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Foreword

The tetal cress section probability (TCP) system Is designed to process
evaluated neutyon cross section data into a continuous eneryy ¢ multigroup
form. In the fwllowing figure, we have descrited the function of each of the
computer codes i the TCP system by contrasting the form of cthe data before

and afcer code prucessing.

Evaluated 1ata in the ENDF/B format
Incluoes re:onance parameters
Tabulated cress sections may obey any interpoiation law

tveluated data in tre ENDF/B format
Including resonance pcrameters
Tabulated cross sections obey the iirear-linear interpolation law

Evaluated data in the ENDF/B format
Unresolved resonance paraneters — resnlved region in tabulated form
Tabulated cross sections obey the Tinear-linear interpolation lzw

SIGMA1

Doppiar broadened evaluated data in the ENDF/B format
Unresolved resonance parameters — resolved region in tabulated 7orm
Tabulated cross sections obey the linear-linear interpolation law

aROUPY |

—
' Infiritely dilute group-averaged cross sections
[ ENDF/B\ j in the ENDF/B format

Bonderenko — 9 self-shielded group-averaged
cross sections
___' ‘ Muitiband paraneters

-idi~
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PROGIAM SIGMA1 (VERSION 77-1): DOPPLER BROADEN
EVALUATED CROSS SECTIONS IN THE EVALUATED
NUCLEAR DATA FILE/VERSION B (ENDF/B) FORMAT

Abstract

v desiancd aocodeo STGCMAT, to Doppler brosden caslnated cress o=

tions In the INDFOB 1orsat. the code can onldy be apolicd te tabalatod
that virs Cineariy o oinooncray and cross secticn betveen tibulieted pointe. TR

report Juseribes the methods used oin o the code and serves asoa nser ' i

the code
Method
DOPPLER BROADFXING

Dosplesr hioddeniog re ers Lo a change in cross section rewaleias tron

hoermal onotion, rotation, ard vibration of neclel in oo tarzet caterialo

SHCY method s mav be used to Depplor broaden cross sections for s partis o
{voze, neutren, proton, deoteron, etel) incident at nonrolativisil eneroics

upen o targct In which the free-aten approximation i= salid.

e STCHNALD method s extensively described in Ret. 1o We have brietls
desvribed the method below, s arting fron the well known treo=ates Dopplor
broadening vguations in which energy {Eq. (1)} and steed JEo. (2] are the

independent variables

S . G2 _ 2
/ 0 [»ILI_‘(E_,O) ldlir Texplo vl - x!'.rJ Vo= vmpl-ia i+ x}.r) 1

)
[V (v 01V dV cexpl-s(V = V )7) = eupi-oaV o+ v )T
r r r r r

where

2T m
and
m = projectile mass (¢.g., neutron, proton, alpha, ctc.)
Vo= projectile velocity
Vo= é\’} = projectile speed
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| . .
E = 7mV = projectile cnergy

M = target nuclel mass

'VT = target velooity
Vo= target speed
1
E. = = LArgel energy
1
A = Mm - atomic weight ratio (target mass/projectile mass)
Vo=V - v = pelative welocity
r T -
V.= V_ = relative spead
- 1.2 .
hr = 7m\r = relative encrgy of the neutron as "seen' by the target

“(V,0) = ¢cold (0 K) vross sedtion
O(V,T) = boppler broadened cross section
Bv changing variables in Eq. (1) so that

R 2

v ol = sV

[N

the Doppler brovadening cquation becomes

1/2

Srw 2 2
c(v,T,) = L*(1) /ﬂo %o (x,T)) {exp[-(x - y)zl - exp[-(x + v)7):d

The ensuing development can be simplified by defining

E

- 2 . 2
o 1 0ox Glx,Tl) exp[-(x - y) ldv

and noting that the Doppler broadenad cross section is

u(y,Tz) = J*(y,'l‘z) - o¥%(-7,T,).

2

X.

(%)

(6)

Next, we will assume that the cross secti»n to be Doppler hroadened is

given as a taple of cross sectiuns and their corresponding enerpgies. Values

between the tabulated points will be sssumed to vary linearly in erergy

cross section:

E-E E .- E

k K+l
o(E,T,) = | — o | e o, =4 +BE : Ze(E,E )
1 Frer - B k71 GRS B S N K’ Tkl

and

(7)



kS

i

)

vvalnating kEg.

ationship, we can derive (e reguired functions
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r 1 r'i

S(E LT ) are mercly the laboratory speed and energy of the neatron, respes tiv

INTATHONS OF BROAD

[1 the progra that produce multizcoup and continuous Monte Carlo data

from linvar-lincar interpolatable cvaluated cross=section Tibraries are to be

applicable to Doppler broadencd vross seotions, the Hdtter cross sections must
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although the reaction rare

e cress sectbion broanse the twve ditter

ROV, Y /Vi 1o Lt

CHSGT L

scection rrom oeing Fincar=1isnear inge:

&L

on energy grid o the brocdooed data that

rlie unbroadened data, except that the late

set of enerygy points.

that between any Lwo energy voints of the

between linear-linear and 1/V variations §

than some allowable errvor -,

Considor tawe

variatfon cand ooty sr=linear variarion

= hevoning smoother, t
Lo
Tow-eneryy

polatable, all we

possible representat fons of

in

LAY el b froe ol

STl

Tiaeter o1 LN fiLe., N,y =
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final energy grid, the eifference
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T Same cross seosjon: a1,V

cnerpey. by dnsisting that the twe

repvesenlations rtee caactin ot the Lwae emds oo oan oanterval t\'].\':] and that
Vs s s
(\) : { Patien)
" SEEANSS E AR ot
1 v
. | Fincar-iincar in \
TS , . |
K \ H Cross section-energy
)
EUE S S S I 17
| 1
The tractiona! difterence Detween in
. - 3 e
LY - .o ,
v i 2 =1 \
Wt : R = b= e e
(\) 3. \
] VoSS o+ 1) 1
and the variarion in the tractional ditierence ix
. " (18)
RS
d v } \! !
{ 3 - N - - V .
. 3 \
N Vst e b |
Merctore, the doint of maxime ditterence and the vilue of tie didter
that point are
) , 12
=\ ST+ 8 8 8T
max 1 i
[ .
) | .I)’i, oL+ 8+ 19)
- Sy
303 S(3 + 1)



http://pri-vi--.it
http://tii.it

Note (\’” l_,) i independent of 4y oand only depemts o5, the spacing berwedn

tabolated points.  This means that a PV variation can be reproesented by oo

tincar=lincar variation in energy to within anv allovweble crrer by
enstring tiet the energies tor spceessive tabulatad values are withie \'"l' N
cne aneher Cindependent ol )

Table 1T illustrates the tvpical tactor (SY required 1or o number ot
alTowable toleranees ), when - is In the range 0.1 o 2,07, The table also

>
shows the number ot points hiat wotld be required to space points S7H apaor
-5 )
hetween 10 el oand 2D Mev, For exaaple, an allowable tolerance or 005 wonldd

require 1245 peints or roughly 10 per encerpe docade.

.o

Table P Lincar~Linear approximation of & /Y cross section,

Toleranve Favtor Peings
USSR 1.0530 Zin
IO RS 1.0757 [
0,003 I.u35 je
O 000 1. 1087 Ty
0005 11223 2
0. 00k [.1347 1is
0007 1. 1463 104
0,008 1.1571 Yu
U 1. 1674 a3
0,000 Vo772 e
0.0l N
a.0t12 5l
a.QL3 >
0.014 7
QUG Tl
0016 T
0.0t7 tR
0.0°8 i
0.019 no
0.020 (U]

. -9 .
Peints o span 10 oV oto 20 Mev.

