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ABSTRACT

A general geometry Monte Carlo code suitable for neutron penetra-
tion problems is described. A detailed description of the preparation

of a problem and a complete listing of the code are included.




I. INTRODUCTION

The code MCS is a general Monte Carlo neutron shielding calcula-
tion for time-independent geometry, written in the FLOCO coding system
(described in LAMS-2339) for the IBM 7090 calculator. It is capeble
of treating an arbitrary three-dimensional configuration of first- and
second-degree surfaces, as discussed in Chapter II.

The information describing the scattering and reaction of neutrons
on various nuclei may be included in the calculation in as much detail
as is warranted by the experimental data, and is described in Chapter
III.

Chapter IV contains a brief description of the variance-reducing
techniques utilized by the code. As one is frequently concerned with
the penetration of neutrons through thick shields, such techniques may
be necessary to obtain statistically significant results in a reason-
able amount of computing time.

A summary of the treatment of a single neutron history will be
found in Chapter V, with a brief description of each formuls of the
calculation and some flow charts. Detailed information on the prepara-
tion of a problem will be found in Chapter VI, while Chapter VII treats

the mechanics of running a problem on the computer.




A problem of frequent interest is the determination of the spatial
distribution of some nuclear reaction for a given neutron source in a
given configuration of materials. Two methods of estimating the solu-
tion of such problems with the Monte Carlo code are described in Chapter
VIII.

Appendix A defines the various parameters used by the code, and
Appendix B describes the necessary data blocks. Appendix C describes
the form in which the nuclear data is presented to the code. A list
defining the order in which the various parameters and formule sets of
the code must be loaded is in Appendix D, together with a complete
listing of the code. Appendix E is similar in form to Appendix D but
deals with the initiating code -- used in the preparation of a problem.
Appendix F describes the reaction code MCR used with the Monte Carlo
MCS; and Appendix G lists the changes in parameters, card loading, and
code in the reaction variant to the Monte Carlo described in Chapter
VIII.

The basic units utilized by the code are:

lengths in centimeters

-8

times in shekes (1 shake = 10™~ sec.)

energies in Mev

The notation C(XX) = [contents of the cnre location designated XX by

FLOCO] is used throughout.




IT. TREATMENT OF THE GEOMETRY

The code is designed to handle an arbitrary three-dimensional
configuration of first- and second-degree surfaces, The region of
space under consideration is subdivided by these surfaces into a
number of cells, in each of which the material properties -- isotopic
composition and density -- and the neutron importance (see Chapter IV,
below) are assumed to be constant. Allowance has been made for at
most 432 surfaces and 2048 cells,

The surfaces of a problem are numbered consecutively j = 1, 2,
eeey J, where J(< 432) is the total number of surfaces in the problem.

The surface type for each surface is specified by a parameter :
k = 1: spherical surface centered at (X,y,z) with radius d:
D2 = =Pk (r- PPk 5-DP - =0
Kk = 2: plane surface:

-
Zj(r)=Ax+By+ Cz+ D=0

k= 3: cylindrical surface with generators parallel tn the y-axis,

center at (x,0,z), radius d:




Zj(?)=(x-§)2+(z-;)2-d2=o

cylindrical surface with generators parallel to the x-axis,

center at (0,y,z), radius d:
N —\2 —\2 .2
Zj(r)=(y-y)+(z-z) -d" =0

cylindrical surface with generators parallel to the z-axis,

center at (X,y,0), radius d:

- -— —
Zj(r) = (x-x)2+ (y-y)e-d2=0
reflecting plane (see below):

E.G):Ax+By+Cz+D=o

special quadratic surface:
zj(?) =Alx -2+ By - P2+ c(z - 2)% + 2d(x - %) +
SE(y ~y) + 2F(z - 2) + G=0
general quadratic surface:
Zj(-;) = AX® 4+ By2 + C22 + Dxy + Eyz + Fzx + Gx + Hy +

Jz + K =0




In all the surface equations,‘? = (x,y,z) is a point on the surface
being considered.

If the geametry of the prdblem possesses camplete reflection
symmetry in some plane, the specification of the problem may be simpli-

fied by defining that plane to be a reflecting plane (¢ = 6, above).,

A neutron attempting to cross such a reflecting plane will find its
trajectory specularly reflected in the plane,

The cells of & problem are numbered comsecutively a = 1, 2, +..,

A, where A(S 2048) is the total number of cells. A cell is defined by
specifying its bounding surfaces and the sense of the cell with respect
to each such surface,

The sense of a point ﬁ with respect to a surface j is defined to
be the sign of Zj (R), where Zj(?) = 0 is the equation of the surface,
The sense of a cell with respect to a bounding surface is defined to be
the sense of all points in the cell with respect to that surface. For
this definition to be unique it is necessary that cells and surfaces be
so specified that every point in & cell have the same sense with respect
t0 each surface bounding the cell.

This requirement of uniqueness frequently necessitates the specifi-
cation of more cells and/or surfaces than considerations of the material
configuration alone would require. For example, the configuration of
materials illustrated in Figure l& below does not lead to a unigue sense
for cell (1) with respect to its bounding surfaces <:> and <:> . To

obtain the necessary uniqueness, one may add a cell (3) (as in Figure 1b)




oT

|
C () .(2) @ (1 (2) (1) (2)

Fig. 1 - Cell (1) ambiguous with respect to surfaces and . Surface numbers encircled
; cell numbers in parentheses (a). Figures are plane figures.




or one may add both a cell (3') and a surface <:> (as in Figure lc).
Some other examples of the ambiguities which can occur in the
specification of a problem are illustrated in Figure 2. In Figure
2a, the ambiguity is due to every pnint in cell (2) having the same
sense with respect to the surfaces bounding cell (3) as does every
point in cell (3). Thus a neutron emerging from cell (1) cannot
discriminate between cells (2) and (3). Figure 2b illustrates the
anelogous situation of the ambiguity with regard to the two sheets of
a cone. Ambiguities of this class may be resolved by including in the
specification of each such ambiguously defined cell an additional,
non-bounding surface -~ usually a plane -- such that the members of an
embiguously related pair will have opposite senses with respect to
this added surface. Thus in Figure 25, the addition of surface <:> to
the specification of cells (2) and (3) removes the ambiguity in their
definition. Similarly, the addition of surface (:) in Figure 2b uniquely
separates the two sheets of surface (:) and so removes the ambiguity
between cells (1) and (2). Such a non-bounding surface for a cell (a)

is said to be en "ambiguity surface' for that cell.

An additional feature of the code which is often useful is the
provision for tallying various quantities of interest whenever a neutron
crosses a specified surface or whenever a collision occurs in a specified
cell. Usage of this feature simplifies the accumulation of flux distri-
butions, collision densities, and the like. The formula for accumulating
the quantity of interest must be provided by the user and is to be given

a formula nunber from the set F860 to F876, inclusive. The desired

11
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Fig. 2 ~ Figures are rotationally symmetric about the indicated axis
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result is usuvally a distribution of some quantity as a function of
some variable: for example, the flux across a given surface as a
function of energy, time, position, ete. Parameter blocks I00, JOO,
L0O, MOO, NOO, TOO, UOO have been reserved for the storage of the
parameters defining the limiting values of the independent variables;
and the accumulated quantity must be stored in one of the data blocks
AO through Di, the sizes of which are defined in parameter block POO
(see Appendix A). The use of the formula 827 (Chapter V, below)
simplifies the accumulation of the desired data by storing it in a
form which will then be automatically processed and listed with +the
rest of the problem results.

This feature of the code may be clarified by consideration of
the following specific example. Suppose we wish to know the flux across
a surface j as a function of energy. Let W(E) be the weight (see
Chapter IV) of a neutron crossing surface j with energy E., Then the
desired flux is the expected velue of Y(E) = W(E)/[unl, where p is
the cosine of the angle made by the neutron trajectory with the normal
to surface j at the point of intersection (calculated by formula 915).

