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ABSTRACT

This report is Volume 9 of nine volumes of the final report on "Synthesis of Caleulo-
tional Methads for the Design ond Analysis of Radiation Shields for Nuclear Rocket Systems™.
Presented in this volume is o description of the FASTER program, o Fortran Analytic Solution
of the Transport Equation by Random sampling.- ' L

FASTER is o Fortran IV Monte Carlo program which calculates energy dependent
neutron or photon fluxes at polrits, surfaces and regions of complex geometries, This progrom

contains ofl the dota processing routines required for o wide variety of nuclear vehicle oppli-

cations, The FASTER program is variable

and hence, is capoble of
treating problems of varying complexity within the limitation of total computer storage. The
program uses only the input,and cutput tape units and is operational on the 32K WANL and
MSFC IBM 7094 computers~-using overlay--and on the 64K CDC 6600 computer at the West-
inghouse Telecomputer Center in Pittsburgh,

FASTER utilizes the general quodric surface equation for describing the geometry.

The more common equations for planes, cones, elliptical cylinders ond ellipsoids can also be
used for input description of the surfaces,

The FASTER program handles either neutron or photon sources, Each source is des-
cribed in rectongulor, cylindrical or sphericol coordinates and the source geometry is super=
imposed on the problem geometry. The spatiol, angular, ond energy source distributions are
assumed to be separable and are input os tabulated relative distribution date.

The FASTER program deals with the entire spectrum of particle energies simultaneously,
thus eliminating costly repetition of geometric calculations which are usually required for
treating individual mono=energetic porticles. The scattered particle energy spectra include
the effect of every possible scattering event ot each scattering point, This eliminates the
variance associated with the random selection of a single event. Neutron fransport caleula-
tions utilize averaged multigroup cross sections which are availoble from several stondard tobu-
lations, Photon transport problems utilizé point cioss sections and the Klein-Nishina equation

for Compton scattering.

iii
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Biased random sampling is used exclusively in the selection of source and scattering
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SECTION
1.0 INTRODUCTION AND SUMMARY

A major problem in the analysis of nuclear rockets is accuracy in predicting neutron
and photon radiation levels both internal and externol to the radiation sources. The most use=

ful and fund [ jon of these radiation levels consists of energy dependent fluxes
P! y

at specified points, These point fluxgs can be utilized with a variety of energy dependent
functions to yield-integral quantities such as dose rate and heating rate. These point quanti=
ties can also be spatiolly integrated to obtain averages or totals for various surfaces and
volumes, e.g., neutron and photon reactor leckage and volumetric heoting. The accurate
caleulation of point fluxes requires a detailed treatment of source and moterial distributions
and of basic porticle cross sections. Accurale and economical caleulations are particularly
difficult for space vehicles and nucleor rocket test stands because of their complex geometries.
The FASTER program was developed to handle these geometrically complex problems,

Energy dependent fluxes can be obtained, in principle, for any rediation anolysis
problem by computing the flux contributions by order of scatter, The geometric complexity

numerical integration to the un~

of most realistic problems, however, limits o
collided and, at most, the single scottered flux components, Therefore, the method of random
sampling, 1.e., the Monte Carlo method is used in the FASTER program, The Monte Carlo
method permits o calculation of the flux compbnents to an arbitrory order of scatter while
simplifying the numerical procedures.

The FASTER program is an integral part of the "final" design method schematically
shown in Fig, 1. This "final" design method is described more fully in Volume 1 of this
report, As depicted in the figure, it begins with the POINT program (Volume 2) which pre~
pares cross section and other basic data fos use in the ODD~K two-dimensional transport pro=
gram, The ODD-K two-dimensional transport program (Volume &) provides neutron end photon
energy fluxes throughout the reactor geometry, The N;\GS data processing program (Volume 7)
processes these fluxes and calculates nevtron and photon radiation levels and neutron ‘and
photon source distributions within the reoctor system, These sources <:::h be e:'mployed in either

the KAP-V point kernel program (Volume 4) or the FASTER Monte Carlo program for obtaining
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r;""" =1 3 2 radiotion levels at locations internal and external to the reactor system. In addition, the
| gm g ; 5_‘% == = FASTER program can compute heating rate distributions in the liquid hydrogen propeliant
{ E%é | gg g i 1 % (in either an on-axis or off-oxis tank) ond the radiation leve! af the paytoad, Alternately,
- z :§ I—». §;§ —-»1 . i =3 the DAFT program (Volume 8) can prepare neutron and photon energy ond angular dependent
: é%g t §§'§' | égxi fluxes at the reactor surface from the ODD-K program for use in the FASTER Monte Carlo code.
T ; 5z j S:E : ;gg: g Distinctive features of the Monte Carlo method as employed in the FASTER program,
= | P> et are described in Section 2.0 and include:
2 T : Eg%l § 1)  application of random sampling to the spatial and angular integrations only,
g é - ! gg: | _3 2) consistent use of energy-averaged sampling functions,
% E § | H é g: 3) opproximation of importance functions by point kernel techniques,
3 z E R . 1 %gﬁ i = 4)  onalytic treatment of the energy variable over its entire range, ond
o2 $,z,',= § LQ) 'r- = Ag —>} oE | -f 5) zero verionce energy i on of the § source equatl
é,,;g gg gg ;% ‘| gg . § | ;;g | ! ‘é The Monte Carlo methad presented in this report 1s based on techniques described in Refer~
§9§ éi 39 gf ] éa g‘é 1 §§g [— ‘g, ences 1, 2, and 3, Cansiderable improvement in the treatment of point detectors has been made
;g Z 3z ig g,; ] ég E 5 L» <8s 'a: since these edrly efforts were reported. I particular, the singularity in the point detector
ggg — 3% gg gg —h-{ ;E ég h géi ‘-é flux estimator has been included in the spatial sampling functions without sacrificing @
263 gElo 18 g } &5 é 2 g§§ R § detailed treatment of geometric effects.
%é% gg §g Eg | ;g GE : ggg | : 4 The FASTER program utiiizes this improvement of the Monte Carlo method to perform
-4 o <] z 2 e § | i g § ° 1 |, —0-' neutron or photon transport calevlations in complex geometries. Computer oriented feotures
é ‘g ; L dd 2 _”i 2 g : .gl of this program include:
5 ¢ £ :%35 | = 1) coded in FORTRAN IV,
2l g 4 gﬂg 2} pletely variable dimensioned,
g ) L } Eg'é I 3) completely internal-—"auxiliary tapes are not required, and
£ =1 N S, | ggg { 4) compatible with both the 18M 7094 and CDC 6400 computers.
i §.n i : ) ; i H Z 5 i The program l‘ogic is discussed in Section 3,0, ‘
{ ggg & : B g - { { g % : Subsequent sections of this report deal with the numerical techniques used in the
g :z; :z(lg 1 : z g § : | ~ | FASTER program to implement the M?n'e Carlo mefhr:d‘ First, is the geometric framework
a3 Eg; ; : I‘§?§ { | | which utilizes the quadric surface equation, Basic features of the geometry described In *
i %gz” ; : g | to_Jd Section 4.0 include:
g |
LZod L
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1 ;epcruve description of surfaces,

2) simple input for the more common planes, cones, elliptical cylinders, and
ellipsoids with an internal exponsion to obtain the coefficients of the general quadric equation,

3) exclusive use of the general surface equation in all computations,

4}  region description by listing bounding surfaces,

5} an internal caleulation of the (&) sign ossociated with region boundaries by using
the coordinates of an arbitrary point in each region,

&) geometry consistency check using "point-in-region)

7)  aninterncl caleulation of " regions" for houndary. ings,

8) aninternal caleulotion of exterior boundaties, ond ‘

9) eliminotion of the (¢, 5) boundary crossing search.

The FASTER program will treat multiple fixed sources where each souree has separable
spatial, angular and energy distributions. Other features of the fixed source description, des=
cribed in Section 5.0, include:

1) rectangular, cylindrical and/or sphericol coordinates,

3

2)  each spotiol variable con be or discrete, permitling o variety of
point, line, surface, and volume source geometries,

3) each angular variable can be continuous or discrete, running the ronge fro’m
monadirectional to angular,

4)+ spatial and ongular distribuﬁons are specified by tabulating relotive distributions
ot discrete points, in particular the distributions calculated by the NAGS and DAFT programs,

5)  spectro are specified by tobulating either differential number or energy spectrum,
or groupwise infegrated number or energy spectrum, either one in on arbitrary group structure,

) each source is normalized to total energy or particles.

Features of the treatment of crass sections for photons and nevtrons ore described in
Section 6,0 and includer

1) compositions are accepted in IO24 utoms/cm3 or.gm/cma,

2) microscopic cross sections con be in barns/atom or cm /gm,
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3} photon total cross sections are defined at group boundaries and interpoloted
Iinearly in energy,

4)  photon scattering uses the Klein=Nishina equation,

5) phaton energy absorption coefficients are computed internally by element and
composite material,

6)  group averaged neutron cross sections are accepted from several standard tabu-
lations, e.g., GAM-1, ,

7) neutron scattering cross sections are not limited in down scatter or order of the
Legendre angular expansion,

8) neutron cross sections are manipulated internally to define transport corrected
values or to remove this correction,

9) neutron kinetic heating responses are computed by element and composite
material, and '

.10} hydrogen densities can be specified by region, eliminating the need of des-

cribing several composite materials which differ by hydrogen content only,

FASTER computes vorious flux moments in a collapsed set of energy groups for point,
surface and/or volume detectors. All quantities are obtoined by “onalytic estimation”, as
shown in Section 7.0, and include:

1) groupwise number and energy flux, average energy, ond variance,

2) groupwise differential ond cumulative number and energy fluxes,

3) groupwise responses ond totol responses with limits on varionce,

4} groupwise number flux and response function totals by source,

5) groupwise flux ond response totals by scattering region,

6) groupwise flux and response totals by number-of-collisions,
7} Legendre angular moments of the groupwise flux and response totals, and
8) length-of-flight momens of the groupwise flux and response totals,
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The sompling functions incorporated in FASTER, described in Section 8.0, are rela-
tively easy to use. Typleal random sampling fnput date or biosing data for point Flux caleu-
lations consist of:

1) center and radius of o sphere enclosing ol fixed sources,

2) group importance, e.g., ﬂgx-'o-dose response,

3) finear buildup coefficient by group,

4) relative importance by group of forward-té~backward scattering for heavy
elements,

5) relative importance by group of forward-tovbackward scattering for hydrogen, and

) a set of adjustment factors (ratios x 1.0) applied to internally calcvlated

sampling parameters,

Detailed input instructions are presented in Section 9.0 of this report, Section10.0
contains o description of the input ond output for o sample problem involving the caleulation
of photon and neutron fluxes at o point above a liquid hydrogen propellant tank. The FOR-
TRAN 1V listing of the FASTER program is given in Appendix C.

Computer times for the FASTER program depend on the problem complexity and the
manner in which the program is used, (ndi.viu'uol point detector flux caleulations in and

around a nuclear reactor require about 3 minutes per point for photons (23 groups) and 6 min=

utes per point for fast heutrons (13 groups). These times are typicol for the 1BM 7094 computer

4

ond yield in integral resp generolly less thon 10 percent,

Flux calculations for points in void regions and/or flux caleulations for surfaces and

volumes require more computer time per problem, but the fluxes are all obtained simultaneously.

A typical photon problem involving volumefric heating rates for 50 regions of o reactor re~
quired about 1.2 hours on the [BM 7094 with computed variances generolly less than 25 per-

cent,
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SECTION
2.0 THE MONTE CARLO METHOD

This section describes the Monte Carlo Method as used in the FASTER program, The
first topic is a general di: ion of order-of- ter solutions of the transport equotion. The

order~of-scatter equations are written explicitly starting with the equation for the uncollided

scolor flux, The basic of random sampling are then ized ond opplied directly

to the order=of-scotter equations. This is followed by o discussion of point kernel estimates
of optima! sompling functions. Finally, the equations for angular flux estimation are derived

for point, surface, and volume detectors.
2.1 GENERAL COMMENTS

Fluxes at @ point can be obtoined in principle for any geometry by computing the
order~of~scatter components, i.e., the uncollided flux, the single scattered flux, etc, This
method utilizes o known fixed source distribution, which is numerically integrated with o
simple attenuation kernel over the spatial extent of the source, to obtain the uncollided
angular flux at all points in space, This uncollided flux is integroted with the scattering
cross sections, over energy and solid ongle, to yield the single scattered source distribution,
Next, the procedure is repeated to an arbitrary order of scattering, ﬁ‘nully yielding the total
Flux within on inherent error given by the uncomputed higher order-of-scattering flux com-
ponents.

The FASTER progrom utilizes the Monte Carlo methad in performing the numetical
integrations. The Monte Corlo method involves an application of random sampling to the
evaluation of definite integrals and it can be applied to all of the integrotions invoived in

the ordef-of-scatter solution, Because this method is statistical in nature its application to

:iad

each integration must be accompanied by an iteration procedure to reduce the
variance. Therefore, it is desirable to perform as many of the integrations as possible by conven-
tional techniques. For the order-of-scotter solution utilized in the FASTER program, the Monte
Carlo methed is applied only to the spaticl ond angular integrations, i.e., the method is

applied to the variobles that complicate direct numerical.integretion.
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The application of the Monte Carlo method can proceed in many directions, The
procedt‘:re used in the FASTER program involves the random selection of a single point chor-
acterizing the distributed fixed source, Then, the fixed saurce is evaluated of this point and
the resuiting point source fs used to compute energy dependent uncollided fluxes throughout
the geometry. Next, g first-scai=r polat is selected by random sampling, An energy-depen—
deat angular flux {monodirectional) ot this first scotter point is computed using the point

cepresentation of the fixed source, This energy dependent angular flux, when integrated with

the scoftering cross sections, yields a point rep of the sing), 1 source for
alf seattered energies and directions, This single scatterad paint source is used to obtain the
energy dependent single-scottered fluxes throughout the geometry. It is used to calculate the
monodirectional flux at the next scattering point (obtained by random sampling). This pro~
cedure is confinved to an arbitrary order~of-scatter and is repeated (storting with the fixed

source) until the statistical ervor in puted fluxes is bl

An implicit difficulty with this point-to-goint procedure is the singularity in the
attenuation kernel resulting from the inverse square law. This difficulty is present in the
calculation of fluxes at both the next scatter polat ond at arbitrory detector points, it sholl
be seen later, that these difficulties ore removed by considering the singularities in the random
selaction of the discrete position vectors. ’

An important consideration in every numericol Infegrotion s the selection of a pro~
cedure which willyield minimum error,  Since, the Monte Carlo method is just another way
of performing the spatial integrations, the same Considerations are present. It Is possible
to devise many techniques for reducing the error in an integration performed by random ‘som-=
pling. The most fruitful sechnique involves the concept of spotial importonce, Thus, in con=
sidering each possible source or scattering point, the following question is asked: How im=
portant will the selection of this point be to the final answer, i.e., how much flux, dose, etc,
will eventually be derived from its selection?

Without solving the grablem, there is one method which is readily available for

approximating spotial importance. This is the point keenel methad which opproximates the
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importance of future scottering events by simple alterations of the artenvation kernel, i, e,,

removal theory for neutrans and butldup factors for photons. This procedure will not yield a

zero varlance {or error) flux colculation, but it will yield information as to the app
importonce of spoce points, This importance function includes the singularities already men=
fioned and also approximates the importance of material and fixed source distributions.

2.2 THE ORDER-OF~SCATTER EQUATIONS

5

The solution of the time independent transport eq con be d by computing

the order-of~scatter components of the flux. This method utilizes a known, differential source

density where the uncollided flux is given by the familiar equation:

8, (8 =fffsn e o [*f:s'ﬁ*-y EA:) ds] o @1
S

B
where e
s = lr'rll. P=(r-7r)/$
o, .
T, T’ ore position vectors
- B N 3 .
@ is @ wnit direction vector

E is the particle energy (Mev)
are scalor distances from T along =T fem)
& is o differential volume element ()

So (T, 35, E)  is the fixed differential source density

particles
em steradion Mev - sec )
b (71 E) is the scatar flux [BHcles
cm  Mev sec
s (7, E) is the total cross section (cm-l) N
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This integration can be performed using spherical coordinates fn a coordinate system
centered of the detector point by using the transformation

- PO
o= resg

dy = 52 ds d

49 = duda
g = the cosine of the polar angle
6 = the azimuthal angle

- o s
#o (@0 B} =/f[s° @~ B, T, E) exp [~f e ,'ﬁ,g)dsv]d,&n (2.2
4x ()

The most obvious reason for this transformation is that it removes the l/s2 singularity,

The angular flux at any point in the geometry can be obtained from the inner spatial
integration of equation 2. 2:

00 $1
fs°<#~s'5,r‘z‘, E) exp [—f - ' T, E)dS'}dS (2.3
0 o

¢ .7, 8

The single scattered source density is given by an integration of the product of this angular flux
and the total differentiol scoH;ring eross

s, . %, -j] ¢(,,§1" E') dndE ™, %, e+, dE de’ 2.4

. &£2 T
where Tox ¢ ;8 BT, )
is the total differential seattering cross section (Reference 4, pg. 265) The single

scol’-red source dénsity yields the single scattered flux and the process Is then repeoted

for higher order scattered sources and fluxes:
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- 3 00 o o o -
oy (™D i[Sk(r-sﬂ,ﬁE)exp {—fz - T, 0 | (2.5)
o o
- - 2 .
Sy B0 f AR = e L PN TR X

where k is the number of scottering events which the particles have experienced.

The FASTER program uses random sampling techniques to perform the integrations of
the arder~of-scatter equations, 2.5 and 2.6, thereby giving the uncollided and scattered com-
ponents of the flux. The program uses o groupwrise representation of the energy dependence in
conjunction with other numerical techniques--~described in Sections 3.0 through B, O=win per
forming the integrations,

The remainder of this section is a general discussion of the applicotion of random

sampling to the order-of-scatter equations, In particular, consideration will be given to the

devel. n )

P of which should minimize the error in the integration.

In dévising optimal solutions of these order-of- equations, it is noted that
after computing the (k~l)th ond lower arder flux components, the unsolved portion of the
problem, corresponding to the kth and higher order flux components, is given by a summation
over the "future™ components of the flux. This unsolved portion of the prob]er;l is denoted by

L3N (T, ﬁ, E)--the angulor flux from particles having k or more collisions-~and is given

by o summation of equation 2. 5:

" .
oy T D =E o 7/ T D)

K =k
. 00 . . 5
[ BB [ SE-r B0 w6 @7
(O o ‘
where S>k (’r‘,fl‘, E} is the differential scattered source density of particles having k or
more collisions. w P
Sy PR B = E S 2 8
Kt =k
1l
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For exomple, in initiating the order-of-scotter solution, the unsolved portion of the

problem is:
s s
aa a B> ts 2
oZa(r,n, £} =f$>°(r-sn, Q, E) exp ‘:—[-‘3 (v-5'2,E) ds'] ds (2.7b)
o o

where ¢>° 7,6, E) s the total angular flux, & (T, T, ), from all orders-of-scatter and
S, (0, ) is the totol differential source density, S(%,, €), Including the scattered
source,

In computing the kth order-of=scatter flux component, all higher order components
should also be considered, if attention is given to o minimum error colculation of Ok(‘?, ?z, E),
this will not be the calculotion which minimizes the error in ¢>k(7,§, E). However, it may
be adequate since the two caleulations are quite similar, i.e., it is theoretically possible to

define kernels such that:

- Lod = - = . - =
o (B =f [/j]’” S, (=BT B K (T, G, BT 76 e dn]
o [

5
b e
x exp i~ b 2 (v-s0Q,E) ds'|ds
) L (2.8)

where the kernel K (7-s T, T BT ﬁ\, ) usually vories more slowly thon the material
attenuotion kernel. '
This "resolvent” kernel will yield the solution with an integration over the fixed
source. However, this kernel Is os difficult to obtajn s the order-of-scotter solution is and
it involves o simifar iterative process, Reference 5, pg. 522, The most well known examples
* of this kernel are the dose kernels derived from moments method colculations for point fsotropic
sources in infinite media(é).
Use of the "resolvent" kernel is not practical for geometrically complex problems, How-"
ever, the "success" of the approximate dose kernels in complicated geometries leads naturally
to their use in estimating the importance of future scattering events, The use of approximote

kernels is discussed in more detail in Section 2,5,
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2.3 RANDOM SAMPLING CONCEPTS

The concepts involved in applying random sampling to the integration of equations
2.5 and 2,6 are simplified notationally by considering the eval

of a simple definite

integral with o non-negative integrand:

P o= f ) dx =f-‘;‘:‘—()x) p ) dx = f £ pri) de 2.9
R{(x} R{x) Rix)

where ) = fix)/p*(x)
R{x) is the range of x
p*xl 20 (2.10)
p'(x);o if #q >0 ‘

[ prlx) de = 1

R{x)

The conditions imposed on p*(x) permit its use as a sampling function for obtaining
e valves X of x, This function is properly called a probability density function for
the random variable x.

The mean or expected value of F*(x) is simply:

E [wx )] ?f [f*(x )J prdx = | @1
)

Rix]
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The expected value of the mean square variotion of f*(x) from its expected volue

(the variofice of f*(x)} is defined by:

72 [i] <[00 - 1)

{60 - 12] pre0 @ [* ]2 () dx - 12
s R(f,[ .:,’~;| P09 dx, "Rf} £100 7 pe() de - 1

R T

P )

- [ {x)

o2 . (2.12)
R(x) P*()

Both the mean and varfonce of f*(x) involve anolytic integrations, Of greoter
interest in numerical integrations are the sample mean:
n F
=1
b - E f’(xi), xj's randomly selected from p*(x) (2.13)

i=1
and the corresponding sample varionce:

n .
V"2 = : E[(-(xi) - ln] : — (2.14)
Simple mcnipulario;s {Reference 7, pg. 198) yield:
gfh] - _
AR [
7]+ + fru]
The last two equations imply that:
) U'Z[I“] B (2.15)

Finally, i is noted that since f(x)20 forall x in R(x), then the optimum (zero

variance) integrotion is perform‘ed by sampling from:

’ p'(X) = M

[ ' (2.16)
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since any discrete point will give the correct answer, Subsequent sections deal with approxi-
mate relotionships which utilize this obvious result,

It should be noted that a transformation to the integration varioble u, where
dv = |-] f(x) dx, also yields a zero error result in a conventional numerical integration.
Infact, the Monte Carlo and' conventional integrations would be the same except fof the

technique used to obtain discrete points *; (random versus systematic).
2.4 INNER [TERATIONS

It was possible in developing the order-of-scatter equations to explicitly write on
equatian for the kth order scalor flux component which involved o k-fold volume integration
(and a k=fold energy integration), i.e., spatiol integrations over the fixed source volume,
the single scottered source volume, . 4. ., the kth scattered source volume, The monner

in which the order-of-scatter equati was developed obviated the need for explicitly

. .
playing these volume

However, in relating the discussion of Section 2,3
1o the techniques used in solving the order~of-scatter equations, this k-fold volume integra-
tion must be recognized. In particular, the discrete random variable x; used in the pre=-
ceding section Is equivo’lenr to a series of discrete position vectors - s VT e e
N o i, 2
Tk e obtained by random sampling, )

Fortunately, the techniques used in the Monte Carlo integration of the order~of-
scatter equations, i.e., the techniques used in selecting the discrete position vectors
-r:' Ko k = 0,1,..., con be discussed in an orderly foshion withaut displaying the k-fold

volume integ: The di fon of the i ions is given below with the "outer"

iteration index i of Section 2,3 suppressed, The "“inner" iteration index k, corresponding
to the kth order-of-scatter, will be retained.
The “order-of-scattering” inner iterants are obtained in a straight forward manner,

A notural storting point is the equation for the kth component of the scalor flux:
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I =ff¢k (7 8 8 de
o
=4f,rf°§: ﬁ-s_ﬂ‘,ﬁ,.E) exp [—J: DGR ) d,-] & dn
%08 ff 0RO e [- [+ F om0 w] o

s2

2.17)

where dV s the general differential volume element, equivalent to szdsdﬂ ina
spherical coordinate system centered ot 7o This equation has been transformed into a general
volume integration to display the singularity (1/52) assaciated with the flux calculation,

This equation has o definite value and s monipulated in the same mannér as equation

2.9, i.e., the integrond is multiplied and divided by an orbitrory sompling function:

it =f./]!sk 7.9 0 exp [f: AR dsJ

(2.18)
5 - p‘k(?)dv .
( stp )
with the restrictions:
Pt (M) 20
- 0 a
* " H g
pL () >0 :fff.[ S, (', %, E)dEdR>0 (2.19)
i
fff L av =
This equation can be Il d in o monner I

to that used in equation 2,13
for the somple mean, i.e.: select TL at random from [ )] :
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Then the contribution to the kth component of the scalar flux is given by:
- S S
R Sk (rk, 2,8  exp -f 2 (r-s QB o (2.20)
asy WE =, ©
o] 2
" where s = |7 - "rL\ and W= (?'—'I) /s

Note that the energy varies over its entite range, i.e., random sompling has been limited to
the spatial varjables. This is equivalent to defining an energy dependent angular point source
which represents the kth scattered differentia) sovrce density,

5, (T8

3 = K_X {2.21)
Y @0 P (7)
k'K
since the ining facter in equation 2,20 is ioted with the flux caleulations and de~

pends on the varioble position vector ™t . This point source is defined through the kth source
-~
distribution and can be aveluoted for any desired direction Q.
This procedure is also equivalent to representing the kth component of the differential

source density by:

5, G B = W (@B s(F-7) (2.22)

where 5(7- 7;) is the Dirac delta function  This representotion is porticulorly useful in

later discussions where formal

grations over the kth d source volume are required.
In porticular, the point representation of the fixed source (k = 0) is:
a
DR U]
A CRCIERCRL T @.2)

o (2
Po(ro)
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The expected value of S% (72T, E) is just the Fixed source distribution:
e @ o7 =fffl§~; @8 607)] vy 6T
Vb
fffs (r/n E) o(r—r)P (GVETR (2.24)
t (‘.

= s, T

The definition of the energy dependent, angular, point sources for higher order

d p is more involved,

g the inner i Tons have ‘prog d through
the (k-1)th spatial integration, then the (k-1)th component of the source density is represented
by the vector 7k-l and the angular point source W;_] (@, 8, Then the kth scattered
energy anguler point source ui,'?k is given by: ’

W‘(n,E)-jf P oper (o T B) 2y 7 ®, e —T,0dan

dQdE
Pk( "o
=fff"’ ""'S;_](n-s TATE) exp [7‘: b (7;.,' &, E')ds] 25 @, F E—R, B a0’
Jo ‘| anaE
4 o »
P th)

fﬂ{fn @ E) exp[f 2 e )ds] &z (T psReaE 6(r—rk v
7t

(2.25)
j-miWs (Qk,E)exp { R, E'.d')

&1 (ni6, T, 8 e

Py

( TR @
K

TdadE
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where

-

k-\’ and SZk (r -rk .‘)/s

5y = FL -
Note that the (k-1)th sourze density . \ponem was replaced by its equivalent point repre-
sentotion W;_] (5, E). Thus, this equation is an equality in the sense that the expected
value of the right hond side is the left hand side.

It now becomes expedient to define an energy dependent point monodirectional
quantity ot -?k which cf izes the (k-1)th p of the flux:
5

3 -3 k
we (B = Wi-x‘“k, E) exp L

2w -st E)ds]

{2.26,
s P, ()
The foctor associated with random selection of the discrate position vector r has been
included in this energy~dependent, point Jirectional rep fon of 'he flux to simplify
the final equation for the kth scattered, angular point sovrcer
W@ D= f () ‘* — (i, £, O @2

The order of calculotions may clarify this procedure:

a) se|ec(>"lrk from p:( )

b) ciclculc'e 5= l—k _Tk-1 ]

> -
c) calculate @ KRt rk_‘)/sk
d) caleulate Wk a (ﬁk’ E) for the discrefe direction Ek
k=1, Wi, 8! from equation 2.23 for § = B,

N
k>, Wo_| (B from equation 2,27 for = Ty using W _,(E).

o) calevlate W F) using equotion 2,26,

-
f) then Wsk (Q, £) con be calevlated, os required for o given direction 2, by

using equation 2,27,



Astronuclear
Laboratory

Thus, ;(TE) is not computed directly excep' as required for discrete directions,  ft is

always available through the fixed source distribution for k = 1, or, fork>1, through W (E)
k= l
and the differential scattering cross sections. This is indicated in step d) above.

For k=1, the verification of the representation of the source given by equation

2.27 is obtained by calculating expected values:

_ﬂ] fff[/\/;(ﬁ,l?)é(r—r]ﬂ p;(?]) p'o(ro)dr’, @,
v
() )
o0 )
=f[]'fﬂ .[So(;o,a',f')exp':~ﬂ 2’(r‘]-s'515')ds']
o 1

7
IR XU Y

E IEN‘,(ﬁ,E) 5

L S S
o (4, E'——SLE)dE'}b(r—-r')p](r)p ) dfe

ff/ [ $,(Fys W/EY exp -§ TE-a 1, ey l“ Lt e & }d;
" :
o

s 2

= S] It g, £) (2.28)

Verification for higher order components con be obtained by induction, i.e., by assuming:

W] =w'...ﬂ]w;(ﬁ,z)a(r‘ﬁk) P () ) &
o k '

=5 (R 4.8
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and then showing that
L s _ a
E P/k“(n NG ] =5, (8.0

Similar verifications can also be obtained for arbitrary point kernels, e.g., those used for
flux calculations (Section 2.6). The resulting integrations are similar to those above and are
not shown,

The final set of procedures used in a single outer iteration is shown in Figure 2. The

Tnner iterations cannot proceed indefinitely as is indicated by the order-of- solution,

Therefore, the inner iterations are terminated using various criteria such us total number of
iterations {collision cutoff), alf energies below some minimum (energy cutoff), or all flux

contributions being negligible (weight cutoff),
2.5 SAMPLING FUNCTIONS

At this point, the definitions of the sampling or probability density functions are
arbitrory except for the conditions imposed in Equation 2,19, The criterion selected for
defining optimal functions is that the variance in the contributions from all future inner
iterations be minimum,

After (k-1) inner iterations, the scalor flux will have been estimated to the extent of:

-1
k(r*,E)=2 10 (FIE) (2.29)
. k'=0 '
The ind. iated with neglecting higher order of the flux or, alternatively,

the importence of these components is given by:

©
%“GE):Z ¢ (%E) (2.30)
’ k'=k

Since o detailed treatment of these "future” components is as difficult os solving the original

problem=~equation 2. 7 would be solved--various approximations must be made. It fs noted

21
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that a single point criterion-~independent of energy=-is more eosily applied, ond much easier
to estimote; e.g.

To FROM pg* (7"

o0

I BRIC RN (230
ws(;‘E),_SO"?'?'E’ ° LEE
ot %, pg'(;o‘) where f(E) Is o response function of porticular importance to the problem being solved, e.g.,

the flux to dose conversion factor If dose rates are being calculated, The solution and remain-

der corresponding to this response function ore then given by:

k-1
D {7) = D, (™) {Total response olready caleulated) {2.32)
Tk FROM p% (F") <k K
u k k'=0 B
w

sy = 1T =Ty | Dy (M) = E Dk’ () {uncalculated contributions to totol response) (2.33)
_[in (?k—?k_|)/5k o o=
oxp [‘fo E'('r'k-|+s’x'fk.E)d9]

W, ©s W, (56
T

The calculation of the latter quantity is also os difficult as solving the original pro~

blem, However, for estimating purposes, the "point-kernel method" is oveilable for opproxi=

l § . mating the remainder
00. o
P Y . -
w,f(ﬁ,s)-[w,?i,(z') 423 (7} 55, E'= T, E) o Dy (7 = Z f FE) &, (LB JE
A _ dadE . =l
. m 00
Crors N = E J £(E) Hf S BB exp |- [ - ot 8000 dvae
K=k % .
5
YES 2 s
o) E S, @, 35 [exp -S $F- s 8,8 ENE
. ‘ {.[ k'=k ¥ o T av
= 3 PN
Figure 2, The Monte Carlo Method ~ Inner lterations fff s
~ ,B>k(?) (2.34)
2
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where |

5,0 = fff !fffs @, 8E) K(T 1E, n(E)) exp [ vl(E)]f(E) dndE}# (2.35)

s =]r-r{,n=(r‘.r-)/s
-. (e)=S‘ T &8
o

k(?l', £, n{E) is some approximate representation of the response contributions
by multiple scattering events, usually o smple function of the number of the mean~free~
paths 7 (E) between a source {or scottering) point and the detector point.

Equation 2,35 not only estimates the importance of future scottering events but can
also be used to estimate the importonce of the “source”, or scattering points. Since it isa
feasible spatial importonce estimator == it is reluted in an opproximate manner to the zero
variance importance function -~ and since it lends itself to a voriety of further approxima=

tions, it plays an important role in the d pment of optimal sampli heme:

Equotion 2.35 can be ipuloted in a manner similar to equation 2. 18:

q 4

/ff f ff S, (7,08 K(T,E,m () exp [ n(sﬂ f(E)d 9 dE
P (v
. p (r)

Equation 2,16 then implies that the optimum sampling function, yielding zero

variance for Ezk (F), is given by:

f/fs e K (R, E 2 (E) exp [—n(E)] f(E)dQ " dE

»
P (7 sz(?” )

(2. 360,

This equation is still quite involved and its numerical implementation requires further simipli-

ficotion ond approximation,
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The form of this equation may be clarified by examining its equivalent for a one
velocity problem. Assuming o uniform infinite medium and isofropic sources, either fixed or

scattered, this equation con be approximated by:
Si () exp [— 2'5] /52

J'J‘J'S (- exp[. z s]

where 27 is an effective cross section giving the ottenuation choracteristics of the total

Py () = (2.36b)

flux from the kth scattered source ond Sk (7‘) is the differential kth scottered source density.

For point deteétors, random sompling of the fixed source distribution, k = 0, can
utilize equation 2.36 directly.” The more important aspects of this equation are:

o) it includes the spattal divergence (1/57) from the detector;

b) it retains the exponential falloff of source point importonce due to matertar,

attenuation, and

¢) it includes the fixed source distribution,

The techniques used in the FASTER program for sampling the fixed source are closely
associated with equation 2.36b. An average source energy is used to define the necessary
sampling porometers, The program includes, however, an explicit representation of the ma-

terial disteibution. The details of the sampling procedures are di d in Section 8.3,

Applications of equation 2.36 to higher order flux components, k >0, involves the

scottered source definition using the (k-1)th point source representotion:
2
* o0 w A
' 1 H RPN LD DO S
P T ='§"(°’T[f[fwk" @, 1955 5T EaTLE
2k 5l % .

- u -
KR, E 0 (E) expL[Z (-t BB - ’I(E)] HE) dE' d 9’ dE
27

- . ts

(2.37)

where t = I‘r"

SR PR CEANY

25



Astronuclear
Astronuclear
Laboratory iaboratory

Again, a large degree of approximation is required for numerical caleulotions. 2.6 POINT ANGULAR FLUXES
A one-velocity approximation may also clarify this equation. Using the assumptions

used in equation 2,36, the sampling function can be approximated by: The set of inner iterations yields a single estimate of the total differential source
density:
* - -
. ¢ e e e o
exp [— Z 1t~ Ers] i .S .8 Y=o wlk (0.8 o7 rik) (2.39) .
* - 2 2 : -
(i . . . WS . oo
P (" = ¥ + (2.37b} where the index i corresponds to the ith repetition of this process, or a single outer iteration.
f f f exp [- Zt-Zs ] av Previous discussions verified that:
}2 52 .

b . Els. 88| = sh,e - & 2,39
where I is the total cross section, [ ! (2, (8,8 ' ¢ )

For a point detector the following characteristics are noted for this scattering point wheré R tse ind ding to the ination of the fnner i fons ofter a finite
sampling function: value of k, i.e,, the negl | higher order~of-

a) it includes the spatial divergence from both the source (I/rz) and the detector i Repetitive application of these techniques (n outer i ions) yields the finol esti-

(]/52) mate of the total differenticl source density:

b) it includes the exponential attenuation clong both "legs" of the scattering triongle n

¢} it includes the spotial and angulor dependence of the scattering cross section, and s (¥, ﬁ’ E) = ..:_ E E W;k (5’ g (T-Tik) (2.40)

d) it includes the angular dependence of the (k=1)th source component. i=1 | k=0

The FASTER program uses o one-velocity approximation of this sampling function with
This is not the end result, of course, The original intent wos to obtain the flux ot an

group ged pal being obtoined ot each scattering point. The moterial distribution

and scottering angle effects are included by several

arbitrary point. Equation 2, 7b implies the total angular flux is obtained by the integrotion.
pproximations. The details are A

discussed in Sections 8,4, 8.5, and 8, 4.

s
e ~ - fow 4
Similor equations can be obtained for ling functions which minimize the variance o (1, 2,8 = J S(r-s@, QE) exp |- |2 (F-'QE)ds'] ds (2.41)
of volume end surfoce averaged Flux colculotions. However, these equations involve on inte~ ° @

gration over the spatiol extent of these volumes and surfaces and the development is more com- This can be approximated using the above source density:
plicated. These sampling functions have been approximated, therefore, by "solid angle" con-

siderotions as described in Section 8.0,

N

M s
[ t o o .
SRy = I‘s*(?‘- 0,28 exp |- JZ(' <2, E) ds') s (2.42)
(=]

(]
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It Is a straightforward task to show that the expected value of this approximation Is, indeed,

the totol angular flux within an error R corresponding to the source errors R; obove:
* oo i -
E [«s (r,n,E)] = s(B8E -R (2.43)
The verification involves integrations similar to.those used to verify the representation of the

differential source density, equations 2,24 and 2,28, and is not shown.

Substitution of equation 2,40 into equation 2.42 yields:

2 n S
365, B= an ;}wik(fz, D7) | exp -Iz;'(‘ris'ﬁ, Bds'| ds
= < o
n = s ¢
. %ZZ j W (B85 e |- f T G-ea e o
=1 k=0 “p ! o

(2.44)

where the order of the summations and integration has been reversed. To eliminate some of

the notational clutter, the individual el in the jon will be tned with the

outer iteration index suppressed:

3

3
* o= — - - - =
ae, (n2,6)= fw‘k (@) 5(7-1) exp —fE'(r-s‘n,E) ds' | ds (2.45)
0 (=]

This is also the procedure used in numerical calculations, i.e,, individual contributions are
computed without considering the teration index.

The spatial integration is performed using the relationship:

§(F-s0 <T) (2.46)
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where:

Thus:

o ® s(F1) s -
a0, (5, E)=[Wk’(ﬂ, B6(sm5) —g exp -fz’('r‘-s‘n, Bds'| o
5, o
X

s
. K § o b
exp f= z {r~s QEds
S e o
=W, (@6 se-1q) ——-——-———‘—52
k

The delto function involving the direction vector complicates nothing, In particular,

the corresponding contribution to the scalar flux is given by an integration over solid angle:

* o
a0 (% B = ff a9, (7T Ban
4r

%
exp [-f )2t (r- s"ka, E) ds']

s2
k

=w' @ (2.48)

as one would expect.
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As indicated in Section 2,4, the ling functions w hich minimi

the variance in

the flux at the point ¥, invelve this point in o rother complicated manner, However, the
L -

ques used in flux are ind dent of these iderations and can be used

for an arbitrary set of points. 1t should be noted that flux estimation for arbitrary points will
“yield a Yesult with &h infinite ;;ric;c;(a) Unless these Foints are located %n volume; which

exclude source and scattering points. Thot is, the 1/52k factor is the trouble maker and its

deleterious effect con only be removed by including it in the sampling function or by exclud~

ing small values of s v
2.7 SPATIALLY AVERAGED ANGULAR FLUXES

. The problem of infinite variance flux estimotes can also be removed by averaging
the fluxes at arbitrary points over o specified surface or volume, While these overaged results
are usually less desirable thon a set of point results, there are instances when averages are the
only requirement,

The contribution to a surface averaged flux is obtained by integrating the pofnt
result given by equation 2,47:

. Sk .
. 1 exp [-f 2' (—r‘- §' 9, E) ds' ] dA
- P S o
a4y (9, By =x Hwk(ﬂ, B)s(R-0) 3 (2.49)
k
A

where A is the area of the specified surface, dA is o differentiol element of areo, ond Tis

.a point on the surface. The i ion is than f d to an integration over solid angle

about the point '7k:

L
&ap |- f(?‘*s'ﬁ, E)ds] 2d9
Mk(n By = Aﬁw @& B3G5 . e SRk (2.50)

an * l'ﬁk <A
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where dA = skz dq k/ ] ?l‘k . -n‘] . o is the unit normol to the surface ot ¥, and

-
a summation over multiple points on the surface which yield the same direction vector @
is implicit. Note that the integration is performed using o difierenvicl element of solid angle

> .
d Qk since ﬁk is the direction vector determining the point (s) on the surface, Using

the recrprocol nature of the Dirac delta function and the material ottenvation kernel .the

integration yields:

@
exp -f z (rk+s' Q, E) ds'
o

18 7|

e, = LwiE 2.51
ady (2,8, = g W (2B (2.51)

where 3 (9) is the d:sicnce to the surface,
The contribution to @ volume averaged flux is also obtained by integrating the pomk

result: . -

K
exp [—J' (T4 ds'] av
o
3

*k

aey (B8,= —Sﬁwﬁ(ﬁ,m(ﬁ-ﬁ,‘» (2.52

v

where Vs the volume over which the flux is averoged.,

The integration is transformed using a spherical coordinate system centered at 7k:

Sk -
t
expl-| Z'(r +/Q,E)ds'
* 1 . Y o [,; [ 2
a4, (3,8, =y ” S w8 5@- 1) ‘: 3 sdndn (253
4rsinV k

where dV = sk2 dskdﬂk since ?Zk ond s define the points T i:\ the volume.
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Using the same arguments as before, the integration yieldf:

S
* P t - —
a0 (B0 = %wk‘(ﬂ, 3} j exp [—_[ T (RaeD) ds'] ds (2. 54)
sinV

The integration over distonce 5, is limited to points T on R + s® which lie in the

volume, There may, of course, be several discrete intersections with the volume olong .
There are two interesting, speciol forms of this equotion, Considering only one

intersection with the volume, let s(‘a) be the distance to the volume and As(a) the

distance in the volume, Then, if the volume is void:

s(q2) v

as, (B0 = 5 WRE oxp [ |z (5, = #&B ds'] 5@ (2.59

and if the volume has constant material properites:

.. N (@ . oo @s
ae, (n,E)V=%Wk’(n,E) exp[-J; 2'61*99,5\:1#] [1 oxp [-as(@ (6] (2. 56)

Ve

where EV(E) is the total cross section ot any point in the.volume,
There is a possible difficulty with both the surfoce and volume averaged flux con-
tributions since they are still defined for oll directions @ ;i.e., adirect numerical integra-

ton to obtoin various flux components could be prohibitive. If so, random sampling can be
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used, A general equation for the integration of an ongular kerne! g (ﬁ) is written first:

ac @ = “ as, (.0 ) s (han (2.57)
4r tv
a0, @B Ly e®) . o
= ” PG {v} a®
4
. .
1 ady @B A
=1 b { b ey (2,59

* 5
2=1 a @)
where %C; denotes either a surface or volume,
" s
q (@) 20
q @ >0 i Jﬂk' @8 { } g€ >0 § o" (@ is o sampling function (2.59)
2

A
V.
U q" (Hda =1
4r

. s
L is the total number of discrete directions, and £ is o discrete direction obtained
* o
by random sompling of q (),

This is equivalent to representing the averaged angular fluxes by:

(@)
L s b S BV
. 1 Wk(ﬂ,E) exp[—}; z (rk+s n,E)ds} &
A% (Q,E), =57 = Q- (2. 60)
Ela = R LE: > - Y
~ i ja-nl
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. w2 BB s . N
a8 @0, = &lL E i J exp [-j b (?k+s'n,s)d51 & -5 (2.6)
=4 q (2) °
L= sinV .

for surfaces and volumes respectively since angular integrations with the arbitrory kernél
g(‘ﬁ) yield equation 2, 58 above, N
The defi

integrations can bé argued in o manner similar to the used in defining the functi

*
tion of g (3) which will minimize the error in the averaged flux angulor

;k () used in selecting the source ond scattering points, The arguments are simplified since
future scattering contributions need not be considered-~this is just an ongulor integration,
The arguments are complicated by the fact that the same set of random discrete directions
will probobly {not necessarily} be used for all the surfaces ond/or volumes over which fluxes
are being averoged und these surfoces and/or volumes moy occupy widely vorying spatial

positions.

2.8 CONCLUDING REMARKS

The previous sections-pertoired to a devel of the Monte Corlo method which

utilized random sampling for all of the spatial i

This is the procedure used in the
FASTER progrom. In particulor, the mojor equotions used in the program are the numericol
equivalents of:

a) equation 2.36 for selecting source points,

b) equotion 2,23 for the point representation of the source,

¢) equation 2.37 for selecting scattering points,

d)  equation 2.26 for the point representation of the flux of particles going into o

collisien,

e} equation 2,27 for the point representation of scattered sources,

f:) equotion 2,47 for angular point flux estimation, 3
g) equation 2,60 for surface averaged ongulor flux estimation, and
h) equations 2.1, in conjunction with equations 2,55 and 2. 56, for volume

averaged angblor flux estimation.
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Each integration involved in calculating the order—of-scatter fluxes could hove been
performed by either randem sompling or by conventional numerical integrations. In particuler,

most Monte Carfo programs use random sampling for the energy integrotions os well as the

spatial integrations and the entire calculational procedure is equivalent to the simulation of
Individuo! particle histores, %

A variety of other combinations of ¥ i hniques can be ysed. In particular,
the vori ioted with selecting discrete points from the fixed source in o Monte Corlo
i Ton can be replaced by the ic error involved in o conventional numerical

integration over the spatial extent of the source volume. in fact, uncollided flux calculations

can use various

of random ling and direct numericol integration for the
three spatial voriables, One bined int i dure is di. d in Appendik A,

9 P

35/3%



Astronuclear
Laboratory

3.0 PROGRAM LOGIC

The techniques deseribed in Section 2.0 permit o large degree of separation of con-

ventional numerical techniques from random sampli hniq This separability is utilized

in the structure of the FASTER‘program through a series of subprograms that perform conven-
tional calevlations, such os, source interpolation at @ point and a single scattering calculo-
tion for a fixed scattering angle. Another series of subprograms are used in the random selec~
tion of the parameters, e.g., the source point or scattering angle, for these conventional

calculations,
3.1 DATA REQUIREMENTS

Severol major divisions in the dota required by the FASTER progrom have been made.
Detailed input instructions for these doto are given in Section 9.0,

Section 1 doto, i.e., dota in the first section of input, include the limits and con~

trols for the FASTER calculations. The requisite data are described in Section 9. 2.
Section 2 data ore used in describing the geometry of the problem, Detoils of the
geometrie caleulations performed by FASTER are given in Section 4.0. Data input instruc~

tions for geometric parameters are given in Section 9,3.

Section 3 data involve the description of the distributed sources. Caleulations

associated with these sources ore described in Section 5.0, Input instructions for the descrip=
tion of sources are given in Section 9. 4.

Section 4 doto include the microscopic cross sections used to obtain the mocroscopic
attenuating end scattering properties of the non-vold regions of the geometry. The calcula=
tions requiring these cross sections are described in Section 6.0. Detailed input instructions
for the cross sections are given in Section 9, 5,

Section 5 data are used to specify the final form of the computed resuits, This

includes the description of the vorious points, surfaces and;c;r volumes for which the FASTER
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program will I:ompufe multigroup fluxes, * Details of the varicus flux component estimates
used in FASTER are given in Section 7,0, Input instructions for this section of data are given
in Section 9.6.

Section 6 data pertain to the description of the random sampling functions, The
samplirg functions incorporated in FASTER are described in Section 8,0, Input instructions

" #5r°the sampling parameters.are given in Section 9.7.
3.2 PROGRAM FLOW

This section attempts to clorify the inter-relationships of date ond calculotional
techniques by discu;sing the general flow .within the FASTER program. The major subprogrons
of FASTER are also identified as to their function, i.e., which equotions they confain,

The program is divided into two major parts. The first part involves dato input and
preparation and is controlled by the 'subrou!ine DEFINE, The second part involves the actual

calculations and these are controlled by the subroutine SOLVIT.

Data input and Preparation

DEFINE is the first routine called by FASTER. It calls other routines, in order, for
the input of the dota described in Section 9.0, The first subroutine entered is STORER. This
roufine reads the Section 1 data inputs and then allocates storage for all the dimensioned data,

If multiple cases are run, it also manipulates the data arrays to account for dimension changes,

* ete,
Subroutine GEOMIN is then entered and oll Section 2 dato are input. After all
. geometric inputs have been d, the % sign Tated with the boundaries of the

regions are calculoted using the input coordinates of an arbitrary point in each region. Then
the geometry is checked using the input point-in-region coordinates and the function subpro-
grom LOCATE, which computes the region(s) occupied by orbitrary points.

Section 3 data are input next in subroutine SOURCE, This includes the energy group
structure and the definition and.normolization of all the sources. Subroutine INSECT. ‘uccepvs'
Section 4 cross section dota and cembmes the microscopic data into the' requisite macroscopi&
data,
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Section 5 data ore input in subroutine RESULT. This includes rhe flux groups,
conversion factors, and detector definitions,

flux

Finally, the input sampling p Section 6 d
RANDOM,

re input by subroutine

After all doto are input, a check &f an error count is made, If any errors were
detected, the doto for the next case s input,

If no errors were detected, control is passed
back to the FASTER program,

Coleulations

With all requisite dats well defined, control is passed from FASTER to SOLVIT, The
SOLVIT routine passes control to one of two available calculat]

| control sub

The first, SOBER, was written to compute surface and volume averaged fluxes ond/gr Fllfxes
ot multiple point detectors in void regions. The second control subprogram, SOLVER was
coded for the individual ti of point d

at arbitrary | in the geomerry.

As indicated, these routines perform almost identicol functions. The following dis-
cussion attempts to describe both simultanecusly. There may be minor variatlons from the

octual order of some of the caleulations, but they are unimportant in the overall picture.

Some of the routines discussed below also require computations by other routines,

however,
this secondary control level will not be discussed,

The fitst step is the definition of a preferred point for use in the sampling procedures,
In SOBER it is defined by input and is surrounded by a sphere with an input radius which
encloses a volume in space where fluxes will be caleulated. SOLVER contains an iteration
over detector points and the preferred point is the detector point being treoted. An avercge
source group index, used ina elocity approximation of quation 2,36, is then computed
by subroutine GROUP.

Al other calculations are performed within the outer iteration loop. The First
caleulation within this loop is the random selection of a position vector _r‘o from th-
fixed source. This is de=e by one of two subroutines; PSTAR, if the sampling is
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performed in the source geometry coordinate system or SPHERE, which .approximates equation
2.3. ‘

The colculotions enter the inner iterotion loop where they remein unti) terminated
by one of the cutoff criteria, i.e., maximum number of inner iterations (collision cutoff),
weight cutoff, or energy cutoff, The First iteration in this inner loop differs from all subse~
quent inner iterations because the source point is actually a point in a source volume, For
ol inner iterations after the first,. it is actully a scattering (scattered sour‘ce) point.

The first calculation in the inner loop invalves the flu:f con';ibuﬂon to the point
detectors. For each of these detectors, calculation of the distance and direction to the de-
tector from the source point is performed by the function subprogram VECTOR. The calculo=
tion of the angular point source for the direction towards the detector is then performed by
interpolation in the SZERO subroutine (equation 2, 23) iF this is the first inner iteration, or

by SINGLE (equation 2, 27) for subsequent inner iterations. If there is @ non-zero source for

this ditection, the path lengths through the various regions lying between the source (scatter-
ing) point ond the detector point are computed by subroutine PATH. The meon-free-paths
(mfp) along the total poth ore then computed for ench source group by subroutine KERNEL
ond the flux estimation ;;erformed in subroutine DETECT using equation 2.47.

The next step is performed only in the SOBER inner fterations, It involves the ran=

dom selection of discrete directions for calculating surface and volume averaged fluxes. These

di are obtained from sub

VSTAR. A possible exception is the first inner iteration
where they can be obtained from subroutine QSTAR. The source for each fixed direction is
computed using SZERO or SINGLE. If non-zero, the regions lying along the direction vector
are computed by PATH. Each of the regions lying along the direction ve’cfor is checked to

see if it is a volume detector and should receive a flux contribution, If so, the mfp's up'to

the region ore computed by KERNEL and the flux is computed by DETECT using contribution
equation 2,61 fn conjunction with equations 2, 55 and 2,56, Each boundary crossing between

regions Is olso checked to see if it is o surface detector, If it is, the normel derivative at the
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boundary is computed by subroutine NORMAL; the mfp's to the boundary are obtained from
KERNEL end the flux contributions are then computed by DETECT using equation 2, 60,
The final step in each inner iterotion is the random selection of the next scattering

point, The average flux contribution energy, os caleulated by DETECT, is used to define an

overage energy group for the sompling proced The direction vector defining the scatter~
ing point is then obtained from VSTAR (or possibly QSTAR on the first inner iteration), The
regions lying along the ray defined by this direction are computed by PATH, The distance to
the collision point is obtained from USTAR (equation 2,37) and the previous source point is
then evaluated for the direction vector from this prior point to the new point, using SZERO
or SINGLE. If non-zero, the mfp's o the scattering point are obtained from KERNEL, and

the point

1 Fluxes are puted at the sc’cmering point using equation 2,26, .

The next inner iteration is initiated with the saurces being obtained from SINGLE using thy

monodirectional fluxes, These inner iterations are continued until a cutoff is obtained.”™ .

The outer iterations are continued to a specified moximum with o printout of the

« flux edits being performed by subroutine ANSWER  at specified intervals,
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SECTION .
4.0 GEOMETRIC CONSIDERATIONS

The most important feature of the Monte Carlo method-=in comparison with other

"exact" solutions of the transport equati is its opplicability to complicated geometries.

This feature is implemented in the FASTER progrom by utilizing the general quedric surface

equation. The numerical analysis presented below follows that of Reference 10.
4.1 QUADRIC SURFACES

The general quadric equation for a specified surface | is:

s
= +
Ui(') ao,i a]lix + °2,iy + °3,iz
2 2 2
*oag X *oeg Y b oeg 2
+ g4 %Y + ag,; ¥2 + a9 ; X (4,1)
where oi e i=0, 1,2 .. 9 ae constants,
al e - -
ro= xi+yj+zk

%, ¥, z are rectongulor coordinates {¢m), ond

FUray

i, i, k are unit vectors parallel to the x-, y=, and z~ oxes, respectively, The
volue of this equation, ui(r), is zero for points T on the Surface.

