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Foreword

The total cross section probability (TCP) system is designed to process
evaluated neutron cross Section data into a continuous energy or multigroup
form. In the following figure, we have described the function of each of the
computer codes in the TCP system by contrasting the form of the data before

and after code processing.

Evaluated data in the ENDF/B format
Includes resonance parameters
Tabulated cross sections may obey any interpolation law

ENDF/B

Evaluated data in the ENDF/B format

Including resonance parameters

Tabulated cross sections obey the linear-linear interpolation law
ENDL

Evaluated data in the Livermore ENDL format

Evaluated data in the ENDF/B format
Unresolved resonance parameters — resolved region in tabulated form
Tabulated cross sections obey the linear-linear interpolation law

Doppler broadened evaluated data in the ENDF/B format
Unresolved resonance parameters — resolved region in tabuiated form
Tabulated cross sections obey the linear-linear interpolation law

I GROUPIE
Infinitely dilute group-averaged cross section:
in the ENDF/B format

Bonderenko ~ gy self-shielded group-averaged
cross sections

Multiband parameters
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PROGRAM SIGMA1 (VERSION 77-1): DOPPLER BROADEN
EVALUATED CROSS SECTIONS IN THE EVALUATED
NUCLEAR DATA FILE/VERSION B (ENDF/B) FORMAT

Abstract

We have designed a code, SIGMAl, to Doppler broaden cvaluated cross sec-
tions in the ENDF/B format. The cede can only be applied to data that vary
as a linear function of energy and cross section between tabulated points. This
report describes the methods used in the code and serves as a user's guide to

the code.

1978 Edition

This edition of the program has been designed for operation at Lawrence

Livermore Laboratory on a CDC-7600 computer, but it can easily be converted
for use at other installations. This edition includes improvements and
corrections suggested by numerous users of earlier versions of the code.
The code has been changed to ease the use of double precision on shorter word
length computers (e.g. IBHM-360) and to allow more efficient use of the scratch
file, In addition, the underflow problem that occurred in earlier versicns has
been eliminated and coding added to properly broaden threshold reactions to

controlled thermonuclear reactor (CTR) temperatures.

Method
DOPPLER BROADENING

Doppler broadening refers to a change in cross section resulting from
~thermal motion, rotation, and vibration of nuclei in a target material.  The
SLGMAL muthudl nay be used to Doppler broaden cross sections for anv particle
(¢og., neutran, proton, deuterovn, etc.) incident - at nenrelativistic energics
upon a tairget in which the free—atom approximation is valid.
The SIGMAT method is citensively described in Rel. 1. We have briefly
described the method below, starting from the well known frec—atom Doppler
broadening equations in which encergy [Eq. (1)] and speed [Eg. (2)] are the

independent variables
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/2, . 2
VBED = 2 [ /et 0, {expl-a(E - VED?) - expl-a(/E + VED®))

(1)
1/2
4 N l B o« 7 7 2 el F 2
GV = = (= - - - exp[- +
vo(v.T) = g () fo[\rc(\r,O)]vrdvr {exp[-B(V VOS] - expl-B(V + V) 1}
(2)
where
A M M
STt T AT A T
and
m = projectile mass (e.g., neutron, proton, alpha, etc.)
Vo= projectile velocity
v = :V| = projectile speed
1.2 . .
E = EmV = piojectile energy
M = target nuclei mass
VT = target velocity
o= L = ¢ speed
\T I T‘ target spee
1,2
E = ;MVT = target energy
A = M/m ~ atomic weight ratio (target mass/projectile mass)
Vr =V - GT = relative velocity
Vr = fV”l = relative speed
-
Er = Emvr = relative energy of the neutron as "secn" by the target
g(V,0) = cold (0 K) cross section
g(V,T) = Doppler broadened cross section
By changing variables in Eq. (2) sc that
52 =of = sz
2
x~ = aE_ = BV (3)



the Doppler broadening equation becomes

2

/2
oty ly) = ;1,_2'";" [ o501 teml-te = 071 - exzl-tx + 1) ) dx.

(4)
The ensuing development can be simplified by defining
172
*(y,T,) = 50 o2 2
oF Ly, 2 VZ b 4} x'o(x,Tl) expl-(x - y)“)dy (5)
and noting that the Doppler broadened cross section is
rf(y,'[‘z) = g;‘:(y,Tz) - O:‘r(—y,‘rz)_ (6)

Next, we wiil assume that the cross section to be Doppler broadened is
given as a tabhle of ¢ross sections and their ccerresponding energies. Values
between the tabulated points will be assumed to vary as a linear {unction of

energy and cross section:

Fogy ~ E
5(E,T.) = —Eh o, = A +BE 1 E(EF ) (N
] Py - B § 0k e+ By K k]
J(x,T,) = A +C xz : XE(x, ,X ) (3)
RS “k K MG S 0

-5 R
Since tabulated cross sections span only a finite energy range {e.g., 10 e\

to 20 MeV), we .1i)l also assume that the cross section will be continued as
con:tant outside the range of the table. If we make these two assumptions
(data within the energy range of the table are linear; data osutside the cnergy

range of the table are constant), then Eq. (5) becomes

N VA o1 ) )
TRV, T,) = () DI xT(a, + ckx‘) exp[-(x - v)7|dx. (N
y k xk

By changing variabler to Z2 = x - y and collecting terms in powers of 7, wo get

oz e 4 3 o 9 R
(v o) = (- : . y Sy 2T 2a.v + 40y )7
pE (y,lz) 2(ﬂ) % I [ckz + Ack}z + (\L\ + 6Lk) Y27+ ( Ak_\ 4C,y )7
¥ ko ox-y

10)

4 2
+ (Aky2 + Cky*)]exp(—z")dz.



Equation (10) can be defined exactly in terms of the functions

H%(a,b) = F'(a) - F(b) an
a
Fl(a) = —%— roz" exp(—Zz)dZ (12)
i
where

These “unctions can easily be shown to satisfy the recursion relacionship

) ] 172 1/2
My = @ i 2@ - &) " expl-a’) &) 8ot (13)

By explicitly evaluating Eq. (12) for n = 0 and 1, as well as by applying the

recursion relationship, we can derive the required functions

#0(a) = ERF(a)

172
P =& - expea)h) (14)
¥ (a) = % ERE(a) -~ —2- exp(-a?)
/i

. 1/2
Fj(a) = (%ﬂ [1- (1 + a2)exp(-az)]

1/2
dera) - B A+ ) ewpa)).

Fi(a) = 32

With the definition of these functions, the algorithm describing the Doppler

broadened cross section at any arbitrary energy is complete.

BOOTSTRAPPING

The Doppler broadening equations can be slightly generalized by recog-

nizing that not only can they be used to broaden cross sections from O K to a

temperature T K, but can also be used to broaden cross sections from any

temperature Tl K to any higher temperature T2 K (Ref. 2). For example, it is

possible to start from experimentally measured data at room temperature (293 K)
and Doppler broaden it to 600 K, which in turn can be broadened to 1000 K, etc.

For each of these steps to be independenr, the Doppler broadening equations
must be in the laboratory system (as opposed to the center-of-mass system) and

the above definition of Er must be used. The generalizeld equations are:

—4-



Vﬁ(V,Tz) =

JEo(E,T,) = -

« = A___ (16)

k(T2 - Tl)

where the Vr and Er associated with the T1 K cross sections Z(Vr.Tl) and

ﬂ(Er.Tl) are merely the laboratory speed and energy of the neutron, respectively.

REPRESENTATIONS OF BROADENED CROSS SECTIONS

If the programs that produce multigroup and continuous Monte Carlo data
from evaluated cross—section libraries (the library data being subject to
lincar~linear interpolation) are to be applicable to Doppler broadened cross
sections, the latter cross sections must also be subject to linear-linear
interpolation. Although the Doppler broadening algorithm described above allows
the cross section to be calculated at any given energy, it does nct guarantee
that the broadened cross section is subject to linear—linear interpolation
between any two given energies. Use of an iterative scheme, such as interval
halving, can be prohibitively expensive. Use of the same energy grid that was
used to represent the unbroadened cross seccion can lead to pitfalls. For
example, the 0-K hydrogen-elastic cross section is roughly 20 barns from
10_S eV tc 1 keV. Linear variation in energy and cross section can be used
to define the 0-K cross section from 10_5 eV to 1 keV and to calculate Doppler-—
broadened cross sections at 10_5 eV and 1 keV. The broadened cross section
is certainly not subject to linear-linear interpolation between thes: two
energies. Large errors will results if a multigroup processing code assumes
that it is. Figure 1 illustrates this error ty compering linear-lincar
variation to a 1/v cross section variation between 0.01 and 100 eV. The
figure speaks for itself as far as tha errors that would occur.

Although Doppler broadening is a smodthing process, it is the reaction
rate, not the cross section, that is becoming smoother. Therciore, il the
energy grid that represents the unbroadened reaction vate is sufficiently dense,

the smoother Doppler broadened reaction rate can be adequately represented on

-5-



the same energy grid. At higher energies (aE»-1), this swoorhing process
applies equally well to the cross section. Vowever, at lower encrgies,
although the reaction rate is becoming smoother, the same may not be true of
the cross section because the two differ by a factor of 1/V [i.e., 0(V,T) =
R(V,T)/V]). To easure that this low-encrgy 1/V tail does aot prevent the cross
section from being in a form subject to linear-linear interpolation, all we
have to do is choose an energy grid for the broadened data that is the same as
the cnergy grid for the unbroadened data, except that the latter is supple-
mented by an additional set of energy points. These additional points should
be added in such a way that between any two energy points of the final energy
grid, the difference between linear-linear and 1/V variations in the cioss
section is always less than some allowable error €.

Consider two possible representations of the same cross secticn: a 1/V
variation and a linear-linear variation in cnergy. By insisting that the two
representations agree exactly at the two ends of an interval v\(vl,vz) and that

vV, = SVI, wve get

ﬁl(V) = % (1/v variation)

5. (V) = 1 _(Vz - Vz) linear-iinear in
2T V?S(S + 1) cross section-energy
VL(V),8YS (17)
T ] T
100 Linear-linear
2 '\ interpolation 1
£ - \\ .
3 L N |
i ‘\l/V (Tinearized)
Z I \ 1
2 -1 ~
v o10E AN 1
a A 1
i N
A B AN
o \
5 L \\
-2 ! ! Lo
10
102 1077 1 10! 16?
Energy — eV

Fig. 1. Linearized 1/V crons section.
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The fractional difference between these two representations is

2
O L AL A W
- a (Vy 3 v
| V‘S(S + 1) 1

and the variation in the fractional ditterence is

2 2 [G%:7]
d ., S
A B i
V]S(S + 1) 1

Theretore, the point of maximum difference and the value of the differcence at

that point are

) , |1/2
v =\'[—(1+s+s‘)
M ‘l 3
32
e B P arsesh (i9)
max’ T (3 3 S{(S + 1)

Note - (V ) is independent of V, and only depends on s, the spacing berween

max
tabulated points. This means that a 1/V variation can be represented bv a
linear=tincar variaticn in energy to within any allowable crror -, simpiy be
ensuring that the energies f ..o sucressive tabulated values are sithin S:f o
ance another {(independent of E).

Table 1 illustrates the tvpical factor (Y7 required for o nurher o

allowable tolerances (), when ¢ is in tae range 0.1 to 2.0 . The anle alse
shows the number of points that would be required to space jointe- NSE.gnnw
between 10—5 ¢V oand 20 MeV. For example, an allowable toloran o o0 0007 wonid
require 124 points or roughly 10 per energy decade.

Therefore, to ensure tiuat the Doppler hroadened cross scotions arve
subject to linear-linear interpolation, we must start from the same energv
points as the 0-K data and supplement this gric in any iunterval where the
points are more widely spaced than SZE (where 52 depends on the allowable

error €).
TRUNCATING THE INTEGRAT AN RANGE

Alchough the algarithm as previously deseribed can luate the

IS8 o GAENY

Doppler broadened cross section, it can be a costly procedure since the cateu-
lational rime can vary as the square of the number of points used Lo represcnt

a given reaction. To reduce the cost, we can use the SLronsiy cenveruent

~-7-
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Gaussian character of rhe Doppler broadening kernal to truncate rhe Doppler
broadening integral. Because ot the exponential term expi-{x - y)z] lsce Eq.
(5)], the major contribution to the integral xe(0,~) is from an interval cen-
tered about y; the interval is defined by xe(y = N, v + X). Therefore, it is
only necessary to inteprate over this interval. The truncation procedure
shouid recognize that although exp[-(x - y)Z] is rapidly decreasing, the term
x20(x,T) may be rapidly increasing, particularly o(x,T) in the resonance region.

Therefore, the truncation procedure should be:

2 o 2 y+N 2 2

T ¥ (e, T) expl-(x - v)7ldx = fv—N x70(x,T% exp[-(x = v) ldx + R(y), (20)

Table 1. Linear-Linear approximation of a 1/V cress sectior.

Tolerance Factor Points?
1.001 1.0530 276
0.002 1.0757 195
(.003 1.0935 160
0.004 1.1087 139
0.005 1.1223 124
0.006 1.1347 114
0.007 1.14€73 105
N0.008 1.1571 99
0.009 1.1674 93
0.010 1.1772 88
0.011 1.1865 84
0.012 1.1956 81
0.013 1.2043 78
0.014 1.2128 75
0.015 1.2210 72
0.C16 1.2290 70
0.017 1.2367 68
0.018 1.2444 66
0.019 1.2518 65
0.020 1.2591 63

2 point. ‘o span 1072 2V to 20 Mev.



=N 2 . .- 2 2
R(v) = .~ x7a(%,T) expl-(x - ¥)7]dx + ey © S(x,T) expl=(x - v)7] dx -

21)
R(y) - 2 3" \ (Z + _\')2 exp(—72) dz (22)

1{ we assume that the cross section will very no more than four orders of mag-
nitude (104} and that the error will be no more than 0.1/, then we can safely
truncate the integral when N = 4. Thus, the truncated integral should only be
extended over those intervals in which at least one end is within four units
of y. 1In particular, the second term 0*(—y,T2) [Eq. (6)] need not be caleu—

lated unless v - 4,

Limitations and Assumptions

The program nenselectively Dopplei broadens all tectiens of file 3 data
on the original ENDF/R format tape {i.e., all sections bewween the tape label
card and the tape end (‘urd),3 except for the parameters ;, ¢, and y {MT = 251~
2537. This program does not require the evaluations to be in MAT3 order: e.g.,
they may be in ZA order.

The program only uses the ENDF/B BCD format (as oppesed to binary) and
copies all sections except file 3 as hollerith. As such, the program may be
1sed on data in the ENDF/B - I, 11, III, IV or V format, siace all sections of
file 3 data are identical in all ENDF/B versions.

The progrem reads and Doppler bruvadens the data a page at a time, so
there is no limit to the number of points in any section (i..., cviach setion
may be described by any number of points - up to 500 000 points).

The program is written entirely in FORTRAN-IV and can be casily madificd
to run on any medium-sized computer.

We recommend the LINEAR program as the best way to linearize data in the
ENDF/B format.4 1f the data do not vary as a linear function of vnergy and
cross section between tabulated points, the program will check the interpola-
tion law and abort

During Doppler broadening, threc pages of data are core resident: the
page being broadened, the page below it in energy, and the page abuve it in
enetrgy. If at any time the integral extends beyond the limits of these pages,
the cross section is extended as a constant and an "EXTENSIOXN" warning message
is printed out, advising the user of the maximum temperature siep alle -able to

avoid "EXTENSION." 1In this case we recommend rerunning the program by boot-

-9



strapping the eross scection up to the final temperature, in temperature steps

smalle. than or cqual to thiat recommend.d in the "ENTERSTON" message.,

The progran will automatically select the energy grid consistent with the
froont= ot towab e crror e aveid problems resulting from the onset of the low
Gie b DV o res s sectiven. HDoan allowable cerror of less than 0.17 s specified,

rooatpuat thinming, but

<imum cnergy poine spacing will be

T ricingd PNDEYBR dota are piven at g temperature that is higher
[N o tinal torporature, the seetion will not be Doppler broadened and the
Srasindl tesgerstiore will he telt in the section. It the original EXDF/B data
creoyioen at o temporature between G R oand the final temperawture, the program
will roaden the data by the temperature differcence (sec Bootrstrapping).
in the unresolved resorance region, starting from cnergy-avervaged cross
sevtions the STEMATD algorithm will conserve the averages and return the same

vialues,  This program does nor use unresolved parameters girectly.

