U98Es21 1,6142E~21 1,6585F8~01 1,6646E-01

2,1918Ew31 2,1935Ea01 2.2517Es01 2,3640E~81 2.6839E~01 2,9996E~01

2.8517Eap1

P=~WAVE DATA

I1SOTCPIC MASS 2,33227+02 ANGULAR MOMENTUM 1 NO OF SPIN STATES 4
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1,759808E+23
2:502220E+03
3.502000E+03
4,500000E+03
5,500808E%03
70000085 +03
9.,202002E03
1.250000E%04
1.,752000E+74
2,250000E+p4
2,75CAR0E+D4
3,500000F%¢4
4,500200E+04
5,0008QCE+24

NEUTRON ENERGY(EV)

6.450400E+01
8.,200%20E+01
1,252002E+02
1,752000¢+22
242500305 +02
2.750703E*02
3.5070225+02
4,500000E+02
6€.000B3QE+02
8,5070032E+22
1.250800E03
1,750032E+23
2.,500022E%63
3,52¢000E*3
4,520008E+83
5,500000E+03
7,000330E+23
9.,020230E*D3
1,250200E+04
1,750300E+04
2,25008002E404
2.750003E+24
3.520DF0E%04
4,500300E+04
5,000000E+34

NEUTRON ENERGY(EV)

6,4504008F+21
8,202030E+01
1,25¢808E+22
1,750800E+02
2,250000F+02
2,752802E+02
3,500000E+02
4,502B00E+02
6,0070Q0E*02
8,50200CE+02
1,25¢008c+93
1,750002F+03
2,500000E+03
3,5000800E+53
4,50P000E+03
5,5002009E+03
7.022800E+03

$,4670408E+00
9,354840E+00
9.,376833E+02
9,325(376+09
9,276947E+20
9,287797E+20
5,1314R6F+00
8,953983E+23
8,821273E+20
8,69B854F+20
8,582843£+00
8,419337¢+28
8,219320E+29
8,144976E+00

S=WAVE CAPTURE CRCSSSSECTION

1.678961E+01
1,48Q249E+01
1,275553€+01
1,075604F 401
9.122775E+302
6,249314E+07
7.099218E+08
5.C17959E+00
4,344129E+02
4 6T0069E+02
3,401904E+22
2.642962E+00
1,997828E+20
1,841602E+00
1,592930E+00
1,4132956+80
1,212624E+00
4,238101E+020
7.600101E-01
6,166216F=01
S,20R346E-C1
4,494779E~01
3,704678E-01
2.,967725E-21
2,828520E-04

S=WAVE FISSION CROSS-SECTION

3,363107E+74
2,9733R4E+04
2,326274E+21
1,935532E+01
1,73723CE+01
1,784734E+01
1,365819E+01
1,363367E+21
1,170601E+01
8,476841E+00
7,385552g+00
6,413942E+20
E,531043E+00
4, 353070E«R0
2,79890PE+G0
3,417B2FE+0D
3,008455E+28

6.697286E=04
1,357264E~03
2,634245E°83
4,310002E03
6,372052E=03
1,B14860E~02
1,639498F=02
3,032945e=02
5,588043E=02
8,676379E~02
1,217690EDY
1.799386g~01
2.644437E~01
3,685493E-91

P.WAVE CAPTURE CROSS-SECTION

2.245335e=22
2,531427E=R2
3,124925g~02
3,696708gE-02
4,192795E=02
4,632106Em22
5,224000E~22
5.920781E"¥2
6,831923E~C2
8,121629g-22
$,828374gm02
1,159675E*01
1.37988BE~D1
1.622263E"01
1,826941E~01
2,005299E21
Z.236819E~01
2.496294E"21
2,856517E-01
3,233384E~01
3,502874g~D1
3,698578E"04
3,896464E"01
4,042575E-01
4,081669E-01

P=WAVE MEUTRON CRCSS.SECTION

4,449157¢g-02
5.,816879E=082
€.192206E=02
7,325386E~22
8,304681g~82
9,179468Em082
1.835292€-81
1.173465EmB1
1,354217E=061
1.610252E~21
1,949551g~81
2.3721918g"01
2.742395E~21
3.,230284E=01
3.645792E~71
4,211337g~01
4,492145g-01

9.467710E+00
9.356197€+00
9.379467E+020
9,329347E+00
9.,283317E+00
9,217856E+00
9.147881E+022
8.9843128+00
8.,877153€+00
8,785617E«p0
8,704612E+00
8,595276¢+08
8,483764E+22
8,453526E+08

TOTAL
1.673206E+01
1,482780E+p1
1,278678E+p1
1,079301E+01
9,144683E+020
6.295635E+00
7.151458E+00
5.877167E+20
4,412448BE#00
4,751285E+082
3,5002675+20
2.758929E+0Q
2.135818FE+00
2.003828E+p0
1.775625E+00
1.613625E+00
1,436306E+20
1.287730¢g+¢0
1.045662E+00
9,399593E~01
8,711220g-21
8.193356E~01
7.598143E-01
7.210280E=01
6.,910168E~01

TOTAL
3.367556p+01
2.9784p00E+01
2.312466E+01
1.942857E+01
1.745534F+p1
1.79391 301
1.406172€+p4
1.375182E+p1
1.,184143E+21
8,637866E+00
7,580507c+00
6,644134E+00
5,805282€E+00
4,676098E+p2
4,163479E+022
3,811963E+90
3,457617E+20



G BErAARE*NT
1:25¢200E+04
1.,75203B0E+04
2.250700E+(14
2.,7520C2E 04
3.500020E+04
450N BZEET4
5.002BU0E+24

2,627382E+00
2.345241E+00
1,947829E4+08
1,7¢39¢1E+A0
1, 542581+ 00
1.376495E+00
1,234572E+00
1,149153E+00

5.042107Em01
5.533680E-01
6,716641E=61
7,415824Em03
7,958978E-01
8.6B4654E"01
9,222714E"01
9.455514E"061

3,134593c+00
2.928609E+00
2,619490E+00
2.444483c+00
2.336479€+00
2.236960E+00
2.156841E+20
2.094705E+p0



c PROGRAM AVRAGEACINFUT,QUTPUT) AVG4gZl
C-~=<=THIS PROGRAM CALGULATES AVERAGE CAPTURE,FISSION AND SCATTERING AVG4G22
Cm~-==CROSS~SECTIONS FROM THE ENDF/B DATA, NEW FORMAT FOR INPUT, THIS  AVG403
C-==--~FORMAT GIVES TWE NEUTRON,CAPTURE AND FISSION WIDTHS AS A FUNCTION AVG4ER4

Cme===QF ENERGY,THI!S IS FORMAT MQDIFICATICN ND,69=6 oF SEPT, 16549, AVG4pR5
C~~--=ENDF/B VERSION Il DATA,RUNS OM COC-66706 AND PDP~1%, AVG42D6
Cre-e=| IMITAT]ONS~g==~ 1,CALCULATES S,P AND D=WAVE CONTRIBUTIONS OnLY, AVG4@@7
Crm=s=2, INFLASTIC EFFECTS ALLOWED FOR,Z,WIDTH FLUCTUATIONS OF UPTO AVG4p08
Cre~s-4 NEGREES OF FREEDOM ARE ALLOWED FCR NEUTRON,FISSION AND INELASTICAVG4Q29
C-~=-==WIDTHS, AVG4DL1D

DIMENSION RUN(7),BLA(28),E(3:6: 75),0(3,6, 75),6X(3,6, 78), AVG4211

1GNO(3,68, 75),60(3,6, 75),GF(3,6, 75),AMUX(3,8),AMUN(3,6) ,AMUG(3,6)AVG4p12
2iAMUF(306),AJ(X68) 4NE(Z,6) ,NJSI3),L(3),INTS(3,6),51GC(3,68, 75), AYG4213
3516S¢3,6, 75),81GF (3,6, 75),SIGCT(3, 75),S1GST(3, 75),SIGFT(3, 75)AVG4Rl4

4,S1GPT(3, 73),RTC(3:6, 75) AVG4RLS
COMMON/XBAR/XX(4,1¢) AYG4gle
DATA XX/2.0052%2,0,051755,7,112925,%,169150,2.237171,06.163295, AyGacl?

