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MCN: A NEUTRON MONTE CARLO CODE

.

.

by

E. D. Cashwell,J. R. Neergaard,
W. M. Taylor, and G. D. Turner

ABSTRACT

The general purposa Monte Carlo neutron aode MCN is describedin
detail to halp the user set up and run his own problems. The ode treats
generalthree-dimensionalgeometricconfigurationsof materials,and can use
point cross-sectiondata in either the Livermore (LLL) or the Aldermaston
(AWRE) format.

Optional standardvarianoereductiontechniquesare built into the code.
Source information may be insertedin completegenerality,although certain
standardsouraesare included.

Neutron thermalizetionis treatedby a freagss model. In this treatment,
light nudei are assumed to have a Maxwellian velocity distribution with
spatiallydapendenttemperaturesthat may alsovary with time.

Standardoutput indudes currentsand fluxesacrossarbitrarysurfacesin
the problem, averagefluxes in designatedcells,fluxesat eadr of a setof point
detectorsin space,and the number of particlescapturedin a cell asa function
of energyand time.

A sample problem is describedand set up, and the aompletacomputer
listingof a trial run is given.

---. -.- —... -.. -.. -.. -. —.—---------------

I. Introduction

The general Monte Carlo neutron code MCN is
written in FORTIU.N IV. This program treats an arbi-
trary threedimensionrd configuration of materials in geo-
metric cells bounded by first- and seconddegree surfaces,
and some special fourthdegree surfades.

The cross-sectional information necessary to treat
the interactions of neutrons with matter maybe included
in the code in great detail. The code can deal with
element cross sections from the nuclear data compilations
of the Lawrence Livermore Laboratory (LLL), as well as
those of Aldermaston (AWRE), at the users’ discretion.
The cross sections used in the program are usually read

from the library presently maintained on the disk of the
MANIAC at the Los Alamos Scientific Laboratory
(LASL).

The code includes standard variance reduction tech-
niques, which are optional and are described in this
report. Also, the present code treats the thermaiization of
neutrons by the free-gas model. In this treatment, when
considering elastic collisions between neutrons and light
atoms, the latter are assumed to be in a Maxwell dist ribu-
tion with some thermal temperature that may be a func-
tion of time.

A number of useful quantities are included as stand-
ard output, such as currents and fluxes across arbitrary
surfaces in the problem, average fluxes in designated cells,
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fluxes at each of a set of point detectors in space, and the
number of captures in a cell as a function of energy and
time.

A great deal of effort has gone into making this
code as general and as versatile as possible, while at the
same time keeping it simple to use. It is the latest of a
series of general Monte Carlo neutron codes that began
with a program written by Johnston.l The mechanics of
setting up and running a problem are discussed below
drawing heavily on an internal memorandum by Taylor?
a manurd for another of our family of codes. In addition
to these referenux, a general introduction to the type of
calculation considered here is found in Ref. 3.

The units used in MCNare as follows.

1.

2.

3.

4.

5.

Lengths in centimeters.

Times in shakes (1U8 see).

Energies in MeV.

Atomic densities in units of 10X atoms/cm3.

Cross sections in barns (1fJ24cm2).

I I .Geometry

The code will handle any number (limited only by
the storage capabilities of the computer) of geometric
cells bounded by first- and seconddegree surfaces, as well
as some fourthdegree surfaces. The subdivision of the
physical system into cells is not necessarily governed by
the different material regions occurring, but may take
into consideration the problems of sampling as well as the
restrictions necessary to specify a unique geometry. For
the latter, suppose that f(x,y~) = O is the equation of a
surface in the problem. For an arbitrary space point
(XO,YO,zO), the sign of the qu~tity f(xo,yo,zo) is defimed
as the sense of the point (~ ,yo,% ) with respect to the
surface f(x,y y) = O. It is clear that points in space are
divided into two disjoint sets-those with positive sense
with respect to the surface, and those with negative sense
(we ignore the points on the surface, which have zero
sense). Further, one must always write the equation
f(x~z) = Oin the same way if f(~ ,yo,Zo) is to be unique-
ly defined since –f(x,yy) = Ois also a perfectly acceptable
way to represent the surface. If our equations are always
written in the same manner, we require, in specifying the
geometry of a problem, that all points in a cell must have
the same sense with respect to a bounding surface, and
this must be true for each bounding surface of the cell.
Graphically, this means that all points are on the same
“side” of a bounding surface, which rules out a cell such
as depicted in Fig. 1 where c and d are reentrant surfaces.
One way to remedy this situation, and there are clearly
others, is to introduce surface f and make two cells out of
one.
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Further, it is essential that the description of the
geometry of a cell be such as to eliminate any ambiguities
as to which region of space is meant. That is, a particle
entering a cell should be able to uniquely determine
which cell it is in from the senses of the bounding sur-
faces. This eliminates a geometry such as shown in Fig. 2.
Suppose the figure is rotationally symmetric about the
y-axis. A particle entering cell (2) from the inner spherical
region might think it was entering cell (1) because a test
of the senses of its coordinates would satisfy the descrip-
tion of cell (1) as well as that of cell (2). In such cases, we
introduce an “ambiguity surface” such as e, the plane
y = O. An ambiguity surface need not be a bounding
surface of a cell, but of course it may be, and frequently
is, the bounding surface of some cell other than the one in
question. However, the surface must be listed among
those in the problem. Referring to cells (1) and (2) in Fig.
2, we augment the description of each by listing its sense
relative to surface e, as well as that of each of its regular
bounding surfaces. A particle in cell (1) cannot have the
same sense relative toe as does a particle in cell (2).

z A
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d
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Fig. 2.

b.

.

--



XIX.Cross Sections or

Since in MCN we treat the various reactions pre-
cisely as they are described in the LLL and the UK
compilations, we do not discuss the details of these reac-
tions. The user may obtain listings of the cross sections, as
well as a description of the various processes treated, in
these cross section libraries. MCN uses the data directly
from these compilations with no editing and with no
changes apart from trivial modifications such as listing
probabilities on our tape, instead of cross sections, to
speed up the calculation. The cross sections are read into
the problem in as much detail as is provided, and the
program uses linear interpolation between the points
given. This applies to the angular data, where we also
interpolate between the angular distributions given at two
distinct energies to obtain the scattering an~e from an
elastic or inelastic collision. If no angular data are pro-
vided for an inelastic collision, we assume the scattering is
isotropic in the system of coordinates in which the energy
is given. Similarly, when outcoming energy distributions
from a reaction are given for a set of discrete incoming
energies, we linearly interpolate between distributions to
obtain the resulting energy of the neutron.

Our aim has been to use the data provided in this
code with no introduction of significant alterations or
processing of the data by us.

IV. Estimationof Errors

Let us assume that, in a Monte Carlo calculation,
the independent sample values x1 7X2,... XN are drawn
from a population with a probability distribution that
may be unknown. Consequently, even the mean E(x) and
the variance U2(x) may have to be approximated by their
sample values. Certainly this is the case for most of the
quantities of interest sc;ted in the present code.

Wedefine the sample mean
N

1x=- NE ‘i ‘
i=l

and the sample variance of x

Wxi-’)’l;’(x) = ~

‘ +x’-”]

-2u (x) = *[U] ,

where N represents the total sample drawn from the
population. For example, in our neutron transport calcu-
@tions, N represents the number of neutrons started from
the source and ~ represents the total contribution to x
from the ith starting particle. This latter definition of ~ is
important, for in using various methods of importance
sampling and even in treating physical processes such as
ffision or (n – 2n) reactions leading to the creation of
neutrona, the ith particle and its offspring may contribute
many times to a category or value x.

We are interested in estimating the error of the
sample mean Z It is well-known that if one draws a
sample of size N from a population with true mean E(x)
and variance U2, then with

E@) = E(x) , .

Variance (;) = + .

Consequently, we have for.our estimate of the variance of
the sample mean

Because N is usually sufficiently large that the error is
negligible in replacing N – 1 by N, the code uses the
following formula for the standard deviation of the
sample mean.

where u@i) refers to the standard deviation of the sample
mean, K.

In applying this result to the sample values obtained
by Monte Carlo, one uses the Central Limit Theorem
from statistics, which may be stated in the form
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In terms of our sample variance, we restate this
result in the following approximate form for large N.

~2

I

B2 _—
1N— e. Clt ●

d27T
a

In this form, results from Monte Carlo calculations are
readily interpreted from tables of the normal distribution
function.

In the present code, we give theerrorsin the form
i7@/X, that is, we give therelative error corresponding to
one standard deviation of the mean. This may be inter-
preted by using the Central Limit Theorem to mean that
there is a 68.3% chance that the error is no larger than the
value listed.

V. Sampling Techrdques

Frequently, in Monte Carlo calculations, straight
analogue sampling leads to prohibitively long running
times to determine some quantity ofi.nterest with accept-
able accuracy. Consequently, one tries to improve the
efficiency of Monte Carlo sampling techniques. We call a
class of schemes to alter or bias the probability density
function, so as to sample more effectively the important
particles, importance samphrg. The basic idea may be
demonstrated by considering the evaluation of the foUow-
ing simple onedimensional integral.

1b
F= f(x) P(X) dx ,

a

where p(x) is a probability density function, ~~
p(x)dx = 1. In straight analogue sampling, one would
choose points xi, ... AN Irom the density function p(x)
and form the mean value f.

i-l

This yields the Monte Carlo value for the integral. The
variance of the random variable f(x), 02, is given by

1cr2= ;f (x) - F]2 p(x)dxl= E(f2) - F2 .

Now suppose we sample from the density function
fix) instead of from p(x). For each point . selected from

aP(x)) we t@’eit the weight w(%)= P(xi) xi), ~d SCOre
the contribution of particle ~ as w(~)f(~). The expected
score is given by

Jb
W(X) f (X);(X) dx

a

I b
=! f (X) P(X) dx ,

a

so that the mean value is again F. However, the variance
of the variable w(x)f(x) is given by

! b
[W(x)f (x) - F]2 ~(x)dx ,

a

and is not usually the same as the variance in f(x) when
we sample from p(x). Hence, it may be possible through
judicious choice of ~x) to decrease the varian~e in a
calculation (while leaving the mean unchanged, of
course). The decrease of variance is usually the primary
reason for altering the probability density function,
although one may do so in case the density p(x) is
difficult to sample.

In solving the Boitzmann transport equation, as we
do with this program, it is possible to show that if the
various density functions entering the equation are altered
in just the right way, then the sampling procedure has
zero variance. The solution of the adjoint transport equa-
tion must be known and it is not possible to achieve a
zero variance scheme in a practical case, but it is useful in
helping to fmd better sampling techniques.

A. Particle Splitting with Russian Roulette. Each
cell in the problem is assigned an importance, a number
which should be proportional to the average value that
neutrons in the ceU have for the quantity being scored.
When a neutron of weight 1 passes from a cell of lower
importance I to one of higher importance 1’, the particle
is split into identical particles of lower weight according
to the following recipe. If 1’/1is an integer n, the particle
is split into n identical particles, each of weight l/n= 1/1’.
If I /1 is not an integer, let n = [1’/1], where [x] stands for
the largest integer in x. Now the particle is split into n + 1
identical particles, each of weight 1/(n+ 1). On the other
hand, if a neutron passes from a region of higher
importance I to one of lower importance I’, so that
1’/1<1, then the particle is kiUed with probability

1.

“

.

a
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1– 1’/1, and followed further with probability 1’/1 and
weight 1/1’.

This technique is perhaps the simplest and most
refiable of all the variance reducing techniques used in
general geometry codes. It can lead to substantial savings
in machine time when used judiciously. Generally, in a
deep penetration problem, one should arrange the split-
ting boundaries so as to keep the number of particles
traveling in the desired direction more or less constant,
that is, approximately equal to the number of particles
started from the source.

B. Path Length Stretching. In a deep penetration
problem such as frequently occurs in neutron shielding
calculations, those particles that suffer relatively few
collisions are apt to be the most important, although
there are fewer of them. In such a case, it maybe helpful
to choose the distance to the next collision from a distri-
bution in which the total cross section has been
decreased, always correcting for the longer path lengths
by altering the statistical weights of the particles involved.

On the other hand, it can also occur that one is
interested in studying some collision process in a rela-
tively thin material so that most of the particles traverse
the region of interest with few, if any, collisions. In this
case, it may prove advantageous to choose the distmce to
the next collision in such a region from an exponential
distribution in which the total cross section has been
increased.

To expedite treatment ‘of the problems mentioned
above, MCN provides for a function q(a) of each cefl a to
be defined as a positive or negative integer. The total
macrosco ic cross section in the ceUa is then taken to be

7-0’ = Zqfa u insofar as neutron transport through that cdl
is concerned. If a neutron escapes from the cell and
travels a distance x in so doing (the distance x determined
by using the fictitious cross-~ ction u’), the neutron
weight is multiplied by e~u–u )x. However, if a particle
has a collision in the cell after traveling a distance x, the
neutron weight is multiplied by u/u’ efu= )x.

A word of caution: Although this technique can
and has been used successfully to reduce variances in a
variety of problems, unrestricted and excessive use of this
device may do more harm than good. It is certainly
neither as safe nor as foolproof to uw as particle splitting
with Russian roulette.

C. StatisticalEstimationof Flux at a Point. Con-
sider the problem of computing the neutron flux at a
designated set of detector points in space. A standard way
of treating this problem is to use statistical estimation at
each coUisionpoint, that is, to compute the probability of
the neutron scattering at just the correct angle to hit a
unit area normal to the line joining the collision point and
the detector point, and, moreover, to reach the detector
with no further collisions.

Suppose we are following a neutron that has a
collision and scatters at an angle Oabout the line of flight

of the neutron. If v = cos 0, let ,p(v)dv be the probabilityy
of scattering between u and v + dv. The probability of
scattering so as to hit a unit area at a distance r from the
collision point along the new direction is given by

For isotropic scattering in the laboratory system,
p(v) = 1/2 so that the above expression reduces to
l/(4rrr2 ), as it should. The probability of the neutron
reaching the detector with no further collisions is given by
ear, where u is the macroscopic total cross section at the
new scattered energy of the particle.

To compute the probabilities above, one must use
the information in the code to determine the scattering
probabilities and the new particle energy for each of the
scattering processes treated. For example, in the case of
elastic scattering, the angular scattering probabilities are
stored in the center-of-mass system of coordinates, where-
as v = cos O is the angle of scattering in the laboratory
system. However, we have the well-known relations

v. l+Au
) s

where A is the ratio of the mass of the target atom to that
of the neutron, and

where E is the incoming neutron energy, E’ is the energy
of the scattered particle, and r = (A – 1)2/(A+ 1)2.
Making use of these formulas, we may compute
p(v) = p[~(v)] d#/dv. Knowing v from the position of a
detector point, we may compute g(v),. hence determine
p(v) and the outcoming energy of the scattered neutron,

In treating the various inelastic processes, one must
allow for scattering and energy distributions given in
either the laboratory or the center-of-mass systems. In the
first case, the evaluation of p(v) is simple, but in the
second case, one must use the appropriate formulas
linking the incoming laboratory energy of the neutron,
the outgoing laboratory enera, the outgoing energy in
the center-of-mass system, the scattering angle in the
center-of-mass system, and the scattering angle in the
laboratory system. We shall not give these formulas, but
they are readily derived from considerations of the
collision process.