Requirements
The 170 units are defined as follows:

3
Filename Unit beseription

INPUT 5 Input card

orTerT f Output report

ENDFLN 21 Evaluated data Lo ke Doppler broadeucd
in the ENDF/B format

ENDFOUT 22 Doppler broadened evaluated data in the
ENDF/B format

SCRATCH 23 Scratch file

All read and write statements use variable [/7 unit numbers. To convert to any

other set ¢f unit numbers, it is necessary to redefine the unit numbers as

described in the program listing.
The program, when run on the Livermore CDC-760u, requires 21 000 words
of small core memory and 6 000 words of large core memory (1/0 buffers). It

takes 0.7 min to Doppler broaden ENDL-78> tape 6 from 0 to 300 K and to thin

the output to 0.17% accuracy [it takes 7.92 min to Dopplcr broaden the entire

* ; .
The f[ilenames apply to the program run at Livermore. files that have

these names will be used by the program,

-10-
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o~ 5. . . . ; .
ENDL=76" Tibrary (88 vemplete evaluations) from 0 to 300 K and thin the output

to 0.1% accuracy].

Input Cards
The program requires o single inpat card to define the atlowable frac-

tional error and temperature to which cross sections should be broadened.

Card Calims Format Description
I 1 - T Ell.4 Fractional output thinning criteria
12 - 22 114 OQutput Kelvin temperature

To Doppler broaden to 300 K and thin the output to 0.1% the following input
card is required:

1.0000E-03 3.0000E+02

A 0.0 thinning criteria means that there will not »e any output thinning but
there will be maximum output spacing in order te keep the result withon 0.1

of 1/v.

Example Qutput

fable 2 presents the vutput that results from Doppler broadening ENDI-76
tape 6 to 700 K and thinning the ovutput to 0.17. Figures 2 through 5 illus-
trate the wide range of applications of the SIGMAL «»de. Note that it can be
applied to Doppler broadening at
e Reactor core-like temperatures (300 - 10000 X) (Fig. 2)
e Controlled thermonuclear reactor core and stellar temperatures (1 eV-
10 kev3” (Fig. 3)
e TInitially constant cross sections from 0.0l eV to 10 MeV (Fig. 4)

e Initially 1/V cross section from 0.01 eV to 10 MeV (Fig. 5)

*
For those who are unfamiliar with the convention of cxpressing temperature
in eV, note the unit of KT is energy and can be used to describe temperaturc
(e.g., L eV~ 12 000 K; 10 keV ~ 1.2 x 108 K).

-11-
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Table 2. Example output listina.

1 DOPPLER HROADEN ENDF/B CRO5S SECTIONS (S1GMAl 78-1)

THINNING CRITERIA-- 1.00000- 3

TEMPERATURE~-~-~--- 3.00000+ 2 KELVIN
TAPE LABEL
LAWRENCE LIVERMORE EVALUATED LIBRARY (ENDL) 6/01/78B
ZA  MAT MT KELVIN Q-VALUE POINTS PDINTS
IN EV IN ouTt
30231 7863 1 0. + 0 0. + 0 246 220
30231 7863 2 0. + 0 0. + 0 43 72
90231 7863 4 Q0. «+ 0 0. + 0 22 ec
30231 7863 16 0. + 0 -5.12000+ 6 19 19
90231 7863 17 0. + 0 -1.19100+ 7 1 11
90231 7863 18 0. + 0 1.80000+ 8 152 195
90231 7863 37 0. + 0 -1.7.500+ 7 5 4
90231 7863 g1 0. + 0 ¢©. + 0 ee a2
30231 71863 102 O. + 0 B6.43000+ 6 138 183
90231 7863 251 O. + 0 0. + 0 20 20
90231 7863 252 0. + 0 0. + 0 et 19
80231 7863 253 0. + 0 0. + 0 20 19
MAT TOVALS 18 B06
90232 7864 1 0 + 0 GO. + qQ 6261 5323
90232 7864 2 0 + 0 0. + 0 2983 2898
90232 7864 4 4a + 0 0. + 0 62 51
90232 7864 16 0 + 0 -6.34000+ 6 17 16
30232 7864 17 © + 0 -1.19600+ 7 B8 B8
gna23z2 7864 ie 0 + 0 1.70000+ 8 3y 34
90232 7264 37 0 + 0 -1.83500+ 7 2 e
90232 7864 g1 0 + 0 0. + 0 62 91
90232 7864 102 O + 0 4.79000+ 6 5535 5451
90232 7864 25¢ 0 + 0 0. + 0 14 13
90232 7864 252 0 + 0 0. + 0 14 14
90232 7864 253 0 + 0 0. « 14 i3
MA~ TOTALS 15006 (3874
90233 7865 1 0 + 0 0. + 0 296 219
90233 7865 2 0 + 0 0. + 0 43 72
90233 7865 4 0 + 0 0. + 0 21 21
90233 7865 16 0 + J -4.78000+ 6 12 19
90233 7865 17 0 + 0 -i.12200+ 7 1y iy
90233 7865 18 0. + 0 1.80000+ B 130 174
99233 7865 37 0. + 0 -1.63400+ 7 S N
90232 7865 91 0 + 0 Q. + 0 21 21
90233 7865 102 O + 0 6.18000+ 6 121 157
90233 7865 251 O + 0 0. + 0 16 15
90233 7865 252 0O + 0 0. + 0 16 15
30233 7865 253 0 + C 0. + 0 16 16
MAT TOTALS 718 7
92233 7866 1 0 + 0 0. + 0 2884 2353
92233 7866 e 0 + 0 0. + 0 343 352
92233 7866 4 0 + 0 0. + 0 32 30
92233 7866 16 0 + 0 -5.90008+ & te 1

-12-



Table 2. (Coniinued).

82233 7066 i7 0. + 0 -1.31800+ 7 6 5
92233 7866 18 0. + 0 1.80000+ 8 1613 1608
92233 7866 91 0. +0 0. + 0 k1= 30
92233 7866 102 0. + 0 6.84000+ 6 1954 1848
92233 7866 251 0. + 0 0. + 0 21 2l
9e2e33 7865 252 0. + 0 0. +0 2l 2}
92233 7866 253 0. + 0 0. + 0 2l 20
MAT TOTALS 6333 6400

92234 7867 10 + 0 0. + 0 188 190
92234 7867 e 0 +0 0 + 0 37 57
92234 7867 4 0 + 0 O. + 0 19 17
92234 7867 16 0 + 0 -5.84000+ 6 13 13
S2e3u 7867 17 0. + 0 -1.258900+ 7 7 7
d4223- 7867 18 0. + 0 1.80000+ 8 40 40
82234 7867 91 0 + 0 0. + 0 19 i7
92234 7867 102 O - 0 5.31000+ & 28 166
Q2234 7867 251 0 + 0 0. + 0 29 a8
Q2234 7867 o252 O + 0 0. + 0 29 28
92234 7867 253 0 + 0 0. + 0 29 27
MAT TOTALS 538 591

92235 7868 1 D. +0 0. + 0 2294 229¢e
92235 7868 2 0. + 0 0. + 0 235 264
92235 7868 % 0. + 0 D. + 0 25 25
92235 7868 16 0. + 0 -5.23000+ 6 16 16
82235 7868 17 0. + 08 -1.200060+ 7 7 7
92238 7868 18 0. + 0 1.80000+ 8 1511 1585
92235 7868 37 0. + 0 -1.78900+ 7 3 3
92235 7868 91 0. + 0 0. + 0 25 25
92235 7868 102 0. + 0 6.55060+ 6 767 837
92235 7868 251 OD. + 0 0. + 0 29 27
92235 7868 252 0. + 0 0. + 0 2s 29
92235 7868 253 0. + 0 0. + 0 29 27
MAT TOTALS 4970 5137

92236 7869 1 0 + 0 0. +0 179 176
92236 7869 2 0 + 0 0. + 0 35 58
92236 7869 4 0 +0 0. + 0 2l 18
92236 78BS i6 0 + D ~6.55000+ & 14 Y
92236 7869 17 0 + 0 -1.18500+ 7 8 8
92236 7868 18 0 + 0 1.8008u0+ 8 4o 71
92236 7869 91 0 + 0 0. + 0 2l 18
2236 7868 102 O + 0 5.12000+ 6 127 183
92236 7869 251 O +0 0. + 0 29 28
92236 7869 252 0 +0 0. + 0 29 29
92236 7869 253 0 + 0 0. + 0 29 28
MAT TOTALS 532 633

92237 7870 1 0 + 0 0. + 0 298 206
92237 7870 2 0 + 0 0. + 0 45 68
92237 7870 4 0 + 0 0. + 0 31 30
92237 7870 16 0 + 0 -5.12000+ 6 il 1}
92237 7870 17 G + 0 -1.168700+ 7 7 7
92237 78780 18 ¢ + D 1.8000G+ B 104 132
92237 7870 91 0 + 0 Q. + 0 3 30



Table 2. (Condinued).

92237 7870 102 0. + 0 6.14000+ 6 173 21n
92237 7870 251 O. +0 0 + 0 21 20
92237 7870 252 O +0 0 + 0 el 21
92237 7870 253 O +0 0 + 0 21 21

MAT TOTALS 764 760
92238 7871 10 +0 0. + 0 P Tuy 1565
92238 7871 2 o + 0 0. + 0 453 46l
92238 787! Yy o + 0 -4.50000+ 4 72 61
92238 7871 16 0 .+ 0 -6.04D00+ 6 15 15
92238 7871 17 0 "+ 0 -1.14500+ 7 o 9
92238 7871 18 0 + 0 1.80000+ 8 Yy 40
ge238 7871 27 0 + 0 -1.78200+ 7 3 3
92238 787! 51 O + 0 -4.50000+ 4 21 21
92238 7871 52 0 + 0 -1.48000+ S 13 13
92238 7871 53 O + 0 -3.08000+ S 8 2]
92238 787! sS4 0 + 0 -6.80000+ 5 17 17
92238 7871 55 0 + 0 -7.32000+ 5 16 18
92238 7871 56 O + 0 -8.27000+ 5 13 13
92238 7871 57 0 + 0 -9.30000+ 5 14 14
92238 7871 5€ Q@ + 0 -9.67000+ S 12 12
92238 7871 59 0. + 0 -1.00000+ & 12 12
gea3s 7187t 60 O. + 0 -1.04100+ & 12 12
92238 787t B O + 0 -i.06000+ 6 12 12
92238 7871 62 0 + D -1.12000+ 6 i@ 12
92238 7871 683 O + 0 -1.16000+ B 10 10
92238 7871 B4 O + 0 -1.22000+ & it 1
92238 7871 €5 0 + ¢ -1.27000+ & 10 4
92238 7871 66 O + 0 -1.30000+ & <] 9
92238 7871 57 0 + 0 -1.36000+ & 9 9
92238 787! 68 0 + 0 -1.4i900+ B [Z] 8
92238 7871 B3 O 4 0 -1.43700+ 6 <] 9
32238 7871 70 O + 0 -1.47000+ 6 11 11
92238 7871 71 0 + 0 -1.62500+ & 13 13
92238 7871 72 0 + 0 -1.87500+ 6 11 11
gz238 7871 31 © + 0 0. + 0 22 22
92238 7871 102 O + 0 4.80000+ B 1473 1519
92238 7871 251 O + 0 0. + 0 ] g7

c + 0 0. g
0 + 0 0. 0
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Error Messages
In the following error messages the underlined items are variablec.
EXTENSION
CROSS SECTION EXTENSION CAN BE AVOIDED BY THINNING DATA OR DOPPLER

BROADENING IN STEPS OF LESS THAN 2.7419+6 KELVIN

The Doppler irtegrals have extended beyond the three pages of core
resident data. This normally occurs only for large tempcrature changes.
Doppler broaden te the final temperature in steps (in the above example each
step is not to exceed about 2.7 x 106 K).

INTERPOLATION LAW IS NGT LINEAR-LINEAR
**X¥EXECUTION TERMINATED#***
The data in the ENDF/B format must be subject to linear-linear iater-

polation for valid Doppler broadening by SIGMAl. Convert the data to linear-

lincar form using program LINEAR.*

SCRATCH MAXIMUM PAGE COUNT EXCEEDED
#*SENTCI"UIGN TERMINATED##%

The scratch disk file is designed to allow each section to include up
to 500 000 points. 1In the unlikely event that tiis limit is exceeded, this

error message is printed out.

Operation at LLL

At Livermore a compiled, loaded, ready-to-execute versicn of the program

is available from the photostore as fiie
.197025: PROGRAMS : STGMAL

The program is small enough (21 000 words of SCM, 6 000 words of LCM) to

run at standby during the daytime as file
SIGMAl / 1 S

The prog.am will automatically use disk files as illustrated in Fig. 6.

-19-
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Conversion to Other Installations

This edition of the code is designed for operation at l.awrence Livermore
Leboratory on a Cbu-7600 computer. It uses special 1/0 routines to avoid the
inefficiency of FORTRAN binarv reads and writes. A'l points in the code that
vse these special routines are preceded and followed bv comment rards of the
form,

ChkAk [TSSALHAX
to indicate the Livermore time sharing system. For :omversion to standard
FORTRAN binary I/0, .he required statements are included in the program as
comment cards and can easily be activated. Alternatively, by recognizirng all
of these points one can easily implement his own direct disk access routiaes,
which are equivalent to those used at Livermcre. If FORTRAN binary I/0 is
used, subroutines

10NAME

FL.C I0

WALY

are not required.



Program Listing

PROGRAM SIGMA! ( INPUT . DUTPUT , TAPES=INPUT  TAPEG=0UTPUT , 51660010

1 TAPE21,TAPEZ2S) 51600020
Ceerie | TGS senes SIG00030
C FORTRAN RINARY 1/0 RERUIRES AN ADDITIONAL UNIT (TAPE23) 51600040
c 1 TAPE2! ,TAPEZ22,TAPE23) S16016050
Ceever | TEG +ruen S1G00062
C 51600070
C PROGRAM SIGMAL S1690080
C VERSION 73-1 (MARCH 1973) S160809N
C VERSION 76-1 (FEBRUARY 1976) 51600100
C VERSION 76-2 (OCTOBER 1976: S1G00110
C VERSION 77-1 (JANUARY 19771 (REPORT UCRL-5D400. VOL. 17, PART 81 SIiGuuico
C VERSION 78-1 tJULY 1976 SI1G00130
C 51600140
C WRITTEN BY DERMOTT £. CULLEN S1600150
c L-71 S1G00160
C UNIVERSIYY OF CALIFORNIA SI1G00170
c LAWRENCE L !VERMORE LABORATORY SIG00180
C P.0. 80X 808 S1600190
C LIVERMORE, CiLIFORNIA S1600200
C TELEPHONE  415-447-1100 X-3134 1600210
c ->1G00220
< THIS PROGRAM {S DESIGNED TO READ SECTIONS OF FILF 3 ENDF/8 Si600230
c D, TA THAT HAVE ALREADY BEEN CONVERTED TG L INEAR-LINEAR 51600240
C INTERPULATION InN ENERGY AND CROSS SECTION. THE DATA [S THEN S1600250
C DOPPLER SROADENED, THINNED AND OUTPUT [N THE ENDF/B FORMAT. 51600260
C 51¢00270
c THIS PROGRAM ONLY USES THE ENDF /B BCD FORMAT AND COPSES ALL 51600280
C SECTIONS EXCEPT TILE 3 AS HOLLERITH. AS SUCH T MAY BE USED ON S.16056280
C DATA IN THE ENDF/B-1, i1, 111, IV OR Vv FORMAT (SINCE A SECTION S1600300
C OF FILE 3 CATA 1S IDENTICAL [N ALL ENDF/B VERSIONS!. S1600310
C 51600320
o THE PRIGRAM OPERATES NON-SELECTIVELY ON AN ENTIRE ENDF/B TAPE S1600330
C (ALL CARD IMAGES BETWEEN THE TAPE LABEL AND THE YAPE END CARD!}. SiGC0340
C ALL SECTIONS OF FILE 3, EXCEPT MU-BAR. X1 OR GAMMA (MT7=251-25%) S160035%0
C ARC RROADEMED. ALL SECTIONS ARE THINNED (INCLUDING MT=251-253: S15002%0
¢ A 51600370
C THE PROGRAM BROADENS A PAGE OF DATA AT A TIME {1 PAGE=1092 PO(NTS)SIC00383
C USING 3 PAGES OF DATA AY THE ORIGINAL TEMPERATURE (THE PAGE S1600290
c BEING BROADENED, THE PAGE BELOW iT IN ENERGY AND THE PAGE £ 1500400
c ABOVE [T (N ENERGY). CPERATING iN THIS MANNER THERE 1S NO LIMIT 5100410
C TO THE NUMBER OF POINiIS [N A SECTION. SIG00uen
C SI1G00%30
C THE ENERGY GRID FUR THE DOPPLER BROADENED CROSS SECT!ONS IS SIGO0Y40
c SELECTED TO INSURE THAT THE BROADENED DATA (S LINEAR-LINEAR S1GOO%SD
C INTERPOLATABLE. AS SUCH THE ENERGY GRID FOR THE BROADENED SIG00460
C DATA MAY ..OT B THE SAME AS THE ENERGY GRID FOR THE ORIGINAL SIGO0470
C UNBROADENED DATA. S1600480
C S1600%9G
C 1T THE ORIGINAL DATA 1S NOT AT ZERO KELVIN THE PROGRAM S1600500
c WILL BROADEN THE DATA BY THE EFFECTIVE TEMPERATURE DIFFENCE TO S1600510
C THE FINAL TEMPERATURE. 1F THE DATA 1S ALREADY AT A TEMPERATURE S1GN0520
C THAT 1S HIGHER ThAN THE FINAL TEMPERATURE DOPPLER BROADENING S1600530
C 1S NATURALLY NOT PERFORMEC AND THE TEMPERATURE IN THE SECTION S1600540
C IS LEFT AT {TS ORIGINAL VALUE. S1G00550
C S1600560
C THE PRESENT VERSION ONLY DOPPLER BROADENS TO ONE FINAL TEMPERATURES!IGODS70
C (IF THERE IS SUFFICIENT INTEREST EXPRESSED BY USERS FUTURE 51600580
C VERSION MAY BROADEN TO MULTIPLE TEMPERATURES. PLEASE 515600580
C CONTACT THE AUTHOR IF YOU ARE INTERESTED IN A MULTIPLE S16006060
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STTOO0O0 0000000

S Oe

OOONN0000N0NODNONAOO0NOOCO0CANNONONO0NONCaA0GNT:

TEMPERATURE
INPUT FILES
UNIT  DESCARI
5 neuT
21 SGURCE
23 SCRATC
OUTPUT FILES
1T DESCRI
5 outeuT

I~ RESULT
23

OPTION) .

