LA-47 5]

C2

" MCN: A Neutron Monte Carlo Code

= ‘
= ) | PERMANENT RETENTION

loss/\valamos
sclientific laboratory

of the University of California
LOS ALAMOS, NEW MEXICO 87544

UUUUUU STATES
ATOMIC ENERGY COMMISSION
CONTRACTY wW-7408-ENG. 36

REQUIRED BY CONTRACT

=i ' DONOT CIRCULATE
T

v
’
[
r

B




This report was prepared as an account of work sponsored by the United
States Government. Neither the United States nor the United States Atomic
Energy Commission, nor any of their employees, nor any of their contrac-
tors, subcontractors, or their employees, makes any warranty, express or im-
plied, or assumes any legal liability or responsibility for the accuracy, com-
pleteness or usefulness of any information, apparatus, product or process dis-
closed, or represents that its use would not infringe privately owned rights.

This report expresses the opinions of the author or authors and does not nec-
essarily reflect the opinions or views of the Los Alamos Scientific Laboratory.




) LA-4751
( SPECIAL DISTRIBUTION

> ISSUED: January 1972

ot

los alamos
scientific laboratory

of the University of California
LOS ALAMOS, NEW MEXICO 87544

MCN: A Neutron Monte Carlo Code

by

E. D. Cashwell
J. R.

Neergaard
4 ‘ W. M. Taylor
= o G. D. Turner
=
=m.
g &
;50 —
=q,
1=
I=8
==O0 .
e =l
=== 0,
=0
%5!?0

i


ABOUT THIS REPORT
This official electronic version was created by scanning
the best available paper or microfiche copy of the 
original report at a 300 dpi resolution.  Original 
color illustrations appear as black and white images.

For additional information or comments, contact: 
Library Without Walls Project 
Los Alamos National Laboratory Research Library
Los Alamos, NM 87544 
Phone: (505)667-4448 
E-mail: lwwp@lanl.gov



MCN: A NEUTRON MONTE CARLO CODE

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

ABSTRACT

The general purpose Monte Carlo neutron code MCN is described in
detail to help the user set up and run his own problems. The code treats
general three-dimensional geometric configurations of materials, and can use
point cross-section data in either the Livermore (LLL) or the Aldermaston

(AWRE) format.

Optional standard variance reduction techniques are built into the code.
Source information may be inserted in complete generality, although certain

standard sources are included.

Neutron thermalization is treated by a free-gas model. In this treatment,
light nuclei are assumed to have a Maxwellian velocity distribution with
spatially dependent temperatures that may also vary with time.

Standard output includes currents and fluxes across arbitrary surfaces in
the problem, average fluxes in designated cells, fluxes at each of a set of point
detectors in space, and the number of particles captured in a cell as a function

of energy and time.

A sample problem is described and set up, and the complete computer

listing of a trial run is given.

I. Introduction

The general Monte Carlo neutron code MCN is

written in FORTRAN 1V. This program treats an arbi-
trary three-dimensional configuration of materials in geo-
metric cells bounded by first- and second-degree surfaces,
and some special fourth-degree surfaces.

The cross-sectional information necessary to treat
the interactions of neutrons with matter may be 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 thermalization 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 distribu-
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,



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.! The mechanics of
setting up and running a problem are discussed below
drawing heavily on an internal memorandum by Taylor;?
a manual for another of our family of codes. In addition
to these references, a general introduction to the type of
calculation considered here is found in Ref. 3.

The units used in MCN are as follows.

1. Lengths in centimeters.
2. Times in shakes (107 sec).

3. Energiesin MeV.

4. Afomic densities in units of 10% atoms/cm?.

5. Cross sections in barns (10724 cm?).

II. Geometry

The code will handle any number (limited only by
the storage capabilities of the computer) of geometric
cells bounded by first- and second-degree surfaces, as well
as some fourth-degree 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,z) =0 is the equation of a
surface in the problem. For an arbitrary space point
(xg.¥0:2g), the sign of the quantity f(xg.yq.Zg) is defined
as the sense of the point (xqg,yg,Zg) with respect to the
surface f(x,y,z)=0. 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,y,z) = 0 in the same way if f(x,yg,2¢) is to be unique-
ly defined since —f(x,y,z) = 0 is 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.

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=0. 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 to e as does a particle in cell (2).
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III. Cross Sections

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 angle 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. Estimation of Errors

Let us assume that, in a Monte Carlo calculation,
the independent sample values x; .x,,...X\ are drawn
from a population with a probability distribution that
may be unknown. Consequently, even the mean E(x) and
the variance o2 (x) may have to be approximated by their
sample values. Certainly this is the case for most of the
quantities of interest scored in the present code.

We define the sample mean

N
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where N represents the total sample drawn from the
population. For example, in our neutron transport calcu-
lations, N represents the number of neutrons started from
the source and x; represents the total contribution to x
from the ith starting particle. This latter definition of x; is
important, for in using various methods of importance
sampling and even in treating physical processes such as
fission or (n—2n) reactions leading to the creation of
neutrons, 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 X, It is well-known that if one draws a
sample of size N from a population with true mean E(x)
and variance 02, then with

E(x) = E(x) ,
Variance (%) = OT

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.

=2
2 = 5 -
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where a{x) refers to the standard deviation of the sample
mean, X.

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.

Prob [00(X) < x - E(x) < BO(X)]

B ——
'2—!'—/ e,zdt .
vom
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 the errors in the form
G(X)/X, that is, we give the relative 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 Techniques

Frequently, in Monte Carlo calculations, straight
analogue sampling leads to prohibitively long running
times to determine some quantity of interest 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 sampling. The basic idea may be
demonstrated by considering the evaluation of the follow-
ing simple one-dimensional integral.

b
F "f f(x) p(x) dx ’

a

where p(x) is a probability density function, f;’
p(x)dx = 1. In straight analogue sampling, one would
choose points X, , ... Xy from the density function p(x)
and form the mean value f.

N
Z f(x) .

im]
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This yields the Monte Carlo value for the integral. The
variance of the random variable f(x), a2, is given by

b
o2 -f[f(x) - 712 p(x)dxi= E(£2) - F>.
2 .
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Now suppose we sample from the density function
H(x) instead of from p(x). For each point x; selected from
B(x)> We give it the weight w(x;) = p(x;)/P(x;), and score
the contribution of particle x; as w(x;)f(x;). The expected
score is given by

b
f w(x)f (x);(x) dx

a

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 2
f [w(x)£(x) - F]° p(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 P(x) to decrease the variance 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 Boltzmann 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 find better sampling techniques.

A. Particle Splitting with Russian Roulette. Each
cell in the problem is assigned an importance, 2 number
which should be proportional to the average value that
neutrons in the cell 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 I', the particle
is split into identical particles of lower weight according
to the following recipe. If I'/I is an integer n, the particle
is split into n identical particles, each of weight 1/n = I
If I'/ is not an integer, let n = [I'/I],, where [x] stands for
the largest integer in x. Now the particle is split inton + 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
I'/I<1, then the particle is killed with probability




1-T'/1, and followed further with probability I'/I and
weight I/I'.

This technique is perhaps the simplest and most
reliable 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 may be 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 distance 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 cell a to
be defined as a positive or negative integer. The total
macroscopic cross section in the cell a is then taken to be
o' = 279(2)g insofar as neutron transport through that cell
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;section ¢'), the neutron
weight is multiplied by e{070 )X, However, if a particle
has a collision in the cell after traveling a distance x, the
neutron weight is multiplied by g/g’ e (970)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 use as particle splitting
with Russian roulette.

C. Statistical Estimation of 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 collision point, 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 8 about the line of flight

of the neutron. If » = cos 8, let p(»)dv be the probability
of scattering between v and »+ 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

)
CAf? P(V)

(2mdv) (2“1.2) )

p(Vv)dv

For isotropic scattering in the laboratory system,
p(¥)=1/2 so that the above expression reduces to
1/(4nr?), as it should. The probability of the neutron
reaching the detector with no further collisions is given by
e ¥t where ¢ 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 @ is the angle of scattering in the laboratory
system. However, we have the well-known relations

1+ Ay

VvV =

\/1+A2+ 2AH

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

E'=E(1;r+1;ru) ,

where E is the incoming neutron energy, E' is the energy
of the scattered particle, and r=(A—1)?/(A+1)%.
Making use of these formulas, we may compute
p(») = p[u(v)] du/dv. Knowing v from the position of a
detector point, we may compute u(v), hence determine
p(») 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 energy, 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 general quite
reliable. However, when collisions can occur arbitrarily



close to the detector, the variance of the flux can become
infinite. Several methods have been devised to counteract
this situation.** 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

2p (V) (1 - e_or°)'

4 3
3TTI'O-0'

for the average contribution to the flux at the detector
for particles colliding in the spherical region, where p(v)
and o 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 assumnptions 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.® Suppose the point detec-
tor is enclosed by a finite set of spheres of decreasing
radii, ry 13, ... 1, (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 F,), then the estimate
outside of r, (F,), and so on until we obtain the estimate
of the flux outside of the sphere of radius r, (Fp).
Plotting F; vs r; leads to an extrapolated value for the flux
at the point. Because no information is obtained from
collision points inside r, it is important that r;, 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 r,. Again, if the
detector is not in a fairly accessible region, so that the
occasional collison 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 MCN are given.

1. Currents Across Surfaces. 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 tally the
number of neutrons crossing in a common set of time,
energy, and angle bins. The two directions 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 confu-
sion.

2. Flux at a Surface. 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 u, the cosine of the angle the line of flight of
the particle makes with the normal to the surface, form
the quantity W/| ul, 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. Capture 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. The 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 0(X) by X. X refers to the mean
quantity tallied, and 6{X) refers to the sample standard
deviation in X.



It is implicit in the definition of X, 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.”

V1. Execution of Monte Carlo Neutron Programs

A. Initiation, The initiating program MCNI is
employed in the first 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 file 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 also 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 run card contains the following problem
parameters, :

Problem time cut-off in shakes
Weight cut-off
Job time in minutes

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

NDM, tally record write cycle

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

NPP, terminal history number (calculation stops
after NPP histories)

The format of this card is defined by the FORTRAN
statement FORMAT(3E10,4110).

After reading the run card, MCN reads the fixed
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 file. 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 CODETP. The data
file produced by MCNI is written to a file called RUNTP,
which in turn is read by MCN. In practice, CODETP is a
fixed magnetic tape consisting of three files; (1) MCN and
its 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
first file on the CODETP, namely, MCN and its sub-
routines, and (2) the data file.

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 in position to be read. After
writing the data file to RUNTP, MCNI rewinds RUNTP.
Once the running stage is begun, the first file of RUNTP,
a copy of MCN and subroutines, is loaded and executed.
The data file is then in position 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 MCN costs 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 II 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 preceding and following
this state.

These 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. Cell Cards. The number 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

3. 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.

The 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 followed 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 may be indicated by entering
a cell material number of 0 and omitting the density
entry.

G. Surface Cards. 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 specularly reflected and the calculation continues.
Columns 6-72 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.