—7-
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Teretore, to ensare that the Doppicer broadened (ross -« stions are linear-
Iinear interpolatable, we must start fron the same Snergy pe.iis das the O K

data and supplement this gric in ary interval where the poiag. are more widely
5

spaced than S (where 57 depends on the allovabie errorv - ).

TRUNCATING THE INTEGRATION RAXCT

Although the olgorithm as previeusly deseribed can eazetly evalucte tae

Doppler broadened cro section, 1t can be a costly procedare since the celeu-

Litional time con vary as the square of the number of poinrs used to represent
4ogiven reactior. Uooreduce the cost, we san use the strongly converaent

Cau==ian wacter of the Doppler broadening kernal to truacate the Doppler

broadening integral.  Beeause of the exponential term evspf-{(x - _\')')} {sel Eq.
(5)). the major centribution to the iategral xc(J,«) is from an interval cen-
Ltered abouat viothe inrerval is defined by xe(y = X, v + N). Therefore, it i-
only necessary to integrate over this Jaterval.  The trurveation procedure
shold recognize that although expf-{x - }')3] i~ rapidly decreasing, the term
.\23(.\', © i he rapidly increasing, particular o{x,1) in the resonance region.

Therefore, tne truncation procedure should be:

NN

Tv-XN (20)

. it
JooRTOs 1) expl=(x - )T lds =

(2.7) expl-(x = v

(21)

Riy) - 2 - \ (2 + _\')'; exp(-727) dz (22)

1f wo assume that the cress section will vary pe more then four orders of mag-
A

nitude (1075 and that the error will ke ne more thar 0.17, then we carn safely

truncate the iategral when N = 4. Thus, the truncated iategral should only be

vxtended over those intervals in whick at least one end is within four unics

of v. In particular, the sccond term T,) liq. (A)] need not be caleu-
lated anless v - 4.

Limitations and Assumptions

om nonselectively Doppler broadens all sections of file 3 data

on the original EXDF/B formiat tape {i.e., all sections between the tape label
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3 - .
card and the tape end card),” except for the parameters &, -, and Yy (MT = 251~

254 .

The program only uses the ENDF/B BCD tormat (as opposed U binary) an

conies all sectiens except file 3 as hollerith, As such, the program mav be
used on Jata in the ENDF/b - 1, (1, TII, IV or V Zormat, since all sections ot
file 3 data wre identical in all ENDF/B versions.

The progvam reads and Doppler broadens the data a page at a time, so
there is ne iimit to the number of points in any section (i.e., vach section
may boe described by any nuwber of points).

The program is written entirely in FORTRAN-1V and can be easily medified

to run on any nediumsi, ed computer.

We recommend the TINEAR program as the best way to Jinearize data in the
ENDESR formic.’  If the data do not vary lineacly ia energy and croess sectiun
butween tabulated points, the program will check the interpolation law and
abort.

During bBoppler broadening, three pages of data arc core resident: the
mage being broadened, the page below it in enargy, and the page above it in

cney troat any time the Integral extends bevond the limits of these pases,

the eross section Is extended as @ constant and an "EXTENSION™ warning wssage

is printed out, advising the user of tne marimum tempersature step aliowable to

avoid "EXTENSION." In this case we recommend rerunning the program by boot-
strapping the cross section up to the final tewperalure, in remperatare SLeps
smaller than or ecuai to that recomaended in the "EXTEXRSIUN" amessuge,

The program will automatically select the energy grid consistear with the
inpuit—allmvable error to avoid problems resulting from the onset of the tow
onergy 1/V cross section.  1f an allowable error of less than 2.17 is spcvificd,
it will be used for output thinninz, but maximum energy point spacing wil be
based on 0.17%.

jf tne original ENDF/B data arc given at a tempevsture that is higher
than the Tinal temperature, the section will pot be Deppler broadencd and the
oripinal temperature will be left in the section. 1f tiw original EADF/B data
are giver at a temperature tetween 0 K and che final temperature, the prograrm

will broaden the data by the temperature difference (see Boctstrapnis

Cross

In the untesolved resonance region. starting from encrgyv-aver.
sections the SIGMAL algoritha will conserve the averages and return the same

values. This program does not use unresolved parameters directlv.

-9--
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Requirements
The 1/0 units are defined as Jollows:

*
Filename Lait Description

INPUT 5 input card

orterT 6 Qutput report

FNDFIN 21 Evaluated dats to be Doppler broadened
in the EXDF/B format

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

SCRATCH 23 Scratch file

All read and write sintements use variable 1/0 unit numbers. To convert to any
cther sot of unit numbers, it is necessiry to redetine the unit numbers as
described in the program listing.

The pregram, when run on the Livermore CDC-760C, requires 21 000 words
of small cere memory ard 6 000 words of large core memory (J/0 buffers). it
takes 0.9 min to Doppler broaden ENDL—T&S tape 6 from 0 to 300 K and to thin
the outpur to 9.17 accuracy [it takes 9.44 min to Doppler brosden the entire
ENDL-76" library (88 complete evaluations) from 0 to 300 K and thin the output

to 0.1% accuracy].
Input Cards

The program requires a single input card to define the allowable frac-

tivonal crror.

Card Colums Format Lescription
1 1-11 El1l.4 Fractional output thinping criteria
12 - 22 rlt.ég Output Kelvin temperaturc

Te Doppler broaden to 300 K and thin the output to 0.5% the f»llowing input

carcd is required:

5.0000E-03 3.0000E+02

* The filenames apply to the program run at Livermore. Disk fites that have

these names will be used by the program.

-10~-



A 0.0 thinning criteria means tbat there will rot be any output thinning but
there will be maximum output spacing in order to keen the result within 0.1°

of 1/V.
Example Gutput

Table 2 presents the cutput that results from Doppler broadening ENDL-76
tape 6 to 300 K and thinning the cutput ro 0.17. Figures 2 through 5 illus-
trate the wide range of applications of the SICMAL cede.  Note that it can be
appliced to Doppler broadeniug at

e Reactor core-like temperatures (300 - 2000 K) (Fig. 2)
e Controlled rhermonuclear reactor core and stellar temperatures (1 e\-

10 kev)™ (Fig. 3)

e Initially constant cross sections from 0.0l eV to 10 MeV (Tig. 4)

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

*
For those who are unfamiliar with the convention of expressing temperature
in eV, note the unit of KT is energy and can be used to describe temperature
(e.g., 1 eV~ 120006 K; 10 kev v 1.2 = 108 K).

-11-



Table 2. Example output listing.