These surfoces are described independently of the regions which define the materiol
distributions to eliminate redundont input, Provision has been made in the FASTER pregram
for recognizing‘ more simple surfoces such as planes, cones, ellipticol cylinders and ellipsoids.
The equations for these simple surfaces are expanded by subroutine GEOMIN to obtain the
coefficients of the general equation above, These special surfaces are shewn in figures 7, 8,

ond 9 and the equations are tabulated in Table 1 of the Section 9.3 input instructions.
4.2 SURFACE CALCULATIONS

Since surfaces are described independent of geometric regions, it is possible to define
several quontities which are used in geometric calculations, For this discussion, the following

are defined;
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o=y 2, the position vector of any point in space,
—_—
Q2 = {a,87), a unit vector deftning the direction of o straight line,’
or ray, emanating from T, where o, B,y ore direction
cosines with respect to the x, y, and z axes, respectively,
5, 0Ks< © the scalar distance from T along-nh
T e 5T a point on the ray

= (ktas, y+ sz tYs)

Intersection of a Line and a Surface

The volue of the quadric equation at Pis given by:
P — 2
u ) = vi('r)‘f?svi(r,ﬂ) + s wim .2

where () s given by equation 4.1 above and v, (e, @) and w, )

ore obtaines oy expanding:this equation for 7' , and collecting the coefficients of s and %
v (A I .15 [u::.l;i + 502,: + Yafi,i]
+] axa, + Byu5li +yzu6’i
s 7 |@yr e, * (Bxtyylay ek oz) °9,ﬂ 4.3)
w B - o %4 *62"5,; "’2"6,;
*oaBay, thyeg,  tymag, 4.4

Intersections of the ray with the surfoce are obtained by requiring:

u;\?')=0 i

f this condition defines ooints on the surface using
equation 4.2,

Ui('r')+2=ivi('r‘,'h)+s2iwi('r‘,‘§) =0’ “.5

A Astronuclesr
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a) one intersection if w; (-r\, ﬁ‘) =0, v [ 7 YAO
5 =y (TY/ 2y, (v, &) 4.6)

-2 2 - -
two intersections if w, (v, ) #0, v; @m >ui(r)w; (M

. =-vi(7,n*)i‘/v';r(r,ff)-ui<r‘) w, (7,1 “n
w, (77 10)

b

Note that the case of two equal intersections is not admitted since this is equivalent to no
intersection. For all real intersections, the appropriate sign for multiple intersections is

determined in the following manner:

a} The rate of change of v, (7 *) with respect to distance of the _(i‘nt_ers;’cﬁon
is given by differentiation of equation 4. 2:

3y (79

as

Sl G ¢ )] .8

Using the infersection equation 4.7 above:

3y, (—}.)\ } 'Vi(;a)tJvi:’H)"‘?’wi(?'ﬁ‘)z

5 2. V(B &) w (T, ) " =

w2 NEED - o (D (1) “9)

Thus this derivative must have the sign (£) used in the intersection equation.
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b) It is noted that each surface defines two disjoint volumes, which, for the scke

of a convention, are described as:

inner volume: u (F')1<o0
{4.10)

outer volume? Yy (F*)>0

It follows that in crossing the surface from the inner volume, Y {T)<0, to the outer
volume, o (') > 0,along ony straight line, that the rate of change of the value of
the surface equation bu (T ') 3s is greoter than zero ot the intersection. Thus, if

Yy (7)< 0 then the origin of the ray is inside the surface, and the first intersection with the

surfnce is ol § from the quad 4,7 using the positive sign. Asimilar argument
holds for crossing from the outside to the inside of the surface; f.e. if u (T)>0, then

Bu; ('r")/asi< 0 at the first intersection implying the negative sign,
Surface Normal

The normal vector to the surface ot the intersection, used in surface averoged flux

leulations, is calculated by subroutine NORMAL os:
- VU (-I‘-I) n n n
" 1v-:( )| = Eyregiey) @

I (4.12)

where V =i

o
<
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IAui(r'){ ={°1,i+2xl°4,i+°7,i‘y.+°9,izl] i
*["2,;*”"’5,;”8,; Zrag X! ] i
[ E] 1 ] -
*[“3,;*2’ 9,1+ 99 ;%' *ag 1Y ] k 4.13)
N - -
= Tl
c
- i i=1,23" |
i ci=2 (4.14)
. 72
i

4.3 REGIONS

Material Properties

The surfoces referred to in the previous section are used to describe the extent of
geometric regions or zones hoving constant niaterial properties. These properties are specified
for each region, i, by o composition indicater m (mi < 0 indicotes that region i s void)
ond a seporate hydrogen density Dhi . The capability of specifying hydrogen densities by
region simplifies the description of many problems, e.g., regions in a liquid hydrogen pro-
pellont tonk, 1t is also helpful in deseribing hydrogen density variations in NERVA-type

reactors where all other material properties are constant,
Source-in-Region

Additional regions may be required to correctly define the spatial extent of the fixed
source volumes, i.e., there is an optional sampling technique in the FASTER program (deseribed
in Section 8. 3} which reguires that only one source be superimposed over a region ond that

the source cover the region, Alternatively, each source may cover more than one tegion,
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This sampling technique is preferred since it requires much less o priori knowledge of the

importonce of various sources--point~kernel importance estimates are built in,

Region Boundaries
The geometric description of each region involves the listing of the surfaces which
bound the region:
i=12 """  where k, ; is the index of the surface forming
s
the jth boundary of the region,
Also required are the components of an arbitrary point in the region:
>
ér?’ = 97+ YQT + 2% where (x5, Yg, 2% are specified.
Ambiguity Indices

The description of each region is completed in subroutine GEOMIN by computing an
"ambiguity index" for each boundory surface. This ambiguity index indicates whether the
region is inside or outside each of its boundaries. It also yields the sign to be used in cal-
culoting distances to quadratic or quadric boundories. The ambiguity index is computed using
equation 4, 1:

I L L )
UL TR T @19
Region Occupied by ¢ Point

To ensure correct calculations, it is necessary that the embiguity indices have the

same sign for gll points inside the region, i.e.) o point 7 Is in region i if, and only if

LI (F) <0 for oll boundaries. The region index calculation for an orbitrary point

it .
is performed by the function subprogram LOCATE,

Possible Region Description Errors

Restrictions must be imposed on possible region shapes to ensure thet all points in a

region are always on the same side of eoch region boundary. For example, the single region
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indicated in Figure 3A is unacceptable since there are points fn the region which are both
inside and outside boundaries A and B, The obvious solution is to use two regions to de~
scribe such geometric shapes,

It is sometimes necessary to ntroduce fictitious boundaries. Figure 38 shows a typical
situation requiring these boundaries. Exomination of the shaded and cross hatched regions
reveals that they form two sections of a single region since ambiguity indices of the bcunc{aries
have the some values for both sections. This condition can cause trouble if only one section
of the region is desired, even if other regions oceupy the second section. The specification
of the fictitious boundary eliminates the problem without otherwise offecting the geometric
caleulations. These fictitious boundaries must be included in the initicl surface descriptions,
Geometry Consistency Check ’ . "

A rother simple check for correct geometric description involves a calculation of the
region(s) occupied by each point Ar% . If the point argl is in any region other than region i,
the geometry representation is incorrect. This geometry check is performed by the GEOMIN
subroutine using the LOCATE function subprogrom, ’

4.4 RAY TRACING

The procedure for ray tracing is similar to that di d above for the i fon

of a ray with individual surfoces. The cumulative path lengths through each region elong @
ray are computed at o single pass, in the order traversed, by subroutine PATH, As indicated

before, the roy tracing calculations are related to the surfaces.

Sl ey ™ min si,. suS:h that si:i 25, and
i=1,2" . . -
if ST 5|,i auk(r+s|ﬂ)/as >0 “18)
sy = distance up to the region, and
si P = is obtained from equation 4.6 or 4,7 for surface k = ki i
B 3

using the sign of & Wi for non-planar surfaces.
,
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3A, AMBIGUOUS REGION BOUNDARIES

38, DISJOINT REGIONS PLANE PERPENDICULAR TO Z-AXIS
z

’ CONCENTRIC CYLINDERS
57 PARALLEL YO Z-AXIS

FICTITIOUS BOUNDARY

| (PLANE PERPENDICULAR TO Z-AXIS}

. ELLIPSOID

611855-768

Figure 3. Proklems in Region Descriptions
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The surface crossed in leaving the region is that giving the minimum distance.
If the new total distance K exceeds a specified moximum, e.g., the distance
between two points, the distance through the region is adjusted and the ray trocing terminates.

If not, the next region entered by the ray is compufeJ by requiring that:

a) the next region have the sutface just crossed as o boundary,

b) the next region be on the other side of this surface (opposite signs on ambiguity
indices), and

¢) for oll other boundaries

It
x>
n

»

- .
uk.(r+s|+1ﬁ) LI <0, k 417
which is evaluoted using equation 4.2,

The index of the region entered in crossing the above boundary is saved os lhe most
proboble next region for subsequent ray tracings. If no region is accepted, the exrenor of
the geometry is ossumed ond an indicator set. After several subsequent feilures, teshng for
this boundary is never performed,

The constonts vy ), i (7, ), ond i (7, ) and the intersections are

computed only once during a given roy tracing, The current status of calculations for the

k th surface is indicated by ny where

o) "= 0 if the k th surface hos not been involved as yet, in the ray tracing,

b) "= 1 if the constants uk(r Y v Y (%) ),—5), wk( r,n) have been computed,

<) "= 2 if the constants and the intersections have both been calculoted and
at least one intersection is at a distance greater than the current cumulative
distance 5 and

d n= 3 if the and i ons have been

puted but the intersections

need no longer be considered e.g., if both are less than 5 imaginary, etc.
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SECTION
5.0 FIXED SOURCES

A number of numerical techniques can be used for describing fixed sourge distributions,
Those employed in the FASTER program incorporate the assumption of separable variables,
These techniques are general enough to permit the description of a variety of real source dis~

tributions and the distributions used in generating basic dato,
5.1 SPATIAL AND ANGULAR VARIABLES

The FASTER program will handle multiple sources in rectangular, cylindrical or
spherical geometries, The geometry for each source is superimpased over the vorious geometric
regions. The source geometries for each of the multiple sources need not be the same, Inall
geometries there cre three spatial variables (V'I' Vor va) and two angular vuriables(v4, vs).
The relationships between these spotial and angular variables ore shown in Figure 10 in the

Section 9.4 input instructions.

Rectangulor Geometry

The most simple geometry is thot used for describing rectangulor source volumes.
The spatial variables (v.l, 2% v3) are the rectanguler coordinates (x, y, z). The angulor
veriobles (v4, vs) are the azimuthal ongle § measured from the x~axis and the cosine of the
polar angle, y, measured from the z-axis.
Cylindrical Geometry

The next allowed geometry, usually used in describing reactor sources, involves

cylinders parallel to the z-oxis. The spatial variables are:

vy = = ¥+ zlrheradius

'an—] (y/%), the azimuthal angle measured

<
n
©
[

from the x-axis

Vg oz, the axial coordinate
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The angular variables are measured in a coordinate system which rofates with fthe

rodivs vector, The voriobles are:

vy = 8' , the azimuthal angle meosured from 8.

vs. }f" ,  the cosine of the polar angle measured from the z-axis.

This simplifies the description of angular sources on the surfaces of o cylindrico! reoctor,

Sphericol Geometry
The final geometry, useful in describing sources such s copture gammas in the hemi-

spherical bottom of o liquid hydrogen propellant tank, involves the spatial variables:
2 . "
vp = = ¥x“+y“+2%, the spherical rodivs

= ton (/%) the azimutho! angle measured from the x-oxis.

<
u
@

Z
= 5 . the cosine of the polar angle measured from the z=axis,

[
-

V3
The coordinate system vsed for the ongulor voriobles rofates with the, spherical radivs vector:

vy " ¢' . the ozimuthal engle measured os shown in Figure 10

vg = u' . the cosine of the polar angle measured from the spherical

radius vector.

Source Traaslations

In addition, eoch source is given o tronslotion vector "r' = (x', Yy z') from
the origin of the geometry coordinate system, Thus, the coordinates of the source points,

expressed in the geometry coordinate system, are

F= (x+ + +
T=(x X':Y Y'IZ Z')
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52 SPATIAL AND ANGULAR DISTRIBUTIONS
. Each of the distributions for the spatial ‘and angular variables is described separately
by tabulating relative distributions
(Vkli, fk:i)' k=12, "

where Yioi is the kth value of the jth variable, and fi i is the relative distribution
kit

at v,

Eoch variable v may take on only one value vi =v i i.e.,
. l
fiv i) = uS(vi - vy i)‘ If more than one point is needed, then f(vi) 1s assumed to be
.
continuous,
The continsous distributions are normalized in subroutine SOURCE by intearafing
@ lineor interpolation formulo and requiring that:

MR

Va5 e ey 5.1
’ i

dvi=l
k=1 Vi, i T Vi

where n=0 except for the rodial distributions of cylindrical and sphericol sources where
n=1 or 2, respecﬁvely.
The final representation of the spatial and angular distributions is the product of the

individual distributions for the five source variables:

5
P %) = L (5.2)
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5.3 SOURCE SPECTRA
Particle energies generally decrease with the increase in the order of scattering and
the FASTER program requires the same order in energies, i.e., a series of energy groups are
defined with group 1 containing particles with the moximum energy, The same group structure
is used for the source spectra ond later for the cross sections. These energy groups ore defined
in subroutine SOURCE by:
. Grouwp | : Eig E (Mev) 2 EiH i= 1,20 (5.3)

Some relaxation is allowed on describing the source spectro in that an orbitrary group

structure, with energy group boundarles of decreasing energy, can be used. Vorious quantities
are accepted as input,  They are alf reduced, however, to one form; a differential number

spect’rum:

" (ﬁr?—c‘?c) atenergy Ey k=12 -

where the Ek 's define the input energy group boundaries.

This spectrum is then integrated into the group structure for the prablem using o linear inter-
polation formula for the energy variation, The finel spectrum is expressed as tha number of

garticles in each group and the average energy of these porticles:

E*l‘k
n? = Z / " (E) dE (particles ingroup ) (5.4}
k=1 &
degh
ko ik

.56

Astronuclear

Lahoratory
h
Eik
o o
Ei =5 N {EYEdE  {averoge energy of the particles {5.5)
I = | in group )
k=1 E,
doeeh
€ Bk
E-~E_ )" +(E -E) 7
vhere M B) = "‘;:’ k Kk ket (5.6)
k 1
E‘ =
ik = max (E|+|’ Ekﬂ)
. (5.7)
Eik = min (Ei' Ek)
The groupwise number spectrum ni“, i=12 ¢+, is then normalized to an input total

source strength,

5.4 FIXED SOURCE ACQUISITION
Volume Sources

The definition of neutron and photon source distributions for reactor configurations
con‘be a time-consuming task, For geometries where the discrete ordinote (Sn) methods are
applicable, source distributions can be obtained both efficiently ond economically through
their use, In particular, the coupled ODD~K - NAGS system (References 11, 12) can provide
the relotive distributions and spectra in the form required by the FASTER program, Included

ore s?pomb‘e rodicl and axiol distributions and spectra for ol reactor regions.

Angular Surface Fluxes

The design of nuclear rocket engines is such thet given the internal reactor arrange-

ments it is possible to define the reactor leakage within on error invol‘ving external reactivity

57



Astronuclear
Laboratory

effects and that inherent in the calculationol method. This samé leakage can then be applied

to a variety of external probl such os individual external

or a liquid } g

propeliont tank.
Assuming a detailed infernal calculation, it is possible to numerically integrate the

equation for the unperturbed angular flux ot an arbitrary point irt space outside the reactor:

U @ - S
3 PN P & A [f *e-boe] s
o o

s
1
> s
= f SE-sRA, ) exp [-f FE-ah, E)ds'} ds
So (-
7% : ' "
U] 3 S t -
S EN,E = f S F-s B -1 ,0) exp [—f -5, B9, E)d)’] dt
o o
= ¢@F-s0, 8,6
ot 0 ) (5.8)
5
where s(r',Q,E) is the total differential source density in the

reactor, i.e., including scattering.

. " -~
5 is the distonce to the reactor surface from r

5 is the distance thiough the reactor from T
s oo 3 .
¢(r-s°9, ,E) is the angular flux at the reactor surface, i.e., at
PO
r~s
o |

(For numerical integrations, the equation is sometimes tronsformed to an area intecsation

the reactor surface. ) !
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A more general use of the angular leckage fluxes is as a surface source (or o “thin"

volume source). The requisite data reduction of ODD-K ongulor leckage fluxes, both neutron

and photon, is performed by the DAFT progmm(.]a) Included in this reduction ore g
over arbitrary mesh points, groups, etc,
The external environment is then given by a set of equations analdgous to those in

Section 2.2, .where:
5
-~ - e ° 'a -
¢°(r, QE = ¢(r-s°n, Q,E) exp -f Z(r-5'Q,E) ds' {5.9)
o

These reduced ongular fluxes thus fit into the fromework provided in the FASTER
program for describing fixed sources, since the equation for the externol uncollided flux is

identical to that obtained for a surface source.
55 SOURCE EVALUATION

The source was defined as o function Of the variables Vye Ve vees Vg For the
order of scotter §lux calculations, the source must be evaluated for a specified point To ond
iection B, This evaluation, when divided by the value  p’, {1 ) of the sompling function
used in obtaining the position vector -Fo' ields the energy dependent angular point source
W;(g, E). The source evaluation is performed by subroutine SZERO and involves several
variable tronsformations to obtain the source variables equivalent to -r: and B:

o) define the source centered position vector,
-

-
TeT S x, v, 2}

) caleulote the spatial variables (vl, Vor va) from the rectangular coordinates
using the transformation equations for the source geometry,

¢) calculate the direction vector rotation matrix, Ri,i , (See Figure 4.),

d) calevlate they direction cosines in the rotated coordinate system for which the
angular distribution of the source is defined

P

cliRii’ i=123 whereﬂ:cju‘c2i+c3k
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e

calevlate the angulor variables vy and 7

vy = tan-] (c'z/c']) v =

A linear interpolation of the source variable distributions yields:

5 .
I Flv)

_—zn
i P @) i

PN

= E

_To

where W? is the number of particles in group | ond E®
ingroup . The average group energy Esi is just E‘; as

zation,

N .
Thus the general equation 2.23; for WE(R, E) Is reduced to a groupwlse representation:

i
Wi o= / W@, €
i o .
Ei+l
E
Fo. oL W @, 8 e dE
1 we °
i Ein

= i=1 © .
wh o= i=1,2 e

(5.10)

is the average energy of 'the particles

coleulated during spectrum normali-

(5.11)

The anguler dependence hos been suppressed since, in the numerical calculations, only one

s s -4

discrete di. is d at o time. M , the order-of=scatter subscript has also

been suppressed since it s used only as o counter in the.numerical calevlations.

The same representation of the point angular sources is used for higher order-of~

-
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scatfers i.e. for Wi (%, E). The equations ore discussed in the next séction.

T = unit direction vector in geomatry coordinata system
> - .a
= c“l +cz| * eyl

T = unit direction vectar in rotated coordinate system

o
- c‘"ﬁ ref +c3'l'<"

FIRST ROTATION SECOND ROTATION

2,z

ANGLE

8, (azimuthol)

8 (polr)

3
° R“i 1=1,2,3 o = i);] R[icl i=12,3
col cors, Ry g = simdcose, Ry g = ing
~<ing, Ry p = €, Rpj = 0
cosf sine, Ry = 4ir8sing, Ry g = cost,

§OURCE GEOMETRY ROTATION ANGLES
RECTANGULAR CYLINDRICAL SPHERICAL
o ton”! ty/n) tan”! (y,

0 [} tan”! (z/sz'h/ 4:2)

Figure 4. Direction Vector Rotations

61/62



Astronuctaar
Laboratory

SECTION
6.0 TRANSPORT AND SCATTERING KERNELS

The equations used in the FASTEP program for defining the ottenuoting and scatter—
ing properties of homogeneous material compositions are described below. The general pro-

cedire involves a calculation of macioscopic cross sections using input microscopic data, The

two most common sets of units for pic data and positions are-both permitted in
FASTER: '
v, = 0 for microscopic cross sections in barns/atom
= 1 for microscopic cross sections in cmz/gm
L 0 for compositions in 1024 atoms/em3

= 1 for compositions in gm/cm3

i.e., the composition and cross section units don be mixed.
6.1 PHOTON CROSS SECTIONS

The equotions used for photon cross sections are discussed in this section. Photon
cross sections are defined ot the boundaries of the energy groups defined by equation 5.3,
The requisite dota for the ith element is:
A the atomic mass (a. m.v.) of the element
z, the atomic number of the element )
#m,i the density of the element in composite material m with units according
to Ve and
o, . the microscopic total cross section for energy level | with units according

to u .
X

The total cross st-zc:ﬁc:n,}ZIf ' is computed by subroutine INSECT for each energy
,
level of each composite material by a summation over the element doto:
(u -u)
. 0.6025) ¢ -1
i Z ( A ) o o (em ) 6.1)
m, 1

i=1 i i
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The total electron density is calculated by:

= Z 0.6025Y Ve 2 1024 electrons
R U A T T S .2

1 cm

where (0. eozs/Ai)y" converts compositions to 1024 atoms/em”, and (0. 6025/Ai;ux con-
verts cross sections to barns/atom,

The energy absorption coefficient by energy level is computed by element and
material. The obsorbtion coefficients can then be used as a flux~to-heating conversion factor
under conditions noted in Section 9.5 of }he.inp'ut instructions. The equation for the micro-
scopic energy absorption coefficients ossumes all interactions, except Compton scattering,

are absorptions (Reference 4, pg. 159):

a = t
P T
v 2 2
1995 (0.6025) [in (1 + 29 c204m@t-om -1 84?,
8 A, 3 22 (1 +2n) 3(1+20°
(&3

with units according to v, and where 7 = Ei/O.SlL
6.2 PHOTON TRANSPORT

The material attenuation kernel is written for the jth energy group as:
tog, s St -
K 1) = - 1D £S5 14e’ = |2 B .
\ 7)) = exp [‘[ 5 (?+ss1,gl)d,:’,s_ [t-3 8 =0 -4 6.4

This kernel is evaluated using E? , the average group energy of the multigroup representation
of the angulor point sources defined in equation 5,10, The assumption of transport without
change in the average group energy simplifies this kernel.

The evaluation of this kernel uses @ group averaged cross segtien ~htained by o
linear, energy interpolation of the cross sections at the group boundaries. Since each geo-

metric region hos constont materfal properties,
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KT = exp |- 4y (6.5)
: =
where As) is the distonce in the 1th region traversed from
T ot —;', and
v . .
! zi is the average total cross section for the region and group {

This total cross section can be composed of two parts; ane representing the composite material
and another representing the hydrogen in the region as discussed in Section 4.3.

This photon attenuation kernel is used to calculate fluxes, and, in particular, to
define the point monodirectional Flux components which are used to represent the next order-
of=scatter point source; i.e,, equation 2,27

s b, -
® WK ) - =
wl - il x o . g (6.6)
i Tn |2 e i
I e | "

* >
where Py (?k) is the value of the sompling function used to obtain e
This is merely a groupwise repi ion of equation 2, 27, where the average energy of the

porticles in eoch group at the scattering point s ossumed equal to the average energy ot the

previous source point:

we =J’ W () ¢

E
|

- j W:(E)EdE
[
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6.3 PHOTON SCATTERING

The photon scattering calculations performed in FASTER by subroutine SINGLE, use
the Klein-Nishina equation for Compton scattering. All scattering is assumed to occur ot
the average group energy E_T 3¢ that the ratio of the energies before ond ofter scottering
fof group | is:

- 0.511
R m e (6.7)
0.5+ £ (1= )
A
where = Hk + 9, the cosine of the scaering angle, ond
- > - Y
o = (vk-r _])/l rk-rk_“ {6.8)
The d point source the scattered particles due to particles originally in

group {~~is then obtained from the Klein-Nishinc equation:

¢ 0,49875 2 1 2
W =W, : . .
AW, ; T N, R [Ri* R ! p] 6.9)

where Ne is the totol electron density for the region in which the scottering oceurs-~including

that due to the separate hydrogen.

The scattered contributions are grauped, according to the average scattered energies,

to yield the finol representation of the scattered point source:
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wi o= aw;

el —
B Qi i EeRETE, (6.10)
g - L aw'e e{’

Wi e

where RiE? is the overage energy after scottering of particles originally in group i, and
J' s the set of initial group indices i, for which this scattered energy s within the bound-

aries of group {' .

The angular point source at the scattering point is evaluated only for discrete direc~

tions §. Theref the angulor depend hos been d in this development.

PP

6.4 NEUTRON CROSS SECTIONS

Neutron tronsport and scattering calculations utilize group averaged cross sections

only, These can be ob d from various

5 €.9., Refe 14, which also dis~
cusses the averaging techniques,
The microscopic dato for the ith element is supplied to the FASTER program by

energy group | os

i the averdge foto} cross section for element § ond group |

,

’li-hk ; the 1th Legendre expansien coefficient for element i of the
3

differential elastic scattering cross section for transfer from

group | to group k,
a._»:ei , on isotropic, weighted, non~elastic transfer cross section
3

n2 = inelastic . . (n-2n)
PON I O OO e

The elastic scattering coefficients are assumed to contain the (21 + 1) factor assaciated with

the Legendre series expansion,
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The INSECT subrou'}ne will transport correct these neutron cross sections, or it will
remove the transport correction under conditions noted in the input instructions in Section 9.5.
In these cross section manipulations, the first two Legendre exponsion coefficients of the
group-averaged elastic scattering cross sections are computed first;

| i
i T Z T (6.12)

where @ is the average fotal elastic scattering cross section for

the jth group of the ith element

@ s
Ied et .

i is the average cosine of the scattering angle in the
B
laboratary coordinate system for group | of the ith

element,

. The correction of the group averaged total cross section yields the group averaged

transport cross section V.". 3 '
i

(6.13)

t e 1

LA = e, o
i A il

If the total cross section is transport corrected, the corresponding correction to the group

averaged elastic scoftering cross section is appliad to the in-group term of the isotropic

Legendre expansion coefficient, P only:

=1
o, fr . ° .
i T i 19
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Special attention is given to hydrogen since its presence in lorge omounts is not

iequately rep d by the above group-to-group transfer cross sections. Hydrogen cross

sections are supplied as group averaged totals & P The scattering cross section is then

assumed to equal the fotal cross section and the angular dependence of the scattering is Ireated
correctly as described in Section 6. 5,

M cross sections, by posite material, are computed by energy group

in o manner similar to thot for photon cross sections. This includes the total cross section

t . ne
. and the scattering cross sections =, , - and I,
Z iem 9 -k, m

ik, m or the equivalent transport
',

cn:recred cross sections.
Kinetic heating respanses are computed by INSECT for each element and combined

by composite material for use as heating conversion factors, Computed as average fractional

energy loss cross sections, the groupwise equations are: N

’E B @)]i,; = (::fi])z 'i?i (‘ 'Fif}"') . "(e::"x‘s)

is the energy of neutrons going into the elastic colfision,

where  E.
in

m

out is the energy of neutrons coming out of this collision,

E,
1 -O-u-t) is the average fractional energy loss

Ein
2. is the total elastic scattering cross section as given by
it equation 6, 12 for heavy elements (Ai >1)
= v"; for hydrogen
B CE " is the overage scattering angle cosine in the center-of-mass
4 coordinate system
1 c,im = 0 for hydrogen

] for heovy elements (6.16)

. is the average scattering angle cosine in the labosatory
! coordinate system.
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6.5 NEUTRON ATTENUATION AND SCATTERING

The neutron attenuation kernel Kt (%, #"is handled in the same manner as the photon
ottenuation kernel. The only difference is that there is no energy interpolation required to
define the average group cross sections,

The Reutron source from scatteririg is developed in two parts, The first calculotion

yields the neutron source contribution from heavy element scattering:

H ¢ 1 ne 1
AWi, = D Ei*-i',m +Z B 6.17)
i=1

where  m  denotes the meterial ot the scottering point

p s the cosine of the scattering angle, p = -ﬁk. 3

P (e} is the Ith Legendre palynomial,i.e., from Reference 16, pg. 308:

Polp) =1
Pl = 618
P = [ - e 6 - a- RoW]

The neutron squrce for scattering from hydrogen is obtained only if p > o, i.e.,

scattering in the loboratory coordinate system is restricted to angles < 90 degrees, Then the

scatfered source contribution fs computed as: ¢
h h o o
awy' = apr z“( wi - (6.19)
it
1S 2
where  pS- @ = 2p2" T, du®™/fdy = 4p, EoBin = —2!1—-— = ¢,

it g, > B 2 Eu,q  Loe., if the sconered energy pzei“ is within the
boundaries of group |’ ; and ph s the local hydrogen density.
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These two components are then combined to yield the final value of the neutron

scattered point source:

wh = AWi.H + Awif‘

e
— — o
g o= 4 [EI'} Awifi + apd W Ef] (6.20)
W 4t
i T
1

where the E.n.,i' =1,2,..., ore Input average scattered energies for nevtron scattering from

‘heavy efements.
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SECTION
7.0 FLUX ESTIMATION

The FASTER program computes multigroup neutron or photon flux components for
arbitrarily located point, surface and/or volume detectors, The surface averoged fluxes ore
obtained for specified sections of surfaces which form boundories of regions. Thus there may
be two equivalent definitions of each surfoce detector, i.e., if two regions have the desired
section of the surface as a common boundary, Volume averaged fluxes ore obtained for
specified regions of the geometry using the two speciol equations 2. 55 and 2, 56 for void

regions and constant material density regions respectively.
7.1 ANGULAR FLUX CONTRIBUTIONS

The random sampling technique discussed in Section 2,7 is used in integrating the
angular dependence of the polnt sources to obtain surface and volume averaged flux compon-
ents. Therefore, the individual contributions for all detector types hove a similar form involv-
ing discrete directions, A full set of indices will be used in the following summary of flux
estimation equations, i.e., the contribution to the jth energy group from the kth inner
iteration of the ith outer iterotion is given by:

a) point detector ot T

PN Pr r.k, L BN )
A @ ‘r - ';kl s{a- g, @n
G, = FEATT, |

b) surface detector ot a distance s from r along ﬂl

* '
ad,. (Q) = 6(rz n)
iik -nt a nl) 7.2)

Q°=
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¢} void volume detector ot o distonce s from _:k along ?2'
i

s 2 s
. WK (R Tyt osmias | L
2@ = S e - a) (7.3)
VeLoqla) :
- -
Q2 = 9
b= B

d)  non-void volume detector at a distonce s from —'}ik along -5!

Wi (R, T 458 1-exol-as £
> H H 'k: .k l exp As N -
T LI e . —Lh@-a) e
Vo Loa(n) ' 2
no =
or in general;
sé.) (@ T- 3
ik (B Aty (8- B 7.5

where A ik is the quontity in brackets g } above. The angulor dependence implied

by the Dirac delta function is only a formility for use in defining angular moments of the flux
as discussed in Appendix B, This muitigroup represemuﬁon of the point anguler source is

obtained, of course, for the discrete dlrecnon ﬂ Surfoce cmd volume detéctors may receive

more than one flux conmbuhon. Thls may occur lf more than one discrete direction, «Q j
(L > 1} is used in the ongular integration of the point angular sources. It will occur if the

detectors are intercepted more than once for eoch discrete direction,
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7.2 SCALAR FLUXES AND COMPONENTS

The full set of ir;dlces, outer iteration i, inner iteration k, and energy group i,

was introduced to simplify the discussion of the final equations for the varfous flux components,

Unless a flux P is used in a subseqs quation, there will be no symbol introduced
on the left side of the equation for this component.

The FASTER program actually includes a group collapse, if desired, to o coarser
group structure for the flux edits. This witl be ignored in the equations below since it involves
nothing more ;hun an inner summotion. Thus, o summation over energy groups before any other
summation Is implicit, Also implicit is o summation over multiple intersections and/or discrete

directions for surfoces and volumes,

Scolor Number Flux (Sample Mean)

The total scalar Flux in group | is obtained by an angular integration:

% i:‘ k2=o .4/”[ A';ikﬁ"ﬁo)dﬂ

RO D
n i=1 k=0 ik

Other quantities cre obtained in o similar manner, The index | is reserved for the energy

dependence in all of the equations belaw.

"

-

.S

7.6)

Sample Variance of Scalar Flux

V? b L [.Z:l (Z';o Miik)z'"“?)z], en

Relative Error

- ‘Jﬁ/si (7.8)
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Differential Number Flux
o
¢, /(E. _E,
i/ C-E 0
Cumulative Number Flux (E 2 E

>

=1

1L
Rl

n
o _ 1 e
L= Z Ea

Average Group Energy
= 10745
1 r/ i
Biiferential Energy Flux
C/E -E
i/ )

Cumulu.five Energy Flux (E 2 E; ])_

Average Flux Between Outer lierations n, ond n,

]
>
l—n]

2
+1 k=0 ik
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riux contribution from mth Fixed Source

n

.': Z Z Bt

ram - such that'T, _is in the m th source
i=1 k=0 io -

Flux Contribution from Ith Scattering Region

n
-L" Z] IZ.:] {Aéiik such H«ui‘?ik is in the lg_}l_region} v

Flux Contribution from kth Order of Scatter

n

L
n

Miik ¢

Azimuthally overaged Legendre moments of the angular flux can also be obtain
from FASTER. ln particular the zeroth moment is the scalor flux glven by equotion 7.6,
first moment is the curcent, The equations used in obtaining these moments and the equa
for externally monipuloting these moments ore summarized in Appendix B.

Length~of~flight moments of the scalar flux are also computed by FASTER, .Thet

moments are discussed in Appendix B.
7.3 FLUX CONVERSIONS

Scalor fluxes are converted by group to more useful units using o linear interpe

in encrgy:

FGE-EL) « 1 (e -E)
- S U . . i O
i i E By

where f, is the point-wise energy dependent conversion factor or response function for

jth energy level.
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The total response is also obtained with limits on its relotive error:

b . = (7.20)
Emin 7 7.2
Epox = (7.22)

The equation for Emox is obtained by applying the Schwarz inequolity to the covariance of
of the scolar fluxes in individual groups. Total responses are also ebtained for each of the
flux components and the angular and length-of-flight moments using equations like 7.19 and
7.20, above.
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SECTION

8.0 RANDOM SAMPLING TECHNIQUES

The preceding sections detailed the sampling functions in o format manner only.
This section describes the techniques used in the FASTER program for obtoining random dis~

crete position vectars from the sampling functions and the iderations involved in defining

these fungtions,

The devel t of i hniques for the FASTER program hos proceeded

Iy from the imation of the actuol particle distributions to an opproximation
Y PP

of optimal ling functi Both of these techni: are included in the FASTER program,
p p

8.1 GENERAL SAMPLING PROCEDURES o

The technique used by FASTER in selecting discrete values of a random variqble’ X,

* .

p ()dx = p(&)dE 8.1
where & Is a random vorioble uniformally distributed on the open interval (0, 1)

p® =1, 0<E<
8.2)

=0 otherwise

Various numerical techniques are ovailable for randomly se‘lecﬁng discrete values of £ from
this distribution, A function subprogram RANNO Js used in FASTER to obtain these discrete
valves of k.,

The procedure for randomly selecting discrete volues of x then reduces to solving

the equation:

X ¢
J’ o (<) = J’ pLEYAE = & 3
- 0

Caution is exercised, therefore, to ensure that such a solution can be obfained with relotive

ease,
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*
The form of p (x) frequently used in the FASTER program for one-dimensionol
sampling functions involves an exponential function. The probobility density function for
*
x fis than written, for x on the internal (a,byas p (x; a, b, ¢, ><°) with the following

speciol coses:

@) px) = slx-0) if a=b

B pe) = bl

~ if a<b and a=0

<) p'(x) = % exp[alx-xo|]if a<b and a¥0 (8. 4)

where, for a#0

Xy s the preferred value of x,

ag<x <b
o
C = A+B
XG
A = aJ’ exp [aix-xol]dx= exp[ula-xo‘]-l
a

b

+ B = aI ;ZXp [a |x'-xol] dx = exp [ulb—xo‘]—l' (8.5)
%o

The parometer o is usually defined from a specification of the relative importance,

p, of x, o compared to the point, a or b, forthest away from X

P = \fexp [a (xc- o)]‘ or' p o= lfexp [a - xo)] , fes,

fne

@ % T Tox (e, =@ B-x} (8.6)

The point X, 15 "least perferred” if # is less than unity.
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This probability density function is sampled using the function subprogram SAMPLE in the

following manner;

a) if e=b
set x=a
set p*(x) = 1.0 [actually equel to 3(x - o)] 8.7

b) if a<b and a=z0

obtain £ from RANNO

solve  equation 8.3,
x

= g xca
E-'/a‘ b-a = b-a
K=0+E(b-q)l

p ) = /b~ a)
c¢) if a<bond a0

(8.8)

obtain £ from RANNO

solve  equation 8,3,

x .
i.e.,E=%f exp[a!x—xondx
a

1 i £ < A/C, then x<x
1 %o X :
and E= & {A-:cj; exp [a |x‘-x°|]dx'}
or  JEC-A = '{eXPE'u(x-xo)] - I}
2) if &> A/C, then x>x_
x
and  £% [‘:‘{A*'nf exp [alx‘-x°|]dx‘}
XO
or lt-C'A={EXP[e‘(x-xc)] —1}
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R o . £ -A/C +1 for case 1 above
R 18- A/C =1 for cise 2 above
then exp [M(x - xo)] F o1+ ${5C-A)

l D .5 1#8(5Ce AL wpr

. !
then x = x + ,LGEQ_
(8.9)
* aD
and  p (x} = a

8.2 SPATIAL SAMPLENG [N THE FIXED SOURCE COORDINATE SYSTEM

The FASTER program includes both the random selection of inifial position vectors
in o source centered coordinate system ond o scmpling procedure utilizing built=in importance
functions. However, this latter sampling technique is limited to volume sources. Thus, the
first technique is required for problems involving point or line sources. Surface sources can
be treated by either technique since they are readily approximated by "thin" volumes.

Rondom selection of a point in the source coordinate system is performed by subroutine
PSTAR. The first step in sampling in the fixed source coordinote system is the random selection

of just one of the sources. The following equation defines the total sampling function:

(D = NG : (8.10)

*
where p; is the input relative importonce of the ith source

L= 8,11

- - ;
q;(r) ifrisin V‘, the ith source volume

qy(FI=0HF T isnotin V, i=1,2 ... (8.12)

i
fffq?(?)dv =1

The appropriate volume is then selected using a random number & from RANNO
* il * * * oo 8.13
R [ DAGEED D | EXORY ®13)
vy

-
where f is some fraction, less than 1.0, of the volume Vi' Thus, the point ¢ is in the

fixed source volume i for which

2

A
-
A
e

(8.14)

=1

Having selected the fixed source, then each of the spatial variobles Ve Vg Vg s

obtained using the sompling function SAMPLE, described in Section 8,1

- 3« i ; dv
q‘i(r)dV = l'll P (v.; v.mm, v}mox’ vio, ci) —_

= i y N (8.15)
1
where n = 1 ond 2 for eylindrical and spherical geometries, respectively
= 0 for rectangular geometries
v min is the minimum value of the jth variable
i
v Mo is the moximum value of the jth variable
1
v.° is the preferred value of the jth varlable
H
~In Pj
a. = 0
i o_ min mox o
mex (v Ve ooV vy
] | 1 I
et °
i is the input relative importance of vi
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The I/ v? factor is introduced to simplify the diffe in diffi fal volume el for
the different source geometries:
dv n no_
& (v} dv dv, dv3)/v.| = dv, dvydv ©.16)

Ve
The rectangular components of ‘rQ are then obtained by the variable transformations discussed
in Séction 5,0, Since the point 70 defined by (v], Vor v3) is in the ith volume, the volue

of p: (To) is
by (i) = p; 4y (7 : ®17)

8.3 SOURCE SAMPLING USING A PSEUDO SPHERICAL SOURCE

d

Another sampli dure wos {oped for fixed volume sources and attempts to

the varionce iated with the source point selection, The function approximates

equation 2,36 by a sampling function with o separable angular and spatial dependence.

2

o)
—ZL-— (s" ds d ') (8.18)

*
p.(Nav =
o
s
where a transformation to a spherical coordinate system about a preferred point ‘Fp’ e.g., a
point detector, has been performed. The variables involved in this sompling function aré

shown in Figure 5, The random selection procedures are incorporated in subroutine SPHERE.

Angular Dependence
The z-oxis of the spherical coordinate system is directed towords the center of the
IS
sources, i.e., towards ra point in the center of o sphere, of radius R, which encloses all
N
the fixed sources. The random selection of the direction vector Q' in this rotated coordinote

system uses the sompling function:

* > n * min *
v{aMe =p (p'; [T LLup. p L8 =m % 0 ag)dy'de’ (8.19)
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PSEUDO- T
SOURCE / PREFERRED
OUTER. { ® POINT Tp

BOUNDARY

—

SOURCE
CENTER (F) ~—
START

T FROM u* ()

YES

S FROM V¥(s,™
T =TptST

Figure 5. Optimal Fixed Source Sampling
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i.e., discrete valves of p' and  are obtained from the function subprogrom SAMPLE, The
ozimuthal angle varies over all possible values. The minimum value of the cosine of the

polar angle is defined as:

min . TS
= THR>R = [7-F
22772
= [Ro- B |7 R R Ry o (8.20)
T.e., the ongulor voriobles are Jimited to directions which pt the sphere enclosing the,

fixed sources. The parameters a and g ore defined from the input relative importances:

Pyt ond (K

a = :E:_PE’__ _ importance of p' = 1
p' Joymin © 3 min

Tk importance of = '

=ln g, .

[ importance of §* = 0
= ——f. p _ Imgortonce

' x ce importance of §' = x¥ (8.21)
The values of ' ond §' obtained through this sempling p dure define the com-

ponents of a direction vector in a rototed coordinate system

Boe gl o ke = Afis ; cos & 6.2
ey = \}l -u" sin @
c:.‘ = n
These comy are then f {"into equivalent values in the geometry coordinate

system:

Te o7 re,l tegk where c R, i=1,23 (8.23
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The rotation matrix Ri ;s obtained o5 shown in Figure 4 for the rotation angles:
,

_ 1,0
d’r = cos (53)
i (8.24)

8 = tan ! (c;/c‘;)

-~

where B =c0lh O L 0T _ > & /e
e 0, =cyi el tegk = ( o~ ) /k, the unit vector directed towards
the center of the sphere enclosing the fixed sources.

Sgg‘rial Dependence

The spatial sempling function incorporated in subroutine SPHERE is defined for all
Y N
direction vectors @ even if no sources lie along T+ 5% for s 2 0. If no source is intercepted

along this tay, the outer iteration will yield o zero resvlt. To ensure on adequate number of

outer iterations, discrete directions are obtained by ramdom ling until one of the defined
rays intercepts a fixed source, The misses are counted internally and foctored into the flux

averoges; thus if n' is the req i number of § ions, n > n' iterqtions will be performed

until ' non-zero contributions are obtained,
The spatial sampling function is defined os: for s in the ith region clong @ as:

A exp | -a, (s

v @ T) = -
Ai (8.29
Zi:_ui— [l-exp [-qi(siﬂ-sin]
where Ai = 0, if there is no source in the region
N - S [Py =
= S ' ' 8
A= by (T v e )T exp{jo.xzi\o(rpé's 3 )dsJ ©29

if there is a squrce, i', in the region

ALSRED

= 8
oy (?;* 52 627)
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-
'?p + (si + ¢} ) is the normalized spatial source density just inside the region,

P
s, =8
B +1 1
L [
Py (—;p + ;i ) is the normalized spatial source density half way through the region

is the total source intensity (Mev/sec),

M
j, s an average energy group for the sources {described below),

B is an input adjustment factor for the material attenuation importance, and a two point
exponential curve fit of the spotial source density with distance hos been used
The average source group index, /i\o’ corresponds to an average source energy Ep

computed for the preferred point 7p by subroutine GROUP as:

E~N>E 2 EA
o P 121
_ oz oE g, wlewp [] (1+4bn) o
vhere £ = e e

=G, 1 po
[AN] i
where gi is on input group importance e. g., a flux-to-dose conversion tactor
bi is an input linear buildup coefficient,
o o . . PO
ni, E® define the spectrum of the first source encauntered on the line from T to rF {the

a
source closest to rc),

B
n, is the number of mean free paths from the edge of this source nearest to the preferred point rpl

SV is the cross section for the region over which the source is superimposed (21.0 if the
1

regton is void),
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The spatial function is sumpled by obtaining o random number § from RANNO and

then solving the equivalent of equation 8.3,
E=f‘ v* 6 Y ds'
(-]

deloa

—i=1

[1 - exp [-u‘ (si . 1-si)J] + .l: A exp [-uk@_sk)] ds'

z -2‘— [1-exe [—ai(sm-si)]] ©.29

. L3N
=5 ~— - = -

> o) = [Ak -a (EA oA <k)]/A>° @30

A,
i
i

[1 ~exp [-ui(sm-si)]], the denominator of equation 8.29

where A>° = iZ s

k=1 A
Ag = Z ﬂ_,' [l - exp [-ui(si;‘-si)]} that part of the numerator of equation
i=y 7 8,29 up to the region containing the
source point .

Thus the discrete position reactor is given by-

o s
ro = +sQ
o 'p
=, =
withpr ) = HMQL*(S_H) (8.31

H
8.4 SEPARATION OF VARIABLES FOR SCATTERING POINT SELECTIONS

Application of the procedures discussed in Sections 8,3 and 8.4 reduces the repre~
sentation of the fixed source(s) to a single point source. The random sampling techniques for
selecting the kth scottering point Arl< therefore involve a point angular source af _;k-l and
a preferred point at T os shown in Figure 6. For point flux caleulations in source and/or

>
scattering volumes, the preferred point rp is the detector point T.
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; o Surface and volume averaged flux calculations utilize the preferred point ‘rp to locate
=
h¥4 1o in a general manner the area in space where the detectors are located. For these calculations
2 b
[ 2 .g © the point 7 is assumed to be at the center of a sphere of radius R_ which contains all the
¥9 e _ E detectors. It is introduced to permit o more comprehensive treatment of the spatial impor-
] § tance of scaltering points.
s The first technique used in selecting the scattering point Is to reduce equation 2.37
N to a more simple form by using o representotive energy group ond by defining the sampling
function as a ble function of direction and di
S * 3' * 4
» s
2 ey = L 2s (ddV 6.32)
o= N X
g * * ~ . "
D where both q (') and u (x) depend on 7", the index of the energy group corresponding
@ .
e | -!r S to en iveruge group energy determined from the flux estimation performed for the source
3 .
point r, H
9 - R
H k-1
£ -
~
2 En > E 2 E ™
> B
N £ "
> 3
© z A, . g nib, £
. = _ detectors | PR S d
& 3 E= L (8.33)
[ Ad. . g, 1.b, -
o g B k=157
gz K] detectors
3 hied
£z .
g § o The separation of the sampling function into two companents permits the selection of
T S o a discrete direction vector R' with o cursory freotment of geometric effects. The distance
% E 5 = is then selected from the second component using @ more detailed treatment of the geometric
=3 1‘-—!
239 effects.

it should be noted thot the angulor integration of the point sources used in obtaining
surface and volume averaged fluxes involves a repetitive sampling of the angular part of this
sampling function; i.e., discrete directions ?}l are randomly selected from the angular sam=

xS
pling function q { 2").
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For surface and volume flux colculations the discrete direction and distonce defining
Ark are obtained in a spherical coordinate system which is always centered at the source point
?k-l ie. dV = )zdrd Q. A spherical coordinate system is also used for individual point
detectors, except the origin can be located at the detector point _;p with dV = s2dsd@,

The .considerations involved in selecting the origin for point detectors incorporote
the fact thot there are two singularities in |h'e sampling function, 1/12 from the source point
and 1/52 from the detector, Both singularities must be accounted for while olso treating
materio! distributions, etc. The singularity ot the selected coordinate system origin is re=
moved by the differential volume efement. A very simple technique for the second singularity

involves the definition:
* . * * 3 * * oA
A Y N GO S A .34

where

u: ') = Ofor points in V2

u; (') = O for points inV]

V.I is the volume on the source side of a plane perpendicular to and bisecting the
{ine between the source and detector, and V2 is the volume on the other side
of this plane, .
The appropriate volume, ond coordinate system origin, fs randomly selected using
the criterion that the relative Tmportance of scattering In each of the volumes is proportional
to the mean free poths encountered in the volumes along the line between the source and

detector points:

P] = Tll/n , the assumed importance of volume V]
P; = n,/n , the assumed importance of volume 7N
n o= o+

12
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h/2
4 -
where n = f E/\(T" 40 ) gt + On average number of mean free
o I k=1 3 paths in volume V]
b2
, = f t - , an average number of
2 A Zzi\ ('T)p -s' nk) ds! mean free paths in 8.35)
volume V,
The appropriate volume is selected using a random number £ on (0, 1)
. * s * o .
vyt § =f[ﬁk (dv =fP Qe §<P)
Voif & = L 4P e, £3P)
, X 5 i : (8.36)

where | and f' are fractions, If P; is zero, the pointT is automatically selected as the
origin and the definition of the u; (7'} is extended over all space,  Similarly if P; is zero,
the minr?k_, is selected as an origin with the definition of u; o being extended to al!
space points. '

This procedure does not eliminate the consideration of the second singolarity, 1t

doies, et 1 2712 which i
» however, vestrict it to values greater than 4/1 Tl rPI + which is sufficient to remove

the major difficulty,
8.5 DIRECTION TO SCATTERING POINT

Direction Vector Sampling-Source Coordi System

y . *
There is a special form of q (2') ayailable for the case of k = 1; i.e, when
O - . . .
PRE the original point in the fixed source. Since the capability of specifying angular
sources is still permitted, these directions may require random sampling in the source

coordinate system, In particular, @ monodirectional source will always require this procedure.
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The spatial part of the sampling function is then defined for all space, the source point is the
origin, and the direction vector in the rototed source coordinate system is obtained by sub~
routine QSTAR using SAMPLE

max

o
Vi v apdy; (8.37)

.
V.
P (', i

5
.

g @an = 0

=4

where V4 is the ozimuthal angle, vs is the cosine of the polar angle, ond the other quantities

have the same meaning as in equation 8,15, This is analogous to the procedure used for spatial

M

in the source system os di d in Section 8,2, The selected variables

and v, define the direction vector through a rotation procedure similar to that used in

Y4 5
previous discussions.

Direction Vector Selection = Generol

The general p Jure for selecting discrete directions attempts to include the im-
portance of the scattered direction, as d from the direction before scattering, and os

measured from the unit vector towards the preferred point,

The iized angular d 4 for the scattering angle incorporates an assumed

expcmenﬁu‘l variation with the cosine of the scattering angle:
P82 3
A o - k-l) = fn(p) = exp [as CR p]

where as = (Ph v,}-:‘ az‘\ - E,:\q? >/(Ph v,g < E,%) in subroutine SOBER

(8.38)

5 = (nh c,,t{ . u,?)/n in sibroutine SOLVER

h s > >
” is the number of mean free paths in hydrogen between Y1 and "

h B .
P is the local hydrogen density

h . . A
w/l.\ is the total microscopic hydrogen cross section for group’§
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3 . . N

PN is the total cross section-except hydrogen=for group'j
i
h 1 h

. = -zlnp,
i 270

p? is an input relgtive imp of forward-to=backward ing for the

general group for hydrogen

H 1 H

a. = ~zine.
i 270
H

Pi is the forward-to~backward scatter importance for heavy elements

o, is on input parameter used to increase or decrease this angular effect.

The lized ongular depend. with respect to the preferred point--the effect

of the material attenuation=+is also assumed to vary exponentially.
ESe ragpe . :
f(q- = .ex @ Q) 8.39)
oo 8) Ploy 3, 13 {
where.
a, = is on input adjustment factor,
;p = is an internally computed number

The latter number &  is obtained from a one velocity approximation of the scatter=

ing point importance which, by neglecting unimportant constants has the forms:

3 W = mox  exp 2[-23§s+n] 24 . (8.40) °

o st
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where
T o=k neEmpba
Smax = /2, 4> 0
= =, u<0 *

2

ho= 1%, -F 1
k-1 'p

h/2
Thus rp(p)\ =f _P_(:L_]
w=1 7

(h-5°

end 1G]

[ exE[Zh =289, < _9_1 [12']-1/2

where Schwarz' |nequu|lty was used.

Letti f F(-1) = 24
ing pm/p( ) exp 24,

Then  exp (23] 2127 or T, 2%— In (127) (8.41)

The equality is used in the FASTER program,

The effect of this porameter has been exomined for ¢ = 1 by computing:

h/2u
sl _B_j T A e”(q )
o o G p=1 3

where Leibnitz' rule wos opplied, p wos then set equol to 1, and then the integration performed,

If the true behavior of p = 1 was exponential, then

= n 1

i = = - =

b =77 3 (8.42)

It is noted that for large values of 7, this is o stronger angulor dependence than that given by
equation 8. 41,

2%
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The total angular dependence of the sampling function is approximated by vorlous

combinations of the obove functions. The angular varicbles are obtained using the function

. subprogram SAMPLE,

a) Towords Detector Most Important

- -
q*(Q) = p* 'L 1 -1, “ up)

ligien, v 0, ~a & I Py (8.43)
pHo=gi-% *, 0, o H -1 9
where N s
%, =8
+ —"l -
¥ = 2
- >
and 8, is the azimuthal angle between the ' oxis and the projection of ﬂk-]
-
inthe x'=y' plone and where the rotated coordinate system,has k' = ﬁp .
b} Original Direction Most Important
>0 -
Q@) = p* (i'; -1, 1,1, a as)
- 2 ._\ 2 8. 44)
P*("%:-R, x, 0, AR LTS Qk ' ) ¢
where . -
& 7 Mg
T _‘l >
W = 9.0

A -
g, s the azimuthal angle between the i' oxis and the projection of f, in the x'~y' plone,
o

and where the rotated coordinate system hos k' = Qk_] .
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Only the latter technig quation 8.44, is g Hy applicable to individual
point detectors since the cosine of the polar angle p' used in the first technique,
equation 8,43, applies only if the source poinf‘;k 1 is selected as the coordinate system
origin. As a matter of foct, both of these techniques neglec' the effect of !he sca"orlng

" dngle aft’ , the next icaftéring point being selected,
The effects of the scattering angle cos ‘u " at the next scattering point involves

the use of the unnormalized opproximation:

h/2u
" = & - -
f (' f exp [a @] s = exp [as3,]
0 '2 e=1 h

op [-o3,]
p=-1 h

. =[ exp [0 p") g
= o 2

Assuming on exponential variation exp [Gp] for intermediate angles y implies -

G, (8.45)
This parameter can be scaled through the i’nput number oy,

a=

Combining this variation with that for material attenuation effects, equation
8.41 or 8.42 y ields o shird technique for selecting the direction vector with more orless
equol applicability to either selected origin in point flux caleulations:

c) Combination

* * e *
9 @ = p WLl Lgd - af) p (0% =% 50,0 (8.46)
where Er = Ep
U A|
¥ Q- o

8' s o uniformly distributed azimuthal angle
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All of the obove angular sampling techniques, equations 8.43, 8,44, ﬂn}! 8,48, yield
polar angle cosines, #', and ozimuthal angles §' in a rotated coordinate s\y?lem: They
require application of a rotation to be reduced to equivalent values in the geomeﬁ;);
coordinate system. The 2’ - axis of the rotated coordinate system |s_!‘1 as mdlca!ed nbove.
The rotations are performed by prevncusly described techngives. -

8.6 DISTANCE-TO-5CATTERING POINT SELECTION

The spatial sampling function can contain a more detailed treatment of the effects
of material distributions since it is defined for o fixed direction. For this discussion, the
following notation will be adopted:

~
or r

- s
[ is the position vector of the selected origin, either e o

-
f, s the position vector of the other discrete point
: . R -

h s the distance from 7 to'n —‘ T Te l
- 3 O
Q s the unit direction vector from r_ to T,
= o b

= (- ra)/
Q' s the direction vector selected from the ongular sampling function,

= >
[ is the cosine of the angle between 2 and

- B
- -

5 T the distance from [ along ' to the outer boundory of the geometry,

s is the maximum distonce along T' which con be considered for a scatler

ing point.

S = min (SI’ h/2p°) if sampling is restricted to the half space around
N
X and if p°>0

s = s in all other situations.
m t
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-
2.]((5) is the total cross section at a distonce s from [ for the energy
grovp /, olso denoted by Z;{( 1 where ' indicates the composite

.
material located at this distance,

is an adjustment factor for material attenuation impertance along the first

feg of the scattering triangle {from Tu).
B is o similar odjustment factos for the second leg of this triangle (from 'Fb).

Exponential Transformation

There are two techniques available in subroutine USTAR for selecting the distance
to the scattering point. The first is the "exponential transformation”. There is no essential
difficulty with using this technique for point detectors since the singularity is removed by
the procedures used in selecting the half space,

The exponential transformation is written in the form:

s
d =V _ lds!
" exp [ -_}; B (s") [a ﬂp(_ﬁ )st] .47

s v
1= exp [—f " ;l\(s') [a- Bp(s')]ds']
=]

*
uls) =

where
uls) 15 the cosine of the scattering angle to m, oto distance s from

- o - D
v heat o= e 25Q0
a o

Yo h-s
wo = bl
t s the length of the second leg of the scottering triongle

4 he - s2 - 2p°sh
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The extent to which this sampling function approxi q 2,37 for the
fixed direction 3' can be determined by performing the differentiation
* (R S v
u(s) = < I fa - BplsYlexp 'f 2/|\/s') o - Buls"ds' {8.48)
o

where C is the denominator of equation 8,47, The coefficient in front of the exponential

should be cpproximating o term 24 z [ u(s)1/de  except for o narmalizing constant.

its actual form is:

oy : v b hes
B0 [a-pu] = 286 (a-p ) X
. [(n[‘+5s)-ﬂp°h} 6.4

= Z/i\ (s) T

which is not very close to the desired representation, 1t does include an approximation of
the scattering cross section by the total cross section, however.