Coefficients in

Mnemonic Type (Equation) Oxdexr of Entry
P Ax + By + Cz ~-D =20 A, B, C, D
PX X -D=20 D
PY y -D=0 D
PZ z-D=20 D
sS¢ x2+y2+zz-R=O R
S 2 + (-2 + (z-2)2 - RZ = 0 X, ¥, z, R
SX x-x)2 + y2  + 22 -RZ=o0 X, R




Coefficients in

Mnemonic Type (Equation) Order of Entry

SY 2 + @Y%+ 22 -R2=o0 ¥, R

SZ x2 + y2 + (2-2)2 - R2 = 0 ;, R

c/X 9%+ (z=0)2 -rR2 = 0 ¥y, z, R

c/Y (x-x) 2 + (z-2)2 - R?2 = 0 X, z, R

c/z (x-x)2 + (y-y)? -R2 =0 X, ¥, R

cX v2  + 22 -RZa=0 R

cY x2 + 22 -R2=0 R

cz x2  + y2 -rRZ =0 R

K/X -t2(x-%)2 + (y-§)2 + (z=2)2 = 0 X, ¥, z, t2

K/Y x=%)2 - t2(y-N2 + (z-x)2 =0 % ¥, z, t2

K/z =02+ g-N? - 2 =0 X ¥ 7, t

KX —t:2(x-}-{)2 + y2 + z2 =0 ;:, t2

KY x2 - t2(y-y)2 + 22 =0 y, t2

KZ 2 +y> - 2en? =0 z, t2

sQ A(x-X)2 + B(y-9)2 + C(z-2)2 , B, C, D, E,
+ 2D(x-x) + 2E(y-y) F, G, X, ¥, z
+ 2F(z-2) + G = 0

GQ Ax2 + By2 + Cz2 + Dxy + Eyz A,B,C, D, E, F, G
+ Fzx +Gx +Hy +Jz+K =0 H, J,

QD (y-;r)?'/b2 + (z-E)Zlc2 = 1% ¥, z, b, C

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

(x2 + z2 + py2 - 2p§y + Bo)2 - Ao(x2+zz) ’

where o= C2/b2
B0 - c2 + p}-rz

=z

A =432
o]

Because the torus is completely defined by the ellipse, we specify only the simpler equation in setting up the geometry.

H. Data cards. All data cards are distinguished by
the alphabetic first character of the name. Data cards
break down into the following six categories. If a data
card contains all zeros, it may be omitted.

1. Cell Specification Cards. The names associated
with the cell specification cards are 10, Y6, Y7,
R1,.. ,Rn. These cards continue the specification of

quantities by cell. The entries on the [0, Y6, and
Rl, ... ,Rn cards must correspond to the order in which
the cell cards are placed in the deck. There are no order-
ing restrictions on either cell or surface cards; thus, the
nth entry on an 10 catd must be that value assigned to the
cell occupying the nth position among the cell card
entries.



The usage is as follows.
I0:  Cell importance.

Y6: q(a), where 219(a) gtot js the fictitious cross
section used in cell a to compute distance to
the next collision.

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

R1: Cell thermal energies at the 15t time t, .

Rn: Cell thermal energies at the n? time, t .

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 Maxwellian 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-gas model.

The cell thermal energies can 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,,...,t,. The first time, t;, is
written as the first entry on the RO card; the second time,
t2, becomes the second ertry on the RO card, etc.,
through the n values of the time. The thermal energies at
time t, are listed, cell by cell, on the R1 card; the
corresponding cell thermal energies at time t, 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,, or after t,, 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, UQ, VO, and WO. All or some of these
cards may be used with a particular source. (More details

10

about the source subroutines are given in Appendix B.)
The usage is as follows.

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 Sn<8.

UO: Source track fractions (described below).

V0: 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.

VO and WO together give the distribution function of the
energy spectrum. A random number, £, 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 cell
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.

The first entry on the WO card 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 WO card. In this case, the
first entry on the VO card must always be 0 and 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 fo 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



energy interval. The first entry on the UO card must be a
0. 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 defined for the source.
But when one is biasing the source by using a UO card,
then the entries on the VO card 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
U0 card is used.) The code normalizes the entries on the
U0 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, puts the appro-
priate weights so obtained in the proper locations in the
UO block, and finally stores a cumulative probability
distribution for the fictitious source (the distribution of
tracks) in the VO block 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 normally 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 U0, VO, and WO cards, 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. L-Card. 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 crosssection

storage allocation between fast core and ECS is printed by
MCNI at the end of initiation.

4. Function Cards. 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.

Current tally: 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 F1, E1, T1, and C1 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. The upper bounds of the time
bins must be entered in the order of increasing
magnitude.

C1: Tally cosines. The angular limits are defined
with respect 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 0 to 30°, 30 to 60°, and 60 to 90° with
respect to the normal, the entries on the C1 card
would be 0.8660, 0.5, 0.

Flux tally across surfaces: n=2. The code tallies
fluxes across 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, B2, 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
E1 above.

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

Flux tally in cells: n=4. The 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.
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F4: Cell tally numbers. The entries are the list of
cells in which the flux is to be tallied. There are
no ordering requirements on the cell number
entries.

E4: Tally 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 tallies 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, ES, and TS5 cards.

F5: Tally coordinates for each point detector. The

entries are sets of ordered quadruples (x, y, z,
R,), 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 tallied at the
detector point.

ES5: 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 tally 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. .

Té6: Tally times. The 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.

§. DO Card. The DO card has three entries ordered
as follows.

1. Thermal Energy Cut-In. All neutrons 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 cell of the problem. If thermal
energies are not used, this entry is set to 0.

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 E,;,, and
Eqhax for the problem. The program for eliminating cross
sections not pertinent to the problem is called 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 cell card whenever that cell 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 all 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



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 Run card
LASL’s CDC-6600
6789 card

JOB card

COMMENT. COMPILE S@URCE, INITIATE, AND RUN
PROBLEM

ASSIGN MT, CODETP(PLB, tape no., SHB)
ASSIGN MT, RUNTP(NLB,,SHB)
RUN(SX,B=RUNTP) COMPILE SQURCE
COPYBF(CODETP,RUNTP)
COPYBF(CODETP MCNI)

MCNI.

RELTAPE(CODETP)
COPYBF(RUNTP MCN)

MCN.

789 card

Source subroutine deck (including COMMON)
789 card

Problem deck

789 card

When one of the standard sources is used, the fol-

lowing deck suffices to “initiate and run.”
B J@B Card

COMMENT. INITIATE AND RUN PROBLEM
ASSIGN MT ,CODETP(PLB, tape no.,SHB)
ASSIGN MT ,RUNTP(NLB, ,SHB)
CQPYBF(CQDETP ,RUNTP)
COPYBF(CODETP MCNI)

MCNI.

RELTAPE(CQDETP)
COPYBF(RUNTP MCN)

MCN.

789 card

Problem deck

789 card

Run card

6789 card
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“Continue run” deck for LASL’s CDC-6600
COMMENT. CONTINUE RUN
ASSIGN MT ,RUNTP(NLB,tape no.,SHB)
COPYBF(RUNTP MCN)
MCN.
789 card
Run card

6789 card

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

$. COMPILE SOURCE,
PROBLEM

INITIATE, AND RUN

$CREATE(FS=CQODETP,CL=-U PREMT=CROS tape no.)

$RUN(C=SX ,B=RUNTP) COMPILE SPURCE
$COPYF(I=CODETP ®=RUNTP)
$SETQ(KEY=KKTP)

$SETQ.

SLDGO(I=CODETP) INITIATE
$IF(FALSE=RUN)

$DMPX.

$STQP.

SLABEL(RUN)
$SETQ(KEY=KKTP)

$SETQ.

$LDGQ(I=RUNTP) RUN

$IF(FALSE=TAPE)
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$DMPX.

$LABEL(TAPE)
SAFSREL(RF=RUNTP,ADISP=TAPE)

$FM.

Source subroutine deck (including COMMON)
$FM.

Problem deck

Run card

$EJ.

As in the case of the corresponding CDC-6600 deck,
the above deck can be converted to “initiate and run”
with a standard source by simply removing the $RUN
control card and the source subroutine deck with its SFM
terminator.

“Continue run” deck for LASL’s CDC-7600
$. CONTINUE RUN.
SCREATE(FS=RUNTP,CL=UPREMT=CROS tape no.)
SSETQ(KEY=KKTP)
$SETQ.

SLDGQ(I=RUNTP)
$IF(FALSE=TAPE)
$DMPX.
SLABEL(TAPE)

$AFSREL(FS=RUNTP,ADISP=STAPE POSMT=same
tape no. as in SCREATE)

SFM.
Run card

$EJ.




APPENDIX B

SOURCE SUBROUTINES

1. Standard Sources

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). When we 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
altering 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 modifying the
source probability distribution and the particle weighting
by means of the track fractions. (See Source Cards, Sec.
VIH.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(1), 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 not
compute the distance to the boundary traveled by source
particles. However, if SRC(4) = 0, 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 nota
spherical region, one should set SRC(4) = 0.

Source Routines.
S1: A biased point source.
Requires VO and WO cards.

SRC(1) = 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.

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

region

SRC(4) = 0, otherwise.

S2: A weighted, biased point source.
Required UQ and VO, and WO cards.

(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 VO and WO cards.

(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 UQ, VO, and WO cards.

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

S5: An isotropic point source.
Requires VO and WO cards.
SRC(1)=0.

SRC(2)=0.

SRC(3)=0.

SRC(4) defined as in S1.
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S6: A weighted, isotropic point source.
Requires UQ, V0, and WO cards.

(Entries on Sn card same as in S5.)

II. General Source Subroutine
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 COMMON deck 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-coordinate of neutron’s position.
z-coordinate of neutron’s position.

x-axis direction cosine of neutron’s direction.

y-axis direction cosine of neutron’s direction.

£ < o N =

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 within 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
second-degree surface JA and the neutron flight
path intersects JA at another point besides the
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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(X-U+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 = 107 sec).

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 caiculation
is being made, and neutrons are emitted from the source
anisotropically, 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 used 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(1),
I=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(KRN) and
FRNS(KRN), which are loaded as function subprograms
into core with MCN. Each use of FRN(KRN) will give the
next random number §(0<§< 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




AMAX1(FRN(KRN), FRN(KRN)) will not do since it
results in the same random number being used for both
arguments of AMAXI. Some preliminary assignment

statement such as RN = FRN(KRN) preceding
AMAX1(RN,FRN(KRN)) is successful.

APPENDIX C

SAMPLE PROBLEM

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 set up 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 distribution, send-
ing three-fourths of the particles isotropically with posi-
tive v (v is the y-direction cosine) and one-fourth of the

260 DRAWN IN yz-PLANE
POINT DETECTOR x GEOMETRY GENERATED
(0,10.0,250) BY REVOLVING ABOUT
y -AXIS
voI0
18 Fe(p 3 7.85,
14
CHy(p = 0.91)
10 —
100 Ap=271~
NORMAL Li 8o =
z cH (' = 0.834) (’ s IM)};‘
. (p=0.0) "
- B
<« - y(AXIS OF )
-18.0 -160 250 300 310 7 \SYMMETRY
DISTANCES IN cm
OENSITIES (p) IN g/cm3
~
REFLECTING
PLANE
Fig. C-1.