DOPPLER BROADEN ENDF/B CRCSS SECTIONS (SIGMAT 77-1)

THINNING CRITER!IA-- 1.00000- 3

TEMPERATURE -~-~--~- 3.00000+ 2 KELVIN
+APE LABEL
LAWRENCE L [VERMUORE EVALUATED LIBRARY (ENDL) 2/10/76
IN [ 2% N ouT
Sge3t 7163 I 0. + 0 0 + 0 cuh 220
9023) 7163 2 0. <« 0 0 + 0 Y. 72
90221 7163 “ 0. + 0 0. + 0 22 ee
9623t 7163 i6 0. + L -5.12000- B 19 i9
8023y 7163 17 0. ~ 0 -1.1910G+ 7 11 1!
90231 7163 1B 0. + 80 1.80000+ 8 152 195
50231 7163 37 9. « 0 -1.71500+ 7 S £
90231 7163 91 0. + 0 G. + 0 =4 ae
9023: i3 102 0. + 0 6&.43000+ 6 139 183
902321 7i63 251 0. «+ 0 0. + 0 20 A
80¢31 7163 252 0. + 0 0 + 0 20 18
©0231 7163 253 0. + 0 0 + 0 20 139
MAT TOTALS 78 806
99232 716w 0. +0 C +
90232 7:64 e 0. + 0 0 )
80232 7164 4 0. + 0 U. +
80232 716y 16 0. + 0 -6.3400C+
g2e32 7164 17 G. + 0 -1.15600+
90232 7164 iB G. « 0 1.73000+
30232 7i64 37 0. + D -1.83500+
g023e 7:!864 91 0. « 0 0. +
gpe32 7164 102 0. + 0 4.79000+
90232 7164 251 0. + 0 0 [
20232 7164 ¢2%2 0. + 0 0 +
90232 7164 253 0. +0 0 .
MAT TOTALS
g0233 7165 t 0. + 0 0. -
90233 7165 2 o, + 0 0. +
90233 7169 4 0. + 0 0. +
30233 7165 16 0. + 7 -4.78300+
90233 7165 17 0. -1.12200+
30233 7165 18 0. 1.80000+
90233 7165 37 0. + _ -1.63400+
90233 7165 81 0. + 0 6. +
30233 7165 162 D. + 0 6.18000~
80233 7165 251 0. + 0 n. .
80233 7165 @252 0. -0 0. >
90233 7165 253 0. + L0 .
MAT TOTALS
92232 7166 10 + 0 0. -
92233 7166 g 0 + 0 0. +
82233 7166 v 0 + 0 0. +
9ce33 7155 e 0 0 -5.900C0~




Table 2. ({(Continued).

922’43 7166 17 0 + 0 -1.31800+ 7 6 S
92233 7166 18 0 + 0 1.80000+ B 1613 1608
92233 7166 91 0 + 0 0. + 0 22 30
92233 7166 102 © + 0 6.84000+ 6 1954 1849
92233 7166 25! © + 0 0. + 0 21 2l
92233 7166 2%2 0 + ¢ 0. + 0 a1 =3
92233 7166 2%3 U + 0 0. + 0 21 20
MAT TOTALS 6939 6400
97e3w 7167 1 0 + 0 0. -0 188 190
92234 71167 2 nr + 0 0. + 0 37 57
geaw 7167 4 0 + 0 0. + 0 19 17
gea23s 7167 16 0 + 0 -6.84000+ 6 13 13
92234 7'E7 17 0 + 0 -1.25900+ 7 7 7
Q2234 7167 18 0 + 0 1.80000+ 3 w0 4D
Q2234 167 2y 0 + 0 0. -« 9 13 17
92234 7167 102 0 + 0 5.31000+ 6 icB 166
g2234 71867 251 0 + 6 0. « 0 Z9 28
gee3s 7167 2% 0 + 0 0. + 0 29 29
92234 71567 253 0 + 0 0. + 0 29 =
MAT TOTALS 38 591
92235 7168 1 0. -+ 0 0. -+ 0 2293 2293
92235 7168 2 0. + 0 0. -0 225 co4
92235 7168 4 0. + 0 0. + 0 -8 27
92235 7168 16 0. + 0 -5 23000+ 6 15 15
92235 7168 17 0. + 0 -1.20000+ 7 7 7
92235 7168 18 0. + G 1.uo000+ 8 1511 1585
92235 71be 37 0. + 0 -1.78200+« 7 3 3
92235 7168 91 0. + 0 0. + 0 28 "
92235 7168 t0e 0. + 0 6.55000+ & 767 857
92235 7168 251 0. + 0 0. « 0 29 2"
92235 7158 25« 0. + 0 0. « 0 29 29
Q9ee35 7168 253 0. + 0 0. + 0 29 c8
MAT T0TALS 437 S5iue
92236 7169 1 0. - 0 0. + 0 179 7
qc2e36 7169 2 0. « 0 0. - 0 % Sy
92236 7169 Y 0. + C 0. + 0 21 H
92236 7169 i6 0. + 0 -6.55000+ 6 14 -
92236 7169 17 0. + 0 -1.18509~ 7 8 B
92236 7169 18 ©. + 0 1.80000+« B w0 i
92236 7169 gr 0. + 0 0. + C ! 158
82236 7169 102 GO. + 0 5.120C3~ 6 127 183
92236 7169 251 0. + 0 0. « C e’ =4
92236 7169 252 0. + C 0. + 0 3
92236 7169 @253 0. + 0 0. « 0 =]

0. + 0 0 g 785

e 0. « D 0. o =8
92237 7170 4 0. +«+ 0 0. - C ze
gee37 7170 16 0. + 0 -5.12000+ b6 T Ll
92237 7170 17 0. « 0 -1.:5700+ 7 7 -
92237 7170 18 0. + 0 1.80300+ 8B Bl il
92237 7170 91 0. « 3 0. « 0 ec




Table 2. (Concinued).

9e237 7170 102 O. + 3 £.14000+ 6 174 216
92237 7170 251 0. + 0 0. <2 a1 20
9e237 7170 252 0 « 0 0. + 0 ! 2l
92237 7170 253 0 + 0 0. + 0 21 el

MAT 1QTALS 73 730
G2238 7171 1 0. + 0 0 + 0 174t 1569
92238 7i71 2 0. +C 0 + 0 u53 B4
82238 7171 w 0. + 0 -4.5060000+ 72 61
92238 7171 16 0. + 0 -6.04000+ B 15 15
gee3s 7171 17 0. ¢ 0 -1.14500¢ 7 3 9
Se238 7171 18 0. « 0 1.80000- 8B Yl w0
See23s 7171 3% 0. « 3 -1.78c00% 7 3 3
92238 7171 51 0. » 0 -».50C00« * 2l 2l
92238 7171 52 0. + 0 -1.48000+ 5 13 13
92238 711 53 0. + 0 -3.03C00+ 5 8 8
32238 7171 54 0. + 0 -6.80000+ 5 7 17
92238 7171 55 N - 0 -7.32000+ 5 6 i6
92238 717 56 u. + 0 -8.27000¢ S 13 13
9c238 7171 57 0. + 0 -9.30G6C00- S v 1
22238 7171 58 3. + 0 -3.67000+ 5 1e 1e
Sce38 7171 59 0. + 0 -1.0000C+ B 12 12
92238 7171 60 0. -+ J -1.04100+ & 12 1e
See3s 7171 61 0. « 0 -1.06000+ B 1e 1e
32238 7171 €2 0. + 0 -1.12060* B 12 =
92238 7171 63 0. + 0 -1.16000+ 6 10 19
22238 7171 64 0. + ( -1.22000- & i 11
92238 7171 65 0. « 0 -1.27000- 6 tc 10
92238 7171 66 0. + 0 -i.30000+ & 9 9
9ec38 7171 67 L. + 0 -1.26000+ 6 9 9
92238 7171 68 0. + 0 -1.4:000+« 6 8 8
9ecig 7171 69 0. + { -1.43700- & 9 9
92238 7171 70 0. + 0 -1.47000- 6 11 IR
32238 7171 71 G. -+ 0 -1.62500+ 6 13 i3
92238 7171 72 0. + 0 -1.8B7500+ B 1l i
9ce238 717t 91 a. + 0 0. + 0 oc ee
82238 7171 102 0. - 4 w.BLC00- B 1473 1519
92238 7171 251 0. -0 3 < n 28 27
92238 7i71 2%2 0. « 0 7 + G 23 26
82238 7171 252 0. + 0 O L] o8 25
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Fig. 2. Doppler broadening of
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Cross sections — barns
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Fig. 3. Doppler broadening of the cross section in Fig. 2 to stellar or CTR
core temperatures (KT = 0 to 10 keV).
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1 MeV (units of KI)
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Energy — eV

Fig. 4. Doppler broadening of an initiallv constant cross section from tempor-
atures ot 1 eV ot 1 MeVe The results agree with theoretical predictions over
the entire energy range.
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cross section shoulu be temperature independent,
well above 100 keV — and then only at extremely
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Error Messages

Fio tier tollowing errer messages the anderlined items are variabies.