12,265600,0,34276@,0,423126,2,288421,0,404385,2,482571,0,29783%, AVG4g18
20,431766,0,547724,0,617825,2,359852,0,599219,8,704048,7,762381, AVG4R19
30,574283,7,800%60,07,882440,0,922696,0,879334,1,£53224,1.096835, AVG4D20

41,141138741+334R172,1,393010,14374373,1,350285,2,1065227,1.916237, AVG4221
51.,7863587,1,697%14,4,3908¢0,3,301643,2,824583,2,546602/ AVG4p22
Com==c11111142121124214212144211314234312112232232443411411313111219411111111avG4e23
B81 READL, IRUN, (RUNCI)»181,7) AVG4P24
IF(IRUNL.EQ,2)GN TO 88902 AVG4025

GO To 882 AVG4p251

882 pPRINT43 AVG4R26
PRINT25 AVG4ge7

PRINT44 AVG4@28

PRINTZ5 AVG4D29

PRINT27 . IRUN, (RUNCIY,151,7) AVG4239

PRINT2S AVG4p31

fee=-w=1F IRUN EQUALS ZERQ THE PROGRAM EXITS, WITH IRUN NON=ZERQ ONE CAN AVGA4R32
Crm=a=STACK ANY NUMBER OF DIFFERENT NUCLEI ONE BEHIND ANOTHER, RUN(1) TQAVG4@33

Ce===-=RUN{7) ANY TITLE IN COLUMNS 11 TO 28, AVG4034
C~=-5-222222222222227222222222222222222222222222222222222222222222222222AVG4p35
RFAD 2,ENLIEN2,LRU,LRF AVG4Q36
PRINT26,ENL1,EN2,LRU,LRF AVG4p37

) PRINT25 AVG4g38
Cew===EN1=| OWER ENEREGY LIMIT OF A RANGE,EM2=UPPER |IMIT, LRy=1 IMPLIES AVG4239
Cre=>=RESQLVED PARAMFTERSLRU=2 UNRESQLVED PARAMETERS, AVG4242
Crm=5~3333333333333333333333332333333333333333333333333333333333333333333AVG4041
RFEAD2,SPIM,A,BLA(Z2),BLA(3),NLS,BLA(4) AVG4p4z2

PRINT28,SPIN,A,NLS AVG4243

Cre~c~SPIN=NUCLEAR SPIN., ASSCATTERING LENGTH IN UNITS OF 1,2E=12CM, AVG4g44
Crosw=-NLS3NUMBER OF L=STATES, AVG4Z45
DO 2289 1=1,NLS AVGAD46
Cre=-=4444444444444444444444444444444444444444644444444444444484444444444AVG4247
RFAD2,AWRTBLA(S),L(1)»BLACE) NJS(I? AVG4748

ASS=AWRIs1,2028468 AVG4049
CRT=zASS#e(1,3/%,3) AVG4R5e
TERMa((@.1234#CRT+2,28) AVG4951
APENsTERM AVG4252
PRINT25 AVG4R53

PRINT23,APEN AVG4B54

PRINT25 AVGA4ES5
PRINT29,AWRY,LE1)NJSID) AVG4p56

Co==c=AWRI=NUCLEAR M2SS IN UNITS OF NEUTRON MASS,L(I)=|_~VALUE OF THE 1= AVG4g57
Co==~5TH PARTIAL WAVF.NJS(I)=NUMBER OF J=-VALUES OF THE CORRESPONDING STAAVG4p58
Cow==s=TE, AVG4959

NJSTaNJS(I]) AVG4p6D
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00 221 J=1,NJSTY AVG4p63
Cr==-5+555555555555555555555555555555555555555555555555555555555555555555AV64062
READZ2,AJC1,J),BLACT) W INTS(TJ)sBLACB) NEXGINE(TL ) AVG4263

PRINT25 AVG40p64
PRINTIQ,AJ(L,J) s INTS(1sJ) NECT, ) AVG4Q65
CrmomwmAJ(l,)8JaVALUP W INTS(1,J)=INTERPOLATION CODE, NE(1,J)=NUMBER OF AVG4266
Cre=-w=-ENFRGY POINTS aT WHI&H THE WIDTHS ARE GIVEN, AVG4067

Crm===666666666665666E666666666666666666666666666666666666666566666666666AVG4068
RFADI,BLACI) ,BLA(C1@) , AMUXCT 4 J) s AMUNCT U, AMUG(T, 40y  AVGA4RSY

1 AMUF (1, ) AVGAR70
PRINTIL AMUX (T, ) s AMUNCT U)o AMUG LT J) s AMUF (T, J) AVG4D71
Cre=e=AMUX(1,J)=NUMBER OF ODEGREES OF FREEDOM FOR ANY COMPETING INELASTICAVG4g72
C~==-~-=-PROCESSES, AVG4RT73
Cowmmm- AMUN(I,J)=NUMBER OF DEGREES OF FREEDOM FOR NEUTRON WIDTH DISTREN, AVG4g74

Cme=-<AMUGt],J)=NUMBFR COF DEGREES OF FREEDOM FOR GAMMA WIDTH DISTRBN, AVGAQ75
C-==--~AMUF(1,J)=NUMBFR OF DEGREES GF FREEDgM FOR F1SSIqoNn WIDTH DISTRBN, AVG4276

NEIJ=NE(Y,J) AVG4277

D0 202 Kai,NEILJY AVG4278
Crmm===777777777777777777777777777777777777727772777777777777777777777777AVG4079
R:ADSDE‘IIJ‘K)ID(IDJ'K,‘GX‘I'J'K)IGNO(I'J'K,' AVG4Q8@

1 GR{Y,JaK),GF(T,4,K) AVG4g8YL

222 CONTINUE AVG4g82
Comee=E(1,Jd)K)=ENERGY IN EV ,D(1,JsK)=SPACING, GX{]1,J)X)=WIDTH FOR ANY AVG4gB3
C-----COVPgTING INELASTIC PROCESSES, AVG4P2B4
Cem===GNO(T,J,K)=RED"CED NEUTRON WIDTH, GG(I,JsK)=GAMMA WIDTH, AVG4285
Corme=wGF (1 JsK)=FISSTION WIDTH, AVG4pBS
PRINT32 AVG4p8?