The exponential term can be examined best by performing the integration of the
-~

argument: .
L 220 e e =e5 a5 Wad
b =4 Bsus) ds = 5 RINT -EZ );/m,'/ pls) ds
i i si
v v
=G> As, InsB At TN,
Z KON Z O (8. 50
1
where

bs, s the incfemental distance in the jth segion along &

= -s

1T
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at is the change in distonce on the other leg of the scattering triangle correspond-
ing to Asi’ Le., N

S S+
At ==f plsds = t(s) =
' 5 5

The first term in this expression properly accounts for attenuation along the first leg of the
scattering triangle. The second term accounts for the relative effect of the change in ottenu~
ation along the second leg with on implicit assumption of moterial distributions being spher-
Tb. This assumption is os good os any since o detailed ireatment of the
second leg of the triangle is prohibitive,

ically symmetric about

Thus, this sampling function approximates to some degree the desired effects, It is

sampled by obtaining a random number £ from RANNO and solving the equivalent of equa-
tion 8.3: '

< [‘-exp(-[z/;\(s')(a-m-(s‘»ds->]
ie, exp(-{;{{(s')(ﬂ*ﬂp(s')) ds']= I.-EC

[ i=1

[ .
v v
or[o6ms) v B0m1)]dpe D A (o 85,7 B8)=-tn (1 £C)
=1
This'equation con be written in the form
t = As+ B
where
-
A="F
1 1 &l
= e - - - v
8= % {csi 8, E—,_,C[ln 0= ey A Asi+BAri)]}
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Thus

Asteapse Q!
g+ Vg2
s A

p*s) = 2,;( o] (u

Faroouch = Ak 2 A b

=0

-8

2

2

A= A%
B = AB+ph
¢ = 8242

Yo h-s .
As+ B)(.I EC)

Curve Fit of Spatial Dependence ( 1/+)
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(8.51)

The second technique used for selecting the distance to the scattering point is

similar in some respects to the above function. In an unnormalized form, it atempts to op=

proximate equation 2.37 by

where

' W)= 'E/F () A QG exp [{ E%’\(S')[G-Bp(s')]dsj]

(8.52)

AQ(s) is the 1/r2 factor for point detector calculations, ond is a fractiondl

solid angle for surface and volume detector calculations.

where

This function is curve-Fit from boundory to boundary of the regions fraversed by:

V) =

vis) =

V)"

Ai exp [-ﬂi (s-si)] for s<s<s,

78
A

v
A,
i

+1
s

AQ (si) exp l;f
C

‘5,
A n(sm)exp[-jo- ™ TR e put) S‘:l

' xr“,v(s')[wp(s')st'J
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ie., A, = u*(si)
a = -;;:T's_i In [u'(siﬂ)/ u*(si)]

v
-8 E,i\’ ; (g™t (8.54)

The fractional solid ongle is computed for the detector sphere in surface and volume

flux calculations as:
Aﬂ(ﬁ) =l'“i< RP
2 P
LAY TENLAY T
= 7 B 1y (R R TN (8. 55)

This is o second order Taylor series expansion and is sufficiently accurote considering the other
approximations. '

This function is sampled by the t i ivalent to
number £ from RANNO:

[su*(s’)ds' i1

E = e = el .‘—A_i: 1-

f *m o (s')es* IZI an [ exp [‘ et Asi.] ]
o

. .
7[- A “exp [-cxi (sts,) e

quation 8.3 using a random’

o|—

i1

or Acexp [~a.fs~s5)| = A, ~a, {EC— Ap 7
i [ i :] 1T % Z —5'— [l-exp(—ﬁi.ﬂsi.)]} = D

et i
=i

where D is the right side of the above equationand C is the denominator of the original
Thus u*(s) = D/C

1
and s = SUE In (D/Ai)
i

(8. 56)
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SECTION

9.0 DATA INPUT INSTRUCTIONS

9.1 GENERAL INPUT PROCEDURES

Input Formats

The FASTER program utilizes standard Fortran input statements, Reference 16
page 19. A variety of formats are used. Each format utilizes various combinations of the
following data fields

hollerith inf ion: Ad field (4 columns)

integer data: 13 field (3 columns)

floating point data: E9.0 field (9 columns)
Note that for Floating point data entered: without a decimal point, the decimal point is
assumed to be to the right of the data field,

In preparing data, it should be remembered that all blanks in integer or floating
point fields are interpreted os zeros, Therefore, all integers (including exponents of

floating point numbers) must be right adjusted.

Cord Input and Output.

Each physical data card is written on the output file as soon as it is read from the
input file.” The resulting printout includes the information in card columns (ce) 73 through
80 of the data cards. Since the present version of FASTER does not print detoils of problem
data except for the input cords, prolific use of card labeling is desirable. A note of
warning: in obtaining the cord identification from cc 73-80, all unused data fields in
cc 1-72 are inferpreted as data and these unused fields should be blank or contain valid

data punches.
Input Data Sections

Data input to FASTER is divided into six sections to simplify the description of
multiple change cases, The first data card of each input section is the minimum input «

requirements, The six sections of data input are:
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1) title cards, limits, and options
2) surfaces and regions

3) fixed sources

4)  cross sections

5
8

Detailed input instructions are given below. To simplify the sefup of a problem, it is

flux groups, response functions and detectors

<z

sampling parometers

probably best to start with geometric input data and come back to the data input for
section 1 later, This simplifies the necessity of specifying maximum array dimensions

before the arrays can be used,

Input Control Procedure

The first data card of each input.section contoins integer constants controlling
the input of the remainder of the data in the section. The general procedure is

input control constant < 0, no input

input control constant >0, input
‘When input is present, the control constant may serve a dusal purpose by also denoting the
quantity of input. As an example, the first input-contral constant (INT) for each data
section pertains to hollerith or cards, If positive (IN1£0) no cards
should be supplied. If desired, any number of comment cards (up to 992) moy be inserted

{mmediately ofter the input control card for each section. The value of the first input-
control constant is then set equal fothe number of these comment cards, i.e. IN1 = total

number of comment cards.

9.2

@ Astronuclear
Laboratory

SECTION 1 DATA; TITLE CARDS, LIMITS AND OPTIONS

CARD 1-0, Input Controls for Section 1 Data

Column

=3

10-12

13-15

16-18

19-21

22-24

25-27

MOTE: This card s always required,

Format

3

Symbol

N

IN2

IN3

INg

NS

IN6

N7

IN8

N9

Definition
input control for card 1-1 (descriptive cards)

omit cord 1-1 if INT< 0
supply IN? physicol cords if INT > 1

input control for card 1-2 {first title card)
omit card 1-2 if IN2 £ 0
supply card 1-2 1€ INZ> 1

input control for card 1-3 (second title card)
omit card 1-3 if IN3 £ 0
supply card 1=3 if IN3 2 1

input control for card 1~4 (geometric limits)
omit card 1-4 if IN4 < 0
supply card 1-4 if IN4 > 1

input control for cord 1-5 (fixed source limits)
omit card 1-5if IN5 < 0
supply card 1-5 1F IN5 > 1

nput control for card 1-6 (cross section limits)
omit card 1-6 if ING6 <0
supply card 1-6 if IN& > 1

Tnput control for card 17 (neutron scuﬂermg Timits)
omit card 1-7 if IN7 < 0
supply card 1-7 i IN7 > 1

input control for card 1-8(Flux lemits)
omit card 1-8 i INBS 0
supply card 1-8 if IN8 > 1

input control for cord 1-9 {sampling ophons)

omit card 19 if IN? < 0
supply card 1-9 if IN92 1
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Column Format Symbol Definition CARD 1-4, Geometric Limits

28-30 13 INTO . input control for card 1-10 (iteration limits) NOTE: a) Omit this cord if IN4< O

omit card 1-10 if IN10 £ 0 b) Supply this card if INE 21

supply cord 1-10 1f IN10 > 1

Column Format Symbol Definition

31-33 - B INYY printout control for storage map printout .

no printout of storage map §f IN11 < 0 1-3 13 NSMAX  total number of surfaces required for the

printout of storage map if IN11 2 1 geometry description
34-72 1313 -— these columns are not used ond should be left blonk 46 i3 NAMAX  maximum number of coefficients required to

. define each surface in the expanded form,
73-80 2A4 — any desired information for cord identification e.g. NAMAX = 6 for geometries involving any
cones or spheres

CARD 1-1, Descriptive Information for Section | Data 7-9 3 NRMAX  total number of regions required to describe the

NOTE: @) Omit this card if IN1S 0 material distribution including voids
H mi 1S car -

. - > .
b) Supply INY physical cards if IN12 1 10-12 13 NBMAX maximum number of surfaces bounding @ region
1-72 18A4 -—- any desired information 13-15 13 NSTMAX nioximum number of regions which can be
ed by a sil ight 1 i
73-80 274 -— any desired information for cord identification :;‘c:::ﬁculyl:m?;niil;.:r;;;fx;( Lm(zn:;rbt;yr o':ua
plane surfaces + 1)

CARD 1-2, Fi itlé i 1 :

,_First Titlé Card for labeling the Printout 16-72 1913 - these columns are not used and should be left

NOTE: o) Omit this card if IN250 blonk

b) Supply this card if N2 21

73-80 2A4 - any desired infc jon for card identi
1-72 18A4 -— any desired information for identification of
the problem; this will then oppear on the first

* line of each printout page CARD 1-5, Fixed Soyrce Limits

73- -— ired i i identificati NOTE: a) Omit this card if [N5 < 0
73-80 2A4 any desired information for card identification B} Sopply this card fFING > 1

CARD 1-3, Second Title Card for Labeling the Printout 1-3 13 NEMAX number of energy groups used in this problem
NOTE: &) Omit this cord if IN3 < 0 for source spectro and cross sections; source
b) Supply this card if IN3 > 1 spectra may be described in a different group
- structure and are regrouped os noted later

1-72 18A4 - ony desired information for identificotion of the
problem; this will appear on the second line of
each printout page

73-80 2A4 —

any desired information for card identification
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Column Format Symbol  Definition
4-6 13 NVMAX  total number of fixed sources
7-9 13 NXMAX  maximum number of points used to tabulote each
spatial or angular source distribution
10-12 13 NXEMAX moximum number of energy points required to
tabulate the differential source spectrum; if
any source spectra are described by group
integrated values, 2 energy points will be
generated for each of these groups before the
spectrum is integrated into the group structure
for the problem,
13-72 2013 - ) these columns are not used and should be left
blank
73-80 2A4 —— ony desired infc ion for card identificati

CARD 1-6, Basic Cross Section Limits and Options

NOTE: @) Omit this card if IN6 < 0
b) Supply this card if IN6 > 1,

-3, 13 NXSECT narticle type option. 0 for photons. T for

neutrons

4-6 i3 NUNITD  composition units option. 0 for 1024 atoms/z:m3
1 for gm/cm

.79 i3 NUNITX  microscopic cross sectjons units option, 0 for

barns/atom, 1 for cm“/gm

10-12 13 NIMAX  total number of different elements or isotopes

13-15 3 NMMAX  total number of composite materials; hydrogen

densities con be entered by region thus reducing
the total number of different compositions, e.g.
pure hydrogen compositions need not be defined
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Column_ Format. Symbol  Definition

16-72 1913 ——— These columns ore not used and should be left
blank.

73-80 2A4 —— Any desired information for card identification.

CARD 1-7, Neutron Scattering Limii

RO
NOTE: o} Omit this card if IN7 < 0,
b) Supply this card if IN7 > 1.
¢) For photon problems, define each variable on this card as zero.

1-3 I3 NORDER Maximum number of elastic scattering transfer
matrices for all elements,
1 for P_ {transport approximation) (see notes
after card 4-5 for internal cross section juggling)
2 for Py, 3for Py, etc.
Negative fluxes can, and will, occur for
NORDER > 1 and deep penetrations.

46 13 NDOWN  Maximum éroup-m-gruvp transfer for elostic
scattering for all elements.
1 for in group only, 2 for down 1, etc.

7-9 i3 INELAS  Maximum number of groups for which non-elastic
transfer can be initiated for all elements,

0 indicates none if these cross sections are
included in the P_ transfer,

10-12 i3 NDOWN Maximum group-fo~group transfer for non~
elastic scattering for all elements.
1 for in group only, 2 for down 1, efc,

18-72 208 - These ‘columns are not used and should be left
blank,

73-80 2A4 === Any desired inf ion for card identifi
m
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CARD 1-8, Flux Limits

Column

1-3

10-12

13-15

16-18

19-21
22-24
25-72

73-80

NOTE:  a) Omit this card if IN8< 0.
b) Supply this card if IN8> 1,

Format Symbol
13, NGMAX
13 NFMAX
13 NVMOD
13 NCMAX
13 NIMAX
13 NTMAX
i3 NDMAX
3 NSRMAX
1613 faatd
204 e

Defil n
Number of flux groups; less than or equal to
the number of groups used for source spectra
and cross sections.

Total number of response functions such as flux~
to-dose, energy deposition. 0 indicates no
response functions,

Total number of fixed sources for which separate
flux contributions are desired. 0 indicates none.

Number of separate contributions to the fiux by
order-of-scatter

0 - none, 1 - uncollided flux, 2- uncollided
flux and single scattered flux, etc,

Number of Legendre moments of the angular flux
0, P, moment (always obtained, 2 scalar flux)-

1, Py and Py moments, etc.

Number of length-of-flight moments of the flux.
0, zeroth moment (always obtained, £ scalar
flux), 1, zeroth and Ffirst moments, ete,

Total number of detectors of all types,

Number of regions for which separcte scattering

“contributions are desired.

These columns are not used and should be left
blank.

Any desired information for card identification.

nz2

CARD 1-9, Random Sampling Options

NOTE: a) Omit this card if IN9 < 0.
b) Supply this card if INJ > 1. ) ]
¢) The preferred value of each number on this card is 1.

Column

1-3

4-6

10-12

13-15

Formot

13

Symbol
NPOINT

MODELP

Astronuclear
Laboratory

Definition

0, caleulate fluxes for all d imul ly;
the preferred point is defined by input, point
detectors must be in void regions. 1, calculate
fluxes for each point detector individually; the
preferred point(s) is the point detector « surface
and volume detectors are ignored.

0, randomly select the fixed source and then
randomly select the spatial source voriables in
the source coordinate system. 1, randomly
select the spatial source variables in a spherical
coordinate system centered at the preferred
point; all sources must be volumetric; source

- volumes must completely cover one or more

regions,

MODELQ 0, randomly select angular source variables in the

MODELU

MODELV

source coordinate system. 1, randomly select
angular source variobles like MODELV below,
with the direction-before~scattering defined as

a unit vector from the center of all sources to the
selected source point; all sources must be
anguler or isofropic.

Distance between scotters random selection option,
0, exponential transformation. 1, cufve fit of
optimum function (difficulties moy be encountered
for large volumes since the curve fit is from
boundary to boundary).

Direction vector random selection option. 0,
polar angle measured from direction before
scattering; ozimuthal angle measured from a unit
direction vector fowards the preferred point.

1, opposite of the above, 2 and 3, polar angle
measured from unit vector towards preferred
point with combined importance parameters from
equations 7.42 and 7.45, or 7,41 and 7.45
respectively; azimuthal angles equiprobable.
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Column

16-72

73-80

Formot Symbol
1913 -
2A4 —

CARD 1-10, lteration Limlts

NOTE:

46

7-9

10-12
13-72

73-78

These columns are no; used and should be left
blonk,

* Any desired information for card identification.

a) Omit this card if INTOS O.
b) Supply this card if INT0 > 1.

13 NPRINT
13 NUNITS
1B, NUMBRR
13 KALIDE
2013 -
2A4 ——

Total number of printouts during the flux
coleulations; yields a convergence history
and profects against complete loss if the
problem is terminated.

Number of outer iterations between printouts,
i.e., the number of packets of particles,

Number of discrete directions obtained by rondom
sampling used in integrating the angular point
sources to abtain surface and volume averaged
fluxes; not used if NPOINT =1, or if oll
detectors are points.

Maximum number of inner iterations per outer
Heration, i.e, the number collisions per pocket.

These columns are not used and should be left
blank.

Any desired information for card identification.

14

9.3

Column

1-3

4-6

7-9

10-12

13-15

16-72

73-80

Format Symbol
13 INT
i3 IN2
13 IN3
13 IN4(1)
3 INS(U
1913 -
244 o

Astronuctear
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SECTION 2 DATA; SURFACES AND REGIONS
CARD 20, Input Controls for Section 2 Data
NOTE: ) This cord is always required.

input contro! for Card 2-1 (descriptive cards).
Omit Card 2-13f IN1 < 0
Supply IN1 physical cords if INT2> 1.

. Input contro!.for Card 2-2 (surfaces).

Omit Card 2-2if IN2 < 0, .

« Supply N2 physical cards if IN2 2.1, i.e,

IN2 surfoces will be described.

Input control for Card 2-3 (regions)

Omit Card 2-3 if IN3S0,

Supply IN3 physical cards if IN3 21, i.e,
IN3 regions will be described.

Ambiguity index calculation option. 0, do not
caleulate ambiguity indices, 1, calculate
ambiguity indices. Use N4 =1 on the first
problem,

Geometry consistency check option. 0, do not
check geometry, 1, check geometry. Use INS
=1 on the first problem.

These columns are not used and should be left
blank,

Any desired informotion for card identification.

W IN4 = IN5 =0 permits the redefinition of regions by surface
description changes only. Extreme caution should be used to
ensure that the ambiguity indices, calculated: in previous
problems, are still correct.
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CARD 2-1, Description of Section 2 Data

NOTE: a) Omit this card if IN1 < 0.
b) Supply IN1 physical cards if INT 2 1,

Column Format Symbo!_ Definition
1-72 18A5 -— Any desired information for description of the
input data,
73-80 2A4 - Any desired information for card identification,

CARD 2-2, Surface Description

NOTE: a) Omit this card if IN2 < 0.
b) Supply IN2 physical cards if IN2 2 1.

1-3 13 T Index of the surface being described.
4~6 13 NTP(I) " Index (j) of the last non-zero coefficient if
the surface is in the expanded form; calculated
internally for all other surfaces.
7-9 13 NEX Form (n_) of the surface as input, 0, already in
expandé(d form. 1,< NEX £13, special form as
indicated in figures 7, 8, and 9 and teble 1.
10-18 E9.0 AA(T) First parameter defining the surface.
19-27 E9.0 . AA(2) Second parameter defining the surface.
64272 £9.0 AA(7) Seventh parameter defining the surface.
73-80 2A4 -—= " Any desired information for card identification,

The requisite parameters are listed in the last column of rable 1 and are .
input in the order shown, IF the surface is in the expanded form and
rotational terms are involved, supply these on Card 2-2' before
supplying Card 2-2 for the next input surface,

1é
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Figure 7. Plane Surfaces
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CARD 2-2', Rotated Surface Equation Terms

NOTE:  a) Supply this card as required fo finish the description of a surface,
omit otherwise,

611855-828

Column Format Symbol Definition
1-9 E9.0 Al7, ) Coefficient of xy in the general surface

equation,

10-18 E9.0 A, 1) Coefficient of yz in the general surface
equation,

19-27 E9.0 A, B Coefficient of zx in the general surface °
equation.

28-72 5E9.0 —— These columns are not used and should be
left blank,

7380 2A4 - Any desired information for card identification.

CARD 2-3, Region Description

NOTE:  a) Onmit this card if IN3 < 0.
b) Supply IN3 physical cards if IN32> 1.

1-3 13 ] Index of the region being described.

figure 9. Elliptical Cylinders and Ellipsol

4-6 13 1sV(1} Index of the volume source superimposed over
* this region. 0, indicates none, Required if ond
only if MODELP =1, May also be input or
changed on Card 3-6.

7-9 13 MTL() >0, index of the composition for the region.
=0, the region contains hydrogen only. <0,
the region is void. This index can be input or
changed on Card 4-8.

10-12 13 . NS(1, 1) First boundory surfoce index.
13-15 13 NS(2, ) Second boundary surface index. 0 or blank if
H4 all boundaries have been fisted.
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Cotumn Format Symbol Definition

— _— -

13 NSU, 1) Jth boundary surface index. O or blank i all
. boundaries have been listed.
M .

34-36 i3 NS‘(?, 1) >0, ninth boundary surface index if the region
has exactly nine boundaries, 0, or blank if
all boundaries have been listed (less than nine
boundaries). 1, if the region has more than
nine boundaries; the ninth and remaining
boundaries are listed on Card 2-3'.

37-45 £9.0 RHO(!)  Hydrogen density in the region apart from that
specified for the composite materiol in the
region; units according to NUNITD, may be input
or changed on Card 4-9. )

46~54 £9.0 XR{1, )  X~coordinate of any point in the region (cm),

55-63 £9.0 XR(2,1)  y-coordinate of the point in the region (cm).

64-72 E9.0 XR(3,1}) Z-coordinate of the point in the region {cm),

73-80 2A4 - Any desired information for cord identification.

CARD 2-3', Additional Region Boundaries

NOTE: o) Supply this cord(s) for each region having more than nine boundaries,
immediately behind Card 2-3 for the region; omit otherwise,
b) This cord contains data up to ond including the maximum number of
boundaries (more than 1 physical card if NBMAX > 32),
1-72 2413 NS(,1}  Ninth boundary surface index.
NS(10, I) Tenth boundary surfoce index.

NS(1,1) Eleventh boundory surfoce index. O or blank
if all boundaries are listed.

122

Column Format Symbol Definition

NS{NBMAX,1) Maximum boundary surface index. 0 or blank
if all boundaries ore listed,

73-80 2A4 -— Any desired information for cord identification.

9.4., SECTION 3 DATA; SOURCE DISTRIBUTIONS

" CARD 3-0, Input Controls for Section 3 Dato

NOTE: a) This card is alwoys required,

1-3 13 IN1 Input control for Card 3-1 {descriptive cards).
Omit Card 3-1 if IN1 < 0,
Supply IN1 physicel card iF INT 2 1,

44 13 N2 Inpu; control for Cord 3-2 (energy levels),
Omit Cord 3-2 if IN2 < 0.
Supply Card 3-2 1f INZ 2 1.

7-9 13 IN3 Input control for fixed sources, omit Cards 3-3
threugh 3-5 if IN3 < 0. Supply Cords 3-3, 3-4
and 3-5 as required for IN3 fixed sources if IN3 21,

10-12 I3 TINg Input control for Card 3+6 {source-in-region).
Omit Card 3-6 if IN4 20,
Supply source in region indices on Card 3-6 for
N4 regions if IN4 2 1.

13-72 2013 - These columns are not used and should be leff blank,

73-80 2A4 - Any desired inf ion for card identificoti

CARD 3~1, Description of Section 3 Data

NOTE: a) Omit this cord if IN1 <0,
b) Supply IN1 physicol cards if INT > 1.

172 18A4 ——— Any desired information for describing the input dota.

73-80 2A4 P - Any desired information for cord description.
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CARD 3-2, Energy Levels for Sources and Cross=Sections

Column Format Symbol ' De

NOTE: a) Omit this card if IN2-20.
b) Supply this card(s) if IN2 2 1,

c) Source spectra can be input in any desired group structure and
will be regrouped to this set of groups.

. 1-72 8E9.0 ELL(1) Upper energy boundary of the first energy group
Mev),
ELL(2) Lower energy boundary of the first energy group

and upper boundary of the second group
.
.
.

ELL(NEMAX+1) Lower energy boundary of the last energy group;
also defines the energy cutoff point.

72-80 2A4 ——— Any desired information for card identification.

Card 3-3, Fixed Source Constants and input Options

NOTE: a) Omit this card if IN3S 0.
b) Supply this card, and Cards 3+4 and 3~5 as required, for IN3 sources

ifIN3 2 T

1-3 [&] ! Index of source being described. -

4-6 13 NSG(l) Source geometry type.
9, rectangular
1, cylindrical
2, spherical

7-9 I3 NPC(t, 1) First spatial variable distribution option.
{See notes betow, )

10-12 13 NPC(2, 1) Second spotial variable disrrﬂ:uﬂon option.
(See notes below, )

13-15 13 NPZ(3, 1) Third spatial variable distribution option.

{See notes below.)
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Column

16-18

19-21

22-24

25-27
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Format Symbol Definition
13 NPC(4, 1) Azimuthal part of anguler distribution option
(Fourth source variable. (See notes below.)

13 NPC(5, 1) Polor part of the angular distribution, option
. (Fifth source varioble). (See notes below.)

NOTES: The source variables are shown in Figure 10 and are ordered as:

Rectangular Cylindrical Sphericol
x (em) r {em) p (em)
J=2 y {em) © {radians) 8 {radians)
=3 z (cm) z (em) 3
J=4 8 {radians) 6' {radians) 8’ (radians)
J=5 u' ' u

Azimuthal angles are in the range -x< 8, &<
Cosines of polar angles are in the range =18 p, ' £1
1f NPC (J, 1) >0, this is the number of tabulation points required to describe

. the Jth distribution using Card 3-4. If NPC(4, 1) <0, the distribution for
variable J of source 1" = =NPC(J, 1) is used and Card 3-4 is not required.

13 MAX > 0, number of energy points or energy groups
required to describe the source spectrum
<0, use the source spectrum for source number
I'=: . :

13 NORM  Spectrum normalization option (the total source

strength is carried in the spectrum).

0, nermalize to total source in particles/sec;

1, normalize to total source in Mev/seci

2, multiply spectrum by constant (if used with
MAX <0, remember that the spectrum for source
1" = =MAX has been normalized to the total
source strength).
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Figure 10, Source Distribution Variables
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Column

28-30

31-33

34-36

37-45

46-54

55-43

64-72

73-80

Format

i3

£9.0
E9.0
£9.0

£9.0
2A4

IAL

101

XTR(1, 1)

XTR(Z, 1)

XTR(3, 1)

Card 3-4, Source Variable Distributions

NOTE:

Astronuclear
Lahoratory

Definition

Input spectrum units option if MAX > 0

0, differential number spectrum ot energy points;
1, differential energy spectrum at energy points;
2, groupwise number spectrum (particles in group);
3, groupwise energy spectrum (energy in group).
Spectrum format option if MAX > 0

0, alternating values of energy points and spectrum
1, spectrum input only using energy points pre-
viously input for this case

2, energy point input followed by spectrum input
on separate card

These calumns are not used and should be left
blank.

Source normalization constent, particles/sec if
NORM =0, Mev/sec if NORM =1,
multiplying corstant if NORM =2,

x component of the translation of the source
coordinate system origin from the geometry
coordinate system origin (cm).

y P of the source |

(em).

z of the source tr {em).

Any desired information for card identification.

a) Supply these cords immediately behind Card 3-3 for the source to
which they opply. Input for each variable in the order J = 1,2,3,4,5,
starting a new physical card for each variable.

b) Omit for any variable for which NPC(J,1}< 0.

)

This distribution is normalized and interpolated linearly.

d) Histogram data can be used (points can coincide),
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Column

1-72

73-80

Format Symbol  Definition

8E9.0 VEE(1, 4, 1) Minimum value of the Jth variable; if
INPC(J, 1) = 1, this is'the only value of the
variable,

VAL{1, J, 1) Relative value of the distribution function

for the Jth variable at its minimum value (not
used if the variable is discrete, NPC(J,1) =1)
. .

.
VEE(K, J, 1) Kth value of the Jth variable.

VAL(K,3,1) Relative value of the distribution function
corresponding to VEE(K, J, 1)

VEE(L,J, ) Maximum value of the Jth variable where
L=NPC(},'1), the last tabulation point.

VAL(L, J,1) Relative value of the distribution function
comresponding to VEE(L,J, I).

2A4 e Any desived information for card identification,

NOTE: To avoid numerical difficulties, it is sometimes necessary to decrement

the value ond i the value of these variables.
In particular, for a uniform azimuthal distribution angulor limits use
3.1416 (> m for rather than 3.14159 (<#) since the computer uses more
significant figures than can be input,

CARD 3-5, Source Spectrum
NOTE: a) Supply this card(s) if and only 1§ MAX >0, It should be placed

immediately ofter the source variable distributions, if any. -
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Format Symbol  Definition

8£9.0 —— See notes below.

2A4 ——— Any desired information for card identification. *
A, IF ISP, the differential spectrum is tabuldted ot discrete energy points

A2

where

E(1) is the maximum spectral energy (Mev)
.
.

.
E(MAX) is the minimum spectral energy
EN(K) is the differential spectrum comresponding to the Kth energy
point E(K}. The units of EN(K) are particles/Mev if ISP =0 or Mev/
Mev if ISP = 1,

If JAL = 0, the input on Card 3-5 consists of alternating values of energy

ond spectrum
E(1), ENQI), E(2), EN(2), . . ., E(MAX), EN{MAX)

If 1AL = 1, the energy points are already defined by prior input for this
case (they will not be available from a previous case). The ingut consists
of the relative spectrum at these points

EN(I), EN(2), . . ., EN(MAX)

If tAL = 2, the energy points are defined first
(D, 82, . .., E(mAX)
and then followed by another card with the comresponding spectrum
EN(Y), EN(2), . . ., EN(MAX)

If ISP 22, a group grated spectrum is tabulated by group where
EBG(1) is the upper energy boundary of group |

.
o
EBG(MAX+1) s the lower energy boundary of the last spectrum group

ENG(K) is the integral spectrum for the Kth_group with units of particles
in group K if 15P=2, or Mev in.group K if ISP =3,
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Cofumn Format

Symbol  Distribution
B.1  IfIAL =0, the input on Card 3-5 corsists of alternating values of energy
group boundaries and group spectrum,
EBG(1), ENG(1), EBG(2), ENG(2), . . . , EBG(MAX), ENG{MAX,
EBG{MAX+1)

8,2 If 1AL = 1, the energy group boundaries are already defined and the group-
wise spectrum is supplied on Card 3-5
ENG(1), ENG(2), . . ., ENG(MAX)

B.3 If AL =2, the energy group boundaries are defined first
€8G(1), EBG(2), . . ., EBG(MAX+I)
and then followed by another card with the groupwise spectrum
ENG(1), ENG(2), . . ., ENG(MAX)

CARD 3-6, Source in Region jndices

NOTE: ) Omit this card if INA<O,
b) Supply this cord(s) if IN4 2 1 with source indices for IN4 regions.
¢} This data is required if and only if MODELP=1.
d) This data can also be input on Card 2-3.

1-72 2443 { First geometric region index

Isv(h Index of source superimposed over Region 1
(source which completely covers the region),
0 denotes nane

| Second geometric region index

Isv(l) Index of source superimposed over =2
Region | (source which completely covers
the region)

I Last gecmetric reglon index

1sv(h Index of source superimposed over Region |
{source which completely covers the region)

K=IN4

73-80 TTRA4S T e s Any desired information for card identification,
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Definition

Input control for Card 4~1 (descriptive cords)
Omit Card 41 if IN} S 0.
Supply INT physical cards if INT21

Input contro! for Card 4-2 (neutron scattered
energies).

Omit Card 4-2 if IN2 <0,

Supply Card 4-2 if INZ 2 1.

Input control for micrescopic cross sections;
Omit Cards 4-3 through 4-7 if IN3 £ 0;
Supply Cards 4~3 through 4-7 s required
i IN3 21

Input control for Card 4-8 (material-in-region)
Omit Card 4-8 if IN4 <0,

Supply Card 4-8 with IN4 matericl-in-region
indices if IN4> 1,

Input control for Card 49 (hydrogen In region)
Onmit Cord 4-9 if IN5 <0,

Supply Card 4-9 with IN5S hydrogen-m-regwn
densities if IN5 21,

(% SECTION 4 DATA, MICROSCOPIC CROSS SECTIONS
CARD 4-0, Input Controls for Section 4 Data
NOTE: o) This cord is olwoys required.

Column Format — Symbol

1-3 13 IN1

4-6 13 IN2

79 13 N3

10-12 i3 IN4

13-15 i3 NS

16-18 13 NS

Cross section cutput option (used only if

IN3 >1), no cutput if IN60,

If IN6 211, total cross sections are printed by
group {neutrons) or level (photons) and by
material, Heating responses are printed by energy
level for each element in (Mev/atom/unit number
flux) x 1024 and then for each composite material
in (Mev/cma/unn number flux),
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19-72 1813 -—— These columns are not used and shouid be
' left blank, .
73-80 2A4 Any desired information for cord identification,

CARD 4-1, Descripfive‘lrﬁormurion for Section 4 Data

NOTE: a) Omit this card 1f INT <0,
b) Supply INT physicol dards if INT 21,

1-72 18A4 Any desired information for description
of the input data,
73-80 2A4 -=-= " Any desired information for card identification.

CARD 4-2, Average Neutron Energies After Scatter

NOTE: o) Omit this card If IN2 <0,
b) Supply this card (s) if IN2 2 1.
) This data is required if ond only If NXSECT=1 {neutron problem)

1-72 8E9. 0 ESB(1) Average neutron energy for group 1 (Mev)
ES8(2) Average neutron energy for group 2
.

ESB(NEMAX) Average neutron energy for the lost energy
group.

73-80 2A4 wm—— Any desired information for card identificotion.

CARD 4-3, Composition Vector for Element

NOTE: o} Omit Cards 4-3 through 4=7 if IN3 <0,
b) Supply Cards 4-3 through 4~7 as required in sets for each element, f.e.
all data for the first element, olf data for the second element, “etc. ,
through the data for element number NIMAX if IN3 21,
c) The first element must olways be hydrogen.
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1-72 BES.0 ATW Atomic weight of the element in atomic

mass units,

ZEE Atomic number of the element.

ATD(1) Density of the element in composite moteriall,
units according to NUNITD,

ATD(2) Density of the element in composite material 2,

ATD{NMMAX)  Density of the element in the last composite
material,

73-80 244 ——— Any desired information for card identification.

CARD 4-4, Microscopic Total Cross Sections

NOTE: a) Supply this card immediately after Card 4-3 for each element.

1-72 869.0 XST(1) Total microscopic cross section for energy
level 1 (photons) or energy group 1 {neutrons),
units oecording to NUNITX,

XST(2) Total microscopic cross section for energy
leve!l 2 or energy group 2.

XST(NEMAX)Tota! microscopic cross section for next-to~last
photon energy level or last neutron energy group.

XST(NEMAX+1} Tota! microscopic photon cross section for
the last energy level. Do not input a number for

neutrons,

73-80 2A4 -— Any desired information for carc; identification.
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CARD 4-5, Neutron Transfer Cross Section Array Limits

NOTE: o) Omit this card for photon problems.

b) Omit this cord for the first element {always hydrogen) of neutron
problems.
Supply this card ofter Cord 4-4, for oll elements except the first
of neutron problems.

<;

Column " Forinet ¢ "'5’zmbél " Definition
1-72 2413 LMAX l LMAX I , number of elostic scattering transfer
matrices,
1 for P° only

2 for P_and P, etc.
.o 1

LMAX <0, indicates total cross sections are
transport corrected. (See notes below.)

NDSM Maximum group-to-group transfer for elastic
scattering

1 for in-group only
2 for down 1, ete.

JMAX Maximum number of groups for which non-elastic
transfer can be initioted.« 0, none

KMX{(1) Moximum non-elastic group-to-group transfer for
initial group 1, = 1 for in group only, etc.

KMX(2) Moxi non-elastic group-to-graup transfer for
initiol group 2, = 1 for in group only, ete.
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Column Format Symbol Definition

KMX(JMAX) Moximum non-elestic group-to-group transfer
for the last possible initial group, =1 for in
group only, ete,

73-80 2A4 et Any desired information for card identification.

NORDER =1, LMAX = -2, Code transport corrects P_ elastic transfer
vsing P‘ transfer °

NORDER = 1, LMAX = +2, Code tronsport corrects P elastic tronsfer
and calculates tronsport cross sections using PI transfer.

NORDER 22, LMAX = -2, Code colculates total cross section using
. P] transfer,

NORDER =1, LMAX = + 1, Cross sections used as input.
NORDER 22, LMAX 2 2, Cross sections used as input.

CARD 4-6, Neutron Elastic Transfer Coefficients

NOTE: a) Supply this cord for all elements except the first of neutron problems
immediately after Card 4-5.

1-72 8e9.0 7,
ok

M 1th Legendre moment of the transfer
XSE(J, K, L) cross section from group  to k ncluding (21
+ 1) coefficient, e.g, GAM=1, GAM-2
printed output.

73-80 2A4 - Any desired information for cord identification,

(1) Stort o card with Py in-group transfer for all energy groups

e® L ,i=1,2 ..., NEMAX

=1
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Start a new cord with Po down 1 transfer for all groups
except the lost

o
Fipiay 1212000, NEMAX - 1
.
.

.
Stort a new card with Pg down {NDSM-~1) transfer

,;’_i+NDSM_ 1 =12 ..., NEMAX = (NDSM-T)

Start @ new card with P] in group tiunsfer

":—i’ 1= 1,2, ..., NEMAX

.
Start @ new card with PlLMAXI - down (NDSM=-1) transfer

,i‘:i”‘f’ﬂn's;ﬂ_l i=1,2, ..., NEMAX - (NDSM-1)

CARD 4-7, Neutron Non-Elastic Transfer Coefficients

NOTE: a) Supply this cord for all elements--except the first-~of neutron problems
immediately after Card 4-6,
b} Omit if IMAX = O,

Column Format Symbol Definition
1-72 8ES.0 o0¢ (”Non-elosiic transfer coefficient from

[T
XSKK, J) = group | to group j + k=1

_ _inelostic n=2n
Tk -1 +2'i—>i+k"+' -

73-80 2A4 o Any desired information for card identification.

Astronuclear
Laboratory
(1) Start the first card with non-elastic transfer from group 1

ne -
el ak 1 KT 12 e KMX(D)

Start a new card with non-elastic transfer from group 2

ne _
skt s K= 12 s KMX)

.
Start a new card with non-elastic transfer from group JMAX

ne —
AKX I MAX 4 K = 17K = 1e20 <o KMX (IMAX)

. CARD 4-8, Material=In=Region Indices

NOTE: a) Omit this card if INA< 0.
b) Supply this card if IN4 21 with moterial indices for IN4 regions,
¢) These indices can also be input on Card 2-3.

Column Format Symbol Definition
1-72 2413 i First region index ™
MTL(D >0, index of materia! in this region .
k=1
=0, region contains hydrogen only
<0, region is void .
1 Second region index
I—K=2
MTL(D) Material index for region _
. .
. .
i Last region index
[— K=IN4
MTL(D Material Index for region n
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73-80 2A4 ———— Any desired information for card identification,

CARD 4-9, Hydrogen Density in Region

NOTE: @) Omit this cord I IN5<0,
b) Supply this card if IN5 21 with densities for INS regions.
¢} These densities con also be entered on Card 2-3,

1-72 6(13,€9.0) | First Region Index 1
RHO(1) Hydragen density in region | —K=1
units occording to NUNJTD
| Second region index T
L k=2
RHOA(I) Hydrogen density in region |
. o
. .
. .
! Last region index T
. {—K=IN5
RHO(!) Hydrogen density in region | N
73-80 2A4 ———— Any desired information for card identification,
9.6 SECTION 5 DATA; DETECTORS AND FLUX CONVERSIONS
CARD 5+0, Input Controls for Section 5 Data
NOTE: a) This card is always required.
1-3 13 TNt Input control for Card 5-1 (descriptive cards)

Omit Cord 5-1if IN1Z0,
Supply IN1 physical cards if INT2> 1.

4-6. R N2 " nput control for Cérd 5-2 (flux groups)

Omit card 5-2 if IN2 L0,
Supply Card 5-2 if IN2> 1.
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7-9 13 IN3 Input control for Card 5-3 (response functions)

Omit Card 5-3 if IN3 <0,
-Supply IN3 response functions if IN3 21,

10-12 13 N4, Input control for Card 5-4 (detectors)
Onit Card 5-4 if 1N4 £0.
Supply IN4 detectos if [N4'2 1.
13-15 13 IN5 Input control for Card 5-5 ( Atotal flux sources)
Omit Card 5-5 if IN5Z0.
Supply Card 5-5 if IN5 >1,
16-18 13 INé Input contro! for Card 5-6 ( scattered flux regions)
Omit Card 5-6 if IN6S0
Supply Card 5-6 if IN6 21
19-72 1813 ———— These columns are not vsed and should be left blonk.
73-80 2A4 m——— Any desired information for card identification,

CARD 5~1, Descriptive Information for Section 5 Data

NOTE: o) Omit this card if IN1L0,
b) Supply INI physical cords if INT 21,

1-72 18A4 —— * Any desired information for describing the input
dota,
73-80 2A4 ot Any desired information for card identification,

CARD 5-2, Flux Groups

NOTE: a) Omit this cord if IN2S 0,
b) Supply this card if IN2 2> 1.
¢} This card is required if the number of flux groups (NGMAX) is less than
the number of graups (NEMAX) used to run the problem.

1-72 2413 NTG(1) Index of Flux gréup correspending to First
source and cross sectiongroup= 1.
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NTG(2) Index of flux group corresponding to the second
source and cross section group.
.
.
.
NTG(NEMAX) Index of flux group corresponding to the lost
source and cross section group,= NGMAX.
73-80 2A4 il Any desired information for card identification.

CARD 5-3, Response Functions

NOTE: o) Omit this card if IN3 < 0.
b) Supply this card for IN3 response functions if IN3 2
1-3 3 i Index of the respanse function,
46 13 NTP Response function type, 0, number flux response
" input by flux group boundory with units (response/
particle em2 sec™V)

1, energy flux response input by flux group
boundary with units (response/Mev em 2 sec™h)

<0, energy deposition response functign for
regian |' = =NTP with units (Mev em™ sec”!/
particle om2 sec™ 1), NTP <0 requires input of
microscopic cross sections in Section 4 dato for
this problem.(Requires no other input after Column
27 of this card. The response function will oppear
on the printout immediately below the data on
this cord. )

7-18 3A4 -— Any desired description of the response function
used in lobeling the output.

19-27 E9.0 FST . Response function scaling facter, this multiplico-
tve factor can be used to convert the response
units to more useful units. Do not use FST =0.0.

28-36 £9.0 RSP, 1) Response function for upper boundary of the first
flux group. Leove blonk if NTP <.

Astronuclear
Lahoratary
Column Format Symbol Definition
63-72 E9.0 RSP, 1) Response function for the upper boundary of the

5th flux group (lower boundary of the 4th flux

group). Continue on card 5-3' if more than 4

flux groups ond NTP > 0. Leave blank if NTP< 0.
73-80 2A4 - Any desired information for card identification.

CARD 5-3', Response Function Continuation

NOTE: Supply this card immediutel); behind Card 5-3 if there are more
than 4 flux groups and if NTP > 0.

1-72 8E9.0 RSPE, 1) Response function for the lower boundary of the
5th flux group (upper boundary of the 6th group).

.
.

4 .
RSP(NGMAX+1, I} Response function for the lower boundary of the
last flux group.

73-80 2A4 = Any desired information for card identification,
CARD 5-4, Detectors

NOTE: o) Omit this cord if IN4 < 0,
b) Supply IN4 physical cards if IN4 > 1.
1-3 i3 [ Index of the detector being desc;ibed.
4-6 3 IDR{1} 0, for point dector
20, region index for o surface or volume detector.

7-9 I3 1DS(1) 0 for a point detector.
0 for a volume detector,
>0, surfoce index for a surface detector {the
detector is that part of surface 1DS(1) which
bounds region IDR(I) ).

10~18 E9.0 vOoun Not used for point detector, region volume (cms)
for volume detector; detector orea {em?) for sur~
face detector (1. 0 yields surface or volume inte-
grated fluxes),
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19-27 E2.0 cDT(1, 1y Relative direction cosine with respect to the
x ~ axis of the unit direction vector used in
obtaining Legendre moments of the angular flux
(not used for surface detectors, angular moments
are obtained with respect to the surface normal).
28"36 . £9.0 CDT@, 1) Relative direction cosine with respuct to the
Lo . voov BT ey axis, * ) '
37-45 £9.0 COoT@, 1) Relotive direction cosine with respect to the
z = axis, the 3 direction cosines are normalized
by the program,
46-54 E9.0 XDT(1, 1) x coordinate if a point detector {cm).
55-63 £9.0 XDW(2, 1)y coordinate if a point detector (cm).
64~72 £9.0 XDT(3, 1) z coordinate if a point detector (cm),
73-80 2A4 -— Any desired information for card identification.

CARD 5-5, Flux Contribution Sources

NOTE: o) Omit this card ff IN5 < 0.
b) Supply this card if IN5 > 1.
1-72 2413 1SV(1) Index of first source for which the individual scalor
flux contribution is required,
.

H
ISV(NVMOD)  Index of the last source for which the individual
scalar flux contribution is required.

73-80 2A4 -—= Any desired information for card identification.

CARD 5-6, Scattered Flux by Scattering Region

NOTE: a) Omit this card if IN§ £ 0
b) Supply this card if IN6 2 1
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Format Symbol Definition

2413 ISR(1) Index of the first non-void region from which the
individual d scalar flux ibution is
required,

.
.

o
ISR(NSRMAX)  Index of the last non-vold region from which the
scattered flux contribution is required.

2A4 —-— Any destred information for card identification,

SECTION & DATA; RANDOM SAMPLING PARAMETERS

CARD 6=0, Input Controls for Section 6 Data

4-6

10-12

13-15

16-18

NOTE: This card is always required.

13 INY Input control for Card &1 (descriptive cards)
+ Omit Card 6=11F IN1 < 0.
Supply, IN1 physical cards if IN1 2 1,

13 1N2 Input control for Card 6=2 (spherical source and
detector)
Omit Card 6-2 if IN2 £ 0.
Supply Card 6-2 57 INZ 2 1.

3 IN3 Input control for Card 6-3 {source mpoﬁonce)
Omit Card 6-3 if IN2 £ 0,
Supply Card 6-3 if IN3 Z 1.

13 IN4 Input contro! for Cord 6-4 (source variable importance),
Omit Card 6-4 1f IN4 < 0,
Supply Card 6-4 if IN4 2 1,

L3 . INS Input control for Card 6 5 (group importance),

Omit Card 6=5 if IN5 £
Supply Cord 6-5 it INS Z l

13 iNg Input control for Card 6-6 (linear buildup)

Omit Card 6-6 1f IN6 < 0,
Supply Cord 6-6 if IN6 > 1.
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19-21 13 IN7 Input control for Card &-7 (heavy element scatter).

Omit Card 6~7 if IN7 < 0,
Supply Card 6-7 if IN7 2 1.

22-24 13 IN8 Input control for Card 6-8 (hydrogen scatter).
Omit Cord 6-8 if IN8 £ 0,
Supply Cord 6-7 1f IN7 > 1.
25-27 13 IN? input control for Card 6-8 (scaling factors)
Omit Card 6-9 if IN9 < 0,
Supply Cord 6~9 1 IN? 2> 1.
28-72 1513 - These columns ore not used and should be left blank,
73-80 244 = Any desired information for card identification,

CARD &-1, Descriptive Information for Section 6 Data

NOTE: o) Omit this cord if IN1 £ 0,
b) Supply IN1 physical cards if INT > 1.

1-72 18A4 - Any desired information for deseribing Section 6 deta.

73-80 2A4 - Any desired informotion for card identification,

CARD 6-2, Spherical Pseudo-Source and Detector

NOTE: o) Omit this card if IN2 < 0.
b) Supply this card if IN2 2 1.

1-9 E9 0 RADIUS  Radius of a pseudo spherical source which encloses
al the fixed sources {cm).

10-18 E9.0 XCT{1) x = coordinate of the center of the sphere (em).

19-27 E9.0 XCT(2) y = coordinate of the center of the sphere (cm).

28-36 £9.0 XCT(3) 2 - coordinate of the center of the sphere (cm).

37-45 E9.0 DELTA Radius of a pseudo spherical detector which covers

the area in space where fluxes are being calculated;
the center of this sphere is the "preferred point" for
surface and volume flux caleulotions {not used if
NPOINT = 1),
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46~54 E9.0 BDC(1) x = coordinate of the center of the detector
sphere (em).
55-63 E9.0 BDC(2) y - coordinate of the center of the detector
sphere (cm).
64-72 £9.0 8DC(3) 2 = coordinate of the center of the detector

sphere (em),
73-80 2A4 - Any desired information for card identification,

CARD 6-3, Relative Source lchrtances

NOTE: o) Omit this card if IN3 < 0.
by Supply this card if IN3 2 1.
¢) The data on this cord is required if ond only if, MODELP = 0
and more than one source is present.

1-72 8E9.0 RSI(1) * Relative importance of fixed source number 1,
{use intuitive knowledge or, better yet, a point
kernel caleulotion of fractional contributions
from each source).

RSI{INVMAX) Relative importance of the lost fixed source (these
importances are normalized in the progrom).
73-80 2A4 -

Any desired information for card identification.

CARD é~4, Source Variable Sompling (preferred values)

NOTE: a) Omit this cord if IN4 < O,
b) Supply this cord and Card 6-4' for all sources if [N4 2,
c) The fisst three pieces of doto on this card are required if
MODELP = 0,
d) The lost two pieces of data are required if MODELQ = 0.

1-9 E9.0 vMBp(1, 1) Preferred value of the first source variable of the
Ith source, must be in the range of the variable

lud: N

the and i values,
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46-72 s 3E9.0 - , These columns ore not used and should be left blank.
73-80 2A4 - Any desired information for card identification,

CARD 6-4’, Source Variable Sampling (relative importance

NOTE: o) Omit this card if IN4 < 0,
b} Supply this card immediately behind Card 6-4 for the same
source if IN4 > 1, i,

Card 6-4
Card 6~4'
I
.

.
Cara 6-4
Card 6-4'

} Source 1

} Lost Source
¢) All numbers on this cord must be greater than 0,0,

1-9 E9.0 ALP(1, 1) Relative importance.of the preferred volue of the
first source variable for the Ith source, expressed
as a ratio to the importonce of the value of the
variable furthest away {either the minimum or
maximum value of the variable),

> 1.0, the preferred point is more important.

0.0 < ALP(1, 1) < 1.0 the preferred point is less
important.

= 1.0, all points are equally impsrtont (this number
must be > 0.0 since its logarithm is computed).

o
H
H
37-45 £9.0 ALP(S, 1) Relotive importance of the preferred value of the
fifth source variable of the Ith source,
46-72 3E9.0 - These columns are not used and should be left blank,
73-80 2A4 — Any desired information for cerd identification,

@ Astronucianr
Laboratory -
CARD -5, Group Importance
NOTE: a) Omit this card if INS< O,
b) Supply this card If IN5 > 1.
Column Format Symbo? Definition
1-72 8E?.0 GIM(T) Relative importance of particles in the first source

and cross section group; €.g., on average flux-to=
. dose conversion factor for the first group.
H

GlM(I:IEMAX) Relative importance of particles in the lost source
and cross section group; e.g., an average flux-to=
dose conversion factor for the last group.

73-80 2A4 —-— Any desired inf¢ ion for card id

CARD 6~6, Linear Building Coefficients

NOTE: o) Omit this card if IN6 < 0.
b) Supply this card if IN6 > 1,

1-72 8E£9.0 AIM(T) Linear buildup coefficient for group 1 wsed to
estimate the importance of future collisions, this
number, when multiplied by the mean free paths
to a detector, is used to approximate the future

. scattered contributions.
b
AIM()\}EMAX) Linear buildup coefficient for the last source and
eross section group.

73-80 244 - Any desired infe ion for card identi

CARD 6~7, Heavy Element Scattering Importance

NOTE: a) Omit this card if IN7< 0.
b) Supply this card if IN7 > 0.
¢} All numbers on this card must be greater than 0.0,

1-72 8E9.0 ALM(T) Ratio of forward-to~backward scattering importance

for heavy elements for the first energy group.
(See note below.)
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. Column

73-80

1-72

73-80

8E9.0

2A4

Format Symbol Definition

ALM(NEMAX)  Similar ratio for the last energy group.
2A4 — Any desired inf tion for card identification.
NOTES:©_ For neutrons, a ratio of 10,0 for each group has worked well;

for photons, the ratio

-g-g— (0° scatter) x energy ofter scatter (0°)

% (180° scatter) x energy after scatter (180°)

using the Klein-Nishina formula for an average group energy
has yielded good results.

CARD 6-8, Hydrogen Scattering Importance.
NOTYE: o} Omit this card if IN8 < 0,

ALH(1)

ALH(NEMAX)

b) Supply this cord if IN8 > 1,
¢} - All numbers on this card must be greater than 0.0,

Ratio of forward-to-backward scattering importance
for hydrogen for the first energy group.
{See notes below.)

Ratio of forward=to-backward scottering importance
for hydrogen for the last energy group.

Any desired information for card identification,

NOTES:

For neutrons, there is no back scattering from hydrogen; large
ratios, e.g., 10° for each group have worked well. For photons,
numbers identical to those on Card 6-7 have been used,

These numbers are applied only to'the hydrogen density specified’
for the region, they are not applied to the hydrogen part, if any,
of material compositions. Therefore, it is essential in neutron
problems, that the hydrogen densities be specified by region to

properly app

the angular d d of neutron scatter-

ing from hydrogen.
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CARD 6-9, Sampling Parameter Scaling Factors

NOTE: a) Omit this card if IN9< 0,
b) Supply this card if IN9 > 1.

Column Format Symbol
1-9 E9.0 ATA
10-18 E9.0 ATB
19-27 £9.0 ATC
28-36 E9.0 ATD

Definition

Spherical pseudo source sampling, polar angle
importance adjustment.

1.9, all angles equally important,

>1.0, shifts importance towards smal} engles,
<1.0, shifts importance towards large angles,
Numbers in the range 1.0 < ATA < 10,0 work fine.
(This number must be greater than 0.0.)

. Spherical pseudo source sampling, azimuthal angle ~
, important adjustment,

1.0, all angles equally important,
>1.0, shifts importance towards 0°,
<1.0, shifts importance oway from 0°.
This angle is | in a rotated
system and a little difficult to relate to the true
coordinate system. The usual procedure is to use
ATB = 1.0 {this number must be greater than 0.0),

43,

Spherical pseudo=source sampling, spatial importance
adjustment,

1.0, uses built=in estimate of spatial importance
>1,0, shifts importance to lower source energies
{source points closer to the detector).

<1.0, shifts importance to higher source energies
{source points further away),

General use of numbers 0.7 <ATC<1.3 yield good
results,

(The program can be tricked for leakage=type
surface and volume detector calculations by putting
the preferred detector in the center of the source
and using ATC & =1,0,)

Flux contribution importance used in cutoff con~
siderations; if all contributions to all detector
groups on 2 successive inner iterations of a given
outer iteration are less than ATD times the flux
already obtained in this outer iteration, then the
inner iterations are terminated,
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Column Format
37-45 E9.0
46~54 E9.0
55-63 E9.0
64~72 £9.0
73-80 244

87

AS

85

Definition

Scaling factor for the spatial importance on the
first leg of the scattering triongle 1.0 uses built~
in parameters.

-<1.0, shifts importance to higher energies

>1.0, shifts importance to lower energies
General use of numbers 0.6 < AT < 1.2 yields
good results (must be greater than 0.0).

Scaling factor for the spatial importonce on the
second leg of the scattering triangle; should
approximate higher order scattering effects, so

it is generally less than AT.

If MODELU =0, it must be less than AT in abso-
fute magnitude, i.e., BT < AT,

Numbers on the order of 0.4 < BT < 0.9 yield
goed results,

(If the trick mentioned in discussing ATC is used,
it should also be used here; i.e., ~0.9 < BT < ~0,4,)
This number cannot = 0,0.

Scaling factor for preferred direction {towards
detector) importance

1.0 uses built-in parometer

>1,0 forces even more

<1.0 forces less,

0.0 yields no effect,

(0.0 forces away and should be used when ATC
and BT are <0.0.) ‘
Use of 1.0 yields good results for point detectors,

Scaling factor for scattered direction importance
1.0, uses group averaged parameter,

>1.0 forces even more

<1.0, forces less,

0.0, no effect from scattered direction.