EXVERSIUE

G DATA LR DOPPLER

CROSS SECTTON EXTENSTON CAN BE AVOIDED BY THINN
BROADENING 1N STEPS OF LESS THAN 2.7419+6 KELVIXN

The Doppler integrals have extended hevera the three pages ot core
resident data. This normally occurs only tor large temperature cnanges.
Doppler browden to the Tinal temperature in steps (in the above exazple each

step is not te exceed about 07 - 106 K).
INTERPUOLATION LAW IS NOT LINEAR-LINE2R
HRAEXECUTION TERMINATED®A%

The dat s in the EXDF/B furmat must be lincar-linear interpolatabie for
valid Noppler broadening by SIGHMAL.  Coavert the data to linedar-linear form
)

. . ~
using provram LINEAR.
Operation at LLL
At Livermore a compiled, loaded, readv-teo-execute version of the progran
is availeble from the photostere as file

SAVSIGC

. 193025 : PROGRAMS

The program is small enough (21 000 words of SC¥, 6 000 words of LCM) ro

run at standby during the davtime as file
SAVSIG /1 5

The program will automatically use disk files (see Roquirements).

~-19-



Program Listing

POT, TaRES= [ PUT (TAPEG-CUTPUT , Si003C:0
51600020
S1CC0030

SioMal

LTAPLOS .

S1GMAL S1530640
! (MAFCH 1973, 51600057
(FEBRUARY 1970:! S159C060

c 1QCTOBEr 1978 S160D070

I tJANULARY 19771 $1506080

-E04nG ., yOL, 17, PART B 51559090

1603100

SRLTTEN By DERMGTT DL LOLLEN 51600110
-7 S1600120

LG VERSGI Ty OF CALIFORNIA Si60): 30

LARRENCE LI JERMIDE L ABORATOR S SI60Q140

P C. BCx 808 51609150

LIJERMORE . CALIFORNTA < 1500168

M R N O e L SRS S 1) $1590170
S1000180

Tl PR30RAM IS DESIONED 1O READ SECTICNS OF FILE 3 ENCE = 5:600.590
CATA THAT HAVE AURLADY BEEN CONVERTED TG | INEAR-L INEAR Siu00eac
! R LATION I ENERGY AND CROSS SECTION. THID BATA ' THEN 51620210
UORPLT R BROADENED, THINNED AND QUTPUT I~ THE ¢NC o FORMAT, SI1Ghoeen
$1600&30

PROCEA™ (il J9ES THE ENDF -8 BCD FCRMAT AND COPIES acL S16502+)
Thires EaTE#T FILE 2 OAS ROLLER!ITH. AS SuCk [T MAY BE USED 6w 51700250
CLTHE ERDE 8 L, 1, 1l lv OR VO FORMAT [SINCE A SECTIO0%N 51600289

. TUATA {4y JUENTIUAL N ALL ENDF B VERSIONS!. siugoero
5160620

TR B d PATE L oWNOR SSLECTIVELY O AN ENTIRE ENOF/ 3 ¢ 5:600293

$16N03Ce
©i6G03310
51000320
SI15I0330
55000340
LIG063%S
: IN BTt RGY AP 31600360
. INCENESS THIS MIRNER Tl 5i00037C
Teel o MBER L " ECTION. 600380

THE TAPE L ABE
EXCLPT MU-BAR
TIONS ARE THG :

St TEON
HISEIE NS

A AT A TIint

L
[
-
b
z
v
s
5
i
E

S1CG0033D
COPP_ER BRCADE SI600400
S1G03410

TH: BROAGENED
Twb LLIRGY GRY

51GeCwel
SIGGY4 30
5 ouy(
CInT0450
5100060
$165047C
3:000480
SiG0AusN
5160090C
SiGoosIC
51696520
S:G0053¢0
S1600540
S1600550
51600560
51600570
S1600580
LI S16GG0530
S1GOOEQDC

ThY PROCGREN
PERATURE CIHF

ATY AT A TEME

BROMCENE TC ONE
EXPPESSED 8Y

-~20-



GO0 0OND0000N0000000000DNO0000NNO0AO

N e

-

UNIT DESCRIPTION

S INPUT CARDS
cl SQURCE FILE (DATA AT ORIGINAL *TEMPERATURE)
23 SCRATCH FILE FOR BROADEM DATA

QUTPUT FILES

UNIT DESCRIPTION

6 OUTPUT REPCRY
ez RESULT FILE (DATA AT FINAL TEMPERATURE)
23 SCRATCH FiLE FOR BROADENED DATA

INPUT CARDS

CARD COLS. FORMAT DESLRIPTION

cli.4 FRACTIONAL THINNING CRITERIA
t1.E. 0.5 FER-CENT = 0.005:

1 2 22 Ell.4 FINAL KELVIN TEMFERATUPRE

CXAMPLE  INPUT

TO DOPPLER BROADEM TO 293 KELVIN (ROOM TEMPERATURE! ahD “miv

THE BRGCADENED DATA 70 0.5 PER-CENT 10.G09 4S5 A FRACTIOf:, Tk
COLLIKWING INPUT CARD SHOULD BE USED

5.710060L-03 ¢.92300E+02

THE PRO-RAM May BE USED TO THIN DATA, Wl iH0LT CCP
BROADENING 87 SPECIFYING A TEMFERATURE OfF ZERTC, &

5. 000Gt -03 0.0000E¢70

L INCARIZING aND-OR THINNING DATA CAN BE D
USING ThE RROGRAM L INEAR (UCRL-50uED, 01 .

INTEGER OTAPE ,JUTP SCR
COMMON - HEADER  CIH CoHL L IR LEH NIH HEH MAT M= 2T 052 0
COMMON-F *'LLER/DUMMY L1 7y MATD MFO MTD
COMMOM UNITS/OUTP, INP, [ TAPE ,UTAPE ,SCR
COMMON, HDTS ALPHA , TEMPK , TEMPEF JERTHIN N27ZT 1  NET0T 0
COMMON/MATTIOT MATIN MATOUT
COMMOIN/NORM T/ XNORMIE! (KSIGNIB \KEXP'E
COMMCMN -CONTAC-QVP 1, DVF 2, ATOP
COMMON - EXTEND/MESS T.BTMAX

--- DEFINE ZJFRQ TO #1101 MO MT AND NOSEQ FIE TS % . ARE. =1 -
DATA [ZERO/Q-

~----DEFINE PORTIONS 38 P11 TO DFF INE PI O ACCURATELY T8 va? [0¢

COMPUTEI-S.