When the detector point is outside the scattering
region, this method of calculating flux is in generaf quite
reliable. However, when collisions can occur arbitrarily
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close to the detector, the variance of the flux can become
infinite. Several methods have been devised to counteract
this situations MCN contains only the simple device of
computing an average contribution for collisions in a
spherical neighborhood of the detector. To be more pre-
cise, if one assumes that the flux is isotropic and uniform
in a spherical region surrounding the point, one can easily
derive the expression

4 3—7rr. a
30

for the average contribution to the flux at the detector
for particles colliding in the spherical region, where p(v)
and u are defined as above, and r. is the radius of the
sphere about the point. Using this expression does not
cure all difficulties arising in the computation of flux at a
point, but it can help to prevent the rare collision, very
close to the detector, from seriously perturbing the calcu-
lation. The choice of r. may require some experimenta-
tion, because the sphere should be large enough to enclose
a reasonable number of collisions, but not so large that
the assumptions are violated. For a typical problem, r.
may be chosen as a fraction of a mean free path, but it is
most important that one should obtain a good sample in
the vicinity of the point detector. Otherwise, either the
estimate of the flux will be too low or the occasional
collision in the vicinity of the detector will carry too
much weight, leading to large variances in the result.

A scheme which may often be used to advantage
when the detector is embedded in the scattering medium
has been suggested by Everett.G Suppose the point detec-
tor is enclosed by a finite set of spheres of decreasing
radii, rl rz, ... rn (n is in general a small positive integer).
It is simple to obtain the estimate of the flux outside of
the sphere of radius r, (call it F1), then the estimate
outside of r2 (F2 ), and so on until we obtain the estimate
of the flux outside of the sphere of radius rn (Fn).
Plotting Fi vs ri leads to an extrapolated value for the flux
at the point. Becau.swno information is obtained from
collision points inside rn, it is important that rn not be so
large that extrapolation is risky, yet not be so small that a
collision point close to the boundary of the nth sphere
can cause a large perturbation in the estimate. One can
best gauge the size of the spheres to be used from analysis
of the physical problem and experimentation. The latter
is particularly helpful in the choice of rn. Again, if the
detector is not in a fairly accessible region, so that the
occasional coliison close by is very important, then bias-
ing is called for to increase the number of particles in the
vicinity of the detector. With poor sampling in the neigh-
borhood of the point, no scheme is reliable.

Standard tallies.Definitions of some of the terms
used to specify the output of MCNare given.

1. (Mrents Across Swfaces. By the current across a
surface in a given direction we mean simply the number
of particles crossing the surface in that direction as a
function of time, energy, and angle with the normal to
the surface. The code will yield the number crossing in
each of the two directions of crossing for any subset of
the boundary surfaces in the problem, and will taUy the
number of neutrons crossing in a common set of time,
energy, and angle bins. The two direct ions of crossing are
designated by (– to +) and (+ to –). The symbol (– to +)
means that the particles cross the surface from a cell that
has negative sense with respect to that surface into a cell
that has positive sense with respect to that surface. The
symbol (+ to –) is interpreted similarly, obviously refer-
ring to crossing in the opposite direction. In the problem
printout, we use the more descriptive term “number of
neutrons crossing” instead of “current” to avoid ccmfu-
sion.

2. F7ux at a Sutiace. By flux we mean track length
per unit volume per unit time. In printing out the flux
across a boundary surface in the problem, we give the flux
integrated over the entire surface, as well as over time and
energy intervals. Hence, the average flux over the surface
for the time and energy bins may be obtained by dividing
by the surface area. In the sampling process, whenever a
neutron of weight W crosses the surface in any direction,
we compute ~, the cosine of the angle the line of flight of
the particle makes with the normal to the surface, form
the quantity W/l 14, and dump it into the appropriate
time and energy bin for the flux.

3. Flux Tally in Cells. Frequently, in computing
reactions, it is convenient to tally the average flux in a cell
as a function of time and energy. Here we actually com-
pute the total track length of the particles in the cell and
divide by the volume of the cell. This method of comput-
ing average flux takes account of the geometric shape of
the cell, and it can yield an accurate value of the flux in
thin regions where few collisions take place.

4. Chpture Tally in Cells. This is a straightforward
collection of the number of particles captured in a desig
nated set of cells of the problem. The information Is
classified into time and energy bins.

5. Flux Tally at Points. We described this calcula-
tion in Sec. V. C. l%e flux is computed as a function of
time and energy at a prescribed set of points in space.

In any of the tallies described above, beside each
quantity printed there appears the estimated error in that
quantity. As described in our discussion of errors in
Monte Carlo calculations, we print the relative error
obtained by dividing 6(Z) by K Z refers to the mean
quantity tallied, and uii refers to the sample standard
deviation in Z

.
.-
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It is implicit in the definition of Y, but we empha-
size the fact that all tallied quantities described above are
normed by the number of particles starting from the
source. That is, all answers are given “per starting neu-
tron.”

VI. Execution of Monte Carlo Neutron Programs

A. Initiation. ‘he initiating program MCIW is
employed in the f~st stage of the Monte Carlo solution.
This program reads the problem deck, which is a descrip-
tion of the physical system and desired tallies, processes
this information, and produces a data file needed by the
running program MCN.

The problem deck consists of cards grouped as
follows:

Problem ID card

Cell cards

Blank card

Surface cards

Blank card

Data cards

Blank card

The format of these cards is defined below.
The data ffle written by MCNI has the following

structure:

Fixed data, such as geometry and tally controls
(record #1)

Cross sections required by this problem (record
#2)

Tally record (initial) (record #3)

If the option to store certain cross sections in Extended
Core Storage (ECS) on the CDC-6600 or in the Large
Core Memory (LCM) on the CDC-7600 is taken, an addi-
tional record of this data is written following the (fast
core) cross-section record.

During its processing cycle, MCNI rdso prints out
the card images of the problem deck, error messages if
any, and other information pertinent to the problem
initiation.

B. Running. The second stage, and succeeding
stages if necessary, comprise the actual Monte Carlo calcu-
lation. This is executed by MCN, the running program.
Input to MCN consists of the data file produced by the
initiating program MCNI and a single data card, the run

card. The mn card contains the following problem
parameters.

Problem time cut-off in shakes

Weight cut-off

Job time in minutes

NW, printout cycle (tally printout occurs every
NDP histories)

NDM, tally record write cycle

Tally record number (specifying tally record to
begin this run with)

NIT, terminal history number (calculation stops
after NW histories)

The format of this card is defined by the FORTRAN
statement FORMAT(3E1O,4I 10),

After reading the run card, MCN reads the freed
data and cross-section data from the data file. The speci-
fied tally record is then found and the calculation pro-
ceeds. (When the calculation is just beginning, only the
initial tally record written by MCNI exists.) Shortly
before the job time is to expire, MCN writes the latest
tally record at the end of the data fde. The Monte Carlo
calculation is continued by stages, if desired, by.executing
MCN and reading the last tally record in the data file at
each stage. As the calculation continues, the data file
expands to accommodate the latest tally records.

C. File Manipulation.MCNI finds the needed cross
sections by reading from a file called CODE’lT. The data
fde produced by MCNI is written to a fde called RUNTP,
which in turn is read by MCN. In practice, CODE’lT is a
f~ed magnetic tape consisting of three tiles; (1) MCN and
ita subroutines, (2) MCNI and its subroutine, and (3)
neutron cross sections for all nuclides of interest. RUNTP
is a scratch magnetic tape of two files; (1) a copy of the
f~st file on the CODETP, namely, MCN and its sub-
routines, and (2) the data ffle.

The procedure used when initiating a calculation
begins with mounting the CODETP and a scratch tape as
RUNTP. The first file of the CODETP is copied over to
the RUNTP. The second file of the CODETP, MCNI and
subroutine, is then loaded and executed. At this point,
the cross-section file is @ position to be read. After
writing the data file to RUNTP, MCNI rewinds RUN’IT.
Once the running stage is begun, the first fde of RUNTP,
a copy of MCN and subroutines, is loaded and executed.
‘he data tile is then in pmition to be read by MCN. To
continue a calculation, only RUNTP is needed. The usual
practice in a job initiating a calculation is to proceed into
the running stage immediately after MCNI has finished,
without first checking the initiation printout for errors. A
brief run here by MCNcosts little and often reveals errors,
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especially because the orderly completion of the initiation
does not guarantee that the problem deck is correct.

Appendix A provides listings of “initiate and run”
and “continue run” control card decks used within the
operating systems for LASL’S CDC-6600 and CDC-7600
computers.

D. Card Format. Cell cards,surface cards, and data
cards all conform to the same format. Columns 1-5 are
reserved for the name (or number) associated with the
card, if any. The name (or number) field can appear
anywhere in columns 1-5. Blanks in these columns indi-
cate a continuation of the data from the last named card.
Columns 6-72 are for data entry associated with the
name. With some exceptions on cell cards, separation
between data entries is by one or more blank columns. In
general, data entries may be integers or real numbers,
inasmuch as the program makes the appropriate conver-
sion. All items are read from the data field with a
FORTRAN E20 format.

Two features of the FLOCO H loader have been
incorporated into the code to facilitate card preparation.

1. nR: Repeat the last entry before this state-
ment n times.

2. kI: Insert k linear interpolates between the
entries immediately premding and following
this state.

l’hese features apply to both integer and floating
point quantities and may be used wherever applicable.

E. Problem ID Card. Any ID card may be used for
problem identification; columns 1-80 are read. This card
must be included even if it is a blank.

F. Ml Cards. ‘l’henumber of the cell is in columns
1-5. Columns 6-72 will contain, in the following order,

1. The cell material number,

2. The cell material atomic density, and

Mnemonic

P

Px

PY

Pz

s@

s

Sx

3.

The

A complete list consisting of the number of a
surface bounding the cell followed by the
numbers of those cells on the other side of the
surface which could be entered by a neutron
leaving the given cell; a second surface, if it
exists, followed by the cells on the other side
into which a particle may escape, etc., running
through all bounding surfaces of the cell.

numbers of the surfaces bounding a cell are
signed quantities, the sign being determined by the sense
any point within the cell has with respect to the surface.
If the sense is positive, the sign should be omitted. The
list consisting of the surface number foUowed by the
number of the cells on the other side is a list in the sense
that each entry except the last must be followed imme-
diately be a comma. The absence of the comma indicates
that another bounding surface follows with its attendant
cells on the other side. Blanks may be used optionally to
further separate list entries. Ambiguity surfaces are
treated as bounding surfaces having no cells on the other
side. In this case, omit the comma following the number.

If a cell is a void, this maybe indicated by entering
a cell material number of O and omitting the density
entry.

G. Surface Carda. The number of the surface
appears in columns 1-5. MCN provides that any surface
appearing in the problem may be a reflecting surface. To
designate a reflecting surface, the space on the surface
card immediately preceding the surface number should
contain an asterisk. A neutron hitting such a surface finds
itself s~cularly reflected and the calculation continues.
Columns 672 contain, in the following order,

1. An alphabetic mnemonic indicating the surface
type, and

2. The surface coefficients in proper order.

We list here the surface types, their mnemonics, and the
order of entry of the surface coefficients.

!hme (E crua~

Ax+ By+ Cz-D=O

x -D=O

Y -D=O
-D-o

x2+y2+z ; -R =()

(x-~) 2 + (y-~) 2 + (z+ 2 - R2 = O

(x-;) 2 + yz +Z2-R2=0

Coefficients in
tider of En trv

A, B, C, D

D

D

D

R
---
X9 Y~ ZS R

x, R

..

.
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Mnemonic

SY

Sz

c/x

c/Y

c/z

Cx

CY

Cz

K/X

K/Y

K/Z

Kx

KY

KZ

SQ

GQ

OD

Type (Equation)

X2 + (y-~)2 + Z2 - R2 = O

X2 + yz + (2-;)2 -R2 =()

(Y-j)2 + (Z-~)2 - R2 = ()

(x-;) 2 + (z-~)2 - R2 = O

(X-=)2 + (y-;)z R2 =()

Y2+Z2: R2 =()

X2 +Z2 -R2=0

X2 + yz R2=0
-2=0-tz(x-i)z + (y-j)z + (z-z)

(X-2)2 - tz(y-;)z + (2-;)2 = o

(x-;) 2 + (y-;) 2- t2 (z-;) 2 = o

-t2(x-;)2 + yz + 22 so

X2 - tz(y-j)z -1- 22 = ()

X2 +Y2 -2 =0- t2(z-z)

A(x-~)2 + B(Y-~)2 + C(z-~)2

+ 2D(x-~) + 2E(y-j)

+ 2F(z-~) -t G = O

AX2 + By2 + Cz 2+Dxy+Eyz

+Fzx+Gx+Hy+Jz+K =0

(y-j)2/b2+ (Z-~)2/C2 = 1*

Coefficientsin
OrderofEntrv

Z-R, z,
--
x, y, R

R

R

R
---
x, y, z, t 2

:, ~, i, t 2
--- t2x, y, z,

x, t 2

y, tz

z, tz

A, B, C, D, E,

A, B, C, D, E, F, G

H,”J, K

~, ~, b, C. —— —- ‘“

*In this case,the equation shown is that of the eUipse in the yz-plane which generates the fourthdegree surface
actually used in the code by the process of revolving the ellipse about the y~xis. The resulting elliptic torus has the equation

(X2 + Z2 + py2 - 2pfi + Bo) 2 = AO(X2+Z2) ,
where p = c2/b2

Bo=~2-c2 ‘2+ py

A. = 4~2 .
Becausethe torusiscompletelydefinedby the ellipse,wespeeifyonly the simplerequationin settingup thegeometry.

. H. Data cards. All data cards are distinguished by quantities by cell. The entries on the IO, Y6, and
the alphabetic first character of the name. Data cards RI ,... ,Rn cards must correspond to the order in which
break down into the following six categories. If a data the cell cards are placed in the deck. There are no order-
card contains all zeros, it may be omitted. ing restrictions on either cd or surface cards; thus, the

nth entry on an IOcard must be that value assigned to the
1. Cell Specification Cards. The names associated cell occupying the nth position among the cdl card

with the cell specification cards are IO, Y6, Y7,
R1

entries.
,... ,Rn. These cards continue the specification of
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The usage is as follows. about the source subroutines are given in Appendix B.)
The usage is as follows.

IO: Cell importance.

Y6: q(a), where 2qfal Utot is the fictitious cross
section used in cell a to compute distance to
the next collision.

RO: A sequence of times t,, tz, ... ,tn at which the
cell thermal energies are given.

R1: Cell thermal energies at the 1st time tl.
.
.
.
Rn: Cell thermal energies at the nth time, tn.

Importances are cell constants independent of the energy
of the neutron, thus necessitating only one entry per cell.

The cell thermal treatment requires an appropriate
thermal “cut in” energy for the problem (see DO card).
All neutrons above this energy are treated as scattered
from stationary nuclei. At neutron energies below this
cut-in, and for scattering nuclei not belonging to one of a
select group of light atoms, the elastic scattering event is
treated as scattering from a stationary nucleus isotropic-
ally in the laboratory system with no energy loss. The
select group of light nuclei, which always includes hydro-
gen and deuterium if present in the problem, are consid-
ered to be in thermal motion, having a Maxweltian distri-
bution of velocities determined by the cell thermal
energy. Scattering on these nuclei now includes the effect
of the thermal motion. This treatment of thermalization
of neutrons is often described as using the free-gasmodel.

The cell thermal energies cart further be specified as
a function of time. The thermal energies as a function of
cell (each cell has its own thermal energy) are given at a
discrete set of times t,, ... ,tn. The first time, t, , is
written as the first entry on the ROcard; the second time,
t2, becomes the second emtry on the RO card, etc.,
through the n values of the time. The thexmal energies at
time t, are listed, cell by cell, on the R1 card; the
corresponding cell thermal energies at time tz are listed
on the R2 card, etc. A linear interpolation is used to
determine the cell thermal energies at times between two
entries. Time values occurring before t 1, or after tn, use
the thermal energies at the nearest time entry. Because
thermal energy entries are required only for those cells
whose material composition includes one of the select
group of light elements treated by the free-gas model, all
other cell entries can be set to zero.

Note. Here we use kT to denote the thermal energy
of a cell rather than the more correct 3/2 kT. Of course,
our units of energy are MeV.