Use of 1.0 yields good results,

Any desired information for card identification,
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SECTION
10.0 SAMPLE PROBLEM

Noumerica! resulls obtained from the FASTER program for typical nuclear reactors are
reported in References 17 and 18, The input data used in calculations for o large NERVA-
type nuclear reactor are reproduced. in the classified appendix, Reference 19,
Problem Description
! ity is di d below. Included in this dis-

cussion s o description of the printout obtained from running the FASTER program,

A somple problem of

The sample problem involves the configuration used in a Lockheed study reported in
Reference 20, Data taken directly from this study includer the geometrical model--shown
in Figure 11, material compositions; spatial source distributions; ond the differential photon
spectrum, The specific problem is o dose rate calculotion ot a point detector obove a partially
empty liquid hydrogen propellant tank. The problem was run for both photons and neutrons in
a single computer run using the "change case" capability of the FASTER program. This problem
was run for 400 outer iterations for both photons and neutrans and required less than 4 minutes
an the CDC 6600 computer, Approximately twice as much time would have been required on
the 1BM 7094 computer,

Input Data |

The complete printout for this problem is shown in Table 2, The data cords for the
problems are not shown since they appeor on the printout in almost the same form. The majer
difference is that the card identification from columns 73-80 appears on the left side of the
printout. The card identification (if ory) is normolly followed by 3 periods (...} after which
the data from columns 1 - 72 is printed, However, the printout for this problem has had the
card number entered above the 3 periods to simplify the examination of data on particular
cords. .

The listing of the data cards for each section is preceded by @ line indicating the

appropriate input section, Section 1 data are first and the printout of input data continues
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Figure 11. Sample Problem Geometry
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TABLE 2

THE SAMPLE PROBLEM PRINTOUT IS PRESENTED ON PAGES 154 THROUGH 169
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{FIORTRANY (AINALYTIC {SIOLUTION, {T)RANSPORT I£)QUATIONs LR)ANDON SAMPLING®
KATHEMATICAL AND NUMERICAL ANALYSIS+COMPUTER PROORAMMING AND CHECKOUT BY®:

#TME FASTER CODE!
ToM» JORDARo RANLS

Inpyts 143

TA INPUT SECTION 1s  VARIABLE

11 13 1 =0 =0 @0 =0 =0 =) «0 <=0 =0 =0 =0 =0
SANPLE PROBLEM }+ PHOTON DOSE AATE AT POINT OETECTOR ABOVE PARTIALLY
EMPTY PROPELLANY TANX, REFERENCE ERw8236 SLOCKHEED STUDY FOR WASASNSFC)

1
=1,0000ED3 =

wp -0

INPUT SECTION 2+ SURFACES AND
0T s0 %0 w0 w0 =00
=0,

COQDE~QD !
O !
143300E02

02

1 iy
1.9200E402

4, TATSESQ,
4. TS00F #9;
5129008 ¢0;
G T500E0;
1.7250€ ¢ 0
240000£40:
0.

240000E002
20095402
-0 -0

4 16

3 16 =0 *0 0 =b,

4 16 ) =0 ~0 eg.

5 17 “0 0 «0 4,0000E"0)
6 17 *0 *Q =0 1.0000E~02

-0
0y

0o

=0 0 =0 =0 =@ =0
Qe 0

“0.
5,0000E+01
0. 1,

SANPLE P_OBLEN 1+ PHOTON DOSE RATE AT POINT DETECTOR ABOVE PARTIALLY eecaSE )
EMPTY PROPELLAMT TANK, REFERENCE ER=B23p (LOCKKEED STUDY #OR NA! 2
REGION 2:3 6 =0 S & 7 17 =0 -0 ~0. - 1.5800£+02
REGION &33 1 -n 6 7 & 11 <0 «0  1.21006-0} 147000£402
REGION « g =0 5 8 9% 17 -0 =0 =0, - 1,9000F +02
REG3ON « 5 c0 = 2 20 =0 =0 =0. O “5,0000£402
REGION «ofs JO =0 =1 17 2 9 -0, 7.0000E401  6,0000F+0)
REGION ofs 11 =0 =1 9 10 20 -0 -0 3.00008 402
REGION ofy 12 =0 10011 21 =0 4, TA90F 002
REGION ofs 33 -0 5 1o 18 21 22 GL0Ee02  4,7500£+02
REGION ofs 14 =0 S 14 18 19 22 =0 =0e - 010E+U2  1.0000€+03
REGION ofs 15 -0 0 131 12 21 =0 “0  6,9200E=02 540000£002
REGION «fs 16 =0 0 12 13 316 21 =0 6.9200E002 8,0000E02
REGION « 17 =0 =1 13 1s 18 ~0 0 «0s =0 1
REGION &l 18 =0 =1 18 19 22 =0 =0 ~0e 3,0000E402
REGION 19 «0 =1 19 20 10 1 “0 =0, 6,0000E#02 5,0000€ 092
REGION 333 20 =0 =1 14 15 20 20 <0 =0 =0 <0 w0-=0, «0y 1,8000£403
. IHPUT SECTION 34 1
npuTs 3350 1 6 <0 w) =0 =0 b =0 =0 =0 =0 w0 #0 =0 =0 =0 -0 -0 =0 =0 =0
LEVELS D78 1+0000E*0] 9.0000£000 B,0000E+00 7.0000E+00 6.0000E¢00 5,0000E900 &,0000E<00  3.0000E+9¢
LEVELS 35& 2.5000£900 2,0000E«00 1.7500E+00 1 1. 8,0000E-01 6,0000£~0}
4,0000E+)l 3.0000E~01 2.0000E~01 1.0000E<01 8 6,0000€ 4,0 3,0000£~02
1 2 12 2 2 15 2 0 0 =0 J.,1200£419 =0. 0y
2 ©7 10B000E+00 3.0000E401 1.8000E+00 3.0000E+01 1.4400te00 Q00Ee01  1,4400E000
3.6000E401 1s3300E+00 J.F000E401 1.3300€000 3,9000E¢01 1.3700E200 0Q0E+01  143T00E000
4.2000E401 1,4900E+00 #.3000E+0) 1.4300£400 4,3000E+01 1,8600E+00 4,4000E¢01 600t +00
©3,1416E400 140000E+00 3,1416£400 140000£400
o W 4,4200E-01 S5,0000E¢00 A.4200E=01 $.0000£400 7.6700E=01 2.5000E+01 T.6700E-01
7.5000£20]  1,3300F+00 6,5000E¢0) 1,3300£400 6.5000£¢01 1,2700E+00 1,1500E¢02 1,2700£480
191500E+02 T.600DE-01 1.3100E+02 7.6000E«0] 1.3100E¢02 6.3200E°01 143300E002 6.3200E~01
“301416€400 1,00006+00 3,1416E+Q0  1,0000E400
vi =1,0000E+00 1.0000E+00 1,0000E+00 1,0000£+00
SPECTRUMIE B.0000E00 4.10D0E-03 7,0000E+00 9.0500E-03 6.0000E400 2.3000E<02 S$40000E+00 6,6800€~02
SPECTRUMIFS 2.0200F~0) 3,5000E<00 3.4900£01 3.0000E+00 6,0500£«D1 2.,5000E400 1.0500£400
SPECTRUMSS! 1.8200£00 1.50006+00 3,1500E+00 1,0000£¢00 5,4600E+00 7,0000E=01 7,5900E400
SPEGTRUN. 5.0000EF0] 9.4800E¢00 3,0000E<01 1,1800E+01 1,0000E=01 1.4700E¢01 -
A INPUT SECTION a4 BASIC CROSS SECT
theuts o0 0 03 1 O w0 =0 0 vD =0 <=0 = 0 0 =0 0 =0 0 =0 “0 0 =<0 0
RHO  N¥X3 1.00B0E+00 1,0000Ee00 =0, 0. 00 ~0 . -0,
H wxSECT 5.3700E=02 S.T100E=02 6,2100E-02 6.TAOQE-02 7.4700Ea02 8,4000E<02 9.6900E=02
H eXSECTHT¥ 1.2900£=01 1.4700E=01 1,5900E-01 1.7200E-01 1.8900E«01 2.1100£~01 2,3500E~01
H oXSECT¥7¥ 3.1700E=0] 3.5800E~01 &,0700E=01 4,9300E=01 5.1700Ew01 5.4500E%01 S5,7800E~Ul 5.9700E-0l

o X
Eg
g8
82
g8

g

2

Atjesoney
JLTI @
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SAMPLE PROBLEM 1+ PHOTON DOSE RATE AT POINT DETECTOR ABOVE PAnrlALLv

ESPTY PROPELLANT TANK. REFERENCE ER-8236 (LOCKMEED 5TUDY FOR N

AMD LIS
SO o

LleST o
RHD  c¥el
€ wxSECT

RHO U235%
v

U -XSECT¥1
U =XSECT

640150E400
1. 7700E~01
3.8800E01
9.5200E~01
7.0160E400
1+7700E=01
.8806E=01
9.5200E+0}
1,20108¢01
3.8600E=0)
7482006201
1.9000E+00
5.5B4TE00]
2,7300E400

74021001
1479206401
1,0230E%02

340000400
1,8800E20)
+4200€-01
1,0650£200
3.0000E+00
1.8B00E+0)
4.4200F=01
1+0650E 000
6.0009E00
4,0500£~01
848400E~01
2.1200E+00
2.6000F+01
300400
360£+00
5008400
+2000E+01
1.9560£+01
1e9120E401
1.7850E+02

ATTERING cnnss

INPUTS 5950 6 L 1 1 0
GROYPS IT 11 2 2 3
E: 10 REM/HOUR
"2. 2428
DETECTORSTY 1 0 0 =0v
RT3 2 SVt JUTL
11 0 o
COMMENTa: eesesssrsoen
2 109000E+01
p-[n65 110000E=05 9.5000E~06
Ul . 3.5000£°06  3,1000E-06
P-IMESY  7,0000E+07 4:8000E-07
240000£=0)  2.0000E-01
2,0000E=01  2,0000€-01
e 2,0000E°01 000E=01
SCATRATH 40000203 000 ¢ 93
CAT=RAY 2.0000E%02  1.5000€+02

14
D n INPUY s:cnon 6
3 1

i
n.....SANPLWU DARANEJERS

'!Ml FASTER CODE®®oeeeCASE 1
k]

"0, “0, -
1.9800E=01  2.1400Em0}
#.7600E~01 5.1500E0}
1,2200E400 1,4BO0E#00
0.

. 0.
1.9800E=01  2.1400E=0}
4.T500E-0}

5,1500E=01
1.2200£900 14480000
1,3000E400

1.7000E+00
4,2000E-0]1  *.5300E~01
94540001  1,0320E400
2.4400E400 2 9800E000
101000E~01
2,7400E+00 z T800E000
4.1900E600  4,4900
1.2800E%01 3-1710( 0t
2,0000£=01 =
1,8940E+01 l.!ABﬂENl
1.9880E¢0]1  2,1660E+0)
A,6200E402  9,9330E02
SECTIONS REQUIRED 0_of
A INPUT SECTION 54 DE!Ecwns:. RESPO

“0 @0 =0 <0 =0 =0 - -g

+3300£=01
$46500E=01
1,8500€400

0,
2,3300E-0]
5,6500E-0}
1¢5500E+00
1.2000E400
#,8B00E~01
1.0900E400

A00E+00

0
5.09005'0]
0

1.79T0E4D)
244100E001
l 'uaa E+03

. 6 7
1.0000E400 1.0700E=05 9. 12002-06
l.s%n:-os n.\soo!-w

I.OBDGE QD

)} swsnay u

=0e

100E=01
643500€£%0)
l +6400£°00

?.61 [T180)}
64352 ,E-0]
1.6400E%00

543800E~01
1.2670E+00
3,3700E+00
*00
00

1,7630E201
24 99:»:-01
E+03

.0,
3,usv0Eeo]

=0,
6.0600Ev0]

3.1000E=02
3.4700E~0
84050060
148350E 40!
3,8390E~0.
3.4700E=0
840500E~0
148350E0
]

7- 09002"01

.
340300E~Q)
7¢0000E~0}
147430E*00

740000601
1,7430E+00

104100E200
3.0600E00
7,0000E000
3,0600E+00

I
3
£
a
3

7.0800E+00
7.3250:-0!

1.75"[‘01
543800E+01

0
).ZMOE‘VZ

l-1J9OE'0 1
3,7600£401

3.6000 9, 9‘30!‘03 Z.O)SSE'OI -
10590 lVAlLAELE \LOCATIONSesensen so0n

~u ~2 -0

8 9 9
T+180¢E~06
1+300¢E~07

2.50008402 =0

3 =0 -0 =0 =0
1010 11 11 11
5,3300E~06 3.8100€~08
2,8700E~0T

. 1,T240E03

15
(SHHPLING pARAME
“0 <0 =0 =0

6.6500£401 =0,
B.bOVn[-os Te6000E«06 &
2,8000E~Q6  2,4000E-06
2,60008+0T  1,3000£07
2,0000E~01 2,0000€~01
2,0000E~01 Z,0000E~01
2,0000E%01 2,0000E~01
1.8000E403 1,4000E¢0]
1.1200€402 8.2000E01

00DE~08
2.1000E=06
140000E=0T
240000£~01

+ 00001
$.0000E+01

SAMPLE PROBLEM §+ PHOYON DOSE RATE AT POINT OETECTOR Aauvt FAnuALLV

EMPTY PROPELLANT TANK. REFERENCE ER=B236 (LOCKMEED STUDY

1.0000E401  6.0000E000

7 ~.oaon:-os 2,5000£003
SCAT=RATéS 1

SCAToRATAS x.oaonzanl 640000E+00

AATI0S 637 ),0000E400 1.0000E400

=0 =0 e

“0. -0
5.8000E=06 4

1.7000E~06
1,0000E~07
E

+0000E 0!
4,00906201

=0 =0 =0 <0 =g 0

. =0,
+8000E=06  4,0000£~08
1,4000E%06  1.0000E~06
140000E~0
2,0080E~9] 2,0000E~01
240000€~01 2,0000£~01
2,0000E~0
4,5000E+02 3,0000E+02
2,7000E%01  147000£401

STHE FASTER CODES®esesCASE |
11 ‘

4,0000E+00  2,7000E400 2,5000E¢00  2,0000£400  1,1000E+90

1,8000E403  1,8000E403 00£403  7,0000E%02 3
1.1200E¢02  8,2000E401 i.WOOE‘O 4.0000E°0] Z.NQOI'H 1,7000£001
4+8000E-00  2,7000E+09 240000E%00  1,7000E80¢

$,0000E=01 +1,0000 7,0000E201  5,0000E%¢1 o 1,0000£400
TA INPUT AND PREPA 'mon COMPLE

o=
ga
EE]
g8
S5
35
2

Aiojeloqen
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SAMPLE PROBLEM 1+ PHOTON DOSE RATE AT POINT DETECTOR ABOYVE PARTIALLY THE FASTER CODEse: 1
EXPTY PROPELLANT TANK. REFERENCE EReB236 (LOCKHEED STUDY FOR NASASNSFC) 1+ Me JORDAN ¢ WARL, H
é LUXES FOR DETECTOR 1 AFTER 400 PACK

CALCULATED AVERAGE NUMBER FLUX ENERQY FLUX NUMBER FLUX ENERGY FLUK WUDER FLUX ENERGY FLUX
PRECISION EMEROY-MEV THIS GROUP TWIS GRGUP OERIVATIVE DERIVATIVE CUMULATIVE CUMULATIVE

0 8 . . 0.
.0397('02 ;130‘5000 112601['01 B-5Z9l£001 B5.3307E006  4,2640E+07 291E¢07
AJT05E000 ©,4996E+07 3,057BEe08 3.2498E407 1,5289E408 107068

3,1211E¢00  J.2TA2ESCE J.9T72E408 B,4953IF407 2.6515E408 2,050 8 . E:

200679£900  1.5960E408 J,ID0IE40D 2,12808+08 4.4004E408 . 3,6069 18BE*Q9

2.4503Ea01  1.4820E400 1,4655E408 2,1710£e08 2,9309E¢08 4,3435Ee0R 3606499

2,60058=0] 9,6454E20) 2.8193E+08 2,7194E«0B 5.2652E400 6,0830E+08

34133AE=07  5,5938Em01 5,SA94E408 I 1043E408 1,IBTAE409  7.7608£408 1 ,3401Ee09 1.9184E409

323068801 2,8289E=0) 1a601IEC0B 4,5300E«07 T.006SESQB 2,2550E008 1,SC8IE*0F 1.,963TEe9
9
i

6.0923E=0) 1,1708E~01 141227€°00 1,345E408 9.3555E09 l-ﬂ?!bl' 2.6300E+Y9  2.0951E+00
640018E201 8,32I9E~02 T45918E407 4.0008E406 1,5183E409 9.6017E* 000E*09  2,0999E+09
L4 2 ES FOA DETECTOR 1 AFTER QDO Pacxe’

REX/NOUR

.01

HAX ERROR, z.saqaz-nl
sasavane uu.-n-nuuezn PLul uau[uvs 'on Dﬂec'nn 1 AFTER hao PACKETSneasasesnsisoatesassrcssen
ITERANT 1 REGION 010N REQION ALelon REGION S REGION 6 WEGION T
anoyP 9 N o o. ] . [y 0
GROUP 661E007  8,0901E906 04 0 I JOTESES0S o
QROUP 996€407  1,0B90E06 04 «3236 8 04 3 1.0807E<07
GROUP J42TA3E+08  J.1946E006 04 1e3947€404 461 O 3 2,1597E07
QROYP +5960F 1.8013E+06 0, 428757E008  1,7619E006 04 1.7124€007
BROUP 55| T,4252E405 04 Ss2007E006  1,I0A9E06 O, 0 0568E006 &,
8ROYP 2.8193 1.1002E408 0. 6.3852£006 8 0. 097Es06 1
GROUP  Bavs 5,5496E008 8,2677E+03 O, 3,6957E406 2,560 [ 29376404 §
S(¥PLE PROBLEW :1s PHOTON DOSE RATE AT POINY DETECTOR Asove nmmu #THE FASTER CODESSme®aCASE 1
£LPTY PROPELLANT TANK, REFERENCE ER=8236 (LOCKMEED STUDY FOR 1.4, )
GROUP  9a0e 1,6011E908 4.3394£e01 0. 2.5557€005  1,4762£005 O, 2,6323E40 s.ulozogl
GROUP  104ss 1,1227E009 8,8622E-05 3,0083E+55 8,83B3Ee03 7,1608E¢03 O, 1.8088E+00
GROYP 11 7,8916E007 5T7E: 5,0195€003 76 £ 05 0, ABLE-11
REM/K 3,4401E03 5289 E001 T16€401 04 654ELUR
» BETECTOR | Anzn 400 PACKETS »
REGION B nﬂecmu 12 REGION 13 REGION 14  REGION 1S REGION 16 SCATTER |
o, 0, o 0. o .
0, . 0 % 19776005  §,6297E408 145002€406
1,4729E906 04 0. 0. $.1814E006  7,4966E200 243676€007
$,38T3E%06  Ov Iy [ 6,1216E+06  3,5¢6] 6,6110E00T
T,008AE400 0o 1444696405 04 246314E406  1,0826E¢
B.520RE406 0o 6473608906 0 2415085006  1,1234E¢

2
. o
3,0546E406 F.1I9HESO] 3,9501E007 6,310KEeDT 4,9983E006 1,6150E408
o 4,5715E<05 8,5341£¢02 },6126E907 B.BIAGE07 4,271TEe05  4,4273E008
1.5765E404  1.6136F003 1,3250E407  3,3616E407
§elbdabinz 3.9670E000 2,6209E406 4.4840E-07
915990 657E: 1.4080Es06 ot
9 Ge2E 05 2,43636002 7,T981€401 153457203 5,2857E 002
o DETECTOR ) AFTER 400 o
SCAITER 6 SCATTIER & s:lnn 7

142035€20)
2426186709
0

. . o .
.0, [N 0. 0. [
o 3,72326¢406 -0, 0. [y 0. [
« 2,13BBE4OT O. [ 9 o o
o B,6AD4ECDT  1.2561E<CT O, [ % [
o 3,B145E407  3.2233t007 1,1213€+07 Oy Iy % o
o 1.27B6£408  3,39B6E007 3,2193E°07 l.onmws 00 1 Liptid e
© 1,3070E408  1.9135Ee08 8,7381£907 5.828]Ee 8,0829E08
o 8,0511E406 2.9793E007 6.0951£007 s.w?o:nn Su169uEe08 Srs0estene 147970008
« 109T69E+07 2.ABL5E4Q7 2.600KECT7 3,442JE007 1,07256408 ).4140Ee08 143502609
oup o 6,95TAE43)  6.4315F402 1,6220E+08 2,154SEe05 4,92TBE005 2,0099Ee07 7,2435E407 9,8058£407
REM/MOUR 7,9501€202 4.2002E402 2.2576E+02 1a02B7E402 2.71096+0] 3,2634Ee0) 3.2725E403 3.8854E403

AoiRioge .
JRO[ImEIISY @

Aseiogey
188}9NLOSY @


http:3.S6500.03
http:2.R80RE.RO
http:R.9OOSE.OB
http:030000.00
http:2.90030.00
http:9F;02.02
http:0.0300E.D3
http:2.4363E.02
http:0.2M70.05
http:9:139.E.01
http:E.AODSE.02
http:3:.OSBSE.OE
http:0.000BE.00
http:S.E000E.OO
http:T.0505E.00
http:c.SSRSE.00
http:9967e.Os
http:05R00E1.0S
http:0.00E.DS
http:2.24SE.06
http:5.09000.00
http:0.00300.02
http:ssa~e.ee
http:0.09000.00
http:0.TSSSO.00
http:T.*TSE.AT
http:3.30000.01
http:0.300.00
http:O.OSE-.oR
http:0.TOESO.O0
http:A.T000E.OS
http:7.03000.02
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SAMPLE PROBLEM 1« PHOTON DOSE RATE AT POINT DEYECTOR Asuv[ DAMHLLV
EMPTY PROPELLANT TANK. REFELRENCE ER=8236 (LOCKMEED STUDY

REQTON 1t
REGION 7
REGION 3¢
REGION 4t
REGION 5
REQION &
REGION 7
REGICN a ot
REGION 9
REGTON 16 ¢
REGION 13
REGION 12 (
REGION 13
REGION  1s
REGION 15
REGION 16
REGION 17
REGION 18 1
REGION 19 {
REGIOR 20

toahn

U % I
1 =224 18)
t ~22¢ 0
=21 13}

¢ e 20y

|NE FASTER CODE®*

=10 O}

.

cgbuND‘H' SEARCH vmwcvms- (SURFACE y#0ST PROBABLE NEXT REGION)wes

SAMPLE PROBLEW 1. PNOTON DOSE KATE AT POINT DETECTOR ABOVE SRARTIALLY THE FASTER CODE® 2
EKPYY PROPELLANT TANK, REFERENCE ER=D236 (LOCKHEED STUDY F ToM 1
T INPUT SECTION 1, vmuur.z
INMUTS 162 0 1 0 0 1 1 1 0 3 ~0
THILEA  [vssessvnssnsenasseceveansSAMPLE PROBLEM 24 N!UINUN nus: HA’I! n Poxm Dnzcvou Annvl PAﬂnALLr
LIMTS e 13 1 12 %0
0PYIONX l. 1 8 6
14 11
Listtp lv' 1 3 ¢ 9 1 1 12
lef0 1 400 0 20
DATA INPUT SECTION 24 SURFACES AMD
RO 0 0 1 1 1 w0 =0 «0 w0 «0 0 =0 =0 «) w0 =0 b =0 0 0 w0 =g w0
REGION 2o 16 0 =1 12 13 18 2} =0 0 =0 =0 =0 w0, =0, o 8,0000E402
4 INPUT SECTION 3y E!
INPYYS 330 0 0 =0 <0 =0 =0 =0 «0 =0 =) =0 0 0 =0 =0 w0 ¥0 = <0 =0
LEVELS 302 1e0000E€01 T,7880LeD0 6,06S0E000 346790 286 2423106000 1,0540E400  8,2100E~01
LEVELS 302 s.:suot-n 3,8800E=01  3,0200£+01 1,8300E01 1,3100E«01 1,0000E=02
SOURCE 3 1 =1 =1 =i @} e 13 0 2 w0 T,8100E019 =0, 0, «0,
ENERGTESTeg 190000K01  To7830E+00  640630E+00 387908400 2,8650E400 2,2310E+00 1,0540£400 W.2080Ew0]
ENEQIESYeg~ 643930Ew0) 3.8770tw0l 3,0200E=01 1,8320Ew01 1.11106s01 1.0000£+02
SPECTRUNZ.& S$.9640Ew03 1.7060E<02 1,0820E~01 9,6320E+02 1,1410E0 3.:on£-o| 6.1610E=02  6,4980E~02
SPECTAUMBwg 847260E=02 2,74J0E~D2 3,6080E07 1,T1A0Ew0Z 1,5630ED:
A INPUT SECTION a5 BASIC CROSS SECT
IHPUTS 4ffe O 1 1 B 0 =0 wp =0 w0 wQ <0 #0 =0 =) 0 w0 w0 e0 wi «0 0 v0 0 wp
AVERAGE B.B340£400 6.0ZT0E<00 A,AT20E*00 3,2720E+00 2,5480Es00 1,66200¢00 9,3700E401 7.3000E~01
AVERAGE o2 J00E=0]  3.AS00E=01 2,4200E+01 1,4700! 640000E=02
RHO  HieF 1o0080E<00 1.0000E400 =0, -0, -0, =0, 0y 0.
1.7260E200 2,1650E600 2,5350E600 3.,4430E°00 4,4350E000 5,0650E+00
641260E400 7.3750E400 8,7310E400 1,1017Es01 1.7053E01
RHO" 16§4s3 6.0150£+00 3.0000E+00 =0, -0, -0, “0s 04 3.1600€-02
LI6=ST ol 45590E=0] 6.T620E=01 1,2320E¢00 1,53180L¢00 ) o4 0l 1.51
LIE-ST Yoy 1.8 szo:-oo 442400£400  4,91B0E400 146RE0E400  3,29608+00
LI6eLOT Hug =2 =0 =0 w0 «p =0 =0 w0 =0 0 =0 =0 =0
L16wP 203890E=0]  3e21a0E-01 1.2990E+00 Bo2750Em0 5,9620E<01  8,9040E%0]  3,0890E~01 2.5790E=01
L16=P005, 423500E-01  2,4610E~01 1,9820E400 6,4880E0 940E+0D
L16-PoDla}e 6422506%01 5.7120E-01 T.13%0E-01 1,1980£¢00 3.5040E<01 5,0900E*01 8,TA40E=01
100E000 1,7060E400 4,4930Ee0
2.9000E~02 2,4190E~01 5,2560E=01 0, 116480E~0] 4,8290E~01 9,6100£~02
2,23006=01 3.5660E=D1 2,9600£=02
'Y . Ao6730E=02 0. 0. 2,97T208%02 0. [N
% [
L16oP1004=§ 2.2090E500 203650E00 3,0180E400 2.0240Ee00 1,4300Es00 1.0960E<00 7,0S10E=01 5,8060Ew01

figieogqey
IBBIIALONSY

Kiolesogey
1es|Inuoysy


http:A.RANTE.NN
http:Z.3NNAE.TN
http:I6IIATE.0I
http:4,Z3NE.KI
http:15.OE.00
http:A.STATE.AI
http:R.3OAE.TI
http:I.NNTNE.TT
http:K.AAKAE.IT
http:O.SSnE.OI
http:A.ISE.RT
http:K.O3SAE.4T
http:R.TNT0E.0A
http:6.AKRE.IN
http:I*.ATAE.AI
http:1.0NR0E.NI
http:ZIOTE.AI
http:IT0STE.I0
http:3.690E.00
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SAMPLE PROBLEW 2e NEUTRON DOSE RATE AT POINT DEYECTOR ABOVE >ANT!ALLV

EMPTY PROPELLANT TANK. REFERENCE ER=H2316 (LOCKHEED $TUDY F

L16eP100Yed 641810E=01 5,6190E~01 3,2930E400
L16aP1014aé Se4850E=01 5,4800E-01 4,2560F=0)
LI6eP101o}s =2,0370£201 =5,0670E01 =
L162P102¢fo =} e4180E=01 =T20700ER0D = .9::0:-01
L16+P102.}s =5,3780€701 =2,8150E-01
L16+P103.Ys 04 0, -l.ona:-al
L Lo 9

R 7401602400 J,0000E=0D =0,

L $01700E=01' 6,2950E=01 1.1620E00
L 142290400 2.4110£00 3,1150E400
L -2 4 =0 w0 =0 wp =8 =0
L B46200E901  94S6T0E=01 1,IBS0EQ
L 4.9650E=01  2,6720E=0) 2.1850E401
L 3.2640E40)  6.0840E=01 5.7990E=0
t $e4210E01 1176408000 1,4900E40
L 2458008202  T7.4000E~03  2,0620€=0
L 23030801 1uo3a0En01 &y

L [ . 12300E~02
L 0 [N

3 242400E000 2,4380E400 1,0300E200
L 5,6510E201 S,7150E=0] 2.1000E00
L 4,6270E«0]  3,9980E0] 2,8920E%01
L o *3,37200%0] «1,1200E¢00 =1,IB40€200
L o’=1e3160E=01 «2.0300E=02 =3,1320€01
L -A.oz.'!n(-c “2.8060E~01 *1,8000E=02
L . *3,1600E~02
LY Qe g

RHD 1¢2010E401  6,0000€200 1,3000E¢00
ST € 4oy 0.9573E%01 9,3957€+01 1.3793E00
81 C Medl 3,004BE400 3,3803£000 1.6713Ee00
1b1ec 2 1 3 13 5 -0
$5 e 34T010E~01 4,8204E 01
38 243633E400  1.5810Ee00 00
0y 3.1788£=01 3,9527E+0 =01
01 9.7611Ew01  2.1491E 40 +90
02 . -01
b2 3 o 0

Ay #I6T2EC00  1.0494E000 1,4895E90¢
Asq 28490£000 2,5420E400 1,8888£000
asy ©3,7204£=01 ~4,&736E=01

NE FRSTER £ODE

141360E400 4,3030E=0

1
7.6190E=01 »2,4200£00)

1,9280E01
*7,8220E<01 0.

Qe O,

N
1,4270E000
T49150E=01
g o0 =
583600
6,9000E0'
748050€=0
3,9840E0
4,2020E=01 0

e Qe

1.0040E¢00

2,0960E00

s

2

rs

2

=

T
22283

'7.]0105-. LD

0 L

1+ T000Es0D
19538000
3,9804E+00
=0 =0 =
8.2108201
2.8396£000
140514400
144172E400
104851601 0.

1.8481€400
2,1616E400

1+2000£401

446099E 0

SAMPLE PROALEW 2¢ NEUTRON DOSE RATE AT POINT OETECTOR ABOVE PARTIALLY

EMPTY PROPELLANT TANK. REFERENCE ER=8236 (LOCKHEED STUDY FOR NaSA=MSFC) &

AST € 4ob +6,3855E~01 =1.5192E400 *9,1333E=01 ~1,3322E400

.0,
1,4210E400
!.161 QE-M

b.uso!-ol
141490E400

1,4860£000
3.8480E=01
~3,731¢E01

0
1.6180E400
#,3525£400

~0 0 =0
643918Ew01

14
140206E400
1.1761E000

To7254E=01
=1,2681€400 wi 1124E400

T

*1,1960E01

4,2930E01 ~1.8830E-01

*2,3230E01 +7,2800E=01 ~2,3780E~01
*5,5600E%02 0, Qe

=0
1.2290E°00

-0

9.5710E%01
343050803
1,31T0E01

3,8B00E=01

0
101830E400  1.1090E<00

2,88T0E=01
941500E~01
2,5000E=02

3,0300E°0]
$.6900E°0}
3,9000E%0)

T+5500E%03 0, Qs

9¢B9B0E~01
=1,4570E~0)

To4SSOE0]  641560E0)
2.8630E701. 98, 2000E=0)

“2,0050E201 =6,0110E20] 5,8000E%02
~1,8300E=02 04 e

-ty
1.8946E200

;?slsﬂ-oo
5.2091E°0)
3.3419E%02
1.1128E400
*2,9932E=01 ~7.4980E+01 =1,0909E400

THE FASTER £OD
74 Mo JORDAN s WARL®

0 b
2,410TE%00  2,6626E400

1.2036E00¢  1,3299E+00
TATATENDY  1TO05ESY0
B,TITAES02 0.

(2,00126000  2,1942E000

452 €4k -9.3600En02 0, *2,7039E~01 =3,6697E+01 O, *7.9330ER02 ~2.1623E~01 04
As2 ¢ “1.3016E"0) 0o .
161 u‘;:g [N 0. 1,2558E%01 1,5108Ee01 T.7926E=02 2,8750E=03 9.3270E~04 5.4130Ee0¢
T 81 C 4oy &48720E=04 ;.usaz-ot :.zs;oé-g; 21 0emIERDL
T 62 CHeF 0o . +0320E= +0483E~
18 C’J-; Os O 3,8970E=03  1.20T0Ew02 ©6,T110E¥03  6,8470E~03 9,5150E~0a
1,78}0E=03 8,5700E~06 2,6670E~04
5,SB67ES0]  2.6000E401 1,1000E~01 =0, 0 2,0000E900  7,0000E+408 1,2000£400
1. 7609E+0 «BABSE-00 2,09682400 2.2055E400 2,0395E400 1.911TE400 2.1832£400
3;1222000  2.5040 3.1z6:t-oo 6,5878E400 .
3 Joom08 1,9086E000 1,9729E400 2.1071ESQ0  2,2757£400
433426400 243178E+00 BES0  1,0650E400 6,7562E000
¥ gzbgg-oz 12603Ea02 402 1.3802Ea0] 1.9199Ee01 7,7779E<02 2,7933Ee0] 2,8254£-0)
z.e:u:-ol 3,8387Ea01 “01  2,1681E«01 .
5,0359E400 SeaTTIE00 1 3 1,6972£400 2,1534E004 1,5162€400
$e7303e-00 1.178aE 00 =0} 6.98586=0] §e30922-01
AS} vmr_-u§ :'2::2:'°§ -t -gz -g. glvi-:} 1o T556E=0] »6,66)0E 02 =2,0460E%01 =2,5700E~0)
AS]  FE®wg =2,3173E=0) ~2.9987E~0 =01 =241560E~
1, ree Zii83en03 “a.{o7aa02 w01 1,6833Ee01 1,8106Ee01 4,414TE=0; 8. 9ABIE=02 6.412%-02
7.A024E-02  1.9513E-02 =02 8,19056<03 $.0670Ew03
148918E=02  1.7455¢=01 1.8152E=01 4.B606Ee01 1,0593E%01 T.7610E02 9,1646£-02
2046106=02  246250E-02 6,5790E=03
8,74586%02  1.4874En0 S.3999E=01 1,2549E=01 9,3629E+02 1,1314Ee01 2,0811£-02
3,3303€202  1.3512€=0 3
[ 8 SJSTO9E=02 4,5IIIE002 1,41TTES0L 4,4880E°02 T.4THTE-0R”
3.7963E702  3:6492£-02
o $.1455E~01 0, 8,3833E-03 2,50B0E~0Z 7,1588Ew03  6,3638E=03 7,0T69E-03
9.8782E=03 .
141129801  B.8503E«02 142615€001 4,06T6E+02 6,3899€=02 0, 549890E=08
[ % 0 6.4263E%03  9,8891E-02 6, TS03E~02
203504E202 “9420002001 -0 D¢ -0, - -0
Zo8055E900  3,0985E00 A.T20E000  8,1626£000 5,1529E¢00 2T]E000 5,2294E400
$,9259E+00  T+016BE90 9.7811Ee00 | 1AS59E00)
2 2 13 13 12 11 T 6 5 2 1
249365E200 3, TIBTES00 4.9526E000  #,337IE000  3.8614E900 3, 8634E000 #01047E400
449039£400 5,8900E400 6,42982400 1,0221£001
103391E«02  1,3309E402 o, 7280E002 6 3 . °
Ol  USgeg 6:2635€=02 1,S989E=01 Teslldged]

CASE 2
2

@®

K1oie10q01
12RJONLONSY

Kiojeiogey
Ieeisnuosisy


http:6.P6AE.02
http:0.33090.02
http:T*:990.RO
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http:0.9SAA.O0
http:2.2*00.00
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SAMPLE PROBLEW 2¢ NEUTRON UOSE RATE AT POINT DETECTOR ABOVE PARTIALLY WL PASTER CODE®: ASE 2
EMPTY PROPELLANT TANK. REFERENCE ER=0235 (LOCKKEED STUDY FOR NASASMSFC) See®®T s ORDANyWANLS 8 4
ASD USUsl 9.8067E°00 137BLEeQL 1,7629E401 1.3815Ze01 1.2T2ZE¢01 S IV46EA00 6,ITIZEWRE  S,0054£+00
ASD USgep BeDIIEC00 5.2723E000 4,983EE400 4,1069€e00 1,01Tafedg
AS] USHeb =24 1603E600 »1,735AE000 $4,6092E400 «5,0163E+00 «B,0860Ee00. *4,512TE=01 #2,I264£400 =1,2098E000
AST  USHeb =]e1314E000 «1,2249E000 *1,0806£400 =8,9858E0
161 USe7 1.3451Ee08 Z.1200E404 €,00T9E~03 1,)82)Ee0Z 2,1763Ee02 1,0805Ee01 3,5893E=02 2.991TE«02
T Gl USJe7 4.0599E07 1.2193Ew02 1,3082£%02 S. 3
T 62 USeds 595 +1980E~02 2,9597€« 6¢2902Ea02  3,0302E=0) 1.4313E701 1,392UE=01  }4TTASE=01
1 02 Usu{e 100604€002
T 03 US.fe S.,3858E=03 2,33326e02 S,TE2TE=D]  2.6903Ee0] 2.5645E°01 3, 9TETE~OL 1.3272¢e0)
T @) US.l. 1,6088E«01 T,3110Ew02 5,0291E<
T 6¢ USofe 6,1788£v03 3,2907E02 ,5314£=01 2,6204E«0] 2,TOTOE=01 4,5686Ev01 1,6261E=01 2,0490E+01
168 US.i, 9
T 6% Usels §41725E=02 3.0T51Em0} 2.J8ITE0L 2.6367E«0] 4.7937E=0) 1,8033E=01 2,3558E=01 1414T7£<01
T 68 US.l, B.34B6E=02
T 86 USefs Jo166BE=01 1,4710E=0: «9200E=01  4.2205E%01 1.8341E=01 2,6229Ew01 1,IVATEV0) 1.0%01Ee0)
T GT USofs 443287Ew02 23228E=0)  1.6922E-01 2.6732E=01 1.5509E=01 1.3120E+01
T 88 US.i, 3,3007E=02 SSTINES0]1  2,02406Ee01 1 TATTE=0]  1.5480E<0)
T 69 USul. 143608Ew01 1.83TAE«01 2,9133£<01 2,0050E=01 1,9400Ew0]
t algus 20TAE=02  2.9T0SE 231686901 2,4862E+0)
T 011USwl.  ]04429E<01  2.3498E<01  2,8628E<0)
T ol2us 1.9649€=01  2.5482E~01
18 Juse.z Ty2141E=02
svesesanbales #SCATTERING CROSS SECTIONS REQUIRED ST7 OF 10480 AVAILABLE LOCATIONSSesescsssessaseeess
INPUT SECTION So DETECTORS o
INPUTS 8PP @ O 3 0 0 a0 <0 w0 w0 0 w0 w§ =0 w0 =0 =0 ebh =0 w0 =0 G =p =0 =0
RESPONSEy®, 1 O RADITISI/HA  1,0000Ee00 1,8000Ew0S 1,8000E=05 1,6500£=08 1,4000E=08 1,2000E=08
Te1300E=08 8. 7 6.2000E=06  5.2000E06 4,0000E=06 D,4300E08 2,5000E=06
RESPONSERWY o
RESPONSES.B, 2 0 RADIETMI/ZHR  1,0000£400 2,7000Ee0S 2.7000Ew03 2.3000E=0S 2,1500Ee03  149000r-0S
RESPONSETSY 1.6200£205 1.1300E«05 1,0000£%05 9,0000E«08 7 5,8000E 5,0000E=0¢ 3
RESPONSESYS”
RESPONSESSY 0 REN/HOUR 140000E40% 1, 1800E=04 1,1500£=04 1,0700Ev0s ],1000E284 9.
RESPONSET! LI T E: $,5000E05 3,4000E«05 4,0000E=05 1,3000E%03 2,1000E~08
REZPONSET,Y
INPUT SECTION 6 SAMPLING PARAWE
IHPUTS 64 0 O o 1 1 1 1 =0 =0 =0 #0 =) w0 wb w0 <0 *0 =0 0 =0 =0 =0
OROUPI*PAw& 1+8000E=05 1.7200E405 1} 1 1 E 74 627000E=06
QROUPINPEeS B,7000E=06 &,4000E=08 3I.7000E=06 2,9800E=08. 2,000
ATTEN-1E 0§ 0BOFe0} 1.0000E=01 1.0000E<01 1,0000E=01 08 140000E=01 '1.0080E=01 1.0000£=061
ATTEN@IMGmd 1,0000E=01 1,0000E<01 1.0000E=0l 1,0000Ee01
MPLE PROGLEM 2¢ NEUTRON DOSE RATE AT POINT OETECTOR ABOVE PARTIALLY ~ $e3#e14f FASTER COOE 2
::Pg:?:wug:tfmi TANK, REFERENCE ER=$236 (LOCKNEED STUDY FOR NASAwNSFC) @#aseT M. DRDANsWANL! s
SCATenATE7 1.0000E+01 1.0000£s01 1,0000Eed1 1,0000E+01 1.0000E€01 1,00006003 1.0000E¢91 1.,0000£¢01
RAT L0000E*0} 1.0000E¢0) 1,0000E401 1,000GE<0L 1,0000E001
o nv..’; },SZOZE.ZQ 3 1.0000E603 1,0000E40! 000Ee0)  1,0000E403 1.0000E¢03 1,0000£003
TR o 4100006001 :.oogng-u ? ag::?gi 5,0000E%01 0 5,0000E=01
. #0000 5,0000E~01 1,0000E=! . - . - N . ~
1100000000, da000EEILnuTi THAUT AnD BREPARATION CONPLETED

fioseIoge]
1RAINUONSY @

®

£l0)e1008)
Jeajanuonsy


http:0.0001.03
http:00000[.03
http:0.00001.03
http:0.0000.0E
http:0.0001.00
http:0.0000E.O0
http:1,0000t.60
http:2.00001.06
http:Z.0950M[.06
http:7.90001.09
http:0,so001.06
http:7.0001.04
http:0.162001.03
http:0.90001.00
http:2.30001.00
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by section, and terminates at page 4 of case | (upper right hand corner of the printout),

Every page after the first has the title cords printed ot the top of the page.
Flux Output
The next poge, (5), of the printout starts the output of the computed fluxes by de-

tector and energy group. The various calculated flux are

d by lines con=
taining asterisks.

The First set of output, labeled: ** FLUXES FOR DETECTOR XXX AFTER XXX
PACKETS **, is always printed first. (The term packet is just another way of describing an
outer iteration; i, e., each energy dependent anguler point source can be visualized os o
packet of porticles of di;ferenk energies,) Each of the' columns contains grovpwise informotion
as indicoted on the left side of the printout. Note: there ore less flux groups 'than were used
in running the problem; i.e., 23 groups were collapsed to 11, as shown on Card 5-2. The
first column is the coefficient of variation of the scalar flux, expressed os a frdction. The
second column is the average energy in Mev. The third column is the number Flux in particles/
c:m2 sec unless the input data were juggled; ;a. g., using unit areas and volumes for surfoce and
volume detectors. The fourth column contains the energy flux in Mev/cm2 sec. The Fifth ond
sixth columns contain the group averaged differential number ond energy fluxes, i.e., columns
3 ond 4, respectively, divided by the group width. The last two columns are running summations
of the fluxes and give the total flux from particles with energies greater than the lower boundary
of the group.

The next set of output is lubeleé' ** NUMBER FLUX RESPONSES FOR DETECTOR
XXX AFTER XXX PACKETS **, Only one response function was input and its title (entered
on Card 5-3) appeors over the first column. The response by group is then printed. The lost
Yhree lines in this column are the total response, the coefficient of variotion as if the group~
wise resp were obtoined ind Jently (labeled MIN ERROR), and the coefficient of
variotion os if the group wise resp were strictly dependent (labeled MAX ERROR ).

This set of response function output would be omitted if no response functions were
input. It would be repeated, unti! all response functions were cutput, for problems with more

than 8 input responses.
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The final set of output 1s labeled ** NUMBER FLUX MOMENTS FOR DETECTOR
XXX AFTER XXX PACKETS **, Column 1 is olways cbtained in this set of output. It con~
tains the average fluxes obtained between printouts, For this problem it is identical to the
scalar flux, For problems with multiple printouts during the calculation, soy every 100 outer
Tterations, - this column would contain. the average scalar flux as computed during the most
recent 100 iterotions. Subsequent columns contain other components of the total flux in the
following order:
o) totol Flux by source, labeled SOURCE XXX {not used in this problem since only
1 source was present)
b) total scattered flux by scattering region, labeled REGION XXX (obtoined in
this problem for every non-veid region)
¢} total flux by order-of-scatter, labeled SCATTER XXX (obtoined through the
7th scatter for this problem)
d) Legendre moments of the angular flux, labeled ANGULAR XXX (the current
was obtained for this problem)
length~of-flight moments of the flux, labeled SPATIAL XXX (First moment
obtained for this problem)

e

Aéier printing the contribution by group, each column contains the total contribution to each
of the response functions, if any.

The finol poge of printout for a problem (page 7 of this printout) is sometimes helpful
in correcting geometric errors, It contains a listing, by region, of the bounding surfoces
{with the sign of the ambiguity index offixed) ond the region entered the last time a ray

crossed these boundories (most-probable-next-regi ., Most=probab! gion Indices

greater thon the total number of regions {greater than 20 for this problem) indicate that there

- was no next region and should correspond to the outer boundaries of the problem, A zero

indicates the boundary was never crossed.
The remamder of this printout, Iabeled CASE 2, is the nevtron problem which was

run as a change case immediately behind the first case. Most of the input changes fnvolve
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the multigroup scattering cross sections. The flux printout (starting on page & of case 2) is
interpreted in exactly the some monner as case 1.
The results contained in this printout are summarized in Table 3 along with appro-

priate results from Reference 20. Since the FASTER calculotion was intended as a sumple

problem, comments on the relative and time requi of the varfous

caleulations are not made.
TABLE 3

SUMMARY OF SAMPLE PROBLEM RESULTS

*

FASTER 18-0 Point
Monte Carlo Monte Carlo Kernel
Photons 3.4 10° £ 0.34x10° ~6.7%10° £3.0x10° ~3.0x10°
({rad/hr)
Neutrons  7.1%10° £2,7x10° ~2,4x10% £ 1,5x10% ~2.0102(14-0, AW, )
(rad/hr)

~5.0%10% (QAD, H,0)
~6.6x 102(QAD, C)

*Reference 20, Figures 30 and 55
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APPENDIX A

ALTERNATE MONTE CARLO PROCEDURES

Section 2,0 of this volume perfained to a development of the Monte Carlo method
which utilized random sampling for oll of the spatial integrotions. This methed is used in the
FASTER progrom. It is not necessorily the most efficient procedure since there are many
q ing the spotiol dependence of the distributed
fixed source is discussed below. The discussion is limited to 1) a technique which further

alternotives. An all hnique for i

reduces the integrations performed by random

pling ond, 2) the ideration of a single
point detector,

Alternate Uncollided Angular Flux Estimator

Equation for the uncollided scalar flux can be manipulated as+

# (38,8 ;
o = H ol ‘ 9" (Hae )
@)
w1 .
n
1 * s
=1 21, o (3,0 “2
b=
where N -
o (8.8 = e o (3F.,0 (A.3)
1 o 1
af)
- * o
ﬂi selected ot random from q {Q) (A4}
N
q{(R) 20
"
. s -
g (@) >0 i f o (% 7,6 dE >0 (4.5)
o

_["q’c (@yds =1
4 .
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Thus the angular flux is approximated for finite n by:
* o 1 2 x> - >
6 G0 - ;; o (8,8 5(8- T .6

* s
But [ { [ £} isgiven by o simple line integral, 1.e., equation 2,2:

* o 1 " s A s

6 (h8., 8 = 5 [ 5 (F-s8, 8 Brexp|-| Zr-of,B) a] d A.7)
C] i o E? I N
a(@;) Jo o

This integration can be performed numerically with extreme accuracy for non-void

source regions with slowly varying source distributions by using the tronsformation:

. s
du = exp [—[ st (e 5'?1}, B ds'] ds ©{A.8)
©

i.e., the discrete values of s corresponding to discrete values of u will be exponentially
distributed with approximately equal contributions to the integration. Note: the transformation
is performed for some average energy E thus yielding the same “source" points for all energies.

Solving A.8 for ds and substituting into A.7 gives the transformed equation

-(_;_; 1 J’ . A 5(v) S N
2,6 = S (T-su)e. 0., IR -t en, B ds
¢ (n2, )‘ 5 uO(r ) ﬂlE)exp[J; {(r- 08, B-21G sQi,E)}ds] do

(A.9)
where s{u) is the solution for s of
s(u) OO
v o= f exp [—f =t (-0, E)ds' | ds {A.10)
(] o !

This procedure con olso be generalized to include the effects of the source distribution in the
transformation, All of these considerations have been incorporated info the sampling function

described in Section 8.3, which approximotes equation 2.36. The only difference is: random
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discrete values of s (or u) are obtained for performing the numerical infegration.

Another procedure for computing the uncollided angular flux, is to perform all
integrations numerically, When an anguler integration is included Ina rotated spherical
coordinate system centered at the detector polnt, smaller computer times are expended than
on most point kernel caleulations, This is o result of the mony "point sources” having the
same "line-of~sight" to the detector; i.e., the geometric caleulations are significantly

reduced,

Alternate Single Scattered Flyx Estimator

The use of the above technique does not yield a single point source which can be

used to colculate the point repi ion of the scattered source of the first scottering point.,

However, the same technique can be applied ot the first scattering point. The procedure,
again, is to write the equation for the single scattered scalar flux, { This formalism isn't
really necessary but it provides o convenient and consistent basis for the opplication of ran=

dom sampling techniques, It is useful in inferring the form of optional sampling functions.

. .
5,(:0.8) exp[-fz'(r-s'n,s) ds']
0

- * o .
¢, (r,E) = ~ py {4V (A1)
1 ) 2 1
py () s
which yields a point, single-scattered source
s o 1 >
Wi, = = 5 (8.0 . (5.12)
py ey

where 'r‘1 is selected ot random from p; (_\r') as shown in Section 2. 4.

In Section 2.4 it was assumed that there was an energy dependent angulor point
source, wo(ﬁ, Bl ot ¥, which finolly yielded W} (8,8, The point source W 8,8
con be obtained at this point In the colculation although another technique is used for the
uncollidea Tlux, Nevertheless, other techniques can also be used, In porticular, the tech-

nique discussed for the uncollided scalor flux can also be used for the single scattered source:
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f; R e
- o r'll ' m r"l' PRk .o
wi(®,E) = = ” o = g (R (AI3)
i) o (8
- 2.$ .
S NN RO (DY JO0-T1%: 1 i Y N (A1)
AT oy ) gagE (rify . .
oy @) S,

where the equality holds in the sense of the expected value. Mulfiple scottered flux contribu=
tions can be obtained using the inder of the techniques described in Section 2.4,

There is an implicit assumption in the concept of using o line Integral along a fixed
direction vector thot the angular voriations can be opproximated with facility in q.(ﬁ).
Intuitively, this appears correct since the engular flux at a point detector usually varies slowly
within the solid angle cone subtended by the source. Especially, fluxes at a point detector
in the most intense portion of a source could be computed with accurocy using only o few

discrete directions,

The amount of detall which can be built into fing functions internal to o

program is limited and is usually based on line-af~sight observations between source or scatter~

ing points and the detector point. For more difficult probl where |

are not strictly correct, i.e., where short circuiting around a shield actually yields the major
compo.nent of the flux, the effects can be approximated by using several alternote definitions
of p:(‘:'), where p; (’;‘) is used in randomly selecﬁng the first~scatter points, This same
copability is not usually warranted for multiple scattering events since the effect is harder to

predict end central,
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APPENDIX 8

ANGULAR AND SPATIAL FLUX MOMENTS

Legendre moments of the angulor flux are btained by an i fon of the individual
flux contributions over solid angle. Using the notation of Section 7.0, the angular dependence
of the flux contributions is denoted by:

P O
Aéi’ ik @) = Mi, Lk e - 2)
where Ad:i' k is the flux contribution to the jth energy graupjrom the kth inner iteration
of the ith outer iteration and is obtained for the fixed direction @ .

The angular moments are ged over the hal angle and obtained with respect

to a preferred direction Ep:

bt - JE .
4=+ Zl Z“b ff”bi.k s@-8)p (B0 )dn (8.1)
&=
e
=13 b 880y R EX (8.2)

i=1 k=0

°

where P () = 1
one- "8

P G = _{, [(2:-1),4P‘_1(,)-(|—1) p,_z(p)]

The preferred direction a

is fixed by input for point and volume defectors. For surface
detectors, it Is the unit normal to the surface, _n,\ as defined by equation 4. 11, The zeroth
moment, =0, is the scalar flux as given by equation 7.6 and the fitst moment, .l = 1, is

the particle current with respect to np.
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The azimuthally averaged Legendre moments can be used to define azimuthally
averaged differential angular fluxes and/or interval integrated values, This is not done 'by
the FASTER program. However, the equations required for external manipulation of these

moments are summorized below:

a) differential angular flux

21+1 | (8.4)
% W = E == % Py ()
[=0
b} interval integroted flux, B SES Hpe
Hont 1 '
- 2041 |f’" .5
= EATA P (W) d
®,m Z 2 i | () du
=0 M

Using the'relationship (Reference 15, page 309):

I T I (u)} b6
Prlw) = T+ {EH-] dp’ 1 (B.6)

Then
irm = ']E[ 4 d’; {PH](Pm+1)_PIH(“m)-PI-I(PmHHPI-I(Vm)} ®7

Spatial Moments
Length-of-flight moments of the flux can also be obtained from FASTER, These are

normalized to a reference distance 1t . “Thus

t m

" -1 @, Ak (B.8)
s nizdi,i,k<v ) .

i=1 k=0 ° .
t = max ( ' T -7 [, 100), T , -: are defined in Section 8.3 © (8,9)
° p c

; (8.10)

= AL t, L1

bk T kZOI’i,k' | I
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where
A, = F" T l for o point detector
ik ik (8.11)
= s, the distance to a surface detector
Moments of the average length-of-flight are obtained for volume detectors.
At | == s+4y2 iFvoid
, (8.12)

= s+ I/}:vi - as/ [exp(E\;As) = 1} if not void

For photans and non=volume detectars, the length-of~flight moments can be related to the

time of arrival of the flux

[ =

ik STk Tk T G/ (813)
where ¢ s the velocity of light and 7 is the time. If the source is assumed to have a time

dependence 4(r), then, the temporal moments are given by
am

n
[ %ZZ A%0k ’i,r:

i=1 k=0

{B.14)

u
—~
o lo-—
~~
2
-1
-3

These moments are not processed by the FASTER program but the obvious procedure is to use
fechniques of the type used for the spatial dependence in the momenfs(é); e, g., assume o

functional form and match moments,

O e [matrm ] T b e ™,
m'=0

(8.15)
= or<r,
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where T is the earliest arrival time, o is an exponential decay constant, and the bm's

ore in o poly p ion of the deporture from o true expo-

nential decay.

Then
= 0
o =f o) e
1 fg 1
e g
- f exp [- alr-~ fg)]z by (r= o)™ Mar
T m'=0
=3 b, St 1M=L, (816)
m'=0
where
" "
Syt =f exp [-a(1—7°)] N S R AL,
g
a

Equotion B, 16 is solved for the constants bm' , m'=0,1, ... and equation B.15 is used

to compute the temporal dependence.