PRINTIZ, (ECL,JoKK))DCL d KK, GX(T,JsKK)GNO(I,JsKK)) AVG4Q88

1 GrUL,JaKKYJGF (1 aJ i KK) ,KK=1,NETJ) AVG4289

221 CONTINUE AVG4290
222 CONTINUE AVG4D91

1 FORMAT(112,7A4) AVG4p92

2 FORMAT(2E11,4,411) AVG4293

3 FORMAT(6F11,4) AVG4D94

22 FORMAT(136H ENERGY(EV) SPACING GAMMA INELAS GAMMAAVG4295

1 TaTaL GAMMA N NOT GAMMA GAMMA GAMMA F1SS) AVG4D96

23 FORMAT(72H NUCLEAR RADIUS'A' AS CALCULATED FROM A=(1,23%{MASS#a(1/AVG4297
13)+3,8)%02,1 BE11,4) AVG4298

24 FORMAT(2X,2E25,6) AYG4B99

25 FORMAT(///) AVG41UD

26 FORMAT(20H ENERGY LIMITS LOWERE2?,6,7H UPPERE20,6,7H LRU=I5,7H AVG4101

1 LRF=15) AVG4102

27 FORMAT(7H RUN NOI5,9H TITLE 74A4) AVG4103

28 FORMAT(12H TARAET SPINE11,4,18K SCATTERING LENGTHEL1,4,19H NUMBER AVG4104
10F L~STATESILD) AVG415

29 FORMAT(26H NUC| EAR MASS/NEUTRQON MASSE11.4,18H ANGULAR MOMENTUM 15,AVG41R6
1364 NUMBER OF 1=~STATES FOR THIS L-VALUEIS) AVG41@7

3% FORMAT(54 SPINT11.4,19H INTERPOLATION CODEIS,24H NUMBER OF ENERGY AVG4108
LPJINTSIE) AVGA4109

31 FORMAT(37H DEGREES QOF FREEDOM, NU INELASTICE11,4,16H NU NAVG4112
1EUTRONEL1,4,14¥ NU GAMMAE141.,4,16H NU FISSIONEL1L,4) AVG4111

32 FORMAT(120H ENERGY(EV) SPACING GAMMAAVG4L12

1 INELAS GaMMA N NOT GAMMA GAMMA GAMMAFISS)AVG4113

33 FORMAT(2X,6E22,6) AVG4114

34 FORMAT (124H NEUTRON ENERGY(EV) S=WAVE SIGMANN AVG4115

14 PcWAVE STGMANN D~WAVE SIGMANN TOTAL SIGMAVG4116
2ANN) AVG4117

35 FORMAT(127H NEUTRON ENERGY(EV) S=WAVE SIGMANGAMMA AVG4118

1 P=WAVE SIGHMANGAMMA DeWAVE SIGMANGAMMA TETAL SIGMAAVGA4119
ZNGAMMA) AVGA412€

36 FORMAT(125H NEUTRON ENERGY(EV) S=WAVE SIGMAFISS AVG4121
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P-WAVE SIRMAFISS D~WAVE SIGMAFISS TCTAL SIGMAAVG4122

2F188)

FORMAT(33H AVERAGE SCATTERING CROSS~SECTION!?

FORMAT(32H AVERAGE CAPTURE CRQSS~SECTION)

FORMAT(30H AVEPAGE FISSION CROSS~SECTION)
FORMAT(2X,7E45,6)

FORMAT(45H INPHT PARAMETERS WITH CALCULATED TOTAL WIDTH)
FOPMAT(L18H L=vALUE=!%,18H J~STATE=F5,2)

AVG4123
AVG4124
AVG4125
AVG4126
AVG41R7
AVG4128
AYG4129

FORMAT(79H1 PRNAGRAM AVRAGE4, CALCULLATES CROSS-SECTIONS IN THE UNREAVG41SE

1SOLVED RESONANFE REGION)

AVG4134

44 FORMAT(56H ENDF/B VERSION [] DATA wWITH ENERGY CEPENDENT PARAMETERSAVG4132

329

444

425
4232

501

592

1)

T=22,196771E~238 (AWRI/(AWRI*1,0))
CONSTS19,73920RB/(TaT)
PHIFOUR®12,566771
CPEN®2,196771E~B30 (AWRI/(AWRT+1,8))IRAPEN
C=22,196771E~238(AURI/(AWNRI*L., Q) )04
DO 413 [=1,3

D0 425 Kay, 75

DO 404 J=1,6

SIGCtI,J,K)=27,0

SIGS(I;J:K)g?‘.@

SIGF(1,J/K)=20,7

GTC(1.J9K)=7,0

CONTINUE

SIGCT(1,K)=2%,0

SIGST(I,K)=0,0

SIGFT(1,K)=2,0

SIGPT(1,K)=0,4

CONTINUE

CONTINUE

D0 420 I=1.NLS

NJSTI=NJS(I)

LI=L¢I)

FILFLOAT (L)

LitsLlel

DO 491 J=1,NJS?

AJtJdzAU(T, )

NETJ=NE(TI,))
GUz(2,DaA Tl y*l LY/ (4, BaSPINe2,2)
AMUNTJ=AMUNCT, )

AMUF T J=AMUF (], )

AMUXT1Jd=AMUX{T,.))

MUS INTCAMUNT YD

NU=INT (AMUF T

LAMBDA=INT (AMUYTI )

00 492 Kail ,NEILJ

EIJK=ECL ,J,K)

£2=SORT(ELJK)
WAVE=2,196771E=334(AWRI/(AWRI+1,2))%E2
PHA=CES

RHOPENa(CPEN®E?Z

GO TO(5692,501,582),L11]
VL=E2#%AMUNC] , J)

PS=RHO

GO TO 543

VL=E28 (RHOPEN##2/ (1, A+RHOPEN##2) ) aaAMUN(T» J)
PS=RHO=-ATAN(RHD)

GO TO 503

VLEER2# (RHOPEN##4/ (RHOPEN®®#A4+3 , FaRHNPENSRHOPENSG ) ) #AMUN(] , J)
PS=RHOmATAN(3 AeRHD/ ({3 ,0sRHO%%2))
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AVG4142
AVG4143
AVG4144
AVG4145
AVG4146
AVG4147
AVG4148
AVG4149
AVG4159
AVG4151
AVG4152
AYG4153
AVG4154
AVG4155
AVG4156
AVG4157
AVG4158
AVG4159
AVG4160
AVG4161
AVG4162
AVG4163
AVG4164
AVG4165
AVG4166
AVG4167
AVG4168
AVG4169
AVG41T78
AVG4171
AVG4172
AVG4173
AVG4174
AVG4175
AVG4176
AVG41L77
AVG4178
AVG4179
AVG4180
AVG4181



583

752

482
441
429

8zl
806D

822

871
842

SIGPOT={SIN(PS)/WAVEy#a2
SIGPOT=SIGPOT#PHIFQUR®(2,0uFIL+1,8)

GN=GNOC], J, K #V

GAMMA=GG(T,JeK)

GALPHA=GN

GBETASGF(1.,J,K)

BIFF=GX{1,J,K)

GTr(1,JsK)=GN+RAMMA+CBETA+DIFF
TERG=(CONST#GJSGNSGAMMA) Z(ETJK®DCT,Jd,K))
TERS=(CONSTaGJCNCNI/(ETJKSD(],d,K))
TERF=(CONST#GJaGNaGBETAY/(EIJK#D (], J,K))

CaLL GNRL(GALPHA,GBETA,GAMMA,MU,NU,LaMBDA,GS,DIFF,1)
CaLL GNRL(GALPHA,GBETA,GAMMA,MU,NU,LAMBDA,GC,DIFF,2)
CALL GNRL(GALPHA,GEETA,GAMMA,MU,NU.,LAMBDA,GFF,DIFF,3)
6S=GS#TERS

GC=GCHTERG

GFF=GFF#TERF

CORR=(CONSTH#GJu2 ,2aCN#SIn(PSI#SINIPS) )/ (ETJKED(],J,K))
GS=GS-CURR

SIGCtL,J,K)=GC

S16S(¢1,J4,K)=6S

SIGF(l,JsKISGFF

SIGPT(1,K)=SIGPCT

COnNTINUE

CONTINUE

CONTINUE

PRINT25

PRINTA,

PRINT25

DO BuZ@ I=1,MNLS

LI1=L(1)

NJSTI=NJS(D)

DG 8801 y=1,NJSI

AJIJ=AJ(T, )

NETJ=ENE(T,J)

PRINT42,L11,AJd14

PRINT25

PRINT22

PRINTAS, (ECL,J, KK, D01, KK 4 GX(T,Js)KKYaGTCUT, J, KK, GNOCT, J,KK),

1GGtI,J KK),GF (T J,kKY  KK=1 ,NETJ)
CONTINUE

CONTINUE

no 844 k=1, 75

Do 8¢1 I=1,3

DO 872 J=1,6

SIGCT(I,K)=SIGOT(I ,K)+SIGC(L:JeK?
SIGST(I,K)=SIGST(I,K)+SIGStI,JiK)
SIGFT(I,K)=SIGFT(I KY+SIGF(1,JsK)
CONTINUE
SIGST(I,K)=SIGRT(I,KI+SIGPT(],K)
CONTINUE