2. Source Cards. The names associated with the
source cards are Sn, UO,VO,and WO.All or some of these
cards may be used with a particular source. (More details

Sn: The particular source used may be specified
by n. One may build up a library of sources
each of which is denoted by a subscript, n; at
present 1 <n< 8.

UO: Source track fractions (described below).

VO: Cumulative probabilities that the energy of a
source particle is less than the corresponding
energy entry in WO.

WO: A table of energies of source particles.

VOand WOtogether give the distribution function of the
energy spectrum. A random number, i, on the range (0,1)
yields a unique starting energy by linear interpolation
from this energy distribution function. The source may be
arbitrary in MCN provided that it gives a complete de-
scription of the starting neutron’s initial parameters.
Usually this amounts to a specification of the position,
direction, time, energy, weight, the number of the ceU
started from, and/or the number of the surface started on.
Any or all of these quantities may be completely deter-
minate or sampled from some distribution. The entries on
the Sn card are generally associated with the weight, cell
name, and/or surface name.

‘Ihe first entry on the WOcard should be the mini-
mum neutron energy from the source, followed by the
energy entries in order of increasing magnitude through
the maximum allowable energy. As mentioned above, the
entries on the VO card are the cumulative probabilities
that a source neutron has an energy less than or equal to
the corresponding entry on the WOcard. In this case, the
fiist entry on the VO card must always be Oand the last
entry must be 1. However, if the source probability distri-
bution is derived from data giving the number of neutrons
started in each energy group, this data can be entered
directly onto the VO card. The first entry is again O,
followed by the input for each energy group up through
the highest energy group. The code will process these
entries to form the corresponding probability distribu-
tion. The code distinguishes between the two modes of
entry on the VO card by examining the last entry. If this
is 1, it assumes that a cumulative probability distribution
was read in; otherwise, it processes the data [o form the
distribution.

The entries on the UO card are used to bias the
energy distribution of the source. We call these entries
track fractions. Track fraction is the fraction of neutron
histories (regardless of the weights attached to these
histories), or “tracks” started in a given energy interval.
For example, we may start more tracks at high energies in
a shielding problem, correcting the distribution by alter-
ing the weights assigned to these tracks. In this way we
should always start the correct amount of weight in each

..
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energy interval. The f~st entry on the UOcard must be a
O.This is followed by an entry proportional to the num-
ber of tracks to be started in the lowest energy group, the
entries continuing in the same way, one for each energy
group, through the highest group deilned for the source.
But when one is biasing the source by ualng a UO card,
then the entries on the VOcard must also be proportional
to the number of particles from the actual source in the
corresponding energy groups, (Note: A cumulative prob-
ability distribution on the VO card is not used when the
UOcard is used.) The code normalizes the entries on the
UO and VO cards, divides the fraction of actual source
particles in an energy bin by the fraction of tracks started
(the “fictitious source”) in that bin to obtain the weight
assigned to particles in that energy group, puta the appro-
priate weights so obtained in the proper locations in the
UO block, and finally stores a cumulative probability
distribution for r.he fictitious source (the distribution of
tracks) in the VOblock in the correct storage locations.

In a similar way, it is sometimes helpful to bias the
directions of the emerging source particles. For example,
one might send more particles or tracks in a given direc-
tion than would norrrdly emit from the source in that
direction. Again, the directional distribution is corrected
by altering the weights of the emerging particles so as to
always send the correct amount of weight in any given
direction. Sizable reductions in variance may result from
energy and directional biasing of the source.

The Sn card may be used for entering source data
not listed on the UO, VO, and WOcards, such as dimen-
sions related to the source, or quantities related to direc-
tional biasing, or any other parameter values such as
starting weight, cell, energy, position, and direction of the
source particles. (Appendix B gives some standard sources
included in the code, as well as the general source
routine.)

3. LCard. The L card is an optional card that gives
the names of problem nuclides whose cross sections are to
be stored in ECS (or LCM). Total cross sections and
corresponding energies for all nuclides in the problem
reside in fast core. The rest of the cross-section informa-
tion can be stored in ECS and brought into fast core when
needed. A judicious selection of nuclides of lesser impor-
tance in a problem for ECS cross-section storage can save
considerable fast core storage. This procedure costs very
little in execution time because the transfer rate between
ECS and fast core is so high. A table giving cross-section
storage allocation between fast core and ECS is printed by
MCNI at the end of initiation.

4. Function Carda. The function cards refer to the
various tallying functions that the code can perform. The
names associated with these cards are Fn, En, Tn, Cn, and
P4. The usage is as follows.

Currenttally: n = 1. The code tallies currents
across any designated subset of the bounding

surfaces in the problem in each of the two direc-
tions of crossing. Beside each printed number
appears the relative error in that quantity.

Requires Fl, El, Tl, and Cl cards.

F1: Tally surface numbers. The entries are the
numbers of the surfaces across which currents are
to be tallied. There are no ordering requirements
on the surface number entries.

El: Tally energies. The upper bounds of the
energy bins must be entered in the order of in-
creasing magnitude.

T1: Tally times. ne upper bounds of the time
bins must be entered in the order of increasing
magnitude.

Cl: Tally cosines. The angular limits are defined
with res~ct to the normal to the surface at the
neutron point of entry. The card entries are given
as lower bounds of the cosine bins where the
order of entry starts with the angle nearest the
normal and continues around to the tangent
plane. Thus, to tally currents within the angular
limits O to 30”, 30 to 60°, and 60 to 90° with
IesPct to the normal, the entries on the C1 card
would be 0.8660,0.5,0.

Flux tally acrosssurfaces:n=2. The code tallies
fluxesacross any designated subset of the bound-
ing surfaces in the problem as a function of time
and energy, and in addition lists the corresponding
errors in the fluxes.

Requires F2, E2, and T2 cards.

F2: Tally surface numbers. The entries are the
numbers of the surfaces across which fluxes are to
be tallied. There are no ordering requirements on
surface number entries.

E2: Tally energies. The energies must be entered
in the order of increasing magnitude exactly as in
El above.

T2: Tally times. The times must be entered in the
order of increasing magnitude exactly as in T1
above.

Flux tally m cells: n+. ‘l%e track length per unit
volume, or average flux, is tallied in any specified
subset of cells in the problem as a function of
time and energy. The corresponding errors are
given.

Requires F4, E4, T4, and P4 cards.



F4: Cell tally numbers. The entries are the list of
cells in which the flux is to be taUied. There are
no ordering requirements on the cell number
entries.

E4: TaUy energies. The upper bounds of the
energy bins must be entered in the order of in-
creasing magnitude.

T4: Tally times. The upper bounds of the time
bins must be entered in the order of increasing
magnitude.

P4: Cell volumes. The volumes of the cells listed
on the F4 card are entered in the same order.

Flux tally at points:n=5. The code taUies the flux
at a designated set of points in space as a function
of energy and time and prints these quantities
along with their statistical errors.

Requires F5, E5, and T5 cards.

F5: Tally coordinates for each point detector. The
entries are sets of ordered quadruples (x, y, z,
~), one quadruple for each detector point, where
(x, y, z) designates the location of the point in
space, and R. is the radius of a fictitious sphere
with center at (x, y, z) (see the description of flux
tallies at points in Sec. V, Sampling Techniques).
For each collision occurring inside this fictitious
sphere, an average contribution is taUied at the
detector point.

E5: Tally energies. The upper bounds of the
energy bins must be entered in the order of in-
creasing magnitude.

T5: Tally times. The upper bounds of the time
bins must be entered in the order of increasing
magnitude.

Capture tally in cells: n=6. The code tallies the
number of neutrons captured in a designated sub-
set of cells in the problem as a function of energy
and time, and prints these quantities along with
their statistical errors.

Requires F6, E6, and T6 cards.

F6: Cell taUy numbers. The entries are the un-
ordered list of cells in which the number of neu-
trons captured is to be found as a function of
energy and time.

E6: Tally energies. The energies must be entered
in the order of increasing magnitude just as in the
above cases.

T6: TaUy times. ‘l’he times must be entered in the
order of increasing magnitude just as in the above
tallies.

The capture tally is easily modified to record
some other quantity, such as fission or one of the
other reactions, as a function of energy and time.

S. DOCard. The DOcard has three entries ordered
as fouows.

1. Thermal Energy Cut-In. AUneutrons having an
energy less than this value are given the thermal treat-
ment by using the free-gas model (see RO and Rn
cards). The thermal cut-in is usually assigned a value
that is a factor of 10 greater than the maximum
thermal energy in any ceUof the problem. If thermal
energies are not used, this entry is set to O.

2. Energy Cut-Off. This is the lowest energy value
of interest in the problem. If thermal energies are used
(Rn cards), this entry should be zero.

3. Maximum Energy of the Problem. This entry
should be at least as large as the energy of any particle
in the problem.

If thermal energies are not used in the problem, the
code will read in cross sections to cover only the energy
range defined by 2 and 3 above; that is between Emin ~d
%,X for the problem. The program for eliminating cross
sections not pertinent to the problem is caUed SNIP. If
thermal energies are used in the problem, SNIP is inopera-
tive.

6. Material Cards. The names associated with
material cards are Mn; n will be the number associated
with a material and should appear on the appropriate cell
cards, that is, on a ceU card whenever that ceU contains
that material. The cross-section tape contains the cross
sections of a list of elements or nuclides which themselves
are identified by a number, both on the tape and in
making up the composition of a material.

The entries on the material card should consist of
the identifying number of a constituent element followed
by the atomic fraction of that element, the number of a
second constituent element followed by its atomic frac-
tion, etc., running through aU the elements needed to
define the material.

Where problems are run using a list of standard
materials, the appropriate material information is left in
the code with each material then having a fixed identify-
ing number. These material numbers are entered on the
appropriate cell cards of the problem.

Example: To help the reader use the present Monte Carlo
program, we work out in detail a sample problem in
Appendix C. The descriptive material above will be more
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easily assimilated if the prescribed steps are followed in
setting up the problem. Further, a complete print of the
problem output is displayed.
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APPENDIX A

CONTROL CARD DECKS

a. “Compile source, initiate, and run” deck for
LA8L’s CIX2-6600

J@Bcard
C@4MENT. C$!MPILE SOURCE, INITIATE, AND RUN
PRQ)BLEM

ASSIGNMT, C@DETP(TLB,tape no., SHB)

ASSIGNMT, RUNTP@JLB,,SHB)

RUN(SX,B=RUNTP) COMPILE S@JRCE

C@PYBF(C@DETP,RUNTP)

C@TBF(Cfj)DETP~CNI)

MCNI.

RELTAPE(C@DETP)

C(l)PYBF(RUNTP~CN)

MCN.

789 card

Source subroutine deck (including COMMON)

789 card

Problem deck

789 card

Run card

6789 card

When one of the standard sources is used, the fol-
lowing deck suffices to “initiate and run.”

B JQB Card

C@lMENT. INITIATE AND RUN PROBLEM

ASSIGNMT,C@DETP(PLB,tape no.,SHB)

ASSIGNMT,RUNTP(NLB,,SHB)

C@PYBF(Cfj)DETP,RUNTP)

C@PYBF(C@DETP~CNI)

MCNI.

RELTAPE(C@DETP)

C@PYBF(RUNTP$iCN)

MCN.

789 card

Problem deck

789 card

Run card

6789 card
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“Continue run” deck for LASL’SCDC-6600

COMMENT.C@NTINUERUN

ASSIGNMT,RUNTP(NLB,tape no.,SHB)

C~PYBF(RUNTP~CN)

MCN.

789 card

Run card

6789 card

b. “Compile source, initiate, and run” deck for
LASL’SCDC-7600.

$. COMPILE SOURCE, INITIATE, AND RUN
PROBLEM

$CREATE(FS=C@DETP,CL=UJREMT=CR@3 tape no.)

$RUN(C=SX,B=RUNTP) CQMPILE SOURCE

$C@PYF(I=C@DETP,@=RUNTP)

$SETQ(KEY=KKTP)

$SETQ.

$LDC@@C@DETP) INITIATE

$IF(FALSE=RUN)

$DMPX.

$ST@P.

$LABEL(RUN)

$SETQ(KEY=KKTP)

$SETQ.

$LDGO(I=RUNTP) RUN

$DMPX.

$LABEL(TAPE)

$AFSREL(RF=RUNTP,ADISP=TAPE)

$FM.

Source subroutine deck (including COMMON)

$FM.

Problem deck

Run card

$EJ.

As in the caseof the corresponding CDC-6600 deck,
the above deck can be converted to “initiate and run”
with a statmh.i soume by simply removing the $RUN
control card and the source subroutine deck with its $FM
terminator.

“Continue run” deck for LASL’SCDC-7600

$. CQNTINUE RUN.

$CREATE(FS=RUNTP,CL=UJ?REMT<ROS tape no.)

$SETQ(KEY=KKTP)

$SETQ.

$LDG9(I=RUNTP)

$IF(FALSE=TAPE)

$DMPX.

$LABE~TAPE)

$AFSREL(FS=RUNTP, ADISP=STME~osMT~me
tape no. as in $CREATE)

$FM.

Run card
$IF(FALSE=TAPE)

$EJ.

,.
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APPENDIX B

SOURCE SUBROUTINES

I. StandardSources

The general nature of the geometry of many Monte
Carlo problems has some bearing upon conventions estab-
lished for source routines. Although we make no attempt
to be exhaustive, we include some frequently occurring
sources. Suppose the source is at the center of, in, or on
the surface of a spherical cell; in the sources below, this
cell is assumed centered at (0,0,0), the origin of the
coordinate system. Also, all point sources are assumed to
be at (0,0,0). Whenwe speak of a biased source below, we
mean that the angular distribution is biased in the sense
that more neutrons are started in the positive y direction
than in the negative, always correcting for the bias by
rdtenng the weights of the starting particles. In general,
we start more neutrons in the hemisphere symmetric
about the +y direction than in the hemisphere symmetric
about the –y direction, with the correct angular distribu-
tion in each hemisphere.

Occasionally it is desirable to bias the energy dis-
tribution of the source, to emphasize the effects of cer-
tain energy groups. This is effected by modi~ing the
source probability distribution and the particle weighting
by means of the track fractions. (See Source Cards, Sec.
VI.H.2.) A source having this capability is referred to
below as a weighted source.

To use the following sources without modification,
the cell containing the source should be cell number 1
and, if the bounding surface of cell 1 is a sphere, it should
be surface number 1. The entries on the Sn card will be
designated in order of their entry as SRC(l), SRC(2), ... .
SRC(N). If cell 1 is a spherical region, by setting SRC(4) =
radius of sphere as in source S1 below, the code will nbt
compute the distance to the boundary traveled by source
particles. However, if SRC(4) = O, the code will compute
the distances to all boundary surfaces of cell 1, selecting
that surface corresponding to the smallest positive dis-
tance as the surface crossed if the particle reaches the
boundary before collision. For example, if cell 1 is not a
spherical region, one should set SRC(4) = O.

Source Routines.

S1: A biased point source.

Requires VOand WOcards.

SRC(I) = fraction of neutrons directed in +y direc-
tion.

SRC(2) = weight of a neutron directed in +y direc-
tion.

SRC(3) = weight of a neutron directed in –y direc-
tion.

I

SRC(4) = radius of cell 1, if cell 1 is a spherical
region

SRC(4) = O,otherwise.

S2: A weighted, biased point source.

Required UOand VO,and WOcards.

(Entries on Sn card same as in source S1.)

S3: A biased, cosine distribution relative to the
outward normal of a sphere (surface 1).

Requires VOand WOcards.

(Entries on Sn card same as in source S1, except
that SRC(4) = radius of surface 1. Particles are
started in cell 2).

S4: A weighted, biased, cosine distribution relative
to the outward normal of a sphere (surface 1).

Requires UO,VO,and WOcards.

(Entries on Sn card same as in source S3).

S5: An isotropic point source.

Requires VOand WOcards.

SRC(l) = O.

SRC(2) = O.

SRC(3) = O.