CARDS
FILE {DATA AT ORIGINAL TEMPERATURE)
M FILE FOR BROADEN DATA

PTION

REPORT
FILE (DATA AT FINAL “"MPERATURE)

SCRATCH FILE FOR BROADENED DATA

INPUT CARDS

CARD

i 1ol
1 12-ce

EXAMPLE INPU

COLS. FORMAT DESCRIPTION

Ell.4 FRACTIONAL THINNING CRITERIA
{1.E. 0.5 PER-CENT = 0.005)
£11.4 FINAL KELVIN TEMPERATURE

T

TO DOPPLER BROADEN TD 293 KELVIN (ROOM TE."STRATURE) AND THIN
THE BROADENED DATA TO & S PER-CENT (0.005 AS A FRaACTION), THE

FOLLOWING [N
5.0000E -03

THE PROGRAM

PUT CARD SHOULD BE USED.
2.9300E+02
MAY BE USED TC THIN DATA, W1THOUT DOPPLER

BROABENING BY SPECIFYING A TEMPERATURE Or ZERO. AS FOLLOMWS.

5.0000E-C3

LINEAR1ZING

0.0000E +00

AND/OR THINNING DATA CAN BE DONE MORE EFFiCIENTLY

USING THE PROGRAM LINEAR (UCRL-50400,VOL.17.PART-B BY D.E.CULLEN)

serar | TGS saesse

ALL PROGRAM
ENCLOSED IN

MODIFICATIONS FOR IMPLEMENTATION AT LIVERMORC ARE
COMMENT CARDS THAT SAY LTSS (LIVERMORE TIME SHARING

SYSTEM). ALL OF THESE MODIFICATIONS ARE RELATED TGO THE USE OF
DISK FILES AND [/0 OPTIMIZATION., THE SUBROQUSfINES IONAME, FILEIO
AND WAIT ARE ONLY REQUIRED FOR OPERATION AT LIVERMORE.

AS [MPLEMENTED AT LIVERMORE THIS PROGRAM WILL AUTOMATICALLY

USE THE FOLL

ENDF IN =
ENDFOUT =
INPUT =
ouTPuT =
SCRSIGMAL =

THE SCRATCH

OWING DISK FILE NAMES...

SOURCE DATA [N ENDF/B FORMAT
RESULT DATA IN ENDF/B FORMAT
[NPUT PARAMETERS

OUTPUT REPORT

SCRATCH FILE

S1G00610
SI1GL0620
S1G00630
SI1G00640
S1600650
S1600660
S1600670
51600680
S1600690
SIG00700
SI1G0071C
S1G00724
S1600730
SIGD0740
SiGCC7S0
51600760
S1600770
S1600780
S1G00790
S1600300
S1G00810
S1600820
S1600830
S1600840
51600850
S1G00860
51600870
S1600880
S1600890
S1600900
51600910
S1G00920
$1G00930
S1G00S40
S1600950
S1600960
51600970
S1600980
S1G00930
SIG01000
SIGO1010
€1601020
SIG01030
SIGOI 040
SIGO1050
51601060
SI1G0107%D
SI1G01080
SI1G01090
5166:ii00
SIG01i10
SIG01te0
SIG01130
SIG01140
SIGO1:50
S1G01160
S1G01170
SIGO1180
SiGO!190

FILE WILL BE WRITTEN AND READ USING THE RANDOM ACCESS S1G01200
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C ROUTINES WIK AND RODK, WHICH AVOID THE INEFFICIENT FORTRAN BINARY SIGOt21Q
C HRITE AND READ ROUTINES. siG012e0
C s1601230
Cosese 1 TSG ssens S1Ga1240
C $1601250
INTEGER OTAPE ,OUTP.SCR SIGU12S0
COMMON/HEADER/CIH, COH . LIH, L2H NIH, N2H MATH MFH MTH NOSEQ S1601276
COMMON/F [LLER/DUMMY (17) ,MATD ,MFO,MTD S1501280
COMMON/UNITS/QUTP, INP, I TAPE ,OTAPE .SCR S1G012%0
COMMON/ROTS/ALPHA, TEMPK , TEMPEF ,ERTHIN,R2TOT1 ,N2TOTO S1G0130Nn
COMMON/MATTOT/MAT IN ,MATOUT SIcol310
COMMON/NORM! T/ XNORM{6E) ,KSIGN(6) ,KEXP(6) 51601320
COMMON/CONTAC/CVPI ,QVPI2,ATOP S1G21330
COMMON/EXTENDMESS ,MEXT ,DTMAX S1601340
COMMOts/ [ fCH/ JOCH, ! ADR, 1PAGT ,NPOINT 1500 SiGO!350
C-----DEFINE ZERO TO FILL MF_MT AND NOSEQ FIELDS OF 1 ABEL RECORD. SI1G01 360
DATA 1ZERC/0O/ SIGC1370
C--- -DEFINE PORTICN3 CF PI TC DEFINE Pl ACCURATELY ON VARIOUS - 160 380
C-----COMPUTERS. 51601390
DATA P11/73.14i15/ S1CU1420
OATA Pl2/9.2653E-5/ SICOIt Y
DATA P13/5.8979E-10" SIGGIvEL
DATA P14/3.23B4E- 15/ SI1G0ML 2y
Cevevs (TEG ssrnsen S1601440
CALL CHANGE I TH+S|IGMAL) S1601650
Cre*+r* (TGS tensree S$1601460
C SIO014 70
C DEFINE ALL {/0 UNITS. 7O CHANGE UN.T ASSIGNMENTS FOR ANY SILD1wEL
C CTHER INSTALLATION MERELY CHANGE THE FOLLOWING DEF INITIONS SI501490
C TO SUIT YOURSELF, WHERE.... S1561500
c Siug1510
C INP = INPUT CARD slootrsae
C QUTP = OQUTPUT LISTING FILE SIGO1E 30
C ITAPE = BDATA IN ENDF/B FORMAT AT DORIGINAL TEMPERATURE SIGOI=4Y
C OTAPE = DATA IN ENDF/B FORMAT AT FINAL TEMPERATURE 51601550
C SCR = SCRATCH FILE 51601560
C SEGNISYA
C IF YOU WISH TO ALLOW FOR VARIABLE UNIT ASSIGNMENTS MERELY SIGCI58RG
C ACTIVATE THE SECOND INPUT FORM ALREADY LISTED AS A ZOMMENT SI1601%59C
C CARD BELDW 1THE FORMAT 15 ALREADY COMPATIBLE) . 1601600
C slicoteln
INP=5 SI1601620
QUTP=6 SIGOIE 3D
1TapPE=2l SIG01640
QTAPE=22 SIGILE0
SCR=23 SIGo166N
C----- READ RUN PARAMETERS (2E11.4) SiGuBID
READIINP,S000) ERTHIN, TEMPK SIGL 6B
C---=- VARIABLE UNIT NUMBER INPUT STATEMENT (2EI1!.%, 3111, SINJ1680
C READ(INP,5000) ERTHIN,TEMPK, 1TAPE ,OTAPE ,SCR S1G0.700
Cerrer TGS svreren SiGoLng
C----- DEF [NE ALL /0 UNITS AND DISK FILE NAMES. SIGO1 72D
CALL [ONAME SIGO173G
Cooltl LTSS (IEEE R XN S‘GD)7"’U
C----- DEF INE REQUIRED CONSTANTS. SIGO1 750
ATOP=4.0 <IG0i 760
PI=PI1+PI2+PI3+P 1Y SI1601IT70
OVRI=1.0/SQRT (P} S1601730
OVPI2=2.0°0VPI SI1GO1750
C----- INITIALIZE MAXIMUM ALLOWABLE TEMPERATURE STEP (19 AVOID $160:BON



Cmmmm- CROSS SECTION EXTENS{ON) .
DTMAX=0.C
c----- NITIALIZE OUTPUT SEQUENCE NUMBER.
NOSEQ=0
Com- -~ INITIALIZE TOTAL NUMBER OF FILE3 POINTS READ AMC WRITTEN.
NeToTi=0
NeTOT0=0
T----- LiST RUN PARAMETERS.

CALL NORMAL {ERTHIN,XNORM{1) KSIGNI(1) KEXP(1])

TALL NCRMAL t TEMPK ,XNORM12) ,KSIGN(2! KEXP(2))

L RITE(OUTP ,GO00) (ANORM(L} KSIGN(L) KEXP(L) .L=1.2)
C SEFINE MANM (™ ALl OWABLE ENERGY SPACING.

L MAXDE

,-- --C Y TAPE LLABEL 70 fROM INPUT TO OUTPUT FILE.

F ADCITAPE 503G DUMMY ,MATD

wee ! TELOTAPE 50300 DUMHY MATD, « [ZERO .K=1,3)

C-----L{ST TAPE LABEL.
+2ITE(OUTP,60105 DUMMY,MATD
.- --READ NEXT CONTROL RECORD.
READt ] TAPE ,5000) C1H.C2H,LI1H,LeH NIH, N2H MATH MFH MTH
C---- "HECK FOR SEND, FEND, MEND OR TEND CARDS.
iF(MTH) 20,20.40
Com==- OUTPUT SEND, FEND, MEND OR TEND CARD.

20 NOSEQ=NXTSEQ(NOSEQ)
“-----SET SEQUENCE NUMBER TO ZERO fOR TEND CARD.
1FtMATH.LT .0} NOSEQ=0
HETTE(OTAPE,S5020) MATH,MFH,MTH,NOSEQ

(o LAMINATE AFTER TEND CARD. RESET SEQUENCE NUiI.BER AFTER MEND.
[F(MATH) 80.30.10
%0 HOSEQ=D
GO TO 10
C- -+ -~ INCREMENT SEQUENCE NUMBER AND WRITE CONTROL CARD.

40 NOSEQ=NXTSEQ(NOSEQ}
CALL NORMAL (CIH,XNORMI1) KSIGNL]I1 KEXP(1))
CALL NDRMAL. «C2H,XNORM{2) ,KSIGNIL2) KEXP(21)
WRITEtOTAPE .5010) (XNORMIL) KSIGNI(L) KEXP(L),L=1.2),
t LIH,L2H,NIH ,N2H ,MATH ,MFH MTH,NOSEQ

C-- --CHECK FOR SECTION OF FILE 3 DATA.
t¥F (MFH-3) 60.5D.60
C---=-- FILE 3 LOCATED. PROCESS SECTION
S0 CALL FILEZ
C-----SKIP TO END OF SECTION.

60 READUITAPE.S5030) OUMMY ,MATD,MFD MTD
NOSEQ=NXTSEQ!NOSEQ)
IF{MTD) 80,80,70
70 WRITE(OTAPE,S0303 DUMMY ,MATD,MFD,MTD,NOSEQ
GO T0 60
80 WRITE{QTAPE,5020) MATD.MFD,MTD,NOSEQ
GO TO 10
C----- TEND CARD READ AND WRITTEN.
C--=-- WRITE TOTALS FOR LAST MATERIAL.
90 WRITE(OUTP,5040) MATIN,MATOUT
C-~---- LIST TOTAL NUMBER OF FILE3 POliiS READ AND WRITTEN.
WRITE(OUTF,5050) N2TOTI,N2TQTO
C----- WRITE WARNING MESSAGE IF CROSS SECTION EXTENSION USED.
IF(DTMAX.LE.0.0) GO 7O 100
CALL NORMAL (DTMAX.XNORM(1) KSIGN(1) WERPil)}
WRITE(QUTP,6020) XNORM(1) ,KSIGN(1) ,KEXP (1)
C----- CLOSE FILE AND TERMINATE.
100 COMTINUE

€1G01810
SiCJ1820
S1601830
S1501840
SIG01850
S1G01860
S1G01870
S1601880
S1601830
S1601900
SIGC1910
siGoisec
SI1G01930
S1G01840
S1601850
S1G01960
SI16G01970
S1601980
S1601990
$1602000
S1602010
S1602020
S1602030
S1602040
S1602050
S1602060
51602070
51602080
S1602090
51602100
S1602110
S16021230
S1602130
S1602140
S1602150
S1G02160
5160270
SIG02180
51602190
S1602200
S1602210
siGoceeo
51602230
SiG02240
51602250
S1602260
51602270
51602280
©1602290
S16023200
51602310
S1602320
S1602330
S1602340
S1G02350
$iG02360
S1602370
51602380
51602390
51502400
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Crasess | GG sesrnes
END FILE OTAPE

REWIND 1TAPE

REWIND OTAPE

CALL FILEIO(OTAPE ,7HENDFOUT.LLL.3.1ERR,

CALL DEVICE (7HDESTROY,9HSCRSIGMA|  1ERR, 10CK)
Cereve LYSG s0evner

[sXs¥s]

CALL EXIT
5000 FORMAT(EE]] .4 .w111.14,72.13.15)
5010 FORMAT (2(FB8.5,A1,12).4111.14.12,13,151

5020 FORMATIBEX,1v,12,15,18?
“030 FORMAT: |BA4 . A2.I4,[2.13,15)
5040 FORMAT(2X,54¢1H-)/32X,10HMAT TOTALS,217/2X,54%t1H-))
5050 FORMAT(2X,5%(1H-1/31X,1IHTAPE TOTALS,217/2X,54%11H-)]
6000 FORMAT(39H] DOPPLER BROADEN ENDF/B CROSS SECTIONS,

I 14H (SIGMAL 78-11/2X,5%11H-1/

2 @X.194THINNING CRITERIA--.FB.5,A1,12/

3 2X,19HTEMPERATURE-~-----~ JFB.5,A1,12,7H KELVIN/2X 59 (1H-1 )}
6010 FORMAT(2X, |OHTAPE LABEL/2X.16A%, A2, 472X, 9% 11H-)/

1 2X,B6H ZA.BSH MAT .5H MT,6X,BHKELVIN.SX, 7THQ-VALUE

2 7H POINT5.7H POINTS/

2 28X.2HIN, 10X ,2HEV,7H IN,7H QUT/2X .54 1 1H-))

£020 FORMAT:(///1iH EXTENSION/2X,9U1H-)/
] 43H CROSS SECTION EXTENSION CAN BE AVOIDED 8Y/
2 46H THINNING DATA OR DOPPLER BROADENING IN STEPS/
3 I4YH QF LESS THAN,FB.5,A1.12.74 KELVIN?
END
SUBROUTINE FILE3

THIS ROUTINE IS DESIGNED T2 LOAD DATA INTD THE CORE AND DOPPLER
BROADEN IT A PAGE AT A TIME (1 PAGE=1002 POINTS). IF THE SECTION

IF THE SECTION 1S OVER 1002 POINTS 17T 1S WRITTEN ONTO A SCRATCH
FILE WHICH CAN LATER BE READ BY TABFIN.