Astronuciear
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APPENDIX C
PROGRAM LISTING

«  The FORTRAN IV listing of the FASTER program is given in this appendix, Compati~
bility with other computer facilities can be obtained by} the following changes in the control
program on the first page of the listing

a} Change of input tape logical designation from 5 to |
replace Ml =5 by M=}

b) Change of output tape logical designation from 6 to §
replace M2 = 6 by M2 = |

c) Change of maximum number of lines per printout page from 43 to k
replace LINEX = 43 by LINEX = k )

d} Change of i number of I ions for dii foned orrays from 12000 fo 1.
replace COMMON  H(12000) by COMMON H(l)

and reploce NSTORE = 12001 by NSTORE = [+ 1

The listing corresponds to an operational program for the |BM 7094 computer which -
uses @ MAP random number generator as shown on the last page of the listing. For conversion
to the CDC 6600 computer, the MAP routine is removed and a card in the control program
{first page of Jisting) is chonged:

replace IBMCDC = 0 by IBMCDC = 1
It is assumed thet the random number generator, RANF, distributed by the Control Data Cor=
poration is on the library tape and thot the calling sequence is:

R = RANF (i), where { >0, stores i as the generator

R = RAI\iF (0} yields o random number R on {© 10

Alll calls to the random number generator are relayed through the function subprogtam
RANNO (n) where n is o do-nothing argument=-n is not used in the calling subprograms
and-can be defined arbitrarily in RANNO, Therefore, ony other random number generator

can be vsed by FASTER with appropriate chonges in RANNO,
FORTRAN IV LISTING IS PRESENTED ON PAGES 184 THROUGH 259.
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SINETT FAST w9417 ,%7

R FASTOno |
TTASTISSE JRTRAN-ARALYTIC SULUTTCN~THANSPGRT EQUAT [DN-RANDDM SAMPLINGETHIEAS Ty >
cum v H(12509) FASTOON
COMBON/COL 17971 8RCDC FAST 04
COMHWTAPELR /ML -2 FASTHU0S
CMMINIEASETD/CASE NPAGE LINES LLINEX oT{TLEALL3) STUILEATLBIFASTOI06
CMUON/LEATTS/NSTORE NERRAR, NSHAX ,NAUAY | ¥4NAX (NIYAK INSTHAK, FASTaLY 7
1 JedEX oNVMAX (NXPIX (NYEMAX,NEMUD (NXSECT,NUNITD,  FASTouo3
? NUNITXVRIMAX  NMPAX  NORDER 1 DUAN 4 INELAS,NTHANS: £ 450006
3 NNAX G NGUAX NFMAX (NVMOD (NCHAX \NLWAX ,NTWAX »  £ASIo010
4 YOAAX NGHUO (MONLNT,NUMOD (NPDYAX)NPOMJD,NSGMAXs  FASTO01)
4 WVOMAX, NVDULO NPOINT L HINDELP (4SOILA MONELY, YUGFLY,  FAS 10017
s WPRINT,NUNTTS (NUMEER \KALTOE FAST0013
CTMMNZIRUTXS/INTR o TAZ L UISY L IMTL L1amn Lgxe i FASTIOLG
t PL2E 1B oINSG LINPC W IJSN L 14SX ,  Fasfoms
2 1XTR O A1SUV L IATN L EATW TES3 L ISSH JIBIN . FASTOOL4
3 INTG G TELE 1EGW L 11DS 01DV 1109 ,110S .  FASI001T
4 IVOL L 1EHF L IXOT JIRST BALP  ,IVWD  L1GIM . FASTOOlA
s TAIM  IALM 1ALH 1A f[NS L TVEE  ,IVAL ,  FASTOOL9
4 ISPh ISR GIATD L I3SP LISGY LUI5E 11D .  tastonzn
7 1565 NEXT L 1XHP LISGR 1S  ,IES  ,INC .  FaSTOR2L
[ IEC LIND 1 A JISL . LIST , faSTo022
9 INGG INSC o ISTP L INRP oINCP ,1FXP ,1FXS +  EASTONZS
1 TFXT L IFXE 4 IFXA FASTIOZ4
CIMHOW/OTHERS/RANTUS, XCTU3),0ELTA ,B0CI31,4TA  ,aF3  ,AlC > FasTo02s
1 AT eAt , 148 S S UMIN  LJMAX . FASTOD24
2 KHIN (KPAX  ,JRAR  ¢NZERD FASTO027
COMMDN/REGSCA/NSRFAXS INSR CORRECT
18HCDC = FAS 10023
NSTORE = 12001 FAST0029
Al = 5 FAST0030
N2 s 6 FASTI031
LINFX = 43 FAST0032
RASE = 0 FAST0033
1) CALL DEFINF FAST0014
CALE SOLVIT FASTOO3S
6J 10 10 FASTO036
FAST0037
$IBFTC LABLE  H94/2,XRY FAS10038
CLABFL $OUTPUT PAGE HEADINGS FCR PROGRAM FASTER®T ,H. JDRDANWANL®OCT . 1966FAST0039
FUNCTION LABFL(LINE) FAST0040
COMHUN/TAPETD/NY M2 FAST0041
COMHON/CASEID/KASE  \NPAGE ,LINES ,LINEX o7 ITLEA{18) TTITLEBII8)FASTODA2
L = TABSILINE} FASTO043
[F{LINE.LE.GIGD TC 10 FASTO0044
LINES = LINES + L FAST0045
LABEL = 0 FAST0046
FASTINGT
TFELIAES, LELLINEXIGE TP 20 FASTOO04B
13 UINES = L+ £4STO49
N2AGT = NPAGE b 1 FASINU50
LABLL = 1 FASTHOS Y
CLAZ, 2000} TLTLTAKASE, TITLEN, NPAGE .
A S DAL i e CODESHS 0CASE 15/ 1K, LEAGL J0MHT 85 T0N52
L eef.t. JORDAN JMANL #2844 #PAGE, 15/ LH ) LASTo0es
2) RETURY . EASTO0S
N FASTNOSE
HIRFTF VECTR vu:?/i.Xﬂ7 FASTO0ST
CVLCTOR #UNIT VECTE 053
FUNCTION VECTER(X Y, C) ;:z;ngq
DIAFNSIAN XU31,Y(31,Ct31 FASTO06
. BST = 1.9 FASTON61
O 10 I=1,3 FASTUNA2
ctry = ytir - xqti FAST%3
12 FST = EST 2+ rt1)es2 FAST 084
FST = SIKTLEST) FASTONGS
IF{EST.67.0.01 60 T 15 FASTONOS
ri = 9.0 FASTO06T
ct2) = 0.0 FASTON6H
L3 = 1.0 © EAST0069
Gu 10 29 TASTONTO
15 M 20 121,43 FASTAOTL
21 CU11 = CUIV/RST FASTANT?
6 vECIOe = EST FASTINT 3
AETURN +ASTINTG
FASTONTS
STHFTC ILANK  M94/2,XR7 £ASTINTA
CIERMTEZERD YT ARRAY ASTUATT
SURRUUYTIRE ZFRLUT(HAL.N) FASTI0TA
DIMENSIAN NCLY 10079
16 UHAXLLFLLIGU 10 20 N fﬁg,og;q
Dy 1) IslsMax FASTO0RL
1) N(I) = 1 FASTOORZ
2y 3kluen FASING33
END FASTONB4
B L LGKATE  M94/2,XR1T 0
rzgz;:etulsqu INGEX CALCULATICA FIR DRUGRAN FASTER#Y.H.JOR)AV#hAhL‘Ith;::I;:gz
FUNCTION LUCATE [NNN, XXX) FASTONBY
DIMENSION xxxl;:l' Fa3TI035
. CO¥PON 10089
Gl v MAX ,NAMAX (NHMAX (NAWAX NSTYAX,  F4S
CGHHUNILlults,:::;:k':ssntu:x:vAx INXEMAX NEHDD INXSECTINUNITO,  §ASTOD9D
; NUNITXNIHAX JNMPAX JNCRDER,NDOWN » INFLAS(NTPANS,  FAST7091
i NNMAX GNGYAX yNFMAX  NVHDD NCMAX ,NLAAX NTHMAX ,  FAST0092
4 NOMAX JNGMTU pMOFEST NDHOD NPDMAX ,NPCHCE,NSEMAX,  FASTO093

= a
£z
B
28
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hVuPAx.hVDHCC'NPCIN"HDDELP'HUEELD'NDDELU'HCDELV-
NPRIVT.NUNX'S.NUH“ER.KALIOE

CanUNIINUEXi/INTP 1Az ot JEMTL G TRHD ,IXR  STELL
1 vEAT .IBE PINSG  +INPC HLJSN  ,1JSX
2 lxrn CISUV L TATN  IATH  IF54 L (SSH . [CEN
3 INTG JIELF oIFGR »1TOS [I0V L FIOR . IIDS
4 IVOL S L1COT  JEXCT o IRSI HIALP ,IVSD ,IGIM
5 1AIM  STALM L 1ALH 1A SINS G IVEE  IVAL
s ISP  SISPE ,1ATD IRSP ISGT ,I1ICk ,I10L
7 1565 WNDXT ,IXHP S ISGR  olWS  ,IES  ,IWC
A e LI, oIV 3 JIST o IST
q INRG +INSC  o1STP  ,INRP ,IACP o IFXP oIFXS
1 IFXT L IFXE o IFXA
COMBON/NUMLCC /NN HH PEIL]
D) 10 1=1.3

1) XUt = XXX} .
NK = NNN :

CALL LUCDUH(NAHAX.NBNAX'I;N(INTP).N(IAZ):N(IA)'HIINS).H(INU)-
HIT

LUCA(E = n
RETURN
ERD

SIRETC LOCOML  F94/2,XR

CLOCHUHFREGTUN INEEX'CALCULATIEN FOR PROGRAM FASTER®T,M.JOFDANSWANL¥]

SURRUUT {NE £OCDUMIL1,L2,L3,HTP+AZsA¢NS,ND,U Y

DIMENSION NTPUL1,AZIL) dALLE L33 sNSILZoL3),NOLLIULL)

CUMMON/DUMLLC /NKR +NN 1 X019

EOHHON/LXFIlS/NSICRE.NERRUR.NSFAX SNAMAX NRHAX
JNXEMAX (NEMOU

NUNITXNIMAX (NMPAX (NCROER,NOOWN o

NRMAX (NGHAX JRENAX (NVHOD JNCMAX
NDMAX ¢NGHOD 4HOFENT ,NDHDD ¢NPDMAX,NPDHODNSEMAX,
NVOFAX,NVOHCD,NPOINT , HODELP y4 ODELQy MODELU, HODEL Vo

a NEMAX ¢NVMAX NXMAX

LA wN -

NPRINT /NUNI TS sNUMBER (KALTDE

DO 100 [=1,3
X{T+3) = x{rrexcl} * .
J =1 &1 - 36(1/3)
100 XU1+6) = X(T)¢X(J}

DO 110 [=1,NSHAX
110 NDUIY = @

DU 20n N=1,2

IF{N.GT, l)GL ™m 130

TMIN = NN

lFillMlN-l)'(NRHAK—lHIh‘ll 6T.CIGC TO 120

THIN = NRHAX +

GO TH 200
127 IMAX = NRMAX

60 10 140
130 §MAX = IMIN - 1
IHIN = 1

140 00 190 I=IMINsIMAX
00 170 J=1,NBNAX
IF{NS[J,1).EQ.0}GC TO 180
KP = NS(J,11/100000C
K = NS{J,1)/1000 - 1000%Kp
TFINDIK).GT,.01GO TO 160
NDLK) = 1
MAX NTPLK}
UIK} = AZ(K)
DO 150 L=1,8AX
150 UCK) = ULK]) + XIL)*A(L,K}
160 IF(FLOAT{2%KP ~ 1)#U(K).GT.0.0)G0 TO 190
170 CONTINUE
180 AN = |
GO TO 210
190 CORTINUE

»ZOD CONT INUE

NN =0
210 RETURN
3

JRHNAX (NSTHAX,
P NXSECT,NUNITD,

NEL

AS  NTRANS,

VNLHAX JNTHAX ,

$ORIGIN

ALPHA
$IAFTC DEFEIN M94/2,XR1
CDEF INE*DATA INPUT AND PREPARATICK FCR PROGRAM FASTER®T. M.JDRDAN‘HAhl‘éﬁFAﬁYOlbb
SUBROUTINE CEFINE - FA!

COMMON

vit)

COBMON/TAPETO/ML 1H2
CUMHON/CASEID/KASE oNPAGE (LINES oLINEX ,TUILEA(18) TITLEBL18IFASTOL7O
COMMON/LINITS/NSTORE JNERROR,NSMAX NAMAX JNRMAX ,NBMAX :NSTMAX

1 NEMAX NVMAX JNXFAX NXEMAX/NEHOD +NXSECT,NUNITD,
2 NUNITX,NIMAX (NMMAX ,NORDER,NDOWN o INELAS,NTRANS
3 NNMAX (NGMAX JNFMAX yNVHOD ¢NCMAX ,NLMAX ,NTHAX
4 NDMAX ,NGMOD sMOMENT,NOMOD ,NPDMAX,NPDMOU,NSOMAX,
s NVDMAX ;RVONCD 4 KPCINT s MODELP 4 ODELQ, HGDELU» MCDELY
6 NPRINT (NUNTTS ,NUMBER ,KAL [DE

COMMON/ INDEXS/INTP +1RHO JIELL
1 LR .
2 [XTR .
3 INTG '
4 TvoL v
5 1AIH .
& 15Pw »
7 1565 ’
8 1€C v
9 INRG .

FASTO094
FAST009S
FAST0096
FASTO097
FAST0098
£A$10099
FAS10100
HASTOL01
FASTO102
$ASTOLO3
FASTOL04
FASTO105
FAST0106
FASIOI07
FAS10108
FAST0109
FASTOL10
FASTOLLL
FASTOLL2
FASTO113
FASTOLLS
FASTOLLS
£AS10116
qéqrA510117
FASTOLLB
FAST0119
FA570120
£ASTO121
FASTO122
FASTO123
FASTO124
£AS10125
£ASTOL26
FAST0127
FASTO128
FAST0129
FAST0130
£ASTO131
FASTNLI2
FAST0133
FASTOL34
FASTO135
FASTOL136
FASTO137
FASTO138
FAST0139
FASTO140

FASTOL4L
FASTOL42
FASTO143
FASTOLl44
FASTO145
FASTOL46
FASTOL4T
FASTO148
FAST0149
FASTO150
FASTOL51
FASTOL1S52
FASYO0153
FASTOL54
FASTO155
FASTQ156
FASY0157
FASTOL158
FAST0159
FASTO160
FASTO161
FASTOL62
FASTOL63
FASTOI&#

ST0165

STOL67
FASTO168
FASTOL69

ASTOLTE
FASTOL7?
FASTOL173
FASTOLT4
FASTOLTS
FASTOLT76
FASTOLTT
FASTO178
FASTOL79
FASTO180
FASTOLl81
FASTOLB2
FASTO183
FASTO184
FASTO18S
FASTO186
FASTOlA7

®,
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IFXT  LIFXE LIFXA FASTO188

CﬂMHUNIlNPU'{SIlNl 21 IRNT23) FASTO189
DIHENS [ON TDUM{36) 4 TYPELS6) 2 ADUM (18} FASTOL90 — o
DATA THuM/ FASTOL9L B4
1 AH{F)Os4HRTRA GHN s { Ay 4HINAL p4BYTIC,4H [S1,24HOLUT 4HION , ,4HITIR, FASTOL92 28
2 4HANSP 4 4HDRT 4H(E}O»4HUAT I ,4HUN, [,4HR JAN34HOUM +4HSAKP,4HLINGFASTO193 2§
1 4HMATH,4HEMAT,QHICAL,4H AND,4H NUN,SHERIC)4HAL Av+4HNALY,4HSIS,,FASTOL194 g2
4 4HCOMP,GHUTER,4H PRGANGRAN14HHING e4H ANDy4H CHE+4HCKIIU,4HT BY/FASTOL95 5
DATA TYPE/S FASTO196
1 4H VAR 4HIABL ,4HE D1.4HMENS ,4HIONS, FASTOLOT
7 4HSURF,4HACES.4H ANCy4H REG4HIGNS, FASTO198
3 4H IND4HEPEN, 4HDENT ) 4H SOU4HRCES, FASTOL99
4 4HBAST y4RC CR,4HCSS +4MSECT,4HIONS, FAST0200
5 4HDETE s hUTOR,4HS ¢ J4MRESP,4HONSE, FASTO0201
& 4H SAM,4HPL TN, 4HG PA,4HRAME4HTERS/ FAST0202
19 KASE = KASF ¢ 1 FAST0203
NPAGE = O FAST0204
LINES = LINFX FAST0205
IF(KASh 6T.1) G0 10 3¢ FAST0206
36 FASTO207
20 IIYLFA(J) = TOUMLY) FAST0208
30 CONT INur FAST0209
DO 700 NNN=1,6 FAST0210
TF{LABEL{1),GE.O) WRITE{M2,2000) NNN,(YYPE[ I NNHD41=1,5) FAST021L
2000 FORMAT [1X,3201H¢},18HDATA [NPUT SECTIONs{2, 2He ,5A4,33{1H*)) FASTO212
CALL RFADT{24,1IN1) FASTO213
TFUINLLLELO) GG TC €&C FaSTN214
D0 50 I=1,IN1 FASTO215
5% CALL READA(18,40U¥) FASTQ216
60 GO T0 [100,200+30C,4C0,500,6001, NNN FASTO?17
109 CALL STNRER FASTO218
GO TGO 700 FASTO219
200 CONTINUE FAST0220
CALL GEQMININAMAX ¢RBMAX,1,VIINTPY VILAZ VO TAY,VITISY),VIIFTL), FASTO221
1 VUINS) VIIRHD) G V(TXR]) £asS70222
G0 TG 700 FASTD223
100 IE = ASTCRE — NXEMAX FASTO224
IFN = 1E — RXEMAX FAST022S
1ENG = 1EN = NXEVAX FASTO226
1EAG = IEMG — NXEFMAX FAST0227
IFLTEAG.LT.NEXT} RERROR = NERRCR + | FAST0228
CALL SOURCEUINEMAX NXHAX 5, 1,VIIELL) s VITELW) ¢VI1AEL},VIIBF},VIINSG) ,FASTO229
1 VEINPC) ¢ VELISN) VI TISX Y WLITSUV) WVEIXTR) (VIIVEF ), FAST0730
2 VUIVAL Yo VUESPUI WV ISPET, VITISVI LVIIE 1,VIIEN), FASTO231
3 VUIEBG) «VETFAGY) FASTO232
G0 TQ 190 FASYT0233
400 I€AC = NSTORE -~ NEHGC®(NIHAX # NMMAX) FASTO234
IJHX = IEAC = NXSECT®UINELAS + 3) FAST0235
IXSI = IJMX - NXSECT#INELAS®NYRANS FAST0236
IXSE = IXS{ - NXSECT® NDOWN#NENAX®MAXO(24NORDER) FASTO0237
IXST = [XSE - NEMCD FASTO239
INL = T - 18G5 - FASY0240
CALL lNSECY(NENCD'NDDHN.NDRDER'lNELAS~NEHAX'l.V(lESSI-VHDEN)' FASTO251
VIISSH) s VIISGTH,VITIDE) ,vE11D1} VILISGS), FASTO242
VIINTLY ¢VEIRHOY VL EXST) o VITATO) VL LIMX T VIEXSED FAST0243
3VlKXS\'thIEACI.V“ELL"NYRANS) FASTO264
NEXT = 1S5GS + NAHAX FAST0245
lF(NExT GT.IXHP} KRFRRCR = NERRCR + | FASTN246
10 FASTO247
500 CALL RFSULT(NGNUD.[.V(lNTG).VllELF).V(lFGHI WVLITDS},VEIRSP) FAST0248
VOIEOR) VITIOSY o VIIVOLY o VIICOT) y VITXOT}VIIELL) Y FAST0249
ZV(IHH.).V(IRHDI'V(XEAC).NENUD) FAST0250
G0 10 700 FASTO251
600 CALL RANDOM{VUIRSI),VIIALP)+VIIVHD),VIEGTH) (VIIAIR) WVIIALMY, FASTO252
LVITALH) VITNPC ) o VEIVEE )y NXHAK, 5} FAST0253
700 CONTINUE FAST0254
TF(LABEL{1}.GE.QJWRITE{K2,2010) FAST0Z255
2010 FORMAT(1X,35(1H*),36HDATA INPUT AND PREPARATION CCHMPLETED,36( 1H*))FASTO256
1F (NERROR.EC.0) GO TO 900 FASTO257
TF{LABEL(11.GE.OINRITEIR2,2020} FASTO258
2020 FORMAT(1X,42(1H*),23HPROCEEDING TO NEXT CASE,42{1H®)} FASTO0259
GO 7O 16 FAS10260
900 MAX = NSTORE - 1 FASTO261
00 910 [=NEXT,MAX . FAST0262
910 Vil) = 0.0 FAST0263
1F{LABEL[1). GE.D)MRIYE(HZ.ZOED) FASTQ264
2040 FORMAT{1Xs1H%,35(3HGO*) FAST0265
LINES = LINEX ¢ 1 FASTO266
RETURN N FASTO267
FASTO268
$1BFTC STORE M94/72, FASTO269
CSTORER*LIMIT INPUT AND VARYAELE DIHENSIUNING FOR PROGRAM FASTERSTHI®b6¥FAST0270
SUBROUTINE SYURE FASTO271
COHMON Nt FAST0272
EDKHDNIREGSCAINSRHAX.lNSR FAST0273
COMMON/TAPEID/HKL M2 FASTO274

COMMON/CASEID/KASE sNPAGE »LINES ,LINEX oTITLEA{1B} s TITLEBL1BIFASTO27S
COMMON/LIMITS/NSTORENERRORyNSHAX ,NAMAX JNRMAX yNBMAX ,NSTHAX, FASTO276
NEHAX INVHMAX JNXMAX NXEMAX¢NEMOD ,NXSECTNUKITD, FASTO277
NUNTYX,hIHAX #NHMMAX ,NORDER+NDOWN , INELAS,NTRANS, FAST0278
NNMAX ¢NGHAX JNFMAX ,NVMOD +NCHAX oNLMAX ,NTMAX o FASTOZTS
NDMAX yNGMOD sMOFENT,NOMOD oNPDHMAX,NPOKODyNSDHAX. FASTO280
NVDHAX s NYDMOD, NPOINT , HODELP yMODEL Qs HOOELU, MODELV ¢ Fasvozsl
HPRINT+NUNITS ;NUMBER ¢XKALIDE FASTO2B2

@
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COMMON/ INDEXS/ENYS o 1A2 2115V y!XR oIELL o FASTO283

1 - IELN ,TAE »IBE SN T, 045k FASTO0284
2 N IXTR  LESUV  (IATN o+IDEN FAST0285
-3 INTG ,IELF ,IFGW fJ108 FASYO286
4 . X IVOL ,LICDT ,IXDY +1GIA o - FASTO267
5 . TALR  LTALM  SIALH «IVAL 4. FASTO238
6.7 ISPH  +ISPE oIAID IIDY FASTO288
7 . ISGS  SREXT ,1XNP +I8C . FAST0289
) ‘.‘A . TEC +IND 14 34 +1ST v FAST0290
-9 N INRG ¢INSC  ,ESTP L INRP HINCP LIFXP ,IFXS FASTO291
1 »IFXE ¢IFXA >, - FAsl0292
CONNDNIINFUTSIINl '!NZ le! eING  LINS  ,IN6 +INT s FAS10293

o LN oIN vIRLL  GINNC}3} FASTO294

DINENSIDN LCF(SU.ARRAY(’B' ,Luc(n - - FAST0295
EQUIVALENCE (LOCI L), INTP) FAST0296

EQUEVALENCELLCPI39)) L1 ¢ (LEP(40) sL21yILCPIA LD L3) +{LCPLS2) 4L4), FASTO297 .

LILCPIA3) 4151 ¢ (LEPU44)},L6) o LLCPU45) LT} ¢ (LCP C45),LE) .(LCP( 471,090, FASTO298

24LCPI4B1 L1024 (LCPIA9)LLL) ALCP{S0}4L12) FASY0299

DATA  ARRAY /7 3HNTP,3HAZ o IHISY3HMTL pSHRHO'ZHXR +IHELL FASTO300

13HELHy 3HAE 43HBE 33HNSG 3HNPC ¢ 3HISNe IHISX e 3HXTRy 3HSUV » 3HATN s 3HATH, FASTO301

23HESBy 3HSSH, 3HDEN + 3HNTG » SHELF y 3HFGW 3HTDS s 3HT DV¢3HIDR3HIDS INVOL  FASTO302

33HCOT, IHXDT s 3HRST y 3HAL Py SHVKD, IHGIN, 3HATM, 3HALN, 3HALH ¢ 3HA HNS ,FAST0303
M

$43HVEE , IHVAL « 3HSPH o 3HSPE s 3HATD 4 3HRSP » HSGT y3HEOE » 3HI D 23HEND, FAST0306
53HXMP, 3HSGR¢ 3HMS s3HES 3NN oIHEC +3HND o3HU o3MV 43HN  s3HSI JFAST0305
63HST .3HNRG.3HNSC-3HSTP'!HNaPa3HNCP.BHFXP:3HFls.3HFlT.BMFXE.JHFIAIFAsfozoﬁ
IF{KASE.GT.1} GO ¥0 20 R FAST0307
RERROR = 0 - FAS70308
NNNAX = 0 FAST0309
HAX % NSTORE - 1 £AST0310
“yo B0 10 T=1onax FASTO3E1
10 N(I) FAST0312
G010 30 - ~ FAST0313
20 MAXS » NSMAX FASTO314
<L HAXA = NAMAX FAST0315,
MAXR x NRMAX FASTO316
* MAXB » NBMAX FAST0317
NAXY » NVKAX FASTO318
HAXX-x HXNAX FASTO319
MAXE ~ NERAX FAST0320
HAXM = NMMAX FAS70321
MAXT = NEMAX FASTO322
~. BAXF = NEMAX FA570323
. MODG » NGKOD FASTO324
MODE ~ NEMOD FASTO325
MDDX,~ NESECT FAST0326
MODO, »* NOROER FAST0327
HODD > NDOWN - FAST0328
MODI-= INELAS . T FAST0329
A . FASTN330
HAXH =i NNMAX FASTouY
30 IFLIN2 .GT.0} CALL READA(L8,TITLEA) CEAsToy H
IF(IN3, .GT.0) CALL REAUA(18,T1TLEB) [Sriises
IE(ING,.GT40) CALL READEL SyNSMAX } iy
TF{INS .GT.0) CALL REAGI(* 4/NENAX ) Eisrﬁiis
IF{ING .GT.0) 'CALL READI[ $,NXSECT} etieesd
IF(INT ,GT.0) CALL READI( 4¢NOROER} Fastosse
IFUING, .GTo0) CALL REACI( 8,NGFAX 1 Fastoas
IFUINB GT.0) NSRHAX = NGHDD FAST0539
IFUING, +GT.0) CALL  READEL 5.NPCINT) . cFasT0339
IFCINLO.GT.0) CALL READI{ 4,iPRIKTY “EasTONGO
IF{KASE.EQ.1) GO 10 70 - EASTOS
: 0342
NARRAY = 51 FAST0343
15 (NXSECT.EQ.NODX) GO T0 40
FASTO344
NARRAY = 47
=0 FAST0345
g ’ FAST0346
40 MOVE = LOC{NARRAY) HriiEot
~ NMDVE = NSTGRE — NOVE 3
- FAST0348
DO 50 I=1,NARRAY Porisadd
50 LCPLI) = LOCIT? + RMOVE
FAST0350
1 = NSTORE !
. FASTO351
ﬂnEvZ“i HOYE < 1 FASTO352
FAST0353
FAST0354
FAST0355
FASY0356
FAST0357
. FAST0358
FAST0359
uuusNT = NONENT + NSRWAX FAST0360
FASTO361
NOWOD < 1 £AST0362
lF(NPUINT €G,0) NOMOD = NDMAX EASTO
- FAST0363
INTP = NSRMAX + L A
FASTO364
IAZ SuINTP ¢ NSMAX
. : FAST0365
1ISV.x_IAZ + NSMAX
- - FASY0366
THTL ="1ESV + NRMAX
. FAST0367
IRHD =- IHTL + NRMAX
- FASTN369
IXR = IRHD ¢ NRMAX Pediesd
TELL, =\IXR  + KRMAX3 3
L TuIXR FASTO371
1ELW =" 1ELL + NEMOD
FAST0372
1AE = IELW + NEMAX -
. FAST0373
1BE = [AE + NEMAX
. - FAST0374
INSG =, [BE + NENAX pedbcii
INPC =i INSG + NVHAX
+ HyHAXes FASTO376

TJSN = INPC
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15X = [JSN + HVHAX
IXTR = TJSX + NVNAX
ISUV = TXTR ¢ NVHAX®3
TATN = ISUV + NYNaX
JATW x IATN ¢ REHAX
IESB = IATW ¢ NEMAX
ISSH = TESB 4 NEMAX
IDEN = ISSH + NEMOD
INTG = TDEN ¢ NNKAX
IELF = INTG ¢ NEBAX
IFGN = [ELF & NGROD
1TDS = IFGN + NGKAX
110V = 517CS + NFNAX®3
EIOR = TIDV ¢ NVMOD
£105 = [IDR + NOMAX
IVOL = T10S & NDMAX
ICOT = IVOL + NOMAX
IXDT = ICOT + NDMAX#3
IRSI = [XOT + NDHAXe3
IALP = IRSE + NVRAX
1VHD = [ALP + NVMAX®S
IGIN = [VHD + RVHAXSS
+ NEMAX
« NEHAX
fALH = IALH + NEMAX
1a = TALH + NEMAX
INS = 1A + NSHAX®NAMAX
IVEE = INS ¢ NRHMAXSNBMAX
+ NVHAXENXMAXSS
+ NVMAXSNXKAX*S5
ISPE = ISPW + NVMAXSKEMAX
IATD = ISPE.+ NVHAXONEMAX
IRSP : JATD + NHMAXONIHAX
ISGT = IRSP ¢ NFHAXSNGHOD
TTOE = ISGY + NHMAXSNENOD
1101 = II0E + NHNAX®RORDERSNGORNPNXSECT
+ NHHAX*TNELAS®NXSECT
+ NRHAXSNXSECT

NSTORE ~ NDHOD®NGHMAX®MOKENT
IFXA ~ NOKQO#NGMAX

— NOMODSNGHAX

— NOMODSNGMAX

— NOMOD®NGEAX

~ NSTMAX

~ NSTHAX

- NSTHAX

~ NSTMAX

INRG = INSC - NSTMAX
NSTHAX
HSHAX#*2
NSHAX
NSNAX
NSHAX -
HSMAX
NEMAX
NEMAX
REMAX
NEMAX
NEMAX
NEMAX

TF{KASE.EQ.1} GO TO 120 N

00 90 [=1,38

HOD = LCPEI+1) - LCPLI)

MAX * LOCIE+1) - LOCCT)

TF{{HOD*KAX) .EQ.0) GO TO 90

TFILOC(1).GT.LCP(T}) GC TO 80

TFILOC{I+1}.GT.LCPLI+1)) GO TO 80

J = LOC(II

K = LCP:

CALL RESTDN(NAK.l.I'N(JI'HOD'lvl-N(Kl)

Go 10
80 IF(LABELIXI.GE 0) WRETE{M2,2000)ARRAYLI)

2000 FORMAT[1X,39(1H®),A3,25H ARRAY CANNOT BE RE STORED,40{1H*}}

NERROR = NERROR + 1
90 CONTINUE
D0 100 I=40,NARRAY
TF{LCPII-1}.GE,LOCIL)) GO YO 100
TF{LABEL(1).GE.O} WRITE(N2,2010)ARRAY{I-1)

FAST0377
FASTO378
FASTOITY
FASTO380
FASTO381
FAST0382
FAST0283
FASTO0384
FASTO285
FASTO386
FASTO38T
FAST0368
FAST0388
FASTO389
FAST0390
FAST0391
FAST0392
FAST0393
FAST0394
FAST0395
FAST0396
FAST0397
FAST0398
FAST0399
FAST0400
FASTO40L
FAST0402
FAST0403
FAST0404
FAST0405
FASTO406
FAST0407
FAST0408
FAST0409
EASY0410
FAST04L1
FASTOAL2
FAST0413

FASTO4LA
FAST0415
FasT0416
FASTO0417
FASTO418
FAST0419
FAST0420
FASTD421
FAST0422

FAST0423
FASTO424
FAST0425
FASTO426
FAST0427
FASTO428
FASY0429
FAST0430
FASTO431
FASTO432
FAST0433
FAST0434
FASTO435
FASTO436
FAST0437
FASTO438
FASTO0439
FAST0440
FASTO441
FASTO442
FASTO0443"
FASTO444
FASTO445
FAST0446
FASTO447
FAST0448
FAST0449
FASTO450
FASTO451
FASID&SZ
ST0453

20l0 FDRHAT(IX.BE(IH');AB-JQH ARRAY MAY BE RESTORED lNCﬂRRECTLV.?S(lH'lFASYOéS‘

NERROR = NERROR + 1
109 CONTINUE
ALL RESTCWINAHAX (NSHAX,1,NUTAY ) MAXASHAXS,LoRILLI}
CALL RESTOW (NBMAX s NRNAX s 1 o N INS) o MAXB,HAXR, ko NEL 2} Y
CALL RESTOWINXMAX:SAVMAX NI IVEE) ) BAXX, 5, MAXVN(L3))
CALL RESTOW{NXMAX .5, NVMAXsN{TVAL) 4 MAXX, 5, MAXV,NELSD)
. CALL RESTOWCNEMAX NVMAX, LyN{ISPHY s HAXE¢MAXV ¢ 14HILSH)

CALL RESVON(NEHAX NVHAX, 1¢eN{ISPE) ¢ MAXE,MAXV 41 4NTLO}T |

CALL RESTCW{NIMAX AMHAX, 1, NCIATD)MAXT, MAXN, 1 NILT) Y
CALL RESTOW(NGMOD,NFFAX,1/N{IRSP)HODGYMAXF ¢ 1 NELE))
TF{NXSECT ,NE.MOCX) GO 7O 120

CALL RESTOR(NEKCO,NRFAX, L NUTSCT], MODE KAXN o LiNILS 3]
TF{NXSECT.EC.O) GC TO 120

CALL RES‘QH(hDUHN.NﬂFDER-hPMAX'N(K1DEF'HDDO'HDDD.HAXN.N(LlOD)

FAST045S
FAST0456
FAST0457
FASTO458
FASTO0459
FASTOA60
FASTO461
FASTO&62
FAST0463
FASTO464
FASTO465
FASTO466
FAST046T
FAST0468
FASTO469

[l
5
g2
88
22
g
L=
5

Kloieioge)
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IFLINELAS.LE.Of GG TC 110
CALL RESTGW(INELAS NHHMAX¢1sN{TIDI) o MODI,BAXHYI NTELLED
110 CALL RESTOW(NNNAX 11,1 ,MESGS)eMAXN, Lo L NILL2))
120 {F{INLL.LE.0) GO TO 130
IFILABELL1S).GE.0) WRITE{M2,2030} {ARRAV(I},LGCLS},121,73

130 CONRINUE

FASTO47T0
FASTO4TL
FASTO4T2
FASTO473
FASTOAT4
FASTO475

2030 FORMAT(1X;43(1H%),22K0ATA ARRAY STCRAGE MAP,43( LH#1/6(4X, 14HARRAY FASTO476
LLOCATION} /{616X,A34 19))

RETURN

END
$IBFTC RESTOR  K94/2,XR17
CRESTOW*RESTORE MULTIDIHMENSICNAL ARRAYS WITH NEW OIMENSIONS#T. M. JORDANFASTO481
SUBROUTINE RESTOW{TA,JAvKASNALIB¢JA,KBNB)
DIMENSION NA{iA,JA,KA) ,NBLIB,JB(XB)

DO 20 K=1,KA
bR 20 J=1,Ja
D0 10 [=t,1a
NC = O

1F(1.6T.18) GO

10 10

TFLJ.GT.JB) 60 T0 10

IF{K.GT.KA) GO
K}

NC = NR{I

J
10 NAL1,J,X} = NC

20 CONTINUE
RETURN

$IBFTC GEUM

T0 10

¥94/24 XRT .

FAST04T7
FASTO478
FASTO479

SY0480

AST0482
FAST0483
FAST04B4
FASTO48S
FASTO486
FAST0487
FASTO488
'FAST0489
FASTO0490C
FASTO491
FASTO0492
FAST0493
FASTO494
FASTO495
FASTO0496

CGEDMIN®SURFACE AND REGION INPUT FOR PROGRAM FASTER®T.M,JORDANSWANL®66 FASYO0497
SUBROUTINE GEOMIN(LEsL2,L3eNTP AL Ay ISV, KTL (NS,RHD,XR)
DIHENSTON AA{T) ,ADM(9),1CK(112])
EQUIVALENCE (AALL},ADM(1))

DIMEN%ION NYPIl)'Al(ll'AILI‘LSDylSV(l).HVL(l’rNS(LZ.LJI.RHO(l)'
XR{3,

cuHNUNIIAPEIclnx .
COMMON/L I HI TS/NSTORE, NERROR ¢ NSHAX

P wN -

CﬂHHDNIlNFUIS(lNl,lNZleS'!h4vlN51le.lN7'lNB.IN9'1N10|INN(I4|

€ QUADRIC SURFACES

NEHMAX ,NVMAX NXHAX
NUNITX NIMAX ,NMMAX
NNMAX ,NGHAX NFHAX

+NAMAX (NRMAX ,NBMAX ,NSTMAX,
+NXEMAX ¢NEMOD ,NXSECT,NUKITO,
DOWN +INELAS,NTRANS.
+NYMOD ,NCKAK sNLMAX oNTNAX o
NORAX ,NGHDD yMOMENT,NDHOD oNPDMAX,NPOMOD,NSDMAX,
NVOMAX,NVOMOD, NPOEINT ¢ MODELP 4 QDEL Qo HODELU,MODEL Y,

s NORDE!

NPRINT ,NUNITS,NUMBER s KALIDE

1F{IN2.LE.0Q)GO T0 300
D0 290 N=1,INZ
CALL READS(IDM,AA)

.= IDHCLY

NTP{I} = $OMI2}
NEX = 10M{3 ”

)
IF{NEX.GT.0}GO TO 230

C EXPANDED FORN’
AZ{I} = AALL)

HAX = HINO(NBMAX,&}

DN 220 J=1,MAX
220 AtJ, 1) = AALJel}

lF(NYP(l)-GY 5 ICALL READE(NTPI)=64A1T7:1))

G0 TO 290
230 NGT = {NEX+2)/3

NEX = NEX — 3*{NGT-11}

00 231 J=1,N9HAX
231 AlJ, 1) = 0.0
AZ{I) = 0.0

GO T0(232,233,235,260,25514NGT

232 NTP{I) = NEX
AZLI) = —AALL)

233 FST = AALY) - aa(n)
D= ~-1.0

K=0
D0 234 J=1,3

IFtLJ.EQ.NEXIGO TO 234

o =~-b
K=K+1
NTPEI) = J

Aldel) = DEFST/(AALRY2) — AALK))
AZEL) ="AZET) — AACKISALIL 1)

234 CONTINUE
GO 10

2]

235 CONTINUE

290
CONE PARALLEL TO NEX-AXIS

XX = [AA{6) — AAL4}I/CAAIS) - AAL(3Y)
YY = XX*AAL3) - AAL4)

NTPLI} = 6
XX = XX8%2

AZTT) = YY#82 — XX${AA(L}0€2 ¢ AA(2)992}

K =0
D0 250 J=1,

TF{J.NE.| NEXIBO TO 240

Atd, 1) = 2,087y
AU343,0) = 1.0
GO 79 250

%0 K=K +1

Alde 1) = Z2o08XXSAAIK

3
i
¥

FAST0498
FAST0499
FASTO500
FAST0501
FASTOS02
FAST0503
FASTO504
FASYO50S
FASTO506
FASTOS50T
FAST0508
FAST0509
FASTOS10
FASTOS1L
FASYOS512
FASTO513
FASTO514
FASTOS1S
FASTO516

FASTOS1T

FASTOS18

FASTO519

FASTO520

FASTO521

FAST0522

FASYO523

FAST0524

FAST0525
FAST0526
FAST0S27

FASTO528
FASTI529
FASTG530
FASTOS531
FAST0532
FASTQ533
FASTO534
FAST0O535
FASTO536
FASTO537

FASTO538

FAST0539
FAST0540
FasTo541
FASTOS542
FASTO0543
FASTOS44%
FAST0545
FASTOS46
FASTO54T
FAST0548
FASTOS549
FASY0550
FAST0551
FAST0552
FAST0553
FASTOS554
FASTO555
FASTO556
FASTOS57
FASTOS58
FA5T0559
FASTO560
FASTO0561
FAST0562
FAST0S63

Kotesogen
Ig6{antonsy ¢

Kinjelogey
RajIUONSY @
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AlJe3,1) = -XX
250 cuerNuE
G0 TO 290
ELLIPTICAL CYLINDER AND ELLIPSOIO
255 NEX = 0 -
260 CONY INUE
AZ(I) = -1.0
K o= =t
00 280 3=
1F(J. Ea.NEx)Gn 10 280
270 NTPLE) = J ¢ 3
K=K+
T OALUS3 I = 1.0/ARIRe1) 92
Atdr1) = =2,0%AAKI®ALLS3, 1)
AZUE) = AZ(T1} + AALK)#22¢A0043,8)
280 CONTINUE
290 CONYIRUE
REGION DEF INITIONS
300 IF(IN3.LE.0IGO TQ 330
FST = 1.0
1F(NUNTTD.EQ. llF51 = 0.6025/1.€0797
DB 320 Nxi,IN3
CALL READR{ LDN, ADH)
£ = [DN(L)
S ISVOIY = IDME2)
MTL(I} = IDM{3)
RHO(I) = FsvtADH(l)
00 305 J=1
305 xR(J,l) = Ann(Jo\)
312 Jel,NBHAX
312 NS(Jvl) 0
HOD = MINOCNBNAX,9)
00 315 J=1,K0D
315 NS(J,I} = 100091DMC3+3)
1F(NBMAX,LE.9) GO 7O 320
IF(IDMIL2).GT.—1) GO TO 320
CALL READIINBMAX-B,KS{9,111
DO 318 J=9,NBHAX
318 NStJ.1) = 1000*NSig.1)
320 CONTINUE )
330 TFLINALLE.O)GC 10 340
00 334 I=1,NRMAX
DO 331 J=1,3
ADH{J} = XR{Jol}
ADH(J&}I = ADI(J)"Z
» ) o+ ) - 38{973)
331 Anu(Jos) = Ann(Jl-xu(K.ll

DO 333 J=1,NBMAX
- IFINS(J,1).£Q.0160 T0 334
K = NS(J,£1/1060
K = K =~ LO00*(K/1000) -
HAX = NTPIK}
NStJs1) = 1000%K
FST = AZEK}
00 332 t=1,HAX
332 £ST = FST ¢ ADMILI®ALL,X)

TF{FSYT.LT.0.0INS{Js1} = RS{J,1) ¢ 1000000

333 CORTIRYE

334 CONTINUE

340 IF{INS5,LE.0)GO 1Q 370
DD 360 1=1¢MRHAX

350 NGS = lUCATE(NGS&l.XR(lpl?l
IFINGS.EQ.I1G0 TO 3
IFLLABEL(I).GE. 01leTE(N272000llvNGS

FASTOS564
FASTO565
FASTO566
FASTOSHT
FASTO568
FAST0569
FASTO5170
FASTO571
FASTOST2
FASTOS73
FASTOST4
FASTO57S
FASTO576
FASTOS77
FASTOS578
FASTOS579
FAST0580
FASTOS31
FASTOS82
FAST0583
FAST0S84
FAST0585
FAST0586
FASTO58T
FASTO588
FAST0589
FAST0590
FASTO591
FAST0592
FAST0593
FASTO594
FAST059S
FAS70596
FASTO597
FAST0598
FASTO599
FAST0800
FAST0601
FAST0602
FASTO603
FASYD604
FASTO405
FASTO0606
FAST060T
FAST0608
FAST0609
FASTO610

FASTOOLL
FASTOB12
FASTO613
FASTOS14
FAST0615
FASTD616
FASTO6L7
FASTO618
FASTO619
FASTO620
FASTO621
FASTO622
FasTo623
FAST0624
FASTO62S
FaST0626
FASYO0627

570628

Fa!
2000 FORMAYU1X,22(2H*),35HGECMETRY ERRORs THE POINT IN REGIONs[5,18H ISFAST0629

1 ALSO {N REGIONs15,22(1H*))
NERRCR = NERRCR + 1
LIFINGS.GT.0IGD TO 350

360 CONTINUE
370 RETURN
END N
SIBFTC SOURSE M94/2,XR7

FAST0630
FASTO631
FAST0632
FAST0633
FASTO634
FASI0635
FASTO0636

CSOURCE*FIXED SOURCE INPUT AND NCRHMALIZATICN FOR PROGRAH FASTER®T.JORDANFAST0637
SUBRDUYINE SOURCE(LL,L2+L3,L4,ELLsELN,AE¢BE yNSG,NPCoISNJSX,SUYV,

XTRy VEE s VAL « SPW ¢ SPE, 1SY,£ + ENyEBG S ENG)

DIMENSIUN TDHE12) JACN(4)

FAST0638
FAST0639
FASTO640

DIMENSTON ELLIEY ,ELWILI+AEYL)4BECL) JNSGILY» APLIS, 1) 4 JSNELI,ISXI1)+FASTOG4L

SUVIL) 4 XTR{3,11sVEE(L2L.

SPEILL,L4},15viT)
CDMHON/YAPE!D/H[ 2
CﬂNHUNILIﬂITS/NSYCREthRRUR
NEMAX 4 NVHAX
NUNTTXeNIHAX
NNMAX (NGHMAX
NDMAX NGNOD
NVDMAX, NVOREAD,
NPRINT,NUNTTS

COMMONZINPUTS/INL,IN2,IN3 1

JF{IN2,LE.0}G0 TO 330

CALL READE{MEMAX#L,ELL}

DO 10 [=1,NEMAX

ELWCI} = ELLUII} - ELLUI+1}

AE(1) = 1.0

rVrwN~

+ELL1I,ERLL),EBGL 1T ,ENGLL)

PNSFAX ,NAHMAX ,NRMAX ,NBNAX (NSTHAX,
+NXMAX sNXEMAX,NENOD ,NXSECT,NUNTITD,
sNMNAX (NORDERNOOWN ;INELAS,NTRANS,
+NFHAX ;NVHOD ILMAX +NTHAX o
+HOFENT o NOKOD » NPDHED (HSDHAX
s NPDINT y KODELP (M ODELQ, HODELU+ HODEL Y,
+NUKRER yKALTDE

Nay INS ENG, INTs I NG, IN9, INLO, INNT14}

PL4) VAL L2483 ,L4),SPH{LL,L4), FASTO642

FAST0643
FAST0640
FASY0645
FASY0646
FAST0647
FASTO648
FASTO649
EASTO0650
FASTO651
FAST0652
FAST0653
FAST0654
FAST0655
FAST0656
FAST0657

Kolesogey
1B8{anuOLSY .

fiojeiogey
Jejanuolsy @
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10 BE{l} = 0.0
C TOTAL SOURCE, ERRCR CRITERIONs TRANSLATEGN VECTGR
330 [F{IN3.LE.0}GO TQ 50%
D0 430 NNR=1,IN3
CALL READR{1DM,ADH)
VOLUME = 1.0

21
1F{MAX.GT.0} GO TO 299
K = ~MAX
HAX = NPC{J,K)
DO 200 L=1,MAX
VEELL+S21) = VEE{L,JeK)
VALIL, 4, 1) = VALIL JsK)
NPCUJ, 11 = RAX
1FiMax - 1 4051405-2[5
299 NPCly, 1) =
CALL READEE(HAXvVEE(I'J'lanAL(l.Jnl))
EF{MAX.LE. 1IGO TQ 4CS
FST = 0.0
[ 00 987 K=1,HAX
< TFIVEE(K J21§.€Q.0.0) VEE{K,d, 1} = 1.0E-30
CONT INVE
00 395 K=2,MAX
8B = 0.0

-AB

* 0.0
IF{VEE(R, 3o 1}.EC.VEE(K=-1,J,1)} GO YO 395

20!

S

a
o
@
2

BB = (VALIK,Jy[) = VALIX~1,Js I)I/(VEEIKsI41) - VEE(X-1

AB = VAL{KsJs1} ~ BESVEE(K,dyf)

FAST0658
FASTO659
FASTO660
FasT0661
£ASTO662
FAST0663
FASTOL64
FASTO665
FASTO666
FASTO66T
FASTO868
FAST0669
£a5T0670
FASTO67L
FASTO672
FAST0673
FAS10674
FAST0675
FASTO6TE
FASTOSTT
£ASTO678
FAST0679
£ASTO6B0
FAST068L
FAST0682
FAST0683
FASTO68A
FAST0685
FAS10686
FASTO68T
FASTO688
FASTO6BY

395 FST = FSTH+AB¥(VEE(K,Je 1)¥®(N$2) ~ VEE(K=1,J,1)%¢(N+1}}/FLUAT(N+1) FASTO690
1 +BBEIVEE(K,J, [J##{Ne2) = VEE(K-L14J,1)0¢IN¢2}1)/FLUOATING2] FASTO691

D0 400 K=1,MAX
400 VAL(K.J-H = VALK, Jo11/FST -
210 CONTINUI

FASTO692
FAST0693
FAST0694

IFLy. LE ZlVULUHE = VOLUME®IVEEIHAX s+ L)®#(N#1I-VEE(L, S, [)*%{Ne1}) FASTO695

405 N =

1SP = [DKI10)

HAX = 1DM(B}
1F{MAX.6T.01GO TD 298
K = —MAX

JSNiL}
JSXi1)
FST = 0.0

EST = 0.0 -

JSNEK)
ISXIK)

DO 220 J=14NEMAX
SPREJ £} = SPHIJWX}
SPE{Jel) = SPE(JeK)
FST = FST 4 SPH{J, 1)
220 EST = E£ST ¢ SPH{JoII9SPECI I}
"60-TO 297
298 CONTINUE
IFLISP.GT.1) GC TO 100
INPUT SPECTRUM IS OIFFERENTIAL IN PARTICLES OR [NTENSITY
IF(IDN(111.6T.0) GO TO 600
CALL READEE(MAX,E,EN}
GO 10 &01
600 IFTIOMIL1),EQ.2} CALL READE{MAX,E)
CALL READE{MAX/EN)
601 CONTINUE
IF(ISP.LE.OIGO TO 354
DIFFERENYIAL IN INTENSITY
350 J=1,MAX
350 ENLJI = ENLJI/ZELS)
GO TG 354
INPUT SPECTRUM IS GRUUPKISE INTEERATED. HAX = NC. GROUPS
100 IF{IOA(11}.EQ.O0) GO TO
IFCIDM{111.EQ.2) CALL READE(NAH{,EBEI
CALL READE{MAX,ENG)
60 TQ 110
351 CALL READEE(MAX¢1,EBG,ENG}
110 CONT INUE
IFLISP.EQ.21GC TO 355
TOTAL KEV [N GROUP, OGIVIDE BY AVERAGE ENERGY
DO 352 J=1,HAX
352 ENGIJ} = 2.CPENGIJ)Z(EEGII) + EBGLJIINY
TOTAL PARTICLES IN GROUP, CIVIDE BY GROUP WiDTH
355 K =0
DO 353 J=1,¥8X
FST = ENGLJI/LEBGLJ) ~ EBGLI+1)Y
00 353 L=1,2
K= X"+ 1
Mag+b=1
E(K} = EBGUIN}
353 ENIKI = FST

00 415 J=1,hEHAX
seiy, 1) = 0.0

FASTO696
FASTO697
FASTO698
FAST0699
FASY0700
FASTQ701
FASTOTO2
FASTOZ03
FASTOT04

FASTOTOS
FASTO706
FAST0T07
FAST0708
FASTO709
FASI0710
FASTOTI1
FASTOTI2
FASTO713
FASTOT14
FASTOTLS
FASTOTI6
FASTOTIT
FASTO718
FASTOT1IS
FAST0720
FASTO721
FAST0722
FASTO723
FASTO724
FASTOT25
FASTOT26
FASTO727
FASTO728
FASTO729
FASTO730
FASTO731
FASTO732
FASTO733
FASTO734
FASTO735
FASTO736
FASTO737
FASTO738
FASTO739
FASTOT40
FASTOT41
FASTOT42
FASYOT43
FASTO744
FASTO745
FASTO746
FASTOT4T
FASTO748
FASTOT49
FASTOT50
FASTQ7S1
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SPELJy 1) = 0.0

DO 410 K2, HAX

EMAX = AMINLIELLUJY,ELR=1))

EMIN = AMAXI(ELLLJ#1),E(K])

TF{EMIN.GL.EMAXIGE 1O 410

BB = [EN(K-1) = ENCKII/ZEEC(R=1) = E{K})

AA = ENIK) ~ BROEIK)

DEL = (EMAX342 - [MIN®$2)/2.0

SPH(J, 1} = SPWIJ,T) + BAS{EMAX ~ EMIN) & BB#DEL

SPE(Se1) = SPE(J,1) + AASCEL ¢ BB#[EMAX¥#3 - EMIN**3}/3.0

CONY INUF

[E(SPHIJ,1).EC.0.0)GE TG 415

JSNET) = MINOTJSNCE),4Jd)

ISXUIT = MAXOUISXRT),d)

FST = FST + SPH(J.I)

£5T = EST + SPE(J,

SPELJ 1) = SPE(J.I)ISPN(J.!)