SRC(4) defined as in S1.
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S6: A weighted, isotropic point source.

Requires UO,VO,and WOcards.

(Entries on Sn card same as in S5.)

II. GeneralSourceSubroutine

When the source cannot be represented by one of
the standard sources described above, it is necessary to
write a FORTRAN subroutine headed by a SUB-
ROUTINE SOURCE card and a COMMONdeck provided
by LASL Group TD-6. Neutron parameters discussed be-
low must be assigned initial values within this subroutine.
In conjunction with the source subroutine there is an S7
or S8 card in the problem deck.

III. Neutron Parameters

X x-coordinate of neutron’s position.

Y y-coordinate of neutron’s position.

Z z-coordinate of neutron’s position.

U x-axis direction cosine of neutron’s direction.

V y-axis direction cosine of neutron’s direction.

W z-axis direction cosine of neutron’s direction.

At the point of the call of source subroutine, MCN
has already sampled and assigned U, V, and W from an
isotropic distribution. Unless the source distribution is
anisotropic, the parameters U, V, and W need not be
assigned.

DEL A special quantity used by MCN in computing
distances to surfaces bounding a cell to determine
which surface is intersected by the neutron’s flight
path. If DEL is set to zero, distances to all surfaces
are computed; this is generally the value used when
the source neutron is w“thin a cell. When the
source is on surface JA, DEL must in general be set
to –1.0 to avoid inadvertent selection by the pro-
gram of surface JA as the nearest bounding surface.
There are two exceptions to these rules. If the
distance from the source point to bounding surface
JA is constant, as for a point source at the center
of a sphere, then DEL should be set equal to that
distance, thus obviating this computation by MCN.
The other exception occurs when the source is on a
seconddegree surface JA and the neutron flight
path intersects JA at another point besides the

source point. Then DEL must be set equal to the
distance from the source point to the other inter-
section point. For example, if JA is a sphere and
the source is on the surface directed inward,
DEL = –2(XW + Y.V + ZW/).

IA The program name of the cell containing the
source neutron, or, in the case of a surface source,
the cell which will be entered by the neutron.

JA The program name of the surface in question when
DEL has been set to a nonzero value. When DEL is
zero, JA should be set to 1.

TME Neutron’s time in shakes ( 1 shake = 10-8 *C).

WT Neutron’s weight (generally 1.0).

ERG Neutron’s energy in MeV. ,

IV. S7 or S8 Card

An S7 or S8 card in the problem deck signals the
code that subroutine SOURCE is to be called for source
neutron parameters. The S8 card is used only in the
following special situation. If a point detector calculation
is being made, and neutrons are emitted from the source
anisotropicaUy, then MCN needs to know the probability
density PSC of emitting directly towards the detector.
The S8 card causes a call to a subroutine SRCDX that
must be provided along with SOURCE and which must
assign a value to PSC. The quantity PSC is uwd to
calculate the contribution of the source neutron directly
to a detector. If the S8 card is not used in a detector
calculation, MCN assumes that the source emission is
isotropic and sets PSC equal to 0.5.

Up to eight values may be punched on an S7 or S8
card. These values are stored in order in the array SRC(I),
1= 1,2 ,...,8, and are available to subroutine SOURCE
via COMMON.

V. Random-Number Generators

Sampling from distributions for source energies,
times, etc., may be accomplished as needed by the use of
the random-number generators FRN(KR.N) and
FRNS(KRN), which are loaded as function subprograms
into core with MCN. Each use of FRN(KRN) will give the
next random number $ (O< $<1.0, uniformly distrib-
uted) in the sequence. The use of FRNS(KRN) in a
statement gives a random number on the range (–1 .0,1 .0)
(in effect, FRNS(KRN) = 2.*FRN(KRN) - 1.). If more
than one random number is required in a FORTRAN
statement, a little finesse is called for because the com-
piler notices identical functions and then uses the func-
tion only once. For example, the expression

,.

. .
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AMAX1(FRN(KRN), FRN(KRN)) will not do since it statement such as RN = FRN(KRN) preceding
results in the same random number being used for both AMAX1(RN,FRN(KRN)) is successful.
arguments of AMAXI. Some preliminary assignment

—.

APPENDIX c

SAMPLEPROBLEM

In order to illustrate the steps in setting up a typical
problem, as well as to portray some of the standard
output features, consider the geometrical configuration of
Fig. C-1. Figure C-2 shows how this problem might be
zoned to prepare it for MCN.

We shall specify the various input and output func-
tions and proceed to setup and make a sample run of the
problem. (See Tables C-I through C-IV.) This problem is
used merely to instruct and is not necessarily meant to
represent a physical problem. In a practical problem, one

might proceed differently and with more regard to the
physics of the situation in zoning the problem, in specify-
ing some of the input functions, and particularly in the
choice of the output functions available to the user.

A. Source. The source, with energy distribution
listed in Table C-I, is uniformly distributed in volume
throughout cell 1 (Fig. C-2), and isotropic in direction.
Because we are tallying mainly along the positive y direc-
tion, we decided to bias the directional dktribution, send-
ing three-fourths of the particles isotropically with posi-
tive v (v is the y-direction cosine) and one-fourth of the

i

t /
OISTANCES IN cm
OENSITIES fp) IN g/cm3

P
REnx;:uo

[

Fig. C-1.
t%mple problem for the MCN code.
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fig. c-2.
Sirmple problem zoned for input to MC-W

TABLE C-I

SOURCE

Group Energy (MeV) Fractions in Group

1 0.0001 0
2 0.001 0.01
3 0.01 0.03
4 0.1 0.06
5 0.5 0.20
6 1.0 0.30
7 5.0 0.20
8 10.0 0.15
9 14.0 0.05

(The energy listed is the upper bound of the energy group.)

particles isotropically with negative v, correcting the
weights of the source particles so that one-half of the
weight has positive v and one-half has negative v.

If the problem has a time cutoff of 100 shakes,
suppose we ask for the following information.

18
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B. Currents. TalIy currents across surfaces 10, 11,
and 14 for

energies: 0-0.01, 0.01-1.0, 1.0-5.0, 5.0-14.0
(lvleV)

times: 0-100 (shakes)

angles: 1.0-0.8, 0.8-0.6, 0.6-0.4,0.4-0.2,0.2-0
(values are for the cosine of the angle
with the normal to the surface).

C. Flux Across Surfaces. Tally the flux across sur-
face 17 for

energies: O- O. 01, 0.01-1.0, 1.0-5.0,
5.0-14.0 @leV)

times: 0-20, 2040, 40-60, 60-80, 80-100
(shakes).

D. FIux in a Cell.Tally the average flux in cell 3 for
energies: O-O.1, 0.1-0.5, 0.5-1.0, 1.0-5.0,

5.0-14.0 (MeV)

times: 0-10, 10-20, 2040, 40100 (shakes).

6

t
.-



..

,

a

>

E. Flux at a Point. Tally the flux at the point (O,
10, 25) for

energies: 0-0.01, 0.01-1.0, 1.0-5.0,
5.0-14.0 (MeV)

times: 0-20,2040,40-100 (shakes).

F. Capture in a Cell. Tally the number of particles
captured in cells 4 and 5 for

energies: 0-0.001, 0.001-0.1, 0.1-1.0,
1.0-14.0 (MeV)

times: 0-10, 10-20, 2040, 40-100 (shakes).

cell

1
2
3
4
5
6
7
8
9
10
11
12
13
14
15
16
17
18
19
20
21
22
23
24
25
26
27
28
29
30
31
32

TABLE C-II

CELL QUANTITUM

‘llerrnals (MeV)

t<m t=40 t<a
Importance shakes shakes shakes—— _

1.0
1.0
2.0
2.0
1.0
4.0
4.0
8.0
8.0
16.0
8.0
32.0
16.0
32.0
1.0
1.0
1.0
1.0
1.0
1.0
1.0
4.0
4.0
8.0
8.0
1.0
1.0
2.0
2.0
4.0
1.0
0

0.00001
0
0
0.00001
0.00001
o“
o
0
0
0
0
0
0
0
0.00001
0
0.00001
0
0
0.000001
0.000001
0.000oo1
0.000001
0.000oo1
0.000001
0
0
0
0
0
0
0

0.00005
0
0
0.00005
0.00005
0
0
0
0
0
0
0
0
0
0.00005
0
0.00005
0
0
0.00001
0.00001
0.00001
0.00001
0.00001
0.00001
0
0
0
0
0
0
0

0.0001
0
0
0.0001
0.0001
0
0
0
0
0
0
0
0
0
0.0001
0
0.0001 ~
o
0
0.00001
0.00001
0.00001
0.00001
0.00001
0.000o1
0
0
0
0
0
0
0

TABLE C-Ill

MATBRIAL DENS1’llES

Atomic Density
Material (atoms/cm’ )

Al 0.0603
NormalLi 0.0463

Be 0.123
CH 0.00926
CHZ 0.1173
Fe 0.0847

lx)

[

Thermal energy cut-in = 10_3MeV.
Card Energy cut-off = OMeV.

Maximum energy of problem= 14.0 MeV.
Time cut-off = 100 shakes.
Weight cut-off = ld.



TABLE C-IV

SAMPLE RUN

000001

000001

000001

000001
000001

000001
000001000001

000010
000012
000016
000017

000023
000024
000033
000034
000035
000037

0000*5
0000+6
000050
000051
000052
000053
oooo5b
000057
Oooobo
OOOOb3
000064

000073

000016
000076
000101
000101

SLWMUUT INC StlUMCk
COVMUN PX8*M&J. M&S. MXF. MkT. MXFM. MXLC, LC3, IF O. EUR, IXFM. LXS, L&5 EC, EC

A F8NSR,5Mc lH],5PB 17+1, sWM12*) .sEo(24), cotrx[lo.3). RO [108 ,Fno{l O].:
R 11,11 ?, J1l, J12, RI IO K12,11 l, LL1, IL I, IKL1.121* IZ2*J21, J22,1 12,161, :
C 42s J+l!J4/. 114, 1510 IS201150J51 OJ52, Ibl,1b2, J61s J62. 116, NOETX, LCD,
D LCP*1OII31 !Lllf 161, UHOl VO), F1OIVOl, U41901, LC4[911, ML IlVOl ,ML2i901, C
E Th1V0,51, TTU15), VOL[901, LJA (+501, LCAJ14SOl, L, J[720), KSrl@O) ,LSclS
F 11v5CF1240 I, LCP17?OI, L$U[6), FHEIIOOI, LMEI1OO1 ,LPR16),1JP 160), IFPI
G 601 *P1lOO1, AI2O1 ,LFC[201, LFP1201, LLCM1ZOI ,LCMS{ZO], KRN, NRN, TUS,7C
n S, NPS!hTR*NC l!7M0. E7Mlb). NlM16) ,Vl TIAlb), F{7500)
CoMAluN/Oi /Sib. OLS, P1 ,OPL, PUF, LVl, CSJA, CSA,l&P, KE, NCP, KOB,
1 XOY. Z. U. V. M. ERn. b7, TME, VLt OEL. IA, JA. Np. usO, vsO. wSO. !6f OIIF, !2F0
2 15f
CUhMUN/GZ/ lLlll Z), NE7112), OETl IZl, LETl121, CRTl121 07HDl ZlOAHOl2),
1 lIP~201~l P1201. yio112u I. EFs1331
COPMUN/n3/ 151 Y. FdAl. F248, F243
COPMUN/OxCUM/hlII, InETX, C!jOX, CS,OOETX, OXFAC, AMfP, AMFPP., PBLSAv ( 13) ,

1 Lv2*LV3. LV4. LV5. LV6, LV7. PSC, DMUUA. AW, UOLII, VOLO, WOLO,
2 Ahu. o,ul, Ah. LIcAP, VCAP, WV. CTU#STH. CEP. SEP

UN IFOIO!LY nISl H1Mu7ED IN VOLuME IN SpcCIFIEO SpHFRIcAL CELLO
S7ANrl NU nIREcTIUN ISOTROPIC! BUT ISIASEO lN POSITIVE V-OIRECTION.
ENERGY uIS7M1MUTIU?I.

s7 CM) HEtiUII%ri IN PROBLEM OECK.
S14C I i 1 .cLLL NUMRER.
SKC(<).MAIIIUS UF CELL IN CM,
SNC 131 mrIAAcTIUN OF NEUTROhS WHOSE S7AR!1N0 D1REC71ON HAS

PCISITIUL V.

10

OIHENSION ESIACIq I, PESRC191
Obrb tsRc/.OOOl,. ooll. ol,.l,. s* I.o*s. o*lo. o,14. o/
OATA PESMC/O,.O1,.O+, .10,.30,.60,.80,.95,1 .0/
OISTANCE FNOM OR IQIN SAMPLEO FROM 7ME INTERVAL (o, SRc(2) I
OISTMIIAUTEI) ACCOROING T(2 lNE 01 S7ANCE ~UREO,
R=>l~C121* lFNNl KRNll**.333J333333
5AMPLt UN I+ ONMLY FRON POINTS :NSIOE THC UNIT cIRcLC.
TP{l).FRNSIKHNI
TP121.FHN51KINu)

TP13)=TP II I*.2*TP121**2
IF11P131. G7.1. ) 60 TO 10
1P131 0[s7RIMurELr UNIFORMLY ON THE INTERVAL 10s1). 7P141 IS
7Nt COSIhE OF 7HE POLAU ANGLE OF THE STAR71N0 POINT.
lPl, ).~.. TP{3J-~.
rP~5J=R@SOHT 111. -TP[4l.*z)/rp[3])
x.hel P (A 1
Y=l PlllOTP 151
z.rp(2) .7p(5)
:F(}RN[KMh] .Or. SRC(3]) GO TO 30
Stl 9 POSITIVE sRc I,T1 OF THE TINE.

. V= AHS. IV1
WT=o. s/ShC 131

15 !A=SMCIII
Jfi*l
Twt.u
OEL.0
R. FMNIKRNI
DO 2u 1=2,9
lFIR. L7. PESRCIt II 00 TO zs

20 CONT IFAUE
25 LMG=LSRC II-l I* IESRCIII-ESRCI1-l J I* IR-PESRCII-11 1/

lN:~:::C II1-PESRC(I-lll

str v N26A71vk I-sRc 131 OF 7NE TINE,
30 V=-AMS [V]

W7=0.5;11. -SRCI3)I
au TLr 1-
Eio” ‘-

6

r
.,

I
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SUS.PiN3aRAM LENaTH
000161

FUNc7:aN ASS!aNMENTS

ST ATEMEM1 6SSSaNMLN (S
10 - 000011 1s

8LaCK NAMES AND Lf NtiT14S

.- - 000051 25

- 000061 az

. 000065 30 -

. 000411 a3 -

0000?5

000006

OOO060C03
000350C03
O1O717CO1
000207COI
OOOOOOC03
OOO030C02
oaoTt6cal
000272COI
O1O6I3CO1
O1O2O1CO1
00001*C03
000146
OO0175C01
oaaa17cai
OOO13*C03
OOO023C02
OOO016C02

OXC,OH :
027455 01
0000W

ASSIGNMENTS
O1O543CLI1 AHO
Onooi!hcoz OIIT
000022CU2 ESRC
010741C01 F’lo
000160 1A
o1o3o3CO1 IJP
010707CUi KST
003300CU1 LCn
o1o567CO1 LET
002376C01 LLcM
00!) L162COA MLl

. VN214BLE
A- .

..........

......

000076C03
lWl;:gco3

00063?C01
0(Io027C02
o1o2o7COI
005422COI
0063+3C01
0000**C03
O1O637CO1
oolo~lcol
O1O37?COI000157
000107COL
000076C03
oaoozocoz
000014C.02

CDEIX .
..
..