Sample problem for the MCN code.
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x{0,100,25.0)
voio 5 (31
¥ 1281 T —y 1) —] Yo 2% ¥a
CH, CH, [ CH, CHy CH,
{20 (21) ‘o (22 (24) {23)
Al 18] Al {18] 100 Al (@41 g k) Al {17} AL (13}
Al CH [R] Li | 1] ]
1817 14 [ ] 9 11
oy (17 (8 (10) o
-18.0-160 150 200 2350 300 31.0 -
REFLECTING n'® CELL DENOTED BY {n)
PLANE
n'™™ SURFACE DENOTED 8Y
Fig. C-2.
Sample problem zoned for input to MCN,
TABLE C B. Currents. Tally currents across surfaces 10, 11,
and 14 for
SOURCE energies: 0-0.01, 0.01-1.0, 1.0-5.0, 5.0-14.0
MeV)
Group Energy (MeV)  Fractions in Group times:  0-100 (shakes)
1 0.0001 0 angles: 1.0-0.8, 0.8-0.6, 0.6-0.4,0.4-0.2,0.2-0
2 0.001 0.01 (values are for the cosine of the angle
3 0.01 0.03 with the normal to the surface).
4 0.1 0.06
5 0.5 0.20 C. Flux Across Surfaces. Tally the flux across sur-
6 1.0 0.30 face 17 for
7 5.0 0.20 energies: 0-0.01, 0.01-1.0, 1.0-5.0,
8 10.0 0.15 5.0-14.0 (MeV)
9 14.0 0.05
times: 0-20, 20-40, 40-60, 60-80, 80-100
(The energy listed is the upper bound of the energy group.) (shakes).

particles isotropically with negative v, comrecting 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

D. Flux in a Cell. Tally the average flux in cell 3 for
energies: 0-0.1, 0.1-0.5, 0.5-1.0, 1.0-5.0,
5.0-14.0 (MeV)

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



E. Flux at a Point. Tally the flux at the point (0,

10, 25) for

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

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

1.0-5.0,

times:

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,
1.0-14.0 MeV)

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

0.1-1.0,

times:

TABLE C-1
CELL QUANTITIES
Thermals (MeV)
t<20 t=40 t<60
Cell Importance shakes shekes  shakes
1 1.0 0.00001 0.00005 0.0001
2 10 o0 0 0
3 2.0 0 0 0
4 2.0 0.00001 0.00005 0.0001
S 1.0 0.0000 0.00005 0.0001
6 40 0 ’ 0 0
7 40 0 0 0
8 8.0 0 0 0
9 8.0 0 0 0
10 16.0 0 0 0
1 8.0 0 0 0
12 320 0 0 0
13 160 0O 0 0
14 320 0 0 0
15 1.0 0.00001 0.00005 0.0001
16 1.0 0 0 0
17 1.0 0.00001 0.00005 0.0001
18 1.0 0 0 0
19 1.0 0 0 0
20 1.0 0.000001 0.00001 0.00001
21 1.0 0.000001 0.00001 0.00001
22 4.0 0.000001 0.00001 0.00001
23 4.0 0.000001 0.00001 0.00001
24 8.0 0.000001 0.00001 0.00001
25 8.0  0.000001 0.00001 0.00001
26 1.0 0 0 0
27 1.0 0 0 0
28 20 0 0 0
29 20 0 0 0
30 40 0 0 0
31 1.0 0 0 0
32 0 0 0 0

TABLE C-1II
MATERIAL DENSITIES
. Atomic Density
Material (atoms/cm®)

Al 0.0603
Normal Li 0.0463

Be 0.123

CH 0.00926

CH, 0.1173

Fe 00847

po | Thermal energy cut-in = 107 MeV.

Card ] Energy cut-off = 0 MeV.
Maximum energy of problem = 14.0 MeV.
Time cut-off = 100 shakes. '
Weight cut-off = 107¢.

19




TABLE C1V

SAMPLE RUN

SUBMUUT INE SOUNCE
000001 COMMUN MXASMAIoMXS oMXF ¢MRT oMXFMoeMXLCLC3 1 IFQeEBR IXFMsLXS ¢ LXSECIEC
FONSRISHC 1) 1SPH (P4) ¢ SWM124) +SEG(24) +COETX (10932 9RO (107 +FROC10) 0]
F10d1200100 01200 110K1201T14LLLGILIWIKL]0I2101220J210J2201020101418
A29Ja10J420 114015101520 1150J510U82916101020J619J6291164NDETXILLDY
LCPPID(R) sLLF (R sRHO(90) 9F10(90) sUALIG0) sLCA(OL) vML]Y (90) vML2(90) 9€
THIYOS) s TTH(S) 9 VOL (90) sLJA (450) sLCAJCA50) sLAJIT20) oKST (80) sLSC (B
11 95CF (2401 sLCH(T20) oLFU6) sFME(100) sLME(100) sLPRIA) s 1UP(60) 0 IFP(
60)sPL100Y ¢At20) WLECI201 sLFP(20) s LLCME20) o LCMS{20) ¢ KRNoNRNy TWSe TE
SINPSINTRONCTITHO 9L TMIO) +NTM(6) oWTMIG) sFLTS00)
000001 COMMUN/GL/S106s0L SsPL sQPLIPMF oLV «CSJAILSAC TAP 1KE «NCP oKDB ¢

L XoYo2ZoUsVowobRAIMToTHE vl ¢ DEL ¢ TA9JAINP JUSQ VSAewSQAo 14F s 11IF,12F

TOMMONI»

2 ISF

000001 CUMKUN/G2/1ET412) eNET(]12) +DET ()23 ¢LET(12) ¢CRT(12) s THD(2) s AHD{2)
1 1TRI201sTPI20)+D10(128) oEFS (33D

000001 COMMUN/GI/ 151y F261 4F20g4F24)

000001 COMMUN/DXCUM/NIn s IDETXoCSDOX9sCSoDDETX¢DAFACHAMFP o AMFP24PBLSAV(13) ¢

1 LV2sLVISLVAGLVE G LVE,LVT4FSCoNDMULA ¢ AW4UOLD s VOLD ¢ WOLD e
2 ANUSDaw] sARoUCAP 9 VCAP oWV sCTHoSTHeCEP» SEP

S UNIRORMLY DISTHIBUTED IN VOLUME IN SPECIFIED SPHERICAL CELLe
C STaRTINv DIRECTIUN ISOTROPICY BUT RIASED IN POSITIVE V-DI“ECTION-
C ENERGY ULISTHIBMUTIUN.

c S7 CARD HEUWVINED IN PRUYLEM DECK.
[ SHC (1) =CELL NUMRER,
[4 SHC t¢) eRANTUS UF CELL IN CH,
c SHC13) #FNACTIUN UF NEUTRONS WHOSE STARTING DIRECTION HAS
c PUSITIVE V.
[+
000001 DIMENSION ESHC{9) (PESRC(9)
000001 DATA £SRC/¢0001+000100010elee5010015:0910091400/
000001 DATA PESHC/094019¢0690100030006094800¢95¢140/
c DISTANCE FHOM ORIGIN SAMPLED FROM THE INTERVAL (0:SRC(2))
c DISTHIHUTEL ACCOHDING YO TME DISTANCE GCURED,
000001 HReSRC(2)® (FHNIKAN) ) ®#,3333333333
[ SAMPLE UNIHOHMLY FROM POINTS INSIDE THE UNIT CIRCLEe
000010 10 TP{1)®FRNS(KRN)
000012 TP12) ®F KNS (KHN)
000014 TP =TP(]1)08247P (2) 002
9000ty IFLTPI3).GTele) GO TO 10
[ TP(3) DISTRIBUTED UNIFORMLY ON THE INTERVAL (0¢l)s TP(A} IS
c THt COSINE OF THE POLAR ANGLE OF THE STARTING POINT.
000023 . TP{4)=2,9TP{3) =1,
000024 THISI=ROSQRT ({1, =TP(4)992) /TP (3))
000033 Xeno 1P (4)
000034 Yelp{l)eTp(S)
000038 2sIpi2)eTP(S)
000037 IF (P RNIKNN) «GTeSRCE3)) go TO 30
c S¢1 Vv POSITIVE SRCIY) OF THE TIME.
000048 . VEARS (V)
000046 wT=0e5/SKC(I)
000050 15 lassKC(l)
000031 Jasl
000092 THE wV
000053 DEL =0
000054 RaF KN (KRAN)
000057 00 2V 1=249
000060 IFIR,LY,PESRC(T)) GO TO 25
000063 20 CONTINUE
000064 25 tnbltSRc(I-])‘(ESRC(!)-ESRCI!-l))O(R-FESRC(X-li)/
1 (PESRCIIIPESRC{1=11)
000073 RE TURN
c SET V NEGATIVE 1=SRC(3) OF THE TIME,
000074 30 Vu=ABS(V)
000076 wT%0e5/(1,=SRC(3})
00010} GU TU 1§
e00101 END
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SUBPRQQRAM LENGTH

000161

FUNCTION ASSIGNMENTS
STATEMENT ASSIGNMEIN(S

10 = 000011 15 - 000031
BLOCK NAMES AND LENUTHS

e 027455 <13 = 00006}
DXCOM = 000054
VARTABLE ASSIGNMENTS
A e 010543C01 AHD = 000076C0d
DEL = 00002hC02 DET = 000030€03
ERO « 000022C02 ESRC =« 000138
L4 e 0l0741C01 Flo = 000632C0L
! = 000160 1A = 0ypon27C02
4 = 010303C01 1JP « 0lo207C01
KRN = 01070TCLY KSY = nos5522C01
LCAJ = 003300Cul LCP = 006343C01
LEC = 0l0567C01 LETY = (0000ssCal
LJA ® 002376C01 LLCHM = 010637C01
(%14 * 005042C01 ML) « 001051C01
NTM = o010725C01 P = 010377CO1
QA = 000564C0] R = 0001587
SCF e 00S7e3C0l SEG = 000107C0L
SWM ® 000057C01 TKD * 000074C0)
T = 002237C0)} V = 000020C02
wTM = 010733Co1 X = 000014C02
EXTERNAL ASSIGNMENTS
FRN HBAREX
START OF CONSTANTS
000103
$START OF TEMPORAWIES
000107
START OF INDIRECTS
000131

UNUSED COMPILER SPaCE

104100

CORE MAP eccececnsetese DATE-

FuA
COUE 000100 147370
LOADER 143566 14772
TABLES 143%65 141888
FILE PROGRAM  AUDRESS
CODETP
INUT6OL 11400
SNIP 107440
sysLis
ACGOER 110226
BUFFEOD 1102e0
£CSRW 110322
ENDF IL 110352
IFENDF 110366
INPUTB 110406
INPUTC 110563
- INPUTS 1107237
TOCHEK 111025
ouYPYC 111081
OutPTS 111207
REWINM 111300
SYSTEM 111333
InAlEX 112370
RBAREX 112421
854020 112500
€4620 113260
GETBA 113354
I0UTIL 113410
KODER 114701
KRAKER 116106
MEMORY 117167
SKIPR 117327
ALNLOG 117400
£xp 117407
801 117542
LABRY 1176v6
UNSATISFLEL

EXTERNALS

CLETX
01q
ETH
FME
10
1TP
LAJ
LCHMS
LFO
LME
ML2
PBLSAV
RHO
P
THE
VoL

Y

FRNS

71/09/030000 TIMEe
Lwa

AEFERENCED
BY

000411

000137C01
000150C03
001335C01
007071C01Y
000€62€01
000300C03
0064202C01
010063C01
007663C01
010038C01
001203C01
000010C0S
000400C01
000827C01
000024C02
002244C01
000015C02

12036451
BLNK COM

11774

NAMED
COMMON

INCOM
INCOM

asnee
LENGT

027455

ADDRESS

000100 -

000100

000078

000004

000060C03
000350C03
010717C0)
000207C0}
000000C03
000030C02
00a716C01
00o272C01
010613C01
o0lo201C01
00003403
000146

000175C01
e00017Col
00012403
000023C02
000016C02

eoee NORMAL LOAD

LCM
B8LOCK

AY

LOCATION




WN = OCBNP WP W N~

- o

-

22

Ay 00926
43 ,0603
4 123
6 L1173
4 L1173
41 0463
43 ,0603
41 L0463
43 ,0603
61 ,0463
43 0603
A L3123
43 ,0603
43 L0603
45 00926

S0 3.0
SO S.0

CY 10,
cY 11,
PY 15.
PY 20,
PY 25,
PY 30
PY 31,
CY 14
CY 1S5e
CY 26,
PY o
PY =12«
PY =l6¢
PY =18.