Define Wn = v(E) wvhen En- <EL En’ vhere the desired values of

1
En are stored in parameter block LOO (n =1, 2, ..., H). We choose to
accumulate the ¥ in data block (B2)n by means of a formula 865. In
the specification of surface j (see pg. 53 below), ve set R = 865

(FLOCO) = 10658 = 56510. The jEE word of the surface tally transfer

13



block (s"{)‘j will then contain a command (TSX, 4, L), where L is the
address assigned by FLOCO to the first word of formula 865. The
contents of PO6 must be set equal to N by the user (see Appendix A).

An example of a suiteble formula 865 is presented on the following
page -- the FLOCO cards for which are loaded into the Monte Carlo code
immediately following the basic formule set, as indicated in Appendix D.
The expected value of the desired flux and the variance thereof will
then automatically be calculated and listed by the general data process
formula 830 (Chapter V, below).

In tracing the progress of a particle, the geometry is always
considered from a "neutron's-eye" view., Given that, at a time t the
neutron is at a point T in cell (2) moving with energy E in direction
ﬁ -- either as the result of some collision or of same source distri-
bution -~ the first surface the neutron will cross is determined by
calculating the distance from ? to the point of intersection of the
neutron trajectory with every surface bounding cell (a). The smallest
positive such distance, AJ. , determines the desired surface (3). Cam-
parison of this distance Aj with the path length to next callision of
neutrons in cell (a) with velocity V then decides whether or not the
neutron will reach this surface without first meking a collision,

If it is determined thet the neutron is to cross surface (J)

its coordinates (?,t) are advanced past the point of intersection

1k
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[ ~ KN
r+ (Aj + e)Q]-»r

:t + (AJ + e)/V] -t

vhere € is a small positive comstant [C(CO4)] chosen to ensure that
the neutron indeed crosses surface (j). It must then be decided into
vwhich cell (a') the neutron has passed. For this purpose all candi-
dates for a' are collected and stored into a data block Y6, a cendi-
date being a cell (a") possessing the surface (J) as a boundary end
having a sense with respect to (j) opposite to that of cell (a). The
neutron then considers each such candidate (a") in turn, camparing the
camputed senses of its positionm, ?, with respect to all the surfaces
bounding cell (a") with the specified senses of that cell. When
egreement of the senses is obtained for some (a"), that cell is
accepted as the desired (a')., It is at this point that the ambiguities

in Figure 2 above lead to errors.

The order in which the candidates (a") are exemined clearly governs
the efficiency of this process, because the neutron accepts the first
cell found which satisfies the sense criteria. To expedite this
procedure two possibllities are considered and are illustrated in
Figure 3.

The most frequently encountered geometrical configuration is
illustrated in Figure 3a, where there is a cell (ag) among the (a")

which has at least one additional common surface (Jl) with cell (a)

16
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and with respect to which its sense is the same as that of cell (a). In
this case cell (a{) -- having sense with respect to (jl) opposite to (a) --
may immediately be discarded from further consideration, and the senses
of'§ with respect to the bounding surfaces of cell (ag) are computed.

In the example illustrated these computed senses are found to not agree
with the specified senses of cell (ag), so cell (ag) is discarded. The
remaining cells (a") -- other than (af) and (ag) -- are then searched
for a cell adjacent to (aa), that is, a cell possessing a cammon surface
with (ag) across which the cell sense changes -- in the case illustrated,
(ag). This procedure is called the "short ordering" and continues until
a cell satisfying the sense criteria is found.

If there is no additional common surface (jl) -- as illustrated in
Figure 3b -- the first cell considered is that whose cell number, say
(a{), has the largest numerical value, and the remaining cells are
considered in adjacent order as in the "short ordering' case. In the
event no adjacent cell is found the procedure is repeated, having first
discarded from the (a&") all cells previously rejected. This procedure
is called the "long ordering" and is clearly less efficient.

Having determined a new cell (a') from one of the above procedures
the next interaction is calculated and the whole process is repeated

until it is determined that the neutron has made a collision.
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III. NEUTRON SCATTERING AND REACTION DATA

The nuclear data required by the Monte Carlo calculation divides
rather naturally into two classes: those data necessary to determine
the point in space at which a neutron makes its next collision, and
those data necessary tn determine the outcome of that collision.

The determination of the point of next collision requires a

knowledge of the macroscopic total neutron cross section in a material

Tot

(m) at a given neutron energy E: 9, (B) (in cm.-l). In the geometrical

subdivision of the system of interest into cells (as described in Chapter
II), a cell is defined to be a spatial region of constant material

properties -- isotopic camposition and density. Thus a cell (a) will
3)

contain a material (m) at a density o, (number of atoms X lO-gu/cm.
Material (m) is determined by the specification of its isotopic compo-

sition: the numbers pﬁ proportional to the number of atoms of isotope

(x) per unit volume of material (m). Thus, if ci

cross section in barns of isotope (k) for neutrons of energy E,

ot(E) is the total

N
Ty mot
— P, 0, (E)
Tot(E) _ k=1 em -1
%n = Py Nm ¢
k
P

k=1

19




summed over the N isotopes constituting material (m). The path
length to the next collision is then picked from the distribution
exp g- ;§6€(E) S‘, vhere S is a distance measured along the neutron
trajectory.

Having decided that a collision has occurred in material (m),
the isotope (k) with which the neutron has collided may be determined
by comparison of a random number uniformly distributed in [0,1], with

the quantities
k

kl
D B o)
kf=1

P, = R s (k =1, 2, ...,Nm)

m ?
T
Z ' Pn Or (®)
k?=l

A neutron with energy E experiencing a collision with isotope (k)

will be absorbed [reactions (n,v), (m,p), etc.] with probability cibs(E)/
cTOt
k
. el Tot
neutron~nucleus center-of-mass system) with probability oy (E)//;k (B),

(E), scattered elastically (that is, without energy loss in the

or scattered inelastically according to the various reaction probebilities
for the isotope (k) at incident energy E. For each isotope a set of

laboratory neutron velocities V: are specified, at each of which the

quantities cTOt, cabs, and cel are tabulated. The cross sections at
2

k,g8’ “k,g k,g
a gilven energy are then obtained by linear interpolation in the laboratory
velocity if the neutron velocity V falls between two specified Vz's.

If V is greater than the largest specified velocity'Vk the cross

g(max)’

20



section valves o are assumed to apply. If V is less than the

k,g(max)
smallest specified velocity'Vz(min), the elastic cross section cel(E)

abs

is taken to be ¢ el )2 the absorption eross section o) (E) is

k,g(min
extrapolated proportional to l/V, and the total cross section o£°t(E)

Tot
%, g(min)*

Instead of discarding the neutron with probability oibS(E)//;§°t(E),

may either be extrapolated like 1/V or taken equal to

it is more efficient to multiply -- in every collision -- the neutron
weight (see Chapter IV below) by the probability of the neutron not
being absorbed [l - oibs(E)//3§°t(E)] and then require that this neutron
always be scattered.

If it is decided that the neutron has scattered elastically from
the isotope (k) the angle of scattering o (in either the laboratory or
center-of-mass system) is picked by the rejection technique from the

scattering distribution S(k)(cos a,E) for neutrons of energy E. For

el
X,g

data defining the scattering distribution S( )(cos a) are tabulated --

each isotope there is specified a set of energles E ¢ @t which the

the value of S(k)(cos a,E) then being interpolated linearly in the
energy. The scattering distribution at each energy E lg, is defined
either by a set of values of cos o at which the Sé )(cos a ) are
tabulated -- intermediate values being obtained by linear interpolation
in cos @ -- or by the coefficients of a polynomial fit in cos @. The
scattering distribution may be given in either the center-of-mass system
or the laboratory system. If the mass number Ak of isotope (k) is

greater than 25 the laboratory energy is assumed to be unchanged. If

21




Ak‘S 25 the new laboratory energy E' is calculated from the incident

energy E and the angle of scattering <.