000137COI
0001 SOC03
oo1335ca~
007*71COI
000262C01
OOO1OOCO3
004202COI
010 b63COl
O07663C01
oioo39col
001403C01
oooalocos
000 JOOCO1
ooaW7Cot
000026C02
002 Z44C01
ooool~oz

CRT
EFS
E7M
m?o
lET

&
LOF
LFP
LPR
NET
PESRC
RO
xc

UT
z

.

..........

......

oEL -
ERa -
F-

ola
Elm
FME

;’+P
LAJ
LCUS
LFO
LHE
NLZ
P13LSAV
RHO
aPh
7ME
VOL
v

1
lFPKRN
LCAJ
LEc
LJA
LSC

...

..

..

......

..

..

......

N7N 010?25COl P
ooo5bbcol R
005763COI SEa
000057C01 THO
o02237c01 v
O1O733CO1 x

ASS IONIKNTS

9A
SCF
sum
T wwtH
tllYEliNIL
FRN NB4REX FRNS SQRT

CONSTAN7S

1E14PORANIES

INOIRECIS

START OF
000103

START OF
000107

START OF
oao131

UNUSEO CONPI LER SPACE
104100

COW. H4P .**** ***who*** OATE- 71/09/03**** TIME- 12,36, Sl~*********** NORMAL LOAO
FWA LUA FILNK cOM LENOTM

. . . . . . . ------- ------- -------
000100 147370 1177A* 0276ss
163566 147771
143565 1*1555

C02JE
LOAOER
7AbLES

AUDRESS
------- “

NAMEO
COMMON AOORLISS

LCM
BLOCK AODRESS

------- -------
FILE PROORAM
. . . . . . . . . . . . . .
COOETP

iNu7boL
SNIP

011400
1074+0

lNC@ aooiao .
lNCOH 000100

SVSLIB
AcGOt.R
WFFEO
EcSRM
;:ofj;

lIUPUTB
1NPU7C
INPUTS
IOCHEK
OUTPTC
OUTPTS
REW[NM
SYSTEM
lI)AIEX
@OARH
8s4020

110226
110”2+0
110322
110352
110366
1104U6
110563
110737
::; :g:

111207
111100
111333
112370
11?4?1
117500; C4C120

aE7ilA
10UT1L
aoOER
KIJAKER
MEMORY
SKIPR
ALNLOa
ExP
001
LbnR7

113260
113354
113*1O
114701
116106
117167
117327
l1760a
117467
117542
1176u6

1

.-

tlEFERWCCO &7
BY I.OCA71ON
..-. -.. . . . ---- . . ----- ------- --0. -.. ------- ------- . . . . . . .

UNSATISFIED
EXTERNALS
------- . . . . . . .

21



3
6
5
b
7
n
9

10
11
12
13
la
15
lb
17
la
1*
20
21
22
23
26
25
26
21
28
29
30
31
32

1
2
3

:
6
7
a
9
10
11
12
13
16
15

::
●la

00
10

s?
no
Ml
m?
)43

fb
Eb
16
mb~
UQ
H63
U*4
M&s
Mbb

SAMPLE PROULEM
45 .00926 -192
43 ,0603 1* I .2,4,583
46 .123 2,2 -*.6 .3,6
● 6 .1173 2,? 6,3 15, S -3,6

44
43
43
45
43
65
43
43
+6
66
46
46
● L!
46
42
62
02
62
Q?
o
0

. .

.1173 2,? -15,4 -3*I5

.0463 3,4*3 -3,7 -I*8

.oho3 %,0 15,16 +,2? -7,9

.04b3 -5, Y 7,6 -IJ,1O

.0603 5,8 7,7 -6,23 -H,ll

.0463 -5.11 MOM -9s12

.0603 5,10 0,9 -6,26 -9013

.123 -5,13 9,10 .Iu, lb
,0603 5012,14 q,ll -6,25 -11,32
.0603 -5,13 10,12 -11,3?
.00926 3,5 16,17 -5, ]6
.0603 5,15 Ib,lu -b, zl -1507
,00V2b .5*1R 17019 -I b,ls
.0603 5,11.lq 111,32 -b,20 -16,16
,0603 -5,111 18.32 -17,17
::::; 601o 1U,32 -12,26 -16,21

b,lb 16,20 -12,27 -15022
,1173 6,7 1%,21 -12,2M -7,23
.1173 6,9 7,22 -12,2q -K.?*
,1173 6,11 6,23 -12,30 -9,25
.1173 b,l J 9,7.4 -12,30 -11 ,3.2
.01147 12, ?u ]!3,32 -13,31 -16,27
,0847 12,21 16,26 -13,3: -15.20
.0847 12,22 15,77 -13,31 -7,29
.0847 12$23 7,28 -13031 -u,30
.01147 1202+,25 8*29 -13031 -11032
1302602702 US2QC30 1U,32 -14s32 -11s32
14,31 -18,19.1(3,20.26.31 ll*16v13S2an30

so 3.0
so 5.0
so 10.0
KY o .33333333J3
CY 10.
Cv 11. .
PY 15.
PY 200
PY 25.
w 30.
PY 31.
CY ii.
CY 15.
C7 26.
PY Q
PY -12.
PV -16.
PY -10.

.

1,31

1. E-3 o 14.0
1. 1. 2. 2. 1. b. 4. U. 2.. 160 8. 32. 160 32* 1. bR 6. 4. 0. 0.
1. 1. 2. 2. *. 1. 0
i-3io .75
20. 40. 60.
1o.E-6 O 0 10. L-6 IR O aR 10* E-6 O lo* E-6 O 0 l* E-6 $R o 6R
500 E-6 O 0 50. t.-6 lR O MR 50. E-6 O SO. E-6 O 0 1OSC-6 5R O 6R
.lli-3 O 0 .lt.-J IR O OR .lE-3 O .lE-3 O 0 1OOE-6 5R O 6R
10 11 14
.01 1. 5. 14.
100.
.8 ,6 .4 .2 0
?7. .
.01 1. 5. 14.
20. 40. 60. 80. 100.
3
.1 .5 1.0 5.0 14.0
10. 20. 40. 100.
265.52
0 10. 2s. o
.01 1.0 5.0 14.0
20. 40. 100.
45
.001 .1 1.0 i4. o
10. 20. 40. 10U.
2215 .9244 23?14 .0756
203EI 1.
2035 1.
Zoos 1.
11 .5 3006 .5
11 20 3006 1.

-.

1

r
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la SUWACCS .

PROOR NAME PROEJL NAME

‘s2 cm.s

XSEC MULT
1,0000E*OO
I .0000E*OO
1 ●000 OE.00
I.0000E*OO
1,0000E.00
1.000 of.oo
l#ooooE*oo
1000 OOL*OO
1,0000E.00
1.0000E*OO
l* OOOOE*OO
1000 OOF*OO
1.0000E*OO
1,0000E*oO
I.0000E*oO
1.0000E*OO
lcOOOOE*OO
l* OOOOE*OO
1.0000E*OO
1.0000E*OO
1.0000E*OO
1000ooc.oo
10000OE*CO
1 .0000E*OO
l* OOOOE*GO
1.0000E*OO
1000oOEUOO
1.0000E*oO
l* OOOOE*OO
10000OE*OO
1.0000E*oO
1.0000E400

PRooR NANC

;
3
6

PISOW. NAME

:
3
4

IIENS17V
90 Z600E-03
6,03110F-02
192300t-ol
1.1730E-ol
1.1730E-01
4. b300F-OZ
6*0300E-02
4, b300E-O?
b,0300f=02
4 .b300E=oZ
6.0300E-02
1.2300E-01

1NPOR74NCE
1000OOE*OO
l*OOOOE*OO
200000E*O0
20000UE*O0
1.000 UE*OO
4.00002! .00
$oo OOOE*OO
8* OOOOE*O0
8SOOOOE*O0
1.6000E*01
8.0000E*oo
39 ZOOOE*01
1.6000E.01
3*200 UE*01

,“

,
13
14

6.0300E-OZ
Si.0300E-02

15
lb
17
la
19
?0

::
23
24
2s
26
27

9.zi.00E-03
6*0300E=02
9.2600E-03
6o0300k-02
600300E=02
1. 1730E-01
1.1730L-01
~.1730E-01
1.1730E-01
1.1 T30E=o I
1OI73OE-O1
804700c-ot
E.4700E-02
lJ.b700E=02
a.+700E=02
S.4700E-02

Zb
29

30
31
32

30
31
32

0.
0.

THERMAL LINIT = 1,0000E.03T4LLY PARAMETERS

fOiU4ULa 1 -= NEUTRONS cROSSIhO 8UW4CE
SUWACE 10 11 14
ENERUY 1000 OOE-LQ 1.000 UE*OO
71FlE 1* OOOOE*U2
COSINE 8,0000 E-LI1 600000E-01

6.0000E*O1TXME(RO) 200000E.01
CELL nl

I.ooOOE-OS
; 0.

b.0000E*Ol
R3

1.0000E-04
O*

Rz
S.0000E-OS
0.
0.
5.0000E-os
5.0000E-OS
0.

5.0000E*oo

4* OOOOE-01

sURFACE

5.0,000E*OO
600000E.01

I.0000E*oo
4.0000s.01

200000C-01 0,

104 OOOC*OI
8.0000E*O1 1.0000E*02

09
1.0000E-05
i ●000 OC-03
0,
o*
0.

o*
1.0000E-04
1.0000E-04
o*

FOUNULA 2 -- FLUX lNTEGRATEO OVE.R
suuFacE i?
:W13Y 1.0000E-u2 1.000 uE*OO

2.0000E.01 4.0000E.01
0,
0.
0.
0.
0.
0.
0.

0.
00
00
0.
O*
o*
00

O*J 0.FORMUL4 4 -- P4TM LLNOTH/VOLUMf
CELL 3
ENEROV 1.0000E-U1 5.0000E-01
71ME 1.0000E.01 2.0000E*o1
VOLUME Z.4552E*02

S.00002*00 1.4000K*OI
1000 OOC*O2

0.
0.
0.
0.
I.0000E-OS
0.

0.
S.0000E-05
o.
::ooooE-05

o.
1.0000E-04
o.
l*ooooE-04
0.

FORMULA S -- FLUX 41 OETECTOH
OETISCTOII x Y

1000 OOE*O1
S.0000E*OO
1.0000t*02

2
20 SOOOC*01

1.4000C.01

NE IOWOR14000
0.

l.ooouE-OS
0, .1

ENEROY 1.0000 E-U200100000E*00
71ME 2.0000 F.*U1 4,0000E*OI

Q*
1.0000E-06
1OOOOOE-O6
1●OOOOE-06
1.0000E-06
1,0000E-06
l* OOOOE-06

i9
1.0000E-oS
1000 OOE-05
i.000oE-05
1.0000E-OS
1.0000E.OS
&OOOOE-OS

0.
0.
0.
00
0.
00

0.
1.0000E-oS
1,0000E-oS
1.0000s-0s
1OOOOOE-OS
I.0000E-OS
1 $OOOOE=05
0.
0.
0.
0.
o*

%

FORMULA 6 -. C4PTUUt.S
CELL 4 5
TIME 1.0000E*O1 2.0000E.01
ENERGY 1000 OOE-03 1oOOOOE-OI

4.000W*O1
1000 OOE*OO

1000 OOC*O2
1.4000c. oi

O*
00
o*
0.
o*
0.
o*

SOURCE.7
SRCI1) SMC121 sRc131

1.0000E*oO 3.0000E*oO 7.5000E=o I

N47EN14L NO, COhf4J),FNT NiJCLIOE,Ff44CTXOh
41 2215, .92660 2216, ,07560
42 203001.00000
●3 ?035,1.00000

t 200 UOI.00000
:: 11, .50000 3006, .50000
Sb I L , ,b6b.b7 3006, .33333

XSEC
NucL 10E

2oii
?03!I
203b
2214
221s
3006

ToTaL

STORAGE
FAST CORE EcS

o

r
. .

.93 -
11*3
35118
●(4I4
2]98
2036
1813

1600s

*e... *.e**. **e. be*** .* . . ..e*. *.*** *9*. *9*eb*a*e*. etN1 71A1:ON c m pLE7c o b e .*b e e9 .m*e*b9.*abee*9 *..eme..9. **. m* b*enm.e*. e.e*...*99m
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CORE MAP

FILE
. . . . . . .
IUJNTP

svsl.10

● =************ oATE- 7~U:9/03-S TIHE- 12,3 b.55*********.*e NORMAL
FmA ELNK COM LENGTH

. . . . . . . . . . . . . . . . . ..-.
COUE
LObOt H
TA8LES

PROGRAM
. . . . ..-

SOURCE

Nu76EL

OEPNT

FRN
FUNS
IRN

Ex

ACGOF.R
IIACKSP
HuF$E1
lluFFEO
CLUCKF
EcSUM
EhUF IL
lhPuTc
10CHEK
LE?.GTM
OUTPIC
SS*TCH
SYSTEM
all
&LhLOO
IIXP
in&l EX
RH&ItIx
po:;sx

ALIUUT
ns6020
C6020
ENTR
GETbA
10UT1L
KoOER
KHAKER
LAPRT
MEMokY
OUTPTS
PACKAGE
REMARK
RETN
SKIPR
2.0 I

000100 146511
143566 147771
1*3565 137644

&OORESS
-------

UO0632

001013

lu57rrl

10(,s26
10S+36
106547

106571

106613
1066?$
106654
10677s
107I357
1071t12
10771?
107?26
107602
1074?6
107646
107604
107672
110727
1111246
111135
111210
111241
:;];~:

111427
111475
11?255
11?351
11?405
11?4+1
113732
115137
116200
116306
116466
1 6557
\1 6644

116670
116720
116771

UhSATISFICo
EXTERNALS
------- -------
SRCOX

1170J5

NANEO
COMMON

01
02
G3
OXCOM
01
02
03
Oacoll
01
G2
03
Oxcov

01
az
03

REFERENCE
BY-------
NU76EL

-------
0276s5

AOI)RESS
-------

000100
000161
000552
000556
000100
000141
000552
000556
000100
ono141
000552
000556

000100
000141
0005s2
000556

I.CN
OLOcK AOORESS
. . . . . . . . . . . . . .

XSEC 0000000

AT
LOCATION

------- ------- ------- ------- ------- ------” -“-----
002032

-.

.

I
.,
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. . .. .. . . -. .— -..”- -.. -..SOURCE NO, Trrbz CUTOFF Mt! I OMT CUTOFF
7 1.0000E*oz l*oooot=o*

S4MPLE P140iiLEt4

RUN TIME PRINT cYCLE Uu!w CTGLC
210000C*O0 2s000 250s0

1A dk u
1 +* b13+E-Ell
1 i*2991f-ol
1 9. W63F-01
1 -2*@54F-01
1 -298b60F-01
) -1 *4351E-01
1 4*333*f-ol
1 =5.1 w9r-ol
1 -6 S3VO*E-01
$ 9* b330F-01
1 -6. W09f-01
J .l.W77C-01
1 ‘1*2636F-01
1 2.*71 ?f-ol
1 7*0821f-ol
1 .B!767@c-ot
1 3C29?OC-01
1 -9.7366F-01
1 -2.1381F-01
I 7*3-? 913F.01
1 4.857tlF-01
1 -3a3!136.f-o\
1 1.n53w-ol
1 5*h006f-oi
1 S.4133F-01
1 1●3a36r-oi
1 -7.71 *IPOI
I 9.3’+3SF-Ol
1 b.@70F-ol
1 3*3062f-01
J -7~61ZbF-oi
1 ‘3*9*S3F-02
1 ?O+srlw-ol
1 5.2 T29E-01
1 Z!3*74F-01
1 7*42q*E-02
1 3*1143E-01
1 -S06701F-01
1 ‘3!55Z8F-01
1 -S!21SOE-01
1 ‘4a6921JE-ol
1 -7:7 W2F-0]
1 5*603W-01
1 -703 S42F-02
1 ‘SC1306L3E-01
1 S!q28bE-01
\ 1 !Ool?r-ol
1 1?27SW-01
1 =!3!SS03E-01
I 6t0707C-O\

NPS x Y 7 “ u 7
0.
o*
0.
O*

K
o*
o*

;:
O*
0.
0.
00
o*
o*
00
o*
O*

::
O*
00
00
0.
00
0,
0,
0,
0.
O*
o*
o.
0.
0.