CONTINUE

NN=NE(1,1)

PRINT25

PRINT37

PRINT25

PRINT34

00 992 K=1,NN

TERM=@,0

Do 9wl 11,3

TERM=TERM+S1I6ST(1,K)
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AVG4194
AVG44195
AVG4196
AVG4197
AVG4198
AYG441981
AVG41982
AVG4199
AVGA22D
AVG4203
AVG4202
AVG42023
AVGA4204
AVG42185
AVG4206
AVG42@7
AVG4208
AVG4209
AVG4210
AVG4211
AVG4212
AVG4213
AVG4214
AYG4215
AVG4216
AVG4217
AVG4218
AVG4219
AVG4220
AVG4221
AVG4222
AVG4223
AVG4224
AV(G4229
AVG4226
AVG4227
AVG4228
AVG4229
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AVG4231
AVG4232
AVG4233
AVG4234
AVG4235
AVG4236
AVG4237
AVG4238
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981

sg¢

923

9d2

90%
904

gaza

1001
1ap2
1823
1795

330

321
Ip2
1a2
101

1234
1887

COMTINUE

PRINT 24,E(21,1,K),SIGST(L,K)sSIGST(2,K)»SIGST(3,K),TERM

CONTINUE

PRINTZ2S

PRINT38

PRINT25

PRINT3S

D0 992 K=1,MN
TERM=d, 0

DO 983 1=1,3
TERM=TERM+SIGCT(I,K)
CONTINUE

PRINT 24,E¢1,4,K)»SIGCT(L1,k)+SIGCT(2,x)2SIGCT(3, k), TERM

CONTINUE

PRINT2S

PRINT3®

PRINT25

PRINT3S

D0 924 K=1,NN
TERM=%,0

DO 905 [=1,:3
TERM=TERM+SIGFT(1,K)
CONTINUE

PRINT 24,E(141,42s816FT(1.:)4SIGFT(2,K)»SIGFT(3,x), TERM

CONT INVE
GO To 8b1
CaLl EX]T
END

SURROUTINE GNRIL(GALPHA,GBETAGAMMNA,MU,NU,LAMBOA,S,0F, D)

COMMON/XRAR/XXt4,1p)
S=4.9
IF(GALPHA)1332,1222,1001
IF(GAMMAY1200,1222,10822
IF(GRETAYL1222,1223,1004
IF(DF)1602,1925,13C6

DO 123 J=1.17
XJsX¥{MU,J)

GO Tn(2a9,221,222),1D
S=S+ ((X XUV /(RALPHASX J*+GAMMAY)
GO TO 1ed
S=S+(XJ/(GALPHARXJ+GAMMAY)
CONTINUE

CONTINUE

S=8/12,9

GO To 1wwe

DO 1721 J=1,10

XJaXX (MU, J)

DO 132 K=1,1¢
XKsXX(LAMBDA, K)

GO TO(3IWY,3B1,%82),1D

SaS+((XJeXJ)/(BALPHASX J+GAMMA+DF#XK))

GO Tn 1@2
S=SH{XJ/(GALPHA#XJeGAMMA+DF #XK))
CONTINUE

CONTINUE

CONTINUE

S=8/10¢.9

GO To 1uaé@

IF(DF)10a2.,10307,12¢8

Do 123 J=1,10

XJeXX{MU,J)
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AVG4255
AVG4256
AVGA4257
AVG4258
AVG42D9
AVG4260
AVG4261
AVG4262
AVG4263
AVG4264
AYG4265
AYG4266
AVG4267
AVG4268
GNRLZZ1
GNRLAE2
GNRLB1A3
GNRLBEZ4
GNRLOOS
GNRLgZ 26
GNRLOEZ7
GNRLgZLE
GNRLZYS
GNRLg1p
GNRL211
GNRL@12
GNRLEZL3
GNRLOL14
GNRLOL5
GNRLB16
GNRL217
GNRL @18
GNRLBLY
GNRLBZ2Y
GNRLZ21
GNRLB22
GNRLBZ23
GNRL@Z4
GNRL@25
GNRL 226
GNRLB27
GNRLQ28
GNRLE29
GNRLQ3®Q
GNRLZS1
GNRLESe
GNRLG33



428
471
422

164
103

i12a8

520
501
502
127
126
12%

1222

DO 124 K=1.19

XKaXX (NU,K)

GO T0(4¢a,401,422),10
S=S+((XJaXJ)/ (A PHASX J*GBETASXK+GAMMA))
GO To 1é4

S8+ (XJ/(GALPHA#XJ+GBETA#XK+CAMMAY )

GO To 104

SESH L (XJBXKYI/{NALPHAGXJ+*CBETARXK*GAMMAYY
CONTINUE

CONTINUE

$28/12¢.0

G0 To L1602

Do 105 y=1,19

XJ=XX{MU,J)

no 196 K=1,17

XK=aXX (NU,K)

DO 127 L=1,10

XL=XX{LAMBDA, L)Y

GO T0(59g,531,502),1n

S=8+( (X X )/ (RA PHARX J+GRETAsXK+GAMMA+DF #X )

GO To 147
S=Se(XJ/(GALPHARXJ+GRETAaXK«BAMMA+DF #XL ) )
GO TO 1@7

S8+ ((XJuXK)/(BALPHAaXJ+GBETA#XK+GAMMA+DOFoxL))

CONTINUE
CONTINUE
CONTINUE
5=5/1000,7
RETURN

END
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1728 AVERAGE4 TEST, yU=235 CATA