In the event that the neutron is inelastically scattered, the angle
of scattering and the final neutron energy depend on the type of nuclear
reaction. The reactions possible on a given isotope (k) over the energy
range of interest (usually O to 15 Mev) are labeled v = 1, 2, ..., N(v),

and are identified according to reaction type by a tag T. For each

isotope there is specified a set of laboratory energies Einzl at which
J

the data for each reaction v are tabulated -- including the probability

inel
k,g ’
this reaction at this energy, and whatever additional. information is

of the reaction at energy E the scattering distribution data for
necessary to determine the final neutron energy. The reaction v is
determined by comparing a random number uniformly distributed in [O,l]
with the probebilities of the various reactions on isotope (k) --
interpolated to the incident neutron energy. For this reaction the
angle of scattering is then determined from the inelastic scattering
distribution by a procedure identical to that used for elastic scattering.
The determination of the final neutron energy varies with the

reaction type T:

T = O: The final neutron energy E! is picked from an evaporation

spectrum

P(E') aE' = = dE' = xe ~ dx

E)
(ak)E'e- T -X



1)

2)

3)

T

ak bk
where x = T E!' = .a B!

o¥ = 13.69 Va¥ may ve & slowly verying function of E and is

tabulated for each ELDSL,
k,g

If the value of E' so chosen is greater than E, it is discarded
and another value is picked.
If the angular distribution is given in the CM system, E' is
the new CM energy and the new laboratory energy is calculated.

M=\ A
is given in the laboratory system, E' is the new laboratory

In this case ak é;i;k K . If the angular distribution
’ aLab
energy.

1l: Inelastic scattering with the excitation of a single nuclear

1)

2)

level. Let the nuclear level excited have an energy Q (Mev)

above the ground state (Q a CM quantity).

If the angular distribution is specified in the CM:

2
A R .
Eé = (Kf;—i) [E - QL] is the final neutron energy in the

CM and the final laboratory energy
is calculated.
If the angular distribution is specified in the laboratory

(for heavy elements)

E'=E - QL

23




In both cases, Q’L = (A Z L

inel
k,g °

)Q is tabulated for each velue of

E

T = 2: Taebulated distribution of final energies as a function of

the initial energy -- in the same reference system as the
inel inel
scettering distribution. If E <ELE then P
g k,g-1 = = Tk,g ’ g,f

are the probabilities of the final energies ES £ for the
J

incident energy E (£ =1, 2, «..). (Pg 1
2

Let &t be a random number uniformly distributed in [O,l]

must be zero.)

and s ose P < ELKP e If no interpolation:
upp g,f-1 £ < g,f P

E! = Eg P is the final energy. If interpolation:
2

E - P
g,f-1 )
E'=E + 2 (B - E
g,%-1 (Pg,f - Popa) 8T Tefd

)

T = 3: Tabulated distribution of final energies as a function of

the initial energy and the angle of scattering @ -- in the
same reference frame as the scattering distribution. A set

of cos o:‘j are specified such that if cos on_l < cos @ < cos OJJ

inel inel
and Ek,g-l <EL Ek,g , then Pj,g,f are the prdbabilities of
the final energies Ej g,f with the same interpolation option
202

as in reaction type T = 2.

T = 4: The final leborstory neutron energy is picked from the

fission spectrum

2k




1)

2)

P(E') dE' = 2 X 0.775 -‘3—'7—12'- e0TT5E" 41

The scattering distribution must be specified in the laboratory

system.,
inel . s s
For each Ek g there is specified an average number of neutrons
J

emitted per fission vz. vk(E) is obtained from these tabulated

values by linear interpolation in the energy.

T = 5: The final CM neutron energy is picked from the "density

1)

2)

of the final states" spectrum. The scattering distribution
must be specified in the CM system. If Q is the CM energy
threshold for the reaction, QL = (A Z 1

meximum possible final neutron energy in the CM system

) Q, then M is the

A 2
M=(m) (E - qp)
This reaction allows two cases:

N' = 2: (useful for some (n,2n) reactions)

[ | 1 2 [ 4 4 ?
P(o)(Eg) aBy = § /Eg(M - EL) dEL

vhere Eé is the final CM neutron energy. The neutron weight is

doubled and the final laboratory energy is computed.
N' = 3: (useful for some 3-body breakup reactions such as the

(n,n'3x) reaction on 012)

25




7(3)(B) a8y (sg)

1/2 4 2 1
(M - EC) dE}

The final laboratory energy is computed.

(n,2n) reaction I: The first neutron emitted has the final
laboratory enmergy Ej = o(E ~ QL) -~ this neutron is banked
(see Chapter IV). The second emitted neutron has the final

leboratory energy El = B(E - QL). The constants @, 8, and

Q = (A—z—i) Q are specified. The scattering distribution

must be given in the laboratory system only.

Gerneral (n,2n) reaction allowing each neutron to be picked
from a different energy and angle distribution. The data
are specified as for two different reactions with equal
cumulative reaction probsbilities, type T, (=0, 1, 2, 3 as
above) for the first neutron, T, for the second. The final
laboratory energy and new direction cosines of the first
neutron are chosen according to the prescription of reaction
type Tl and the neutron is banked (see Chapter IV below).

The corresponding quantities for the second neutron are then

chosen according to reaction type TE' Both Tl and T2 must
be less than four.

There is specified for each problem a thermal energy,

ETh’ such that any neutron attempting to choose an energy

26




' R
Et < ETh will have its energy reset to ETh'

In general, the treatment of the nuclear reactlon data has been
designed to represent accurately the experimental data -- frequently
at the expense of computing time,

The form in which the nuclear data is entered into a calculation

will be found in Appendix C.
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IV. SAMPLING TECHNIQUES

To improve the efficiency of the calculation several variance-
reducing features have been included in the code. Central to all of
them is the concept of the neutron weight.

Each neutron has associated with it a weight W, initially set to
WO by the source routine F850. As the neutron moves through the system
its weight will change for the various reasons to be considered below.
Then, if the average weight of the neutrons crossing same surface J,
say, is W,, this is interpreted as W; neutrons crossing this surface
for every wo neutrons born at the source.

All the variance-reducing techniques involve picking some quantity
of interest -- the path length to the point of next collision, say --
from a probability distribution different from the actual physicel
distribution. The weight of the neutron must then be appropriately
adjusted to correct for the error so introduced. Thus, if the quantity
x is physically obtained fram a normelized distribution p(x) and we
instead choose it from a normslized distribution P(x), the weight of the
neutron utilizing & value x; must be modified by the ratio p(xi)/P(xi)
so that the result T = zf(xi) p(xi) = Z{f(xi)[p(xi)/}?(xi)]}P(xi) is

i i
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unchanged, f representing some answer desired from the calculation,
On each collision the neutron has a probability (cabs UTOt) of
. . abs / Tot R
being absorbed and a probebility p={1 - ¢ o of being scattered.,
The code considers the neutron to be scattered always, P = 1, so the
neutron's weight is multiplied by p/P = (l - cabj//;T°t> .
To every cell of the system there are assigned three nunbers --

a)

Iéa), Ii s Iéa) (specified by the user) -- which reflect the importance

which one assumes neutrons passing through the cell will have on the
desired answer of the caleculation. For example, very low energy neutrons
in a strongly absorbing medium located far from the region of interest
would probebly have very small importance. The IMPORTANCE, I(a)(E), of

a cell (a) for neutrons at energy E is defined to be I(a)(E) = Iéa) +

(a)_2
5 .

Whenever a neutron crosses an interface fram an old cell (a) into

(a)
LYE+1

a new cell (a') the new importance I?! EEI(a')(E) is campared with the old
I EsI(a)(E). If (I'/I) is less than 1 the neutron is entering a region
of less importance and so must play "Russian Roulette": the weight of
the neutron is multiplied by (I/I') and the neutron is followed further
with probability (I'/I) and killed with probability (1 - I'/I). If
(I'/I) is greater than 1 the neutron is entering a region of greater
importance and so may be "split." Let n be the largest integer in (I'/I)
and y = [(I'/I) - n]. The weight of the neutron is multiplied by (I/I'),
(n + 1) neutrons are banked with probability y, and n neutrons are banked
with probability (1 - y). If I' = I, the weight is unchanged and the

neutron is followed further.
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When a neutron is banked, its relevant parameters are relocated
from working storage block AOO to a bank block Z7 and saved. Whenever
the code is finished with a neutron, it picks the next neutron from the
bank -- in the order inverse to that in which they were stored -- and
follows it until finished, and continues this procedure until the bank
is empty. Only then does the code return to the source routine FE50
to pick a new neutrom.