415 CONTINUE

797 CONTINUE
00 420 J=1,3

420 XTRUJ, 1} = ABMLJ+1)
EAVE = EST/FST
[F{IDME9) — 1} 421,422+423

&
°

NDRMALIZE TG TOTAL PARTICLES

421 ESY = ATR(1)/FST
SUVIE) = ADK(1)FEAVE
GO TO 424

NORMALIZE TG TCTAL HEv
422 FST = ADM(1)/EST

SuviT) = apr(l)

SCALE INPUT SPECTRUM
23 FST = ADM(1)
suvil) = OH(U'EST

424 CONTINUE

BD 425 J=1,NEMAX ‘

%25 SPHIJ, 1) = FST®SPR(J,T)
430 CONTINUE
505 IF{ING.GT.0ICALL READIS{IN4,ISV) -

0D 510 1=1,ARMAX
TFEISVIIYLGT.RVMAXIISYVIL) = O

510 CONTINUE

RETURN
END

$IRFTC XSECT H94/24XRT N
CINSECT*CROSS SECTION INPUT,AND MIXIAG FOR PROGRAM FASTER*T.M.JORDAN®S6%FASTOTIT

2
El

5

&

°

0
0

°

)

SUBROUTINE INSECT{LL+L2¢L3+L%L5,L64ESB,DEN,SSH,SGT,I0E, 101,

L1SGS MTL RHO,XSToATD , JRXVXSE«XSTEACLELLSLTY

DIMENSION ApM{8}

EQUIVALENCE (ADKE1),ATW),EACH{2) 2EE)

DIMENSTON ESBIL)yDENIL)»SSHIL) sSGYILLLSYJIDEIL2/L3)L6T,

IDIIL4L6) ¢SGSIL o1 JoMTLEL}GRHOU1)4XSTLLY,
ATOUL) y JMXLL} o XSE{LS,L24L6)+XSTILT,LE)

DIHENSION EACILLoL&),ELL(L}

COMMON/TAPETD/H1 ’

COMMON/LIKITS/NSTCRE (NERROR,NSNAX NAMAX ,NRMAX (NBHAX ¢NSTHAX,
NEMAX (NVMAX JNXMAX ,NXEMAX,NEMOD yNXSECT NUNITD,
NUNTYX NIMAX vNNFAX +NORDER,NBOWN 4 INELASyNTRANS,
NNMAX JNGMAX ,NFNAX ,NVROD ,NCMAX yNLMAX sNTHAX ,
NOMAX ,NGNOD .ND"ENY.NDKUD +NPDHAX, NPDHOD,s NSDBAX,
NVOHAXNVOHQD NPCINT ¢ HODELP ,HODELQ, HODELU,; MODELY »
NPRINT NUNITS ,NUMBER ,KALEOE

COMMONZINPUTS/INLy IN2, Th3y IN& o INS, IN6y ENT, INS, ING, INLO, INNILS)

DIHENSION XSET(2}

EQUIVALENCE (XSETU11,XNBI,(XSET(2),FST}

IFLIN2.GT.OICALL REACE(NENAX,ESB)

IFLIN3.LE.Q)GO TO 210

oW

NEMOD — NXSECT
HHHMAX

D0 10 J=1,NEXIN

SGT(3e1) = 0.0

IF (NXSECT.NE.11GO TO 50

DO 30 [=1.NNMAX

+NGRDER

D0 20 X=1,NDOWN

IDE(KsJs1) = O

CONTINUE

IFUINELAS.GT.0) CALL ZEROUT{INELASSKMMAX,IDL}
CALL ZEROUT{IN1.SGS)

NN = O

RNMOO = [N}

CALL ZERDUY(NEKUD‘(NINAX’NHK‘X'yEAC)
[2s] 200 121, hIMAX

MDD = MINO(8,NHMAX+2)

CALL READE(NCGD,ADN)

MO0 = HOD - 2

DO &5 J=1.HOD

ATDL) = ADM(J+2

1F{NNHAX. GT.b!C‘LL REACECNNMAX-6,ATDIT))
1F(NUNITD.EQ.01G0 TO 85

FST = 0.6025/7ATH

FASTO752
FASTOTS53
FASTD?54
FASTD755
FASTOT56
FASTO757
FASTO758
FASTO759
FASTOT760
FAsSToT61
FASTOT62
FASTO763
FASTOT64
FASTOT65
FASTOT66
FASTO76T
FASTQ768
FASTO769
FASTO770
FasTOT7L
FASTOTT2
FASTO773
FASTO774
FASTOT7S
FASTO776
FASTDTTT
FASTOTT8
FASTOT79
FASTOT80
FASTOT81
FAST0782
FASTO783
FASTO784
FASTOT8S
FuST0786
FASTO787
FASTO788
FASTOTEY
FAST0790
FASTOT91
FASTO0792
FASTO793
FAST0794
FASTO795
FAST0796

FASTO798

FASTO799
FASTOROO
FASTOBOL
FASTO302Z
FAST0803
FAST0804
FASTO80S
FASTO806
FASTOBOT
FAST0808
FAST0809
FASTO0310
FASTOSLL
FAST0812
FASTOB13
FASTOB14
FASTO81S
FASTOBL6
FASTOBLT
FASTOSLS
FASTO819
FAST0820
FASTO821
FAST0822
FAST0823
FASTOB24
FAST0825
FAST0826
FASTOB27
EAST0B28
FAST0829
FAST0830
FASTO831
FASTO832
FAST0833
FAST0834
FAST0835
FAST0836
FAST0837
(FAST0838
i FA%T0839
FASTO0840
FASTOB& L
FAST0B42
FAST0843
FASTOB44
FASTOBAS
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DO 75 J=1.NBRAX

75 ATOGY) = FSYSATDLS)

85 CALL READE{NEMIN,XST)
1FINURITX.EQ.0IGO T0 105
FST = ATW/0.6025
DN 95 Jal. hEHIN .

95 XST(4) = FSTeXSTLI)

105 IF{NXSFCT.GT.0) GO 1O

COMPTON ENERGY ABSORBYION (UEFFICIENV

<

o

a

00 106 J=1,NEHOC
XMA = ELLIJ}/0.511 -
XMB = 1.0 & 2,09XBA

106 EACTJ, FITELL(JI#{XST(I}-0.2493 TSOZEES(ALOGI XMB )} /XHANI362.0%( 1.0+

1XMAI®(2,09XHAS$2-XNB) / {XMAYXHD ) 52248 0P XMA® #2/(3,0%XMB**3}}}

109 If(1.67.1} GO TO 125
DO 115 Ja1,NEXIN

115 SSHEJ} = X$T{J) .

TFINXSECF.EC.0) GB TO 10C

DO 116 J=1,RENCD -

EACLJ, I} = 0.0

IF1J.GT.1} EAC(J,1} = SSH{J-11
TF{J.LT.NENCDY EACIJS,3) » EACIJ,I) + SSH{J)

116 EACLJs1) = ELLIJI*EACII,[)74.0
G0 TG 398

125 [FI{NXSECT.EQ.0)GO TO 100
HOD = MINO(24,TNELAS+3)

CALL READL{(XOB, JKX}
NSIGYT = 1
TF{JMX{1) .GT.0} NSIGT = O
LHAX = TABS{JHXI}))
NDSH = JNXIZ)
KMAX = JMX(3
IF{KHAX.GT. ZI)CALL READI (KMAX~2Ly JHX[25)2
00 80 L=1,LFAX
D0 80 K=l ,NDSM
80 CALL READE(NEMAX¥1-K,XSEL1,K,L))

TRANSPORT CORRECTION OF P-2ERC IN GROUP FROM P-ONE SCATTER
XHA = ATH/U1.0%(ATW + 1.01%82) .
IF(NUNITX.GT,0) XMA = XMASATW/C.6025
LHOD = MIND{(2,LMAX)

00 82 J=1,NEHAX N
FST = 0.0
XMB = 0.0
NDSHOD = MINGUNDSM,REMAX#1-J)
00 81 L=t,LMCO
DO 81 K=1,NDSHOD
81 XSEF{l) = XSET(L) + XSE(JoKL}

XMUL = FST/(3.0%xNB) -
XMUC » XHUL#$2 = 1.0
XMUC = (XKUC + xnuL~suR1(Atuo02 + XRUCH)IZATY
EACIJ, 1) = XHASXMB#{1.0 - XNUC
IF{LHAX,GT.NORDER) XSE(Jsls1) = xsE(J.l.ll ~ FST/3.0
LF (NUNITX.GT.O0} FST = FST*ATN/0.6025
82 XST{3) = XST{J} + FSTHFLOATINSIGT — 1/NORDER}/3.0
83 CONTINUE
LMAX = HxNO(NnnDEn.L!Axl
XMA = 0.0
0g 397 Jxl.NEHUu
XNB = -
FLy, LI NExnnl XMB = EACCJ41}
EACLSe L} ~ ELL{JISLXRA + XKB)
397 XKA = XMB
TF(KMAX.LE.01GO TG 398 .
INELASTIC TRANSFER
DO 90 Kx1,XMAX
90 CALL READE{JIMX(K+3),XSIt1,K))
398 DO 117 J=1,NEADD,NEMAX
117 EACLJI I = 2,0%EACL, 1)
COMBINE MATERTAL YOTALS
100 DO 190 K=l MKNAX
1E(ATDIM} ,EQ.0.046D TO 190
DO 110 J=1,NERIN
110 SGTIJ M) = SGT{J,¥) ¢ ATOINISXST(S)
L = NIMAX +
DO/ 111 J=1,KEHOD
111 EAC(J.L) = EACLJ,LY + AYD(H)'EAC(J'II
IF(NXSECT.GT.01G0 TO 120
OEN(M} = DENIN) + 0. 49&15~AVD(N)~IEE
60 70 190
120 TF(I.67.1360 T0 130
DEN(H)} = ATDIM)
GO 7O 190
130 GST = ATD(H}
TFANUNITX.RE.O)GST = GSTEATR/0.6025
DG 145 L=1,LHAX
DO 165 Kei,NDSH
MM x FDELK, LM}
MAX. = NEMED - K
IF (KN.GT.0) GO TC 240

MM = NN
NN = KN + MAX .
10E(K, LMY = BN 5 !

140 TFC(MM ¢ MAX).LE. NNNDD) 2] TU 150
NERROR = NERROR ¢

FASTOB46
FASTO84T
FASIOBSR
FAST0849
FAST0RSO
FASTOBS1
FASTOBS2
FASTOBS53
FAST0854
FAST0855
FASTOBS6
FASTO857
FASTORSS
FASTOB59
FASTOB60
FASTOB61
FASTOB62
FASTOB63
FASTOBGA
FASTO0B65
FASTOBSG
FASTO867
EAST0868
FAST0869
FASTORTO
£ASTOBTL
FASTO8YZ
FASTO0873
FASTO874
FAST0875
FAST0876
FASTOBI7
FASTOBTS
FASTO879
FAST0880
FAST0881
FASTO882
FASTOBE3
FASTO8B4
FASTO885
FASTO0B86
FASTO0887
FASTO888
FASTO0889
FAST0890
FAST0891
FAST0892

FASTO893
FASTO824
FAST0895
FAST(B896
FAST0897
FAST0898
FAST0B99
FAST0900
FAST0901

FAST0902
FAST0903
FASTQ904
FAST0905
FASTQ%06
FAST0907
FAST0508
FAST0909
FASTO910
FASTO911
FASTO912
FASTO913
FASTO914
FASTO91S
FASTO916
FASTO917
FAST0918
FASTO919
FAST0920
FAST0921
FASTQ922
FAST0923
FAST0924
FASTQ92S
FASTO926
FASTO927
FAST0928
FAST0929
FAST0930
FAST0931
FAST0932
FASTQ933
FAST0934
FAST093S
FAST0936
FAST0937
FAST0938
FASY0939
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50 10 165 Fastoser
150 D0 160 J=1,MAX FAST0942
160 SGS{J,MM) = SGSTJ,HH} ¢ GSTIXSELJKsLI e Toaaz
165 CONT INUE FASTO944

1F{KMAX.LE.Q)GO TC 190 TasTORes

C INELASTIC NEXT FAST0946

DO 185 K=1,KFAX FAST094T

HM1= IDI{KH) FASTO948

HAX = JRX(K43) FAST0949

IFINRL.GT.0) GO TO 17¢C FasTonea

HH = NN

NN = NN + MINO{NTRANSsNEHOD-K} y Heatsed

Jiaihgins FAST0953

60 10 173 FAST0954
170 HH = HH1/1000 FASTO996
173 I01{K,H) = 1000%HM + HAXOIMAX,HM1-1000%HH) fAsTONS

[FLUMH + KAX).LE.ABKCO) GO TO 175 F:SY0957

NERROR = NERROR + 1 heTo9es

60 1o 185 FAST0959
175 00 180 J=1,KAX FAST0960
180 SGSTJ,MH) = SGS{J,MH) ¢ GSTeXSICJ,K) RASTO%e0
185 CONTINUF FAST0962
190 CONTVINUE - FAST0963
200 CONYINUF FASTO964
390 CONTINUE FAST0965

?2?::8:L?:)‘6;.0) WRITE{H2, 200CINNMAX, INL FAST0966
2000 FORMAT {1X;19(1H*}, 34HSCATTERING CROSS SECTIGNS REQUIRED,1643H OF, ::::og:;

116,200 AVAILABLE LOCATIONS,19(1He1) FAST0360

IF{IN6.LE.D} GO 1C 210 FASTO970

00 S10 I=1,NHHAX FASTORTL

B0 500 J=1,NEHIN, 8 jredbedts

HAX = MINOCJ + 7,NEMIN} FAST0973

TF(LABELI1}.GE-0) WRETE{M2+3000) Ty (SGTEKs [} \KadyHAX) ASToar2
3000 FORMAT(1X,6HSIGNAT,15,1PBE12.4) - ;A578975
500 CONTINUE FAST0976
510 CONTINUE FASTO97T

MAXR = NIRAX +’NHFAX FAST0978

00 530 1=1,HAXR FASTO9TS

X =1

TFIK.GT.NIRAX) K = K ~ NIMAX ::g;g::?

DO 520 J=1,KEMOD, & EAStoses

MAX = MINO(J + 7,MNENQD} FAST0983

EFLLABELL1).GE.O} WRITE(H2,30100Ks (EACIL, 11 +L=34HAX) vt beed4
3010 FORMAT [1Xs6HE-DURP, 15, 1PBE1Z.4) :ASYO?BS
520 CONT INUE ' FASTO9B6
530 CONTINUE
210 IFCING.GT.OVCALL READISEING,NYL) FASTO9GY

EE(INS.LE.0IGO TD 250 FASTO988
IF (NUNITD.EQ.Q1GO TO 230 FASTO969

FST = 0.6025/1.00797 FAST0990

00 220 f=l,NRMAX FAST0991
220 RHOLI) = RHOCI}/FST FAST0992
230 CALL READES{INS,RKQ) FAST0993

{F(NURITD.EC.0}GO TQ 250 FAST0994

7 DO 240 [=1,NRMAX FAST0995

240 RHOLI} = FST#RHO(1} FAST0996
250 RETURN FAST0997
FAST0998

SIBFTC ASKFOR K94/2,XRY FASTO999
CRESULTHRESPONSE FUNCTICN AND OETECTCR INPUT FOR FASTER®T.M,JORDANSWANLSFAST1000

SUBROUTINE RESULTIL14LZ)NTGIELF)FGMoTDS 1RSP ¢ IOR 4 1DS,VOL4CDT,XDTs  FASTLOOL

1ELL ¢ MTL (RHD,EAC, L3} _[FAST1002

COMKON/LIMTTS/NSTORE , NERROR(NSKAX (NAMAX ,NRMAX ,NONAX ,NSTMAX, FASF10D3

l NEHAX JHVMAX (NXMAX ,NXENAX,NEMDD ,NXSECT,NUNITO, FASTL004

2 NUNITX/,NIMAX (NMNAX ,NORDER,NDOMN ,INELAS,NTRANS,  FASTi0DS

3 NNHAX oNGHAX \NEMAX ,NVHMOD (NCHAX oNLHAX (NTMAX 3  FASTLOOE

4 NOMAX ,NGHOD ,MOMENT,NDMOD ,NPOMAX,NPDKOD,NSOMAX, FASTL007 -

s NVDHAX,RVOMOD ,NPOINT , HODELP ;4 GDELQ, MODELU, NODELYs  FAST1008

6 NPRINT, NUNLTS ,NUNBER,KALIDE FASTL009

COMMON HIL} FASTIOL0

CMHON/REGSCAZNSRMAX , ENSR FASTI0i1

COMKON/ INDEXS/MDUNI 25) o 110V MDUNL 4T} FASTIO12

DIMENSION MTL(1),RHO(1),EACIL3,12) EASTI013

DINENSION NTGUL) yELEU) 2 FGHIL14TDS (3410 JRSP (114121, IDRLLY,10SE1), FASTIOLS

3 VOLI114CDT{3410,XDT (3,10 ,ELLI1) FASTIOLS

DUKENSION ADN{7),8DH(31,IDNI3) FASTI016

COKMON/TAPEID/HL  ,M FASTIOLT

COMHON/INPUTS/INL L INZ, IN3) INGy INS, ING S INT,INB, INO, INLO,INNTLG)  FASTIOLG

IF(NGHAX.LT.NENAX)GO TO 20 FASTIOL9

00 10 1=1,NEHAX FASTL0Z0

10 NTGLI) = ) FAST1021
20 1F(IN2.GT.0) CALL READI{NENAX,NTG} FASTL022
30 ELFI1) = ELLII) FAST1023

00 40 1=1,NERAX . FAST1024

J = NTGET) FAST1025

40 ELFLJ+1] = ELL(T+1) L FAST1026

50 I=1,NGHAX . FasTI02T
50 FGMII) = ELFU1} - ELF{1e1) . FAST1028
60 IF{IN3.LE.0IGD TO 120 FAST10Z9

00 110 N=1,IN3 FAST1030

CALL READF{IDH,BOV,ADN) FAST1031

1 = IDM{L] FASTIOSZ

00 70 J=1.3

®
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70 TOS{J, 1) = BON(J} FAST1034
TE(I0M{2) .GE.O} GG YO 75 FAST1035

J = ~[DHL2} FAST1036

N = HTLIJ) ¢ NINAX FAST1037
RSP(Lef} = RHOLJISEAC(,2) FAST1038
IF{M.GT.NIHAX) RSPU1,1} = RSPLL,1} + EAC{L,H) FAST1039

DO 1t K=1,NEFAX - FASTL040

L = NTGLK} FASTLO8L
RSP{L#1,1) = RHO[JISEAC(K+1,1} FASTIOAZ
LEIM.GT.NIMAX} RSPUL+LeE} = RSPILED, [} + EACIK+L M} FASTL043

11 CONTINUE FAST1064
~1F(LABEL(1+NGNOD/7) .GE.O) WRITE{M2,2000)(RSPLIs 1,21 ,NGNODY FASTI045
2000 FORMAT{1XsLLHENERGY DUMP,1PBEL2.41 £AST1066
60 TO 95 FAST1047

75 CONTINUE FAST1048
HAX = MINOUS,NGMOD) FAST1049

00 AQ J=1,MAX FAST1050

80 RSP{J,I1 = ACM{J+1} FASTI0S1
IFINGMOD.GY o 5)CALL REAGE({NGKDD=5,RSP(64F1) FASTI052
1FLIDH(2) .FC,01GO TO 100 FASTI0S3

DO 90 J=1oNGHOD FASTI064

90 RSP{Js1) = ELF(JVORSPLI, I} FASTL055
95 CONTINUE . FASTL056
100 DO 110 J=1,NGNOD FAST1057
110 RSP{J, 1) = ADM{L)®RSPLI1) FAST1058
120 IF(IN4.LE.01GO 7O 552 FAST1059
= FASTI060

FAST1061

FAST1062

CALL REABS(!DH,ADHI FAST1063,

1 = IDMILY FAST1064
10R(1) = IDA{2) FASTI065
IDS{1) = [DK(3) FAST1066
VOLEI) = ADMCLY FAST1067

DO 140 J=1,3 FAST1068
COT(J, 1} = ADHUJel) FASTI069

140 XDTLdyE) = ADHIJ+4) FAST1070
150 FST = VECTORLBOM,COT(1,[1,CDT(1,1)) FASTIOTL
552 NPOMAX = 0O FASTI07Z
NVDHAX = O FAST1073

DO 556 I=1,hDNAX FASTIOT®
IR{IDRIT) .GT.01G0 10 554 FASTIO7S
NPONAX = NPOMAX ¢ 1 FAST1076

G0 TD 556 < FAST1077
554 TF{IDS{I).LE.OINVDMAX = NVOMAX + 1 FAST1078
556 CONTINUE FASTI07S:
NVDMOD = NDMAX - NPDMAX FAST1080
NSDMAX x NVOMOD - NVENAX FASTI081
NPOMOD = NPLKAX FAST1082
IF{INS.GT.0) CALL READIUNVMOD,H(I11DVi} FAST1083
IF{ING.GT.0) CALL READTINSRNAX(HI1}) FAST1084
RETURN FAST1085
FAST1086

SIBFTC RANDMN M9472,XRT FAST1087
CRANDOMSSAMPLING PARAKETER INPUTS FOR PROGRAM FASTER®T.N.JORDANSWANL#66%FAST1088
SUBROUTINE RANDDH(RST,ALP,VHD,GINsAIN)ALM;ALHyNPC o VEE,L 1oL 2D FAST1089
DIMENS 108 NPCIS5,10,VEELLL,L2sL 1} RAT(5) FASTIO90
DINENS TON Rsxlx).ALP(S.!).vnu(s.1).Glull).AlM(ll.ALr(x).ALullr FAST1091
COMHON/TAPETD/ML M FASTL092

CDNNBNIOINERSIRADIUS'XCYKS"DELYA *BDCL3),ATA ATE 1ATC ' FAST1093
A v8T vAS - rdHIN S JMAX FAST1094

HIK  KMAX ,JBAR (NZERO FAST1095
CONHDN/LlNlTS/NS!’DRE.NERROR,NSNAK *NAMAX (NRMAX oNBMAX ¢NSTMAX, FASTL096

N~

t EHAX ¢NVMAX yNXMAX (NXEMAX,NEMOD NXSECTyNUNITD, FAST1097
2 NUNITX NIMAX ,NMPAX (NORDERyNDOWN o [NELASNTRANS, FAST1098
3 - NRHAX sNGHAX JNFMAX +NVMOD JNCHAX ,NLMAX NTMAX FAST1099
4 N NOMAX NGMOD ,»MONMENT ,NDHOD oNPDMAX+NPOMODoNSOMAX, FAST1I100
s 7 NVDNAX.NVDKOD.NPCINY'NUDEI.P.HODELQ.HUDELU.KUDELV' FASTI101
6 NPRINF,NUNTTS JNUMBER yKALIDE FASTI102
COMMON/INPUYS/TNLoIR2» IN3 o EHA, INSo INS INTLINB, IRD IKIOLINNE L4} FASTIEO3
IF{IN2.GT.O)CALL READE(8,RADIUS) FASTLLIO4
1FLIN3.GT.01CALL READE(NVMAX,RSI) FASTLLIOS
LF(MODELP.GT.01GO YO 30 FAST1t06
IF{NVHMAX .EQ.1) GO TO 30
FST = 0,0 FAST1107
00,10 I=1,NVNAX FAST1108.
10 FST = FST + RSI({} FASTLI109
00 20 I=1,NVMAX FAST1L10
20 RSI{I) = RSIVEV/FST FASTI1L1
30 [F{IN4.LE.CIGO YO 792 FASTIN12
DO, 560 T=1,NVNAX FASTLI113.
CALL READE{SyVHD(I,I}) FASTILLS
CALL READE(S,RAT) FAST1115
DO 40 J=1,5 FASTLIIl6
ALP(3 1) = 0,0 FASTLLILTZ,
K =“NPCLJ, 1) FAST1118
IF{K.EQ.11G0 TO 40 FAST1119-
ALP(J. I} = -ALUGIRAT(S)) FAST1120-
SAKAXLIVED{ I T1-VEE{L+J eI} oVEE(K 1o 11-VHDCI, 1)) FAST1121
40 CONTINUE FAST1122
560 CONTINUE FAST1123
793 JAFLINS.GT.0ICALL READE(NENAX,GIN} FAST1124
TFLING GT .O)CALL READE{NEMAX(AIM} FAST112S
TF{INT.LE.0IGD TG 60 FASTLI26-

frojesone
JRalanuONSy

Kiolg10987
JRajanuolSy @


http:AAXIVDJ.01
http:NPC(3.II
http:IIIFOODL0P.GT.U0
http:COOMOOIN100UTI4.N20.3.16
http:I(1(N6.GT.OI
http:RSP(LL.II

catL READE(NEHAX.ALK]

Do 50 JNEMAX
50 ALMLI} 0.5%ALOGLALM{TI
60 IF(ENS.LE.OIGO TO 80

CALL READE({NENAX,ALH)

DO 70 E=1.NEMAX
70 ALHLI) = 0.S*ALGGLALHELIN)
80 IFI[IN9.LE.O}GD TO SC

CALL READE(B.ATA)

ATA = ALOGLATA}

ATB = —ALOG(ATE)/3.141596
90 RETURN

END

SIBFTC IREAD  H94/2,XRT
CREADI $INTEGER INPUT, 2413 FCRMAT
SUBROUTINE NEAnl(KAX.lBN)
COHHON/TAPETD/NY
DIMENS 10N luu(luaoer,n(z)
B0 30 T=1,MAX,24
NOD = [ + 23
TF(KOD.GT .HAXIGO 70 10
READ(M1,1000} {T0M131,J=1sNODY ,H
» 60 T0 20
2 10 SKX = NOD — MAX
NOD = HAX
READ(M1410000 {TOMEJY s JuT,RODY, (K, Ju1, JHXD ot
20 IF(LABEL(1).GE.O)WRITELMZ,2000)H, {10N{I1,Jw 1,HOD)

30 CONTIRUE .

1000 FORNATI2413,244)
2000 FORMATIL1X)2A443H.0.p2414)0
RETURN

$1BFTC EREAD K94/2,XRT
CREADE *FLOATING IKPUT, BE9.0 FORMAY
SUBROUTINE READE(HAX,ADM)
N COMMON/TFAPEED/NL 1 M2
DIMENSTON ADME10000),HL2)
DO 30 I=1.,MAX,8
HOD = T ¢ 7
IF{HOD.GT .MAX?GO TQ 1O
READ{M1,51000) (ADK(JIY 1 I= T, MODI 4 H
GO0 TO 20
10 JHX = MOD — MAX
MOD = MAX
READ{K141000) {ADN{IS » J=1oN0D) s EXsdal s JMX) R
20 IF(LABEL(1).GE.O)WRITE{N2,2000)Hs (ADN(J), 5=, HOD}
30 CONTINUE

1000 FORMAT{8E9.0,2A4}
2000 FORMAT(1X:2A%43H. o3 IPBELIZ.4)
RETURN

- $IBFTC AREAD M94/24XRT
CREADA #HOLLERITH INPUT, L8A4 FORMAT
SUBROUTINE REAOA(MAX.ABK)
COMMON/TAPEID/AL
DIHENSTON ADH(lDDOD'yH(Z)
DO 30 1=1,%AX,18
MOD = % & 17
TFI{MOD.GV.HAX)IGO TO 10
READUM1,10001 {ADKR{J] »J=1,NODY K
60 1O 20
JHX = MOD ~ MAX
HOD = NAX
READ(H1, 1000} ADM{J) yJ=1HODY» (X J=1 e JHXIH
20 TF{LABEL 1} .GE.OIWRITE(H2,2000}H, [ADNLIY 3= 1,KO0D)
30 CONTINUE
1000 FORMAT{20441)
2000 FORMAT(1X,24452TC1H 1420844}
RETURN

]

END
$IBFTC ISREAD H94/2Z,XR7
SUBROUTINE READIS(HAX, IDH)
DIMENSTION IDM{10000),J0M{2,12)
D0 10 I=1,MAX,12
MOD = MINO(12,KAX+1-1)
CALL READI{2%HOD,JDN}
00 10 J=1.HOD
K = JDOM{1,J
IDMIK) = JOH(2,J%
RETURN

60z

°©

END
$EBFTC IEREAD HM94/2,XR7
SUBROUTINE READIE(MAX, I0M,ADH)
COMHON/TAPEID/ML
- DINENSION lDH(lOOOl.ADNllUODlyNIZ)

DO 30 I=1,MAX,6
HOD = § ¢ 5
IF(M0OD.GT.MAX)GO TO
READ (Nl-lOOOI(IDNKJ)'Aﬂﬂ(J)nyl.NDD)pH
G0 70 20

10 JNX = HOD - MAX
MOD = MAX
READ{ML,1000) (1DM(J) +ADH{D) bJ= l.NﬂDIv(K Xed =2 JHX}H

20 IF(LABEL{11.GE.OINRITEIN2,2000 H, (TOHIJ},ADHIJ},J=1,H0D)

FasTiI2T
FAST1128
FASTL129
FAST1130
FASTLL31
FAST1132
FAST1133
FAST1134
FAST1L35
FASTI136
FASTIL3T7
FAST1138
FAST1139
FiSTI140
FASTL14L
FAST1E42
FAST1143
FASTL144
FASTI145
FAST1146
FASTL147
FASTL148
FASTI149
FAST1150
FASTLLISE
FAST11S2
FASTi153
FASTL154
FASTL155
FASTL156
FASTLIST
FAST1158

.FAST1159

FAST1160
FASTL16L
FAST1162
FASTI163
FAST1164
FASTL165
FASTL166
FASTL167
FAST1168
FASTL169
FAST1170
FASTL171
FASTI172
FASTL173

FAST1174
FASTILTS
FASTILTG
FASTI17T
FASTILTS
FAST1179
FAST1180
FAST1181
FAST1182
FAST1183
FAST1184
FASTLLIBS
FASTL186
FAST1187
FAST11B8
FAST1189
FAST1190
FAST1L91
FASTL192
FAST1193
FASTL194
FAST1195
FAST1196
FAST1197
FAST1198
FASTLL99
FAST1200
FAST1201
FAST1202
FASTLI203
FAST1204
FAST1205
FAST1206
FAST1207
FAST1208
FAST1209
FAST1210
FAST1211
FASTI212
FAST1213
FAST1214
FAST1215
FAST1216
FAST1Z217
FAST1218
FASTI219
FasT1220
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30 CONTINUE

1000 FORMATI6C13,E9.0},2A4)

2000 FORMAT{1X;2A423H. .0 o614 IPEL2.41)
RETURN

END
$1BFTC ESREAD M94/24XRT
SUBROUTINE READES(HKAX,ADN) -
DIMENSION ADM( 100001, 1DN{6) ,BONML6Y
00 10 I=1,KAXeS
MDD = HING{6.HAX+1-F)
CALL READIE{MOD, YON,EDX)
DO 10 J=1,M00
K = IDKEJ)
10 ADMIK) = BDM{J)
RETURN
END
$IBFYC EEREAD M94/24XR7
CREADEE#ALTERNATING FLOATING INPUT, 6E9.0 FORNAT
SUBROUTENE AEADEE{MAX,ADM.8DN}
DIMENSION AQMI50000},B0M{ 10000 1,CONI2:4)
K= g
00 10 I=1,MAX,4
MOD = KING{4(KAXK-K)
CALL READEE 24M00,CDH)
00 10 J=1,HOD
K=K 1
ADM{K} = CDH(1,3%
10 BOMIK) = CON(2.J) N
RETURN,

$IBFTC SREAD M94/2,:XRT

CREADS * SURFACE FORMAY, 313,7€9.0
SUBROUYINE READS(IDM,ADKY
COMNON/TAPEID/NMYL +H2
DIMENSTON YOM(3)5ADN{7),HI2}
READ(M1,1000) IDK} ADH H
[F(LABELL 1), GE-Q)hﬁl!EIKZ-ZOUOIH.lUN-ADK

1000 FORMAT(313,7E9.0,2A

2000 FORMAT(IX,2A423Hu0e.+314,1PTEL2.4)

RETURN

$IBFTC RREAD M4 /24 XRT

CREADR * VOLUNE SDURCE FORMAT, 4E9.0+1213 FORMAT
SUBROUTINE READR( IDN,AU
COMNON/TAPEID/NL
DIKENSTON AD)‘(‘H,IDN(lZl-HIZ’
READ(M1,1000) {DH, ADM, H

TF{LABEL(1).GE-O)IWRITE{M2,20001H, ICK,ADN
1000 FORMAT(1213,4E5.0,244)
2000 FORMAY [1X,244,3Heans1214,1PAEL2.4)
RETURN

$1BFTC FREAD H9472,XRT

CREADF * RESPONSE FUNCTION FORMATy 213+3A4,6E9:0
SUBROUT INE READF(IDK:ADHwBDHI
COMMON/TAPEJD/HL
DIMENSION lDHlZ).‘DK(!)yEDK(G)yH‘lI
READEM1,1000) {OM, A0M, BCH K
|F(LABEL(ll.GE.0)HRI'E(!Z.ZODO)H.[DNvADN.SDN

1000 FORMAT{213,3A4,6E9.0,244}

2000 FORMAT{LXe24453H. 000 21492X93A4,2Xy 1IPSEL2.4}
RETURN

$ORIGIN AL PHA + REW
$IBFTC RSOLVE N94/2+XR7
SUBROUTINE SOLVIT

COMMUON/LIMITS/NSTCRE,NERRORyNSHAX sNANAX JHRMAX

+NAMAX +NSTHAX,

13 NEMAX +NVMAX oNXMAX oNXEMAXNEMOD oNXSECT(NUNITD,
2 NUNITX s NIMAX: yNMFAX (NORDER,NOOWN , TNELAS:NTRANS,
3 3 NRRAX ¢NGMAX yNFMAX oNVMOD NCMAX oNLMAX (NTMAX
4 NOMAX ¢HGMOD ,MOMENT,NOMOD +NPDMAX(RPOHOD RSDNAX,
5 . NVDMAX s NVDHOD , NPQINT , NODELP yM ODELQy MODELU L MODEL Vs
6 - NBRINT ;BUNTTS .NUFBER,KALIDE

COMMON/INOEXS/INYP o 1AZ RISV IMTL  LIRHD 4 EXR +IELL
1 1IELN  +1AE +18E JINPC 2 TJSN <135 o
2 IXTR  (ISUV L IATN 2»LESB L ISSH SIDEN v
3 INTG +1ELF ,IFGW +LIOV SIJOR  11DS
4 A IvOL  +1€0T ,IXOY +1ALP 4, IVED S IGIF o
5 LY TATH  21AL¥ o IALH sTNS +IVEE I1VAL

& ISP +1SPE  LIATD #1SGT  LTIDE IIDL
7 1SGS  eNEXT ,IXMP 2 IS +IES 2 IMC *
8 IEC +IKD IV I oISK +15T )
9 . IRRG o+ INSC LISTP JINCP L IFXP  +IFXS o
1 IFXT  oIFXE oIFXA

COMAOHN HIL}
TF(NPDINT.GT.01GO YO 20
CALL 'SOBE

R
LCNGHAXy Lo HIINS) ¢H{IES) s HLTHC) ¢HEREC) sHUTSTY JHULNRG) (HITNATLE

2 H{TTOR) dHETIDS) yHEEVOL) sHUIXDY) ¢ HETCOT 1o HE IFXP o HTFXS) s HITXNPY

ELT lNSCIy H( TALM}oHUTALHY o HUTRHOY ¢ KU TELL D o HL 1SSHY » ML 1SGT) ,REHDO)

FAST1221
Fasrla2zz
FASY1223
FAST1224
FAST1225
FASTI226
FASTI227
FasT1228
FAST1229
FAST1230
FAST1231
FAST1232
FAST1233
FAST1234
FASTI235
FASTIZ236
FAST1237
FASTE239
FAST1240
FASY1241
FAST1242
FASTIZ43
FAST1244
FAST1245
FASTL246
FAST1247
FAST1248
FAST1249
FAST1250
FAST1251
FASTI2S2
FAST1253
FASTI254
FAST1255
FAST1256
FAST1257
FAST1258
FASTLI259
FAST1260
FASTE261
FASTI262
FASTI263
FASTI264
FASTI265
FASTE266
FASTI267
FASTI268

FAST1269
FAST1270
FASTI2T1
FASTLI272
FASTL273
FASTL2T4
FASTI275
FA5TLI276
FASTI277
FAST1278
FAST1279
FAST1280
FAST1281
FAST1282
FAST1283
FAST1I284
FASTI285
FAST1286
FAST1287
FASTI238
FAST1286
FAST1289
FASTE290
FAST1291
FASTLI292
FAST1293
FAST1294
FAST1295
FAST1296
FAST1297
FAST1298
FAST1299
FAST1300
FAST1301
FAST1302
FAST1303
FAST1304
FAST1305
FAST1306
FASTLI307
FAST1308
Fast1309
FASTidO
FASTI311

20 CAL}' SOLVER( 1, HENOD s RGKAX sHL" IKCYI WHUICDT) ,HLISTI HUINRG) yHLINSC)e FASTE322
THTLY ¢ HUIRHOY yHO FSSHY o HEISGTY yHOTELL Y 4HUINS) ¢HITES) »FASTLIZLS
2 HUTKCH s HOTECT ¢HUTX¥P ) oHIEALK) HEEALH) »HCTFXPD o HETEXS ) o FASTI3L 4
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BH{LISTP Y G HUINRP ) HUINCP) ,H(TIDR)) FAST1315

10 RETURN FAST1316
END FASTL317
$I1BFTC SOBER2 M94/2,XRY FAST1318
CSOBFR2, SOLUTICN OF THE BOLTZMANN ECUATION BY RANDOM SAMPLING FASY1319
SUBROUTINE SOBERILLIL2,WS,ES/WCIEC 15T INRG +MTL.TOR, IDS,VOL,FAST1320
1XDT,COT,FXP,FXS ) XNP 4 NSC, ALNALF,RHO+ELL s SSH,4SGT,13) FAST1321
DIMENSION SSHEL1+SGTIL3,L2) - FAST1322

COMHON/LTHITS/NSYCRESNERRORGNS¥AX ,NANAX JNRNAX oNBXAX |NSYHAX. FAST1323

1 NEMAX JNVMAX ,NXMAX NXEMAX,NEKOD ¢NXSECT,NUNITD, FAST132&
2 NUNITX,NTBAX ,NKMAX ,NCRDER,NDOWN leELASvN'RANS' FAST1325
3 NNMAX oNGHAX JNEHAX NVHOD sNCMAX (NLMAX NTHAX , FAS5T1326
4 NDSAX sNGMOD +NONENT,NOKOD oNPOMAX,NPOMOD,NSOMAX, FASTI327
5 NVDMAX s NVONOO,NPOINT , HODELP \MODELQ, HODELU, HODELV,  FASTI328
6 NPRINT \NUNITS ,NUMBER ¢ KALIDE FAST1329
COMMON/PLUXES/KRK  GTALLY/ERROR \ TCTALNSTOTALE/RHON  SKORK 1 YOTEAST1330
COMMON/POINTX/NTOTAL, 111 KO FASTI33L
CDHKONIOIHERS/RADIUS.XLYl3).DELlA WBOCI3)ATA  ,ATB  LATC .  FASTI332
t ATO  ,AT BT  4AS  sBS  oJHIN ,JMAX , FASTI333
2 KKIN L KFAX sJ8AR +NZERO FASTLI34
DINENSTON ELLIL} FAST1335
OIMENSION WSCL}EST11eWCUE)oECU1],XHPE1),ST (1) NRG1]4NSELLD, FAST1336
HTLULY 4 TDREL),TOSTL) 9VOL (114XDT(3,2),COTI3,11, FAST1337
FXPILLeL2},FXS{LLoL2)2GEN{ 1} rATRI 1) JALMCET o ALH11),RHOC11FAST1338
DIMENSION X13),XC{31,C13),CCU31,CNE3),CPI3) FAST1339
SNORM = AKAX1(100.0¢VECTGREXCT,BOCoCI} FASTL380
NTOTAL - O FASTI34
TOMEGA = 1 FAST1342
(F{NVDHOD.GT.0} IOKEGA = NUMBER + 1 FAST1343
CALL GROUPBOC} FAST1344
00 250 NNN=1,NPRINT FASTI345
DD 240 MMM- I,NUNLTS FASTI346
NTALLY = ) FASTI347
ERROR = ATD FAST1348
RUNTOT = 0.0 FASTI349
DQ 210 KKK=1,KALICE FAST1350
TF{KKK.GT.1)60 TO 10 EASTL35]
{F (HODELP.GT.01G0 TO $ FASTI352
PDT = PSTAR{NN,X} FAST1353
60 TO 40 FAST1354
5 PDT = SPHERE(BOC,STC/CINSTISTyRRG INSCH FASTL355
1F(NST.EQ.0) GO TC 22 FAST1356
NN = NRGINST) - FASTI3ST
00 6 I=1,3 FAST135E
6 X(I1 = BDCCI) & CLI}OSTC FASTI359
GO 10 %0 FAST1360
10 IFtINTALLP+NTALLY).LE.01GO ¥O 220 FAST1361
IF{TOTALN.EC.0.€1GO TO 13 FASTL362
EBAR = TOTALE/TOTALN © FASTL363
DO 12 I=1NEMAX FAST136%
1F(EBAR.GELELL{T+111G0~T0 14 FAST1365
12 CONTINUE FAST1366
13 [ = (JRIN + SHAXI/2 FAST1367
16 JBAR = [ FASTI369
POT = USTAR(STC,BCC¢X,C/NST,ST,NRG) FASTI370
IF(NST.EQ.01G0 TO 220 FASTI3TY
RUNTGT = RUNTOT + STC FASTI372
NN = NRGIAST} FASTI373
POT = PDT/STCS®2 FAST1374
CALL KERNEL(I.NSI.S' NRG) FASTI375
o0 20 =L, FAST1376
Xty = XD « ceneste FASTI377
20 cCUi) = CUIY FAST1378
KHIN = JKIR £AST1379
KMAX = JHAX FASTL380
DO 30 [=JNINsJHAX FAST1381
WCII) = POTSWS(I)SEXP(-XNPLED) FAST1382
30 EC{T) = ES(I) FAST1383
40 NTALLP = NTALLY FASTI384
NTALLY = 0 FAST1385
ToraLN = 0.0 FAST1386
TOTALF = FAST1387
IF!NPDKAX.EC 0) 6C 1C S0 FAST1368
NPD = 0 FASY1388
DO 80 I=1,NCHAX FASTL389
IFUIDR(I1.GT.01G0 1O 8¢ FASTL390
NPD = NPO ¢ 1 FASTI391
STH = VECTOR(X,XDT(ly 11,C) FASTL392
IF{KKK.GT.1)G0 10 S0 FAST1393
CALL SZERCUNNSPET X, C} £AST1394
G0 10 50 £AST1395
50 CALL SINGLE(NN,COSINEICsCT)1.01 FASTI396
60 [F(JHIN.GT.JHAXIGC 1O 0 FASTI397
TOT = RUNTOT & ST FAST1398
CALL PATHINNJSTHy XsCyNST+ST,NRG,NSC) EAST1399
CALL KERNEL{1,NST+ST,NRG} FAST1400
CALL DETECT{I,~1,1.0/STN9#2,COSTNELC,CDTI1, 111,0.0) FAST1401
70 IFINPD.EQ.NPDNAX1GO TO 90 FASTI402
80 CONT INUE FASTL403 i
90 TF{XKK.LT.KALIDE} GO IC 95 FAST1406 53
IF (NVONOD.EC.0} GC TC 20 FASTI405 g3
95 IFIKKK.GT.1) GO TC 102 FAST1406 =3
ppX = POT FASTIAOT e
1F (HODELQ.GT.0} GO TO 100 FAST1408 H
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MGT « o FASTI4AQ9 '

GO 1O 108 Fastlstio
100 FST = YECTORIXCT.X.CC) FASTLALL
JEAR = JIERC FASTLA12
GO 10 104 FASTIALY
102 PDX = 1,0 FAST1S414
NGT = 1 - FASTLI815
104 FST = RMGIMAI*SSHIJEAR) FAST1A16
GST = 0.0 FAST1417
M= WFLEAN) FAST1418
IFIN.GT.0) GST 3 SGV(JBAR.R) - FAST1819
ALPHA = 0.0 FASTL420
HST = FEST & GSTY FASTLA2]
IFIHST ,GT,0,0) ALPHA » {FSTOALMIIBAR) ¢ GSTRALMLJIRAR]]ZHST FASTL422
STA = VECTOR(X,BCC,CP) FASTIA23
AETA = 0.0 . FASTIAZ4
tFLFST.LE.OELTA) ©O TO 108 . FASTIS®2S
CALL PATHINNGFST=DELTA,X.CPNSToST (NRG,NSC) FAST1426
XMPT = 0.0 FASTIA27
N0 106 IngyNST FASTLAZE
J = NRGIL) FAST1A29
K = KTLEJY FASTIA30
SEC = RHD{JI8SSHIJOAR} FASTIA3L
1F(K.GT.0) SIG > SIG + SGT(JBAR.KI] FAST1432
106 XHPT = XMPT + SIGSTLI) FAST143)
LFLXNPT,GT. 0,01 BETA = ASO(ALOGE12.00XHPTIN /4,0 FAST1838
IFIMODELV.EC.2) BETA = ASOXMPT/2.0 FAST1435
108 DO 205 LLL=l,tOMEGA FASTIA)S
[FLNGT.GT.0) GO Td 110 - FASTI437
POA = POX®QSTAR(HN,X,C) FASTIA3S
60 10 112 FAST1439
110 PDA = PDXSVSTAR(CP,CC,CoBETA,858ALPHAL FASTIAAD
112 IFILLL.LT,IONEGA) PCA = PDA/FLOATCHUNBER) FASTLAA)
IFIKRK.GT.1) GO TD 114 FAST1442
CALL SIERCINNGPLAGX.C] FAST1%43
GO TO 116 FASTIAAG
114 CALL SINGLEINM,ADSINELC.CC),POAY FASTIALS
116 [FIJNIN.GT.JNAX] GO TO 202 FASTI448
CALL PATHEMNG1.0E#30,X,CoNSToST.HRG4MSC) FAST1A4T
VF(LLL.EQ.IONEGA} GO TQ 203 FAST1448
:?:'1“0- 1 FAST1449
Ta1 » auntor FASTIAS]
00 200 N=3,NST FASTIAS2
L * MRGIN) FAS721453
M = ATLIL) FASTIASA
TFUHYDMAX.EQ.01G0 TO 150 FALTIASS

D0 140 1=14NDNAX FAST1436

TFLIORET)LAELLIGE TC 140 FASTI4ST

IFIIDS (1}, NE.OIGD 1O 14C FAST1458

ANG = COSINESC,CETLR.TH] FAST1459

1F(M,LT,01GC 10 120 FAST1460

FST = L.0/vCLET) FASTI&bL

RHUN = RHOLL) FAST1462

GO 70 130 FaST146]

120 FST & STEMIZVCLED) FASTI464

101 = 10T + STINI/2.0 FASTL465

130 CALL KERMELEMSTAIA,K-1,51,NRGD . FASTI466

CALL OETECTC1, M FST,ANG,STIN}I FAST1467

IFEM.LT. 01 TOT » 10T = $TINI/2.0 FAST1468

HSTHIN & N & 1 FAST14869

€0 10 150 FAST1470

140 CONT INUE FASTLSTL

150 SIT = STT o $TON} FAST14T2

tOT » RUNIOT & STI1 FASTL4T)

Rv NSCIN) FASVIATS

IF{KENSDONAX.LE.OICO TO 2C0 FAST1473

MAX-® 2 - NINST FAST1478

NGT = O FAST1&TT

00 190 Kel,¥Ax FASTL478

00 180 121,hDNAX FAST1479

TFOLDRITTLEQ.LLANDLIDSY),EQ.KIGD TO 170 FAST1480

160 CONT INUE FAST1481

80 T0 190 FASTLI482

170 IF(NGT.GT.0IGO TO 1BO o FASE1483

NGT = 1 FAST1484

CALL NORKALIKSSTT X, CoCH) FAST1485

ANG n COSINE(C,CA) FASTL4B4

CALL XERNELINSTRIN,N,S,NAG) FAST1487

NSTKIM = K & 1 FAST1408

180 FST = 1,0/(ABSLANG)®VOLCIY) FASTLAB9

CALL DETECTLI¢=1,FST,AKG,D.0} FASTL490

190 L = MRGENs1) FAST1491

200 CONTINUE FAST1492

202 IF(LLL.EQ.1OMEGA) CO TG 220 FAST1493

205 CONTINUE FAST1494

210 CONT INUE . : FAST149%

220 CONTINUE FAST1496

00 230 I=1.ADMAR ? FASTL497

00 230 Jvl,AGHAX FASTL4IB

FXS(301) = FXSTJel} ¢ FrPIJ. 11092 FAST1499

230 FAPLJL ) = 0.0 FAST1300

235 CONTINUE FAST1501

240 COWTINUE FAST1502
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CALL ANSWER(NNN) FASTIS03

250 CONTINUE FASTISOG
RETURN FASTi505
FAST1506

$18FTC SOLVE ¥94/2,4XRT FASTISOT

CSOLVER#*POINT SOLUTION OF VTHE BOLTZMANN EQUATION# T.M.JORDANSNANL®1966% FAST1508
SUBROUTINE SOLVER(L1.L24L3+XDT,COT¢ST,NRG\NSCsHTLsRHO, SSH,SGT,ELL,FAST1509
NS, ES+HC o ECyXMP yALM¢ ALK+ FXPFXS, STP ARP (NCP o IOR} FAST1510
DIMERSION X¥(3).CT{3)5C(3)4X{31,CCI31,CDI3),XC13),AP(3) FAST1S1L
DIMENSION XDT(3,13,C0T(3,1)¢STIT}sNRGIL)4KTLI1}RHOCE]SSHIL), FASTIS12

SGTIL2sLL) s ELLEL) oWS{LY,ESCL) WCE 1) ,ECLLY 4XHPIL) ,ALHI1) (FAST1513

ALHILY,FXPIL3,L1}4FXSIE3.L1), IORL ED FASTLI514
CONHDNITAPEIDIHl M2 FAST1515
. COKMONZL IMITS/NSTORE y NERROR NSMAX (NAMAX NRMAX +HBMAX NSTHAX, FAST1S16

1 NEMAX ,NVMAX ,NXPAX ,NXEMAX,NENOD UNITD,  FASTISLT

2 NUNITX,NIMAX ,NHMAX ,NORDER,NDOWK «NTRANS,  FAST1518

3 NNMAX JNGHAX yNENAX ,NVMOD JNCHAX (NLRAX (NTHAX o FASTIS1O

4 NDHMAX oNGMOD oNOKENT,NCMOD ,NPDHAX,NPDNOO,NSCHAX.,  FAST1520

5 NVDMAX,NVDMCD, NPCINT MODELP y# ODELQ, MODELY,XODELV,  FAST1521

6 NPRINT NUN1TS ,NUFBER,KALIDE FASTI522

COHMON /FLUXES/KKX .nuuv,sunun »TGTALN,TOTALE,RHON  , SNORH , JOYFAST1523

COMMON/POINTX/NTOTAL, 111 MO FAST1524

~ COHHONIOYHEI(S/RADIUS.XCTl!).DELl’A WBECU31,ATA  (ATB  ,AIC  ,  FASTI525

- ATD AT BT WAS  4BS  JSMIN LJHAX 4 FASTLS26

KKIN o KMAX ,JBAR ,NZERD FAST1527

DIMENSTON BDCDUN{3) . FAST1528

COHHON/ENDRUN/NPERUN FAST1529

NPORUN = O FASTL530

D0 100 I=1,3 FASTIS31

100 BOCDUMIT} = BDCII} FAST1532

0 27 T11=1,NDHAX FAST1533

NTOTAL = O FAST1534

. IF{IORITIDILGT.0) GO ¥C 27 FASTL535

NPDRUN = NPERUN + 1 FASTIS36

00 1 [=1,3 FAST1537

XT41) = XDTAI,111) FAST1538

1 CVEL) = €0T U, 111 FASTIS39

CALL GROUPIXT} FAST1540

. SNORH =AMAX1{160.0,VECYCRIXCT ¢ XT4C1) FAST1S41

00 30 NRAh=1,NPRINT FAST1542

DO 29 MMM=1,NUNTTS FAST1543

- IF(HODELP.GT.0) GE IC S3 FASTIS44

. NHALE = | FAST1545

PDS = PSTARUAN,X) FAST15%6

[F(NN.EQ.O) GO T0 26 FASTIS47

GO 10 94 FAST1548

93 CONYINUE FAST1549
POS = SPHERE(XT,ST0,CoNST.ST¢NRGNSC) FASTI550
IFINST.EQ.0} GO TO 26 FASTIS5L
NN = NRGINST) . FAST1552
00 2 §=1.3 _FAST1553
X{1} = XT{E} # S\'B'C(ll FAST1S54
Lzotn = -cii) FAST1555
NHALE = z FAST1556
94 CONT [N FASTLSS7
FSY = vscma(xcr.x.ccl FASTISS8
NYALLY = FASTISSY
RUNTOT = u [ FAST1560
00 25 KKK=1,KALIDE FAST1561
ERROR = ATD FAST1562
NTALLP = NTALLY FASTI563
NTALLY = O FAST1564
TOTALN = 0.0 FAST1S65
TOTALE = 0.0 FAST1566
STO = VECTOR(X:XTC) FASTIS67
1F{KKK.GT.1160 TO 3 FAST1568
CALL SZERDINN,PDSX,C} FAST1569
G0 TO 4 FASTISTO
3 CALL SINGLE(NN,COSINELC,CC,1.0) FASTLS71
4 LFENHALF.EQ.LICALL PATHINR,STD.X¢CoNSToST,NRGINSC) FAST1572
TFLIMIN.GT . JHAXIGD TO 5 FASTIST3
CALL KERNEL{1,NST:ST,NRG} EASTISTS
TOT = RUNTOT + STD FASTL575
CALL DETECTUL 4—~1+1.0/570#82,CO5INEIC,CT},0.0) FAST1576
§ IF(KKK.EQ.KALIDEIGO TO 25 FASTISTT
IF{(NTALLY * NTALLP). eu.o;cu 10 26 FASY1578
TF(TOTALN.EQ.0-01G0 T0 FASTIST9
FST = TOTALE/TOTALN FAST1580
DO 6 I=1,NEMAX FAST1581
IF(FST.GE.ELL{T+1}} GO TO 8 “FAST1582
& CONTINUE FASTISB3
71 = JKIN FAST1S84
8 JBAR = I FAST1585
RGT = 0 FASTIS86
XMPT = 0.0 FAST1587
: STH = ST0/2.0 . FAST1588
STT = 0.0 FAST1589
SIGH = 0.0 FAST1590
D0 9 Tx1,NST FASTLS91
3 = NRGLID FASTI592
SIG = RHO{JI*SSHIJBAR) FAST1593
SIGH = SIGH + SIG#STLI} FAST159%
K = MILEN . FAST1595
IFIK.6T.00S1G = SIG ¢ scnun.n . FAST1596
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XHPT = XMPT + SIGeST(I}
LFINGT.EQ.1)GO 7O 9
STY = STT # SE{I)

IF{SIT.LT.STHIGO TO 9

XHPH = XKPT - SIGO(STT - STHI
NGT = 1 .

9 CONTINUE
BETA = 0.

IF(NHALF. EQ 2)XMPH = XMPT = XHP
IFIXMPT.GT.0.0} BETI!!S‘IALDGllZ O*XMPT1)/ 4.0
TF(MODELV.EG.2) BETA x AS#XHPT/2.0 °

NNC = NN

IF[IXKK+HODELQ}.EC. 1) GO TO 10.
IF{XKPT.EG.0.0)G0 TO 1C
1E(XMPH.LT . XMPTIGG TO ll

10 POF = 1.0
NGT = O
G0 10 12

11

IFUIXNPH.EQ.0.0)GO TC 14

PHALF = XMPH/XMPT

IF(RANNU(NMB) .GT.PHALFIGD TO 1§
POF = 1.0/PHALE
NGT = I

12 NHALF = 1

DO 13 I=1,3

cotI1 = eft}

BOC(I) = XT{I)

13 XCt1) = x{I})

15

17

18

GO T0 18
POF = 1.0

G0 Y0 -
POF = l DI(I 0 —PHALF)

Xtn = xvt
NN = NZERC

ALPHA = 0.0

TF{XMPT .GT.0.0)ALPHAT {SIGH*ALH [JBAR) +{XNPT~-ST
IFL[KKK+HODELQ).GT.1} GO YO 300

PDA = QSTAR(NN.X,CI

G0 10

300 -PDA = VST‘R(EDgCC'C-BEYA@BS'ALFHAI

301 CONTINUE

STM = 1,0E+30
TFINGT.EQ.0160 TO 19 M
PSI = COSINELC,CD)
IF{PSI.GT.0.0)STH » STH/PSY

19 CALL PAYH(NN.STH,XrCyNST.ST:NRG-NSt)

PDT = USTARISTC.BOC«XoCoNSTyST(NRGH
- IFINST.EQ.Q1G0 TO 2&
< NNP = NRB(NS‘)

xPLI) = X(ll + STceC(I}

20 X{1) = XCEI)

STH = VECTOR(X,XP,C}

NN = NNC

ROX = PDFPCA*POT/STMeS2
IF(KKK.GT.1)G0 T0 21

CALL S2ERO(NN,POS,X4C) N
G0 TO

21 CALL SINGLE{NNsCOSINE{C,CC)L.CH
22 IFLIMINLGT.JNAXIGO TO 26

1FINHALF.EQ.21G0 YO 200
«CALL RERNEL{1.NST,ST,NRG)
GO To 201

200 CALL PATHINN,STM,X,C,NSTP,STP,NRPyNCP)

CALL KERNELUL,NSTP,STP,NRP}

201_CONTINUE

00 23 |=JHleJHAx
"ECEI) = E5(1

23 WCUI) = PDX’IS(I)‘EXP( ~XMP{T})
3

24
25
26

28
277
29

30
27

KMIN =

KHAX = JHAX

NN = NNP

RUNTOT = RUNTOT + STN
D0 24 I=1,3

CC{I} = €I}
CONT INUE
CONTINUE

00 28 §=1,NDROD
00 28 J=i,NGMAX
FXS{JeT) = FXS(J,l) + FXP{J, 11002
FXP{Se1} = 0.0

CONT INUE

CONTINUE o
CALL AMSHERINNN)
CONT [NUE
LCONT INUE

GHI®ALM{JBAR) }/XMPT

FASTI597
FAST1598
FASTIS99
FAST1600
FASTL60L
FASTI602
FAST1603
FAST1604
FAST1605
FAST1606
FAST1607
FAST1608
FAST1608
FASTL609
FASTL610
FASTISLL
FAST1612
FASTI613
FASTI614
FAST1615
FAST1616
Fa$T1617
FAST1618
FAST1619
FAST1620
FASTI62L
FAST1622
FASTL623
FAST1624
FAST1625
FAST1626
FAST1627
FAST1628
FAST1629
FAST1630 .
FAST1631
FAST1632
FaST1633
FAST1634
FAST1635
FASTE636
FASTI63T
FAST1638
FAST1639
FasT1639
FAST1639
FAST1639

FAST1639
FAST1640
FAST16%1
FASTL642
FAST1643
FAST1664
FAST1645
FAST1646
FAST1647
FAST1648
FAST1649
FAST1650
FAST1651
FAST1652
FAST1653
FAST1654
FAST1655
FAST1856
FAST1657
FASTLI658
FAST1659
FAST1660
FAST1661
FAST1662
FAST1663
FAST1I664
FAST1665
FAST1666
FAST1667
FAST1668
FAST1669
‘FASTI6TO
FAST1671
FAST1672
FAST1673
FAST1674
FAST1675
FAST1676
FAST1677
FAST1678
FASTL679
FAST1680
FAST1681
FASTL682
FAST1683
FAST1684
FAST1685
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0B 101 I=],3
101 BOCCE} = BDCOUR{I)
RETURN

END

$I1BFTC GROUPT M94/2,XR7
SUBROUTINE GROUPIX)
COMHON H{L)

CONHON/LIMITS/NSTORE,NERROR s NSHAX oNAMAX ,NRHAX *NBHAX ¢NSTMAX,

i EMAX o NVMAX
2 NURTTX.NIHAX
3 NNMAX 4 NGMAX
4 NDMAX ,NGHDD
s RVOMAX (NVOKC]
6 NPRINT , NUNIT'
COMBON/ [NDEXSZINTP  ,1AZ

1 IELW L 1AE

2 IXTR ,ISUV
3 INYG  ,IELF
4 VoL

s 1ATH

6 15PN

7 1565

8 1EC « IND

9 - INRG  ,INSC

-
m

oNXNMAX JRXEHAX,NEMDD »NXSECT,NUNITD,
*NNVAX NCROERJNOOWN o INELAS,NTRANS,
oNFKAX (NVHOD ,NCMAX yNLMA THAX o
»MOMERT, NDHOD »NPDNAX, NPDHQ! SOMAX .

x

’
PCINT  HODELP yH GDEL Qo KODEL U, HODEL Y,
UMBER ¢KALIDE .