DATA RIT 31419
pa~n P .CES3EE b
2004 R 897GE- 13
JaTa PlL 3. 03848 - 18

ISR

INFTn . S0 CHANGE JNET AS%)
I MEREL Y CHANGE THD §
nmit PE

-21-

51690610
SIGOJESS
Si16J063C
S1G006H0
51500650
16006645
STGO0OR7C
S1600680
S!GU069C
51600750
SIGOC7I0
S1G0oC7eg
51600733
SiGoeT-C
SIGUOTET
SIDCCTED
SI1GG0
5iCG007
51609793
516008075
515088, C
£1G0CE3
SiCloB3L
SIGLoE.T

Si
[
G
5
[

DU AN e




C INP = INFJUT CARD
C OUTP = DUTELT LISTING F LD
c ITAFE = DATA IN ENDF.,B FORMAT AT ORIGINAL TEMFERATURE
c OTAPE = DAlA [N E£NDF B FORMAT AT v INAL TEMPERSTURE
N AR = SCRATCH FILE
C
C IF YOU WISH TO ALLQM FOR vARIABLY UNJT ASSIGHNMENTS MERI _Y sicre e
[ ACTIVATE *hE SECOND INPUT FOPM ALRFADY LISTEDR AS 4 COMMENT SILGicen
C CARD BELOw (THE FOFMAT 1S ALREADY COMFTIBLE ¢ SiGllegu
C 31601300
INP=S S,0313:3C
S1601 307
S1GD: 336
S10G1 3+C
Si1G0L353
C----- REALD Ruty PARAMETERT (2E11 .41 SIGGY 360
READ INA 5001 ERTHIN, TEMPK 51C01370
C --- -VARIABLE UNIT NUMBEP INPUT STATEMENT (2E11.4,3021, S5iL0138%
c REAS(INP 50005 ERTHIN,TEMPE, FTAPE [ OVAPE,SCR 5i1G0L 3295
C S--DEFINE REQUIPED CONSTANTS. S1C0V02
AT0Of c SIGCIwi0
Pp=0T e I2eP 3R] SICGCI=e0
OQVFT-1 2 30RTEP SO 35
ovei2 TIGT TNy
C SINITLA Tooay SIG0IWRC
C---- CROSS SIGUIWED
JTMAX SHGCI~T2
[ 51501+83
NOGE SI6D1%97
C - - INITTa TOTAL NUMBER OF FILES BOINTS QEAD AND ARITTEY IGCISCOo

NETOT - D501500
MNATIT0- 0 J50 9
C- ---L71ST RUN PARAMETERS. 150 5]
CALL NOPMAL GERTHIN XKNORM 1  KSIONT T, (KEXPIL ! il 7]
CALL WOGPMAL LTESFK (XNOPMIZ) wSIGRIZ, (KFXP &y 1632 ~
WRITE (DUTP  60NJ: tXNORMIL ) KSIOMIL  KEXPILY L= .20 50 i
- CEF IMNS MAXIMUM ALLOWASBLE ENERGY SPACING ico
CaLt MAxCE 100
C-----COPY TARPL LABE. IO FRCOM NPT T2 2 rlcte 17

READUITAPE [ S030) DUMMY  MATD
WRITE (CTAPE (5030, DUMMY MAID, HIJERC =1 3.

RO R ANV N NN RV IO N V0 VA RVAR VAT, TA Y)Y

C-----LIST TAPE (AEEL.
HWRITE tQUTP . &010} SUMMY MATD
- --READ NEXT COMTRCL RECOPD.
10 PEAD ITAFE 50080 ClH, DLIH LEH A RO MATH Yo (M7
C-----CHELK FOR SEWD., FEND, MEND ORF TenD C2RIZ.
LEiMTr, 25,260,460
T--- -0UTPYT MLD 08 TENG TaAR
20 HCSE Q=N ;
C--r-- SET SEQUENCE i UNBER 10 JERGC FOR TELD O

PR AMATH, LT 00 NOSEG-G
ViFITE (QTAPE 50200 MATH MFH MTH NOSES
C- ---TER™INATE aF TER !END CARD.
IFIMATH, A0 50,iC
30 10SL0=0

6L T2 10
C - - IRCREMENT SEGUENCE hnuMBTW CONTRDL Ta%),
T-NXTOETINDSED
. CIR XWORMI L, KFSIGH 1 (wEeRri,
SR TITRM 2 KOG 20 rT kP2
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o

WRITE (OTAPE 5010t (XNORM(L) KSIGNILJ ,KEXPIL} , L=1,2), S!G01810

I LIH,L@H NIH NCH MATH MFH MTH,NOSED S1G01620
C-----CHECK FOR STCTION OF FILE 3 DATA. sIGei8i0
1T 1MFH-31 60,50.60 S1601843
--FILE 3 LGCATED. PROCESS SECTION S16061853
Catl FILEZ 51601860
R S¥ P TD END OF SECTION. Sic0iB7C
60 READ(ITAPE 5030 OUMAMY , MATQ M0 MTC S1560:980
NOSEQ=W> TSEGICSED) S1631820
IFiMID) 8U,80.70 SiGOI9Cs
70 WRITEtOTAPL 50221 DUMMY MATC ,MFD,MTD,"OSEQ SI1601910
GG T2 RO S1G601920
87 WRITEGIAFE 5020 MATO MFD.MTD,NOSCO 5160193C
GO TG 10 S1GOIgWg
C-- - -TEHNL LAPD READ AND WRITTEN, S16019%53
WARITE TOTALS FOR LAST MATERIJAL. SIGCI9GC
GO WRITE (QUTR (50643 MATIN MATOUT S1¢601970
-LISY TOTAL NUMBER OF FILE3 POINTS READ AND WRITTEN. S150!98C
WRITEL (OUTP,5050) N2TQTI ,N2ICTO S160:990
WRI Tt HWARNIMNG MESSAGE |F CROSS SECTION EXTENSION USEC. 51632 a0
IFe0ITMAX LE.O.0) GO T0 100 S1G0eaia
CALL RORMAL tDTMAX , XNORMI ] 1 KSIGNI]) KEXP(! 13 Sigoeoet
WRITE (GUTP 60201 ANORMO) ) (KSIGNLY : (KEXD ] S:G0203¢
CLOSE FILE AND TERMINATL S156020us
100 END FiLE OTAPS SI6C26E2
REWING 1 TAPL 31602068
REWiNG CTARPE 5160207

CALL £oT 5:502e:2

FObMAT 2Ty w12, 1%, 15 SI60e0
BETY FORMATISIFB.D AL T2 w1 i, 120 12,150 S15021805

CORMATIES Y ja 12,13, 1% Si5521195

FORMATCIBAY (A, in, i, 13,191 Sicéeies

FOPMAT (X S0 1H-" " 32X, 10HMAT TOTALE ,217.2% E~ttin- " IGCE .22
FObMAT 120 Sl L TIHTAPE TOTALS.2L17.2%,5410H- 15324
T13QHY DUPFLER BRCADEN ENDF /" CROSS SECTIONS, GGzrsl

o SSLOMET T 1) CRX . D4 i lH-) 7 i e
XLOIGHTHINNING CRITLERYA-- FB.S AL, 12 ! Ll
G AHTEMPERATURE - <= -~ - -~ FE8.5,81,12,7H KELVINL X, 5% In- : &6l
FOMMAT (2K 109TARE LABEL 72X, 10AN 52 14, 2% D4 id- ! gl