In the calculation of the neutron transmission through thick shields
of highly absorptive material it is frequently reasonable to expect that
those neutrons contributing significantly to the result will be those
having suffered relatively few collisions. In this case it may be more
efficient to pick the neutron path length from a distribution with a
smaller total cross section end appropriately adjust the weight -- so
more neutrons get through, but each carries a smaller weight. To
utilize this feature of the code the user specifies -- for each cell --
e quantity q(a) such that a total cross section o' = 2-q(a)3 is used in
the determination of the neutron path length in the given cell. When
a neutron passes through the cell -- with path length x -- its weight

is multiplied by exp

L-(E - 5')x]; when a neutron makes a collision
in the cell -- with path length x to the collision -~ its weight is

multiplied by (o/o!) exp [-(E - E')x].
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V. DESCRIPTION OF THE CODE

The standard problem for which this code is designed to provide
answers is the following: given a neutron source located in some
complicated configuration of materials, what is the flux across some
set of surfaces or what is the collision density in some set of cells?
The Monte Carlo estimate of the solution consists of picking a sample
of neutrons from the given source and following each neutron through
a sequence of surface crossings and collisions until the neutron either
escapes from the system or is no longer of interest for other reasons.
The desired flux or collision density is accumulated for every neutron
of the sample, and the sample size is increased until results of
sufficient statistical significance are obtained.

A measure of the statistical significance of a given result

N
X=n1 :E: %, is the variance o(x). Here N is the sample size, and

i=1
Xs is the value of the quantity of interest, x, for the iEE neutron.

For this calculation, the variance is defined as

2 <2
- X =X
olx) =V =5
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and, according to the central 1limit theorem, provides an estimate of

‘the error.

A neutron may be discarded for any one of several reasons:

1)

2)

3)

4)

If one is interested only in those neutrons contributing to
the desired result within the time interval (0,T,), when the
time coordinate, t, of a neutron becomes greater than TC the
neutron will be discarded.

If one is interested only in neutrons with energy greater
than some value EC’ when the energy of a neutron becomes less
than EC the neutron will be discarded.

If one estimates the desired result to be w, those neutrons
with a weight much less than w may be assumed to contribute
little to the result. Therefore, a weight cutoff Wb(<KI§) is
specified, and those neutrons with weight less than Wc are
discarded.

If the IMPORTANCE of a cell is found to be zero, a neutron
entering that cell will be discarded. A neutron entering a

cell of smaller importance may be discarded by "Russian

Roulette" (see Chapter IV).

Two versions of the FLOCODE (formula 800) exist, differing in the

deta they accumulate.

FCl:

Accumulates only that data for which special tally routines
have been written -- useful for computing fluxes or collision

densities in a small number of cells. If this version of the
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code is utilized: N(T) = c(Dl2) = O and data block EO is
omitted (see pg. 59).

FC2: For every collision, the neutron weight is accumulated as a
function of cell (a) and energy E -- according to E@-l <E< E@’
where E- = C[(EO)E], E=1,2, «v., N(T) = ¢(D12) %+ O. Thus
the use of FC2 provides the collision density in every cell and
is useful for studying reaction densities.

The choice of these two versions is simply made by choosing the appropriate
version of F800 and setting N(T) = O for FCl, N(T) %# O for FC2. For FC2,
the data block EO must be included.

A brief outline of the function of each formula of the code follows.

A complete list of the code will be found in Appendix D.
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F800: FLOCODE -- cortrols oversll flow of calculation.(l)

I)

Read problem tape (F932)

I1)

Start routines:

(1) Print starting date (F826)

(2) Set up tally transfer blocks (F933)

)
Collision Trap

1

III)

(Foe6)(3)

Source routine:
(1) Set starting deta (F850)
(2) Process data and Halt if sense
switch 1 depressed (F825)

v)
Collision routine:
Advance neutron to point
of next collision (F8.0)

1

™)
Collision Trap (F926) (3)

Notes:

(1) Two versions of F800 exist, labeled FCIMCL and FC2UCI.

(2) From reaction probebilities for this

element determine new ene
direction of neutron (F&24

y and

|
|
l
|
|
(2) ) {
—(2 VIiI
=/ 1 v1)
Count collisions COllisj(“m)l Trap t
(r926)'? |
|
|
VIII) (2) t
Reaction routines: |
(1) Determine element with which neutroni,)
- has collided (2)

Code FCLIC1l is as diagrammed

above; FC2MCL includes & collision tally routine between blocks V and VI ebove -- to
tally collisions as a function of cell and energy (F833).
(2) When neutron is finished -- due to escape, time or energy cutoff -- the control returns
from blocks V or VIII to the source routine to pick another neutron.

(3) Collision traps operative only if sense switch

depressed. (See description of sense switches, Chapter VIIB , and F926.)

5 is depressed end sense switch 3 not




Ir801:

F803:

Controls the calculation of the path length to the nearest
intersection of the neutron trajectory with the surfaces bounding
cell a. (All distances less than 1077 are rejected.)

Distance to intersection with jEE surface stored in (ze)j;
if two positive intersections are obtained, the smaller is stored
in (ze)j, the larger in (2,3)3. (Uses F907, F910, F91l, F9l2,

F9lk. Entered from F810.)

From among the cells ai (stored in (Y6)k),to find a cell adjacent
to a given cell -~ if one exists -- and determine the common

surface separating them. (Entered from "ordering" routines:

F803, F805.)

New cell a' found from among the ai by the "long-ordering"
procedure: Starting with k = KT’ the cells ai are ordered
according to their common surfaces (F802), and the sense of the

neutron is compared with the specified cell senses until a cell

a' is found. (Uses F802, F804, F913. Entered from F805, F806.)
To compare the calculated sense of the neutron with respect to
all the surfaces bounding cell a with the specified senses of

cell a, including any "ambiguity" surface (see pg. 11).

New cell a' found from among the ai by the "short-ordering"
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F806:

procedure: Starting with a flagged cell, the cells ai are

ordered according to their common surfaces (F802), and the

sense of the neutron is compared with the specified cell senses

until a cell a' is found or until a second flagged cell is found,

(Uses F802, F80O3, F8O4, F913. Entered from F806.)

To determine new cell a', given that neutron has crossed surface

J from cell a. (Entered from F8L.0.)

I) sSet cell numbers, ai, of every cell on the opposite side of

II)

II1)

surface j from cell a into (Y6)k. (k =1, ..., KT)

A) If Kp = 1: Set al! into a' and exit.

B) If KT ¥ 1: The sense of the neutron with respect to all
surfaces for which the ai's have the same sense is set
equal to the common sense.

For each k: If ai has a common surface j' with cell a --

other than those common to all the aj, which were removed

in IB) above -- the al in (Y6)k is flegged or zeroed according

to the sense of ai with respect to surface J' being the same

or opposite to that of cell a., The number of such flagged

cells is counted = N(1).

The new cell a'! is determined from among the ai'by finding

that cell having the same sense with respect to its bounding

surfaces as does the neutron.

A) If N(1) > 0: Try to obtain the new cell by the "short-
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B)

ordering" procedure -- starting from a flagged cell a]f‘ -
and exit. (F805)

If N(1) = 0 or "short-ordering" procedure fails, the

new cell is obtained by the "long-ordering" procedure

and exit. (F803)

Tot

F807: To calculate the total cross section Sn (V) of material m

for a neutron with velocity V.

I) For each isotope (k) in material (m), the total cross section

at velocity V, ¢

A)

B)

C)

Tot
k

For V within the limits of the velocity table of element

(V) is calculated and stored in (Z5)k.

k (Block CO, Appendix C), the cross section is interpolated
linearly in V between the tabulated values.