::
0.
0.
o*
0.
0.
0.
o*
0.
o*

K
01
0,

W?
●.bb ?t-01

%6,6b TE-01
6.6667C-01
2*ooaoE*oo
2.0000C*OO
b.6b6?E~Ol
6, bb67E=Ol
6. b6b?C-01
2.0000E*UO

i 2* OOOOE+O0
b.6667E-01
b.6667C-01
6.6667E-Oi
b.6bblC-Oi
6.6 bb7E-Ul
2.0000F*OO
6.6667 E-131
3!.0000C*OO
6. b667E-01
6.6667E-01
b. b667E-01
6.b667E-L$l
6.6667E-01
200000E*O0
2.0000E*OO
fi.6667t-01
b.6667E-01
290000r*oo
b.6667E=Ol

DEL

K
Ob
o#

::
o*
0.
0.
0.
0.
O*
::

o*
o*
00
0,
0.

::
0,
O*
O*
0.
O*
o*
o*
O*
O*
Oe
00
o*
o*
09
09
09
o*
0.
0.

::
0,
0.
00
o*

::
O*
09

Vce
4. IQ2?E-01
3*q221E-03
4.66v2E*Ot
3t2btOt-Oi
S, SbS6E=Ol
3Q6066E-02
6.66s~E-01
S.0756E-01
6,2 Sb3E-Oi
●,b029E*O0
4.3 bbbE-01
4a6S101t-01
3.z590f-02
S, S996E*O0
S05220E*O0
solo? if-o L
6,4350E*O0
2c079SE-OJ
3.wlbE*oo
S.45V2E-01
b,50b8E-OL
4.2498t*o0
S.$096E*O0
2*1S64E=01
O*1O21E*OO

2.zli7$C*O0
-3,4q3b E-ol
-l, S3q$E. oo
-5.578 ifE-01
2.0 LV29E*O0

-4,8075E-01
-2. rlb90E-02
-2.35 QW*O0
-7. #1326L-01
‘5.6q ObC-01
1.464 VE*O0
3.c1711E-o J
5.93!39E-0)
9. Q37bE-02

-q,7135E-ol
2.1636E-03

-1.8245E-oi
-1 .35.6 bE*o0
1.30711K*O0

-b. B013r -01
1 .626 W.*00

-1. ?f15ElE*o0
2.’233uE-01
3.6621E-01
6.7827E-01
7.!30q2E-oi
2. OS.’JOE*OO

‘5.6077E-01
1.94!i]F*oo

3. T27bE-01
Z.??* nF.*Do
H07zl10t-0]
-b.5362F-ol
-1.33 ]3E*OI.I
2.+1131& &00

.’4,e97~E.o”
m.]z5zr-uj
7.. ?”(5YI-01

.l.7n42r. uo
-6. s>]u F-01
-2.6355F ●OU
-] ,3901F*ou
). R267L*ou

-S. tw’w -01
Z*13~bE*u0
b.obvoE-”1

-U.8)OZE.01
-11.6 M”tl E.$1
2.51v7E*u0
6,413 R5r-01
1.0 V91E*O0
6.6? b7E-01
LIou029E-u I

-1.8177C-01
5.767 HE-02
-1.06 WE*O0
2. 0310C. OO
-j. 1052f. *00

-1.9ti99E-o~
-1 .30 U3E*O0
-1.7711F*O0
-1.2241W*O0
!.1058F*oo
●.9533E-01
3.250 ~c-oi
-?.061RC-IJ1
-I .3 f.o’+Fooo
1.00R6F*o0
l,q067E*O0
4. S4J61E-01
1.0009F*o0

‘2.?313E*o0
1.292+C*O0

-1 .6 N2?F*130
-3. %90E-o\
‘I .67ql E*oo
-1 .351 QC*O0
4.91 O?C-O1
6.2u19E-01
2.ol14\E-ol

‘Z.62bQE*O0
Z.325i3C-02

-1.5212E-02
-2. wAof*Llo
3. Wb8E-ol

-1 .I132UE.00
-1 .VWW*OO

..

!~
11
14
1s
16
17
Id
19

2
22
23
.?4

2.i7&6E-01
\*31+7E*oi
3.3 b21E*O0
9,11 b6E=Ol
7.z6soE*o0
6.3 SOOt-01
3.4752E*O0
3,7qb9E.00
3CS7M9E-01
2,0 B96E*O0
q,767TE*O0
1,4266E*O0
b.sl#9E-ol
4. b405E-06
3.33Z2E-02
1. EW56E-01
2.6112E-01
3.9753E=01
V.3307’2-OL
&.6003c*00
6.3S34E.01
6.166M=01
a.17uhf.oO
●.a9Q&c*oo
2.73s6C*O0

-1 .we7E. o.3
-1. nwJ3t*oo
\..3e8LlE*l3o

‘20?IR61E*o0
2.9403E*ou
a. IoE5E*oo
=9. a557c-ol
J.*53$E*o0

-3.305 W-13]
-4.9 E36E-01

6.0213 F-01 1.l19]E*ao
] .7h29E*o0 -7.62i051E-01
2.304 !lf*oo R.l&/mF-(11
-4.0869E-01 ].l&”bt. oo
2.28 S4E-01 2.11+32E. u
?. bfll*E-01 9. Lu3, E.o {

‘2. ?A9*C +00 -z. 1~74E-0)
‘1.9551F-u1 -1.3#’++E*oo
14.611131C-01 ~.3503E*lJo

‘5.4525E-01 3.0220E-01
1.54 b9C-ol -~. Qa39E*oo

=1.71175E400 2,0+~oE. oo
1.2?5uE@00 -3.8593F-01
1.3630C*O0 1. S18qE*oo

-5.4575E-0~ -207s25E. o~
‘1.3906E*u0 -3.77 ]3E-,01
‘1.361 @E-IJ0 1.1713E*o0
1*3139E*u0 202 L104E*o0
5.62 QlE-ol 1.2% SE*oo

‘I ●4588E-01 4.3039E-01
‘107 I1+E*OO 2.3410E-01

6 .6667 C-0 I
6.6667E-01
6.6667E-01
b.66b?C-01
b.6b67E-01
6.6667C-01
6.6667E-oi
2.0000E*oo
6.6667E-01
6.66671? -01
6.4667C-01
6.6667E-01
2.0000E*OO
6.6667C=01
b,66b7c~ol
6.66b7C-Oi
6*6661E-01

1. b3i9E*00
2.!!329E-0]
2.18425. *oo

-q.7102E-ol
-2,1979E*o0
9. bO03E-OZ
-1. w30E*rJo
7.1900E-ol
8, W19E-ol
5.4211E-01
Z.0q62E*O0

2*OOOOE*O0
6.6667C=01
6.6667C-01
2* OOOOC*O0

SA61PLE PRoBLEM

SOURCENO.
7

W IGNTCtJfOFFRUN 71N,5 PR!NT CyCL~
1.0000E-04 200001X*LM

OUKP CYCLEi I)UMP No.
25000 2s000

CUTOFfoCYCLE
1

NU4WU OF
NEUTRONS
S7A137FJ,

~7q3

ToTAL rmMoo74
NUMHEIIS
OEf’JEMArCO
1307597

COLLISIONS
PEN NCU71SON
sTm7,9J
●.6006E*01

707Ab.
UE1OMT
sTAHfEN
z.8,?07E.03

107AL
ENCROV
sfARYCr3
7.211E2E*03

LOSS

zCApC
1396

:ys

EsCAPc
2.3237E-01

T4EACKS SACU7160NS
PEN NEUTRON Jm%2cssco
S16RTE0 PER N5NUTE!
4,+726C.00 1●S691E*03

ToTAL
71sACKS
LOST

124q2

ur!lo7s7

NllMH&lt OF
COLLISIONS
12 fb717

T074L
r 7R4cK5

sr4a7Eg
\2*92

L05S TO
EN$31ti7
CUTOFF

o

LOSS 70
TIME
CUTOFf

4RI0

LOSS ?0
TIME
CUTOfF
7.3707E-01

LOSS 10
TIME
CUTOFf
E.o?loc-os

LOSS 70
uEIoMT
CUTOFF

22

7 #t IG147
.> ST6RTE0

PER N5UTRON
1.009’4E*O0

LOSS ?0
ENERGY
CUTOFF
.3.

Loss 70
UEtOH7
CU70P*
3.104sE-o7

LOSS
70
CAP7UIEE
3. b311E-02

L0S7
Pm N(YJ74SON
l.oossE*oo

ENERL3Y
SIAR~tO
PER NF3J7110N
2. SS46C*O0

L05S TO
fNEROY
cUiOFF
o.

LOSS 70
MEIoNT
CUTOFF
4. 66U8C* 11

LOSS

l~P7uRE
7.00 S2E-OZ

LOSS
To
ESCAPE
T .426w.o~
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NUWltN UF NLLITMUNS CIWISSINU M3FIFACE

TIME o. l.oouof. nz

Coslt.t. I.0000E*IJIJ 11.000 oc-ol
SURFACE

EhEMGY -II). REL. FIWOM
1.0000E-02 6. bvlu?o E-3* .14*O9
1.00 U0E.00 1..?5O*5F-O3
5.ouooE.00 6.5 b.?25E-0*

.12061

.19068
1.61J00f. *ol 4,vn1777, -u* .i!Jn36

SURFACE
Ekcncv -tn. MEL. LWOM

1 .00130E-02 1 .2 NOW,F-02 .19691
1. OUUOE*UO 4. V. bU16-oi .10060
5.0000k.00 S.05 Iesfi-n? .09721
1.4000E*OI 4. J41W+-02 .10830

COS!NC 8.0000L-01 6.0000$--01
“iuHFAcE

ENENIJY -1o.
l.ouook-oz

MEL. LR140R
3. Mus3Ht-04

1 .OUOOE*OO
.22042

7.ouJbQF-06
S.00U0L*DO

.12117q
2.51 JMIE-114 .19941

1.4 UOOC*01 9.41.9 NF-n5 .57*3Q
S; NFACE

ENLIAGY -10. NEL. CNNON
1 .0000E-02 3 .34)2*8E 03 .*OS61
I.0000E*oo 1. ?emhzt--llz .16H30
5.0000E.00 1.1 S14RE-02 .20?!36
1.60uo E*01 9. Mob2?c-n3 .2206S

COSINL 6.

~NtUOY
1.0000E-02
l.oouot+oo
s.nouo~. oo
l. buuof. ol

EhFU(jY
1.0000F.-O2
1.00001..00
S.ouuot. oo
1.4 UUOE*OI

Ooook-oi 4.000 oE-01
SURFACE

::;:j::::::”~t”::;~;;

1,. dbl V5E-o@ .22525
●.2$* 3Q[-05 .40801

SUNFACE
-10* 14KL. .ERHO14

IoUJJ70E. OJ .55791
6.20JI lE-03 .26H30
l.o Iub9E-03
3.u3b98E-03

.3778.3

.66744

COSINE 4.0000E-u1 2.0000E-01
SURFACE

EhkW3V -10. REL. ERROR
1.0000E-02 9.50 VZ5E-05 .601 rk
1.00 U0E.00 2.19 VOVE. 04 .2374Q
S.OOOot. oo 30’iio14?E-05 .44728
l.+u(lot.ol 6.’IOO7OF-O8 .99982

SURFACE
ENLW3Y -ro. $IEL. EUIFON

1. OUOOE-02 2.11043E-0*
1.0000E.00

,99902
7.1501 flE-Oe .9WW

5.0000E*oo ●.13*3 UE.0*
1.4000E*01 O.

. 706!37
0.00000

COSINL 2.0000C-01 o.
SURFACE

ENEkGV -10* REL. F.RIAOR
1.000 or-02 4.7 UM3]E-05 .*914*
l. OIJOOE*tJO b. 19310 E-05. .32211
S.0000E*OO I.wlbozr-lls .57826
1.41300E.01 O. 0.00000

SURFACE
ENERGY .70. UEL. ERUOR

1. OUOOE-02 O. 0.00000
1.0000E*oo O. 0.00000
S. OUOOC*OO o. 0.00000
1.4000E*OI o. 0.00000

10
*To- 14EL. ERROU

3.27’A33E-05 .71438
7.63787E-os .302’80
1.383 Lll E-05 .70686
6.6 S108E-O6 .99982

14
● To- REL. ERRoR

o. 0.00000
0. 0.00000
0. 0.00000
0. 0.000no

10
● ro - REL.,;:[;g

2.67729E-05
7.909 EME-05 .30159
2,08333E-05 ,73484
0. 0.00000

14
● To- REL. ER140R

o. 0.000op
0. 0.00000
0. 0.00000
0. O.oouoo

SURFACE 11
-TO* R!IL, ERROR ● To- RtL. ERROR

1,72269E-03 .42WS o. 0.00000
2.62339E-03 .30918 0. 0.00000
3.02173E-03 .33410 0. 0.00000
2,99431F-03 .312S0 o. 0.00000

“.

SURFACE 11
-To* NEL. ,g;mg ● To-

1.22452E-03
REL. ERROR

0. 0.00000
1.06734E-03 .25284 0. 0.00000
5.92660E-04 .427S4 o. 0,00000
3,769 t.8E-0+ .bs737 o. 0,00000

10 SURFACE 11
● Tn - XEL* ERROR -70. REL. ERROR ● TO.

3.0s795E-05 .70348
REL. E71RoR

4,02655E-0+ .30466 o* 0.00000
8.5*080E-os
2,109 o6E-o5

.28863 .3.1661 tEE-04

.57751
.33862 0, 0.00000

1096259E-o4 ,23b06 o. 0,00000
6. S611SE-06 .99982 6.24415E-oS .40799 0. 0.00000

1+
● 70- HEL. ERltON

o. 0.00000
0. 0.00000
0. 0.00000
0. 0.00000

10
.To - REL. ERHOR

2.17466E-05 .s7715
+.169 U4E-OS .$1116
I,94136E-oS .577s1
o. 0.00000

14
● To- RtIL. ERNOR

00 0.00000
0. 0.00000
0. 0.00000
0. 0.00000

10
● 70- REL. ERHOR

!Eo03677E-05 .6702b
3.91 S17E-05 .63o67
7.35917E-06 .999.s2
o. 0.00000

14
● To- REL ● .EIN40R

o. 0.00000
0. 0.00000
0. 0.00000
0. 0.00000

SURFACE 11
-700 RL?L. ERROR ● Tl3- REL, ERROR

9.64017E-OS .41393 0. 0.00000
1.52330E-04 .2a282 o. 0.00000
4.26305E-oS .4082~ 0. 0.00008
6.70070E-06 .90982 00 0.00080

SURFACE 11
-To* REL. ERNOR ● To- R!?L. ERRoR

1.49279E-04 .63694 o* 0.00000
9.35919E-OS .40613 0.
2.09 E17E-05

0.00000
.s7803 00 0,00000

0. 0.00000 0, 0.00000

;

1
..
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,“

;

FLUX INTEGRATED OVEH SUHFACE

TIME o. 2.oOUOE*Ol
SUMFAC5. NEL6TIVE

ENCROY L7 ERRON
1.0000E-02 1. b7?R6E-02 .399ss
1.0000E*OO 6.5$114E-oZ .19609
5.0000E.00 1 .5708W-OZ .25210
1.6 UOOE*01 1.36 b02t-OZ .33s19

TIME 2.0000E.01 6.0000E*o1
SUNFACE *ELATIVE

ENEIIGV 17 ‘- ‘ERROR
1.0000E-02 6.+013 SE-03 .53957
1.0000E*oo 0.00000
S.0000E.00 :: 0.00000
I.+ OOOE.01 O. 0.00000

TIME b.OOOoE. ol 6.0000 F.171
SWFACE HELAT IvE

ENEIJOY 17 ERRoR
1.0000E-02 2.+0599E-04 .999Y2
1.ouoOE*OO oo 0.00000
S.oouof.oo o. 0.00000
1.411 uOE*01 0, 0.00000

TINE 6.0000E.01 n,oouoE*ol
wlAFacE NELA7 IVE

ENEHGV 17 ERHOU
1.0000E-02 9.76102E-O* .7925u
I.0000E*OO O. 0.00000
5.0000E.00 o. 0.00000
1,4 UOOE.01 O. 0.00000

TIME E.0000E*I)L 1.0000E*02
SU14FACE REL::~::

ENERGY
1.ovooE-02 i.09::7E-03 .99982
I.0000E*oo 0. 0.00000
5. OUOOE*OO o. 0.00000
1.4000E*01 O. 0.00000

PA TM LEN13T”/VLILIJME

llI+E o.