NOCOOOO

INTEGER DUTP,SCR.TOOH!

COMMON/ INDEX/ JLOW, JHIGH ,KLOW ,KH1GH . MLOW .MHIGH ,NLOW ,NRIGH .
1 NZIN,NESMADE ,N2OUT ,NELEF T ,NPAGE , JULOW, [LOW

COMMON/ TERP/NBT (2001, INT1200)

COMMON/HC TS/ ALPHA, TEMPK, TEMPEF ,ERTHIN ,NZTOT{ .N2TOTO
COMMON/HEADER/ZA .AWR,LIH,L2H NI1H ,N2H ,MATH ,MFH MTH,NDSEQ
COMMON/LEADER/C1.C2,L1,L2,N1 N2 ,MAT ME MT
COMMON/UN1TS/0UTP, INP, 1 TAPE ,OTAPE ,SCR
COMMON/MATTOT/MATIN,MATOUT
COMMON/NORMIT/XNORM(E) ,KSIGN (61 KEXP(H)

COMMON/F ILLER/ IFILL .NFILL ,NLEFT.TOOKI , I THRES
COMMON/EXTEND/MESS ,MEXT ,DTMAX

COMMGN/CCNTAC/OVPI ,OVP12,ATOP

COMMON X1{3006),513006) .X0UT(255),CK(3006),YCus (255) ,YBRE~. 110027,

I EiIN(255),SIN(255)
COMMON/ 1 TCH/ 1 UCKW, 1 ADR, IPAGE ,NPOINT (500)
DIMENSION XxB(2004),SB(2004} ,MESSAG(2,2;
EQUIVALENCE (CK(2260),SB),(5(2260) ,xB)
C-~---DEF INE BOLTZMANN CONSTANT [N EV/DECREE KELVIN
--{ASSUMING ENERGY WILL BE EXPRESSED IN EV AND THE ATOMIC
»»»»» WEIGHT RATIO WILL BE EXPRESSED IN NEUTRON MASS UNITS,
-----AS OPPOSED TO ATOMIC MASS UNITS (AMU)) .
DATA BOLTZM/8.6164E-05/
C--- DEFINE CROSS SECTION EXTENSION MESSAGE.
NATA MEGSAG/BH .BH LSHEXTEN,5HSION 7

25—

IS 1002 OR LESS POINTS THE FNTIRE OPERATION 1S PERFORMED IN CORE.

SIG02%10
51602420
S1602430
S160a440
S1G02uS0
S1602460
S1G602470
S16024+80
S1602430
51682500
91602510
51602520
S1G0e%30
Sicoesul
S16025%0
51602560
S1602570
S1G02580
S1602530
SI1G0c680
S1602610
S:160e60
S1G02630
S1602640
S1602650
S1602660
S1602670
S1602680
S1602690
S1G02700
S1602710
SIGRe720
S1602730
Sicue74n
S1G60P750
S1G02760
SIGO2770
S1602780
S1602798
S160e800
SiG02810
S1G60e820
S1602830
Sic02B4 0
SI16Ge8sn
S1602860
51602870
sicoeesr
S1602890
5160290¢C
51602910
S160292eC
S166293C
S1602940
S16029%0
S1G02960
S1602370
S1602960
S$1602990
- 1603000



Commm- INITIALIZE LAST MAT FOUND S1603010

DATA LASMAT/-10C000/ 51603020
C----- INITIALIZE LAST TEMPERATURE READ FOR TOTAL CROSS SECTION S1G03030
DATA TEMP!/0.0/ SI1G03040
C----- DEF INE FIXED POINT ZA. S1G03050
12A=ZA 51603060
C----- INITIALIZE PAGZ COUNT FOR CROSS SECTION EXTENSION TEST. S1603070
MEXT=0 51603080

C -- ~INITIALIZE FLAG NOT TO PRINT OUT MESSASE WITH SECTICI. S1G03030
MESS=1 S1603100

c-- INITIALIZE FLAG TO DOPPLER BRADEN SECTION. S1G03110
TOOHL=- 1 S1603120

_ - --1URN OFF FLAG IF SECTION IS MU-BAR, X! OR GAMMA. 516032130
If (MTH.GE.2%1.AND.MTH.LFE.253) TOOHI=1 S1G03140
Co--ee CEFINE PAGE SIZE (BY CHANGING DIMENS!ON, COMMON STATEMENTS 51603150
c----- AND THIS NUMBER THE SIZE OF THE CORE TABLES MAY BE CHANGED) . 51663160
NPAGE=1002 S1G03170

C-- -READ TAB1 LEAD CARD. S1603180
READ(ITAPE,5000) C1,C2,L1,L2,N1 N2, MAT MF MT 51603190

C-- DEFINE ORIGINAL TEMPERATURE GF SECTION. 51603200
IF(L2.LE.0) GO TO 19 51603210
TEMPIN=TEMP] 51603220
TEMPEF = TEMPK - TEMF IN 51603230

G0 TO 20 . 51603240

10 TEMPIN=C1 51603250
IF(MT.EQ. 1) TEMP1=TEMPIN 51603260
TEMPEF =TEMPK -TEMPIN 51603270

IF (TEMPEF .GT.0.0.AND.TOOHI.LT.0) CI=TEMPK 5160320

- ---SHOULD NATA BE DOPPLER BROADENED.... 51603290
20 IF{TEMPEF) 30,30,40 51603300
Cc----- NO. S1603310
30 TOOH!= 51603320

GO TO S50 S1603330
C-n=-- YES. 51602340
40 ALPHA=AWR/ (BCL 7ZM= TEMPEF ) $1605350
C----- INITIALIZE TOTAL NUMBER OF POINTS FOR OUTPUT, INPUT AND LEFT 51613360
Co--m- FOR INPUT. 51603370
50 N20UT=0 51603383

N2 IN=N2 S1603390
NELEFT=N2 51603400
C----- READ INTERPOLATION LAW. 51603410
READ(ITAPE,S010) (NBT(K),INT(K) ,K=1,N]) 51603420
C---~-- INSURE DATA 1S LINEAR-LINEAR INTERPOLABLE . S1G33430
00 60 K=1,N1 SI1633440
IFLINT(K) _NE.2) GO TO 70 S1603450

60 CONT INUE SIGO3460

GG T0 80 SIG03470
C----~ NOT LINEAR-LINEAR. TEPMINATE £XECUTION. S1603480
70 WRITE(OUTP,5050) [ZA,MATH,MTH 51603490
CALL EXIT 51603500
Commmn SET BROADENING INDICES TO MIDCLE PAGE. 51603510
80 NLOW=NPAGE+| 51603520
NHIGH=2 *NPAGE 51603530
C----- SET INDEX TO LOADED POINTS AT BEGINNING OF MODDLE PAGE. 51603540
KL OW=NL OW 51603550
C----- SET THINNING CONVERGED INDEX TO FIRST POINT IN CORE. 51603560
JJLOW=NLOW 51603570
C--~-- SET INDICES 7O L GAD MIDDLE AND LAST PAGE. S1Gn3530
MLOW=NLCW 51603590
MHIGH=3*NPAGE S1G03600

—26-
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C--~--- INITIALIZE SECTIOM FLAGS.
NF ILL=240
IFILL=NFILL*!
NLEFT=N2
NeMADE =0
C----- LOAD NEXT PAGE OF DATA AT ORIGINAL TEMPERATURE.
90 CALL fILLUP
C----~ SET INDEX TC LOABED POINTS TO LAST POINT LOADED.
KH]GH=MH]GH
IF (NHIGH,GT .MHIGH) NHIGH=MHIGH
SHOULD DATA BE OOPFLER BROADENED. ...
IF(TOOH! .LE.D) GO TO 120
COPY UNBROADENED DATA TO BROADENED LOCATIONS (IND BROADENING).
--NOTE .. .ENERGY HAS NOT BEEN CONVERTED TO SPEED AND THEREFORE
SHNULD NOT 8E RE-CONVERTED DURING THIS STEP.
DO 110 K=NLOW,NHIGH

XB{K)=X(K)
110 SBiK=S(K)
GO TO 130
C--==- BROADEN POINTS IN MIDDLE PAGE
120 CALL BROADN
C----- THIN B8ROADENED POINTS.
130 CALL THINB
Commm- DEF INE NUMBER OF POINTS LEFT JN PAGE AFTER THINNING.
NB8=JUHIGH-JL.OW+ 1
C----- IF ORIGINAL DATA IS ONE PAGE OR LESS QUTPUT SECTION
C----- DIRECTLY FRCM CORE.

IF(NHIGH.LT.KHIGH) GO TO 140
1F (NEeMADE .LE .NPAGE) GO TO 200

C----- OTHERWISE OUTPUT TO SCRATCH.
140 IF(NB.LE.O) GO TO 16O
C----- INCREASE SCRATCH PAGE COUNT ANL SAVE NUMBER OF POINTS IN PAGE .

IPAGE= IPAGE +1
IF(IPACE.LE.500) GO TO 150
WRITE{QUTP,S060) 1ZA.MATH.MTH

CALL EXIT
150 NPOINT(IPAGE)=NB
C----- INCREASE COUNT OF POINTS TO QUTPUT.

NEQUT=N20UT+NB

Crosvs | TGS soanans

C HRITE(SCR) (X8(K),SBIK) K=JLOW,JHIGH}
CALL WDK(IOCH, JIADR,XB(JLOKW) ,NB)
CALL WAIT(¢(10CW,IERR)
1ADR=]1ADR+NB
CALL HWDK{(1OCH, IADR,SB({JLOW) ,NB)
CALL WAITUIOCH, IERR)
1ADR=1ADR+NB

Ceeser LTSS vosenn

Crmm-- HAS THE LAST POINT BEEN BROADENED...

160 IF (NHIGH.GE .KHIGH) GO TO 210
————— NO. SAVE UNCONVERGED THINNING POINTS (IF ANY) [N THE LOCATIONS

————— MAY BE TREATED AS ONE SET OF POINTS FOR THINNING) .
IFCILOW.GT.NHIGH) GO TO 180
KK=NLOW-1-{NHIGH- ILOW)

JJULOKH=KK
DO 170 K=[LOW,NHIGH
XB(KK)=XB(K)

SB(KK) =58.K)
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-IMMEDIATELY IN FRONT OF THE NEXT PAGE TO BE BROADENED (AFTER NEXT
-PAGE 1S BROADENED THESE REMAINING POINTS PLUS THE BROADENED PAGE

S1603610
51603620
51603630
51603640
SIG03650
SI1G03660
SI1603670
S1603680
S1603690
SI603700
51603710
51603720
SIG03730
SIG0374.
SIG0375¢C
S1603760
S1G03770
S1603780
SI60379C
51603800
S1603B10
5i603B820
S1603830
S1603840
S1603853
S1603860
S1G03870
S1603880
S1G0G3830
51603900
S1603910
S1G03920
S1603930
SI1603940
S1603950
S1503960
S1603970
S1603980
51603930
S1604060
SIGo4cI L
S1604020
S1604030
SIG04040
51604050
S1604060
SIGO“070
S160%3B"
SI16040390
SIGo4 100
SiGO4110
SI1GO4120
51604130
SIGO4140
SIGO4Y150
SIGCH 160
SIGD%170
S1GD41B0
SI1G04190
SIGo4e0n



170 KK=KK=+]

————— SHIFT REMAINING UNBROADENED POINTS ONE PAGE FORWARD IN CORE.

18C KK=0
00 190 K=NLOW,KHIGH
KK=KK+]
XIKIY=X(K)
S kK1 =S(K)
180 CKI{KK)=CKI(K}
————— SET INDEX TO LOADED POINTS TO BEGINNING OF TABLE.
KLOW=1
~w- -GQET INDEX TO NEXT AVAILABLE LOCATION FOR LOADING.
ML OW=KK+ 1
- ----Avc IHERE ANY MORE POINTS STILL 10O READ.....
IF (N2LEFT.GT.0) GO TO S0
————— NG SET INDEX TO LAST LOADED POINT.
KHIGH=KK
‘‘‘‘ SET INDEX TO BROADEN ALL REMAINING POINTS.
N1 GH=KHIGH
50 TO 100
----- DEFINE SIZE OF ENTIRELY CORE RESIDENT TABLE.
200 N2OUT=NB

DEVICE.
210 CALL TABFIN

Uo-s-- WRITE REPORT OF SECTION.

OO0O000

IF(MATH.EQ.LASMAT) GO TO 220
[F (LASMAT .GT.0) WRITE(QUTP,5040) MATIN,MATOUT
MAT[N=0
MATOUT=0
LASMAT=MATH
220 MATIN=MATIN+NZIN
MATOUT=MATOUT+N2OUT
CAL). NORMAL (TEMPIN,XNORM(]) ,KSIGNC(i) KEXP{11])
CALL NORMAL (C2.XNORM(2) ,KSIGN(2) ,KEXP(2))
WRITE(QUTP,5030) 1ZA,MATH,MTH,
I (XNORM(L) ,KSIGN(L1 ,KEXP(L),L=1,2),N2IN,N20OUT,
2 MESSAG(1,MESS) ,MESSAG(2,MESS!
NETOTI=N2TOT1+N2IN
NETOTO=N2TOTO+N20UT
RETURN
5000 FORMAT(2E11.4 . 4111,14,12.13,15)
5010 FORMATI(6111)
5030 FORMATi2X,16,215,2(1X,F8.5,A1,12}.,217.2¥%,2A5)
SO040 FORMAT12X,5411H-)/32X, 10HMAT TOTALS,.217/2X.54%(1H-)}
5050 FORMAT{2X,54(1H-)/2X,16,215//
I 2X,38HINTERPOLATION LAW IS NOT LINEAR-LINEAR/
2 B6X,30H***» EXECUTION TERMINATED **+=)
5060 FORMAT(2X,S4t1H-)/2X,16,2157/
1 @X,35HSCRATCH MAXIMUM PAGE COUNT EXCEEDED/
2 4X,30H=1e+ EXECUTION TERMINATED se+1)
£ND
SUBROUTINE FILLUP

LOAD NEXT PAGE OR PAGES OF CROSS SECTIONS AT THE ORIGINAL
TEMPERATURE INTO CORE. INSURE THAT THE MAXIMUM ENERGY
SPACING REQUIRED FOR LINEAR-LINEAR INTERPOLATABLE DOPPLER
BRCADENED DATA IS NOT EXCEEDED.