64,524 24788,¢ 2 2 ] 1102 24154
3.5 7.926 ] 2 2 pl132 2154
233,225 2.9 ] 2 2 giip2 2151
3.0000E+80 0. s 2 156 25112 2151
2. g. 2. i1,8020E+02 @, 2.0200E+001102 2151
6.4504E+01 1.9002E+00Q 0, 7.1827E=05 3.500QFE«@2 2,9347E~01
8.2992€+01 1.0002E+22 O, 8,1753E~05 3,5000E=02 2,9133E~01
1.1569E+02 1.00B0E+22 0, 9,0472E=05 3,5000E-%2 2,4665E=01
1.48550402 1.0200E+0A0 T, 1,0486E=04 3.,5080E~C2 2,1766E~01
1.9074E+02 1.0000E+00 2, 1,6389E=C4 3,5030E-062 2,6593F~21
2.4491E+02 1.0020E+70 92, 1,3175E=04 3,5030E~-02 3.,8029E-21
3.1447E+02 1.9020E+02 7, 9,60860E=05 3,5020E=02 3,5141F~01
4,3379E+02 1.B000E+70 B, 3,8629E05 3.5800FE-02 3,7344F-21
5.1848C+02 1.0Q00E5+72 2, 1,1455E=04 3.5p20E~02 5,1390E-21
6,6574c+02 1.0002E+02 @, 1,1126Er04 3,5000E~02 3,4713E~01
8.5482£+82 1.0020E+00 2, 1.,2479E=04 3.500pE-02 2,5896F~01
1,0976E+03 1.00¢0E+A0 g, 1,1267c=04 3,5820E-P2 2,5373E-~081
1.4093E+03 1.0200E+28 B, 9,9890F=5 3.50ACE-02 3,4813E~21
1.80986E+03 1.0090E+0¢ 4, 1.0160E~04 3,5200E~02 3,7083E-21
2.3236E+03 1.0000E+00 2. 9,8627F~25 3,5008E-02 4,3610E~21
2.9836E+03 1.0000E+03 3, 9,9025E~B5 3,50@PE=02 4,3348E~01
3.8310E+03 1.0000E+00 0, 1,0729E~04 3.5000E-02 4,2475F-01
4.9191E+03 1.0000E+20 @, 9,9664E=P5 3,50A0E-02 4,3055€~01
6§.3163E+03 1.0000E+202 @, 9,6449E=05 3,5080E~02 4,3506E-71
B8.1173E+03 1.02¢RE+20 @, 9,4417E~P5 3.5020E-22 4,4334FE-01
1.0414E+04 1.030CE+00 0, 9,7638E=A5 3,5000FEe02 4,4325E~01
1.3372E+04 1.0000E+70 7, $.9719E~05 3.5220F-22 4,4530E~01
1.7169c+04 41.0000E+00 @, 9,8693E~05 3.5020E~02 4,5646E~01
2.2046E+04 1.0000E+22 @, 9, 5268E=5 3,5000E~02 4,7366E=01
2.478BE+04 1.0C00E+70 0, 1.0875c=04 3,5820E-%2 4,6219E~C1
4,3¢000c+00 @, 5 2 156 25112 2153
2. B. 2. 1.0000E+20 @, 1,0000F+0QL102 2151
6.4504E+01 1.002PE+20 0@, 7,1827E~¢5 3.5020E«@2 1,4673E~01
8.2922E+01 1.0200E+00 @, 8,1753Em05 3,500PE~22 1,4567E~01
1.1569FE+082 1.0000€E+00 2, 9,P472C~05 3,5000E-02 1,2333F~¢1
1.4855E+02 1.0000E+28 2, 1,0486E=04 3,500RE-02 1,0883¢-21
1.9074E+02 1.0000E+70 @, 1,0389E~24 3,5p20E~02 1,3297E~01
2.4491E+82 4 .0000E+0C @, 1,3475E-04 3,5000E-02 1,9015E~01
3.1447E+02 1.0000E+22 3, 9,6060c=05 3,5280E~02 1,7571E~01
4.0379E+02 1.0000FE+20 7, 8,8629E~05 3.5000E~82 1,8672E~D1
5,1848E+02 1.0000E+02 @, 1,1455E=24 3,5800E~02 2,5695E~01
5.6574E+02 1.0000E+a2 2, 1,1126E~04 3.,5000E-02 1,7357E~01
B.5482FE+02 1.0C0BE+7A @, 1.0479E=04 3,5080E~F2 1,2548E~01
1.0976E+03 1.0020E+70 0, 1,1267E=04 3,5000E~02 1,2687FE=01
1,4093E+83 1.2000E+00 0, 9,9890E~E5 3,5002E~02 1,7406E-01
1.8098E+23 1.0000E+00 3, 1,0160E=04 3,5000E~02 1,8542E-01
2.3236E403 1.0300E+22 @, 9,.8627E~05 3,500Q0E-C2 2,1885E-01
2.9836E+023 1.800ZE+02 D, 9,9029E=05 3,5280E~02 2,1674E~01
3.8310c+03 41.0000E+00 0, 1. 8729FE=04 3,5000F=02 2,1238E=~01
4.9191F+03 1.0220E+0C 0, 9,9664E=05 3,5C8QE~22 2,1528E~01
6.31630+03 1.0000E+00 @, 9,6419E%05 3,508CE-02 2,1753E~01
8.1103E+03 1.00C00E+7C @, 9,4417E=05 3.500QE~02 2,2167F-01
1,2414E+04 1-000CE+72 @, 9,7638E=05 3.5Q00E~82 2,2163E-01
1.3372E+04 1.0000E+GEZ 2, 9,9749E=05 3,5pR0E~02 2,2265F~01
1.7165F+084 1.0000E+02 €. 9.8693E~05 3,500Q0E~02 2,2823C-31
2.2046E+04 1.0000E+00 0@, 9,5068E»05 3.,5022E~02 2.,3683E~01
2.4788E+84 1.00C3E+00 2. 1,0075E~04 3,5000E-02 2,3110F-21
2,3302E+72 0. 1 @ 4 1122 2151
2.0P3CE«0D 0. 5 ? 156 251102 2151
2. 2. 2. 1.,2060E+20 7. 2.0000c+0011p2 2153
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6.4504€+01
8.2902E+01
1.1569E+82
1.4855€+02
1.,9874E+02
2.4491E+82
3.1447c+02
4,0379g+22
5.1848r+22
6.6574E+02
B8.5482E+02
1.0976E+23
1.4093E+23
1.8096E+03
2.3236E+023
2.,9836E+M3
3.831CE+83
4.9191FE+03
6.3163E+03
8.1103E+03
1.8414E+04
1.3372E+04
1.7169E+24
2.2046E+04
2.478BE+124
3.8000F+00
z.

6.4504F+01
8§.,2902E+01
1.1869€+02
1,4855¢8+02
1.9074E+«02
2.4491E+02
3.1447E+02
4.0379E+02
5.1848E+032
6.6574E+02
8,5482E+02
1.0976E+03
1.4793E+73
1.8796E+03
2,9836E+83
J3.8310E+03
4.9191E+03
6.3163E+13
8,11%23E+73
1.0414E+04
1.3372E+24
1.7169E+04
2.2046E+04
2.4788E+04
4.0CCPE+020

6.4504F+01
8.2902E+21
1.1569E+22
1.4855p+02
1.9074E+022
2.4491E+02
3.1447FE+02

.1600E+00
. 1600E+70
.1600E+00
L16D0E+00
L1602C+08
L16Q0E+7P
L1600F+20
L, 1600E+00
.16GBE+20
.1600E+20
L1600E+002
.16PBE+20
.16720E+2R
c1600E+7G
L 1607E+70
L1602E+2D
V16GRAE+AE
L6CAE+2D
J16ZAE+0G
J160AE+20
.162BE+00
.1600E+00
.160QE+MD
L1620E+0D
L1602 00

.QBARE+ND
CZROAE+D
ROATE+OL
.P2RRE+RA
COBO2E+RR
.OBAPE+OE
.Q0B2E+G0
QOBCE+OR
.QBZRE+RD
. QBRACE+MD
~POBIE+2D
- PERAE+0D
SPPBBE+MD
.RRZRE+CE
.PORBEFRD
BPPBE+AD
.OR0OE+ND
.OORRE+GT
< QPPAE+CD
LD2GAE+08
.PRBBE+RT
.QO0BOE+EE
SAAQOE+ 7D
.POCAE+RD
CGBANE+CD

-ORAAE+CL
.BOIRE+7D
. POQAE+RD
.Q20RE+00
1.40308E+20
1.0820E+00
1.0200E+30R
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8,
2.
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g,
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2.
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2.

s ‘ue

2,320pEmi4
R, 320PE~04
2, 3200FEw24
Z,320MpE~D4
2,3200E-04
2. 3280EmC4
2,3000F 04
2, 3202PE=04
2.,3200 04
Z,32000=04
2,3200F=04
2.3200E~24
Z,3200Em04
2,3200Ee04
2.,3290E~04
2.,320E~74
Z.3222E~04
2,3000F w04
2.,3200E"04
2,3200E"04
2.320CE"04
2,3270E"24
2,3200E=04
2,3220E~04
2,3200E"04

z
2,0020E+20
2,0020Em04
2,2000Emz4
2,0020E~04
2,B00BE=74
2, 00V0E=04
2.0000EmA4
2./ 0000E=L4
2,P020E~04
2,0020E~04
2.20%0E74
2, Pe00E~C4
2. 0pAQE=D4
2, ¢00QE~04
2, 000CE~04
2,2000E~04
2,000PF~04
Z,700nE"04
2,0000E"04
2,00BRE~C4
2,0002E~24
2., 00GPE=24
2.0270E-04
2.0060E~04
2,C00PE=04
2.0PYQE~D4