IfV>V (the maximum velocity tabulated for element

k), 0 Ou(V) = aLoN(v_ ).

IEV <V, (the smallest velocity tabulated for element

k), the code allows two possibilities depending on 5y

(t, = c(K03), Appendix C).

1

Tot Tot
1 =0 o (V) =0 " (V5)

V..
Tot min Tot
t) ¥ 0: o (V) = (T‘)“k (Vpin)
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II) Material cross section cﬁ?t(V) is mixture of element cross

sections weighted by fractional atomic composition pﬁ:

Tot k Tot
o, (V) = z P, Ok (v)

kem

the partiel sums of which are stored in (Zh)k.
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F810:

F800

To determine the point of next collision.

1)

Calculate neutron importance Ia(E)
in cell a at energy E

1!
11)

Compare path length to nearest
intersection, A, with a random

(8 <A)

(F920)

I1I1)
If S < A: neutron makes a
collision, Advance neutron

flight length, S, of th? ?eutron
in cell a with energy E 1
(F8o1, r807)

t

(s > A)

to point of collision, check
cell tally transfers (Sh)a,
and exit

v)

If S > A: neutron crosses boundary,

Advance neutron to point of intersection

with surface j, check surface tally

transfers (87)3’ check for reflecting

plane (Rh)j

Reflecti
Plane

V)
Reflect neutron

V1)
Determine new cell af,
Ie(E)e If I ,(E)=0:

(r806, F920)

new importance
Kill neutron

direction cosines

(F905)

Notes:

VII)

Split or kill(2)neutron

Ia'(E) >
according to TE; < 1.0
a

(1) If q of cell a % O (Input (¥6)_ ), S is increased by a factor 2% and

the neutron weight is approprigtely modified.
Jor description of split/kill criteria, see Chapter IV.

(2)
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FB8l1l - F82l: Reaction routines. In every case, the new neutron

F81l1:

F813

directions are picked from a tebulated angular distribution

(in center-of-mass or lsboratory).

Elastic scattering reaction: If element mass nunber A < 25, new
laboratory energy is calculated for given angle of scattering; if

A > 25, laboratory energy is unchanged.

Inelastic reaction, T = O: New neutron energy (in frame of
reference of tabulated angular distribution) picked from evepora-

tion spectrum
P(E') dEf = (%) E' exp (- /% E') aE*
where a 1s a constant of the material.

Inelastic reaction, T = 1: Inelastic scattering with excitation

of single level of target nucleus:

Q the nuclear level excited; EC’ Eé initial and final center-of-

nass energies.
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F8lk:

F815:

F816:

If angular distribution given in laboratory (for heavy

elements):

merg ge(tR)s

If angular distribution given in center-of-mass:

A 2
Eg = (m) (B - qp)

and E* calculated from Eé taking into account the angle of

scattering.

Inelastic reaction, T = 2: New neutron energy interpolated from
a tabulated energy distribution -- table having incident laboratory
energy as argument., New energy in laboratory or center-of-mass

agreeing with the angular distribution data.

Inelastic reaction, T = 3: New neutron energy interpolated from

a tabulated energy distribution -- table having incident laboratory
energy and angle of scattering (CM or laboratory) as argument.

New energy in laboratory or CM agreeing with the angular distribu-

tion data.
Inelastic reaction, T = 4: Fission. New neutron energy (Laboratory
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only) picked from

P(E') aB' = 2 x 0,775/ 21 exp (-0.775E") a?

Angular distribution in laboratory only. v tabulated as function
of energy of incident neutron.
If v > 3: the new neutron weight W' = %—' vW and two neutrons

are banked.

[

v < 3: W' == vW and one neutron is banked.

N

Inelastic reaction, T = 5: (n,2n) and 3-body breakup with energy
spectrum governed by the density of final states available.
Angular distribution in CM only.
2 \/—'—'———"
. 1 | t - Rt ]
I) (n,2n): P(EC) dEL = Fy EL(M EC) dE,

E! = new neutron energy in CM.

M A . E A+l Q| is maximum neutron ener
"\E+¥1 T\TE gy
possible, Q being the CM energy threshold.

Neutron weight is doubled.
II) 3-body breakup: (good spproximation for the reaction:

n+ C2 5 n + 30, See Rosen, Phys. Rev., 99, 1375 (1955))

P(EY) dEéoc(E(':)l/e(M - Eé)e aE},

ko




F820:

Inleastic reaction, T = 6: (n,2n) reaction. Angular distribution
in laboratory only. First neutron has new laboratory energy

Ei =a(E - Q) and is banked. Second neutron has new laboratory
energy E! = B(E - Q), where o, B, and Q are given constants.

2
Inelastic reaction, T = T: (n,2n) reaction with different angular
distribution and energy distribution for each neutron. Each
neutron is picked independently from one of the above inelastic
reactions (T = 0, 1, 2, 3) with its own angular distribution.

The first neutron is banked.,
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F824: To determine new direction and energy of neutron from the reaction

probabilities for the element with which neutron has collided.
I)
F800 > Determine element k with which
neutron has collided (F831)

I1)
Determine elastic end absorption fractions on element
k; modify neutron weight by probability of scattering
(F832)

III)
Check weight, time, and energy cutoffs, and
kill neutron if exceeded

Iv)
Determine kind of scattering event and
obtain new direction and energy from
appropriate reaction routine:
Elastic: (F811)
Inelastic - type T: (F(812 + T))
(T=0,1, eau, T)

V)
If neutron energy is less than thermal,
set it equal to thermal

Exit



F825:

F826:

F830:

To start a new neutron.

I) If sense switch 1 depressed, processes date and halts.

II) If bank is not empty, picks neutron from bank and exits.

III) If bank is empty: counts particle and compares with data-

brocess and print cycles. Picks new neutron from source
routine (F850) and exits. (Uses F830, F850, F922, F926,

F93l. Enter from F800.)

Starting print: Prints storage map (F976), tellied data (F925),

IMPORTANCE coefficients, and source data.

General tally routine: For use with special surface or cell
tally routines (see pg. 11). To accumulate Xv in block AO:

enter on (TSX, 4, 827) with

C(Accumulator) = (AO*) (FLOCO control word for block AO)
c(M) = x,

C(Index register 1) = v

General data process routine. Calculates average values and
statistical variance of every quantity stored in special tally
accumulators (blocks AO through D6) having a non-zero size listed

in block POO., If the collision density is accumulated (FLOCODE 2)
its average and variance is computed. All such calculated quantities

are printed off-line.

L5




r831:

F832:

F836:

To determine element k with which neutron has collided. A
vandom fraction of the total material cross section is compared
with the partial sums of the total cross section stored in block

(zl;)k by F807 to obtain k.

To determine elastic and absorption fractions for a neutron on
element k with velocity V. Interpolated linearly in V within
table, absorption cross section extrapolated like V"l for neutron

velocities below the lowest tabulated velue.

To tally collision density as a function of cell and energy.
Entered from FLOCODE 2. Tally energiles Eé in (EO)E, g=1, 2,
eeey, N(T) = C(DI2).
Neutron weight W accumulated in (T6)g a for collision in cell
2

a with energy E satisfying Eé-l <EL EE' W2 accumulated in

(U6, -

To proceed to next neutron. Transfers control to block diagram

III of F800. (See pg. 3k4.)

To tally collisions as a function of time and energy. Entered
from cell tally transfers (Sh)a.
I) Tally times specified in block GOO:

GOl: Number of tallied times = N(7)
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ré37:

F850:

GO2: T 8
times in shakes (10™ - sec.)
GO3: Ts > Ty
ete.

II) Tally energies in block HOO:

HOl: Number of tallied energies = N(g)

HO2: E }
1 . .
energies in Mev
HO3: E2 > El
etce.

III) Neutron weight W accumulated in (D6)n 2 vhere n and g
)

determined by E and t satisfying E <EXL Eg’ Th-l <t< The

g-1
IV) The size of block D6 = C(P20) = [N(T) X N(g)] must be specified

on the POO card.