INTEGER TOOHI{
COMMON/HGQTS/ALPHA , TEMPK, TEMPEF ,ERTHIN,N2TOT1 ,N2TOTO
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ENTIRE TABLE BROADENED. COPY FROM CORE OR SCRATCH TO QUTPUT

S1G04210
S1Go42e0
S1604230
S1604240
S1604250
S1604260
S1G04270
S1604280
S1604290
S1604300
S1GQu310
S1604320
S1G04 230
S1GO4 340
S1504350
SIGL4360
SI1G04370
S1604380
S1604390
S1G0440G
51604410
S160u420
S1G04430
S1504440
S1G34+50
S1G044G0
S1GO4470
S1Go04w48C
SIG04490
SIGO4500
SI1GO4S1G
S1604520
SI1G04530
S1604S40
S1GQ45S0
SIGO4S560
SIGO4S570
S1604580
S1604590
SIG04600
SIGO4610
S1G04620
SiGO04630
SIGO4B40
S1604650
S1G0'4660
S1GO4670
S1604680
SIG04630
S1GC4700
SIGou710
S1604720
SI1GO4730
SIGO04740
S1604750
S1604760
S1604770
S1G04780
S1604790
SIG34800
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COMMCON/UNLITS/GUTP, [NP, I TAPE .OTAPE ,SCR SIGO4B10

COMMON/ INDEX/ JLOW, JHIGH,KLOKW ,KHIGH ,MLOW ,MHIGH.NLOW . NHIGH, SiGo4Be0

I N2IN,N2MADE ,N2OUT ,N2LEFT ,NPAGE , JULOW, ILOW SIGO4B30
COMMON/FILLER/ IFILL .NFILL ,NLEFT,TOOHI, 1 THRES S1G04840
COMMON/CONTAC/OVP! ,OVPI2,ATOP S1604850
COMMOIH X{3006),513006) . X0UT1255) ,CK{3006) ,YOUT (255) ,YBREAL 10021, S1G04860

1 EIN(255) ,5IN(255) S1604870
DIMENSION XIN(240).YIN(240) S1604880
C-=--- DEFINE MINIMUM ENERGY (EFFECTIVE THRESHOLD WILL MOT 8E SHIFTED S1604830
C----- TO AN ENERGY LOWER THAN THISI. SI1G04900
DATA XMIN/1.0E-05/ SiGoue.0
C-=--- SET UP LOOP QVER POINTS TO LOAD INTO ORIGINAL TEMPERATURE ARRAY. SIG04920
DO 70 K=MLOW,MHIGH S1G04930
C----- IF NO MORE POINTS IN CORE READ NEXT PAGE (IF ANY). S1G04940
IFCJFILL.LE.NFILL) GO TO 20 S1604950
IF(NLEFT.GT.NFILL) GO TO 10 S16G04960
iF(NLEFT.LE.O) GO TO 80 S1604870
NFILL=NLEFT SiGo4980

10 NLEFT=NLEFT-NFILL S1604990
READ(ITAPE,S000) (XIN{I) YINC[} , I=1,NFILL) S{605000
IFILL=1 SI1G05010
[ DETERMINE [F DATA WILL BE DOPPLER BROADENED (IF NOT MAXIMUM S$1605020
C----~ ENERGY SPACING 1S NOT REQUIRED). S1605030
20 IF(TOOHI) 30,40,50 SI1G05040
C----- NO DOPPLER BROADEN(NG IF THRESHOLD OVER 1,000,000*KT/A, 51605050
30 TOOHI=1 S1G05060

I THRES=0 1605070
AX=ALPHA*XINC(]) S1605080

IF (AX.GE.1000000.0) GO TO SO S1605090

TOOH! =0 S1G05100

————— IF THIS IS A THRESHOLD REACTION DOPI'LER BROADENING WILL SHIFT THE SIGOSI10

----- THRESHOLD TO A LOWER ENERGY EFFECTIVE THRESHOLD. CREATE EXTRA DATASIGOS|2D

--POINTS BELOW THE ORIGINAL THRESHOLD AT WHICH THE INITIAL CROSS SI1605130

C---~-SECTION IS ZERO. POSITION THE SUB-THRESHOLD POINTS 70 INSURE THE SIG05140
--CROSS SECTION AT THE LOWEST ENERGY WILL BE ZERO AFTER DOPPLER 51605150
————— BROADENING (NEW EFFECTIVE THRESHOLDI. S1G05160
IF(XIN(1),LT.1.0) GO TO SO S1605170
ITHRES=1 S1G05180
V=SQRT (AX) -ATOP S1605190
XNEXT=V*V/ALPHA S1605200
TFOXNEXT.LT.XMIN} XNEXT=XMIN - S1605210

X (K)=XNEXT S1605220
S(K)=0.0 51605230

GO TO 60 51605240
C----- CHECK FOR MAXIMUM ALLOWABLE ENERGY SPACING. SI1G05250
40 IF(XINCIFILL).LE XNEXT) GO TO 50 S1605260
C--me- INTERPOLATE TO [INSERT POINT AT MAXIMUM ALLOWABLE ENERGY SPACING. S1G05270
X{K)=XNEXT S1605280
SUKY=SKML+IXNEXT-XKML I+ (YINCIF LU -OKMI) 7 (XINTIF TLL) -XKM1) 51605290

G0 10 60 51605300
C---- ENERGY SPACING 0O.K. S1G05310
50 X(K)=XINCIFILL) S1605320
S{K)=YINCIFILL) SI1G05330
IFILL=TFiLL+} S1605340

60 XKMI=X{K} S1605350
SKM|I=S(K) 51605360

70 XNEXT=DEMAX*XKM1 S1605370
IF(NLEFT.LE.D.AND. IFILL.GT.NFILL) N2LEFT=0 S1G05380

GO TO 80 SIG05380
C-~---- END OF DATA TABLE. SI1G05400
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80
90

100

ieo

S000

MHIGH=K- |

NeLEFT=0
NZMADE=N2MADE + (MHIGH-MLOW) +1
RETURN

ENTRY MAXDE

ENTRY POINT TC DEFINE MAXIMUM ALLOWABLE ENCRGY SPACING.

CON=2.0*SQRT(1.0/3.00/3.0
r-1.2

n1=0.1

PUSE=ERTHIN

+ ERTHIN.LT.0.001) ERUSE=0.00!
T:1-DF

B TTOM=TeT+T

TOP=BOTTOM+1.0
ERS=ABS(1.0-CON*TOP*SQRT LTOP) /BOTTCM)
i* (ERS-ERUSE1 110,120,100
IF(DT.LT.1.0E-06) GO TO 120
T=T+DT

21:0.1+DT

GO TO 100

DEMAX=T+T

RETURN

FORMAT(BE11.41

END

SURROUT INE BROADN

GIVEN A CROSS SECTION THAT 1S DESCRIBED BY A TABLE OF
XsS VS. X AND LINEAR-LINEAR INTERPOLATION BETWEEN POINTS
THIS ROUTINE WILL EXACTLY DOPPLER BSROADENING THE CROSS
GECTION AT A PORTICN OF THE ENERGIES CORRESPOND!NG TO THE
ORIGINAL CROSS SECTION (APPROXIMATELY THE MIDDLE THIRD).

INPUT PARAMETERS

KLOW =INDEX TO FIRST POINT LOADEC IN CORE.
KHiGH =INDEX TO LAST POINT LOADED IN CORE.
NLOW =[NDEX TO FIRST POINT TO BROADEN.
NHIGH =INOEX TO LAST POINT TO BROADEN.

MLOW =INDEX TO FIRST POINT JUST LOADED.
MHIGH =INDEX TO LAST POINT JUST LOAOEO.

X =TABLE OF ENERGIES CORRESPONDING 70 S.

S =TABLE OF CROSS SECTIONS AT INITTAL TEMPERATURE.

CK =SCRATCH ARRAY TO USE FOR SLOPE BETWEEN POINTS IN (X,S).
£B =TABLE OF ENRGIES CORRESPONDING TO SB.

S8 =TABLE OF CROSS SECTIONS BROADENED TO TEMPK.

ALPHA =DOPPLER WIDTH (11505.3*AWR/TEMPEF)

THE POINTS JUST LOADED (MLOW,MHIGH) ARE CONVERTED TO SPEED
LIKE TERMS AND SLOPES GE TWEEN POINTS COMPUTED. THE TABLE OF
POINTS (KLOW.KHIGH) 1S USED TO BROADEN THE RESULT TABLE
(NLOW,NHIGH) |

“HE CORE TABLES MAY BE CONSIDERED TO BE COMPOSED OF PAGES OF
1232 POINTS EACH. THREE PAGES ARE USED FOR THE OATA AT THE
TRIGINAL TEMPERATURE (X,5,CK} (8018 WORDS) AND ONE PAGE

.2 JSED FOR TKE BROADENED CROSS SECTION (SB).

ZJRING ONE PASS OF THIS ROUTINE 4 PAGE OF DOPPLER BROADENEO
“RG5SS SECTIONS WILL BE CREATED AT THE ENERGIES CORRESPONDING
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S1605410
51605420
51605430
S1605440
S1605450
S1605460
51605470
S1G05480
S1605490
S1605500
S1G05510
S1605520
51605530
51605540
S1605550
51605560
S1G05570
S1605580
S1605590
S1605600
S1G05610
S1605620
51605630
S1605640
51605650
SI1G05660
SI605670
S1G05680
51605690
51605700
51605710
51605720
51605730
SI1G05740
S1605750
S1605760
51605770
S1635%780
51605790
S1605800
S1605810
S1605820
51605830
51605840
S16G05B50
51605860
S1G05870
S1635880
S1605B90
S1605900
S16G05910
S1605920
51605930
S1G05940
51605950
51605960
51605970
51605980
S1605990
S1G06000
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290
30

o000

TO THOSE N THE MIDDLE PAGE OF THE DATA AT THE ORIGINAL
TEMPERATURE .

ONCE THE BROADENED DATA ARE CREATED THE DATA AT THE
ORIGINAL TEMPERATURE [N THE FIRST PAGE IS5 NG LONGER NEEDED
AND THE ENFRGIES CORRESPONDING TO THE BROADENED CROSS
SECTIONS ARE STORED IN THE FIRST PAGE OF (CK) FOR LATER
THINNING IN RQUTINE THINB.

IN ORDER TO ALLOW THE SAME INDJICES TO BE USED FDR BOTH
THE ORIGINAL AND BKGADENED DATA TWO DUMMY ARRAYS (£8,SB}
ARE DEFINED ONE PAGE IN FRONT OF THE LOCATIDNS THAT WILL
BE USED TO STORE THE BROADENED DATA.

COMMON/ INDEX/ JLOW, JHIGH . KLOW, KH1GH,MLOW ,MH | GH ,NLOW ,NH | GH ,
N2 IN,N2MADE ,N2OUT ,N2LEF T ,NPAGE , JJLOW, ILOW
COMMON/HEADER/C1H,AWR,L1H,L2H,NIH,N2H ,MATH ,MFH,MTH .NOSEQ
COMMON/LEADER/C!1,C2,L1,L2,N1 N2 ,MAT ,MF ,MT

COMMON/HOTS/ ALPHA , TEMPK , TEMPEF LERTHIN,N2TOT] ,N2T0TO
COMMON/ERFEXP /E XPERF

COMMON/CONTAC/OVPI ,DVPI2,ATOP

COMMON/ IND [ CE /KNOW , LNOW ,KLP1 ,KHM!

COMMON/EXTEND/MESS ,MEXT, DTMAX

COMMON X13006),S13006) ,EQUT(255) ,LK(3D06),S0UT125%5) ,SBREAL (10027,
EIN1255) ,SIN(255)

DIMENSION EBt2004),5S8(2004)

EQUIVALENCE (S(226D) ,EB), (CK(2P60),58)

CONVEHT FROM ENERGY TO SPEED AND NEFINE SLOPES BETWEEN POINTS.

CONVERY ENERGIES TO SPZED LIKE TEPRMS.
DO 10 N=MLOW,MHIGH

X(N)=SQRT (ALPHA*X(N))

DEFINE THE NUMBER OF INTERVALS AND COMPUTE SLOPE I[N
EACH INTERVAL .

KLP1=KLOW+1

KHM1=KHIGH-1

ML =MLOW

IF IMLOW . GT .KLOW) ML=ML~-1

MHM | =MHIGH- |

XXLAST=X(ML}**2

DO 30 KNOW=ML ,MHM!

XXNCH=X (KNOW+ 1) e+ 2

DX=XXNGH-XXLAST

IF(DX.LE.0.0) GO TO 20

CKIKNOW) = (SIKNOW+1 31 -S(KNOW} ) /DX

GO TQ 30

CK{KNOW)=0.0

XXLAST=XXNOW

TEST FDR CROSS SECTION EXTENSION

TEST LOWER LIMIT FOR ALL PAGES BEYOND SECOND.
MEXT=MEXT+1

IF(MEXT.LE.31 GO TO 40

DX=X(10D3)-X(1)

IF(DX.LE.ATOP) GU TC 50

TEST UPFIR LIMIT FOR ALL PAGES BUT LAST ONE.
IF(NBLEFT.LE.0) GO TO B0

DX=X13006)~X12004%)
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51606010
S1606020
51606030
S1G0E040
S1606050
SIGOE060
51608070
51606080
51606090
SIG06100
S1G06110
$1606120
S160E! 30
51606140
SI1G06150
51G06160
51606170
S1G06180
51606130
51606200
51606210
S1666220
51606230
£1606240D
51606250
S1G06260
51606270
$iG06280
S1606290
S1G06300
SIGDE310
SI1G06320
51606330
S1306340
S1G06350
S1G06360
S1G06370
5iG06380
S1G06390
S16G0B4 00
S1G06% 10
S1606420
S16G0B4 30
51606440
SIGOB4Y50
SIGOBYE0
SIGDE470
S1606480
S1606490
516065040
SIG06510
51606520
S1606530
S1G06540
S16065%0
S1606560
SIG06570
S1G06580
51606590
S1606600



O

DCoO

COoO0ON0N0N0

1

o000

1

IFiDX.GT . ATOP) GO TO 6O

DEF INE MAXIMUM ALLOWABLE TEMPERATURE CHANGE TO AVQID
CROSS SECTION EXTENSION.

DX=DX/ATOP

DTMAX2=TEMPEF *DX*DX
JF(DTMAX.LE.C.C.OR.DTMAX2.LT.DTMAX) DTMAX=0DTMAX2

SET FLAG TO PRINT OUT MESSAGE WITH SECTION

MESS=2

BRPOADEN DATA. SPEClAL TREATMENT FOR LOW ENERGY.

. KNOW=NLOW

17U C(NLOKW! .GT .ATOP1 GO TO 70
CALL BROADL

1% tKNOW.GT .NHIGH) RETURN
CALL BROADH

RETURN

END

SUBROUTINE BROADL

LOW ENERGY DOPPLER BROADENING ROUTINE. THIS ROUTINE WILL
BE USED TO DOPPLER BROADEN ALL CROSS SECTICNS AT ENERGIES
WHERE AE/KT 1S LESS THAN OR EQUAL TO 16. ANY POINT WITH A
HIGHER ENERGY WILL BE PASSED ON TO ROUTINE BROADH.

THE ROUTINE HAS BEEN DESIGNED tiITH NO SUBROUTINE CALLS
IN OROER TO MINIMIZE RUNNING TIME. THE ARITHMETIC
STATEMENT FUNCTIONS RATIONCA) AND ERFC(R,EXPERF) WILL
BE COMPILED AS IN LINE CODING BY VIRTUALLY ANY FORTRAN
COMPILER, AND AS SUCH DO NOT REPRESENT FUNCTION CALLS.

COMMON/ INOEX/JLOH , JHIGH ,KLOW ,KHIGH,MLOW .MHIGH ,NLOW ,NHIGH,
NQIN.N2MADE ,N2OUT ,NELEF T ,NPAGE . JULOW, 1LOW
COMMON/HEADER/CIH,AWR,LIH,L2H,NIH ,NeH ,MATH MFH MTH ,NOSEQ
COMMON/LEADER/C1,C2,L1,L2 Nt ,NE ,MAT ,MF ,MT
COMMON/HOTS/ALPHA, TEMPK , TEMPEF ,ERTHIN ,N2TOT 1 ,N2TOTO
COMMON/ERFEXP /L MPERF

COMMON/CONTAC/OVP] ,0VP12,ATQP

COMMON/ INDICE/KNOW,LNOW ,KLP1 ,KHM]

COMMON X (3006),5(3006) .EQUT(255),CK(13006),S0UT (2551 ,SBREAL (1002},

EIN(255),SINI255)
DIMENSION EB(2004%),S8(2004)
EQUIVALENCE (S(22601 ,EB), (CK(22601,58)

COMPLEMENTARY ERROR FUNCT!ON DEFINITION.

DEF INE CONSTANTS FOR COMPLEMENTARY ERROR FUNCTION

DATA Al,A2,A3.A4,A5/0.254B29592,-0.284496736,1 .42141374!,
~1.453152027.1.061405429/

OF COMPLEMENTARY ERROR FUNCTION.

RATION(A)Y=1./(1.+40,3275911*4)
C----- DEFINE ARITHMETIC STATMENT FUNCTION FOR COMPLEMENTARY
C----- STATMENT FUNCTION.

ERFC(R,EXPERF)=({{ (AD*R+A4}*R+A3)*R-A2) *R+A1} *R*EXPERF
C
C SCT UP LOOP TO DOPPLER BROADEN CROSS SECTIONS.
C

DO 150 KNOW=NLOW,NHIGH
C----- INITIALIZE INTEGRAL AND CONSTANTS.