ENEMGY
1.0000E-01
5.0000E.01
1.0000E*OO
5.0000E.00
1.4000E*OI

I.OOOot. ol
cELL NELATIvE

3 E$IRoR
6. E12189E-00 . 0990Q
7.ooi?33F-n* .Oello
3.&?dlqE-06 .10993
3. S3Z65E-04 .11597
2.lh?3QE-06 .14a#J6

TIME 1.0000E*o1 2.0000F*O1
ct.LL HELATIVE

ENt. NGY 3 ERROR
I.0000E-01 1. S3J27E-0* .1s191
5.0000E-01 0. 0.00000
1.0000E*OO O* 0.00000
5.0000E*OO O. 0.00000
1.6000E*01 0. 0.00000

TI14E 2.0000E*O1 b.OOOof. ol
CELL HEI.AT 1VE

ENFRQY ERROR
I.0000E-01 \ .4dlE-04 .15*57I
5.0000E-01 0.00000
I.0000E*UO :: 0.00000
5.0000E*OO O. 0.00000
I.+oooE*o1 O. 0.00000

TIME 6.0000E*o1 1.000 of.oz
CtLL RELAT[vE

ENEHQY 3 ERRoR
1.0000E-01 4.01 b99E-06 .11924
5.0000E=o1 0. 0.00000
1.0000E.00 O. 0.00000
S.0000E*OO O. 0.00000
1.6000E*01 O. 0.00000

CAPTU14ES FLUX Al oETEcToR

ENEtWf O. 1.0000F-03 TIME o.
CtLL MELATIVE CELL RCLA71VE ‘

2.0000F*O1

TIME
OETF.CTOR HELA71VE

ERROR 5 ERROH
1.OUOOE*O1 7. WJ:2F, -05

ENKRGY .3
.04317 *, 15080E-oS .06389

ER140R

2.0uoo E.01 1.2S50%E-U6 .0390q
1.ouooE-02 S.21*.?2E-117 .33*77

1. b38125E-04 . 054B0 1.0000E*oO
4.0000$.01 2.!lud17Er14

1.1* OI17E-05 .0909Q
.03549 2.1171013E-06 .05172 S. OUIIOE*OO 13. eV375E-Ob

1.0000E*02 6.1oU1’7E-O4 .03401
.07nfln

7.217 eOE-06 .0+661 1.* UUOL*O1 7.01 Ul12E-Ob .11768

ENENOV I.0000E-OJ 1.0000E-01
CtLL HELATIvE

TIME 4 ERRoR
1. OUOOE*O1 +.512 $3E*05 .03074
2. OUOOE*O1 i!.’J73b6E ,06 .15294
6.0000E*o1 9.72153E-oB .39414
i.0vOOE*02 4.+81 \6E-oR .b5227

ENERGY l. OOOOE-O1 1.0000F*OO
CELL 14ELATIvE

TIME EIV40R
1.0000E.01 3.97 b:+E. o% .03068
Z.0000E*Ol 0. 0.00000
*.0000E*OI o. 0.00000
1.0000E*02 O. 0.00000

CELL

S.31J1P05
2.26343 E-011
5.0s43SE-07
o.

CELL
5

4.43384E-oS
0.
o*
0,

RELATIvE
EUUOR
. 04z37
.]736S
.36423

0.00000

RELATIvE
ERHoR
.06b16

0.00000
0.00000
0.00000

71ME 2.0000E*v1 *. UOOOE*O1
uETt.C70h PELAT!vE

ENWGY 1 ERNllR
1.ouooE-02 1, lrd7?E-Ob .24219
I.00IEoE*oO 5.9*r124E.-OlJ
5.00130E*O0 O.

.a4%33
0.00000

1.6 UOOE*01 O. 0.00000

T114E 4.0000E*O1 1 .0000E*02
0ETLc70R MEI AT!VE

ENEROY 1.0000E*oU 1.* OOOF*OI

cfLL NELATIVc CELL RELAf [VE
TIME ER’AoR EI?ROR

1.0000E*o1 1.73i:2E-04 .17808 2,538 :9E=04 .3a486
2.0000E*O1 O. 0.00000 0. 0.00000
●.OUOOE*Ol 0. 0.00000 0. 0.00000
1000 OOE*02 O. 0.OOOOO 00 0.00000

CNEROY ‘-ERN!li
1.uoooE-02 5 ●364: bE-Ob .14*31
l* OUOOE*OO 7.2 Ub14E-12 .6761S
S.0000E*OO O. 0.00000
1 .6000E*01 o* 0.00000
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TH5. FO\,LOMINCi IS M COI]Y UF 04 YFILF JOrl AH UP TU TIME 12.3S. +4

]2.35.53

12.3!) .53
1?.35.53
12.35.53
12.3> .53
12.3>. b3
12.3s.53
12.35.53
12.3>. >3
12.35.53
12.35.53
12,3!). s3

12:3>:55
12.3!).s5

SMMTU

SUDFTN
SUHIU
WMIU
●“MTR
$IJNIU
8u15TR

●CCP

.CCP
●CCP
●~cP
SUISTII
SIJHTU
SHUN
SHUN
●CCP
SU14TR
SHMT14

12
12
12
12
12
12
12
12

ii
12
12

i:
12
12

,:]:::$:;;y
‘.3 b.4’+ SLSHTK
‘.30.49 SHMT14
.3 b.5u ●CCP
‘.lboso .Ccp
‘.30.50 .Ccf’
‘.36.53 INU760L
‘,3b.53 SuMTR
-j:::] SUNTH

‘.3b.53
‘.3 b.5.l
‘.3e, *.
‘. 30... -“,
,3b.54 ●Ccl
‘.3b.5* .CCP

12.3b.54
12.36.54
1.?.38.42
12.38.62
12.3U.62
12.3U. *2
12.3ti. b2
12..3M.42
12.3M042
12.3U. +3
12.3!3.43
lz.38.43
12.3U. *3
lz,3u.43
12.3U.43
12.38.43
12.3U.43
12.35.43
IZ.3U.66

●CCP
.CCP
hU76EL

S(JNTR
SUMTR

●CCP
●CCP
●CCV
SUMTU

●CCP
FLUSHOF

Cnoz 1.35 71/nu/ol MACH. 14
Ta+h SV7b UO06

OUSIN MUN1f O@ OF 70/10/16 IN IT IA LIt Eo.
.JOI! hA!4L=TlltiNHMz I A?I, uATE = 7~/~.4/03
.FILE SET CCU OPEI,EL) ,ISUFFER LS.hGTM =00001 100.
.FIL:l 1+.7 IMP OVCNLI),BUFFEU LEhc37H .OOO1O1OI3*
.Ft Lf SET JoMIFA CWENEO, BUFFER LENGTH moo032100.
.F IL?. $E1 JoHIN Chosen. RllFFER LENGTH .00032100.
.F ILL SL1 S1A71S11C>
. !ltld)!a WI?ITI:S p0S1710MS OISK ISUS 131SK WAS
OOOvu U2bJ 000u(30000 000000000 000 UOOOOI 000000000

. LUA=OOO0001633,1JEV 1CE=03
*JOH"NA8~E =luUNU,{? l,cLm U. CA T= OS* AC= VOb. UsF. McNSAMP$
PL.50. TL. JMI
S, C lIIPILL SOIJHCE, 1N171ATE, ANij HUN PIAoRLEM.
~CtiE&Tt {F S.cODLTP. CLmU. PRENT.XSoo3U231
$Nll& ,c. s?.. ~. MuNrP1 cOMPILE SOUMCE
.FILf SEr lNJNIP OPENEU. BUFfEU LENo714 .00032100.
.FILh SET OUT UPENEO, WFFER LChQTM .ooo321OO,
.F III II Llih GTH IS - CA367A
.HUh-h13M CTIME 00C
$coP”f II*
.FILk SL1
ROL..OUT STAIITEI)

------
0.270 SEC.

,C013ETP,0. UUNIPI
r COUEIP OPENEO, RUFFE14 LE~OTH .ooo321OO.

lNILLIIUT UONE
AXO031!23 PNIUNTED ON uN17 3 FILE CO13ETP
UULI. IN SIA!IIEO
ROLL 1,4 IWNF

B5ET )II(EY*KKTPI
Mm. –
sLI)(19(I.cUOETPI INITIATE
OENO
.F ILL SET IN AGE OPENEO, BUFFER LEN(3TH .ooO661OO.
.FILC SEr IMAGE CLOSEO. W3FFCIS LENOTH ¤ootJ6+~oo.

WR,d PoSIrIONS L3,SK 120S oISK tiRS
.FILE Stl STA71ST CS
. Rk. ?IIs
Oooououou 000000003 000000001 000000000 00000000+

. Ld4=0nool*7715,0 Ev1cE903
*I FIFALSE=12UNI
SLAR.L lMIJhl
>SETU [KEv.KKTP)
$5FTd,
SLnGO I I= NU?sTP) NUN PNOIILEM
.ENo
.FXL.. SEr IMAGE. 0P EN E13. LwFFER LEh13TH .00066100.

—-. .— ---
000000001 000000001 iioooooo+

47715,0 EvIcE=03

.FILE SET IMAGE CLOSEO*BUFFER LEM37M ■0;064100:
:F~~3Ll);ET S7ATIS71CS

WR[TES POS1TIOMS DISK 120S DISK URS
000000000 000000003 0
. LUA*Oo OOld
$XF IFALSE=TAPE1
SLAIKL I TAPE I
9AFSNEL IFS. RUNTI
.FILC SE7 RuNTP
.FILtI SET STATI!
. REAoS WR !

P, AOISP=TAPEI
CLOSEO*BUFFER LENOTM =00032100,

Sltcs
7ES POSITIONS oISM RoS oISK 91RS

OOOf2000J2 000000033 000000003 000000006 000000010
. LIAA.0000125156 .0 EVICE=03
SCOPYUF .
.nAYf ILE FLuSME13 TO OISK - T- 12:3.S.64

;
,

1
.-
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Fub I-MA BLNK COM LEN(3TH
-.----- . ------ . . . ..-. . . . . . . .

COOE
LOAOER
TABLEs

000100 166311
1.X3566 14T771
143565 137664

11703s 027455

40 DRESS
. . . . ..-

000100
000141
000552
000556
000100
000141
000552
0005S6
000100
000141
000552
000556

000100
0001*1
0005s2
000556

,“ I.CM
OLOCK AooRESS

. . . . . . . -.0-:-0
bODRESS
. ------

N&MEO
COMMON
-------

?lLC PROOIfAW
---.0 -- . . . . . . .
RUNW

SOURCE 0J0632 fAl
02
03
OXCON
01
02
03
DXCOM
01
42
03
OXCOM

“

.
XSEC 0000000NuT6EL 001013

ORPNT 105770

FRN
FRNS
1RN

106526
106536
196567 01

02
03
DXCOM

SYSL19
EX

&CGOER
BACKSP
BuFFEI
1411FFE0
CLOCKF
EcSW

1065?1

106h13
106625
l(lh6’i4
106775
10705?
107162
19721.?
10T?26
137402
107426
1 J7646
107604
161672
110727
111o*6
11113s
111210
111?*1
111?T2
111351
111427
111475
112255
112351
;::::;

113732
115137
116700
116306
\16*66
116557
116664
116670
I 16720
!16?71

iiOFIL
1NPU7C
10CMEK
LFNG7H
0U71J7C
SSWTCH
SYSTEM
xIT
ALkLOO
ExP
IR41EF.
IFRAIEX
RR&REx
snRt
AINM4T
RS4020
C4020
EN7U
QE7flA
IoIITIL
KtlOE R
KR&RER
LARR1
MEMORY
OUTPTS
PAcRAOE
REU&RK
RETN
SKIPR
Bo1

UNS4TISFIEL RtFERENcEo
ExTERNALS ilv
------- . ------ . . . . ..-

AT
LOCATION

------- ------- --------------- . . . . . . .
0020s.SRCDX NU76CL

SOURCE NO.
7

oUNP CYCLE OUMP NO.

2s000 o

CUTOFF CVCLC
o

TIME cUTOFF wEIGHT cUTOFF
1 .0000E*02 \ ,0000E-Ob

SAMPLE PROBLEM

RUN 71 ME PRINT CYCLE
ioooooE*oi 25000

RUN TIME PRINT CYCLE
1,0000EoO1 25OOO

SOUllCE NO.
7

TIME cU70FF
1.0000E*02

wEIOMT cUTOFF OUMP CvCLE
25000

OUMP NO.
2

cUTOFF CVCLE
o1.00LX3E-06

TIME= 11.568 MINUTES

NUMRFN OF
NFUTRONS
S7AIXTE0

)R032

RANOOM
NUMi!FNS
Of NER&TEO
8454601

LOSS 70
TIME
CUTOFF

30930

LOSS TO
TIME
CUTOFF
7.3959E-oi

70TAL
ENEPOV
SIAQTEO
4.7063E*o*

yoss

ESCAPE
970T

T07AL.
UE11314TSTARTEO
1.2.091E.06

collisions
Pt R NEUTRON
STAR7E0
6.6359E*01

TRACKS NEUTRONS
PER NEUTRON PROCESSEO
STARTEO PER MINUTE
4, S791E.00 1.SSS8C*03

!’
.

T07AL
TRtcKS
STAIFTEU

8z5T0

LOSS TO
ENERGY
CUTOFF

o

LOSS TO
WE IOMT
CUTOfF

146

LoSS ToTAL
TmACKS
LOST

82S70

UEt OHT
S7ARTE0
PER NEUTRON
1.0033E*o0

LoSS TO
ENEI?OY
CUTOFF
o.