2

I Px Bk Zh.BH MAT 81 MTLBY BHKEL VIN,Sx ,THG-vALLE
T Tk PO JH R0

2
2!
5
c.
2
2
2
2

€3}
GZ
el
50
50
G2
63
a0

CHIN , ChHE T PN, TH DT 2a, el 0 1 =
T i EYTENRION - 2X,9it-3. H 2
IRCSS SECTION CXTENSICN CAN BE AvQIDEZ BY H c
THINNT CATw Ok DCPPLER BROADENIN=: !N STEPS i
LELESh THANFZ. .S AY 12,7 RELVEID H

DRV RO R RGO R RO R NG RT R RN

TOOLDAL DATA
Lol PAGE =
ERTIRE
¢ QL2 POIN
8E PLAD 8y

ET.wPAGE,
TPl
VTEMPET JERTH, N 2T

SRR
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o
COMMON
COMMOM

COMMON -

COMMON
ULV ALENG
P ILE B
ASSUMING
b IGHT RAT
o OREGLE
L=t
"

THLL O e
L2 N N2 MAT
PLLTAPL (27aP SO

FS4% MERT \DTMAX
RI.CWRPI2,a10P

233061 ,5! 30068, XOUT 12 Lk

SIS L
XB20T4 1 582004  MESSAGEL 2
t ICKIQPED !, 28, 152260, 28"
TIMANN CONGTANT [N Ev DEGREE
[HNERGY WlLL BE ExPRESSED ih
fookRIly BE ERPRESCED (%
T LTS
TERGIUN MESSALE .
CERENTEN EM5 0N

READ Fo8

SCP=LER BRADEN

—24—

Tity,
ORIE RSIGHIG kb vP-
TLOURTILL JNLER T T

LMAT
rome

)

CHRE A

Sledebd
Hi60P6: T

veap 2
P -l




b

=]

FEADCITAPE 5010 (NBTIK INTIK) K= NI

SINSURL DATA IS LIHEAR-LINEAR INTERPOLABLE .

00 6O w=1 MY
PNty NE.2y GO 10 70

COonT e

GO TG 88

HOT LINLAR-LINEAR. TERMINATE EXECUTICHN.
WRITE'OUTP.50%0) 1ZA ,MATH MTH

falL X171

GE T BRFOADLNING INDICES TC MiDDLE FAGE.
HLEOW RPALE+ |

N Db 2 ¢ RPAGE

SET INDEX TO LOADED POINTS AT BEGINNING OF ™MGDDLE

WLk LDl

wbt

SO ML Gl

GET OINLICES 1O LAl MIDDLE AND LAST PAGE

MU S0 0OW

Mis] ey 5o nPAOE
St

T iAL L CULICH FLAGS.

HE oo oG

£ POINTS TG LAST POINT L

et NHIGH: M4 GH
LOPPLER BROADENED. . ..
Golewe s 00 63 1C 120

} DATA 1C BROADENED
JERERGY 437 NOT BEEN CONYERTE
LT B RE CONVERTED DURING
e

. CNB
INEONoMBEE
W e L TR
Poarnar DATA 9
PRoM CORE
S e HIGH]

CEONPALE

TealnhING CONAERGED INDEX TG FIRST PO,

T it CORE.

A AT CRIGINAL TEMPLIRAT R

CaDECT.

51GD2G!IC
51602223
51060323C
51G030-3
SI1GQ3050
51603060
$1G0357

S160308C
SIG03090




Mo e
ARE Te€@g
TEaNeLEs T
RIS

FALIN Rp

AR

v GPRMAT

0P RAGES

vk €

INSURL




POMMEL T L AUPHA JTEMPEY  TEMREF ERTRIN NETOT NETLTD

ff}Hf‘UH/ SHITSZOUTP U ENP (I TAPE [ OTAPE  SCR

FOMMON TNDE X7 S IHTGH FLOW (KHTOH MU O (M DG N T MR

DN TN HeADE (HEDUT (NSLEF T (NPAGE . JULOK, [LCn

COMMONEE TCLER, TF UL UNF L JNLEF T 100!

COMMOt S 130061 .51 30060, A00T P55, (e 3LCE 0D, T 1 PSS, rBREA. 1TT2
VOB IR R ST PRS)

UIMENCION AINT2Ulr 1N I2Y0,

GET U L 00k OvER POINTS 16 ) DA IKID CRIG AL TEMFIRATURL APRAY.
Ufr TG R ML U MHTOM

IFfi0 MORE POINTS TH Crfe RCLD NEXT RAGE ' 1F atir,

Hrif i L NFfLo) nE Te 23

PP PRNLER T GTUNF L g 1O 10

I oleEs T L E 0y D TD 8O

[F N S ST

L EI 1O S O 3 A U
BEALCETARE L DCY Crlft o inin il R Lo
[ S

e TeRMINE 1F DATA Wil B DOPPLER BROADENED DL A M
VPMNEROY TEATING 1S NGT REQUIREDS
G e Tager s 20w S0
P DR LR BRGALENING 1 THRESHOLD OvER [ N2 020 4.
b TOML o
TE At Praaes [t G TCOOC00.C TOO

'U'x”U‘t'\\/VU‘U'Vk/‘U1U‘U’\LV?U"LﬂLﬂU‘U’\u’\l'VU‘InUV\J‘Ulm

[ K] 1GTane ]
D O MAX IMOM AL OWABLE ENEFGY SPRIINT IHleE”

SLoEF oINS el NNERT, GO Y0 8] [T
THTHEDPD & O INSERT BOINT AT MAXIMUM A TAABE ESERDY S0 a7 107 iGClwwel

CREY Wby oot PR
LU WML OREE T e My e TR P00 SR x N T L aE 005
LTe i LN
ENERGY GPALTNG Ok . s045ern
O N L 4150wzl
HORE SR IR LS S10C+5-0

i IENI Sieoaent
Yo 5100560

G 51604570

OF MAY XKk M] SIGTuERT

ot er b op b C0ANT I i LGT UNE L NPLEF TS D $1630453C
LT S1GO~ELS
FNO OF DATA TAB @ SIGLNBIG

80 MHIGH Kk 1 Si060%6E0
LORZI SC S S16H3%630
GNKCMADE NeMADE ¢ MHIGH MU0 ! SICQOuB4T
RE TR 51604650
ENTRY MAXDE SIG04E6L
S1GJus70
PMNIRY PCINT O DEYINE MANIMUM ALLCWABLE ENERGY SPACING. 51504680
G0%69C

CON 2.0 suRTel e 3.0 3.0 Si1G0%700

T r.e 516897 iC
D SiGo%20

(QU‘~E LRTHIN SIGO4730
IFALRTHIN LT .0.00Y) FRUSE=0.001 SI1GO4740
100 7 7 D7 S1604750
BCTTOM=T»*Ts7 S1G34760
TOP BOTIOMY ! .0 SIG04770
FRS 28S(1.0-CON*TOP*SORTITOR) /BOTTOM) S1G0+78C
HERG- [PUSEl 1o, lec, 100 S1G047S0
1ig iFLT LT 1. 0E-06Y GO T0 120 S1604800
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T e Wa R

5000

T=7.D7

D1=0.1°0D7

GO TO 00
DEMAX=T"* 7T

RE TURN
FORMAT(BELL .9
END

SUBROL.TINE BROADN

GIVEN A CP2SS SECTION THAY IS DESCRIBED By A TAB.E OF
X/S ¥S. X AND LINEAR-LINEAR INTERPOLATION Bf TWEEN POINTC
THIS ROUTINE WILL EXACTLY DOPPLER BROADENING THE CROSS
SECTION AT A PORTION OF THE ENERGIES CORRESPONDING TC THE
OPIGINAL CROGS SECTION (APPROXIMATEL Yy THE MIDTLE "HIRD

INPUT PARAMETERS

KLOW =INDEX TQ FIRST POINT LOADED IN CORE.
KHIGH =INDEX TQ LAST POINT LOAOED IN CORE .
NLOW =INDEX TQ FIRS{ POINT TO BROADEN.