To turn on sense light 4 for cell flag tallies. Entered from

cell tally transfers (Sh)a.

To turn on sense light 4 for surface flag tallies. Entered from

surface tally transfers (87)j°

Source routine -- special routine to be supplied for each problem.
To store the quantities in words AOL — AO7, Al7, and A50 (starting
cell a in decrement) for a source neutron. Source data supplied

by blocks S00, VOO, WOO.
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F857: Data assign code. (See FLOCO Manual, LAMS-2339.)

F8:[:[: Error restart. Resets particle and collision count. If sense

L depressed, reeds last tape dump. Exit through (F933) to (F835).

Formulae F900 - F977 are subroutines used by the basic formule set

F800 - F877.
F900: Punch dunp.

F90L: To convert the fixed-point number in the accumilator address to

a floating-point nunmber.

Fg02: Random number generator.

F903: Square root (LA S800).

TOOk: To pick the three direction cosines of & point on the unit sphere
from & wniform distribution. € = (u,v,w): u= C(BO2), v = C(BO3),
w = C(BOL).

¥905: To reflect neutron direction cosines in a plane.

F906: Error code: Saves contents of index registers and MR, prints
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ro0T:

F910:

rola:

Fgl3:

Folk:

FOl5:

error remark on-line, takes a memory print (F923) and tally

print (F925), checks error count and continues to (F87T7).

To calculate the intersection or sense of a neutron with respect

to a special quadratic surface (type k = 7, Chapter II).

To control the calculation of the intersection of a neutron

trajectory with a given surface. (Uses F907, F9ll, F912, F9lk,)

To calculate the intersection of a neutron trajectory with a plane.

To calculate the intersection of a neutron trajectory with a

cylinder.

To calculate the sense of a neutron with respect to a given

surface. (Uses F907, F9lk.)

To calculate the intersection or sense of a neutron with respect

to a general quadratic surface (type x = 8, Chapter II).
To calculate the cosine of the angle made by a neutron trajectory

with the normal to a surface. Enter with C(2) = j = surface number;

exit with C(ACC) = o
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Natural logarithm (LA $820).

Exponential (LA sS816).

To calculate the importance of a cell as a function of the neutron

energy.

To write a neutron into the bank (Z7) if bank is not full. If

bank is full, sense light 1 turned on.

To read a neutron from the bank (27) if bank is not enmmpty.

Memory print.

Manual entry to error routine.

Tally print.

Trap print: Operative only if sense switch 5 is depressed. Saves
contents of accumulator, MQ, and index registers A and B. If
sense switch 3 is raised, tekes a memory print only (F923); if
sense 3 depressed, takes a tally print (F925) and a memory print

(F923). Restore the contents of the accumulator, M3, and index

registers before exit.
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To convert center-of-mass energy and direction cosines to the
corresponding laboratory quentities for a given element, angle of

scattering, and energy loss in the center-of-mass system.

To evaluate the scattering distribution Sk(cos o,E) (see Chapter
III) for a given element, angle of scattering o, and neutron energy

E.

To write accumulated data into the second file of the problem

tape,

To read the problem tape.
I) Reads basic problem data -- as set up by the Initiating code --
from the first file of the problem tape.
II) 1If sense switch 4 depressed: exit. (To restart problem
from beginning.) If sense switch 4 raised: reads accumulated
data from second file of problem tape. (To restart problem

Trom last dump.)

: Start routine. To set up cell and surface tally transfers, and to

store q's load in block (Y6) into block (RO) (sees Appendix B).

: To read accumulated data from second filce of the problem tape.
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VI. PREPARATION OF A FROBLEM

To facilitate the preparation of a problem for the computer an
Initiating code MCA (see Appendix E) has been written. It reads data
cards prepared in a simplified format, stores the various quantities
in the form and locations required by the Monte Carlo, performs some
consistency checks to aid in the detection of errors in problem specifica-
tion, writes the data blocks utilized by the Monte Carlo onto tape, and
provides & listing of the data in a form useful for checking the
specification of the problem.

The preparation of the data for the Initiating code is described
in Section A below. The parameter cards and data blocks necessary to
complete the specification of the problem are indicated in Sections B
and C below, respectively. Finally, those routines which must be
provided by the user for each particular problem -- for accumulating
special tallies (see example on page 15) and for specifying the source --
are discussed in section D below.

A: THE INITIATING CODE DATA:

To prepare a problem for the computer the cells and their bounding

surfaces must first be specified -- with attention to the possible

ambiguities discussed in Chapter II. The cells are numbered consecutively
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1 through A, and the surfaces 1 through J. The isotopes utilized in
the problem are consecutively numbered 1 through K, and the materials
are defined by their isotopic composition and are numbered m = 1, 2,

eoe, M.

THE SURFACE CARDS:

The surface specifications are entered into the Initiating code as
data block AO,

Card label: col. T3-76: XXX A

77-80: PN = problem number

where XXX is the surface card count = 1, 2, »++, For each surface (J)
the data are entered in the following order:

1) J = surface number (j = 1, 2, see, J).

2) Rj = formula number (in decimsl) for special tallies of surface
crossings of surface (j). (Flux tallies, time-energy distribu-
tions, etc. -- see Section D below.) If surface (j) is not to
be so tallied, Rj = 0,

3) g = surface type index (see pg. T ). Note: if any g, = T or

J
8, the contents of Al5 (see Section B below) must be negative.

) Néj) = the number of cells bounded by surface (J).

5) Surface coefficients (defined by the surface equations in

Chapter II). For surface types:
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fcj=l,3,ll-,5 Ic,j=2’6 ICJ=7 ch=8
x A A A
y B B B
z c c c
a® D D D
E E

F F

G G

x H

y J

Z K

6) The cell numbers of the cells bounded by surface (J):

KON

RO ME

words.

LN ]
L —

The date for each surface (j) are entered on FLOCO cards in the

above listed order; the collection of such cards for all J surfaces

constitute the SURFACE CARDS of Appendix E.

THE CELL CARDS:

The cell specifications are entered into the Initieting code as

date block BO.




Card label: col. 73-T6: XXX B

77-80: PN = problem number

where XXX is the cell card count = 1, 2, s+s, For each cell (a) the

data are entered in the following order:

1)

2)

3)

L)

5)

6)

7)
8)

9)

a = cell nuber (a = 1, 2, *++, A),

m = material number of the material in cell (a) (m =1, 2,
o.., M).

t = importance zone number of cell (a).

Set t = a.
tE;'= surface number of "ambiguity surface" of cell (a) (see
pg. 11).
If 3; = 0: cell (a) is unambiguous.
If 3; ¥ 0: cell (a) is ambiguous with respect to its
bounding surfaces and has (+) sense with
respect to surface 3;.
R, = formula number (in decimal) for special tallies of

collisions in cell (a) (collision densities, time-energy
distributions, etc. -- see Section D below). If cell (a)

is not to be tallied, Ra = 0.

x
a
The coordinates of & point in cell (a) -- for computing
Yo the senses of cell (a) with respect to its bounding
2 surfaces.
a

p, = density of material (m) in cell (a) (atoms/cm.3 X 10'24),

The data for each cell (a) are entered on FLOCO cards in the above
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listed order; the collection of such cards for all A cells constitute
the CELL CARDS of Appendix E.

THE ELEMENT CARDS:

The nuclear data cards (described in Appendix C) for each isotope
used in the problem are read by the Initiating code -- each isotope

being preceded by an identification card JOO:

JOl: k = number assigned (for the given problem) to the

isotope (k = 1, 2, ***, K).

Jo2: A mass nunber

JO%: 2 quentities on the KOO card (see

atomic number

gok: 1ID = idenmtification | "0 J00 card.

The collection of all the isotope cards of the given problem
constitute the ELEMENT CARDS of Appendix E,

THE MATERIAL CARDS:

The material specifications are entered into the Initiating code.

Card label: col. 73-T6: XXX C

77-80: PN = problem number

where XXX is the material card count = 1, 2, *++, For each material
(m) the data are entered in the following order:

1) Parameter card FOO:

FOl: m = material number

FO2: N = mumber of isotopes in material (m)

2) Data block FO:

C[kFO)n] = k , the nunber (k) assigned to the ntB isotope in
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material m (n = 1, 2, <s-, Nm).