LOSS TO
UEIO14T
CUTOFF
30 E.T166E-07

LOSS
To
ESCAPE
?.3501E-01

LOSS
!0
CSCAPE
?.2201E-01

LoSS

~~PTuRE
3.6906E-02

McIOHT
LOST
PER NEU7RON”
1.0124E*O0

ENERGY
STARTEO
PER NEuTRoN
2.61ooE*OO

LOSS TO
ENE@GY
CU70FF

LOSS TO
TIME
CUTOFF
7.8911E-05

LOSS TO
WEIGHT
CUTOfF
5.2616E-11

LOSS
70
CAPTURE
6.1 ES2E-02o.
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WMREII OF NCUTRO)AS CROSSINO 5URFACE

TIMF o. 1.0000E*02

COSINF 1 .000oE*ro 8.0000E-01
SURFACE

fNE_IaGY -Tn. IIELo ERROR
1.0000E-02 6.23620E-06 .Ob.?fin
I.0000E*OO 1.? b13nr-03 .04666
5.0000E*OO 8.70751 F-04 .06758
1.4000E*o I 6070? Z3E-04 .10738

FNUFOY
SURFACE

-Tn. PEL. ERROR
1.000 fiE-02 1.4;21NF-172 .06970
l.noooE*oO 5.?2683E-02 .03786
s.onoOE*on 5.3.190c-02 .03757
l.~oonc. ol 4.2394 QF-02 .04338

F NI ROY
1.0000E-o?
1.0000E*oo
S.0000F*OO
1.4000E*01

FNEIFOV
1.0000E-02
1 .000 FIE*oo
SOOOOOE*OO
1.4000E*o I

.0000E-01 6.00130E-01
SURFACE

-Tn. REL. ERROR
4.35 S37E-04
6.911704E-04

.07289

.05396
3.4nSh.?F-Ob .0770n
1.1930 ?F-04 .14160

SURFACE
-10* RELo FRROR

3.9’L162E-03 .13960
1.60 R16E-02 .07066
1.4.IOOPE-02 .07322
9.3?131E-03 . 0s.990

COSINE 6* OOOOE-01 4.0000E-01
SURFACE

ENFRGY -TO* aEL. FPROR
1,00013E-02 ?.779b%z-06
1 ,Ooooli. on

.08755
b.5:009F-04

~.OOOnk. oo
.06605

1 .417? 16E-04 .10259
1.4000E*o I b.5V629E-OS .?0223

SURF ACE
FNf ROY . 10 . REL. ERROR

1.0000E-02 1 .I%566E-03
1.0000E*OO

.?33s1
3.955 fll E-03 .12q?3

S.000nE*OO 3.23311 ?E-03 .157tl Q
1.4000E*o I ?.279b3E-03 .20630

COSINE 4.0000E-01 ?.0000E-01

FNEI?OY
1.0000E-02
1.0000E*oo
S,0000E*OO
1.4000E*01

SURFACE
-70* REL, ERROR

1.17619 Fl-04 .lle2a
2.43680E-04 .08524
6.93c335E-oS , 14301
9.8.163C-06 .63360

SURFACE
E)4ER13V -70. REL. ERliOR

1.0000E-02 3.26 E8E.E-oS .99997
I.0000E*OO 1.3137 SE-03 .24S21
s.0000E*oo S.12017E-0* . 365q6
1.4000E*O] 2.13511[-04 .70715

COSINE 2.0000E-01 O.
SURFACE

ENEPGY -TO* QEL. FRiOR ‘-
1.000 nE-02 4.33162E-05 .ln856
1.0000E*oo 7,33807E-05 .13421
s.0000E*oo 1.86768E-oS .2S740
1.4000E*01 8.97717E-06 ,47046

SUn FACE
CNEROV -To. REL. ERROR

1.00130E-02 O. 0.00000
l* OOOOE*OO 0. 0.00000
S.0000E*OO 1.08334E-04 .99997
1.4000E.01 O. 0.00000

10
● To- REL. ER@nR -70. RCL

1 .5 WS34E-OS .31199 1.l192aE-03
q,02739E-OS .12#10 2.62188E-03
2,70424E-oS .26711 2.76 E.S6E-03
2.127 B9E-06 .70733 2.502.66E-03

14
.70- RELO ER17nR

o. O.onlzoo
o. 0.00000
0. 0.00000
0. 0.00000

10
● To- REL. US20R

2.1322 @E-05 .?6110
1* O1401E-04 .12Aq6
1.60002E-OS .27449
0. 0.00000

14
● To- REL. ERROR

0. 0.00000
0. 0.00000
0. 0.00300
0. 0.00000

10
.10.. REL. EQROR

1. N1791E-OS .31907
9.67136E-oS .1 352q
l,9111q3E-05 .23009
4.16363E-06 .50010

14
● 70- ISEL. ERROR

o. 0.00000.
0. 0.00000
0. 0.00000
0. 0.00000

10
● To- REL, ERROR

1.$4101E-05
7.21624E-05

.27626

.16084
- 1 ,055 S%Z-OS .24844

5.30213E-06 .461q6
14 ---

● 70- 13EL. EPROR
0. 0.00000
0. 0.00000
0. 0.00000
0. 0.00000

10
● TO. REL. EKROR

2.37352E-oS . 32!358
4.11331E-05 .23207
a,46748E-06 .35646
00 0000000

14
● To- REL. ERROR

o. 0.01000
0. 0.00000
0. O.oc!ooo
0. 0.00000

SURFACE
., ERROR
.lzsza
.loa14
.11.558
.10445

11

o.*
o*
o.
0.

TO . nEL. ERROn
0,00000
0.00000
0.00000
0.00000

SUSFACE 11
.70. REL, ERROR ● 1O. nEL. ErlROn

7. S4242E-04 .14632 0. 0.00000
1,602 S8E-03 .13628 a.
1.11 S26E-03

0.00000
.16663 0. 0.00000

7,S5346E-04 .19146 0. 0,00000

SURFACE 11
-70. REL. ERROR .To - nEL. ERRoR

4,4736 qE-04 .1s315 00 0000000
6.11854E-04 .12390 00 0.00000
4.970 S7E-04 .1978s o. 0000000
1 .3*757E-04 .40370 0. 0.00000

SURFACE 11
-To. REL . ERROn ● To- rtELo Ennon

1.75729E-04 .20051 0. 0.00000
2.702 S3E-04 .2040E4 o. 0000000
9,46678E-oS .]8700 0, o.000@o
4.369 SSE-05 .00279 0. 0.00000

SURFACE 1 i
-70. REL o.::;:: ● 70- REL. ERROn

l,760311E-04 0. 0.00000
1.16432E-04 ●33807 o. 0.00000
3,02462E-OS .28445 0. 0.00000
4.702J61SE-OS .76S60 0. 0,00000

.
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FLUX lNTEORATEO OVER SURF&CE PATH LENOTUIVOLUME

t fME o. I.0000E*OI
cELL RELb TIVE

FNE12GY 3 ERROR
1,130013E-01 S.92883F-04 ,03818
5.000 nE-ol 6. T12135E-04 .03564
1.00013E.00 3.79171E-04 .06026
5.0000E*oo +,12319E-04 .04402
1 ,boooE. ol 2.20469E-04 .05611

TIME 1.0000E*O1 2.noooE*ol
CELL RELATIvE

ENEROY 3 ERROR
l.noooE-01 1.55371E-04 .05980
5.00012E-01 O. 0.00000
1.0000E*OO o. 0.00000
13.0000 E*o17 O- 0.00000
1.6000E*01 O. 0.00000

TIME o. 2.0000F*O1

FNE!F13Y
1.000 nE-02
1.00013E.00
5.(IOOOE. CIO
\ .4000E*01

SURFACE
17

RELAii VE
EI?RoR

.212298.39; 62E-03
5..26228E-02
2.6 V979E-02
1.46145E-02

.10664

.11777

l!mE 2.0000E*O1 4.0000E*o1
SURFACE RELATIVE

ENFRGY 17
1.0000E-02

ERROR
1,00635E-02 .26o45

1.0000E*OO O. 0.00000
5,0110 flE*O17 O. 0.00000
1.4000C.01 o. 0.00000

TIME 6.0000E*o1 6.0000E*O1
SURFACE

FNE170Y
RELATIvE

17 ERROR
1.0000E-oz 4.7 T182E-03 .18832
1.0000E+OO O. 0.00000

TIME 2.000 ot*ol 4.0000E.01
CELL RELATIVE

fNEBOY 3 ERROR
1,0000E-01 1 .5i!753E-04 ● 06584

S.0000E-01 :. 0000000
1.0000E*oo 0.00000
S.0000E+OO 0: 0.00000
1.4000E.01 O. 0.00000

5.0000E. On O, 0.00000
1.4000E,01 O. 0.00000

TIME 600000E*01 800000E*01
SURFACE RELATIVE

ENEROY 17 ERROR
1.0000E-02 5.23446E-03 .43527
1.130017E.00 O. 0.00000
5.0000E*oo O. 0.00000
1.4000E+OI 0, 0,00000

TIME 8.0000C.01 1.0000E*02
SURFACE @ELATIVE

FNFQOY 17 ERROR
1.0000E-02 3.8356 qE-03
I.0000E*OO O.

.20722
0.00000

5.0000E*OO 0, 0.00000
1.4000E*OI O. 0.00000

TIME 4.o”ooor.*ol 1.0000E*02
cE~L RELATIVE

ENFQOV ERROR
1.00013E-01 3.942 ?9E-04 .04663
5.0000E-01 O. 0.00000
1.0000E.00 o. 0.00000
9.0000E*OO o. 0.00000
1.6000E*01 O. 0.00000

C4PTURES

ENFRGY O. 1.13000E-03
CELL RELATIvE

T 1NE 4 ERROR
1.0000E*OI 7.7nq?6E-05 .01594
2.13000F. O! 1 .2b729F-04 .n 1534
4,noooE.01 7, b72bl F-n4 .01**3
1.0000E.02 S.98450E-F14 .01413

ENFROY 1 .000ot-n3 1.0000E-01
CELL RELATIVE

TIMF. 6 ERNOR
1.00017E*01 b.62q64K-05 .01185
2.0000E.01 2.05n25E-06 .05*V3
4.000nE *@l 2.87q2+E-07 .1+534
1.0000F*02 3.33111 bE-08 .25337

FLUX AT DETECTbR

T114F n. 2.0000E*o1
0ETCCTOF4 RELATIVE

ENF.I?GY ,1 ERI?oD
1 .0000E-02 5.4? H80E-07 .13333
1.0000E+OO 1.19637E-05 .04162
5.nOOOEOOO l.loqn?F-os
1.4000E*OI

.06251
7.2.qll15E-06 .05347

CELL RELATIVE
ERnnR
.02459
.02244
.02048
.01856

c
E1.9qlil E.os
1.414 ROE-04
2.7803 +E-04
7.14885E-04

TIME 2.0000E*o1 4.noooF, *ol
nE7Ec TnR RELA71VE

ENE!7GY
1.0000E-o? 1.606 ;OE-06

ERROn

1.0000E.00
.10496

4.77370E-08
S.00013E.00 l,.

,63866
0,00000

1.60!30E.01 n. 0.00000

CELL RELATIVE
EIN?OR
.01735
.07094
.15673
.42623

5.106 :6E-O5
2.0960 EE-06
3. S99136E-07
3.53650E-08

ENFRGY 1, ,0002E-01 1.0000E*OO
CELL RELATIVE

4 ERROR
3.q353bE-05 .01196
0. 0.00000
3. 0.00000
0. 0.00000

TIME 4.000 PE*OI 1.noooF.02
DETECTOR RELATIVE

ENEBOY 1
1.0000E-oz

ERRoR
6.3744 qE-06 .06239

1.0000E*OO 1.92792 E-l 1
S.0000E.00 O.

.$2870
0.00000

1,4000E*01 0. 0.OOOOO

CELL RELATIVE
EllRllR

.01R67
0.00000
0.00000
0.00000

TIME
1.000 nE.01
2.0000E*OI
4.0000E.01
\ .00(lflE*02

5
4.36357E-oS
o.
o.
0.

ENERGY 1.0000E*OO 1.4000E*01
CELL RELATIVE4-

-.
CELL FSEL4T1VE

ERROR
.12435

0,00000
0.00000
0000000

TIME FRROR
1.000 nE*ol 2.155 :2E-04 .06206
2.00013E*01 O. 0.00000
4.0000E*o I o. n.000oo
l.oonoE*oz O. 0.00000

2.153 :2E-04
o.
0.
0.

eO.eO*.***** ***0* *e..O. **0*. **0.**.0** * * * e *0***** . a e * . .e * * e i * * .**Om***. ****..******.*..*.*.............*......*.....**..
TAPE nU14P NO. 3 NPS ● 18032

,.
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THE FOLLOWING 1S A cllPY OF D& YFILE JEIF 1FE UP To TIME 16.35.44

15.63.4n SRPTIX 00 Cnns 1.36 71zn9J27 MACH. 14
TAPE SY7kOOi2

15.43.4* SIIMIR .USFR MOVITOU nF 70/10/16 lNITIALIZEO.
15.43.4n $IIPTR .JOR hAME=TUMt+FM21 FE,0ATC = 71/10/01
IS. *3.4N .cc~ SJOUl N& ME.lUUNRMZ l, CL. U, CA T. OS, AC. V06. USF.MCNSAMP,

15.43.4s
1$.43.48
15.43.48
15. b3. bn
1%. A304H
1~.43.4H
15.43 .*tl
15.43.4n
15.63,413
15.43. *H
15.43.6n
15.43.49
1=..43.49
15.43.4Q
15.63. bQ
15.43.49
l~. *3. =.o
1~.48. ?o
16. Z3.48
ISI, ?3.6E
is.. ?1.50
16.30 .3.?
16.30.33
16.3? .36
16.3? .37
16.35.42
16.35.42
16.35.62
16.35.42
16:35;42
16.3S.42
16.35.62
16,35.43
16.35.43
16.35.43
16.35.43
16.35.43
16.35.43
16.35.63
16.35.43
16.35.44
16,35,44

FLUSHOF
!FFMARK

SUMTR
SUMTR
\(JMTll

.Ccv

.CCP
●CCP
●CCP
●CCP
%uMTR
SRMTR
SRMTR
●LOS 05
SUM TR
$FIM7R
Sumla
$nMIR
SRM7R
sqMTR
sqMIR
tAU76CL

SLJHTR
SUMTR

●CCP
.CCP
.CCP
Suwn

.CCP
FL USMOF

PL.50, ?L.1OY)
-nsvrt LF FL,lSHffl TO DISK - 1= ls.43, ~R

SYSTA1
VER LENGTH .00001100.

.... .. .,

.DAYFILE COPIED TO FILESE1

.FILL SET CCO OPENEO, BUFF

.FILE SET INP 0PENE13,RUFFER LENGTH =00010100.

.FILF SFT JOHIN CLOSEO, LPJFFER LENOTH sOOO3.?1OO.
,FILE SET ST AT IS-~-=
. RkAn S WRIT

,, ---
rES POSITIONS OISK IFOS OISK UW3

000000023 000000000 000000002 000000001 000000000. LWA=OOOOOOO 1O2*OEV1CE9O2
S. CONTINUE IUJN ANO COPV OUTPUT TO TAPE.
SCRFATF [F S. RUNTP, cL.(], scT.2000, PREMT. XX063023)
%SETOIKEV.KKTP]
SSETO.
sLnCIO I I. IAIINTPI
.FILE SET RUNTP OPENEO, IEUFFER LENOTM
FlnLLOUT STAUTEO
ROLLW7 ooNt

XXO030?J IS (IN UNIT 1 FILE RuNTp
IWILLIN STAUIEO
ROLL IN 130hE
.FILE SCT nllr nmswn. ntmrtn I CNIITU
QOLLO(
ROLLCN
RIILLIt
ROLLIN 00NE

.. . ... . .- ..-”,“----..----“...
,(!1 sTAu TEO
‘u r now
N SIAQTEO

=00032100.

bOO RP1.

=00032100.

,ENll
.FILE SET INAGE OPENEo. OUFFER LENGTH .LOO641OO.
.FILE SET IMAGE CLOSEO, SUFFEXF LENQTH ●O0064i O0.
.FILE SET STATISTICS: REAOS URITES POSITIONS O:SK RoS OISK IARS
000000000 000000003 000000001 000000000 000000.004

. LWA=OO00167115,0 EVICE=02
SIF [F ALSE. TAPE I
sLblIEL I TAPE I
SAFSREL [F S= RUNTP, AOISP=STAPE, POSMT=XXO030Z3)
.FILE SET RUNTP CLOSEO08UFFER LEFAOTM =I. OO321OO,
.FILE SET STATISTICS
. fxEAns WRITES POSITIONS OISK RoS OISK MRS
000000033 000000002 000000002 000000007 000000002

. LWA.0000143743! OEV:CE=03
SCOPVI)F .
.OAYFILE FLUSHIIO TO OISK - T= 16.35,44

●✎

✎

.
,

\
.“

‘i
● .

ALT/11: 244(200)
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