NHIGH = [NDEX T3 LAST POINT 70 BROADEN.

MLOA = IRDTX 70 FIRST POINT JuST LOADED.

MHIGH - [NDEX TO LAST POINT JUST LOADED.

* <TABLE OF ENERGIES CORRESPONDING TO S.

S -TABLE OF CROSS SECTIONS AT INITIAL TEMELPLTLRE .

K “SCRATCH ARRAY TO USE FOR SLOPE BETWEEN POINTSG IN 'X,501.
'8 TABLE OF ENRGIES CORRESPONDING 10 SB.

sB =TABLE OF CROSS SECT!ONT BROADENED 7O TEMPH |

ALPHA =COPPLER WIDTH t115C5.3*AWl TEMPEFR)

THE POINTS SUST LUADED 'MLOW, MHIGHS ARE CON.ERTED
LIKE TERMS AND SLOPES BETWEEN PCOINTS COMPUT T
PGINTS (KLCW K- IGHY 1S USED TO BROADEN THE
INLOW ,NHIGH] |

THE CORE T2BLYS MAY BE CONSIDERED 10 Bt COMPOSEZ QF RAGES OF
10Ue PCINTo EACH THREE PAGES ARE USED FOP THE DATA AT 1t
ORIGINAL TEM-ERATURE (¥ .S (K, 130iB wORDS) AND INE PAGE

e USETE FOR THE BROADENED CPTO5S SECTICH (SB1.

DURING CNL PASS UF ThiS ROUTINE A PAGE GF DOPP.LR BPDADENED
CROSS SELTIONS WilL SE CPLATED AY THE ENERGIES L{ORPE
TO THOSE IS ThL MIDDLE PAGE 0F THE DATA AT ThL 4

TEMPEPATURE .

ONCE ThE BROADENED DATA ARE CREATCD THE DATA A7 Inf
CRIGINAL TEMPERATURE IN THE fIRST PASGE 15 NC LONGER
AND THE ENERGIES CORRESPOUNDING 10 THt BRCGACEMED LRD
SECTIONS ARE STORED [N THE W OtCK D FGE L atE R
THINNING [N ROUTINE THING.

N ORDER "0 ALLOK THE SAME INDICLS T4 B0 USED -
THE ORIGINAL AND SRUADENED DATA TWC DutMMy ARRAL
ARE DEFILED ONG PAGE [N FRONT OF THE LOCATIONS
BL USECS TN STORE Tet BROADENED A

DATAL

COMMONS INDE A7 b Tl oM TOH KL O B B0 ML S M D Or  fa T fem ) Dt
HE TN UNPMADL (NZOU T NCLER T (NPAGE L JJLOW, 1L O
COMMON - AEADER " CHR VAWR, 0 TH, L2H NIk, HOH MATH MPH ™
COMMON L ARLR U CerlL L L N LNR T .MEMT
COMMPNGHG TS AL HA L TEMPK  TEMPES (EQTH LN e TGT T N

e

DOODOO OO CY

[S2RVART LGNt ay RN VeV AN VL IRV I

160487
$ 160380
S10943Y7
510605904
ERICHETiARY
S16056ct
SIGTSE 50
S150%%48

SIGELD

DEVANIS

>

Rt B BV S

Y

-




¥ ¥a el

~

O OA

IaXa¥a

1ol 1T
1508420

1508-3C

COMMON/ERFEZP/E #2ERT
COMMON/CONTAC/OVRP] ,OVPIZ , ATOP
COMMON/ INDICE 7/ KNOW ,LNOW LR} [ KHM]

[LEGET

COMMON/E ¥ TEND/MESS ,MEXT ,DTMAX SIGES%=3
COMMON x(30G6) .513006) .50UT (255 .CKI13006) ,504T12551 (SBREAL (507, , SI60545%
T DNty SNt 285) S.5605%6Y
DIMENSTON : B12004) ,SB12004) SiGI5-73
EQUIVALLHCE 15122601 .EB), (CK (2260 ,581 S1.,359480C
S:GGS=38s
CORVERT FROM CRERGY 10 SPEED AND DEF INE SLOPES BETWEEN POin™5. S.GOR5LC
SIGO%S:T
-----CONVERT ENERGIES TO SPLED LIKE TERMS. S5.565552T
0O 10 N=™ OW MHIGH Si1508%537
10 X{N!=SORT{ALPHA*XI(N) ) S15085
-----DEFINE THE NUMBERP OF |NTERVALS AND CCMPUTE SLOPE N S1555%
-- - --EACH INTERVAL . 91505560
KLPIT-KLOW*] €iGosR7Te
KHM] =KHIGH - ! 51605583
ML =MLOW 5.605595
IF MO, 6T KLOW ML=ME-1 S1005600
MiHM | = MH T GH - | SI509610
XXLAST-X(ML1*e2

00 30 KNOW-
KXW = X LEND
DX <X ANOW - X
IF0X.Le.n.Ci GG 10 23
CKOKNOW Y - (5 TKNOW* 11 -SIKNOW 3 - OX
GO 10 3¢

20 TKIFNOW! =0.0

30 MALAST -XANDW

JMHM

[GEGRGET

TEST FOR CKROSS SECTION EXTENSION

STEST LOWER L IMIT FOR At PAGES BEYOND SCCCNRE.
MEXT MEXT+1
IFIMEXTLE.3) GO 10 40
DX-x010C3) Xt1)
1F (DX . LE.ATOP) GO TO 53
TEST UPPER L IMIT FCR ALL PAGES BUT LAST JHE
WO IF(NGLEFT.LE.Q) GO TO 60
OX=X 3006'-X12004;
(DX .GT . ATUR: GO TC B0
***** DEF INF MAXIMUM ALLGCWABLE TEMPERATURE CHANGE 70 A.GIC
~----CROSS SECTION EXTENSION.
H0 BX-0x:AT0OP
DTMAX2=-TEMPLF *CX*OX
iF/OTMAXY LE.O0.0.0R DIMAXZ.LT.CTMAX! DTMAX:=DIMAKC
S---SET FLAG TO PRINT OUT MESSAGE WiTH SECTION
MEGS=02

BROADEN DATA. SPECTAL TREATMENT FOR LOW ENERGT.