-32-

DEFINE ARITHMETIC STATEMENT FUNCTION FOR RATIONAL ARGUMENT

S1ZORELD
S1G06620
S1606630
S1G06640
S1G06650
S1G06660
S1606670
SIG06680
S1G06690
S1606700
S1G06710
S1506720
SIG06730
SifJ6740
SI1G06750
SI1G06760
S1G06770
SIG06780
S1G06730
SI1G06800
SIG0GB10
$1606820
S1606830
S1606840
S1606850
S1C06860
S1606870
S 1606880
S1G06890
$1606900
S1606910
S1606920
SI1G06930
SIG06940
S1606950
S1GD6S60
S1G06970
S1606980
S1606990
51607000
S1G07010
$1607020
SIG07030
SI1G07940
51607050
S1G07060
S1607070
51607080
S1G07090
SI1G07100
SIGO7110
SIG07120
S1607130
SIG07140
S1607150
SI1G07160
S1607170
S1G607180
SIG07TI80
S1607200



Y=X (KNOW)
IFtY.GT.ATOP) RETURN
C-=--- NI TIALIZE INTEGRALS TO ZERO OISTANCE VALUES.
C--=-- DEFINE ALL REQUIRED CONSTANTS FOR POINT.
Ye=2.0°Y
YY=Y*yY
YYA=0 . S+Y Y
Coomm- INITIALIZE INTEGRALS.
DUMMY 1=0.0
IFIYS.LE.ATOF) GO T9 10
ERFCY2=0.0
F2B=TrYA-QVRPiZY
GO 10 20
10 R=RATION(Y2)
EXPERF=EXP(-Y2"Y2)
ERFCY2=ERFC(R,EXPERF)
F2B=YYA* (1. .0-ERFCY2)+0VPI2*Y

Cl
cs INTEGRATE OVER ALL ENERGY INTERVALS ABCVE THE CURRENT ENERGY
ct POINT.
CC
C-----NO INTERVALS ABOVE THE LAST POINT.
20 IF (KNOW.EQ.KHIGH) GO TO 70
Comn- SET UP LOOP OVER INTERVALS ABOVE GURRENT ONE.
DO 60 LNO=KNOW,KHM}
B=X (LNOW+1)
R TEST FOR END OF RANGE OF INTEGRATION.
gMY=8-v
IFIBMY.LE.ATOP) GO TO 30
C-v--n EXTEND INTEGRAL FROM CURRENT POINT TO INFINITY.
DUMMY 1 =DUMMY | +0 . 5% (S (LNOW+ 1) +S(LNOW) ) *F 28
GO TO 80 .
C-mm-- SAVE VALUES FROM LAST [NTERGAL. *
30 F2A=F28
RBMY=RAT [ON(BMY
EXBMY=EXP (~8MY *BMY)
C-----TEST FOR END OF RANGE OF INTEGRATION OF SECOND INTEGRAL

BPY=B+Y
RBPY=RAT |ON (BPY)
1F (BPY.LE.ATOP) GO TO 40
£XBPY=0.0
GO TO 50
40 EXBPY=EXP(-BPY*BPY)
50 F2B=YYA* (ERFCU(RBMY ,EXBMY) -ERFC (RBPY .EXBPY |1+
I OVPI*(B* (EXBMY-EXBPY1+Y* (EXBMY+EXBPY) !
60 DUMMY 1 <DUMMY1+0.5* (SILNOW+1)+S(LNOW) )+ (F2A-F28)

C-=-=-- CONTINUE CROSS SECTION AS CONSTANT T2 X=INFINITY.
70 DUMMY 1 =DUMMY I +S(KHIGH) *F 2B
C----- RE-INITIALIZE INTEGRALS TO ZERO DIiSTANCE VALUES
80 FEA=-YYA* (1. .0+ERFCY2}+0QVPI2*Y
Ce
Cc» INTEGRATE OVER ALL ENERGY INTERVALS BELOW THE CURRENT ENERGY
Cce POINT.
Ci
Cmwmo - NO INTERVALS BELOW FIRST POINT.
IF (KNOW.EQ.KLOW) GO TO 130U
C--- ~SET UP LOOP OVER INJERVALS BELOW CURRENT POINT.
LNOW=KNOW
DO 120 LL=KLP! ,KNCHW
LNOW=LNOW- 1

33—

S1607210
S1607220
S1G27230
S1607240
51607250
51607260
£1G07270
51607280
S1607290
SiGO7300
SIGC7310
S1607320
S1G07330
S1607740
SI1G07350
S1G07360
SI1G07370
51607380
516073390
SIGO7400
SIGO7410
S1G607420
51607430
S1G07440
S1607450
S1607460
SI1G07Y /0
S1G074RO
S1607490
SIGD 750U
SIGO751!
S1607320
SIG07530
S1GO75%5
SI1G07350
SI1GN 7560
SIGU7570
S1607580
SI1GD7580
51607600
51607510
SIGO76eC
S1607630
S15Q784y
S1G37650
SI1G07660
S 1607670
SIGG76tsu
SiGe769L
51607700
SIG07710
S16077c
51607730
SINAT7T Y
SIG67./53
SIGIT76C
51607770
S1G07780
51607790
sica7san
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A=XLNOW)

-TEST FOR END OF RANGE OF INTEGRATION.

YMA=Y-A
I (YMA.LE.ATOP. GO TO 90

-UCF INE REMAINING INTEGRAI. AS ZERO.

DUMMY { =DUMMY ] -0.5®* {SILNOW+]1)+S
GO TO 150

-SAVE VALUES FROM LAST INTEGRAL
feB=F2A

(LNOKW) ) *F2A

LOFINE EXPONENTIAL FOR FIRST INTEGRAL .

t.MA=RATON{(YMA)
L XYMA=EXP{ - YMATYMA)

“Ghr INE CONTRIBUTION FROM SECOND INTEGRAL .

TARY A

h CA=RATION(YPA)

IFL{YFPA LE.ATOP) GO tu 100
EXYPA=0.0

L. 10 110

EXYPA=EXP(-YPA>YPA)

ADD CONTRIBUTION FROM CURRENT

INTERVAL .

2A:-YYA* (ERFC(RYMA EXYMA) +ERFC(RYPA EXYPAI !+
1 OVPI*(A® (EXYMA-EXYPA)Y+Y*® (EXYMAEXYPAL)
120 DUMMY 1=DUMMY1+0.5¢ (S(LNOW+11+S(LWNOW) ) *(F2A-F2B)
CONTINUE CROSS SECTION AS CONSTANT Tu x=0.0

IFfY LE.ATOP) GG 710 140
DUMMY 1 =QUMMY 1 - SIKLOW) *F2A
GO 1O 150

R-RATION(Y)
EXPERF=EXP(-YY)

JUMMY 1 =DUMMY 1 +S(KLOW) ¢t (~YYA*2 O*eRFC(R,EXPERF }

1 +NVPI2*Y*EXPERF)-F2A}

~DEF 155 BROADENED CROSS SECTION.

SBIKNOW) =0.5*DUMMY 1/ YY
-CONVERT SPEED LIKE TERMS BACK
DO 160 N=NLOW,NHIGH
EB(N) =X (N)**2/ALPHA
KNOW=NHIGH+ 1

RE TURN

END

SUBROUTINE BROAT::

HIGH ENERGY DOPPLER BROADEN{NG ROUTINE.
BE USED TO DOPPLER BROADEN ALL CROSS SECTIONS AT ENTRGICS
ANY POINT WITH A LOWLR

WHERE AE/KT IS GRATER THAN 16.

TO ENERGY.

THIS ROUTite WILL

ENERGY WILL ALREADY HAVE BEEN DOPPLEF BROADENED BY

ROUT INE BROADL .

THE ROUTINE HAS BEEN DESIGNLD WITH NO SUBROUTINE CALLS

IN ORDER TO MINIMIZE RUNNING TIME. THE ARITHMETIC

STATEMENT FUNCTIONS RATION(A)

BE COMPILED AS IN LINE CODING BY VIRTUALLY ANY FORTRAN
COMPILER., AND AS SUCH DO NOT REPRESENT FUNCTION CALLS.

COMMON/ INUEX/ JLOW , JHIGH , KLOV ,KHIGH ,M_OW,MHIGH ,NLOW ,NHIGH,

AND ERFC (R, EXPERF)

TONZEN N2MADE (NOQUT NCLET T, NPAGE . JJLOW, ii.0W

COMMON/HEADER/CIH,AWR,L1H.LE2H ,NIH NeH ,MATH,MFH ,MTH ,NOSEQ

COMMON/LEADER/C),C2,L) L2 NI N2, HAT ,MF MT
COMMON/HOTS/ALPHA , TEMPK, TEMPEF ,ERTHIN ,N2TOTI ,N2TOTO

COMMON/ERFEXP/EXPERF
CCMMON/CONTAC/OVPI ,0VP |2, ATOP

—34~
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S1607810
S1GN7820
S1637830
S1G07840
S1607850
S1G07860
S1607870
51607880
S1G07890
S1G07900
SIG07910
S1607920
S1G07930
Si607940
SI1G07950
51607960
S1G07970
S1G07980
S160799¢
S1G0B00Q
SIG08010
S1608020
51608030
S1G08040
S1608050
S1608060
$1608070
$1608080
S1608090
SI1608100
51608110
SIGpBI120
SI1G0BI130
S16081u40
S1G08150
S1G08160
S1G08170
51608180
S1608190
S1608200
SIGUB210
Si1608220
S1608230
S1608240
51608250
S1608260
S1G608270
S1G0BeBO
S160B280
S1G0B300
SIG08310
51608320
S1G0B330
S1608340
51608350
S1608360
S15608370
S1G0B380
S1608390
51608400



COMMON/ INE I CE 7 KNOMW , LNOW ,KLP] (KHM1

COMMON X (30061 ,513006} ,EOUT (255),CK (3006 .SOUT ({ .51 ,SBREAL 130023,
I EINI2YS) \SINI255)

DIMENSION EB(20U4),SB(2004%)

EQUIVALENCE .S5t2260),.EB, (CK{22E0),S8)

C

C COMPLEMENTARY ERROR FUNZTION DEF INITION.

C

C----- DEF INE CONSTANTS FOR COMPLEMENTARY ERROR FUNCTION

DATA Al1.A2,A3 A4, AS5'D.254829532, - 0.284496736,1.4214137 ¢,
1 -1.433152027,1.0-.4054297

C----- DEFINE ARITHMETIC STATEMENT FUNCTION FOR RATIONAL ARGUMENT
C--=-n- OF COMPLEMENTARY TRROR FUNCTION.
ATIONEAY=1./11.+1.3275811°*A)

C-----DEFINE ARITHMETIC STATMENT FUNCTION FOR COMFLEMENTARY
C -~ STATMENT FUNCTICN.

ERFCIR EXPERFI=( i ( (AS*R+44 ) *R+A3} *R+AZ}sR+A]) *ReEXPERF
C
c SET UF LNOP 10 DOPPLER BROADEN CROSS SECTIONS.
C

NHL Ch- < NOW

00 80 KNOW=HNMLOW N1 GH
C----- INITIALIZE INTEGRAL AND CONSTANTS.

Y =X (KNOW)
C-----INITIAL IZE INTEGRALS TO ZERO DISTANCE VALUES.
C--~--DEFINE ALL REQUIRED CONSTANTS FOR POINT.

(Y=Yey

BB=YY

YYA=0.5sYY

YYB=YY*1YY+3.0)+40.75
YrC-2.0%iyr+, .
YYD=YY+1.5
C-----INITIALIZE INTEGRALS.
DUMMY1=0.0
DUMMYZ2=0.0
FeB=YYA+QVPlI2®Y
F4B YYB+OVFPIZ*Y=+YYC

ce
C» INTEGRATE OVER ALL ENERGY INTERVALS ABOVE THE CURRENT ENERGY
Cr POINT.
c*
C----- NO INTERVALS ABOVE THE LAST FOINT.
IF (KNOW.EQ.KHIGH) GO TO 30
C----- SET UP LOCP OVER INTERVALS ABCVE CURRENT ONE.
DO 20 LNOW=KNOW.KHM1
B=X{LNOW+1)
BMY =B-Y
IF18BMY.LE.ATOP) GO TO 10
DUMMY 1 =DUMMY | +S(LNOW *F 2B
DUMMY 2 =DUMMY2+CK{LNOW) * (F4B-BB*F &B)
GO 1O 40
C----- SAVE VALUES FROM LAST INTERGAL .
|0 F2A=FcB
FuA=FuB
C---~~-DEFINE CONSTANTS FOR THIS POINT.
AA=8B
8B=B"8B
BPY=B+Y

R=RATION(BMY)
EXPERF =EXP (-BMY *BMY )
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S1608410
S1608420
SI1G08430
S16Mau40
S1608450
S1608460
SI1G08470
51608480
S1653480
51608500
SI1608510
S1606520
51608530
51608540
SIGOEH50
S16083960
SIGL1570
SIG0E560
S160BE80
S1G0B600
<1GDBS10
S1608620
S1608630
S1608640D
S1GO6650
S1GOBB6D
S1668870
S1G0BLED
S1G08630
S1608700
SI1GaB710
S1608720
<1608730
S1608740
S1608/50
<1608760
S:1G0B770
S1G0B780
51608789
51608800
S1G0BB10
S1608820
51608830
S160884(C
$1G08 350
<336y
<160B871
S:608860
51608830
516083800
S16083810
SIG0BI2D
S1CNB93o0
S1608940
516083950
S1G08360
$1608370
SIG0B83B0
S16083930
91609000



SO0=ERFC(R,EXPERF)
F2B=YYA*S0+0VP]*BPY*EXPERF
FYB=YYB*S0+0VP1* (BPY* (BB+YYD)+Y) *EXPERF
S1=F2A-F2B
DUMMY | =DUMMY 1 +S{LNOW) *S1

20 DUMMY2=DUMMY2+CKILNOW} *{ (FYA-F4B) -AA*S]

Crmm--= CONTINUE CROSS SECTION AS CONSTANT TO X=INFINITY.
20 QUMMY | =DUMMY1+S(KHIGH}*F28

C---- -RE-INITJALIZE INTEGRALS TO ZERO DISTANCE VALUES
40 AA=YY

F2A=-YrA+OvVPi2°*Y
FUA=-YYBsOVRIC Y YYC

' INTEGRATE OVER ALL ENERGY INTERVALS BELOW THE CURRENT ENERGY

Ce PUINT.
C.
C--~-- NO INTERVALS BELOW CURRENT FIRST POINT.
if (KNOW.EQ.KLOW) GO TO 70
C-  -SET UP LOOP CVER INTERVALS BELOW CURRENT POINT.
LNOW=KNOW
"0 60 LL=KLP1,KNOW
L.NOW=LNOK- |
A=X (LNOW)
YMA=Y-A

IF{YMA.LE.ATOP) GO TO 50
DUMMY 1 =DUMMY | -S (LNOW+1) *F2A
DUMMYZ2=DUMMY2-CK(LNOK) * (FHA-AA*F2A)
GO TO S0
- --SAVE VALUES FROM LAST INTEGRAL.
506 FEB=F2A
F4B=F4A
C--v-- DEF INE CONSTANTS FOR THIS PCINT.
BB=AA
AA=A®A
YPA=Y+A
R=RATION(YMA}
EXPERF=EXP (-YMA®*YMA)
S0=-ERFC(R.EXPERF)
F2A=YYA*SO+0VP | * YPA*EXPERF
F4A=YYB*SO+OVP! *{ YPAS (AA+YYD) +Y} *EXPERF
Si=F2A-f2B
DUMMY 1 =DUMMY 1 +S(L.NOW+1) *S1
650 DUMMY2=DUMMY2+CK(LNOWI* ( (F4A-F4B1-BB*S1)
Crmom- CONTINUE CROSS SECTI{ON AS CONSTANT TO X=0.0
70 IF(Y.LE.ATOP) GO TO BO
DUMMY 1 =DUMMY { -S(KLOW? *F2A
GO TO 90
B0 R=RATION(Y)
EXPERF=EXP{-YY)
DUMMY | =DUMMY 1 +S{KLOW) * { { ~YYA*ERFC (R,EXPERF }
I +OVPI*Y*EXPERF) -F2A)

C----- DEF INE BROADENED CROSS SECTION.
90 SB(KNG~ =0.5* (DUMMY 1 +DUMMY2)/YY
C---~- CONVERT SPEED L!KE TERMS BACK TO ENERGY.

DO 100 N=NLOW,NH{GH
100 EB(N)Y=X{N)**2/ALPHA

RETURN

END

SUBROUTINE THINB
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51608010
51609020
51609030
51609040
S1609050
§1609060
51603070
51609086
51609090
S1G09100
SIG0S110
5160920
S1609130
S1608140
S1G608150
S1609160
S1609170
SI16091B0
Si6G09190
S$iG09200
S1609210
51609220
S1609230
51609240
$1609250
S1609260
$1603270
S1659280
51609290
S1G09300
S1609310
S1609320
51609330
S1609340
S1G09350
Si609360
SI609370
S1609380
S1G09330
51609400
SIGOS410
S1609420
SI1G09430
S1G09440
S1G09450
SI1G09460
SIG09470
S1G09480
S1609490
51609500
S1609510
S1609520
S1G09530
51608540
$1609550
S1609560
51609570
S1609580
S1609530
S1609600



GIVEN A FUNCTION REPRESENTED 8Y X AND 5 COORDINATES

AND LINEAR-LJNEAR [INTERPOLATION BETWEEN POINTS, THIS
ROUTINE WILL REMOVE ALL EXTRANEQUS POINTS THAT LIE WITHIN A
GIVEN ACCURACY OF THE FUNCTION BASED UPON INTERPOLATION
FROM SURROUNDING POINTS.