SAMPLE PROBLEM

=102
1ol =24445:3
242 =444 <3406
202 443 1595 =208
212 =154 =39 1%
34403 57 =74R
Sed 15616 =022 =749
«5¢Y 746 -H4l0
Se8 Te7 =0423 =Kyl
«5¢11 HeH =Y912
5410 8,9 =6,24 =9,13
«5913 9410 =1Uy14
Seldyl4 901 «6425 «11,32
«5¢13 10412 =11,32
3,5 16417 5,16
5919 16018 =642]1 =15,7
ebelf 17419 =J0,1S

5917419 18,32 6420 =106,}06

wbylth 18432 =17,17

6,18 18,32 «12,26 «16,2)
6410 16,20 =12,27 -15,22
6,7 15,21 ~12,28 =7,23
6,9 7,22 ~12429 -8,2¢
6411 8,23 12,30 +9,25
6413 9,24 212,30 11,32
12420 18,32 = 31 16,27
12¢21 16,26 =13,31 -15,28
12922 195427 «13,3]1 7,29
12423 7,28 =1343)1 «8,30

. 1202842% 8029 «13:31 11432
0 13426427928429430 16432 «14432 «11432
4 14931 =18,19418,20026,31 11418413525930431

10.0
KY 0 +3333333333

1¢E=3 0 1440

1o 1e 24

2¢ 1o 64 4o Be 8, 164 8¢ 2320 160

1e 10 20 20 44 10 O

1 3¢0 75

20¢ 40¢ 600
10¢E~6 0 0 10+t=6 1R 0 BR 10+E=6 0 10¢E=6 0 0 1+E=6 SR 0 6R

%0sE=¢ 0 0 S0.kw6 IR 0 R 50.E=6 0 50.E=6 0 O 10+E«6 3R 0 6R

«1E=3 0 0
10 11 14
01 1l¢ Se
100.

2.

le

6R 4, 4.

elted 1R 0 B8R +1E=3 0 +1E=3 0 0 10¢E=6 5R 0 6R

lée

o8 o6 ¢4 20

17
01 1o Se

t4e

200 40¢ 60+ 80+ 100.

3
o1 o5 140

S.0 14,0

10« 20+ 40~ 100.

245.%2
0 10 2S.

e01 1e0 5.0 1400
20¢ 40« 100.

45

2001 o1 140 l4e0

10¢ 20¢ 40+ 1OV,

2219 9244 2214 0756

2036 1.
2038 1.
2008 1¢

11 «8 3006 <%
11 2¢ 3006 1.



32 CELLS
PROGR NAME PROBL NAME  MATERIAL DENSITY

1 1 (1] 942600E=03
2 2 3 6,0300F=02
3 3 o 142300801
L3 4 40 141730€=01
5 [ [} 141730€=01
6 6 41 440300F=02
7 7 o3 4.0300E-02
] ® (11 4.6300E-02
9 9 43 640300£ 02
10 10 ) 4.8300E=02
11 11 43 6¢0300E=02
i2 12 % 142300E=01
13 13 (2] 6+0300E=02
14 1e 43 6,0300E=02
15 1% 13 9.2600E=0)
16 16 43 A.0300E=02
17 17 45 9.2600E-03
Y ] 18 4 640300802
19 19 4 6+0300E~02
20 20 . 141730E=0]
el 21 46 141730E=0]
(1] 22 (1Y 161730€=01
23 23 4 141730E=01
24 24 46 1+1730E=0}
2% 25 40 141730E=01
26 20 [33 0.4700E=02
27 27 42 8,4700E=02
28 26 42 8,4700E=02
2 29 a2 0,4700E«02
k[ ] 30 2 8,4700E02
N 3l 0 0o
32 2 0 O

TALLY PARAMETERS
FOHRMULA 1 w» NEUTRONS CROSSING SURFACE

SURFACE 10 11 14

ENERGY 1¢0000E=02 - 1,000UE+00 $3+0000E400
TiMe 100000E002

COSINE 840000E=D1 8,0000E=01 4,0000E~0)
FORMULA 2 == FLUX [NTEGRATED OVER SURFACE
SURFACE 17

ENERGY 1¢0000E=02 1,0000E«00 5¢0000E*00

TIME 240000E«0)  4,0000E¢01 640000E90]
FORMULA & oo BATH LENGTH/VOLUNME
CELL 3
ENERGY 1+0000E=-U1 5.0000E«01 140000E+00
TIME 100000E¢01 2,0000E«01 4.0000£401
VOLUME 2:4552E402
FORMULA S = FLUX AT DETECTOH
DETECTOR X Y

1 O 140000E+02
ENERGY 1s0000E=U2 1.0000£400 8.0000E400
TIME 200000E001  4,0000E+01 3+0000E402
FORMULA 6 =» CAPTUKES
CELL 4 5
TIME 100000E¢02 2,0000E«01 #.0000E+02
ENERGY 100000E=03 1.,0000E=-01 1.0000E¢00

10 SURPACES

IMPORTANCE XSEC MULT

140000E+00 10000E+00
140000800 1,0000E+00
24.0000€¢00  1,0000E+00
24000VE«00 1,0000E¢00
1:0000E200 1¢0000E00
440000E¢00 1+0000€00
4¢0000E400 1,0000E+00
8¢0000E+00 140000k¢00
840000E+00 1¢0000E¢00
146000E+01 1+0000€+00
§+0000E+00 1¢0000E¢00
3420008901 140000E*00
1¢6000E¢0] 1¢0000E400
3¢200VE¢01 1+0000E900
14000UF+00 1+0000E+00
1¢0000E¢00 1+0000E*00
1¢0000E*00 1+0000€¢00
140000E°00 140000E°00
140000E¢00 1.0000€900
1000006400 1.0000E¢00
1+0000E400 1,0000E400
40000E¢00 1+0000E00
4¢0000E¢0C 100000E*CO
800000E200 140000£00
8+0000E¢00 140000£°00
140000E¢00 1+0000E*00
140000€400 1,0000Ev00
200000E¢00 1,0000E+00
240000E+00 1+0009E00
440000E¢00 140000E00
140000E000 140000E+00

-

e
BIPRIP NN~ OOONOWNI DN

oyoys yeyore)

[ ] 140000E+00
THERMAL LIMIT = 1.0000E=03
TIME (RO} 2,0000E+01
CELL R
1.4000€01 1 100000E=0S
e O
240000801 O, 3 [ B
4 1¢0000E~0%
] 1.0000€=0%
[} 0e
144000840} 7 0o
8,0000E+01 1.0000E¢02 L] [ 8
L4 0o
1o [T}
11 [ D)
5.0000E400 1+4000E01 12 [0
1.0000E¢02 13 0.
1s [
18 140000E~0S
1s [
2 NEIGHHORHOOD 17 14000VE=0S
205000£001 Ge 1a [ T
104000E¢01 19 [ T
20 100000E=06
21 1:0000€=06
2 140000E=06
23 1+0000€E~06
140000€¢02 26 1,0000E=06
144000E00) 25 140000E*06
26 [ 1)
27 0.
28 [ D
29 Qe
30 [
N O
32 [ ]

SOURCE=?
SRC(1) SHCI12) SRC(3)
140000E+00 3.0000E+00 7.5000E=01
MATENIAL NOe  COMFUNFNT NUCLIDE +FRACTION
A 22190 492440 22144 07560
.2 2030+1,00000
.3 203541,00000
(TS 2008,1,00000
4 11y ,50000 3006s 50000
LYY 1l 00067 3006y 33333
XSEC STORAGE
NUCLIDE FAST CORE Ecs
11 ay3
2008 11v3
203% sk
2036 Aol
2214 2198
2215 2036
3006 1813
ToTaL 16045 0

INITIATION COMPLETED

PROGR NAME PROBL NAME

1

2

3

.

]

[

4

1 )

’

10

11

12

12

14

18

16

17

10 REFLECTING
4,0000E01 600000E001

R2 R3

$+0000E=05 1+0000E~04
Oe Oe
0o 0o
5¢0000E=08 1:0000E~04
$:0000E=08 140000€=04
0o Qe
0. Qe
Oe Oe
Oe [ 1)
O Oe
Qe 0o
O Qe
Qe Qe
[0 0o
5¢0000E=0% 1+0000E~04
Oe Qe
$.0000€=0%5 1+0000€E=04
[0 O
Oe Qe
1¢0000E=05 1+0000E=0%
1:0000E+0S 160000E=0S
1.0000€~0% 100000€=0S
100000E~05 1+0000E~0S
1,0000E=0%8 140000E~0S
1¢0000E=0% 1+0000E-05
O Qe
[0 [
[0 [ D
[ 2% Qe
O 0o
Qe 0
O 0o
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CORE MAP ee ®encscs DATE~ T1/09/030800 TINE= 12.36.5500e0cssessen NORMAL LOAD oo
Fwa Lwa BLNK COM LENGTH

COUE onot00 148811 117035 027485

LOKDE R 143566 147771

TAHLES 143565 137644

NANMED LeH i
FILE PROGRAM  ADDRESS COMMON ADURESS 8LOCK ADDRESS .
RUNTP
SOURCE V00632 a1 000100
62 000141
63 000552 N
DXCOM 0005%6
NUTGEL uolol3 . 1% 000100 XSEC 0000000 .
a2 000141
Q3 000552
DXcor 000556
08PNT lusz70 61 000100
G2 000141
a3 000552
oxcom 000556
FRN 106526
FHNS 106536 :
IRN 106547 [} 000100
62 000141
[ X] 000552
oxcom 000556
Ex 10657
$YSLIB

ACGOER 106613
HACKSP 10662%
HUFFE] lo6e54
BUFFEO 10677%
CLUCKF 107057
ECSKW 107162
ENUFIL 97212
INPUTC. 107226
I0CHEK 107402
LEXGTR 107426
OUTPYC 107446
SSwTCH 107604
SYSTEM 107672

17 110727
ALMLOG 111046
€xP 111138

IAATEX 111210
RHATEX 111241
RRAHEX 111272

SQkY 111351
ABURT 111427
854020 111475
Ca020 112258
ENTR 132351
GETHA 112405
10UT3L 112441
KODER 113732
KRAKER 115137
LAERT 116200

MEMORY 116306
OUTPTS 116466
PACKAGE 116557

REMARK 116644 ‘
RETN 116670

SKIPR 116720

80l 116771

UNSATISFIED REFERENCED AT
EXTERNALS 8y LOCATION
;;C;X- N NUT6EL 002032

24




SOURCE NDe
?