2
2.0QZRE+20
2,6070E-24
2,0p6RE=T4
2,PQBCE~24
2, 0RGRE~24
2,0FC0E~C4
2,0000E~24
2,2020E~24

~-168-

3,5020E~02
3,5028£-02
3.5000E=02
2.BO20E~B2
$,5000E~02
3,5000FE-02
3,5022E~22
3,5000E~22
3,5000E~22
3.5002E-02
3.5000€E=-22
3,5000€E-02
3.5030E~22
3,5020E-22
3.507%0E-22
3,5280E~02
3,5000E=02
3.5000E~82
3.5000E-02
3.5003E~02
3.5230E=-02
3.500PE~02
3.5000E~C2
3.50A0E=-02
3.5000E-02
156
7
3.5020E=22
3,50020E~22
3.5090E=02
3.5000E<0?
3.5080E-02
3.5000E~02
3,5000E~22
3.50B83E~02
3.,5008E-02
3,500 =02
3,5800E<D?
3.5@@%E“22
3.50MPUE=-0C2
3.5000E~32
3,5000E=-@2
3.5000E~02
3.5020E~02
3.50¢00E-02
3,5000E~02
3,5200E~Q2
3.5020FE-02
3.500JE~022
3.5020E~02
3.5200FE=-0G2
3.5000E~02
156
2,y
3.,50080€E~02
3.50020E-02
3.5020E~02
3.5020F=02
3.500BE=-02
S 5000E=-g2
3.5CA0E-02

3,3200E~-21
3,3200E=21
3,3200E=21
2, 3200E~011
2,32080E=-01
2,320PE~31
2,32080E=-01
2,3200E-01
3,3200F-01
3,3200E=-21
3,3200E-01
3,3200E~01
3,3200€~21
3,3202E-01
2,3248E-01
3,3202E~11
3,32060E-01
3,3200E-01
3,3220F-01
3.3200E~01
3:.3200E~01
3.,32¢RE~21
3,3200E=-21

251142 2151
1,0020E+0p1102 2151

1.2700E-21
1.2720E=21
1.2780E-01
1,2720€-21
1,270RE-21
1.2700€~C1
1.2720E-01
1.,2700E~01
1,2708E~01
1.2700F~-01
1,2728F-21
1.2700F-01
1.27C0E~31
1.2708E~01
1,2722€-21
1,2700E~01
1.,2700E~21
112700E~R]
1,2720E~21
1,270Q0E~-21
1.,27020E=21
1.2702E-01
1,2700E~01
1,27C0Ew01

251102 2154
2.0000E+0211¢2 2151

2.8600E-21
2,8600E-01
2,8600E-P1
2.862PE-01
2,8600E-01
2,8600E~-01
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SPIN S5,0000E+00 INTERPOLATION CORE

4,837900E+27
5,184800E+(?
6,657400E+02
8,546202E+322
1,29760CE+23
1,4993022E+03
1,8M967CE+03
2,32360UE+03
2.983620E40%
3,831002E+23
4,919100E+01
6,31630CE+0%
8.,1143BCE+p7
1.0841402E+p4
1,337202E+04
1,716905E+p¢
2,204620E+04
2,478807E+04

DEGREES OF FREEDOM,

INPUT PARAMETERS WITH CALCULATED TOTAL WIODTH

L-VALUE=

ENERGY(EV)
6.,450420E+21
8,290200E+01
1,156900E+02
1,485502E+02
1,907420E+22
2,4491087E+02
3,144700E#p2
4,037902E+p2
5,184820E02
6,657400E+02
8,548200E+07
1,097600E+03
1,409300E+03
1,879602E+03
2,323600E+07
2,983400E+23
3,831020E+03
4,919100E+073
6,31637E0
8,11030CE+2T
1,041420E+04
1,337200E+04
1,716900E+04
2,204600E+04
2,478800E+04

@ J=STATE= 3,00

1.202000E+00
1,000R00E +0@
1,200040E+00
1,008000F+00
1,202030E 00
1,808000E+0¢
1,080000E+0¢
1,000002E+00
1,2000p0E+20
1,208022E+Q9
1.220228E+00
1.008002E+ 20
1.009280E+02
1.0000gCE00
1.200020E %80
1.000092E+ 00
1.0000pCE+0¢
1.00002RE+ 0L

NU INELASTIC p.ocopE+pe

SPACING

1.1200p0E* 20
1,128007E+20
1,128000E+00
1,120000E+00
1,120002E+20
1,128000E+00
1,120002E + 21
1,120080E+00
1,120000E+00
1,120000E+ 20
1,128062E+00
1,120002€+00
1,120000E+00
1,120002E+00
1,12000CE+00
1,120002€+00
1,120902E+02
1,120080E 400
1,128002E+2p
1,120000E+0¢
1,120002E+00
1,120900E+02
1,120000E+00
1,12000CE+00
1,120000E+00

g.conoz0E«g0
2,00000PE+2R
¢,00000QE*R0
?,000008CE+p0
2,000000E+00
2,20Q220E+02
2, 00POCRESQD
2.300020E400
2.200202E+Q0
2,000000E*00
B.00C0RCE+E0
2.000002E%00
P,000030E%p0
3.002202E+00
8,000230E+00
B.,200000E+0R
P,00C020E%Q0
2.022027E+02

5 NUMBER OF ENERGY POINTS
NU NEUTRON 1,@000CE+QQ

GAMMA INELAS
2.208220E+p0
2.,000003E*20
2.000000E+0C
2.,0008CCE+20
2.,000000E+20
2,000000E+00
2.,000003E00
0.000203E+00
2.,000700E+00
2.,000200E+00
2,002000E+02
@, 000000E+00
2.000002E+00
2,200002E+02
0,000080E+00
2,000000E+00
D,220023E20
2,000000E+00
0.002200E+00
?.000300E+20
2.00DNQREXQD
2,002800E%20
2.00C0000EX20
0,200020E+30
?.000200E+20

25

2/.P0C002E=24
2.0p0RBRE~24
2,000000E=04
2,000000E-04
2.000000E=D4
2.000000E=04
2.000000Ew04
2,.0000C0E=04
2.002000E-p4
2.0000800E=04
2,C00000E=-04
2,020000E»04
2.000000E=04
2.000020E=04
2.000000E=74
2.000000E=24
2.000000E=04
2.000080E=24

GAMMA N NOT
21240000E=04
21247000E=04
2:240000E=04
2.240000E=04
2.24000Q0E~-04
2.240000E~-04
2,240000E=04
2.240020Ee24
2,240000E=04
2,240000E=04
21240000E~p4
2,240000E=04
2.240000E=04
2:240002E=24
2,240000E-024
2.240000E=04
2,240000E=-04
2,240000E=p4
21240000E=04
2,240000E~04
2.240000E~04
2,240000E=24
2.240000E=04
2.240020E04
21240000Ew24

NU GAMMA

3,500200E-22
3,500200E-22
3,500000E-02
3,500000E~02
3.,5¢0200E-02
3,500000€-02
3,500200E~02
3.5p0000E~02
3,500200E-02
3.500002E~22
3,500000E-22
3.500000E-02
3,500080E-02
3,500000E~02
3.500000E~22
3.500000E-02
3.500000E-22
3,500002E~02

2,0080E+20

GAMMA GAMMA
3,500000E-22
3,502000E~02
3.508020E-02
3,5200800E-02
3,500000E~02
3,500800E-02
3,500000E~22
3,500000E~02
3,500000E 02
3,500000E-02
3.,502000E-02
3,502000E-02
3,500000E02
3,500000E-02
3.500000E~02
3,500000E~02
3,50200PE~02
3.500200ERp2
3,500000E~02
3,508080E~02
3,502080E~22
3,502080E~02
3,5p2000E~02
3,500000E~02
3,500000E~02