DURING ONE PASS THIS ROUTINE WILL THIN ANY UNCONVERGED POINTS
FROM THE LAST BROADENED PAGE PLUS THE CURRENT BROADENED FAGE.
AT THE END OF THE CURRENT PAGE THE LAST CONVERGED POINT AND ALL
UNCONVERGED POINTS WILL BE LEFT IN THE CORE TO 8E THINNED WITH
THE NEXT PAGE (UNLESS THE END OF THE TABLE IS REACHED IN WHICH
CASE THE LAST PCINT 1S CONVERGED).

O0O000000O0000O0

COMMON/ INDEX/ JLOW,JHIGH ,KLOW,KHIGH ,MLOW.MHIGH ,NLOW.NH1GH,
1 N2IN,N2MADE ,N20UT ,N2LEF T ,NPAGE , JULOW, ILOW
COMMON/LEADER/C1.C2.L1,L2,N]1,N2, AT ,MF . MT
COMMON/HOTS/ALPHA , TEMPK , TEMPEF ,ERTHIN,N2TOT] .N2TOTO
COMMON X (3006),5(2259) ,X8(3006), YOUT 1255) ,S8(2004} ,

1 EIN(255) ,5IN(255)

IF ALLOWABLE ERROR [S NOT POSITIiVE NO THINNING CAN BE

C-----PERFORMED ON THE TABLE.
IF(ERTHIN.LE.0.0) GO TO 10
C----- AT LEAST 3 POINTS REQUIRED FOR THINNING.
IF {NHIGH-NLOW.GE .2) GO TO 20
C--rm= SET (HINNED INDICES FQUAL TO ORIGINMAL INDICES ANO RETURM.
10 JLf I=JJLOH
JHIGH=NHIGH
ILOW=NHIGH+1
RETURN
Com-m INITIAL1ZE THINNED INDICES TO AUTOMATICALLY ACCEPT FIRST POINT.
20 JLOW=JJLOW
JHIGH=JJLOKW
C----- INIT,;ALIZE INDEX TO NEXT CANDIDATE FOR THINNING.
ILOW=JJLOH+1
C----- SET UP LOOP OVER ALL OTHER POINTS.

NBOT=JJLOW+2

00 E0 N=NBOT ,NHIGH
C-=---- DEFINE INDEX TO LAST CANDIDATE FOR THINNING.
NH1=N-1
OEF INE CHANGE IN ENERGY AND CHECK FOR THREE (OR MORE)
SUCCESSIVE POINTS ALL WITH THE SAME ENERGY.
DX8=XB (N] ~XB(JHIGH)
1F(DXB.LE.0.0) GO TO 40

[ DEFINE SLOPE BETWEEN LAST ACCEPTED POINT AND END OF
C----- INTERVAL .

SLOPE=(SB(N)-SB(JHIGH) ) /DXB
C----- TEST ALLOWABLE ERROR AT ALL INTERVEMNING POINTS.

DO 30 K=ILOW.NMI
YP=SB(JHIGH) +SLOPE * (XB{K)-XB (JHIGH) )
1F (ABS(YP-SB(K} ) .GT.ERTHIN®*SB{(K})) GO TO S0
30 CONTINUE
C---—--ALL INTERVENING POINTS CAN 8E THINNED. EXTEND INTERVAL TO

THIN BY ONE MORE POINT.
GO TO &0
C----- THREE OR MORE PUINTS ALL WITH THE SAME ENERGY. KEEP NEXT
Co=--- POINT IF NOT THE SAME CROSS SECTION AS LAST POINT.
40 IF(SB(JHIGH) .EQ.SB({LOH)) GO TO 60
C----~AT LEAST ONE POINT [N [NTERVAL FAILS TEST. SAVE LAST POINT

WITHIN THE INTERvVAL.
50 JHIGH=JH1GH+!
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S1609610
S1609620
S1G09530
S1609640
51609650
S1G09660
SI1G09670
51609680
51609690
51609700
51609710
S$1G09720
S$1G609730
SI1G09740
51609750
S1609760
S1G08770
$1609780
S1609790
51609800
Si1609810
S1G09820
51609830
S1608840
51608850
51609860
$1609870
51609880
$1609890
$1609900
S1G09810
51609820
S1609920
S1G09940
S 1609850
S1609860
S1609970
S1609980
S1609990
51610000
SI1G10010
51610020
51610030
SIG!0o040
S1610050
SIGI0060
51610070
S16100B0
S1610090
51610100
51610110
SiG10120
SIGi0130
SIGI0140
SIGI0150
SIGI0I60
SIG10170
51610180
S1610190
S1610200



XB(JHIGH) =XB(NM1)

SIGlocio

SBUJHIGH =SBI(NM1) SiG10220

o RESET LOWER LIMIT OF INTERVAL THAT CAN BE THINNED. S1610230
1LOW=N S1G10240

60 CONTINUE 51610250
C----- 1S THIS THE END OF THE ENTIRE TABLE (ALL POINTS BROADENED).... Si1G10260
IFINHIGH.LT .KHIGH) G2 TO 70 S1610270

C ----YES. MOVE LAST POINT IN TABLE TO THINNED TABLE. S1610280
JHIGH=JHIGH+1 51610290
ABUJHIGH) =XB{NHIGH) S1610300
SE(JHIGH) =SB INHIGH SI1G10310

£ TURN S1G10320

c-- C. DETERM(nd NUMBER OF UNCONVERGED POINTS LEFT OVER FROM 51610330
v =~ THINNING. SIG10340
70 KL FT=NHIGH-ILOW+1 51610350
C--- -WILL REMAINING POINTS FIT INTO (XOUT,YOUT) S1610360
IF (KLEFY.LE.255) GO TO 80 S1610370

¢ ---NT  THIN INTERMEDJATE POINTS BETHEEN ILOW AND NMIGH BY SIMPLY S1G103B0
C -RESETTING LOKER THINNING INDEX. 51610390
TLOW=NHIGH S1G10400
RETURN SIGI0410
C----- YES. SAVE LAGT CONVERGED POINT IN CORE TO SERVE AS PIVOT FOR S1610420
C-----THINNING OF NEXT PAGE OF DATA. S1G10430
80 ILOW=ILOW-1 SIG10440
JHIGH=JHIGH-} SIG10450

RE TURN S1610460

END S1G10470
SUBROUTINE TABFIN S1G13480

c 51610490
C T 1S -OUTINE IS DESIGNED TO COPY THE SECTION OF BROADENED AND/OR SiG10500
C THINNED DATA FROM THE CORE OR SCRATCH FILE TO THE BRESULT FILE S1G10510
C THE ENDF /B FORMAT. 51610520
C SiG10530
INTEGER OTAPE ,OUTP ,SCR S1G10540
COMMON/UNITS/0UTP, INP. I TAPE ,0TAPE ,SCR S1610550
COMMON/ TERP/NBT 1200) , INT(200) S1610560
ZCMMON/HEADER/CIH,C2H,L1H L 2H,NIH,N2H ,MATH  MFH MTh ,NOSEQ S1610570
CCMMONLEADER/C1,C2,L1,L2 N1 N2, MAT ,MF (MT S1G10580
CZMMON/ INDEX/ ULOW, JHIGH ,KLOW . KHIGH ,MLOW ,MH [ GH .NLOW,NHIGH, S1610590

N2 N, N2MADE ,N2OUT ,N2LEF T ,NPAGE , JJLOW, ILOK S1610600

ZIMMON X (30063 .5(3006) ,X0UT(255) ,CK{-006) ,*0UT1255) ,YEREAL ( {002), SIGI0610
EIN(255),5IN(255) Si1G10620
COMMON/NORMIT/XNORM(B1 ,KSIGN(: ) KEXP(6) SIG10630
COMMON/FILLER/IFILL NFILL  NLZt 7, TOOHI, [ THRES SIGI0B40
COMMON/ 1 TCH/ 10CH, TADR, IPAGE . NPO INT (500) S1610650
GIMENSION XP(1257),YF(1257),XB(2259) ,SB(2259) S1G10660
EQUIVALENCE (S(2260),XB} . 1CK(22607,5B81, (XB(1003) ,XP),(SB(1003),YPISIG10670
C----- DEF INE NUMBER OF POINTS TO OUTPUT. 31610080
N2=N20UT S1G10690
C----= SET INTERPOLATION LAW TO LINEAR LINEAR OVER ENTIRE TABLE. S1G10700
NBT (1)=N20UT SIG10710
INT(1)=2 $1610720

Ni=} S1610730
Com-- INCREMENT SEQUENCE NUMBER AND WRITE LEAD AND INTERPOLATION LAW. S1G10740
NOSEQ=NXTSEQ{NOSEQ) S1610750

CALL NORMAL (C! ,XNORM(1}} ,KSIGN(1) KEXP(1)) SIG10760

CALL NORMAL (C2,XNORM(2) ,KSIGNI2) ,KEXP(2)) SI1G10770

WRITE (OTAPFE ,5000) (XNORM(L) ,KSION{L)Y ,KEXPIL) L=1,2), S1610780

1 L1,L@.NI,N2,MAT,MF,MT ,NOSEQ S1610790
NOSEQ=NXTSEQ (NOSEQ) S1G6108C0
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WRITE (OTARE ,5010) NBT(1),INTC(I) ,MAT, MF MT NOSEQ

C----- IF TABLE LESS THAN ONE PAGE [T IS ALREADY CORE RESIDENT.
[F (N2MADE .GT.NPAGE) GO TC 9
C----- INDICES (JLOW,JHIGH! ARE ALREACY SET FOR CORE RESIDENT TABLE.
C ~-DEF INE NUMBER Of POINTS ON SCRATCH AS ZERO AND OUTPUT CORE
PR RESIOENT TABLE.
N2=0
GO T0 &C
C----- END SCRATCH FILE AND POSITION FOR READING.
10 IPAGE=0
Cresas | TGS sessss
C END FILE SCR
C REWIND SCf
1ADR=0
Creass [ TGS ssnsse
C----- RESET BASE LOCATION FOR POINTS TO OUTPUT.

&0 JLOH=NPAGE + |

C-==-- "NCREASE SCRATCH PAGE INDEX AND DEF INE NUMBER OF POINTS IN PAGE.

30 IPAGE=IPAGE+I
NPT=NPOINT ( |PAGE)

C----- LCAD NEXT THINNED PAGE INTO CCRE.
Cruess [ TGS setesss
c READ(SCR1 (XP{K),YP(K) ,K=1.NPT)

CA_L RDK(10CH, IADR,XP . NPT}
CAL HAITCIOCW, IERR)
1ADR=]ADR+NPT
CALL ROK(IOCH,IADR,YP.NPT)
CALL WAIT({IOCH, IERR)
1ADR=TADR+NPT

Cussns LTSS IR RN )

C-vmm- DEFINE NUMBER Of FOINTS REMAINING ON SCRATCH.
N2=N2-NPT
C----- SET INDEX TO TOP OF CORE TABLE.
JH1GH=NPAGE +NPT
C----- IF THRESHOLD REPLACED DUE TO DOPPLER BROADENING INSURE
C--~--- FIRST TABULATED POINT (S A THRESHOLD.

40 IF(1THRES) 606,60,50
50 ITHRES=0
YP(1)=0.0
C-=m-- SET UP LOOP TO OUTPUT CARD IMAGES.
60 DO 80 K=JLOW,JHIGH,3
C--m-n INCREMENT SEQUENCE NUMBER
NOSEQ=NXTSEQ(NOSEQ)
C----- SET INDEX TO END OF CARD.
KK=K+2
--1F FULL CARD CANNDT 8E WRI1TEN BRANCH TO SAVE POINTS OR
————— WRITE LAST PARTIALLY FILLED CARD.
IF (KK.GT.JHIGH) GO TO 90
C-==-= OUTPUT FULL CARD IMAGE.
LL=0
DO 70 L=K,KK
LL=LL+1
CALL NORMAL (XB (L) ,XNORM(LL) ,KSIGNILL} ,KEXP(LL}!
LL=LL+}
70 CALL NORMAL (SBI(L),XNORM(LL) ,KSIGN(LLJ ,KEXP(LL))
BO WRITE (OTAPE,5020) (XNORM(L},KSIGN(L) KEXP(L),L=1.8),
| MAT ,MF ,MT,NOSEQ

C----- NO MORE POINTS LEFT IN CORE. ANY MORE POINTS TO READ...
IF(N2) 160,160,20
C--—--- ONE CR TWO POINTS LEFT IN CORE. SAVE If MORE POINTS TO READ OR
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SiGi0810
$1610820
51610830
S1G10B40
51610850
S1610860
S1610870
S1610880
S1G10890
S16109800
SI1G10818
51610820
S1610930
S1610940
S1G10950
SIGLI0960
S$1610970
SI1G109860
S1610930
S1G11000
SIGlL101a
SIGl1020
SIGI1030
SIG11040
SI1G11050
SIG11060
SIGI1070
S1G11080
SI1Gi 1090
SIGt1100
SIGIII10
SiG111(20
SIGi1130
SI1G11140
SIGIT150
SIGI1160
S1611170
SiG111B0
SIGI1190
SIG11200
SIGli210
S1G11220
S1G11230
SiGti240
SIGt1250
SIGI 1260
SIG11270
SiG11280
S1611290
S1G11300
SI1G11310
SiGl1320
SIG11330
SIG11340
SI1G11350
SIG11360
51611370
SiG11380
SIG11330
SIGI1400



C----- WRITE PARTIALLY FILLED RECGRD IF THIS 1S END OF TABLE.
90 IF(N2) 120,120,100
C----- SAVE ONE OR TWO POINTS IMMEDIATELY IN FRONT OF PAGE THAT WILL
C----- BE READ NEXT.
100 JLOW=NPAGE-{JUHIGH-K)
KK=JLOW

DO 110 L=K,JHIGH
SB(KK)=581(L}
XB(KKI=XB(L]
110 K=KKe ]
GO 10 30
C-- -, AST CARD OF TACLc 1S PAFTIALLY FULL.
12C # tFT=JHIGH-K+1
L =0
[J 130 L=K,JHIGH
LL=LL+1
CALL NORMAL {XB(L ) XNORMILL) KSIGN(LL!}.KEXP(' L))
cu=llel
1 0 CALL NORMAL (SB(L) XNORM(LL) ,KSIGN(LL) ,KEXP(LLI)
GO TO (140,150} ,KLEFT
140 WRITE(OTAPE ,S030) (XNORM(L) ,KSIGN(L) ,KEXP(L) .L=1,2),
1 MAT ,MF,MT ,NOSEQ
GO T0 60
150 WRITE(QTAPE ,5040} (XNORM(L) KSIGNIL} KEXP(L) ,L=],4),
I MAT MF ,MT ,NOSEQ
C----- IF SCRATCH FILE WAS USED RE-POSiTION FOR NEXT TABLE.
150 [F (NEMADE .LE .NFAGE! RETURN
IPAGE=0
Ceases | TSS nrrevs
o REWIND SCR
1ADR=D
Cusner | TSG #ease
RETURN
5000 FORMAT(2(FB.5,A1,12).,4111,14,12,13,15)
5010 FORMAT (2111 ,44X,1%,12,13,19)
5020 FORMAT(6(F8.5,A1.12).14,12,13,15)
5030 FORMAT(2(F8.5,A1,.12) . 44X, I4,12,13,15}
5040 FORMAT(4(F8.5,A!,I2),22X,14,[2,13,15)
END
SUBROUT INE NORMAL (X, XNORM,KSIGN,KEXP)

CONVERT FLOATING POINT NUMBER TO NORMAL FORM FOR OUTPUT.
QUTPUT WILL BE IN THE FORM X.XXXXX+/~NN, WNHICH GIVES

AN ADDITIONAL DIGIT OF ACCURACY WHEN COMPARED TO Ell.4
FORTRAN QUTPUT. IN ADDITION THE OUTPUT WILL 8E COMPUTER
INDEPENDENT (I.E. SAME ON {8M, CD, UNIVAC ETC.)