P-4
"

x

2.287%E+00
*3.4936E-01
~1+8539vEeq0
~8,578/€=01
2.0899E+p0
~84A075E=01
=2.A8696F~02
=2+3599t 00
=7 8826k ~01
=$,.690bL~y1
LeadavEeqo
3.8711€-01
13 5.9339E-p)
14 9¢9378E=02
16 =94713%E=9)
16 2¢16346E=013
17 =1.R245E~g)
18 =1.3560E+00
19 1¢307vE*g0
20 ~b.B013E=0l
21 146269Ee00
22 =~1.2050E+gD
23 2.233yE-p)
24 3.6621E-0)
25 4.7827E~01
26 749092E~01}
27 240890E<pD
28 =5.4077E=p]
29 1¢9451F g0
30 =1.9997Legg
31 ~1eA9¢3Eepp
32 ye288ukepp
33 =2.5861E¢g0
36 2,94p3Eegy
as 2+108%E9g0
36 =9.8587C=p)
n 1045348000
38 «3.30%5%E=¢1
39  =4.9836E=p)
40 1+6339E*00
o1 2.9329€%0)
42 2.1862k%p0
43 =9.7102E~01
o *2,1979E400
4% 9+6083E~02
46 =1.9230E¢00
AT T41900E=02
48 9,98)9E-q)
49 8.4211E-0)
50  240962E+00

NS OIVPWRIPLN~ T

oy

SOURCE NO.
7

NUMBEH OF

NEUTRONS

STarTeD
2793

TOTAL

TRACKS

STaARTED
12692

WEIGHT
STARTED
PER NEUTRON
1+0099€°0p

ENERGY
STARTED
PER NEUTHON
25844000

TIME CUTOFF
1+0000E402

Y
347276E=0)
2e22enEDD
BeT2H0F 0]

*5¢5362F~01
=1¢3313k+00
2040338400
*~2+8938E 0y
Ne1u52F =)
Te2799E=01
*1eT042F *p0
=8+53)1pF -9}
=2¢6355F ¢0y
*1:3941F2qu
1+R26TE*0u
“8e89f =y}
Z2)IVGELQ0
GeDOYPE~p}
~He8) n2E~01
“BebRydE~¢]
2eb1uTESu0
b 0RRYE ~¢ ]
1:0997E%40
646267E~01L
Bep029E~y1
~1+8177E~01
SeT87NE~G2
“1+08629E*00Q
200310600
101052t.900
620213F =01
17629 900
2+3065€9q0
“800869E01
2¢2854E-0)
Tet81aE=g]
=2e249ak %00
~1e9551€%g1
debR01€=01
*5.4535€=01)
1+5659€=01
*le7105€%00
1.2250E°00
103830€°00
~54575E=0])
=}«3906E°00
“1e3616E°yQ
103139E¢y0
5.6291€-p1
*]+4588E-n)
=1e7114F+00

WEIONT cuTars

1+0000E=04

SAMPLE PHOBLEN

4
=1¢ON9PE=g
=1«30u3E<Q0
=1e?711F 00
~}e2246F 400

tel08AF*00
4e9533E=0}
3¢2509€=01
“2+06{RE=YY
~1¢3609F 00
1:00RAFe0Q
1¢9067E200
4.5961€E=01)
1+0809€0gp
~2+2313E%00
1e2924E°00
~1.6622F 00
=3.9690E=0)
=1+6791E%pp
=1+3%19E¢00
4:9102E~g1
fe2019E=0Y
24014 E=p}
=T+ 6209E%00
2e3283E~02
~145212E~02
=2¢2590E~00
349T48E=D)
=1e8320E°00
=1 e99GKE Q0
1+1191Eeq0
~Te489GF ]
Ro)22UEwpy
1elunategp
2:8632€ay
9¢1y3lE=p
*241974E~0)
“1+3294E+pp
1+3%03E%00
3e0220E-01
*1e9639€40p
2+0440E400
*3+8593E=0]
1+5189E+00
=24 7525€01
*34T713E~01
1+1713€*00
2.2808E%00
1e2Y68E000
403039%9E-0}
2+3410€-0}

SAMPLE PROBLEM
WEIGHT CUTOFF  RUN TIME

Tiug cutorr
1.0000E *02

TOTAL

NUMRER OF

COLLISIONS
120717

L.0SS 70

ENLRUY

CUTOFF
9

LOSS 70
ENERGY
CUTOFF
L2}

LOSS TO
ENERGY
CUTaFF
Qe

1+0000E=04

RaNOOM

NUMBERS

GENERATED
1307597

LOSS TO

TINE

CUTCFF
4810

LOSS 10
TIME
CUTOFF
7.3797E~0)

LOSS O
TINE
CUTOFF
Ben210E=0%

-

Tt 5 8 Ut B0 2 et 0 Bt D 01 GnD Tt et bt e b IS D B B e e P G i i B O Bl (i B P B8 o e B Gub 8 8 P S B et gt et et g 4 T

RUN TIME
2:0000€+00

JA v
1 4e5134E=01
1 Je2991f-01
1 9e0H6IF~01
1 =244954F~01
1 =2:8840F~01)
1 =) ed352E~01
1 4033)4Feqal
1 =5:1389F =0}
1 =6e3900E~p1
1 9:6230F~0}
1 =8:9909F=q1
] =1¢9277€=01
1 ~le2638F =01
1 2e8712F-01
1 2¢0R21F=01
] *BeT678E=01
3 3e2920€~01
1 =97366F=01
1 ~2¢1381F-01
1 742790Fv0}
1 SeAS7dF=01
1 =3e3h36£=01
1 1sAb37F=p}
1 Sen006F-01
]
1
1
i
4
1
1
3
1
1
1
1
1
1
1
i
1
13
!
1
1
1
1
1
1
1

Bs4133F=01
1030368 =0
*7aTi4§F=01
Be3935F=0)
§eaB870F=01
3030628 =01
®7:6126F =01
=3+9683F =02
Tea509¢ =01
$.2729E=01
203674F =0}
Ted294E=02
3+1163E-01
*5:8701F~01
=345528F=01
*5:2150€=01
=A26928E~0])
«7+¥972F=0)
$e6039F=01
*703542E=02
*5¢8068E=01
$¢9206E-01

$503€=01
600707€=01

2¢0000€+00

PRINT CYCLE
23000

v
Ao [H28E~0Y
845080€E~01)
©e2836E~03
“Qa6608E=01
=4¢0318E~0)
849441E-p}
4+2601€90]
2:0413E~01
«5,5958E -0
=8,64596E-02
TepSB8DE=Q)
1+0351E-01
9:9067E=01
SeblnlE=~0}
6¢9596E=01
«4.5830E-0]
TosR21E~0])
=1+9368E=01
Te1699E~0)
3+3221E~03
o686k =0)
9.013%E=p]
9.7322E~02
«8,2%33E=0)
*646226E0)
B,6374E=0)
1e7266E=02
=2.7274E=01
7+33326~0)
8,57 95E=0}
64730E=0]
4.2536E=91
104695Ew0]
349210£%0}
Te7385E~0}
9e0581E~01
=B,2087E=g]
T«9390E~01)
943949E=0]
TeS44BE=0]
Je2537E~0}
*2:0058E=01
7+5631E=0}
6e0788E=02
B801149E=01
6,8791E~01
=9¢3548E€~01
4+2396E-01
200010E~0)
=4014J0E~01

PRINT CYCLE

25000

TIME= 1,780 MINUTES

ToTAL ToTalL
WEIoNT ENERGY
STARTED STARYED
248207403 Te2182E+03
LOSS To LOSS
WE1ONT © 10
CUTOFF ESCAPE

22 1396
LOSS Yo LOSS
WEIGMY 10
CUTOFF ESCAP
3+2045€-07 203237E=9}
LOSS To 0SS
MEIGMT 10
CUTOFF ESCAPE

Se60UBE~1} T:4264€%0)

DUMP CYCLE DUMP NOe  CUTQPF CYCLE
25090 Q9
L] THE [ 3¢ DEL ERG
Je4204E~0) Qo . Go66078~01 0o 4e}827E=0])
5:0917E=01 @& 0:606TE=0L1 0o 3.9221E-03
Be2221F~02 0o 6:6667€-01 Oy 4e6492€~01
“941046E=02 (o 240000£400 0» 312640€0)
=8:69T1E=01 0o 2+0000€000 0, S.8086E=01
40235901 Q¢ 60866TE0) Qe 306006E=02
Te94]1RF=01 Qs 6e6667E~0Ll O» Se4o4URE~QD]
=8.1618E-01 0» 6.6647F=0) 0o $e0750E=0)
=T+0293E=01 0O 2400006400 0 €+2803E=01
w2+5408E=01 Q¢ L 240000E400 0 8.6029E400
1o1456E=01 Qs 6e6667E=01 Qo 403066E-01
~9,7%77E«01 O 6:6667E=~0] 0y 4¢6801E=01
~5.0927€«02 0o Se6667E=01 Qo 3+2590E02
=7+B964E=0] Qs $:0667€=01 0 8:8996E+00
*1e1HEBE~0L Qs Se66h7E=p] Qe Be8220E000
*1+4547£01 Qo 2¢0000F¢00 Qs Se¢1071E=01
“5.7603E=0} 0o 6.6667E=01 0, $44350£000
=1+2029E~01 Qo 2+0000E00 0o 240795€=0)
$09222E~01 Qo ®ep667E=01 Qe 3¢9918E¢00
“5.99U2E~0L O Qe6067E=01 Qs Se4592E-01
702193601 0. 6:666TE=0Y O 4¢5068E~01
247406E=01 0o 6e6687E=y] O» Ae2498E400
=3, TTHGE~OL Qo Se666TE=02 Qo S 409SESDD
=7:1810E-02 0o 240000E%00 0o 201564E=0)
5,1805E=01 Q. 200000F00 0o 4e]021€000
“4.8A78€E-01 0, He666TE~01 04 243748E=0}
6+3611F=01 0. 6+46667E~01 0o 1e31607Ee0)
=2+0793E=01 0¢ 200000F 00 Qo 303823E°00
~2,0354€-01 Qo 6e6067E=01 Q4 $01168E«0)
*3:9429€E%01 0O $+664TE=aLl Qo Te2450£¢00
348468F=02 0o $:6067E=01 O . 6¢3500€~01
9.0407E~01 O 62666TE~0] Q¢ 324752600
*6.50S7E~01 0+ $06567E~01 Qe 3»7909E¢00
7+5381€~01 Qo B.60667E=01 O 3.0749E-01
*5.9088E-01 Qe 6066678=0] O 2008Y%4£+00
*4.1756€=01 Qo 426667801 0y 9¢7677E+00
47232801 Qe 2:0000€+00 O 104260E000
*2:1959E=01 Qe $¢6867E=01 Q. S25285E~01
1e6719E=01 Q.+ b5¢6667E~al Oy 4004858204
«3.9849€=01 0« 644867€=01 0o 303322802
842084E=01 O¢ 8:84667E~01 0o 1¢80%4E~01
«8.,9313E=01 O« 2¢0000E+00 0« 204212801
*3:364SE~01 Q. 6+6667€~01 Qo 39753E-01
*9,9544E«01 O 406667€~01 0s 9.3307E=01
*5.8552€-02 O« €46667€~01 0o 8¢4003E+00
4+1869F=01 0o 646667€=01 0O $43834E<0}
3.3871E=01 O 2+0000E+00 Qs Be1864E001
8.9T04E=01 Qo 6.,6667E=01 Qo T88E<Qd
2018T4E~01 0y 6+6667€E=Q) 0O 8.8%¢1€<00
=6.T828E~01 0o 240090C<00 0, 247384E000
DUMP CYCLE QUNP NO» CUTOFF cYeLE
25000 1 ]
COLLISIONS TRACKS NEUTRONS
PER NEUTHON  PER NEUTRON  PROGESSED
STARTED STaRTED PER MINUTE
$.6086€01 444726€000 1:5691£90)
LOSS TOTAL
70 TRACKS
SPLITTING LOST
6264 12492
LOSS WEIONT
10 LOST .
CAPTURE PER NEUTRON
Je03)1E~02 10058E¢p0
LOSS
T0
CAPTURE
T200%52F%Q2