2.860000E "
2,860000E~
2,860008E~
2.86D00BE~
2.8600200E~
2.8600RE
2,860000E~
2,860000E~
2.860020E~
2,860200E~
2.860000E~
2,860000E~
2.860000E
2,860000E"
2,860000E"
2.86000BE"
2,840000F "
2,860000E~

NU F18SION 1.0

GAMMAF 1SS
1.,430000E~
1,43P0002E~
1,430000¢E"
1,4302822E~
1,430000E~
1,430002E~
1.430000E
1,430000E~
1,430000E~
1,430000E~-
1,430008E~
1.430000E~|
1.,4300200E~
1,430000E~
1,430000E"
1,4300200E~
1,4300C0E"
1,430000E"
1,430200E~
1,430000E~
1,430000E~
1,430000E~
1,430000€E"
1,430000E~
1,430022E~



ENERGY(EV)
6,450400E*21
8,290200E+01
1,15690RE*22
1,485500E+02
1,907400E+22
21449100E%02
3,144720E+02
4,8379p2EE2
5.184800E+32
6,657402E+02
8,548200E+02
1.097620E+03
1+409320E+03
1.,80960QE+03
2:323600E%03
2:983600E*023
3,831000E+23
4,919100E*23
6,316300E+03
8,1103BBE+R3
19414206424
1,337200E*24
1:716900E*04
2.20460C0E+24
2,47882RE+D4

L=VALUE= ]

ENERGY(EV)
6.4534005+01
B8.29028CE*01
1.156920E+082
1,4855¢RE+p2
1:.907400E+02
21449102E+082
2,144700E+p2
4,237902E+22
5,184800E+022
6,657400E+22
8,548202E+02
1.0976@CE+23
1,409320E+33
1. 82860C0E+23
2,323603E+03
2,983600E+23
3.,831002E+23
4,919108E+033
6,316300E+23
8,112302E+23
1:241400E+24
1,337202E+24
1.716900E+34
2,.204600E+04
2.47R802E*+04

L=VALUE= 1

SPACING
1,020200E+00
1.000200E+00
1,000080E+20
1,200000E+00
1,020000E«00
1,000000E+00
1,000300E+0D
1.080200E+«00
1.,000000E+00
1.,200000E+00
1.200000E«00
1.200200E+20
1.020000E+00
1.,002000E+00
1.200000E+20
1.000000E«00
1.000000E+00
1.0200C0E+00
1,020220E+00
1.00P0CRPE«D0Q
1,900020pE+00
1.200000E+00
1,00000pE+20
1,90000pE+00
1.0P008pE+0¢C

J=STATE= 4,02

SPACING
1,02008PE+00
1.008282E+ED
1,000008E+00
1.070200E+20
1.,000200E+02
1.099000E+00
1.0720000E+07
1,000200E+00
1,000007E-00
1,220CCRE+20
1.008002E+07
1.0600R2E+27
1.000¢00E+20
1,002000E+02
1.000200E+0¢
1.000220E+20
1.000002E+72
1,000002E+22
1,000007E+00
1,000002E+22
1,000C07E+RD
1,000¢02E+20
1,000002E+07
1.00080CE+LD
1,720000E+C0

J=STATE= 2,00

GAMMA INELAS
@,002003E+00
2,20MP00F«00
2, BpEoRRE«2R
2,000220E+00
0,C0020AE+20
2,000000E+20
C.,000000E+00
2.0p2200E+27
2,0p0000€+a00
2.,000002E+00
2, 00000BE+00
2, 0p¢080E+00
2,08C000E+00
2,0g0000E+20
¥,00¢E20E+00
v, 0p2gRRE+00
0,0Q0BQ0E+20
?,Gp0eCRE«20
2.,CpCEP00E+02
2,0200C0E+00
2,¢p0Re0E+00
B,r00C0BE+R0
2.,00C000E+20
P, 0ERRCRE+DD
2.,¢EPROOE+27

GaMMA INELAS
., POCERBE+RE
2.00000CE+00
?,0000C0E+20
2 UQPOUIE+DO
P,E0C0D0E+00
¢, 2002B0E+00
7, ACRBABE+ZR
2,0pGC20gE+00
Z,COZOrRE+0
¢, 0Q7002F+00
Z,9pCRrEE+20
2, 7eA2GAE+CD
2.0QETNBELED
C,ARCCP0E+2D
7, AQegneE+Q
Z.,202800E+20
Z.700200E+28
Z,2002CZE+20
¢, 70C02QE+20
0,eRGACRE+RD
2.O0%000E+3D
¢, 2QEOZEE+2R
¢, 02C00QE+0D
F.00E07RE+2T
2, COsepRERD

GAMMA TOTAL
3,290467EnP
3,2708744E=01
2,826231E=01
2.53938CE~01
3,023648E=01
4,173518E=p1
3,881135Em01
4,102210E=01
5,515083E=01
3,850¢07E<01
2,890238E~01
2,924628E=01
3,868799E~01
4,101520E=01
4,758542E=01
4,738892E=01
4,663907Ewd]
4,725401E801
4,777229E-01
4,86B429E=01
4,882439Em01
4,918312Ew01
5,043918E=p1
5,228053Ew01
5,130523E~01

GAMMA TOTAL
1,823767Ew01
1,814144E=01
1,593031E=01
1,451080E=21
1,694048E=01
2,272418E=01
2.,124135E01
2,235010E.01
2,945583Ea01
2,114427E=21
1,635438Ee01
1,656028E=01
2,128799E=01
2,247420E=01
2,578042E=01
2,571492E=21
2,549207Ee21
2,572721E-01
2,601929E=01
2,651729E-01
2,665939E-21
2.691812E=21
2.761518E-01
2,859753E~01
2,819622E=01

GAMMA N NOT

7.188700E-05
8,17538AE~25
9.,B47200E-05
1,04860PE~04
1.,238900E~24
1,317502E-084
9,606800E~05
8,862980E~05
1.145500E~04
1,112600E~04
1.247920E~04
1.126700E~24
9.98902PE~B5
1. A1688RE=24
9,862700E~05
9,902988E25
1,872902E=24
9.,966480E05
9,641982E-05
9,441702E~025
9.,763800PE~25
9,971980E~25
9,869320E-05
9,5268020F~05
1.807500E-04

GAMMA N NOT

7.18727008E~05
8,175382E~05
9,047200E~25
1.0486020E~04
1.,738920E=024
1,317508PE~D4
9,6C4000E~05
8,862900E~25
1,145500E~04
1.112620E~24
1,847920E-04
1.12670CE=04
9.,98902CELS
1.016082E~04
9,862722E-85
9,902920E-05
1.,872922E~04
9.9664082E-05
9. 641922E05
9,441700FE =05
9.763800E~05
9.971980E~25
9,8693IFBE-25
9,52680URPE=D5
1.827582E~04

GAMMA GAMMA
3.500200E~02
3,500080E~02
3,500p08E-02
3.500000E-02
3.500000E~02
3.522080E-02
3.582080E-02
3.500008E~022
3.500000E-02
3,520000E-02
3,500000E-02
3,500000E-02
3.500000E-02
3.500080E~022
3,500000E~02
3,520080E~02
3,500000E~02
3.508000E-02
3,500000E-22
3.500000E-02
3.500000ER02
3,500000E-02
3.500000E-02
3.500000E-02
3.500000E-02

GAMMA GAMMA
3.500000E-082
3,520080E~02
3.500000€-02
3.500080E-02
3,508000E~02
3.,500000E~02
3.500000EC2
3.500000E~02
3.500080E~02
3.5¢0000E-02
3.500000E~02
3.500000E-02
3.500000E~02
3,500000E-02
3.500000E~02
3.500000E~02
3.,520000E~02
3.500000E022
3.500000E-02
3.520000E-02
3.500000E-92
3,500000E-02
3.520080E-02
3.500080E-02
3.520000E-02