60 KHOW NLOW
IFintNLOW: GT.ATOPY GO TO 70
CaLL BROADL
1F (KNGIW.GT . NHIGH) RETURN
70 CALL BRGADH
RE TUSW
ENC
SUBF MHTIND BROADL
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C

o

--DEF INE CONSTANTS FOR ThiS FOINT. €:53566:C

S1G06E20

BMT:B -7
BRr=Her SIGCEE3T
RBMY=FAT[ONISMY) SiG06ELT

SIGCEBST

RBP( :PAT[OHIBF Y
<160866C

EXBMY-E 2B -BMreBMY
CxBPY:[sP(-BFr*BRY) S100687C
SO=ERFC(6+BMY EXBHMY, -EMFCIRBRY EXRP Y, SIG0B66T
fH:L 8™y L ABY S °
EP-LoBMrsEx2Py <
8™ et rrER

FEB-7Y7A*STOOvE ] «BEMYER

GUMMYOL LUMMY 20 S0 0SS LN IR+ 1 +GOLNOW G (7 2A-F 2hs
FaHMT .G ATORS 6D 70 20

LONT TNt

conT LRLES SELTINN AS CONSTANT 10 F=IWF[NITY
DUMMY | - UL L e QIRNIGH) *FEB

FEOTHIT A (28 INTEGRALS 70 ZER0 DISTANCE Al 8%
ORAT IS )

(AN I T L P~ N =]

PA TR L UCERT LR L ABERF ) sSvPlee
NGOTHTER I ACS BRLOW TURREST FIRST POIRT .

TEoenTow b FLLh LU 1D 50

RO ce b Lk ROINTERL AL S BE L Gie T URRENT T T

[T

T e
[ ERT
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GO TO 70

C~-~-- THREE OR MORE PCINTS ALL WITH THE SAME ENEPGY. VEEP NEXT
C-----POINT IF NOT THE SAME CROSS SFCTiaN AS LAST POINT.

S0 1FISB{JHIGH) .EC.SBOILOW) Y LT TO 70
C----- AT LEAST ONE POINT IN INTERPVAL FAILS TEST. SAVE LAST PCiNT
C----- WITHIN THE INTERVAL .

B0 JHIGH=JHIGH+]
XBIJHIGH ) =XB(NM!)
SBIJHIGH) =581NM

C----- RESET LOWER LIMIT OF INTERvAL THAY CaN BE ThINNED.
LOW=N
70 CONTINUZ
C----- IS THIS THE END OFf THE ENTIRE TABLE (ALl PCINTS BROAGENEL ..
IFINHIGH. LT . KHIGH) GC TO 80
C----- YES. MOVE LAST POINT IN TABLE TO THINNED 'ABLE.

JHIGH=JH [ GH+ ]
XBUJHIGH) = XBINR]GH]
SBIJHIGH) =58 INH{GH]

PEZ TURN
C----- NO. DETERMINE NUMBEP CF UNCOUNVERGED POINTS LT T COwi® Fri™
Crmmmm THINNING .

HO KLEFT=NHIGH- ILOW+1
C----~ WiLL REMAINING POINTS FIT INTO (XSUT,Y0uT.

IF (KLEF1.LE.25%) GO TO 90
C----- NO. THIN INTERMEDIATE POINTS BETWCEN LGk 4% NrilH 8¢ S!
C--nmn RESE TTING LOWER THINNING INDEX.

[LOW=NH1GH

RE TURN

"""" YES. SIvE LAST CONVERGED PNINT IN CORLD "0 SER,
- --- THINMING OF NEXT PAGE OF DATA.
U {LOW: [LCW-1

JHIGH - JHIGH - !

RETURN

END

SUBROUTINE TaBFIN

™m
T

C
C THi5 ROUTINE 1S DESIGNED TO COPY ThE SET - L
C TH® 'NEC DATA fROM THE CCRE CF SCRA'CH Fl.f 71 o
C THE ENCF B FORMAT.
[«

INTEGER OTAPE .OUTP,SCF

COMMON/LINITS/QUTP | INF, [ TAPE ,OTAPE ,SCR

COMMGR:/ TERP/NBT (2001, [T 260"

COMMON/HEADER/CIH . CEH, L IH LOH NTH HZH (FATH  Mon 2T m7 0

COMMON/LEADER/C].C2.L1.L@.N! NC . MA" MF MIT

COMMON, INOE X/ JLOKW , JHIGH , KL Qul ,KHIGH MLOW Ml St %0 T ted D oe )

I NZIN NCMADE (N2QUT NELEF {  NPAGE | 11 O, 1L OW

COMMON X (3C0E6!) .C(3306) . X0UT 1255 Ck (3006 . v2o™ 97 B -

1 LINIPSS) SINI2SS: f -

COMMON "NORMI T XNOPMIG) KEIGK B (kEXPIE:

UIMENSION XP 12573 . YP g™, [ XB! . SE

AV VAL ENCE 1510560y \XB. . ilht 20 SB i
C--- DEFINE NUMBER OF 20INTS "Q QUIP

N2=N2CUT
C---- SET JHTERPOQLATIUY CAW TO L INEAR LIFEPAR € T -

NET 1 =NSIGT

HER
ARDE WRITE LB AT LTS I TR RS T T -
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CALL

HORMAL IXE L . pIORMLL . WSO L)Y (KEFPRY

LL-=tL+}
100 CACL NGRMAL 1SE.C ¢ ANOPMILL . (KSIGNI L WEFP (L
GO TO (20,1400 EFT
130 WRITCUOTAPE (B030) (XNOPMIL ) WSIGNIL) (wEXF |, =
}OMAT ME L MT  NOSED
001G 150 -
Tt RRTTEIOTARPE (H043 TANORMIL T MSTCHIL, w7 0™ L o5, w .
LOMAT MPF MY NDFEA N
(-- o F SCRATCH FILE wWAS USED RE-POSITICHR FLe "B 7 B
150 IFINGYMADE .GT -tPAGE) PEAIND SC=
RE TURL
BL00 FORMAT IR B, A1 0y wii) o in, e, i3, 15 -

LY10 FORMATI2NLIY ,wuX, 4 12,13, 19,
5020 FCRMAT(H'FB S AL 020, 14,12,1
5030 FOPMATI2(FE. S, AL, [21 44X, Iy,

040 FOPMATIGIFB .5 AL ..

CLaex i

(AN

QUHPL T INE fIORMAL

UX XNORM WS ION (KEX2)

r
‘ LONVERT TLCATING POINT NUMBER TO NORMAL °
C DUTPLLY WILL BE TN THE FORM X . ¥XXXK+/-1,
z ANCADDITIONAL DIGLT OF ACCURACY WHEN C
[ i OF N QUTPUT. IN ADDITION THE GJTPL -
8 IRGEPENDENT ] E. SamE ON IBM, CD, Lnl. Al £°0
CHTEGER PLUS
" et NP THO PGSSIBLE SIGHES FOR EXPIONENT
QATA PLULZIH-:
DATA MINIS/ IH-/
L S OMPLTE SIONEU EXPONENT FROM ABSOLLTE L&, %
KABS: A
" JF NUMBER §S 0.0 DLFINDG 0.00008+ C
Y rxAaBS) 50.50,10
i DEFINE EXPONENT TO NORMALIZE MANTIGEA
10 KEAP- AL DGO XABS:
CHIFT=10.0**KE£P
AENPM-XARG. SHIFT
[V 1ANORM.GE . 0. 999385 G T 2
KEXP-RKEXP- ]
Gl T=GHIrT.10.8
O TG 30
6P OXNORM LT .9 973935, G 7T Il
ki XOCKEXP+]
Gl T2 0. CPSHIF T
0= COMESTE SIONED MANTISSA.
WHOEM A SHIF T
f-- - -LEF N SIGN OF FXPCRINT ANL IRGLRE EwSCaEr,” 1= o«
FORF R L0 LES.BD
SRS ION-MINDS
REYP . REMP
KO TIRN
C C.3055C-

C.C. DEFINE &S

X TR G ROSER)
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