25




NUMBEH UF NLUTWUNS CROSSING SURFACE

TIME 0. 1.0000F 02
COSInE 120000€ 9y 1#+0000E=01
SUNFACE
ENENGY =10 . REL. ERHOW
1,0000€=02 6,6YN20E =04 18409
1.0000€00 1edb0a5F =03 212061
$.0V00£400 6.94425%E =04 19068
1.4000F 401 4981 TTE -0 +2IR36
SURFACE
ENERGY = 10 o  REL. LHROW
1.0000€=02 1¢2HO0RAF-02 19691
1e0VUOE*0Q 4.Vaby1E-02 10040
5.0000E+00 SeeblesF=02 09721
1.4000E001 6o3al32F =02 «10830
COSINE 8.0000t-01 6.0000F~01
SURFACE
ENERGY - 1g o HELs ERROR
1.0u00t~02 3eHybINE ~gs 22042
1.0000E+00 Te0u3e9Fwgse 212079
5.0000E <00 2+51J08E-04 «19941
1.4U00Ee0) VoM /WIHF =09 27439
SUHF ACE
ENERGY « T0 o HEL. CRROR
1.0000E~02 Je30daRE 03 «40561
1.0000£+00 Lo Tnbe2f=n2 16830
5.0000E+00 1.1514RE~02 «207286
1.40V0E+0] 9.40027€~03 «22046S
Cosint 6.0000t-01 4,0000E=01
SURFACE
ENEHGY « 10 »  HELe gRHOR
1.0000E~-02 2:57Y79E =0 «22068
1+0000k*00 3s7a94%gF- ga 16514
S.nouokt+00 1e86195E=0s « 22425
1savu0Fe0l 4+29%39€-0% +40801
SUHFACE
ENERGY = 10 ¢  HELs ERHOR
1.0000t-02 1.83370E-03 «55791
1.0000t 00 6+20317E-03 «26H3D
S.00u0te0n 101069603 37789
1e4v0p0€s0) 3.U3998E~03 k6744
COSINE 4.0000€E~01 2.0000E=01
SURFACE
ENENGY - T0 » RELe ERROR
1.0000E-02 9eB0Y25E 0 «401 76
1.0000€<00 24 19V09F- 04 .23749
S.00008+00 3.50162£-05 TAAT2R
ladUn0ke0) 6470070F~00 «999n2
SURFACE
ENLNRGY - 10 « HEL. ERROR
1,0U00E~02 2.11043E~00 99982
1.0000E+00 741501AE~0a «999R2
5.0000€+00 6. 73%38E- 06 « 70087
1.4000£001 0. 0.00000
COSINE 2.0000E~04 Do
SURFACE
ENEKRGY =10 o REL« ERROR
1.0000E-02 4. 78Y31E~0S 9140
1.0000€E+00 be19310E~05 +J2211
$.0000E+00 1e98002F =05 +$7826
1,4000€01 O 0.,00000
SURFACE
ENERGY = T0 o« REL. ERHOR
1,0000E-02 O 0,00000
1.0000£+00 Q. 0.30000
$.0U00E¢00 0. 0,00000
144000€+01 Oe 0.00000

26

10
¢ T0 = HEL+ ERROR
3.,27533E-05 .T1438
T463787E=05 «30240
1.38381E-05 +70686

6,68108E=06 +999R2
14
e To = REL. ERROR

Oe 0.00000¢
0. 0.00000
0. 0.00000
0. 0.00000
10
¢ TO = RELe ERROR
2.67T729E=05 +HBaBT2
T+9098%E=0% «3015%9
2,08333E=03 «T3684
0. 0.00000
14
* 70 = REL+ ERROR
0. 0.00009
Oe 0.00000
Qe 0.00000
O 0.00000
10
e T0 - RELe ERROR
3.05795€E=05 «70348
8,54080E=053 »28883
2010906E=0% «57751
6.56115E=06 « 99982
1s
¢ 70 - RELs ERKOR
0 0.00000
[N 0.00000
0 000000
0e 0.00000
10
* 70 - RELe ERROR
2.17466E=05 STT1S
4,16984E=05 41116
1094136E~05 57751
[ 000000
14
¢ TO = REL., ERHOR
[0 0.00000
0. 0.00000
[ 0.00000
O 0.00000
10
¢ T0 = REL+ ERROR
5,03677E=05 «67026
3.91817E°0S +63067
T«38917E~06 «99982
0. 0.00000
14
¢ 70 = RELe ERKOR
Qe 0.00000
0. 0400000
' 0.00000
[ ) 000000

SURFACE
“ 70 o RELe ERROR
1472269E-03 042585
2+62339€-03 «30918
3.02173€-03 +33610
2,99431F-03 +J1288
SURFACE
« T0 RELe ERROR
1.22452E~03 052976
1006734E«0) «25284
$.92660E-04 042784
3,76968€-04 «68737
SURFACE
« TO ¢ RgLe ERROR
4402655E~-04 30466
8.16618E=-04 033862
1496259€=04 '23606
4.24415€~05 *40799
SURFACE
= 70 o RELe ERROR
9:64017E=-05 «41393
1.52330£~04 28282
4426305608 +40828
6+.70070€E~06 «99982
SURFACE
- T0 o REL« ERROR
1449279E~04 «63694
9.35919€-05 40613
2+09817E-05 +57803
[ 0,00000

11

n

e T0 =

* 70 ~

¢ TQ =

REL+ ERROR
0,00000
0.00000
0.00000
9400000

RELs ERROR
0400000
0400000
0400000
0.00000

RELe ERRQOR
0400000
0¢00000
0400000
0.00000

REL. ERROR
0.00000
000000
0,00000
0,00080

REL+ EAROR
0.00000
Ge00000
0.00000
0400000



FLUX INTEGRATED OVER SURFACE

PATH LENGTH/VOLUME

Tive 0o 2400u0g001 TIME o, 1.0000€+01
SURFACE RELATYIVE cELL RELATIVE
ENERGY %4 ERROR ENERGY 3 ERROR
1,0000E~-02 1.677R6E~02 +39988 160000E«01 6+82189E=00 09909
1,0000£¢00 6e564114€702 119609 $,0000E~01 7.00233E~ne «0911s
$,0000E+00 1.57087F-02 225210 140000€00 3.82519E-06 +10993
1,4U00E¢0] 1+36602€+ 02 «33819 5.0000E200 3.53245E-04 «11597
. T - -
TIHE 2.0000E+01 4.0000E01 144000E00) 2416T39€04 14486
SURFACE HELATIVE TIME 1.0000E+01 240000F<0)
ENERGY ir EAROR ctLL HELATIVE
1.0000E~02 6440735€=03 «53957 ENEHGY 3 ERROR
10000E+00 O 0.00000 1+0000E=0]) 1¢53J27E=0¢ «1%5191
$,0000€+00 (D 0,00000 5,0000E-01 0e 0.00000
1.4000€01 Oe 0.,00000 1.0000E00 0e 0.00000
$.0000E*00 0o 0.00000
TIME 4,0000€001 6,0000F¢n] 1.4000E°01 ' 0.00000
SURFACE HELATIVE
ENEHOY 17 ERROR TIME 2.0000E¢01 44,0000F+01
1.0000€=02 2¢40599€E~00 99992 cELL RELATIVE
1.0000E00 0o 0.00000 ENERGY 3 ERROR
S,0000E 00 0. 0,00000 10000E=01 1+48971E-04 «15458
1,4000E¢0] 0o 0.00000 5.0000€-01 0o 0.00000
1.0000E°00 Oe 0.,00000
TIME 6,0000E<01 B,00V0E 0! 5.0000€000 'Y 0.00000
SURFaCE RELATIVE 1.4000E°01 0. 0.00000
ENERGY 17 ERKOR .
1.0000E=02 9.76102E-04 79258 TIME 4.0000€40} 1.0000F 02
1,0000E400 0. 0,00000 cELL RELATIVE
5,0000€¢00 0. 0,00000 ENERGY 3 ERROR
1,4000€+01 0. 0,00000 140000E-01 44 01099E=0¢ 11926
5¢0000E#01 0 0400000
TIME 8.0000E+u} 140000E*02 1.0000E¢00 Oe 000000
SURFACE RELATIVE $.0000E+00 0s 0,00000
ENERGY 17 £RROR 104000E¢01 Qe 0.00000
1+0000€E=02 100906 T7E=03 «99982
140000E%00 Oe 0.00000
$.00V00E*00 Oe 0.00000
1+4000E¢0) 0. 0.00000
CAPTURES FLUX AT DETECTOR
ENERLY [N 1.0000F«03 . TINE Qe 2.0000F*01
ctL. HELATIVE CELL RELATIVE OETECTOR RELATIVE
TIME 4 £RROR -] ERROH ENERGY 1 ERROR
140000E+01 T4 76362F~05 «06317 9,15080E=0S +06389 1.0000E=02 5,21022€E=07 L3387
2.0000E+0) 14255905€~u¢% 203909 1.43805E~06 «05488 1<0000E+00 1+1406TE=05 209090
4.0000F+01 245017 0% «03549 2.87100E~06 «05172 $,0UN0E«00 8,87375E~06 J0784R
140000E002 6. 10019E=04 03401 Te21740E=04 006661 1e0000E ¢0) T.0lUB2E=06 11768
ENERGY 1.0000E=03 100000£=01 TIME 2.0000€°n! 4.0000F+01
ceLl HELATIVE CELL RELATIVE DETECTOR RELATIVE
TIME 4 ERROR s E£RNROR ENERGY 1 ERROR
1¢0000E+01L 4.5]1243E+05 «03074 5031591€%0Y «04237 140V00E=02 1elnd72€=006 «26219
240U00E*0] 2.57366E 0b «15294 2426343E00 «17365 1.0000E400 5.94824E-0b 84933
4<0000E¢01 97215308 39414 5,05435€°07 ©36423 5,0000€+00 0, 0,00000
1.0V00E+02 4e48T10E=0R 65227 [N 0+00000 144UG0E«0L [ ¢,00000
ENERGY 1.0000g~01 140000¢400 TINE 4.0000E°01 1.0000F+02
cELL RELATIVE CELL RELATIVE - QETLCTOR RELATIVE
TIME . ERHOR S ERROR ENERGY 1 ERROR
1.0000E#01 3.V TOHAE 05 + 03068 ,43380E%03 D601 1+0000E~0D2 9436296E=00 1603y
2.0000E+01 Oe 0.00000 0o 0400000 140U00E«00 Te28014E~]2 ¥6761%
4.0000Ee01 0. 0.00000 Os 0.00000 5.0000E00 [ 0,00000
1.0000E¢02 Oe 0.00000 0 0400000 164000E401 [ 0,00000
ENERGY 1.0000E*0V 144000F+01
cELL RELATIVE CELL RELATIVE
TINE » ERROR 5 EARCA
1¢0000€¢01 1.73172E=04 «17808 2453899€°04 «38486
2.0000€401 [ 0,00000 0. 0400000
4e0V00E<0L [0 0.00000 Qe 0400000
140000E¢02 0o 0,00000 [N 0.00000
TAPE DUMP NO. 2 NPS = 2793
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THE FOLLOWING IS A COPY UF DAYFILE JOF1AH UP TU TIME 12,38,44

12.35%.53

12439453
1243953
12,35.53
12,35,53
12.3%.%)
12,35.93
12,35,%3
12,3%.%3
1243%.5)
124359.53
12,359,933

12,35,53
2035%.%3
2.39.5¢6

12,359,594

12.35,54

123954

12.3%.54

12,35,54

12439.95

1235459

12+35.56

12,30,23

12,30,49

12430049

12.36.50

12,38,50

12,30,50

1236453

12,36,53

}5030'53

30,53

12436453

12306083

12430453

12,30.54

12,36,54

12,306,564

12+36,.54

123654

12,38,42

12,348,642

38

12.3u.~z
12.38.42
12438042
12,38.43
12,38,43
12,38.43
12,3843
12,38043
123443
12.38.43
12434043
12036043
12,38,44

28

SHMTR 00

SUMTH
SUMTR
SUMTR
suMTR
SUMTR
SUMTR

ocCP

ecCP
eccp
*ccP
SUMTR
SUMTR
SHUN
SHUN
*cCP
SUMTR
SHMTH
SHMTH
0S8
SBHTR
SHMTR
ocep
eccp

1KkU760L
SUMTR
SUMTH

occh
eccP
oCCP
sccp
eCcCP
NUTOEL
SUMTR
SUMTR

ocCP
ecCP
ecCh
SUMTR

eccP
FLUSHOF

CROS 1435 71704701 MACH. 14
TAPE Sv70u006
*USEre MUNITOR OF 70/10/16 INITIALIZED.