GAMMA F1SS
2.9347080E~01
2:913300E-04
2,466500E~01
2:176600E~01
24659300E-01
3.802900E~01
3+514100E-21
3.73440Q2E~01
5.139000E~01
3:471300E~01
2.509600€~01
2.53730RE-01
3,481300E~01
3,708300E~21
4.36100RE-01
4,334800E~-01
4,247508E-~01
4,325500E-01
4,350600E-01
4,433400E~-01
4,432500E~01
4,453000E-01¢
4,.564600E-01
4.736600E-04
4¢624900E~21

GaMMA F1SS
1:467300E-021
1,456700E-01
1.233380E-01
1.088320E-01
1+1329700E~-01
1,901500E-01
1.757100E-01L
1.867202E~01
2.569500E-01
1,733700E-01
1.2548p0E~01
1.2687@CE-01
1.742602€-01
1.854200E~-021
2.180500€-014
2:167400€~01
2.1238002€-021
2,152800E-01
2.175300E-021
2.2167p0€-01
2,216300E-01
2.2265p0E-01
2,282300E-21
2:368300E-21
2+311000E-01



T@-3g000.2*7
te-30020L2°7
19-30008L2°7
T@-30008L42'7
1@-30000L2°7
T0-30008.42°7
T0-3800042'7
te-3g000L2° 7
Te-39000L2°%
1e-30008(2°*7
1e-3p080L2°'7T
to-3g008Le Y
te-390009L2°7
Tg-3g000L2°%
10-30000L2°7
Te-30000L2°7
19-3g8oeL2T
To-3ggpaL2’’
Te-3eegellt
Te-30000.2°7
Te-3008042*7
T0-30000.2'%
te-3p0@0L2'3
19-30000L2°7
T2-30080L2'7
SSI14 VWWVSD

10-300822¢"¢
19-300002¢"°E
te-3gpppie's
10-3gogeeL L
Yo-3pogeie’s
Te-3¢0002e't
10-3000028"¢E
10-3020028°¢
10-300802¢€"°E
Te-3p08pEc* L
T0-3000028"8
To-3200022*¢
Te-3gp002c'E
19-3008028°E
Tg-3p00g2E e
10-3g0002¢8"'L
T0-3200028°¢
te-3pd0p28°¢
Tg-3popeie’s
Tg-3geo02ee
12-3p00028°¢
To-3pegace €
10-308922¢'¢
To-3gege2g- g
T2-30p0028°¢

SSId4 YWWY9

2@<3200008" ¢
20=3000026"¢
20~3000006'S
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2P=30000086"'¢S
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20=300080826° %
2o-300000s'S
20~30000208'S
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ye=32902282°¢
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to=302020%'2
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bQ=3200202'2
bo-3220000'2
Yo=-30200800'¢2
ye=3090320'2
vo=3p809832"'2
LON N YWWYD

vo=32080028°2
vQ=3g22802¢°2
v@=3gegeie‘e
y2=3p202028"'2
po=3¢p002e"'2
yP=3000028"'2
bp2~300082¢"'2
yo=309p028*'2
vp=300002¢8'2
ye=3200228"'2
yR-3pp0228°'2
y@=30@g0eee*e
y@=3pp082L°2
vo=3pggeie’e
vp~30pgnee*2
vg-3098228'2
vo=300022¢'2
vP=39@022¢'2
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y@=3ggR02e"*2
vyB=-309002¢"'2
v@=3ggouis’e
$@=300082¢°2
v0=300002¢'2
y@=3200028°'2
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T0-35£5899'T
10®3852199° 1
10-3969859°7
10-38£6689" T
10=358858€9° T
1223265629"7
T083529929°T
TO~38L6529°T
T093557829°7T
10839,3225° 1T
1283864729°7
10#3T£0T29"T
123974029
10%388¥029'%
10%398£229'3
1P%3782029'7
12366%025°3
1223627229" 1
1083¢/0229°T
103250029"T
12=3580029'
129320029°3
1023,10229'%
1523070029"7
1023,00029'7T
AVLOL YWWYD

TR=32p67869'¢
TP®IyTEE69'E
TP=302998%'2
TP®iv95T89°¢
TZR3p228L49°8
T8=39646L9°F
T0=3T$88L9°E
TP=3266249"¢E
To=3pEetLote
TP=3792T.9'F
Tg=36980L9°¢
TP=38650L9°E
TP=32150L9°¢
Tg=38820L9°S
Tg=366%0L9'¢
Te=3p8T049'¢
TP=326080L9'8
TA=3£908L9"E
T2=3pp00L9"E
T9=3p820L9'¢
T2=33200L49"'¢
TP=3572049"8
T2=32T00L9°E
T2=39220L9°'2
T2=-3voeeLe's
IVL0L VAWYD

2R+3200202" 9
22+3020083°'¢Q
22+3230430° 0
20+3290000° 3
20+304d0002°2
P0+3200000°0
20+3020083°0
@o+3P00200° 3
20+3020084°2
Pe+3920002'2
ge+30280203'2
ga+3p32202"2
20+3020002"°2
20+3020202"'2
20+3000002°9
20+3022220° 4
Z2+3320¢00°2
20+3020200"'2
P2+3230000°2
P2+3¢200082°2
22+3220800°2
Qo+3228083°2
PC+3020932°'2
go+3340080°2
gB+3222222°9
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2,98360AFE+03
3.83100RE«a3
4,9191R0E+0Z
643163INPEET
8,1103M0E+¢3
1 241400E+C4
1.337208E+¢4
1716000 +¢4
2.2246MCE+G4
2,4783800E+24

AVERAGE FISSION CROS2?=SECTION

MEUTRON ENERBY(EV)

6,450470E+01
8,290202€E+p1
1.156970E+n2
1,485500+02
1.907400E+22
2.,449170F+02
3,144700E+02
4,037922E+02
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6,6574%0€+02
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1,716900E+024
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1.774552E+70
1.656170E+T0
1,338019E+20
1:118628E+00
9, 471374E~01
8,373611E~0¢
7.228342EwU1
6. 079728E-21
4,986953E=21
4,873076E=01

S.WAVE SIGMAFISS

2,42125UE+2
2,421285E+01
2.175232E+0
2,145637g+01
1,945862E+24
2.336960E+04
1,499316E+33
1,234818E+3¢
1.481730E+0¢
1,171999E+04
9.024881E+20
8,484518c+0p
7.155726E+02
6,467422E+00
5,785139E+20
5,013612E+«00
4,712044E+20
3.860386E+20
3,281264E+00
2.824327E+00
2,542653E+00
2,262384E+09
1.,863987€+00
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1,634810E+20
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1,693456E21
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3,481795E~01
3.600111E-21

P-WAVE SIGMAF]SS

4,449103E~02
5, 443514E=02
5,957274E=~82
6,749699g=22
7,647193E-02
8,663586E=02
9.814573E=-02
1,111765€=021
1.259246€E~031
1,426094E=01
L+614760E-01
1,827964g=01
2,268663FE=01
2.340166E~01
2.645890E~01
2.98944pe=01
3,374391E~01
3,80416QE~Q]
4,284555E~01
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5,383927E~21
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7,349421E=01
7,673342E-01
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D-WAVE SIGMAFISS

9,000000E+00
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2,000000E+02
2,000000E+00
2,002080E+00
2,000002E+20
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2,000080E+20
2,000200E+20
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0.002000E 20
2,000080E+00

1.924
1.825
1.528
1,332
1,178
1,295
1,016
94291
8,468
8,473

TOTAL SIGM
2,425
2,426
2,189
2,152
1:973
2,365
1.509
1,245
1,494
1,186
9.166
8,647
7,362
6,721
5,969
5,312
5,049
4,240
3,709
3,305
3,081
2,862
2,630
2.406
2,402