PIMTL LIRHO L IXR™ ,IELL

+18E +INSG  JINPC  LIJSN  ,1dsx ,

PIAIN LTATH  LLESB +IDEN

+IFGW L1105 ,linv 1108,

fIGIE
+IVAL
e1101
T
Wy v W siSE
PISTP LINRP  ,INCP PIFXS

+IFXA

. CALL GRODUH(X'I'NEKAX.H(lST).H(INRG)-HllNSC).H(lISV)'
lH(IHS)|H(lES),H(XJSN).H(IJSXD-NIXSPN)'H(ISPE).H(IXHP).H(IAIHI'

2HUIGIN) HITELL))
RETURN

END
$IBFYC GRODML H94/72,XR7

SUBROUTINE GRODUM (X yL1vL2,SToNRG,NSC, ISV

LSPE, XHP,AIM,GIK,ELL)
COMMON/ INCEXG/ J2ERD

ATD (AT

-

PKHBX

NEMAX AVKAX
NUNITX,NIMAX
. NAMAX ,NGMAX
NOMAX JAGMEE

P AW~

OIHENSIGN NRG(1),ISvI1)

WHStES ¢ JSN, ISK, SPH,

COMMON/OTHERS/RADIUS +XCT (31 ,0ELTA ,BOCE3),ATA 1AT8 WATC v
/T 2

v B8S P JHIN  JJHAX

+JBAR 4 NIERD

KNIN
COMMON/LTHITS/NSYORE \ NERROR 4 NSHAX o NANAX .,NRMAX ¢« NBNAX (NSTHAX,

oNXMAX JNXEHAX \NEMOD o NXSECT,NUNITD,
sNHFAX (HORDER NDOWN , [NELAS,NTRANS,
*NFHAX JNVMOD NCMAX »NLMAX oNTHAX
+MOKENT , NDKOD (NPOMAX . NPGNMOD,NSONAX .

NVD!AX.NVDHUD:NPBINY.NDDELF'*ODELO.HUDELU.HDDELVy
HPRINT,NUNTTS \NUPBER KAL IDE

SE114ESTL) ) JSNILY,USXELD,

"
"
ISPH(LZ-Ll)vSPE(LZ'lll.XNP(l).AlHll).GlN(ll,ELLlll

DIMENSION €{3)

NZERD = LOCATE(NGS.X)
STH = VECTOR{X+XCT,4C}

CALL PATHINZERQ,STM,XeLoNST+STyHRGyNSCH

I = NST « 1

DO 1 K=1,NST
I=1-1

L = NRGII)

J o= ISVIL)
TF{J.6T.0} GO TO 2
CONTINUE

JZERD = NEMCD/?

GO TO 100 .

2 NTT

C CALCULATE AVERAGE SCGURCE GROUP INDEX
10T a

TOTE = 0.0

MIN = JSN(J)

NaX = JSxtd)
JHIN = HIN

JHAX = MAX

D0 10 I=HINJMAX
WSLI) = SPH{l.J)
ESL1) = SPE(I+J)
IF(NTT.EQ.11GT TO 30

]

CALL KERNEL{1#NTT-L4sST,NRG}
IF{XHP{MIN LEC.0.0)G0 TO 30

DO 20 LaMIN,MAX

20 WS{I) = WS{IVSEXP(-XMP(I)I*[1.C + AIMEID*XHP(I})

30 CALL KERNELI1:0,STINRG)

CALL KERMELUINTT NTT,ST,NRG) .

DD 40 I=MIN,MAX
FST = GINLTI*WS(T)

IF(XMP(I}.NE.Q.O)FSY = FST/XMP(L}
T

TOTN = TOTN + F§

40 FOFE = TOTE + FST#ES{I)
EBAR = TOTE/TOTN
DO 50 1=HIN.MAX

IF{EBAR.GE.ELLET+1))GO TC &0

50 CONTINUE

1 = tHIN ¢ RAX)/2
60 JZERD = 1
100 RETURN . =

EN

SIBFTC SZEROF K94/2,XR7

FAST1686
FAST1687
FAST1688
FAST1689
FAST1690
FAST14G1L
FAST1692
FAST1693
FAST169%
FAST1695
FAST1696
FASTLI6OT
FAST1698
FAST1699
FAST1700
FASYTLITO1
FAST170D2
FAST1703
FASTLT04
FAST1705
FAST1706
FAST1707
FAST1708
FAST1709
FASTITIO
FASTI?11
FAST1712
FAST1713
FASTIT14
FASTL71S
FAST1716
FASTITIT
FASTLIT18
FAST1719
FASTI720
FASTL72%
Fasy1722
FAST1723
FASTIT24
FASTLI725
FASTLT26
FASTIT27
FASY1728
FASTITZ29
FAST1730
FASTIT3]
FASTLIT32

FAST1733
FAST1I734
FAST1735
FASTLT36
FAST1737
FASTLT38
FASTIT739
FASTLI740
FASTIT4L
FASTLT42
FASTL1743
FAST1744
FASTL745
FAST1746
FAST1747
FAST1748
FAST1749
FASTL750
FAST1751
FAST1752
FAST1753
FASTLTISG
FAST175S
FAST1756
FAST1757
FAST1758
FAST1759
FAST1760
FAST1761
FaST1762
FAST1763
FASTLI764
FAST1765
FAST1766
FAST1767
FASTL768
FAST1769
FAST1770
FASTL77L
FAST1772
FAST1773
FASTL774
FASTLT7S
FAST1776

CSZERQ *FIXED SOURCE EVALUATION FOR FROGRAM FASTER®T.M.JORDAN®WANL®19663FASTLIT77
SUBROUTINE SZEROINNN.PLF,XXX,CLCH

DIMENSION XXX{1},CCCIL)

FASY1778
FAST1TT9
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CaMKoN FAST1780
COHMDN/DUMSZE/ NN +PCS WX131  ,CH3) FASTLIB1
COMMON/LIMITS/NSTCRE, NERROR )NSFAX oNAMAX ;NRMAX ¢NBMAX oNSTMAX, FASTL782
1 NEMAX oNVMAX oNXNMAX oNXEMAX,NENOD »NXSECT,NUNITD, FASTL783
2 NUNITX,NIMAX pNMMAX oNORDER,NDDWN o INELAS NTRANS, FAST1734
3 NNMAX JNGMAX (NFMAX JHYMOD JNCHMAX ,NLMAX oNTBAX FAST1785
% NOMAX ¢NGMOD 4MOMENT NOMOD ,NPDMAX,NPOMOD, NSOMAX, FAST1786
5 NVOMAX yNVDPCD s NPGINT » HODELP 4R ODELQ, KODELU,HODEL Y, FAST1787
L] NPRINTNUNITS ,NUKBER yKALIDE FAST1788
COMMON/INDEXS/INTP  ,1A2 +IISV JIRTL  ,1RHO LIXR fIELL FAST1789
1 IELW . fAE +18E 2INSG  LINPC  L1JSN  oLJdSX FASTI790
2 IXTR  LISUV  LIAIN LIATW LIESB LISSH. +IDEN FAST1791
3 INTG L IELF LIFGW ,TIDS 1DV ,IIOR ,1I0S , FASTIT92
4 IVOL  +1CCT  SIXDY o IRSI  ,IALP ,IVHD LIGIN FAST1793
5 "TAIM  JTALK LIALH 414 +INS +IVEE JIVAL FASTLIT94
& I1SPH  4ISPE L1ATD 4 IRSP ,ISGT LIIDE ,1IDE FAST1I795
7 1SGS  SNEXT JIXMP ISGR ,IWS. IES +InC v FAST1796
B 1€C «IND vty W1V IR 2151 w187 + FASTLT97
9 INRG  +INSC LESTP SINRP LINCP LIFXP LIFXS FAST1198
1 IFXT  oJFXE  (IFXA - FAST1799
CONKONSREGSCASNSRFAX, TASR FAST1800
INSR = O FaSTiIA0L
NN = NNN FAST1802
PDS = PDF FAST1803
00 10 I=1,3 FAST1804
x{1) = xxxtit FAST1805
10-CtI) = CCCEll FAST1806
CAIL SZEDUMINXMAX ¢S+ 1 NEMAX HETTISVI o HEIXTR) +HIINSG) H{1JSAY, FAST1807
HUTJSX) o HUINPC ) (HEIVEE 1o HITVALY +HUISPRELRITSPE) o FAST1808
ZH(XWSI.N(IESI.HHIDVH FASTL809
RETURN FAST1810
EAST1811

$IBFTC SZEDML M94/2:XR17 FAST1812

CSZEDUMSFIXED SCURCE EVALUATION FOR PROGRAM FASTER®T.

o n a o a

o

a

o

H.JORDANSWANL®1966%FAST1813

SUBROUTINE SZEDUNILL+L24L3¢L4s ISV XTRINSG e SNeJSX sNPLVEE e VAL 4 SPHRAST 1814

1SPE,H5+ES,1DV) FAST1815
OIMENSION IDV{L) N FAST1Bl6
DIHENSION Z(2),0€3),VIE)ROT(3,+3) FASTLB17
DINENSIDN lSVll).!"Rl3uUvNSGlH.JSNIU.JSX(HyNPC(Snll'ESle FasT18ls

EE(LIZL2yL3)  VALILESL2¢L3},SPHIL 423} ,5SPE{L44L3),NS{L) FASTIBLY

EQUlVALENEE (Z(Il.llln(l(l)'121'12(31'231.lDIH'Dl)'(D(ZquZIy FAST1820
1 40133,030 IVEEI VI EVI2)4V2) 5 UVE3) V31 {VI4),VA),IVISE,V5) FASTLEB21
COMHON/DUFSZE/NN +PLS $X{3)  oCHt3 FAST1822
COMMON/POINTX/NTOTAL, 1L +HOM - FAST1B23
COMHON/LIHITS/NSTCRE;NERROR,NSMAX JNAMAX oNRMAX ,NBMAX ,NSTHAX, FASTLB24
1 NEMAX (NVMAX JNXFAX ,NXEMAX,NEMOD ,NXSECT,NUNITD, FASTL825
2 NUNITX.RIMAX +NHFAX (NORDER,NDOWN , INELAS,NTRANS, FAST1826
3 HNMAX NGMAX sNFMAX (NVHOD ,NCMAX s hLMAX NTNAX o FAST1827
4 NOMAX »NGMOD oMONENT  NOMOD oNPDMAX,NPDHMOD,NSOMAX, FAST1828
L] NVOMAX  NVDKCD o NPCINT 4 MODELP yM ODEL Qs RODELU s MOCEL YV, FAST1829
6 NPRINY yNUNETS «NUNBER 4 KALIDE FAST1830
CUP"(UN/UTNERSI?ACIUS.XC‘HS)cDELIA *BOCL3I,ATA +ATB vATC . FAST1831
ATD »AT #B7 +AS +8S yJHIN  sJMAX £AST1832
2 KMIh  JKBAX ,JBAR NZERD FAST1833
COMMON/LLSREG/LLREG . FAST1834
COMMON/SPASHL/PSORS FAST1835
IFINN.GY.0) N = LSVINN} FAST1837
N = LLREG FAST1838
MOK = O FAST1839
IF{NVXOD,EQ.C} GO TC 3 FAST1840
00 1 I=1,NVHOD FASTLBA1
IFLIOV(I).EC.N) GG TO 2 FAST1862
L CONT INVE N B FAST1843
G0 TO 3 FAST1B44
2 MON = 1 FAST1845
3 CONTINUE FAST1866
UN-TRANSLATE FAST184T
00 10 T=1,3 FAST16848

0 ZIL} = X(1} = XYR{I,N}
SOURCE GEOMETRY CHECK
FINSGIN].GT.OMGO TC 30
RECYANGULAR
0 I=1,3
SPATIAL VARIABLES
Vi) = Z{1}
DIRECTION COSINES
20 O(1) = (1)
IF{NN) 10%,105,10C

CYLINDRICAL AND SPHERICAL, AZIMUTHAL ANGLE

0 v2 = 0.0 ’FlSl’lsbﬂ
IFLLABSIZ1} + ABS(221).67.0.01 ¥Z = ATAN21Z2,11) FAST1861
RADIUS NEXT FAST1862
HAX = NSGIN] ¢ 1 FASTL863
VI = 0.0 FAST1864
OD 40 I=1,HMaX FASTL1865
40 VI = Vi + Z{[)es2 FAST18586
V1 = SQRTIV1) FAST1867
IF{HAX.EQ.31G0 70 50 FAST1868
CYLINDRICAL, Z-COORGINATE FAST1869
3= FASTISTO
IFINN.LE.O) GD T0 105
ROTATION SETUPy POLAR. FASTLBT1
R = V1 FAST1072
CPH = 1.0 FAST1873
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SPH = o 0 FAST1874
GO T FASTI875
4 SPHERICAL- costns OF POLAR ANGLE FAST1876 5=
50 V3 = 23/V1 FAST1877 s2
[FINN.LE.O) GC TC 105 g8
C ROTATION SETUP, POLAR FAST1878 g2
CPH = V3 FAST1879 <@
SPH = SQRTI1.0 - CPH#2) FAST1880 2
R = VI*SPH FASTL881
C ROTATION SETUP, AZIHUTHAL FasTiga2
60 IF(R.GT.0.01G0 10 7C FAST1883
CTH = 1.0 FAST1884
STH = 0.0 FAST1885
GO 16 80 FAST1886
T0 CTH = 21/R FAST1887
H = 72/R FAST1888
C CALCULATE ROTATION MATRIX FAST1889
80 CALL ROTATE(CPH,SPH,CTH,STH,ROT} EAST1890
C ROTATED DIRECTION COSINES FASTI891
00 90 1=1,3 FASTI892
DI1} = 0.0 FAST1893
00 90 J=143 FAST1854
90 OU1) = DALY + ROT(I,419CLS0 FAST1895
€ COSINE OF POLAR ANGLE, ANGULAR POF FAST1896
100 V5 = 03 FAST1897
C AZTMUTHAL ARGLE, ANGULAR PEF FAST1898
V4 = 0.0, FASTLB99
IFUIABS(OL) + ABS(D21).67.0.0} V4 = ATAN2{D2,01) FAST1900
C ALL SOURCE VARIABLES DEFINED. SET ERROR INDICATOR, TOTAL POF FAST1901
JHIN = JSAIN) . FAST1902
JHAX = 0 £AST1903
105 CONT INUE
00 130 1=1,5 FAST1904
C CHECK FOR DELTA FUNCTION, ASSUNED CORRECT FAST1905
IFANPC (I, N) .EC. 116D TO 130 FAST1906
€ NOT DELTA FUNCTION, CHECK RANGE FASTL907
K = NPCI,N} FAST1908
. TFOUIVET) = VEE(L, 1,0 )4 (VEECK. I, N) - V(I1)).L7.0.01G0 TO 150 FASTIS09 |
C INSIDE RANGE, FIND [NTERVAL FASTL910
DO 110 J=2,K FASTI9L)
TFIVEE(J, [,N) .GE.VI1)IGT TO 120 FAST1912
110 _CORT INUE . FAST1913
€ LINEAR lNTERPGLATION FAsrqua
10K =3 T1915
PDS-PDS'(VAL(J.I.Nl‘(v(l) —~VEE(Ks 1N} IVALIK (T oN)# (VEE(J I, NI vxx))FAsr1916
V/OVEENS, L RI=VEEIK, [,A) ) FASTIOLT
LiFin.GTa0) 6C T0 13¢ . FASTI9LS8
IF{1.LT.3) 60 TO 130 FASY1I919
PSORS = DS FAST1920
60 T0 150 £ASTL921
130 CONT INUE FAST1922
C DEFINE NUMBER In snnuv AND AVERAGE ENERGY FAST1923
JHAX = JSXIN FAST1924
. DO 140 l-JHlN'JFAx FAST1925
WS{1) = POS#SPUII,N) FAST1926
140 ES{1} = SPE(I,N} FAST1927
€ REGULAR AND DUTSIDE-RANGE RETURNS FAST1928
150 RETURN FAST1929
FASI1930
SIBFTC KERNLE M94/2,XR7 FAST1931
CKERNEL*HEAN FREE PATH CALCULATION FOR PROGRAM FASTER®T.M.JORDANSMANL#G6FAST1932
susuourrus KERNEL (TN, RAX, ST/ HAG) FAST1933
CoxH WiL FAST1934
COHHDN/LIHITSINSTURE'NERRUR.NSPAX JHAMAX (HRMAX yNBMAX JNSTKAX, FAST1935
1 AX (NYMAX JNXMAX oHXEMAX,NEMOD ,NXSECT,NUNITO,  FAST1936
2 uuuxrx.ulnAx +NMEAX NORDER,NODWN + INELAS,NTRANS,  FAST1937
3 . NNMAX ¢ NGHMAX JNFNMAX SNVMOD JNCHAX o NLMAX NTKAX o FAST1938
4 NDMAX JNGNOD (NOKENT NDMOD JNPOMAX,NPOHOD,NSOKAX,  FAST1939
5 NVOMAX ; NVOXGDNPOENT ,HODELP +H GDELQ, HODELU, HODELY,  FAST1940
6 RPRINT,NUNUTS NUKBE FAST1941
cnnnunzxnosxs/xuvv W1AZ L ITSY PIXR O GIELL . FASTION2
1 LELK 1A LIBE SIISN L14SX o« FASTI943
2 xxrn JISUV  (IATN JISSH SIDEN o  FASTI94&
3 INIG L IELF o IFGK PIIOR  S01DS ,  FASTI94S
4 IVOL  LICDT o IXET JIVND  LIGIM .  FASTI9A6
s IAIM  LEALKR o IALH PIVEE oIVAL o  FASTI947
6 ISPN +ISPE ,IATD +IIDE oTIDl , FASTI948
7 ISGS  SREXT o IXHP JIES  JINC ¢ FASTI9%9
8 TEC  +INB (10 PIST ¢IST . FASYL950
T lNRG 2INSC LISTP JIFXP L IFXS ,  FAST1951
1 JIEXE o TF3A FAST1952
oA KERDUH(NEHUD.l.H(lxNP).H(lAE).H(lBEI.H(lELL).H(IELHI'H(IES)' FAST1953
HUIRHO ), RO ESSH) yHUINTL) (HUISGT) s MINIHAX o ST NRG) FAST1954
"eerun FASTI955
___END FA3T1956
$16FTC KERDM1  N94/2,XR7 FAST1957
CKERDUM*MEAR FREE _PATH CALCULATION FCR PROGRAM FASTERET.H.JORDAN®WANL®66FAST1958
SUBROUTINE KERDUK{L 1412/ XMP AE sBESELLsELW/E SsRHD SSH,HTLLSGTLHIN, FAST1959
HAX, ST/NRG) FAST1960
DINENSIUN xun(l:.AElx).aEll).ELL(\).ELH(ll.ES:l).NRG(l).NIL(\). FASTL961

ST RHO(1}+SGTELLL2),S5H{1Y FAST1962
COHMON/OTHERSIR‘DIUS'XCT(3I'nELl'A 3BOC(3) ,ATA ATB +ATC . FAST1963
i AT +87 +AS 85 TIMIN  LIMAX o FASTL964
2 KMIK  JKMAX  4JBAR ¢NZERO - FAST1I965
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CONMON/LENI TS/NSTORE s NERROReNSMAX sNAMAX oNRHMAX ,NBMAX (NSTHAX,
NEMAX +NVMAX JNXMAX ,NXEMAX,NENOD +NXSECT,NUNITD,
NUNITXNIMAX (NNMAX ,NORDER,NDOWN o INELASNTRANS,
NNHAX (NGNAX oNEHAX ¢NVMOD (NCHAX oNLMAX JNTKAX 4
NOMAX ¢NGMIO »MORENT ;NOMOD ,NPDMAX,NPOMOD,HNSDNAX,
NVOHAX, NVDNOD, NPOINT ¢ MODELP M ODEL Qe MODELU, NODEL Y,
N NPRINT NUNTTS ;RUMBER »K ALIDE
FST = 0.0
TF{MIN.GT.1}GC TO 30
00 10 I=JMIN,JHAX
10 XMPI{I} = Q.0
IFINXSECT.GT.01GA TO 30
DO 20 [=JNIN, MAX *
AEL1) = {ESUI} — ELLAI¢1}}/ZELWIIY
20 BE(I) = {ELLIf} - ESUI}}/ELWIT)
30 IFIMIN.GT.MAXIGO TC 90
DO 70 1=MIN.MAX
J = NRGIL}
lF(H'L(JI) 70,60.40
40 K = NTLLJ)
DO 50 L=JHIN,JHAX
50 XMPIL) = XNPILY + ST{I}O[AELLISSGTIL K} + BE(LI'SGTIL'I.K')
60 FST = FST + STUE)3RHOCS) -
T0 CONTINUE
1FIFST.EQ.0.0G0 T0 9C
DO 80 T=JHIN,JNAX -
80 XMP{I} = XMP{I) + FSTS(AE{I}*SSHLI} ¢ BE(1)*SSHII+1))
90 RETURN

duswn—

$IBFTC SINGEL M94/2,XR7

FAS
CSINGLESSINGLE SCATTERING CALCULATIOK FOR FRUERlﬁ FASTER®T .M, JORDANSNANLFAST1996
FAS

SUBROUTINE SINGLE(NNN.AAA.BBB’

COMMON

COMMON/DUNS IN/NN +PSI +PDA

COMMON/UIMITS/NSTORE ;NERRORyNSNAX ¢NAMAX (NAMAX ,NBMAX JNSTHAX,
NEHAX oNVMAX (HXMAX ¢NXEMAX NENOD oNXSECT NUNITD,
NUNITX NIMAX (NMMAX (NORDER¢NDOWN INELAS,NTRANS,
NNHAX NGMAX JNEMAX oNVMOD (NCHAX (NLHAX oNTEAX ,
NDMAX NGNOD (MOFENT NOMOD oNPDMAX,NPDROD,NSDRAX,
NYDMAX y RVDMODyNPOENT ¢ MODELP »M ODELQy MODELU( BODEL Ve

JUNITS NURBER s KALIDE

AZ 115V S IMIL  IRHD LIXR +TELL

cMSs WA~

NPRIN
COMMON/ INDEXS/INTP '

IELN  1AE «IBE eINSG  JSNPC  ,1JSN ,L1JSX
IXTR  ,ISUV +IATN ,IATW L1ESB ,ISSH JIDEN
f1ELF oIFGN +1TDS 110V ,LIIOR HIIDS
IVOL  ,ICOT  ,IXOV SIRSI 1ALP IVAD ,IGIN ,
TAIR  SLALN  LTALH 1A oINS +IVEE  JIVAL

MrWN-
z
2
@

[SPW +ISPE oIATD «IASP HISGT 110€ 1101
ISGS sREXT +IXNP LISGR oIWS +IES eluC .
[$39 +IND i) 234 oI¥ ¢1581 v 157 0
(NRG LINSC +ISTP L INRP JINCP oIFXP IFXS o
WIFAE  SIFXA

CDHHUNIREGSCAINSRHAX.thR

DIMENSION N(1}

EQUIVALENCE (N{1),H(ID}

NN = NNN

PSI = AAA

POA = BBB

INSR > O

LFINSRMAX.LE.O) GO TO tO

DO 5 I=1,NSRRAX

IF(NNLEQ.R{I)) INSR = I

S5 CONTINUE

10 CONTIN

-

UE
CALL SINDUH(NDUHN'NQRDER'l.lhELAS.NEIlX.N(IlTLl|H(lRNBl'HlllDE)'

{15GS) ¢ HUI ESB) JH{ISSHI HITDEND s
H(INS|-H(lESl.H(IVC)'H(IEC)vH(lELL)) .
RETURN
END

$IBFTC SINDML  K94/724XRY

" FASTI966

FAST1967
FAST1968
FAST1969
FASTI970
FASTL9TL
FASTI972
FASTI973
FASTL974
FASTIOTS
FASTL976
FASTIOTT
FASTION8
FASTL9TY
FAST1980
FASTLI981
FASTI982Z
FAST1983
FAST1984
FASTLI985
FAST1986
FASTL987
FAST1988
FASTLO89
FAST1990
FAST1991
FASTI992
FAST1S93
FAST199%
11995

11997
FAST1998
FAST1999
FAST2000
FAST2001
FAST2002
FAST2003
FAST2004
FAST2005
FAST2006
FAST2007
FAST2008
FAST2009
FAST2010
FAST201
FAST2012

FAST2013
FAST2014
FAST2015
FAST2016
FAST2017
FAST2018
FAST2019
FAST2020
FAST2021
FAST2022
FAST2023
FAST2024
FAST2025
FAST2026
FAST2027
FAST2028
FAST2029
FA$T2030
£aST2031
FAST2032
FAST2033
FAST2034
FAST2035

CSINDUM*SINGLE SCATTERING .CALCULATEOM FOR PROGRAN FASTER#T. M. JORDANONANLFAST2036
SUBRDUYINE SENDUNIL14L20L3 484+ L5 e NTL4RHO, IDE, TDT +SGSESBeSSHe FAST2037

DEN, WS sES WC»ECSELL)

FASTZ2038

D)NENSIUN MTLI1} oRHD{1) ,TOE{LY 4124133, EDILL4,L370S6SIL oL lvESBIl)FASTZgzz

.SSH(ll,DEN(lchS(l)'ESlX).lt(l)qEC(l).ELL(l)'KNX(l
COMMON/DUMS EN/NR WPS1 PD.
CDHNDN/D'NERSIRADIUS.XCY(!),DEL'A »BOCE31,ATA 1ATE oATC .

'n - eAT 87 vAS ¥8S 2 JKIN  pJMAX o

N

PKNAX S IBAR ZERO
EGHNBNILINl'S/NSTURE,NERRORqNS?‘X NAHAX (NRMAX ¢NBMAX sNSTMAX,

t NEMAX oNVMAX JNXMAX JNXEMAX,NEMOD oNXSECT,RUNITO,
2 NUNIVX.NIHAX oNMMAX NORDER,NOOWN y INELAS,NTRANS,
3 NNMAX (NGHAX oNFNAX oNVMOD (NCHAX ,NLMAX ,HTHAX o
4. NOMAX oNGHOD ,MO¥ENTNOMOD »NPDMAX,NPONOD,NSOMAX,
5. NVOMAX, NVONCD, NPOINT, MODELP (¥ ODELQ, HODELUyNODELV ¢
6 NPRINT ;NUNTTS NUNBER +KALIDE

FST = 0,0

H = RTLINR}

JNIN = NENAX + 1

JHAX = O

DG 10 U= 1¢NEMAX
WS(I) = 0.0 -~

10 ES(I} = 0.0
TF{N.LT.0) GO TO 920

FAST2041
FAST2042
FAST2043
FAST2044
FAST2045
FAST2046
FAST2047
FAST2048
FAST2049
FASY2050
FAST2051
FAST2052
FAST2053
FAST2054
FAST2055
FAST2056
FAST2057
FAST2058
FAST2059

®
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IE(NXSECT.NE. 11GO TO 220 FAST2060
100 PSEN = PDA FASTZ061
IF(H.EQ.0)GC TO 175 FAST2062 oyl
PLN2 = 0.0 FAST2063 28
PLHL = 1.0 FAST2064 23
DO 139 L=x1,NORDER FAST2065 28
DO 120 Kx1,NOOHN FAST2066 g2
TFLIDE(K, L K} .LE.03GO TO 130 "FAST2Z067 8
ININ = KHIN FAST2068
N = IDE(K LM} FAST2069
KMOD = MINGIKMAX,NEMAX ¢ 1 ~ K} FAST2070
TF(KNIN.GT.KKOBIGO TO 130 £AST2071
1= KMIN ¢ K - 2 FAST2072
00 110 J=KNIN,KHOD FASTZ073
R FAST2074
110 WSLID = WSEL) + HCLIOSGS(L NI oPSIN FAST2075
JHAX = HAXDUSHAX( T} FAST2076
120 CONTINUE FAST2077
130 PLHZ=LRS[4PLAL#FLOAT(29L—1)-PLI29ELOATIL-1) J/FLOATILY FAST2078
PLHZ = PLM] FAST2079
PLMY = PLMZ FAST2080
"PSIN = POA*PLMZ FAST2081
139 CONTINUE FAST2082
KMOD = HINO(KMAX,[NELAS) FAST2083
IF(KMOD.LT.KMIR) GO TO 160 FAST2084
D0 150 J=KHIh,KHOC FAST2085
C K = IDULIHY FAST2086
IFIK.EQ.01 GO TO 160 FAST2087
H = K/1000 FAST2088
HAX = HINOUNEMOO-J,K-1000%N} FAST2089
L=3~1 FAST2090
DO 140 K=1,NAX FAST2051
T=1+1 FAST2092
140 WSLI1 ¥ WSCE) + WCLJI$SGSIX,HI*PDA FAST2093
JHAX = HAXO(I¢JHAX} FAST2094
150 CONTINUE . FAST2095
160 DO 170 [=JHIN,JHAX FAST2096
170 ES(I} = ESB(TIeRS{I} FAST2097
£ST = DERIM) FAST2098
175 FST = 4.09PSI®PUASIEST ¢ RHOINN)} FAST2099
1F(FST,LE.0.0160 10 900 FAST2100
- RAT = psle*2 FAST2101
MIN = KMIN FAST2102
00 200 J=KMIN,KMAX FAST2103
€ = RAT®EC{J) FAST2104
00 180 {=HIN,NEMAX FAST2105
IF(E.GE.ELL(I+1))GO TG 190 FAST2106
180 CONTINUE FAST2107
60 1O 210 FAST2108
190 NIN = I FAST2109
JHIN = HTNOUIJHIN, 1} FAST2110
S HSC = FSTESSH{JIOWCIN €AST2111
WS(I} = WS(I) + WSC FAST2112
200 €SC1) = ES(I} + WSCHE FAST2113
210 JHAX = MAXO(HIN,JHAK) FAST2114
GO TO 90 FAST2115
COKPTON SCATTERING FAST2116
220 MIN = KHIN FAST2117
PSIN = 1.0 = PST FASTZ118
PSIS = PSI#02 = 1.0 FASTZ119
GST = RHO{NN]#0.45875 FAST2120
IF{H.GT.0IGST = GST + DENINI EAST2121
GST = PDASGSY FAST2122
00 250 J<KNIN,KHAX - FAST2123
RAT x 0.511/700.511 + PSINSECLI)) FAST2124
E = RAT®EC(J) FAST2125
00 230 T=HIN,NEMAX FAST2126
IF(E.GE.ELLII*111GD TO 240 FAST2127
230 CONT INUE FAS12128
60 10 260 FASTZ129
240 HIN = 1 FAST2130
JHIN = NINDUSHIN. 1) FAST2131
EST = WC(JISGSTSRATO#29(RAT ¢ 1.0/RAT ¢ PSIS) FASTZ132
NS[1} = WS() + FST FAST2133
ES{I) = ES(1} ¢ FSTHE FAST2134
250 CONTINUE . FAST2135
260 JHAX = HIN FAST2136
900 IF{SMIN.GT.JHAXIGE TO 920 FAST2137
D8 910 I=JHIN,IHAX FAST2138
TFINSUTIANEL0.0) ESTI} = ESCER/MS(I} FASTZ139
910 CONTINUE FAST2140
920 RETURN FASTZ141
B FAST2142
SIGFTC TRACE  K94/2,XR7 FAST2143
CTRACER®PARTIAL PATH LENGTHS FOR PROGRAM FASTERST.H.JORDANSWANL®1966%  FASTZl44
SUBROUTINE PATH [NAN,SSSs XXX, CCC /MMM, ST, MG,NSC) FAST2145
COMKON (s FAST2146
CONMON/DUMTRA/NN — oSTR  4NST  oX(9) ,C(91 sCX(S) FAST2147
COMMON/LTRITS/NSYORE, KERROR, NSKAX ;HANAX (HRNAX (NBHAX (NSTHAX,  FAST2148

NERAX oNVMAX (NXNAX “)NXEMAX NEMOD +NXSECT.NURITD, FAST2L49
NUNITXyNIHAX +NK¥AX oNCRDER,MDOWN o INELASsNTRANS, FAST2150
KNMAX 2NGMAX ¢NFMAX ¢NVHOD (NCHAX ¢NLMAX pNTMAX o FAST2151
NDHAX oNGHCD sMONENT,NOXOD NPDMAX,NPCHODsNSONAX, FAST2152
NVDMAXsNVDFOD s RPOINT s HODELP (M DOELQ, HODELU HODELY » FAST2153
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NPRINT o NURLTS (NUKBER s KALTOE FAST2154
CONKDNIINUEXSIINTP +1AZ +1ISY  LINTL  ,IRHD sEXR JIELL FAST2155

1 IEL vIAE »1BE #»INSG  LINPC JSN  +1JSX FAST2156
2 lXTR oISUV  fIATH 'IA"l +1ESB  ,ISSH IDEN ,  FAST2157
+3 INTG J1ELF JIFGN LITDS ,IEDV ,ItOR ,I1IDS FAST2158
4 IVOL  ¢ICOT  +IXOY LIRST LALP +IVMD LIGIN FAST2159
5 TAIN JIALK ALK 1A +INS SIVEE ,IvAL FAST2160
6 1SPW “¢ISPE  +IATD ,LIRSP ,ESGT o IIDE ,ifDL FAST2161
T ISGS JNEXT IXMP  LISGR LIWS 2 1ES o INC N FASY2162
.8 1EC eI »IU 23] ¥ #1S1 o157 . FAST2163
9 INRG +INSC  SESTP LIHRP LINCP HIFXP LIFXS , FAST2164
1 IFXT  +EFXE  «IFXA - FAST2165
DIHENSION XXX{1),CCClT) FAST2166
NN = NNN - FAS¥2167
ST = $SS FAST2168
00 10 ¥=1,3 FAST2169
X1}y = Xxxt1) FAST2170
]D L = ceoin) FAST2171
CALL TRADUR{NAMAX,NBHAX,1,HIIRTP)  HITAZ T SHE LAD JHUINS) JHIINDY, FAST2172

1 HOTU) GHOIV) S HE EM) o HITST 3, 5T ¢NRG #NSC) FASY2173
MNK = NST FASTZLIT4
RETURN FAST2175

~ END FAST2176
$IBFTC' TRAOML M94/2,XR7 FAST2LTT

CTRADUM®PART [AL PATH {ENGTHS FOR PROGRAM FASTER®T .M.JORDANOWANL®19668 FAST2178
SUBROUTINE TRADUM{L1+L2,L3,HTPyAZ,A¢NS,ND,U 9 SESTeNRGy NSC) FAST2179
DINENSXUN NTP(13,A2011, A(I.l.LJl.NS(tZ.L))pS"(H.NRG(U-NSC(H. FAST2180

NOLLIyUEL)eVERDoRIL) sSEL2,10 FAST2181
CDKHDH/DUNTRA/NN ST +HST 2X49)  ,CH9) HCX(9) FAST2182
CUK“GN/LIKITS/NSTDRE-NENROR.NSNAX oRAMAX JHRMAX sNBMAX (NSTRAX, FASTZ183

1 NENAX ,NVNAX NXMAX JNXENAX,NEMOD (NXSECT,NUNITD, FAST2184

2 HUNITX NINAX NMMAX ,HORDER,NDOWH o INELAS/NTRANS, FAST2185

3 NNMAX sHGMAX oNFMAX (NVHOD ,NCMAX oNLRAX ,NTMAX ,  FAST2186

4 NOMAX ,NGNOD (MONENT,NOMOD ,NPDMAX,NPOKOD,NSOMAX,  FAST2187

5 NVORAX, NVDNOD,NPOINT , MODELP ,NODELQs NODELU, MODELY,  FAST2188

6 + NPRINT,NUNITS NUNBER,KALIOE FAST2189

. DO 110 I=1.3 FASY2190
FEN IR I LISV FAST2191
X(1+3) = Xt1)ss2 FAST2192
X(Ie6) = XCUIOX(JIT FAST2193
ClI+3) = 2.08CCIIoXCI) FASTZ194
ClIs6) = CLIIOXIS) ¢ CCIV®X(1Y FAST2195
CXU1e3} = Cl1}ee2 FAST2196

110 CX{1+6) = CLI)oCLd} FAST2197
0 120 I»1,NSMAX FAST2198

120 KDII) = O FASY2199
11 = RN FAST2200

' STT = 0.0 FAST2201

. DO 410 A=1,RSTHAX FAST2202
00 400 Mx1,3 FAST2203

GO YO(130,1404160) % FAST2204

130 IHIN = (1 FAST2205
0 FAST2206
HERD 05038 FAS72207

(R ] FAST2208

140 IFIHXT-EO.BDGD 10 460 FAST2209
IHIN = FASY2210

150 THAX = lHlN FAST2211
60 7O 170 FAST2212

160 IHIK = ¢ FAST2213
TMAX = NRMAX FAST2214

170 D0 390 [=IMIN, (RAX FAST2215
1F{4,LE.2160 TO 190 FAST2216

. IFLINXT = £14(1P - T1.€Q.0}G0 7O 390 FAST2217
DO 180 Jx1,NBNAX FAST2218
IF(NS{Je1).EQ.00GD Y0 390 FAST2219
IF{YABSINSP — NS{J+1}/1000).EQ.1000160 YO 190 FAST2220

180 CONVINUE FAST2221
GO 70 390 FAST2222

190 DO 340 J=1,NBHAX FAST2223
LF(NS{4¢1),EQ.01G0 TO 350 FAST2224

KK = NS(J¢1)/1000000 FAST2225

K = HS{J,[1/1000 — 1C00%KK FAST2226
TFEIM.GTo 1) AND. {K.ECLLLIIGD TO 340 FAST2227

KK = 24KK = 1 £AST2228
rsiuu(x).cr 0360 TO 210 FAST2229
NDEK) = FAST2230
iKY = AZ(Kl FAST2231
V(K] = 0.0 FAST2232°
WK} = 0.0 FAST2233
HAX = NTP(X) - FAST2234

D0 200 Lx1yMAX FAST2235
SULKE = UKD ¢ XULI®ALL,K) FAST2236
VIK} = VIK} + CLLIOALL,K) FAST2237
IFIL.GY.3INIK) = WIK} # CX{LI®AIL,K) FAST2239

200 CONYINUE FAST2240
210 IFIH.LE.1)60 TO 220 FAST2241
IFCFLOATIXK I (UIK] ¢ STTSIVIK} » STT#NIKI))] 340,34C,390 FAST2262
220 LFNDIK) '~ 21 230,29C,340 FAST2243
230 HDIK) = 2 FAST2244
[FINIK)) 250,240,260 FAST2245

240 TF(VIK}.EQ.0.0160 TC 310 FAST2246
SI(L,KI = ~ULK}/VIK} FAST2247
TF{SI(1,K}.LT.0.01GD I 310 FAST2248
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SILZ.X} = SEIL.K)
60 YO 290
L=2
GO YO 270
260 L = 1
210 E = —0. S'V(KDIN(KI
F = ULKI/WEK)
H = E9¢2 - F
TF{F.LE.0.0)G0 TO 280
IF{E.LE.Q.0)GO TO 310
1F(H.LE.0.0)GO TO 310
280 H = SQRTIH)
SIIL.K) = E -
L= ¢~ Z'lLIZY
Sl(L|Kl = B+ H
1

lF(KK GV.0it = 2

S8 = ST(L.K} - STT

1FISB) 300.320'310
300 L = L + 1 - 201

TF(STIL,KI.GT. SIY]GD TO 340
310 NDIX) = 3

GO TO 340
320 [F{FLOATIKKI®(VIR} ¢ 2,005TT*W{K)I LT, <0.01G0 1O 340
330 IF(SB.GE.SPIGO TG 34C

sp = S

44 =0

LL = X
340 CONTINUE
350 IFtM.LE.11G0 TO 360

I=1

NS{JJe IP) = 10008KRSP ¢ 1
G0 TO 410

360 IF{JJ.EQ.01GD T0O 415

370 NRGIN) = T
IFISTH.GT.ISTT. ¢+ SP)1}GO TG 380
NSCIN) = O
STIN) = STR — SIT
GO TO 420

380 NSC{N] = LL
STIN) = SP
STE = STT +
IFIRTPILLY. LE JINDILLY = 3
RSP = HS(JJ,1071000
NXT = NS(JJ'!) ~ 10QQ*NSP
XXX =
TF{NXT . LE NRHAX) GO TO 38%

NXXX = NXT — NRMaX
TF(NXXX.GT.10} GO TO' 420
NXT = 0

385 IP =

390 CONTINUE

400 CONTINUE
NS{J3, 1P} = LOOO#ASP ¢ MIND(999,NRMAXSNXXX+ 1}
GO 10 420

410 CONTINUE
N = NSTHAX + 1

415 N = N-1

420 NST = N

430 RETURN
END

$IBFTC NORMLE K94/2+XR7

FAST2249
FAST2250
FAST2251
FAST2252
FAST2253
FAST2254
FAST2255
FAST2256
FAST2257
FAST2258
FAST2259
FAST2260
FAST2261
FAST2262
FAST2263
FAST2264
FAST2265
FAST2266
FAST226T
FAST2268
FAST2269
FAST2270
FAST2271
FAST2272
FASY2273
FAST2274
FAST2275
FAST2276
FasT2277
FAST2278
FAST2279
FASY2280
FASY2281
FAST2282
FAST2283
FAST2284
FAST2285
FAST2286
FASY2287
FAST2238
FASY2288
FAST2289
FAST2290
FAST2291
FAST2292
FAST2293
FAST2294

FAST2295
FAST2296
FAST2297
FAST2298
FAST2299
FAST2300
FAST2301
FAST2302
FAST2303
FAST2304
FAST2305
FAST2306
FA3T2307
FAST2308

572309

FA!
CNDRHMAL*SURFACE NORMAL CALCULATION FGR PROGRAM FASTER®T.M.JORDAN*WANL*66FAST2310

SUBROUTINE NORMAL (NNN,SSS5,XXX,CCC0DDY

OMMON HEL)

COMHON/LIMITS/NSTORENERROR,NSHAX sNAMAX NRMAX ¢NOMAX NSTHAX,
NEMAX yNVMAX- gNXMAX NIEMAX NEMOD ¢ NXSEC UNITD,
KUNITX JNIMAX *yNMFAX- ¢NORDERyNOOWN , INELAS/NTRANS.
NNMAX JNGMAX yNFMAX yNVNOD ,NCMAX ,NLMAX ,NTMAX
NDMAX oNGMCD ¢ MOFENT 4NOMOD ,NPDMAX,HPLNOD,NSOMAX,
NVDKAX s NVOMCD ,NPGENT  MODELP (M UDELQ, KODELU,»MODELY,
NPRINT )NUNTTS ,NUKBER yKAL £DE

COMMON/ ENDEXS/INTP . 1A2 +1ISV JEMTL  (ERHD 4IXR »TELL
TELW Jsx

cuswN~

+1AE ¢IBE +INSG  +INPC  ,TJSK
IXTR  4ISUV  SI1ATN ,TAYW ,IESB ,ISSH
INTG L IELF  oIFGN oITDOS 11DV LIIOR
TvOL  ,ICOT 4 IXCY IRSI ,UALP IVHD
eIALH o 1A +INS +IVEE
ISPx  SISPE LEAYD LIRSP ,ISGT ,IIDE
1SGS  JNEXT LIXMP ,ISGR IWS +1€S
1EC +IND WU Ledv 133 2151

'
.
.
’
.
.
.
’
.
THRG  4INSC  LISTP INRP ,INCP ,IFXP +

Ry N N
»
=
»
=
x

IEXT 2 IFXE o 1FXA-
CALL NOROUMINAKAX ;1,R{INTP) H{ EA}, NNN,SSS X XX,CCC,000)
RETURN

END
$IBFTC NORDH1 M94/2,XR7

SUBROUFINE NORDUNIL1,L2oNTPoA¢NRNsSTT,XP4CP 4C)
DIMENSTON NTPU1)2A(L1,L21,XP(31,CP(31:X13),CU3)
00 10 1x1,3

10 X{1) = XPLE) ¢ STTeCPII}
1 = NN
FST = 0.0

FAST2311
i FAST2312
FAST2313
FAST2314
FAST2315
FAST2316
FAST2317
FAST2318
FAST2319
FAST2320
FAST2321
FASY2322
FAST2323
FAST2324
FAST2325
FAST2326
EAST2327
FAST2328
FAST2329
FAST2330
FAST2331
FAST2332
FAST2333

12334

FA
‘CNORDUMASURFACE NORMAL CALCULATION FOR PRGGRAH FASTERST.M.JORCANSWANLFE6FAST2335
¥

572336
FAST2337
FAST2338
FAST2339
FAST2340
FAST2361
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354

t=2-
HAX = RTPMII

00 20 J=1,3

cty) = 0.0

K= L,

L= Ka 1~ 39(K/3)

TELIL#61.LE.MAXICED) = XILI®A(L#E, )
TFU(Je6) LEEMAXICIS) = CLI) + XIK}OALI+s,1)

TEATA63).LE.RAXICIS) = CEJ) ¢ 2.09x(JeALJ+3,1}

TFLILLE-HAXICIS) = CLJY + A4, 11
20 FSY = EST » C{J)s#2
TEUFSTANELL.O)FST = SQRTIFST)

DD 30 Jvl.,3

30 Cidh = CLI}/FST
RE TURN'
END

$TBETC ROTAT  M94/2,XR7
CROTATE*ROTATION MATRIX

© SUBROUTINE ROTATE(CPE,SPHeCEH¢STH.ROT)

DIMENSIOR RGT{3,3}

10 ROTI1,1) = CTHSCPH
ROT(2,1) = -STH
ROY(3,1) = CTR*SPH
ROT(1,2) STH*CPH
ROT (2,2} H
ROT{3,2) = STHeSPH
ROT(143) = -SPH
ROT(2,3) = c.@
ROVi3,3} = CPH
RETURN
END

S TRFTC CROT HY4724XRT

CROTATC#ROTATION MATRIX GIVEN DIRECTICN VECTOR

SUBROUTINE ROTATCIC,ROTY
DIMEASION C(3}

CPH = C(3}
SPH = SQRT{AMAX1{0.0,1.0 ~ CPH$*2Z}}
IF{SPH.6T.0.0160 10 10
CiH = 1.0
STH = 0.0
G0 10 20
10 CTH = ClLI/SPH
CL23/SPR
20 CALL ROTATELCPH,SPH,CTH,STH,ROT}

RETURN
o *

EN|
S$IBFTC DDT - H9472,XR7
»

CCOSINE*DOT PRODUCT
FUNCTION COSINE(X.Y}
DIMENSION X(3),¥()
A = 0.0
00 10 I=1,3

10 A= A+ XUIpoY(IY
COSINE = A
RETURN

END .
$IBFTC TALLYS M94/2,XR7

COETECT*FLUX CALCULATIGNS FOR PAOGRAM FASTER®T.M. JORDAN#RKANL®1966
SUBROUTINE DETECT(III,JJJ.AAA,BBB,CCC)

COMMON H{1

COMMON/DUMDET /1 1. _oFST

COMNON/LEXITS/HSTURE, HERROR  NSHAX
NEBAX (NVMAX NXHAX
NUNITX,HIHAX ,NMNAX
NNMAX JNGMAX ,NFNAX

cnswN~

CORHON/INDEXS/ZINTP , TAZ oISV
TELW

1 1A E
2 IXTR L ISUV  ,IATH
3 . INTG JIELF , IFGN
4 - IVOL  ,ICOT  ,IX0T
M !
o .

7

[
9 “

1 I

1= 11t

M= 333

ESY = AAA

ANG = BBB

STV = CCC

1P = HEXT

1T = [P+MAXOINLMAX,.2}

PANG.

ANARAX SNRMAX
ANXEMAX e NEMOD
2+ NORDER¢NDOWK
+NVHOD sNCHAX
HOMAX JNGNOD ,MOMENT ,NOMOO »NPDMAXsNPOUNOD,NSDMAX
NVDMAX NVOHOD,NPOINT , MODELP oM ODELQ» MODELU» NUDEL Vo
NPRINT yKUNITS ,NURBER ,KALIOE

PINTL
» INSG

STV

+1RHD

sNBNAX JHSTHAX,

+RXSEC

UNLTD,

vIHELAS  HYRANS
2HTMAX o

»NLMAX

s LXR

s T3SK
$1SSH
2T10R
o IVHD
+ 1VEE
+11DE
JIES

oIS1

o IFXP

+1ELL
2 138X
+10EN
#1105
IGTM
eIVAL
o110t
1 INC
134

fIFXS |

.
v
.
.
v
.
»
.
.
.