¢ JOR NAMESTURNRH21AHGUATE = 71709703
FILE SET Ccu QPENEUWBUFFER LENGTH 200001100,
oFILL SET (NP OMENLDWBUFFER LENGTH 200010100,

oFILE SET JOBIN  UPENEDSBUFFER LENGTH =00032100.
SFILL SET JORIN  CLOSEDSRUFFER LENGTH =00032100,
SFILE SET STATISTICS

o HEADS WRITES POSITIONS DISK RUS OISK WHS
uoouuueos 0000V0N000 LOOVOOOODO ©00V00001 000000008

LwAZ0000001433,0EVICE=03

iJou NANEZTURNNIHZ L o CLBUsCATROS rACEV06 s USFSMCNSAMP o

PLaS0eTLuIMy

3, CIMPILE SOURCE, INITIATE, AND RUN PROBLEM,
SCREATE (FSxCODETPCLEUPREMTRXX003623)

SRUN CRESXsRuRUNTIP) COMPILE SOUHCE
FILF SET RUNTP  OFENED'BUFFER LENGTH =00032100,
oFILK SET OuT OPENED(BUFFER LENGTH 00032100,

FIEI T LELGTM IS = (43676

HUN=RUM CTIME 000,270 SEC.

3COPF {1 CONE TP 1 DSHUNTP)

oFILL SET COUETP OPENED,HUFFER LENGTH £00032100,
ROL..OUT STARTED

HOLLOUT YONE
AX003A2) MAUNTED ON UNIT 3 FILE CODETP

ROLI_IN STARTED

HOLL I NONF

SET I (KEYAKKTP)

»SETN

sLOAS { 1aCYDETP) INITIATE

+ENN

oFILe SET IMAGE  OPENEDIBUFFER LENGTH 200064100,
sFILF SET IMAGE  CLOSEDsBUFFER LENGTH =00064100¢
SFILE StT STATISTICS

o READS MRITE PUSITIONS OISK ROS (DISK YRS
0000yU0U0Y 000000003 000000001 000000000 000000004
. L¥A®0NU0167715+0EVICERO)

STF (FALSE®RUN)

SLABRLL {HUN)

ISET (KEyaKK TP

SSFYU,.

LNGO L {xRUNTP) RUN PHONLEM

«END

«FILY SET IMAGE  OPENELJBUFFER LENGTH #00064100,
oFILE SET INAGE CLOSEN*AUFFER LENGTH ®00064100+
FILI ST STATISTICS

* READS WRITES POSITIONS OISK RDS DISK WRS
000000000 000000003 000000001 000V00001 000000004
[} LwA®0000147715+DEVICER0]

SIF (FALSEnTAPE)

SLABSL (TAPE)

SAFSHEL (FSRAUNTP ¢ ADISHETAPE)

«FILL SET RUNTP  CLOSED'BUFFER LENGTH #00032100¢
oFILE SET STATISTICS

* READS WRITES POSITIONS OISK ROS DISK WRS
000000032 000000033 000000003 000000006 000000010
¢ LWA®0000125156+0EVICE®Q]3

SCOPYUF .«

sNDAYFILE FLUSHED TO DISK = Tu 12438,44

o




CORE MAP seteecesnsence DATE« 717107019000 TIME= 16,23,50000000000000 NORMAL LOAD »
Fub LwA BLNK COM LENGTH .
CoDE 000100 146811 117038 027455
LOADER 133566 14717
TARLES 143565 137644

NAMED Lem
rFiLE PROGRAM  ADDRESS COMMON ADDRESS aLocK ADDRESS
- cevcans wessese wssessn  sesvies
RUNTP
SOURCE 00632 61 000100
62 000141
63 000552
DXCOM 000556
NUTSEL 001013 61 000100 XSEC 0000000
62 000141
a3 000552
DXCOM 000556
DRPNT 105770 6} 000100
62 000141
63 000552
DXCOM 000556
FRN 106526 . .
FRNS 106536 '
1RN 126567 [J] 000100
02 000141
63 000552
DXCOM 000556
Ex 106571
svsLl1e
ACGOER 106513
BACKSP 106625
BUFFE] 106654
RUFFEQ 106775
CLOCKF 107057
ECSKW 107162
ENDFIL 177212
INPUTC 107226
10CHEK 177402
LENGTH 107426
ouTPTC 147446
SSWTCH 107604
SYSTEM 107672
X7 110727 -
ALNLOG 1110646
ExP 111135
TAATEX 111210
RRALEX 111281
RBAREX 111272
SaRt 111351
ARORT 111427
R$4020 111675
€4020 112255
ENTH 112351
GETRA 112408
10UTIL 112441
KODER 113732
KRARER 115137
LARRT 116200
MEMORY 116306
ouTPTS 116066
PACKAGE 116557
REMARK 116644 -
RETN 116670
SK1PR 116720
Bol 116771
UNSATISFIEC REFERENCED AT
EXTERNALS [:14 LOCATION
eveuae  easmmes S,
SRCDX NUTEEL 00203
SOURCE NO. TIME CUTOFF WEIGHT CUTOFF  AUN TIME PRINT CYCLE DUMP CYCLE DUMP NO. CUTOFF CYCLE
7 1.0000€+02 1,0000E~08 140000E001 25000 25000 [ 0
SAMPLE PROBLEM
SOURCE NO. TIME CUTOFF WEIGHT CUTOFF  RUN TIME PRINT CYCLE OUMP CYCLE OUMP NO, CUYOFF CYCLE
7 1.0000E402 1,0000€=06 1,0000€401 25000 25000 2 0
TIME® 11,568 MINUTES
NUMARFR OF T™0TaL RANDOM ToTAL TOTAL . CNLLISTONS TRACKS NEUTRONS
NEUTRONS NUMHER OF NUMRF RS WEIGHT ENEPGY PR NEUTRON PER NEUTRON PROCESSED
STARTED COLLISIONS GENERATED STARTED STARTED STARTED STARTED PER MINUTE
18032 A35948 8454801 1.8091E+06 4,7063E+00 4,6359E+01 4,9791€000 1.5588£¢03
ToTal LOSS YO Loss To L0ss 10 Loss LoSS ToTAL
TRACKS ENERGY TINE WEIGHT | © 10 10 TRACKS
STARTED CUTOFF CUTOFF CUTOFF ESCAPE SPLITTING LoST
A2570 [ 30930 146 9707 41787 82570
WEIGHT LNSS 1O LOSS TO Loss 10 LOSS LOSS WEJGHTY
STARTED ENERGY TIME WEIGHT 10 70 LOSY .
PER NEUTRON  CUTOFF CUTOFF CUTOFF ESCAPE CAPTURE PER NEUTRON
1,0033€E+00 [ 743959€-01 3,8864E=07 243581E~0) 3,6986E-02 1.0126E¢00
ENERGY Lass 10 Loss To LoSS 10 LOSS LosS
STARTED ENERGY TIME WETGHTY Y0 10
PER NEUTRON  CUTOFF CUTOFF CUTOFF ESCAPE CAPTURE

2.6100E900 Oe T.8911E~05 $.2616E-11 742201E%0] 6,1282E=02



NUMRFR OF NEUTRONS CROSSING SURFACE

Ting 0 140000E+02
COSINE 140000Esr0 B40000E=0]
SURFACE 10 SURFACE 11
ENERGY = T0 o  REL, ERROR ¢ 70 = REL. ERROR - 10 ¢+ REL, ERROR ¢ T0 = REL, ERROR
140000E~02 6423620E~04 206268 1,59834E=05 31399 1.11928€-03 12528 Oe 0400000
1.0000E+00 1.,2613RF=03 04664 9,02739€=-05 - ,12810 2,62188£-03 1086 [0 0.00000
%,0000E+00 A, 79751F=04 06758 2.70626E-0S 026711 2.76856E<03 «11888 0, 0400000
1.4000Ee0) 6,70223E-04 «10738 2,12789E=06 «70733 © 2,50866E03 10645 0o 0400000
SURFACE 14
FENRERGY - 10 o PELe ERROR ¢ 70 = REL. ERROR
1.0000E~02 14 21KF =02 +06970 0, 0,00900
1.0000E+00 5,22683€-02 03784 0, 0,00000
5,0000E00 5,341906-02 03757 0, 0,00000
1,4000Ee01 4,23949F=02 +04338 0, 0,00000
COSINE B40000E=91 640000E=01
SURFACE 10 SURFACE 11
FNEROY « 10 ¢  REL. ERROR ¢ To = RELs ERIOR * 70 ¢+  REL. ERROR e T0 = REL, EARON
1.0000E=02 4.35537E~04 «07289 2,13220€-05 26110 T,54242E-04 16632 [ 0400000
1.0000E00 6.91T06E=04 405396 1,01401E~04 «12496 1260258£-0) «13628 0. 9.00000
$,0000€ *00 3.4N502F =048 +0770R 1,60002E-05 227449 1411526E=03 «16463 O 0400000
1.4000E¢0) 1419302F =04 W14160 [ 0400000 Te55346E=04 119146 Oe 0.00000
: SURFACE 14
FNERGY ~ 10 ¢  RELes FRROR ¢ T0 = RELs ERAOR
1,0000E=02 3.94562E=03 «13960 . 0e 0400000
1,0000E¢00 1.60R14E=02 «07066 0o 0.00000
$,0000E400 1.4°008E~02 «07322 0, 0,00300
1.4000Ee01} 9.38131F~03 «08950 0. 0400000
COSINE ©40000E=01 440000E=01
SURFACE 10 SURFACE 11
ENERGY - T0 o REL. FRROR e TO = RELe ERROR - T0 o AELs ERROR ¢« T0 = REL, ERROR
1,000nE=02 2.77945E =04 «NB78S 1.48791E~05 31907 4,47369€=04 «15315 0s 0000000
140000E000 4.5200%F =04 «N6605 9,67136E=0% «13529 6,11854E-04 12390 0e 0400000
8,0000t+00 1440214E~04 «10259 1,98193E=05 «23009 4.,97057E=04 .19785 0o 0.00000
1.4000E%01 4.59629F =05 20223 4,18363E~06 «50010 1.3475TE=06 «40370 0o 0400000
. SURFACE 14
FNERGY < Ty o  REL. ERROR ¢ 10 = REL. ERROR
1.0000E=02 1415566€=03 «2335) 0, 0400000
1.0000E+00 34955R1E=03 212923 0s 0400000
$,0000E¢00 3.21382€-03 «15769 0. 0400000
1,4000E00) 2,2796%€~03 *206%0 [ 0.00000
COSINE 440000€-01 24n000E~01
SURFACE 10 SURFACE 11
ENERGY - 10 ¢« RELs ERROR ¢ T0o = REL. ERROR = 70 ¢ RELe ERROR ¢ T0 » RELe ERROR
1.0000E=02 1.17619€=04 «1)628 l1e%4101E=05 227626 1.75729E-04 *20051 Oe 0.00000
1.0000E+00 2.4%680E=-04 08524 T.21624E-0% 16086 2,78253E~04 20408 [N 0400000
5,0000E+00 6493%535E~05 114301 - 1.,85859E-05 26844 9,466678E~0% «18700 [ 000000
1.4000E401 9.80163€-06 +63360 5.30213E=06 44796 4,36955E08 «80279 [ 0400000
SURFACE 14
ENEROY = 70 o REL. ERROR ¢ T0 = REL. ERROR
1.0000E-02 3,26888E-05 +99997 0o 0.00000
1.0000E00 1.313756-03 24521 0. 0,00000
5,0000E400 8.12017E=06 «36596 0. 0400000
1.4000E001 2,13%11€=-04 70718 [ 0,00000
COSINE 240000E=01 0.
SURFACE 10 SURFACE 11
ENERGY e 10 ¢ RELe FRROR ¢ 10 » RELs ERROR - 70 o RELe ERROR * e T0 = REL. ERROR
1,0000E=02 4,33162€-05 18856 2.37352€05 «328%8 1,76038E=04 «63524 0 0400000
1.0000E+00 7433807E+05 13421 4.11331E=0% «23207 1.16632E=04 +33807 0 0400000
5,0000E+00 1.86768E=05 *25740 8,46748E=06 «35646 3,02462€=05 «20445 0o 0400000
144000E¢01 8.97717E~06 47086 0 0400000 4, 78868E=05 « 76560 0o 0000000
SURFACE 14
ENEROY e 10 ¢ RELs ERROR ¢ T0 = RELes ERROR
1,0000E«02 0. 0,00000 0, 0,00000
1+0000E¢00 [ 0400000 [N 0400000
$,0000E000 1.08334E=04 «99997 Oe 0.00000
1.6000€+01 0. 0400000 0. 0400000
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FLUX INTEGRATED OVER SURFACE