3) Data block [(Fl)n] = pzn, the atomic fraction of isotope numbered
k in material m (1.e. for H,0, p = 0.677 for H, p = 0.333 for 0).
L) TRANSITION CARD: lsbeled TR CRC MCA (see §II-11 of Appendix C).
The collection of all the material cards of the problem constitute
the MATERIAL CARDS of Appendix E,
B: PARAMETER CARDS:
The sizes of variable length data blocks, the print and dump cycles,
and the data utilized by the source and special tally routines are entered

as FLOCO parameters.,

1) Parameter block AOO: must be specified as follows:

ACL 187
Ac2 VT(A + 1) [VT = (Integer part of J/36) + l}
AO3 Lt(vT + 1) (J = nunber of surfaces

AO4 M = number of materials

A0S K number of isotopes

AO6 52

AOT T = number of importance zones (set T = A)
Al0 1z

All PN = problem nunber

A2 6z

Al3 1

Al A = nunber of cells

Al5 *y,

T [(-) indicates the problem contains special
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2)

3)

L)

5)

6)

surfaces of the types ¢« = T, 8]
16 Lz,

AlT J = number of surfaces

A20 17
21 Eq, = thermal energy (see pg. 26)
22 T, = time cutoff (see pg. 32)
A23 37

Parameter block DOO: parameters controlling the ruming of

the Monte Carlo -- see Appendix A.

Parameter block P0O: sizes of data blocks used in the accumula-
tion of special tallies -- see Appendix A.

Parameter blocks GOO, HOO: define limits of time and energy
histograms accumulated by time-energy tally -- see F836 (pg. 46)
and Appendix A. If no time-energy distributions are to be
obtained, a card of zeros must be entered for both GOO and HOO.

Paremeter blocks S00, VOO, WOO: source definition. Generally

S00 contains data specifying the source spatial distribution,
starting cell, and initial weight; VOO and WOO specify the
source energy distribution -- see Section D(2) below and
Appendix A.

Parameter blocks 100, JOO, LOO, MOO, NOO, TOO, VOO: blocks

reserved for the special tally routines coded by the user --

see pg. 11 and Section D(1) below.
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C: DATA CARDS:

The following data blocks must be prepared for loading with the

Monte Carloc code MCS:

1) Data block EQ: Teally energies Eg for accumulating fluxes or

2)

3)

4)

5)

g

1)

collision densities as a function of energy.

c[(Eo)-g-] =E ,g=1,2, °**, N(T)
[N(T) = C(Dlz)]

g

Data for energy E accumulated under energy index g if E‘g-l <

E < E...
- 8
Data block Eg:
- (a)
c[(:[o)a] =1,
Data block EE:

C[(Il)a] = I£a)

Data block EE:

C[(Ig)a] = Iaga)

Data block Y6:

cfte),] = o),

)

Specifies Importance function of cell a.
(a =1, 2, ««o, A) (see pg. 29)

(a = 1, 2, -, A)

For biasing toward longer mean free paths (see pg. 30)

SPECIAL TALLY AND SOURCE ROUTINES (provided by the user):

The special tally routines for accumulating surface crossings

or neutron collisions must be written and assigned formula

numbers F860 to F876 -- as described on pg. 11. Any routine

P




2)

entered from a surface crossing must exit to (a + 2), i.e.

the exit commend must be (TRA, 4, 2); those entered from a
collision in a cell must exit to (@ + 1). If it is desired
to accumulate the collisions in some cells or set of cells

as a function of the time and neutron energy one may utilize
formula 8%6 (see pg. 46) and enter R, = 5&210 in the appropriate
cell cards (see pg. 55). (Note: 5he, o = 10368 = FLOCO 836.)
The source routine must be written and assigned the formula
number F850., Its function is to choose -- for each neutron of
the sample -- the starting values of position (xo, Yo» zo),
time (t,), direction (uy, v, w,), energy (EO), weight (WO),
and the cell number (ao) of the cell containing the starting
position. The chosen values of the above quantities must be

stored into parameter block AOO:
Xq = AQL
Yo A02

Zgy = AO3

to — AOkL

8 = Decrement of ASO

Y

vo - AO6

Wo AOT

EO—>A1"{

WO — A16

— AO5 and A10
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The parameter blocks S00, VOO, and WOO are reserved for datas
specifying the distribution of the listed quantities.

The example on the following page provides a point source of
neutrons at T, = (1, 1, 1), t, = 30.0, in cell aj = 10 with initial
weight Wb = 23.7+ The neutron direction is chosen from an isotropic
distribution (F9O4) and the starting energy spectrum is chosen from

the tabulated distribution:

Pl =0 El = 0.001 Mev
P2 = 0,20 E2 = 0,1
P3 = 0.50 E5 = 1.0
Ph = 0.83 Eh = 3.0
P5 = 1.0 E5 = T.0

where Pn is the probability that the neutrons have initial energy

61



r- el R o 1 e T
T * :
w 1
O
-l
S |
| ) e O el
W& oT] _ [ 4 =
]m : Lm ¥ L _ | = = ]
3 E e_m I o u_.Lv © — =
m @ _ 4] .xv%zt.aw B
m oY { (o) GlES) )
R Rak S— = [e) - [e)
ol T A F T -Oﬁ _ | =
_M | ~ <[ < w
g o
m w x| 0 =+ _
= |3 T s N [ —~
' et l 5 0 . ol o o ) ol ol o
mm RN EEEESEE ol o] of o > of telelo
g & g w A B} o e o] o] N Y alin| o
a |a MRS * . . ol * . ol ] M| =
sl A | o - | * e
1llm m_o -+ ) @ﬁ@;%uo®§|@9®@g§9m@ & @
© ‘I o - I@@ 9u4 = = = o . o e e o .
7\\-‘.... ~ ol - & m e v © ~ O “q N =
~ ! | ol - o m ¢« o e by b
3 4 K A :
o
Boi.l |3 4 |8 ;
L9090 B 7 ._m A _ ~ 8 Y,
BMdt .«nu m I ° = ! o - O [+ ) Bt
2888 ¢ g IS._af BUBD g o4 4 &E-u o o1
" L o) 0 () o | o f ol B .
Eodh ol 1 | _“.m__ < C3 n PR LT 9 "
Mtut. 51~ E I P ~ % m\\uu*lo<= <F>n|laP E]IJ
idah: | 8l=l 1% 2ialz Ld sl 3 8| & ani w S A= Y —=]
Ro.mﬂ WS(\ ~S_ _ 1 o= Ol =T oo 0 O 0 U
B = S o] TN N O T TRY A Wy o oY
>lolm | AT o oToT™ STHTO T o F ol oT=F [+
ol To oT oo OroT A TS| o o o o A bl or R Bl Nl
O i3 o ~ e rot=t=ia oy F @ <[ R o) I - WVA =
3 g o N N =+ | = | = =+
o U e .4#.4\_.4.4 ARSI e i
o SRR < | M </ AA[H| A
- 5 a] BT e M ] e ] s = Bl 6 Ala|lA| =|<|[B[ A
5| = A= ] Y 1 S T TR (=N M I =N
g - 4 () W[ H | O Tl | RO & B O |l M| |2 O
S| o= o O, @ O | Wl &= A
m . o ~
a (e8] o
- % S10 MICICICNSICICIE EICICICISICIGIO IR IOXCICIONONONO.
. - I@@z@@@@I ~ - 68 m e O © »~
n o 9~ ol - e m e © © o
O] -~ & ®™m <« o o M ol - & = L 4