CALL DETDUNIL RGMAX s NERODyNOHENT (HUINS) sHET ES) o HI INTG ) oMU IFXT),

LTHTIFXP ] yHOTFXED dHUIFXAD »HLIRHO )W HETAERKUIBEN o HE ESSHI JHEESGT),

2HLIXNP ) yHOIGIMY oHULP) JHULIT) fHETAINY )

RETURH

SIBFTC TALLY  M94/Z,XR7
COETECTSFLUX TALLYS FOR PROGRAR FASTER

FAST2342
FAST2343
FAST2344
FAST2345
FAST2346
FAST2347
FAST2348
FAST2349
FAST2350
FAST2351
FAST2352
FAST2353
FAST2354
FAST2355
FAST2356
FAST2357
FAST2358
FAST2359
£AST2360
FAST2361
FASF2362
FAST2363
FAST2364
FAST2365
FAST2366
FAST2367
FAST2369
FAST2370
FAST2371
FAST2372
FAST2373
FAST2374
FAST2375
FAST2376
FAST2377
FAST2378

FAST2380
FaST2381
FAST2382
FAST2383
FAST2384
FAST2385
FAST2386
FASY2387
FASY2368
FAST2388

FAST2389
FAST2390
FASTZ239L
FAST2392
FAST2393
FAST2394
FAST2395
FAST2396
FAST2397
FAST2398
FAST2399
FAST2400
FAST2401
FAST2402
FAST2403
FAST2404
FAST2405
FAST2408
FAST240T
FASTZ408
FAST2409
FAST2410
FAST2611
FAST2412
FAST2413
FAST2414
FASTZ415
FASTZ416
FAST2417
FAST2418
FAST2419
FAST2520
FAST2421
FAST2422
FAST2423
FAST2424
FAST2425
FAST2426
FAST2627
FASY2428
FAST2429%
FAST2430
FAST2431
FAST2432
FAST2433
FAST2434

SUBROUTINE DETOUM{LI+L2/L3,L4, WSIESsNTG)FXT s FXP s FRESFXASRNOIAEyBE,FAST2435
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LSSHsSCT s XHP }GIM P THATHY FAST2436
DIMENS [ON WS{1) sESEL) o NTGIL) s FXTILZLE)SFXPEL2,L1),FXE(L2,L1), FAST2437
1FXATLS £ 2,111 JRHOCLE o AELL)4BEL L) 4SSHILY 2 SGT IR, L1} »XMP (1) ,GIN(L)y FAST2438
P11 eT{L),ATMIL) FAST2439
COMMON/DUMDET /T +ANG STV FASTZ440
CDNHUN/UTHERS/RADIUS,XCY(S).DEL\‘A 280CE3)4ATA PATE +ATC v FAST2441

AT ¥8T 1AS 85 P JNIN  (JHAX o FAST2442
2 KHIN ,KMAX ,JBAR o NIEROD FAST2443
CONMON/FLUXES /KKK sNTALLY4ERROR ,TOTALN,TOTALE,RHON ,SNORM ,TOTFAST2444
COMHON/LIMITS/NSTORE, NERROR,NSHAX (NAMAX sNRMAX (NBMAX JNSTHAX. FAST2445

1 NEMAX ,NVMAX JNXMAX JNXEMAX.NEMOD ,NXSECT,NUNIYD,  FAST2446
2 NUNITX,NIMAX NMMAX (NORDER.NOOWN o INELAS,NTRANS, . FAST2447
3 NNHAX oNGHAX (NFNAX JNVMOD ,NCMAX NLMAX ,NTHAX ,  FAST2448
4 NOMAX ¢NGHOO (MOPENTNDKDD ,NPDMAX,NPDHOD:NSOMAX,  FAST2449
5 NVDKAX, NVOKCD,NPOINT , MODELP \H ODEL Q. NODELU, HODELY,  FAST2450
6 NPRINT,NUNTTS ,NUMBER, XAL1DE FAST2451
COHMON/POINTX/NTOTAL,II1  JHOK FAST2452
COMMON/REGSC A/NSRHAX, TNSR FAST2453
€ ANGULAR MOHENTS LFAST2454
TF{NLNAX.LE.0)GO T0 20 FAST2455
PLLY = ANG FAST2456
PU2) = L.5¢ANG#ANG=0.5 FAST2457
IF{NLKAX.LE.21GO0 1O 20 FAST2458
00 10 L=3,NLNAX FAST2459
10 PLL) = (FLOAT{Z9L-1)ANGOP(L~1} ~ FLOAT{L-1}#PI{L-2)1/FLOATIL) FAST2460
20 IF(NTMAX.LE.0]GO 10 30 FAST2461
1F{M.GE.OYGO TO 3¢ FAST2662
TOL} = TOT/SNORM FAST2463
1F (NTHAX.EQ. 1160 TO 30 FAST2464
DO 25 L=2,NTHAX FAST2465
25 TIL) = TCLT(L-1) FAST2466
30 DO 80 K=JHMIN,JKAX . FAST2467
TEINS(K).EQ.0.0 160 T0 80 FAST2468
GST = EST#WS(K)SEXPI-XMPIXI) FAST2469
TF(H.LT.0}GC TO 40 FAST2470
SIG = RHON *(AELK}®SSH{K) + BE{K)®SSH(K+1}) FAST2471
IF(K GT.0)SIG = SIG ¢ LAE(KI®SGTIK,M) + BELK)OSGTIRe1,H)) FAST2472
TH = EXP(-SIGOSTV) - FAST2473
AST = (1.0 - ATN)/SIG | FAST2474
GST = GSTeAST FAST2475
XMP(K) =- XMF(X) ¢ SIGWSTV FAST24T6
40 TF(GST.EQ.0.0)60 TO 80 FASTZ4TT
J = NTGLK) FAST2478
FXTUI, 1) = FXTLJ,1) ¢ GST FAST2419
EXPCSeT) = FXPLJ,T) + GST FAST2480
FXE{Jo I} = EXELJ, I} ¢ GSTOES(K) FAST2481
HST = GSTSXNPIX)4GIN{KISATMIK) FAST2482
HST = ABS(HST) FAST2483
1F(ABS{GST) .GT, (LERROROFXPII,I1)) NTALLY = NTALLY ¢ 1 FASY2484
TOTALN = TOTALN ¢ HST FAST2485
TOTALE = TOTALE # HSTES(K} FpST2486
FXALLeds 1t = FXACLJ0E) + GST FAST2487
KK = MOM ¢ 1 FAST2488
[FCKK.GT. 1} FXA(KK.J.I! = FXALKKoJoT} ¢ GST FAST2489
LL = NVHOO + FAST2490
KK = LL + INSR FAST2491
IF(INSR.GY.0) FXALKKyJoI} = FXAIKKsosI} ¢ GST FAST2492
LL = LL & NSRNAX FAST2493
KK = LL + KKK FAST2494
TF(KKKJLE.NCRAXT FXBKK JoE) = FXAIKKoJo1) + GST FAST2495
KK = LL + NCHAX FAST2496
TF{NLMAX.LE.C}GO TO 60 FAST2497
D0 50 L=1,NLKAX FAST2498
KK = KK ¢ 1 FAST2499
50 FXAUKKsdo I} = FXA{KK,Js1} ¢ GSTHP(L) FAST2500
60 IFINTMAX.LE.O}GE 10 80 FAST2501
IF{M.LT.01GC TO 68 FAST2502
AST = SIG — STV#ATN/I1.0 = ATN) FAST2503
TCL} = LTOT & AST)/SNORM FAST2504
IF{NTHAX.£Q.1160 TO 68 FAST2505
DO 63 L=2,NTHAX FAST2506
63 TIL) = TILI$TIL-1) FAST2507
68 CONTINUE FAST2508
bo 70‘L=1.NrnAx FAST2509
KK = KK + FAST2510
70 FXA(KK,J,[I = FXA[KKeds 1) ¢ GSTAT(L) FAST2511
BO CONTINUE FAST2512
RETURN FAST2513
FAST2514
$IBFTC ANSWRE N94/2,XR7 FAST2515
CANSWER®FLUX PRINTOUT FCR PROGRAM FASTER FAST2516
SUBROUTINE ANSWER(NNN) FAST2517
COMMOR H{LY FAST2518

COHHUN/LlKHSINSI’DRE'NERRDR.NSFAX W NAMAX sHRMAX ,NBHMAX ,NSTMAX, FAST2519

1 MAX NVMAX (NXKAX oNXEMAX(NEMOD ,NXSECT.NUKITD, FAST2520
2 NUNH!.NIMAX +NHMAX (NCRDER,NODWN 4 INELA: TRANS» FAST2521
3 NNHAX ¢NGHAX (NFMAX ,NVHOD (NCMAX ,NLMAX (NTHAX ,  FAST2522
4 NOMAX ¢NGMOD ,MOKENT \NDMOD ,NPOMAX,NPOHOD)NSOMAX, FAST2523
s NVDNAX.NVDNUD-NPCIN'yKODELPyNUDELQ,HDDELU'HDDELV. FAST2524
L3 NPRINY'NUNIYS.NUNBER'KALIDE FAST2525
CDHNONIINDEXSI!N'P «1AZ HLISV 1IN f[RHO (IXR PIELL FAST2526

TEL v1AE +IBE vthG +INPC  LIJSN 18X FAST2527
Z XXIF »ISUV  LIATN L IATW TESB ,ISSH LIDEN . FAST2528
3 INTG LIELF ,IFGW ITDS 11DV +ITDR ,1IDS FAST2529
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[ 344

N IVOL ,1CDT  SIXOT  oIRSI JIALP ,IVMD LIGIN

4 v
5 B IAIE  S1ALM  GTALH L IA +INS #IVEE oIVAL
6 ISPN ,ISPE IATD ,IRSP LISGT ,110E ,I1D1
1 ISGS  oHEXT ¢IXFP  S1SGR ,IWS #1ES  SIWC .
8 1€C +IND oI 33 oiw vISE 2 15T ¥
9 INRE  LINSC LISTP  ,INRP JINCP LIFXP LIFXS ,
1 IFXT L IFXE +IFXA

100 = NEXT
ILE = NEXT + MORENT
(CALL ANSDUK{NGHAX, 1, AGHOC, KOHENT /K 100) JHLEIDVD W ILEDSHELEXT) o

FAST2530
FAST2531
FAST2532
FASY2533
FAST2534
FAST2535
FAST2536
FAST.2537
FAST2538
FAST2539

HEIFXE) (HUIFXS) oHE IFXAY HETELFY yHUIFGW) o HUIMS) JHITES) , FAST2540

ZN”HC) fHETECH HITTOS) ¢HUERSP ) o NN HOINS ) o NB HAX )
RETURN ¥
HD

$IBFTC ANSDML M94/2,XR7

FAST2541
FAST2542
FAST2543
FAST2544

CANSDUM#FINAL PROCESSTING AND PRINTOUT OF FASTER FLUXESST,N.JORDANSWANLSSFAST2545
SUBROUTINE ANSDUMIL1,L12,L3,L44 100, 1OV, TLE,FXTFXE1FXSoFXA4ELF (FGHsFAST2546

1AE BE ¢ ERRFLX, TCS /RSP o NN NSoLS) FAST2547
COMKON NDX(1} EAST2548
CORMON/REGSCA/NSRKAX, INSR FAST2549
DINE SION LIKU6) 4200810, EDVELISTLEC2,1),FYPEL2,50,0UT(B, FAST2550
FXTIL10L2) o FXECLLILZDoFXSTLESL2) ¢ FOWIL) AEC LI BEILD FAST2551
z FLX{L)4ERRCLD,TDS(3, 1) 4QUS{8) . EMN 18], EMXI8) ,RSPILI,L2), FAST2552
N ELF(112FXALLASLL,L2} FAST2553
EQUIVALENCE (LINTL),LINLY s (LIN(2),LIN2Ny (LIHU31,LINDY SLINL4T, FAST2554
lLIN§1.(LlH(5l.Lle).lLlH(él.NNruDl.luuf(ll,UUTlI.KUUT(ZlvDU'Z). FASIZSSS
(OUTE3},0UT31, LQUT 141, 0UT4 ) LOUTITD,OUTTY, AST2556
{0UT(8),0UTa) F $T2557
DA1A TYPE/4H SO.4HURCEsAH  RE4HGION4H SCA.QH!YER.&N ANG, $HUL AR, FAST2558
14H SPA (AHTTAL/ FAST2559
COMMON/LIKITS/NSTORE , HERROR (NSWAX (NANAX NRMAK ,NBNAX SNSTNAX, FAST2560
1 NEMAX oNVNAX (NXMAX ,NXEMAX,NEMOD (NXSECT,NUNITD, FAST2561
2 NUNLTX,NINAX JNMHAX ,NORDER,NDOWN , INELAS,NTRANS, FAST2562
3 NNMAX ,NGMAX JNFMAX oNVNOD (NCMAX ,KLMAX JNTHAX , FAST2563
4 NOMAX ,NGNOD yMOMENT,NOKOD sNPOMAX,NPOMOD,NSONA FAST2564
5 . NVOMAX . NVDNOD, RPOINT , HODELP M ODELQ, KODELU, KODELY,  FAST2565
6 NPRINT,NUNT TS NUMBER ,KALIDE FAST2566
COMMON/POENTX/NYOTAL, 11T oHOM FAST2567
COMMON/TAPELD/HL oN2 FAST2568
COMHON/CASEID/KASE  (NPAGE +LENES LINEX oTIVLEC(36} - FAST2569
COMKON/ ENORUN/NPDRUN FASTZ570
DIMENSTON TANST81,MPNR(B)4NSILSyL2) FASY2571
DATAYTHIS ,PASS/4H ETE,4HRANT/,RIGHT/3H (/ FAST2572
IFINNN.EQ.1) NTOTAL x O FAST2573
LINL FAST2574
E0D(EY = MNN FAST2575
TLE{1,1) = THIS FAST2576
TLEC2,1) = PASS FAST25T?
LINZ = LINL ¢ NVMOD _ FAST2578
LIH3 = LIN2 » NSRHAX FAST2579
LIKG = LIN3 ¢ NCHAX FAST2580
LIMS5 = LINA + NLHAX EAST2581
NHHOD = LIHS ¢ NTNAX FASY2582
00 60 Ixl,5 - FAST2583
IF(LEM(L1LEC, Lx»(xol)) o TO 6C FAST2584
HIN = LIN(() + FAST2585
HAX = LIMLEeD) £AST2586
TF{1 = 21 5,15,20 EASY2587
5 CONTINVE FASY2588
D0 10 J=HIN,HAX FAST2589
10 100¢J) = IOVEJ-1) FAST2590
GO TU 40 FAST2591
15K 20 . FAST2592
DO 18 J=MIN,MAX FAST2593
2K+ FAST2594
18 100(J1 = NDX(K) FAST2595
GO TO 40 FAST2596
20K 2 U4 FAST2597
00 30 J=NIN,MAX FASF2598
30 100CJ} = 4 + K ~ NIN FAST2599
40 DO 50 J=MIN,HAX FAST2600
DO 50 K=1.2 FAST2601
50 TLEIKyS} = JYPE(K, I} FAST2602
60 CONTINUE EAST2603
70 NPF = NNN®NUNITS FAST2604
IFAHODELP.EQ.01 NTOTAL = KPF FAST2605
XN = FLOAT(NTOTAL) FAST2606
XT{ = XN/FLOATINIOTAL ~ MIOTAL} FAST2607
HTOTAL = nvorAL FAST2608
Xs = xN FAST2609
DO« 240 lxl.NDNDD FAST2610
1007 = FAST2611
1F{NPOINT.EC.1) ICUT = FAST2612
IF{LABEL{4) .GE-0) unxvs(nz.zuoc)loul.ups : FASY2613

2000 FORMATL{1X.32(1H8),19HFLUXES FOR DETECTOR, 14 ¢6H AFTER, 16,8H PACKETSFAST2614
1y 2(lH‘lIl4K-22HCALCULA|ED AVERAGE; 3124H NUMBER FLUX ERERGY FLFAST261S
20X 715X+ 21HPRECISION ENERGY-MEV,2(12H THIS GROUP),2112H DERIVAIFAST2616

3IVE)+2012H CUKULATIVE})
LINES = LINES -
QUTT =2, 0°0° .
QuTe < 0.0
DO 110 $=1,NGMAX M
DO 80 K=1.6

80 QUTIK) = 0.0

FasST2617
FAST2618
FAST2619
FAST2620
FAST2621
FAST2622
FAST2623
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DUT3 = FXTUJeI1/XN
IF{OUT3.£0.0.0)GC YO 100
OUT4 = FXE{J2 II/XN
oUT2 = QUT4/0UT3
DO 90 Kx5.6
QUT{K) = GUT{K-2}/FGW(J)
OUT(X+2} = DUTIKe2} ¢ OUT(K-2}
FST » (FXS(J,1} - XNOQUT3®#e2)/XS
IF(FST.GT.0.010UT1 = SQRTIFST)/0UT3
100 IF(LABELIL).GE.OIWRITE(M2,20100J,0UT
2010 FORMAT{1X,SHGROUP,14s3H...vIPELL.4,7E12.4}
AE{J) = {OUT2 ~ ELF(J+1))/FGWIIY
BE(J) = (ELF(J} - OUY2)/FGW(J)
FLX{J) = Curd
110 ERRI(J} = GUT1
TFENFMAX.EQ.01GC JO 170
DO 160 J=1,NFHMAX,8
HAX = KINO{J+T,NFNAX}
MOD = KAX ~— J + 1

°
>

FAST2624
FAST2625
FAST2626
FAST2627
FAST2628
FAST2629
FAST2630
FAST2631
FAST2632
FAST2633
FAST2634%
FAST2635
FAST2636
FAST263T
FasT2638
FAST2539
FAST2640
FAST2641
FAST2642

TF{LABEL{3).GE.OIWRITE(N2,202C) 10U (NPF ¢ {TDSIL K} oL= 530 (K=d MAXIFAST26643
2020 FORMATULIX,2401H®),34HNUNMBER FLUX RESPONSES FOR DETECTOR,1446H AFTEFAST2644

R+ 1648H PACKETS,250 LH*}/12X,2444)
LINES = LINES - 1
DO 120 K=1,H00
OUS{(X) = 0.0
EMNIK) = 0.0
120 EMX{X) = 0.0
DD 150 K=1,NGHAX

L =0
00 130 K:J.HAX
L=1L+

FST = FLX(K)‘IAE(K"RSP(K.N' + BE{K)ORSPIK+ 1,H}}

QUT(LY = FSY

QUSIL) = TUSIL) ¢ FST ~

FST = FST#ERRIK}

EMNIL) = EMN(L) + FSY"Z
130 EMX{L} = EMX{L} ¢ FS

IF(LABELI 1) .GE ! 0)HRITE(N?.ZU[D)Ky(ﬂU'(L)vL-l

140 CONYINUE

TF (LABEL{ LY.GE .0 IMRITE(H2,203C) (OUSELY,L=1, KOO}

2030 FORNAT{LX+6HYOTALS:6[1H.},EPELL & TEL2.4}
DB 150 L=1,M00
QuT(L) = 0,0
FST = OUS(L)
ous{L) = 0.0
IFIFST.EQ.0.0160 TO 150
QuUTILY = SQRTIEMN{L))I/FST

QuUSIL) = EMX{L)/FST
150 CONTINUE
LFILABEL(1) «GE.OYWRITE{MZ,2035)1 LOUTHL) +L>1, NOD)

2035 FORMAT [1X,12HMIN ERROR...:1PEL1.4,7E12.4

TF{LABEL{1} .GE.OIMRITE(H2,20401(0USIL),L=1, NOD}

2040 FORMAT(1X,12HMAX ERROR...slPE11.4,7E12.4}

160 CONTINUE

170 IF(NMMOD.EQ.0)GO 10 240
DO 230 J=1,NMHOD,8 N
Hax = NlNO(J‘7.NNﬁDDl
NOD = RAX —

FAST2645
FAST2646
FAST2647
FAST2648
EAST2649
FAST2650
FASY2651
FAST2652
FAST2653
FAST2654
FAST2655
FASTZ656
FAST2657
FAST2658
FAST2659
FAST2660
FAST2661
FAST2662
FAST2663
FAST2664
FAST2665
FAST2666
FASY2667
FAST2668
FAST2669

FasST2670

FAST2671
FAST2672
FAST26T3
FAST2674
FAST2675
FAST26T6
FAST267T
FAST2678
FASY2679
FAST2680
FASY2681

J
IF(LABEL(3).GE. OlHRl'E(HZ,ZOSDIlOU'.NPF'(ITLE(K'L)'leyZI'XDU(L),LFASYIEBZ

1=Ja MAX

11648H PACKETS,26(1H#}/12X,8(1X,244,13})
LINES = LINES - 1
DO 190 K=2lsNGHAX

DD lau u:J.HAx
L=t 1

180 OUY(L) = FXAUHsKy 1V/XN
{F1J.EQ.1) OUTL = XTI*Of

Tl
TF{LABEL(1).GE. 0lHRlTE(NZ-ZOlD)K'(OU'lL)'LIlnNUD)

190 CONTINUE
IF(NFHAX.£Q.01GO TO 230
DD 220 K=1,NFMAX
DD 200 L»1,HOD

200 DUTILS = 0.0
DO 210 Lx1,NGRAX

A=0
00 210 N-J|KAX

H =K

572683

2050 FORMAY{1X,25(1H#},32HNUKBER FLUX NOMENTS FOR DETECTOR,f4.6H lFTERvFASTZ&86
AST:

2685
FlSTZA&b
FAST2687
FAST2688
FAST2689
FAST2690
FAST2691
FAST2692
FAST2693
FAST2694
FAST2695
FAST2696
FAST2697
FAST2698
FAST2699
FAST2700
FASY2701

$T2702

FA
210 DUT(NI = OUY(NI + FXALH,LoT)#LAECL)IORSPIL,K J#BE{L ) #RSPIL+1+K) /XN FAST2703
F.

1FIJL.EQ.1) QUYL = XTIsOUT]

IFCLABEL{1}.GELOIMRETE(M2,2060(TDSIL oK) oL=143),40UT({L) ,L=1,M0D}
2060 \FORMAT(1X+3A4, LPELL .4, TELZ.4)

220 CORTINUE

230 CONRTINUE

240 CONTINUE
D0 250 I=1,KDNOD
00 250 J=1,NGMAX

250 FXALL,Jsl} = 0.0
IFINNN.LT.HPRIRT)GO TO 900
TF(NPOINY.EQ.0) GO TO 200
IF{NPDRUN.LT.NPOMAX) GO TO 870

300 [F(LABEL{~1).GE.0) WRITE(M2,3000

ASF2704
FAST2705
FAST2706
FAST2707
FAST2708
FAST2709
FAST2710
FAST2T11
FAST2T12
FAST2713
FAST2714
FAST2T1S
FAST2716

1
3000 FORMAT{1X,22{1He),63HBOUNDARY SEARCH PARAMETVERSs {SURFACE,MOST PROFASTZTLY
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1BABLE NEXT REGICN).(22(1He1) FAST2T10

D0 340 I=1,ARNAX FASTZTI9

0N 330 J=1,NBHAX,E FAST2720

HAX 3 MINO(NBHAX,JeT} FAST2721

X =0 FAST2722

00 310 L=J,HAX FAST2723

H = NSIL.I} FAST2724
IFIN.EQ.0) GO TQ 320 FAST2725
K=K+t FAST2726

N = M/1000 FAST2727
MPNRIK) = H - 100O®N FAST2728

M = N/1000 FAST2729

310 TANSCK) a (20K - 11%(N ~ 10000M) FAST2130
320 IF(K.EQ.0)GE 70 340 FAST2731
IFELABELIL) ,GE.O) uaxrnnz.aalcyl.mmnv.unstu.nmam.ux.x: FAST2732
3010 FORMATULX,6HREGIONSI518(A3 o h4olHes[341H) ) FAST2733
330 CONT (NUE FAST2T34
340 CONTINUE FAST2735
870 CONTINUE FAST2736
D0 890 I1=1,NOMOD T EAST2737

00 890 Jx {,NGHAX' FAST2738
EXTUJ,[) = 0.0 FASTZI39
FXEC 1) = 0,0 . FAST2740-
FxSt4, 1) = 0.0 FAST2741
1E{HOMENT.€C.0)GO TO B90 FAST2142

BO 880 K=1,NOMENT FAST2743

880 FXALK:do1) = 0.0 FAST2T44
890 CONTINUE FAST2T45
900 RETURN EAST2T48
ERD FASI2147
STBFTC PSTARX  K94/2,XR7 FAST2748
CPSTAR *RANOUM SELECTION OF SOURCE VECTOR FOR PROGRAM FASTERST.M.JORDANSFAST2769
FUNCTION PSTAR(NNN, XXX} FAST2750
DIMENSION XXX(1) FAST2751
COMHON HILY FAST2T52
COMMON/DUMPST /NN POT oXi3) FAST2753

COMMON/LIMITS/NSTORE, NERROR(NSFAX ,NAHAX ,NRMAX ,NBHAX sNSTMAX, FAST2754
NEMAX sNVMAX JNXMAX  NXEMAX NEMOD ,NXSECTINURITD, FAST2755
HUNITXGNIMAX sNNMNAX ,NGROER,NDOWN , INELAS,NTRANS, FAST2756
NNHAX oNGMAX yNFMAX ,NVMOD o¢NCMAX  NLMAX oNTMAX ,  FAST2757
NOXAX GKDD o NOMENT ,RDNOD ,NPDMA; PDMOD»NSDKAX e FAST2758
NVOMAX ;RVDROD,NPOLNT , MODELP +MODELQ, MODELU s MODEL Y, FAST2759
NPRINY NUNITS ,NUFBER ,KALIDE FAST2760
COMMON/ INDEXS/TRFP ,1AZ «1ISV  JIHYL LIRHO ,IXR WlIELE FAST2761
1 ELW ,1AE +1BE +INSG  JINPC  ,IJSHN o1JSX FAST2762
2 IXTR  »tsSuv  TATN ,IATH LIESB LISSH LIDEN FAST2763
3 INTG  S1ELF L IFGW LITOS 110V ,I10R ,EiDS FAST2764

LAV RFrVe

IVOL  +ICDT o IXDT  LIRST +IALP - IVND ,IGIN FAST2765
TAIR  S1ALM TALH 1A »INS SIVEE oIVAL FAST2766
£SPH  »ESPE  LIATD LIRSP +ISGY LEIDE .IIOL FAST2767
1S65 SNEXT +IXKP  LISGR oINS 2 IES »INC » FAST2768
1EC +LND WU IV oiu 2181 W1SY . FAST2769
INRG +INSC .ISYP +ENRP  LINCP  ,IFXP  SIFXS o FAST2770
FAST2771

XT o IFXE
CALL PSYDuH(NXNleiyl-H( IRSU.H( INPC ) oHUIVEE (JHUTVNDY ;HETALPY FAST2772

[T RN XU

HUEIRSG) (HLIXTR)Y - EAST2773

NNN = NN FAST2774
00 10 i=1,3 FAST2775
18 xxx{) = xt1) FAST2776
PSTAR = PDT FAST2777
RETURN . FAST2778
END FAST2779
FAST2780

SIBFTC PSTONL  K94/72,XRT
CPSTDUM*RANDUM SELECTION OF SOURCE VECTOR FOR PROGRAH FASTER®T, N, JDRDAN'F:?;%’IBX

SUBROUTINE PSTDUN(LIuLZ.L!.RSl-NPC.VEE.VND.ALP.NSG,X'RI 782
COHHON/DUNMPST/NN POT 13 FASY2783
DXNENSIUN RSllll'NPC(Syl)'VEE(Ll-LZ.Lﬂ SYRD 5,11 ALPIS 11 NSGLL)s ;:g;g;:;

CONKDNIL!MTS/NSYORE.NERRGR.NSHAX JNAMAX (NRHAX (NBNAX (NSTMAX, FAST2786
NENAX oNVMAX ¢NXRAX ,NXEMAX NEMOD oNXSECT,NUNITD, FAST2787

- NUNITX,NINAX. ;NMMAX ,NORDER,NCOWN o ENELAS,NTRANS,  FAST2788
NNNAX yNGNAX NFMAX ,NVMOD ¢NCHAX (NLMAX (NTHAX , FAST2789
NOMAX ,NGMOD ,MONENT ,NCMOD NPONAX,NPONOD,NSOMAXy  FAST2790

© NVOMAX,RVDNGD,NPGINT,MODELP MODELQ. MODELUsMODELY,  FAST2791
UNITS NUMBER,KALTDE FAST2792
1L WJMON FASF2793

cwmswN -

COMMON/POTNTX/NTOTAL,

COMHON/LLSREG/LLREG FAST2T94
DIMENSION VBIS) FAST2795
QLD METHOD, SELECT VOLUME FAST2796
TF{NVKAX.GT.1)60 YO 10 FAST2797
POT = 1.0 FAST2798

N =11 FAST2799
GO TQ 40 FAST2800
10 R = RANNU(NFB) FAST2801
FsT’ FAST2802
Do 20 NX\'NVHAX FAST2803
FST = FST + RSIIN} FAST2804
IF(FST.GE.RIGE TO 30 FAST2805

20 CONTINUE FAST2806
30 PDT = L.O/RSI{(N) FAST2807
40 00 'S0 =t |3 FAST2808
4 = NPCUI FAST2809
50 PDT = PDY'SAKPLE(VEE(I.X'NI-VEE(J'K.NI'VNDI l-N).ALPIl.NhVB(KH FAST2B10
LLREG = N FAST2812
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LFINSGINY - 1} €0,8C490 FAST2812
60 DO 70 1=1,3 . FAST2813
70 X(1) = VBLI} FAST2614

60 Y0 110 FAST2815

80 X13} = VB(3) EAST2816

& = vaLl} FAST2817

60 TO 100 FASTZ818

90 R = VBCLI®SQRT(1.0 = VE(31+#2} FAST2819

X(31 = VBLL1)#VB(I} FAST2820

100 X{1) = ReCOS(VA(2)) FAST2821

Xt2} = ReSIN(VBI2}} FAST2822

IF{NPC{1,N.GT.1IPDT = PCT#VBLII4*ASGIND FAST2823

110 00 120 =1,3 FAST2824

120 XC1} = X{1) * XTROL,h} FAST2825

NN = LOCATE(NGS,X} FAST2826

RETURN FAST2027

. FAST2628

SIBFTC SPHEER K94/2:XR1 FAST2829

CSPHERESINITIAL SOURCE VECTOR FROM SPHERE FOR PROGRAH FASTERST,N.JORDANSFAST2830

FUNCTION SPHERELYYY,AAA,ZZZ HNH ST oNRGINSC) AST2831

DIMENSION YYYI1) 222280} FAST2832

COMMON FASI12833

CORHON/DUNSPH/NST  ,POT WXU3),C(3) FAST2834

COMHON/L TRTTS/NSTCRE | NERROI JNAHAX NRMAX ,NBHAX ,NSTHAX, FAST2835

1 NEMAX JNVHAX JNXEMAX,NEMOD ,NXSECT,NUNITB,  FAST2836

2 NUNITX,NIMAX ,NHNAX +NORDER,NDOMN »INELAS.NTRANS,  FAST2837

3 NNMAX ,NGHAX ,NFFAX ,NVHOD ,NCHAX ,NLMAX (NTKAX , FAST2838

4 NDMAX NGNOC ,MOMENT,NCMOD NPDMAX,NPOMOD,NSCHAX,  FAST2839

s NVORAX,NVDKOD,NPCINT , NGDELP \4 ODELQ, HODELU(NDODELY,  FAST2840

o NPRINT ,HUAITS (NUFBER (KALIDE FAST2841

COMMON/TRDEXS/INTP  TAZ  ,IISV ,IMTL LERHO ,1XR ,IELL , FAST2842

1 TELw oIAE  L1BE  +INSG LINPC ,TJSN 1JSx , FAST2843

2 IXTR  ,1SUV ,TATN ,TATN ,[ESB ,ISSH IDEN , FAST2844

3 INTG L IELF ,IFGK 1705 o(10V S110R ,11DS , FAST2845

4 IVOL 4 1CGT  ,IXCT  oIRSI L1ALP ,IVHD ,IGIN , FAST2846

5 IATH  JIALM ,IALH ,IA  INS  ,IVEE .IvAL , FAST2847

6 1SPH L ISPE ,IATD ,IRSP ,ISGT 110k 11Dt , FASI2848

7 1SGS SNEXT LIXNP  ,ISGR ,IWS ,IES +IKC 5 FAST2849

8 [EC  IND  ,Tu IV 4Ix  4IS1  ,IST , FAST2850

9 INRG ¢ INSC ",ISTP  +INRP INCP L IFXP L IFXS , FAST2851

s IFXT S IFXE  ((F3A FAST2852

o0 10 1=1,3 - £aST2853

10 X(1) = YYyen FAST2654

CALL SPHOUH(NEROD, Lo KLTISYY H{ ISUV) (HOIRHD) JHEISSHI JHETHTLY, FALTZE55

THEISGT 1o HETAD ) W HE IV (RIS ST JNRG,NSC) FAST2856

MMM = ST FAST2857

aAA = STC FAST2858
oD 20 I=1,3 - FAST2859
20 22241} = ey FAST2860
SPHERE = pPDT FASTZEBS1
RETURN FAST2862
END . FAST2863
STBFTC SPHOMI M9472,XR7 FAST2864
CSPHOUMSINITIAL SCURCE VECTCR FROM SPHERE FOR PROGRAM FASTER®T.M.JORDAN#FAST2865
SuBRBuTlNE SPHOUM (L1 5122 TSV.SUV RHO 1 SSHMTL ,SGT, XNy TRA; TRB, ST (NRG, FAST2866
FaST28617
DIHENSIUN ISVOLY SUVILD,MRGELI,STILY,SGT(LY,L2),SSHILI MTLLEY,  FAST2868
XPLL} S TRALLTSTRBILI RHO() FAST2869
. LOIMERSION RCTE3131 0003} £AST2870
COMMON/DUNSPH/ZRST  oPCT  oSTT  4XI3} ,Ct3) FAST2871
COMRON/LIKITS/NSTORE,NERROR,NSKAX NEMAX NRMAX JNBWAX NSTNAX, FAST2872
1 NENAX (NVHAX (NXMAX (NXEMAX,NEMOD »NXSECT,NURITD, FAST2873
2 AUNTTX,AIMAX ,NMMAX (NCROER,NGOWN ,TNELAS,NTRANS, FAST2874
3 NNMAX  NGHAX (NFHMAX oNVHOD ,NCHAX (NLMAX (NTMAX , FAST2875
4 NOMAX NGMOD (HOMENT .NDMOD ,NPOMAX,NPOMOD,NSDHAX, £A5T12876
5 NVOMAX , NVONCO,NFCINT s HGOELP \MCOELQ, MODELUSNCOELV,  FAST2877
6 NPRINT,NUNITS ,NUFBER »KALTDE FAST2878
COMMON/POINTX/NTOTALITL  ,HOF FAST2879
COMMON/INDEXG/ JZERD FAST2880
IN COHKON/OTHERS/RACIUS,XCTI3),DELTA ,BDCI3),ATA  oATB  ,ATC , FAST2881
& 1 ATD AT BT +AS  ,BS  JJKIN JNAX . FAST2882
2 KMIN ,KRAX ,JBAR ,NZERO FASYZ883
DIHENSTON XS(3) FAST2884
COMMBN/SPASHL/PSORS £AST2885
DATA PI/3.141593/ FAST2886
COMMEN/LLSREG/LLREG FasTzas?
DIMENSTON NSCUL) FAST2888
€ NEW HETHOD, SETUP SPHERICAL VOLUME . FAST2889
130 STH = VECTOR(X,XCT/C) FAST2890
CALL ROTATCIC,ROT) FAST2891
NN = LOCATE(NGS,X ) FAST2892
PHIMIN = -1.0 FAST2893
FST = STHs*2 - RADIUS#®2 FASTZB94
IF(FST.GE.0.0)PHIKIN = SQRTIFSTI/STK FAST2895
STH = STM + RAODIUS FAS¥2896
ATX = —ATA/(1.0 - PHININI FAST2897
D0 165 NYRY=1,100 FAST2898
NTOTAL = NTOTAL + 1 FAST2899
POT 2 SAMPLE(PHINING1.0,1.0,ATX,B(3)1¢SAHPLE(-P1,P1,0.0,AT8, THE] FAST2900
SNP = SQRT(1:0 — D(3)es2} FAST2901
B(1) = SNPCOS{THE) T FAST2902
D(2} = SNP®SIN(THE) FAST2903
00 150 Ixt,3 FAST2904
¢t = 0.0 FAST2905
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DO 150 J=%,3
150 CLI} = CLI) + DUJI*RET( D)

CALL PATHINN,STM,X ,C.NST,ST,KRG,NSC)

STY = 0.0
00 160 T=1,nST
J 3 NRGLI}
- IF{ISVIJI.GT.0}60 TG 170
160 STT = STT ¢ SE(E)
165 CONTINUEL
NST = 0
G0 10 300

STX = ST

nn 220 1= ﬁTI.NSY
NRG(1}
1Sviay
HTLLSY

SGR = ATCORHOUIJISSSHIJZERC)

K

W

IF(L.GI,0)SGR = SER + AYCH*SGT{JZERO,L}

XMPP = SGReSTII)
IFIK.6T.016G 10 180

XMtIt = 0.0
GO TO 2t0
180 GALL ARROHX.SYX + 0.01%8T{1),(aXS)
LLRFG =
CALL SlFRC(D-l 0, X5,C)
PDB = PSOR

CALL Auuou (XeSTX ¢ G.538T{11,CeXS
)

CALL SZERO(0,1.0,XS.C

PDH = PSORS

TRAIT) = PDR*SUVIK}®EXP{~XNPT)
ARGARG < 0,0

IF{{POB*PCH).GT.D.0) ARGARG = ALDGIPTB/PDH
IFISTUL).6TLC.0) SGR = SGR ¢ 2,0%ARGARS/STI S}

TRBUI} = SGR
IF{SGR,NE.0.C)GD TO 190
XHIT) = STUI)*TRACL)

190 XM{1} = TRAt(f}ell. 0 = EXP[~ SGR’STll)l)ISGR

200 PTDFT = PTOT + XHI1

210 XMPT = XHPT + nwp

220 STX = SIX ¢ ST(I)
PDS = PTUT#RANNC{NMP)
B0 230 [=NTT,NST
IFIXM1),GT.PDSIGE TO 240

POS = PDS - XMIL)
230 STT = STV + ST{1)
1= NST
240 NN = NRG{I)
LLREG = {SVINN)

lFlLLREG LE.O) GO Tg 300

ssn = IRa(xl

1E(SGR.NE.0.01G0 YO 25C

STLI} = POS/TRA{I)

POT = PDT/TRALT)

GO TG 260
250 CONTINUE

ARG = TRA(I) - PDS*SGR

FDT = PDT/ARG

ST{l} = =ALCGLARG/TRALII1/SGR
260 STT = STT ¢ STCI}

POT = POTPTOTSTTS02
300 RETURN

END,

SIBETC ARROMY NM94/2,XR7
SUBROUTINE ARROWIX,S,CoY)
DIMENSION X{31,C{3),Y(2)
00 10 1=1,3

10 YLI} = X(1} & SeC(I)
RETURN

SIBFTC QSTARX M94/2,XR7

FAST2
CQSTAR *RANDOM SELECTION OF INITIAL CIRECTION VECTOR FOR FASTER®T.JORDANFASTZ977

FUNCTLON GSIAR(NN.X.

comhoN H

CONNONILlN!TSINSIORE.NERROR.NSPAX
NEMAX ¢NVMAX *,NXMAX

NUNTTXNTKAKX 4NHRAX

NNMAX NGMAX NFWRAX

oMs W

COMMON/ INDEXS/INTP 1A WISV

1 ~ JEtw  LIAE +1BE
2 i IXTR  LISUV L EATH
3 INYG L 1ELF

4 . ivaL W IcDT

5 IALM  RALK |

6 ISPU ,1SPE

T 1SGS  SNEXT ,Ixhkp

+NAMAX NRMAX

+NVHOD JNCMAX

W NBMAX

+ 1R

v 1358
e 1SSH
+L1DR
+1VRD
» EVEE
+11DE
»1ES

SNSTHAX,
sNXERAXyNEMOD (NXSECT+NUNITO,
+NORDER ;NDODKN o TNELAS¢NTAANS,
ARLMAX (NTHAX

P1ELL
1 1ISX
+1DER
e1105
vIGIN
sIVaL
1108
INC

NOMAX ,NGMDD ,MOKENT ,NDMOD ,NPDNAX,NPONODsNSOMAXy
NVOMAX,NVONOD,NPOINT s MODELP ,MODELQ MODELUy MODELY e
NPRlN'.NUNlTS.NUFBER:“LlDE

«IKTL L IRHO
+INSG  +INPC

FAST2906
£asy2907
£a572908
FAST2909
£AST12910
FasT2911
FAST2912
FAST2913
FAST2914
£asT2915
FasT2916
FasT2917
FAST2918
FAST2919
FaST2920
FASTZ2921
£aST2922
FAST2923
FasT2924
FAST2925
£a5T2926
FAST2927
FAS12928
Fasy2929
FAST2930
Fas12931
FasT2932
Fas72933
FAST2934
FaST2935

FAST2937
FasT12938
FASAZ939
FASB2939
£A5C2939
FAST2940
FasT294t
FAST2942
FAST2943
FAST2944
FAST2945
Fasyi2946
FAST294T
FAST2948
Fas12949
FASTZ950

FAST2951
FASY2952

FAST2953
FAST295%

FAST2955
FAST2956
FAST295T
FAST2958
FAST2959
FAST2960
FAST2961
FAST2962
FAST2963
FAST2964
FAST2965
FAST2966
FAST2967
FAST2968
FAST2969
FAST2970
FAST29T1
FAST2972
FAST2973
FAST2974
FAST2975

976

FAST2978

FAST2979
FAST2980

FAST2981

FAST2982
FAS72983
FAST2984
FAS7298S
FAST2986
FAST2987
FAST2988
FAST2989
FAST2990
FAST2991
FAST2992
FAST2993
FAST2994

®
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.8 IEC  ,IRD  .IU BV WIW LIS LEST ,  FAST2995
9 INRG L INST  ESTP ,INRP LINCP ,IFXP ,(FXS , FAST2996
1 FEXT  JIFXE o IFXA FAST2997 ==
QSTAR = QSTOUMINNSXsCoAXMAXsSy 1/ HUTTSVI HUINPC) HIIVEE) JHIIVMO], FAST2996 Za
1 HUIALPEoHLIXTRY JHUINSG) ) FAST2999 £s
RETURN FAST3000 EE
END FAST3001 2T
SIBFTC QSTDH1 M94/2,XR7T FAST3002 ]
CQSTDUMPRANDOM SELECTION OF INITIAL CIRECTION VECTOR FOR FASTER*T.JORDANFAST3003
FUNCTION QSTDUNINNyX,CoL1,L24L 3 E5V4NPC ) VEE yVND JALP s X TR 4 NSG) FAST3004
DIKENSION X131,C(3) FAST3005
mnsusmn lSV(U-hPC!5.1).VEE(U.L2.L31-Vm‘s.l)'ALNS:lh FAST3006
XTR{3,11,NSG(1 FAST3007
olnensmu va(sl.nlz).zu).nuuz.sx FAST3008
COHNON/OTHERS/RADIUS,XCT{31,0DELTA ,BOCA31,ATA  (ATR  ,ATC , FAST3009
ATD AT BT 1AS W8S +SHIN  ,aMAX ,  FAST30l0
KRIN KMAX ,JBAR ,NZERO FAST3011
COMMON/LLSREG/LLREG FAST3012
= FAST3013
N =-LLREG . FAST3014
POA = 1.0 FAST3015
00 10 l=4.5 . FAST3016
NPCLL,N FAST3017
PDA = puvsum_s(vesu.z NI VEELS, 1,81, VHDL L N1 ALPLT, NI VBII))  FAST30ls
v8(5) FAST3019
SQRT(1.0 - C[3)8%2} FAST3020
SPHYCOS(VEBLA)Y FAST3021
SPHSSIN(VBL%]) €AST3022
IFINSGINI .GT.0160 T 30 FAST3023
D0 20 1=1.3 FAST3024
20 CE1} = (1) FAST3025
FAST3026
FAST2027
- XTROT,N) FAST3028
vl FAST3029
FAST3030
DO 50 I=1,MAX FAST3031
50 ARE = ARE + Z(I}es2 FAST3032
ARE = SQRT{ARE) FAST3033
u=uux EQ.3360 10 60 FASTI034
= 1. FAST2035
spn = 0.0 FAST3036
60 1o 70 FAST3037
60 CPH = Z(3)/ARE FAST3038
SPH = SQRT(1.0 — CPHO®2) FAST3039
ARE = SPHeARE FAST3040
T0 CTH = Z(11/ARE FAST3041
STH = Z121/4RE FAST3042
CALL ROTATE{CPH,SPH,CTH STH,ROT}Y FAST3043
00 80 I=1,3 FAST3044
CUd = 0.0 FASTI0&S
DD BO J=1,3 FAST3046
80 C{l1} = CCI} + DCJI*ROT(I,T) FAST3067
90 QSTDUM = FDA FAST3048
RETURN FAST3049
FASY3050
$1BFTC USTARX _M94/2,XR7 FAST3051

CUSTAR SRANDDM SELECTICN OF SCATTERIAG POINT FOR PROGRAM FASTER‘T JURDANFASYZOSZ
FUNCTION USTAR{TTT XXX sYYYsZZZ)HKN{ST,NRG)

DIHERSION ZZZA1),YYYLL D XXXI1},CP{D) FASY305£
CORKON HILY . FAST3055
COMKON /OUHUST/STZ #5715 +PSI »STC sNST «PDT FAST3056

COMKON/LIMITS/NSTORE s NERROR (NSKAX ,NAMAX NRHMAX oNBMAX ,NSTMAX, FAST3057

1 NEMAX yNVMAX oNXMAX ,NXEMAX NEKOD »NXSECT,NUNITD, FAST3058
2 NUNITX/NIMAX JNMHAX ,NORDER;NDOWN o INELAS,NTRANS,  FAST3059
3 NNMAX /NGMAX ,NEMAX ,NVMOD JNCHAX (RLNAX NTMAX ,  FAST3060
4 ) NDHAX oNGMCD KOMENT,NDMOD 4NPDMAX,NPOMOD,NSDMAX,  FAS5T3061
5 NVOHAX ,NVOKROD,NPCINT  HODELPyH ODEL Qs #OBELUHODELY,  FAST3062
6 NPRINT (NUNIT. ALTDE FAST3063
COMKON/ INDEXS/IRYP JINTL  IRHO ,IXR  (IELL , FAST3064
t TELW JINSG SINPC »IJSN 145X ,  FAST3065
2 1XIR +IATH  LLESB o ISSH ,1DEN ,  FAST3066 .
3 INTG #1TDS  L[IOV ,ITOR L11DS ,  FAST3067
4 IvoL +IRST  S1ALP L IVMD ,IGIN ,  FAST3068
5 - 1ALK »EA  LINS L IVEE LIVAL ,  FAST3069
6 - ISP +IRSP  LISGT LIIDE L[IDI , FAST3070
7 156S JISGR  oIWS  LIES  L,IKC ,  FAST3071
8 16C IV B WIST LIST ,  FASTIO72
9 INRG CINRP o INCP (IFXP ,IFXS , FAST3073
1 1FXT FAST3074
NST = HHH FAST307S
517 = vscmnnvv $XXX$CP) FAST3076
srs = STI## FAST3077
= -cusweu:».uznsu FAST3078
CALL USTDUMINEMOD » 1 HEIRHG sHU ISSHY JHUTNTLY (HEESGTY (HITND] 4 FAST3079
HUIV) JHUTST), ST,NRGY FAST3080
nr = STC FAST3081L
HMN = NST FAST3082
USTAR = POT FAST3083
RETURN . FAST2084 %4
END FAsTIO8S g2
$IBFTC USTOML  N94/3,XRT 13086 S5
CUSTDUMSRANDOK ssLEcnuN OF SCATTERING POINT FOR PROGRAM FASTERST. JURDANFASUOM 858
SUBROUTINE USTOUH (L1 L2, RHOSSHaMTL¢SGT 4 XM, TRA, TRB+ST,NRG) FAST3088 <g
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»
D!HENS!BN ST{1) ,NRGE 1) JRHOUL) o SSHEL) o MTLE LD ¢SGTLLL4L2) 5 TRALLY,

. TRBEL)XME1)
CDHHDNIDUHUSY/STZ »STS

PS
CDH”ON/nYHERS/RADluS.XCT(B‘.DEL'A

T A'D AT

N

IN  JKHAX
COHHDNILlNlYSINSYGRE.NERRUR:NS”AX

*BT
*JBAR

NENAX (NVMAX »NXNAX
L. NUNTTX,RIMAX JNHRAX

NNNAX hGHMAX

PNENAX

$STC  NST  ,POT
JBOCI3I,ATA  sATE  LATC
sAS BS  JRIN LJMAX
+NZERD A
PHAMAX (NRNAX ;KBMAX NSTWAX,
+NXEMAX,NENDD o NXSECToNUNITD,
+HORDER ,NDUWN + IRELAS JNTRAHS,
+HVHDD NCMAX ,NLMAX (NTMAX ,

NVOKAX,NYONOBNPGINTy MODELP ,40DEL Qs NODELY ) MODEL Y,

1
2
3
4 NOMAX (NGMOC +MOPERT JNOKOD ,NPDMAX. NPOMOD,NSCHAX,
S
)

NPRENT JNUNITS ;RUNBER o KALEDE

lF(KDDELU.EC.O) GG T0 8%
STD8 = SQRT{STS)

XHIT = 0.0 i

XMST = 0.0

TRAB = 1.0

STY = 0.0

FMP = u.o

0UZ =.1.0,

lF(NPDlNX.GV 0} 60 10 5

D02 = DOZe(1.0 ¢ DOZY

w
9
=]
x
"
=)
S
~

SGR = RHO{T1*#SSKR{JBAR}

TF{4.GT.0) SGR = SGR + SGTLJBAR,J)

STN = ST(N}

STT = STT

STDS = STS + SY"(Z 0¢PSI ¢ STT}
STDA = STLH

STDB = SQRY(STDS)

XMST = XHSY + ATSSGReSTN

XMTT © XMTT + BTSSGR#(STDB - STDA)
XMAA x XHBB

XMBB = XAST ¢ XHIT

TRAA = TRAB

DOM = 1.0/5TCS
lFlNPDlN'.GT.O! GO YO &
DOH =

IF(SIDB.LE.QEL'A) Go To 8

DOM = (0.5%0ELTA/STEB)¢*2
DOK = DOM$(1.0 ¢ DON

-LE.OELTA) GC TC S
00Z = 10,5%DELTA/STDE)#*2

}
9 TRAB = DOMSEXP{-XNST - XMTT}/00Z

XMN = 0.0

lFllSGR;SINl-EQ.D.D) 68 ¥0 14

TRA(N} = SGROTRAA

IF{TRA{K).EC.0.04 GO TG 10

ARGU = TRAB/TRAA
IF{ARGU.GT.0.0) GO YO 9
TRBN = (XMAA - XMBR}/STN

XHN = TRA{NI*[EXPUXMAA — XNBB) ~ 1.0)/TREN

G0 Y0 11
9 TRBN = ALOGUARGUM/STN

XMN = SGR®{TRAB - TRAA)/TRBN

1L TRB{N) =
10 XMIN) =
20 FHP = F
IFIFMP.E
30 FMB = FHM
STT = 0.
00 40 N=
IF{XHINY
STT = ST
40 FHB = FM|
50 NSF = N
ARG = FM
TRAN = T
TRBN = T
VARG = F
STP = ST
XYZ = YAl

TFIXYZ.GT.0.0} STP = ALOGIXYZ)/TRBN

STC = ST
SGP = 1,
1=N
GO 10 17

89 CONTINUE
PSIS=1.0
NGT = 1
TRACL} =
STT = 0.

TRBN
XHR
P ¢ XMN
Q.0.0} GO TO 9%
PORANNG{NNB) N
o .
LeRST

»GE.FMB) GO TO SO

T ¢ SY{N}

B — XMUN) :

P
RALNY

RBIN}

MB*TRER ¢ TRAN

(L1 -
RG/TRAN

T + STP
a9

0 .

s12
0

FBT = 0.0 ..

90 FMP = 0

1= NRG(
J = MTLI

To - B
DO 120 Kw=1,NST
!

SGR. = RHU(I)'SS“‘JBANI

"FAST3089
FAST3090
FAST3091
FASY3092
FAST30923
FAST309¢
FAST3095
FAST3096
FAST3097
FASTI093
FAST3099
FAST3100
FAST3101
FAST3102
FAST3103
FAST3104
FAST3105
FASTY3l06
FAST3107
FAST3108
FAST3109
FAST3110
FAST31LL
FAST3112
FAST3113
FAST3116
FAST3115
FAST3lle
FAST3117
FAST3118
FAST3119
FAST3120
FAST3121
FAST3122
FAST3123
FAST3EZ2¢4
FAST3125
FAST3126
FAST3127
FAST3128
FAST3129
FAST3130
FAST313¢
FAST3132
FAST3133
FASTIIIS
FAST3135

FAST3136
FAST3137
FAST3138
FAST3139
FASY3140
FAST3141
FAST3142
FAST3143
FAST3144
FAST3145
FASTIL46
FAST3147
FAST3148
FASTI149
FAST3150
FAST3154
FAST3152
FAST3153
FAST3154
FAST3155
FAST3156
FAST3157
FASY3158
FAST3159
FAST3160
FAST3161
FAST3l62
FAST3163
FAST3164
FAST3165
FAST3166
FAST3167
FAST3168
FAST3169
FAST3170
FAST3L7L
FAST3172
FAST3173
FASE31TA
FASTILITS
FAST3L78
FAST3177
FAST3178
FASTILTY
FAST3180
FAST3181
FAST3182
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1F{J+GT.0ISGR = SGR * SGT{JIBARsJ}
TFINGT.GT.0)GO YO 100
IF{SGR.EQ.0.0}G0 TO 110

XH{N) = ST{N)*SGRO®ANG

G0 TO 120

100 STT = STT + ST(N)

TRA{N#1] = SQRT{STS ¢ STT®[2.0%PSi + STY®PSIS})
TRBIN} = 0.0

IF{SGR.EQ.0.0IG0 TQ 110

TRBIN} = BYSSGRM{TRA{N#1} — TRA(M}}

FBT = FBT + TRBIN}

XH{N) = TRBUR) ¢ ATOSGReST(N]

G0 TO 120

110 XN{N} = 0.0
120 FMP = FMP ¢ XMIN}

IF{FNP.GT.0.01G0 tO 12%

95 NST = 0

GO TO 195

125 AAA = EXP(~FNP}

ARG = 1.0 - AAA

VARG = 1.0 -~ ARG®RANNG(NNB)
FMA = —ALOGUIVARG)

FKB = FMA-

FHC = 0.0

STC = 0.0

DO 140 ¥=1,NST

TF(FNB. LE-XN(])IGU T0 150
FHB = FMB — XM{I

STC = STC # ST(I)

140 FHC = "FMC + TRB(I)
150 NK = NRG(I}

MN = NTLENNY

NST=(

SGP x RHOINN)#SSH{JBAR]
IF(HH.GT.0)SGP = SGP + SGT{JBARINN}
TFINGT .6T.0)G0 YO 160

SGP = ANG¥SGP

DDX = (FHP®AAA/ARG ¢ FAA ~ 1.0)/ANG
STP = FHB/SGP

STC = STC + STP

60 10 170

160 SGA = AT#SGP

170

195

SGB = BY#SGP
CQ = {FMB ¢ SGA®STC + SGBSTRALI[)}/SGA
AQ = SGA/SGB

FST = AQ#82 ~ PSIS

BQ = (AQ#CQ ¢ PSII/FST

HH = 180992 — (CQ#¥2 - STSI/FST)
1F{HH.LT.0.0) HH=0.0 -
HH=SQRT (HH}

STQ = 8Q — HH
IF(SYO LT S’C)STQ = BQ ¢ MH

STQ
£Q — AQesSTC
FHMC + SGB#(ARE - TRA{I})
(PSI ¢ PSIS#STCI/ARE
AT + BTapS]
ANG*S5GP
SI(I) = STP
PDT = ARG*STC*#2/(SGP*VARG#12.566371) N
RETURN
END

n
F
a
Awan s

$IBFTC VSTARL H94/2,XR7T F
CVSTAR *RANDOM SELECTION OF DIRECTION VECTOR FOR PROGRAM FASTER®T.JORDANFAST3268
F

1
2 NUNITX,NIMAX (NMFAX ,NCRDER,NODOWK , INELAS,NTRANS,
3 NNHAX (NGHAX NEFAX ,NVHDD (NCHAX ,NLMAX
4 NDMAX JAGMCD ,MCHENT «NCHMOD sNPDMAX . NPOMOD ¢NSDHAX,
5 NVDHAX, NVDFCD,NPCENT, MODELP ,M ODELQ, MUDELU,HCDELY ,
L] NPRINT ¢ NUNETS . NUKBER +KALIDE
IF(HMODELY ~ 1} 5,10,15 N
5 CONTINUE -
VSTAR = VSTDUMICC ,CP,Ly8S,A5)
G0 10 20
10 VSTAR = VYSTDUM{CP,CC+C,AS,BS} M
G0 10
15 VSTAR = VSTOUR{CP.+CC+CvAS ¢ BS,0.00
20 RETURN

FUNCTION VSTARLCP.CCyCrAS,BS)

COMMON/LIHITS/NSTORE, NERROR,NSFAX oNAMAX ¢NRMAX ,NBMAX (NSTHAX,
NEHMAX ,NVHAX JNXMAX §NXEHMAX:NEHOD ,NXSECT,NUNITD,

END
$EBFTC VSTDHI  M94/2,XR7

FUNCTION VSTDUMICP,CCsCyAS,BS)

DATA P1/3.141593/

DIMENSION CP(3),CCL33,C{2) ROY{3,+31,D(3)
EQUIVALENCE (D(1).01),(012},02),(0{31,03
CALL ROTAIC{CP,ROT}

00 10 J=1,3

Dily = Olll + RUTll'J)‘CC(Jl

THZ = 0.0

IFLIABSIOL) + ABS(D211.67.0.0} THZI = ATAN2{D2.D1}

FAST3183
FAST3184
FAST3185
FAST3186
FAST3187
FAST3188
FAST3189
FAST3190
FASTIL9L
FAST3192
FAST3193
FAST3194
FAST3195
FAST3196
FAST3197
FASY3198
FAST3199
FAST3200
FAST3201
FAST3202
FAST3203
FAST3204
FAST3205
FAST3206
FAST3207
FAST3208
FAST3209
FAST3210
FAsT321L
FAST3212
FAST3213
FAST3214
FAST3215
FASTI216
FAST3217
FAST3218
FAST3219
FAST3220
FAST3221
FAST3222
FAST3223
FasST3224
FAST3225
FAST3226
FAST3227
FASY3228
FAST3229

FAST3230
FAST3231
FAST3232
FAST3233
FASY3234
FASTI23S
FASI3236
FAST3237
FA3T3239
FAST3240
FAST3241
FAST3242
FAST3243
FAST3244
FAST3245
FAST3246
73247

13249
FAST3250
FAST3251
FAST3252
FAST3253
FAST3254
FAST3255
FAST3256
FAST3257
FAST3258
FAST3259
FAST3260
FAST3261
FAST3262
FAST3263
FAST3264
FAST3265
FAST3266
FAST3267
FAST3268
FAST3269
FAST3270
FAST3271
FAST3272
FAST2273
FAST3274
FAST32TS
FAST3276
FAST3277
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SINZ = SQRY{1.0 — D3ee2)

PDA = SAMPLE{-1.041.0,~1,05A5,03}

SIKE- = SQRT(1.0 — D3%#2)

PDA = PDA*SANPLE(-PI,P1,0.9~0S9SINZOSINE, THE)
THE = THE + THZ

D1 = SINESCOSITHE)

02 « SINE®SIN(THE)

L3
20 CLIY = CLI} ¢ D{J}*ROTLJsID
VSTDUM = BDA
RETURN
ND <
SIBFTC SAMPLR  M94/2,XR7
CSAMPLESRANDOM SELECT[ON OF VARIABLE
FUNCTION SAMPLE (VMK ,VMX,VMOsALP (VEES
TE(VHX.GT.VANIGO 10 10
C DELTA FUKCTION (OR ERROR}
POF = 1.0
VEE = VNN
G0 1O 30
10 R = RANNGINMBY ~
IF(ALP .NE.D.0IGD TO 20
C UNIFORM DISTRIBUTION
POFrz VHX ~ VNN
VEE-= VMN + RePDF

C EXPONENTIAL DISTRIBUTION
20 PLY = EXP{ALPSIVYNC — VMNI} - 1.0
PGT = EXPLALPIVAX ~ V¥MD)) - 1.0 + PLT
PHMD = PLT/PGY
= =l
1F(R.GT.PNDIT = 1.0
R = 1,0 + TS(R*PGT - PLY)
VEE = VMD + T#ALOGIRI/ALP
POF = PGT/(RsALP)
30 SAMPLE = PDF
RETURN

END .

- SUBFTC RANDUM MN94/2,XR7
FUNCTION RANNDINKE)
COMMON/CDCIBM/ 1 BACDC
DATA NoNNN/O,LLLLLS
IF{IBMCDC.GT .0} GC TO 1O
R = RANF{NNN)

G0 t0 20

L s
IF{NL.EQ.0) R = RANFINNND
R = RANR{O)

CONTENUE

$1BMAP RANL
*

RENF

Ll
117
L20

SDATA

RANDOM NUMBER GENERATOR
ENTRY RANF

LoQ L1e
MPY (R &)

LLs 4

ALS 4

LRS 4, .
STQ LLE

ADD i1e

STO L6

ARS 4 -

ORA L20

FAD L20

TRA 14

ocT 002312421637
ocT 000000001737
ocT 206600000000
END "

3

FASTIZTE
FAST3279
FAST3280
FASY3281
FAST3282
FAST3283
FAST3284
FASY3285
FAST3286
FAST3287
FAST3238
FAST3288
FAST3289
FAST3290
FAST3291
FAST3292
FAST3293
FASTA294
FAST3295
FAST3296
FAST3297,
FAST3298
FAST3299
FAST3300
FAST3301
FAST3I302
FAST3303
FAST3304
FAST3305
FAST3306
FAST3307
FAST3308
FAST3309
FAST3310
FAST331L
FAST3312
FAST3313
FAST3314
EAST331S
FAST3316
FAST3317

. FAST3318

FAST3319

FAST3320 ¢
FAST32321
FAST3322
FAST3323

.

FAST3325
FAST3324
FAST3327
FAST3328
FAST3329
FAST3330
FAST333%
FAST3332
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