PATH LENGTH/VOLUME

TIME 06 2.0000€+01 TIME .Y 1.0000E«01
SURFACE RELATIVE . CELL RELATIVE
ENERGY 17 ERROR ENERGY 3 ERROR
1.0000E-02 8.39392£=03 21229 1,0000E=01 5.92883F =04 +03818
1,0000E«00 5.26228E-02 «08590 8,0000E=01 6,T1835E-04 « 03544
5,0000£400 2469979€=02 10644 1,0000E+00 3,79171F=064 « 04026
1,4000€+01 1,46145E=02 Ja1777 5,0000E400 4,12319€=~04 204402
1,4000E401 2.20469E-04 « 05611
TINE 240000E+0) 440000E+0]
SURFACE RELATIVE TIME 1.0000£401 2.0000E+0)
ENERGY 17 ERROR CELL RELATIVE
1.0000E=02 1.00435€=02 226045 ENERQY 3 £RROR
140000E¢00 [ 0400000 1.0000E=01 1,55371E+04 205980
5,0000€400 0. 0.00000 5,0000E=01 0 0400000
1,4000E401 0. 0400000 1,0000E00 0o 0.00000
5,0000E¢00 0- 0.00000
TIME 4+0000E001 6+0000Ee0] 1.4000E001 Oe 0.00000
SURFACE RELATIVE .
FNERRY 17 ERRORA TIME 2,0000t 003 440000E+0}
140000E-02 4,77182€+03 +18832 CELL RELATIVE
1,0000E+00 0, 0.00000 FNERGY 3 ERROR
%,0000E+00 0, 0400000 1,0000E=01 1.52753E=~04 06584
1,4000Ee0) 0, 0.00000 %,0000E=01 0o 0400000
1.,0000E400 0. 0000000
TIME 640000€001 840000E+0) S.0000E+00 0, 0400000
3URFACE RELATIVE 1.4000E401 0. 000000
ENERGY 17 ERROR .
1.0000E=02  5.,23446E-03 143527 TIME 4+00000001L 140000E+02
1.00NNES00 Oe 0.00000 CELL RELATIVE
5,0000E400 0e 0.00000 ENERGY 3 ERROR
1,4000E401 0. 0400000 1,0000E~01 3,9422VE=04 104663
8,0000E~01 0. 0.00000
TIME 8,0000€+01 140000E¢02 1.,0000E400 Oe 0+00000
SURF ACE AELATIVE $,0000€400 0. 0.00000
ENEROY 17 ERROR 1.4000E¢01 0~ 0.00000
1.0000E=02 3.83569€=03 220722
1.,0000E+00 0. 0400000
5,0000E¢00 0. 0.00000
1,4000E601 [ 0.,00000
CAPTURES FLUX AT DETECTHR
. ENFRGY O 1.0000€-03 . Tine L 2.0000E%0)
CELL RELATIVE CELL RELATIVE DETECTOR RELATIVE
TIMF 4 ERROR S ERROR ENERGY 1 ERROR
1,0000F+01 7,7R926E-05 «01594 8.99111E«0% 202459 1.0000E=~02 5.42HB0OE-07 #13333
2.0000F01 1,26729F =04 +01534 1,414R0€=04 «02244 1,0000E+00 1,19637€=05 Na1p2
4,n00NE«OY ?2.,42261F=né «N1663 2,78034E-04 « 02048 $,n0000E00 1.10982F=0% 08291
1.0000E02 ©9RAS0E=NA «01413 7T.14B85E~04 «01856 1,4000E001 T.89015€=06 «05347
ENERGY 1.0000E~03 1.0000E=01 TIME 2.0000E¢01 4,00008001
CELL RELATIVE CELL RELATIVE NETECTOR RELATIVE
TIMFE 4 ERROR 5 ERROR ENERGY 1 ERROR
1.0000E+01 462964F =05 «Q11R§ $.10686E=0S 201735 1.0000E-02 1,60610E=06 «10494
2.,0000E401 2,05025F=06 +05479 2,09608€-06 «07094 1,0000E+00 4.77370€~08 143866
4,0000E¢01 2.87924E=07 214534 3,99986E~07 +15673 8,0000E¢00 Ve 0,00000
1.0000€¢02 3.33184E-08 «25337 3,53650E~08 42423 1.,4000E¢01 'R 0.00000
ENERGY 1000)E=01 1,0000£+00 TIME 440000E+01} 1e0000E002
CELL RELATIVE CELL RELATIVE . DETECTOR RELATIVE
TIME 3 ERROR L] ERROR ENERQY 1 ERROR
1.0000E¢0] 1.93536E-05 «01196 4.36357E-0% .  .Q1Re7 1,0000E-02 6.3TA449E=06 106239
2.0000E40) 0. 0,00000 . 0,00000 1,0000E¢00 1.92792€~11 62870
4,0000E+01 9, 0400000 0, 0400000 $,0000E«00 (8 0400000
1,0000E02 [} 0.00000 [N 0400000 1,4000E 01 '™ 0.00000
ENERGY 1.0000€¢00 1.4000E401
CELL RELATIVE CELL RELATIVE
TIME . FRAOR 5 ERROR
1.0000E%01 2.15552E-04 206206 2,15322E~04 12435
2,0000E¢0) 0. 6.00000 0, 0400000
4,0000E001 Oe 0.00000 0. 0400000
1.0000E02 Oe 0400000 0o 0000000
TAPE DUMP NOe 3 NPS = 19032




THE FOLLAWING

18,43,48

IS A COPY OF DAYFILE JUFIFE UP T0 TIME 16435.44

SAMTR 00 CHNS 1,36 71/09/27 MACH, 14

TAPE SY760032

15.43.45 SUMTR «USFR MONITOR OF 70/10/16 INITIALIZED,.

15.43,48 SUMTR «JOR NAMESTUWNRMZIFEJDATE = 71710701

18,483,408 acCr SJOK (NAMERTUHNRM2 1 4 CLRU4CATR0S5¢ACEV06 sUSFRMCNSAMP
PL=S0TL a1 0OM)

15,433,408 FLUSHOF  (DAYFILF FLUSHED TO NISK = Te 15,43,4A

1%.43,48 REMARK «DAYFILFE COPIED TO FILESET SYSTAT

15.43.48 SUMTR «FILE SET CCD OPENEDsBUFFER LENGTH ®000011006

15,43,48 SUMTR «FILE SEY NP OPENENIRUFFER LENGTH 200010100,

15,43,44 SUMTR oFILF SET JORIN  CLOSEN'BUFFER LENGTH #00032100.

18,843,468 oF ILE SET STATISTICS

15,4348 « READS WRITES POSITIONS DISK RDS DISX WRS

15,43,48 0n00M0023 000000000 000000002 000000001 000000000

15.,63,48 . LwA=0000000102¢0EVICE=02

15,483,484 eccP Se¢ CONTINUE RUN AND COPY OUTPUT YO TAPE,

15,43,48 oCCP SCREATF {(FSsRUNTP(CLalI+SCT=2000¢ PREMTEXX063023)

15,43,49 acCP SSETO(KEYSKKTP)

15,43,49 ocCP $SETQ,

15,43,49 ocCP SLOGO{ 1=RUNTP)

15:,43:49 SUMTR «FILE SET RUNTP OPENED'RUFFER LENGTH =00032100¢

15,43,49 SRMTR ANLLOUT STANTED

15,81,50 $AMTR ROLLOUT 1JONE

1%.4H420 *LOS 05 XX003023 1S ON UNIT | FILE RUNTP 800 RPI,

16,23,4A SHUMTR ROLLIN STARTED

16,23.48 $AMIR ROLLIN NONE

16.,21.5%0 SUMIR «FILE SET ourt OPENEDsBUFFER LENGTH 200032100

16,30,32 $AMTR ROLLOUT STAHTED

16,30,33 SAMTR ROLLOUT NONE

16432436 SRMTR ROLLIN STARTED

16,372,377 SAMIR ROLLIN DONE

16,35,42 NUTHEL +END

16+35.42 SUMTR «FILE SET IMaGE OPENED¢BUFFER LENGTH ®( 00664100

16,35,62 SUMTR «FILE SET IMAGE CLOSEN+BUFFER LENGTH =00064100,

16,35,42 . «FILE SET STATISTICS

1635442 o READS WRITES POSITIONS O0ISX RDS DISK WRS

16,3%.42 000000000 000000003 000000001 000000000 000000004

16435442 . LwA=0000147115+DEVICE=Q2

16,435,463 ocCP SIF (FALSESTAPE)

16,3%,43 ocCP SLAREL (TAPE)

1643543 ®CCP SAFSREL (FS=RUNTP¢ADISPeSTAPEPOSMTSXX003023}

16,35,43 SUMIR oFILE SET RUNTP CLOSED'BUFFER LENGTH =10032100,

16,35,43 «FILE SET STATISTICS

16.35.43 « READS WRITES POSITIONS DISK RDS DISK WRS

16,35,43 000000033 000000002 000000002 000000007 000000002

16,3%.43 . LwA®0000143743+DEVICE=03

16,35.,44 ocCP SCOPYDF, -

16,35.44 FLUSHOF ,DAYFILE FLUSHED TO DISK = T 16.35,44

ALT/11:244(200)
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