OO0 000

INTEGER PLUS

Comm== DEFINE TWD POSS!BLE SIGNES FOR EXPONENT.
DATA PLUS/ [H+/
DATA MINJS/IH-/

Cammmm COMPUTE SIGNED EXPONENT FROM ABSOLUTE VALUE.
XABS=ABS [ X)

C----- IF NUMBER 1S 0.0 DEFINE 0.00000+ 0
IF (XABS) 50,50,10

C----- DEF INE EXPONENT TO NORMAL I7E MANTISSA.

10 KEXP=ALOG!0(XABS)
SHIFTI=10.0**KEXP

ALBS/SHIFT

1T ANORM L GE . 0.999995%1 GO T0 20

4,0~

SIGLI4I0
S1Gt1420
SIGII430
SIGI 1440
S1611450
516Gt 1460
SIGLI470
SIG1 1480
SIGI 1490
SI1G11500
SiG11510
S1611520
S1611530
S1G11540
S1G11550
SIG11360
SIGH1570
SI1G11580
S1G11590
S1G11600
S1G11610
SIG11620
SIG11630
S1G11640
S1G11650
S1G11660
SIGI1B70
SIG1 1660
SIGt 1690
SIG11700
SIGI17i10
SiG11720
SI1G11730
51611740
SIG11750
SIGL1760
SI51L1770
SIG11780
SIG11790
SIG1 1800
SIG:!BIOD
51611820
51611830
S1G1 1840
SiG11850
SIG11860
SI1Gi1870
SiG11880
51611890
S1611200
S1G11910
S1611920
SIG11330
SIG!1e40
S1611950
SIG11960
SIG11870
S1G11980
$1611990
S1G12000



OoO00O00

OO0

KEXP=KEXP-1

SHIFT=SHIFT/10.0

GO TO 30

IF (XNORM.LT.9.999995) GO TO 30
KEXP=KEXP+1

SHIFT=10,0*SHIFT

COMPUTE SIGNED MANTISSA.
XNORM=X/SHIFT

DEFINE SIGN OF EXPONENT AND INSURE EXPONENT IS POSITIVE.
IF (KEXP) 40,60.70

KS1GN=MINUS

KEXP=-KEXP

RETURN

X 15 0.0. DEFINE AS 0.00000+ O
XNORM=0.0

KEXP=0

KSIGN=PLUS

RETURN

END

FUNCTION NXTSEQ(NDSEQ)

DEF INE NEXT SEQUENCE NUMBER FOR ENDF/B DUTPUT. ALLOW FOR
MORE THAN 100000 CARDS PER EVALUATION BY RESETTING NUMBER
TO 1| EVERY TIME 100000 IS REACHED.

NN=NOSEQ+!
IF(NN.EQ.100000) NN=1
NXTSEQ=NN

RETURN

END

SUBROUT INE 1ONAME

DEFINE ALL 1/0 UNITS AND DISK FILE NAMES.

INTEGER OUTP,0TAPE

COMMON/UNITS/0OUTP, INP, ITAPE ,OTAPE ,SCR

COMMON/ I TCH/ 10CH, 1ADR, IPAGE ,NPOINT(500)

RE-DEF INE OUTPUT REPORT UNIT FOR TELETYPE WH' E 1/0 UNITS ARE
BEING DEFINED tANY ERROR MESSAGES WILL THEN arPEAR ON LINE).
ouTP=59

DEF INE ENDF/B FORMAT FILE TO BE LINEARIZED.

CALL FILEIOCITAPE ,GHENDFIN,LLL,1,lERR)

[FUIERR.NE.OQ) CALL EXIT

DEFINE ENDF/B FORMAT FILE FOR LINEARIZED DATA.

LLL=3+LLL

1FI{LLL.LT.100000) LLL=100000

CALL FILEIOI(OTAPE, 7HENDFOUT ,LLL,.2,!ERR}

IF(IERR.NE.O) CALL EXIT

DEF INE SCRATCH UNIT FOR LINEARIZED DATA.

LLL=500000

LADR=0

CALL DEVICE (7HDESTROY,9HSCRSIGMA1 . 1ERR. 10CKH)

CALL DEVICE (BHCREATE ,SHSCRSIGHMA!L ,LLL, IERR, [OCH)

----- IF ANY PROBLEM DELAY AND THEN TRY AGAIN.

IFCIERR.LE.O0) GO TD ERRB
CALL FROST(25008,0,5000000,ERRA)
GO TO ERRA

C--==-= RE~-DEF INE OUTPUT REPORT UNIT FOR PRINTER.

QUTP=6
RETURN
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S$16i2010
S$1612020
S1612030
51612040
51612050
SIGI2060
SiGlao7e
S1612080
S16G12090
S1612100
S1612110
Si1612120
S1612130
SIG12140
S$1612150
S1612160
S1612170
S1G12130
S1612190
S$1G612200
S1G12210
SIGlazeo
51612230
SlGé12a40
S1612250
StG1e260
SiGie270
Sl1Gl2280
51612290
SI1G12300
SiGte310
S1G612320
S1612330
S1612340
Si612350
S1G12360
51612370
51612380
S1612390
SiG12400
S1G61e410
SiGlaue0
SIGia430
S1G12440
SIG12450
SIGiau460
51612470
51612480
SiGi24a0
SIG12500
51612510
S1612520
SIGI2530
SiGLl2540
SI1612550
51612560
S1612570
SIG12580
S1G12580
SI1G12600



END
SUBROUTINE FILEIO(UNIT,NAME,LENGTH, IWAY , IERP)

C+ THIS ROUTINE 1S DESIGNED TO HANDLE ALL DEVICE ASSIGNMENTS,
C+ ¢ FILE OPENING AND CLOSING AS WELL AS END OF FILES AND LAST

Ce BUFFER UNLOADING (EMPTY).

Cl

Cs THE TYPE OF OPERATION IS DEFINEQ BY IWAY AS FOLLOWS.. ..

Ce IWAY =1 OPEN FILE

[ohd =2 CREATE FI.E

Ce = END FILE, EMPTY BUFFER, TRUNCATE SIZE AND CLOSE FILE.
Ce =4 END FILE, TRUNCATE SIZE AND CLOSE FILE.

C* = CLOSE FILE.

Le = RENAME FILES (DELETE UNIT, RENAME NAME TO UNIT

Cs tAS BACKUP} RENAME LENGTH TO UNIT)

o =7 OPEN TAPE.

Cre =8 DESTROY FILE (USUALLY SCRATCH AT END OF EXECUTIONI
ce

INTEGER TTY,UNIT,BLANK

COMMON/UNITS/TTY

COMMON/QI0D789/1CBLK(8,16)

DIMENSION IBETA(2) ,NBETAI2) MAXWAITL2)

DATA BLANK/1IH 7/
C----- DEFINE SUSPEND TIMES (IN MICROSECONDS! TO SUSPEND FOR 5 MINUTES
----FOR AN OPEN OR 5 SECONDS FOR A CREATE.

DATA NBETA/300000000,5000000/

T--- -DEFINE SUSPEND COUNTS FOR A TOTAL OF 5 HOURS.
LATA MAXWAIT/60,3600/
< - --IN'TIALIZE SUSPEND WAIT COUNT.
NHAIT=0
C----~ BRANCH TO PROPER OPERATION.
GO TO 110,10,90,90,140,160,10.200) . 1WAY
C----- DEF INE CORRESPONDENCE BETWEEN UNIT AND FILENAME (QPEN OR CREATE)

10 CALL ASSIGNIUNIT,NAME)
CALL NOPAGE(UNIT)

o BRANCH TO OPEN, CREATE OR TAPE.
IF (1WAY-2) 20,40,30
C-----0PEN FILE.

20 CALL DEVICE (4HOPEN,NAME ,LENGTH, [ERR)
IF{IERR.LE.0.OR.1ERR.EQ.2) GO TO 150
IF(TTY.EQ.-58) RETURN

G0 TO 50

C-==-- OPEN TAPE

30 CALL DEVICE (4HTAPE ,NAME, [ERR)

C---~-- CHECK FOR ERROR {ALLOW WRITE PROTECTED FILE,IERR=2).
IF(IERR.LE.O0.OR. 1ERR.EQ.2) GO TO 150

C----- ERROR DURING OPEN OR TAPE. JRANCH TGO ERROR MESSAGE .
GO TO 50

Crm=-= CREATE FILE (FIRST DESTROY ANY FILE OF SAME NAME).

40 CALL DEVICE (7HDESTROY,NAME, [ERR)
CALL DEVICE (BHCREATE .NAME ,LENGTH, [ERR)

C----- CHECK FOR ERROR DURING FILE CREATION.

IFIIERR.LE.O) GO TO 150
C-m=-= ERROR DURING OPE, TAPE OR CREATE. PRINT ERROR MESSAGE FIRST T.ME
C----- AND DETERMINE [F SUSPEND RE-TRY {LUOP SHOULD BE ENTERED.

50 IF(NWAIT.GT.0) GO TO 60
IFTTY.GT.C) WRITE(TTY,5S00) NAME

GO T0 70
C-~--- ALREADY I[N SUSPEND LOOP. TEST If MAXIMUM NUMBER OF SUSPENDS
C----- HAS BEEN EXCEEDED.
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SIGI2BI0
S1G12620
S1612630
S1612640
S1612650
51612660
SI1612670
51612683
S1612690
SIG12700
SIGI2710
S16i2720
SI1G512730
S1612740
SI1612750
SiGi12760
SI1612770
SI1G12780
S1612790
S1G12800
SIGIZBIC
S1612820
S1612830
S1G12840
S1G12850
S1612860
S1612870
Siclessn
SiG12890
$1612900
SiGiesio
51612520
S1612930
SiGlagun
S1612950
S16G12960
SI1G12970
51612980
S1612590
S1613000
S1613010
SIG13020
S1G13030
SIG13040
S1613050
SI1G13060
SIGI3070
S1G13080
SI1G13080
SI1G13100
S1G13t10
SI1G13120
S1G13130
SIGI3:40
SI1G13i50
SIG13160
S1613170
S1613180
SIG13190
SI1613200



60 IFINWAIT.LE.MAXWAIT:IWAY}) GO TO 80 51613210

WRITEITTY,5960) SiG13220
IF(TTY.NE.S59) RETURN S1G13230
NWATT=0 Si1G132u0

GO 10 70 S1G13250
----- NO SUSPEND LOOP FOR TAPE INITIALIZATION (OPERATORS WOULD S1613260
————— GO BANANAS SiG13270
70 1FUIWAY.GT.2) RETURN S1G13280
----- SUSPEND UNTIL FILE OR DISK SPACE AVA[LABLE. S1613290
IFCTTY.GT.0) WRITE(TTY,5840) SI1G13300
----- INCREMENT SUSPEND COUNT, SUSPEND AND AFTER SUSPEND RE~TRY. S1G13310
B0 NWAIT=NWAIT+] S1G13320
CALL FROST125008,0,NBETALIKWAY) ERRA) S1613330

ERRA GO TO (20,401, IWAY S1G13340
RE TURN 51613350
————— WRITE END OF FILE. S16G13360
90 END FILE UNIT S1G13370
————— EMPTY BUFFER JF REQUESTED. 41613380
IFUIWAY.EQ.3) CALL EMPTY(UNIT} S1G13330
————— TRUNCATE SIZE OF FILE. LOOK UP FILENAME IN ORDERLIB TABLE. SIG13400
DO 100 !=1.16 . SIGI3w10
IFCICBLKU],1)-NAME) 100,110,100 SiGl3420

100 CONTINUE SIGI3430
~~~~~ FILtENAME NOT FOUND. TRUNCATION NOT PQOSSIBLE. S1G13u40
IFCTTY.GT.0) WRITE(TTY, 3930} NAME S1613450

GO TO 140 SIG1I3460
————— RIGHT ADJUUSY FILENAME FOR FRCST CALL. SIG!3470
110 INAME=NAME S1G13480
DO 120 K=1.,10 SiG13490
TFCCINAME . INT . 7783 .NE.O} GO 10 130 51G13500

120 INAME=1NAME.SHL .54% S1G13510
————— FILENAME IS COMPLETELY ZERUD S1G13520
IF(TTY.GT.0) WRITEC(TTY,5330! NAME S1G13%30

GO TO 140 S1613540
————— LOAD RIGHT ADJUSTED FILENAME AND FILE LENGTH FOR FROST CALL 51613550
130 IBETA!1}=]NAME S1G13560
JBETAI21=(ICBLK(4%,1).SHR.36).INT.377777778 SIG13570

CALL FROST{12008.0,1BETA ,ERRB) SI1G13580

GO TO 140 S1613530
————— ERROR DURING FILE LEN'5TH TRUNCATION. S16G13600
ERRB IF(TTY.GT.0) WRITE(TTY,5930) NAIE SIG13610
C----- CLOSE FILE (WRITE PROTECTED!). SIG13620
140 CALL DEVICE (BHCLOSER,NAME, IERR) S1G13630
C----- CHECK FOR ERROR DURING CLOSING. SI1G13640
IF{IERR.LE.D) GO TO 150 S1613650
P CLOSING ERROR. WRITE ERROR MESSAGE . SI1G13660
IFCTTY.GT.0) WRITE(TTY,5910) NAME SiG13670
RETURN S1G1368B0
————— SET ERROR FLAG TO STANDARD O. K. RETURN, S1613690
150 [ERR=0 SIG13700
RETURN SI1613710
————— IS THERE A BACKUP FILENAME..... 51613720
160 IF(UNIT.NE.BLANK) GO TO 170 S1G13730
————— NO. DESTROY F!LE AND DO RENAME WIiHOUT BACKUP FILE. SIG13740
CALL DEVICE(7HDESTROY ,NAME, |ERR) S1G13750

GO TO 190 S1613760
————— YES. DESTROY BACKUP FILE. SIG13770
170 CALL DEVICE (7HDESTRQOY,UNIT,IERR) 51613780
----- 1S THERE A SECOND FILENAME..... $1613790
IF (NAME .NE .BLANK) GO TO 180 S1G13800
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-HO. USE THIRD FILENAME AND BACKUP FILENAMES.
CALL CHNILENGTH UNIT_ [ERR}

IFC1ERR.GT.C.
RETURN

AND.TTY.GT.03 WRITEITTY, 5820)

LENGTH,UNIT

-fES. CHANGE SECOND FILENAME TO BACKUP FILENAME.
180 CALL CHN(NAME UNIT,1ERR}

IF{IERR.GT.0.

[F ILENGTH.EG.

AND.TTY.GT.0J WRITE(TTY, 59207
-IF NO THIRD FILENAME OPERATION WAS JUST SECOND FILENAME TD BACKUP.

BLANK) RETURN

_ALL CHNILEMGTH NAME, JERR)

17 "TERR.GT.0Q0.AND.TTY.GT .0}

RE JURN
SUESTRDY FILE.

Cat. DEVICF (7THDESTROY ,NAME , 1ERR}

RE TLRN
VORMATIIX ALD

FORMATOIX,ALC

FOMMAT IR

S -CHANGE THIRD FILENAME TO SCCOND FiLENAME .

WRITE(TTY 589201

NAME ,UNIT

LENGTH,NAME

LCBH FILE INITIALIZATION ERROR)
PORMAT LA ALG,1SH FILE CLOSING ERROR)
J4H TO ,A10.22H FILENAME CHANGE ERROR, 16}
FORMAT 31X 410,344 ERROR DURING FILE SIZE TRUNCATION?

FORMAT € 12X, 12HWILL SUSPEND)

FORMAT 12X @4HCANNOT PERFORM OPERATION)

[HU
LUBROUTINE WA

OEUAY UNTIL ALL 140 1S COMPLETED ON UNIT DEFINED BY LCIOC

ITa.C10C, 1ERR)

INTEGER 11Y,TESTDK

COMMON/UNI TS/
NOC - TESTDK 1K)

T1Y

IFINOC) 20,40, 30
CALL DELAYILCIOC)

G0 10 10
IERR=1
IF(TTY.CT.0)
RE TURN
1eRR=0

RE TURN

WRITE(TTY,5900)

FORMAT(29HHAIT. .., TROUBLE WITH DISK 1/0)

END

—Lt—

S1613810
S1G13820
S1G1383L
SIG13840
S1G13850
S1G13860
S1613870
S$1G613880
SI1G13850
S1G13900
SI1G13910
S1G) 3920
<1G13930
SIG13940
S1613950
S1G13960
SIG13973
SIG13980
S1613990
SIG14000
S1G614010
S1614020
SI1G14030
SIGI4o40
SIGIu0590
S1G14060
SI1GI4070
51614080
SiG14090
S1G14100
SIG1u110
SIGIu120
SIGI4130
SIGiwIu0
SIG14150
SIGIY 160
SIG14170
SIG14180
SIG14+190
S1614200
SiGt4210
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