62



VII. RUNNING THE PROBLEM

With the data specifying the problem entered on FLOCO cards, as
described in Chapter VI, the problem tape -- containing the data in
the form necessary for use by the Monte Carlo code -- is prepared by
the Initiating code MCA (or code MCB, sece pg. 69 below). This code
'performs some consistency checks on the data -- seeking errors in the
Problem specification -- and provides data listings in a form useful
for determining specification errors. The operation of the Initiating
code is described in Section A below.
The problem tape having been prepared by the Initiating code, the
Monte Carlo is ready to run -- as described in Section B.
A: THE INITIATING CODE MCA:
1) The code and data cards are loaded into the card reader in the
order specified in Appendix E -- including the parameter cards
AOO. The systems tape (containing the FLOCO code) is on tape
unit AOL (logical tape 1) and a blank tape -- hereafter
designated as the problem tape -- is placed on tape unit A06
(logical tape 7). The tape to be written in BCD for later

printing off-line is on unit AO3 (logical tape 9).
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2) Normelly all sense switches (SS) are raised.

ss6:

553

if depressed, all printing is done on-line.

operative only in the event that an error has been
detected (see A-7 below): at an error stop, depressing
sense switch 3 and pressing the "Start" button on the
console causes the printing of the input data -- up to
and including the quantity detected to be in error --
and calculation again stops.

causes the calculator to stop on an error stop after
the dota for each isotope is read -- with an "Error
type" (-k) printed, k being the isotope number. The
nuclear data input blocks (see Appendix C) will be
printed upon depressing sense switch 3 and pressing
"Start." Pressing the "Start" at the conclusion of

the data print causes the Initiating code to proceed
to the next element. The use of sense switch 5 some-
times facilitates the detection of errors in the isotope

data.

3) The Initiating code is read from cards into the computer and

the problem identification (F932) is printed on-line and off-

line.

The surface cards are read and checked for errors, then

the cell cards are read and checked.

A description of the specification of the geometry is

written off-line (tape AOB), an example of which appears on

6k




the following page. The sets of date referring to different
cells are separated by spaces. For each cell, the data on the

first line are:

1 0 a t m o)
a = cell number,
t = importance index = a.

nm = material nurber of material in cell a.

P density of material in cell a.

On succeeding lines are listed information concerning the

surfaces bounding cell a:

1 +j +0 ay 312 a,

a has sense (*) with respect to bounding surface j.

I+
Ce
..

[ng
O

(+): at most two cells on the other side of surface
J from cell a,
(-): more than two cells on the other side of surface

J from cell a,
If only one cell a, on the other side of j from a, a; = 0,

312 = 0., If two cells a1, @ on the other side of j from a,

Jyp is the surface separating them and a, is (+), a, is (-),
with respect to surface 312. If no such separating surface

exists, 0. If more than two cells on the other side of

dip =
J from a, ay and a, are the two such cells nearest to a --

nearest meaning the smallest distance computed, using the
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L)

5)

6)

cell coordinates (xa, Y, Za) (see pg. 55). If the so
determined al and a, have a separating surface 312, a, is (+),
a, is (-), with respect to 3100

The element cards are read and checked, one isotope at a time,
with the heading for each isotope written off-line (parameter
blocks JOO, KOO -- see Appendix C). The material cards are read
and checked, one material at a time, and the specification of
each material is written off-line.

The data blocks utilized by the Monte Carlo code are written
onto the problem tape, and the binary parameter card Q00 is
bunched -- specifying the size of the element data blocks (see
Appendix A). This binary card must be placed immediately follow-
ing the parameter card labeled "X0Q0 MC1" in the MCS deck to
Properly assign space for the element data read from tape.

The contents of the QOO card are printed on-line and off-line.
The MCS data blocks are written off-line in the following order:

(see Appendix B for description of individual data blocks)

a) RO, R3, Rk, R5, R6, R7, SO, Sl.
b) s2, s3, sk, S5, 86, ST, TO, Tl.

c) T2, T3, T, X5 Ygr Zg
e ———

cell coordinates of cell (a).
d) Parameter block AOO,

e) Data blocks MO, ML, M2, M3, Mi.
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7)

Following the date listing, the remark "Initiation completed --

save tape AO6" is written on-line and off-line and the calculator

comes to a Program S top.
Upon detection of an error in the problem specification, the

calculator prints on-line an error remark, followed by

Error-type index c(1) c(2) Decimal Location
of detection of
error

The same quantities are listed off-line, followed by parameter

blocks

AOO (see Appendix A)

BOO (working storage used by code MCA)
JOO (see pg. 56)

KOO

} (see Appendix C)
FOO

Working storage: octal core locations 155g - 60g. The
calculator then comes to a Program Stop. Depressing sense
switch 3 and pressing the "Start" button on the console causes
the printing of the input data -- up to and including the
quantity detected to be in error -~ and the calculator again
stops.

When the error is corrected, the initistion should be
restarted from the beginning.

A list of the error stops and the corresponding error-
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type index will be found at the end of Appendix E,

8) The Initiating Code MCB: Once a problem has been initiated
completely, a re-initiation, which changes geometry specifica-
tions only, may be more quickly effected by using the Initiating
code MCB, which omits the reading of the element and material
cards and reads instead the element data blocks already
assenbled on the problem tape. The card loading order for
this code is indicated in Appendix E,

B: THE MONTE CARLO CODE MCS:

1) The code and data cards are loaded into the card reader in
the order specified in Appendix D -- including the parameter
cards AQO utilized in the Initiating code and the Q00 card
punched by the Initiating code. The systems tape (containing
the FLOCO code) is on tape unit AOL (logical tape 1) and the
Monte Carlo Problem tape (prepared by the Initiating code) is
placed on tape unit AO6 (logical tape 7). The tape to be
written in BCD for later printing off-line is on tape unit AO03
(Logical tape 9).

2) Normally all sense switches (SS) are raised.

SS81: The data are processed, dumped onto the problem tape,
and the calculator comes to a Program Stop. Pressing
the "Start" button on the console continues the calcu-

lation.
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3)

sk

S585:

586

Not used by the code, Available to the user for use
in the special tally routines or in the source routine,
Debug trap control -- if SS3 and S85 are depressed,
any debug traps placed in the code will be operative,
the FLOCODE collision traps will not be operative (see
pg. Tk below).

If depressed at the start of the calculation, any data
previously accumulated on the problem tape are ignored,
and the calculation starts from the beginning., If SSh
is depressed during the running of the code, upon
detection of an error, the code will restart from the
last tape dump (see pg. T2 below).

Debug trap control -- if S55 is depressed, all debug
traps are operative., The FLOCODE collision traps are
Printed only if SS5 is depressed and SS3 is raised.
Print control -~ FLOCO print program prints on-line

if SS6 depressed, off-line if SS6 raised.

The Monte Carlo code is read into the computer from cards.

The problem specification data are read from the first file

of the problem tape (Appendix D-V). If SSk is not depressed,

the data previously accumulated are read from the second file

of the problem tape. A storage map (F976) is printed on-line

followed by the problem identification remark and a count of

the number of neutrons previously processed, The following
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starting dump is written on the tape for off-line printing

(see Appendices A and B for description):

a) Parameter blocks AOO, DOO.
b) Data blocks EO, T6, U6, AO through D7,
c) Importence date blocks IO, Il, I2, Y6.

d) Source parameter blocks SO0, VOO, WOO.

The first neutron is then picked from the source routine
and the calculation proceeds.

Whenever the number of neutrons picked from the source
equals an integral number of print cycles [c(nohi], a remark
containing the neutron count is printed on-line and the accumu-
lated data is dumped on the problem tape., The value of the
Print cycle should be chosen so that a dump occurs approximately
every ten minutes of calculating time,

Whenever the neutron count equals an integral number of
date process cycles, the data accumulated are processed to
obtain the expectation values and variances and are then

Printed in the following order: (see Appendices A, B)

a) Parameter blocks A0OO, DOO.

b) Data blocks EO, T6, U6, AO through DT.
(If the FLOCODE 2 variant is used, the collision
density in every cell has been accumulated as a

function of energy (data block EQ) -- the nunber
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of entries in each accumulated quantity is then
listed following data block D7.)

4) Upon detection of an error, a remark describing the type of

error is printed on-line followed by two lines of numbers:

i) Problem nunber, Particle count, Collision count
c(A%6) c(A3T) Cc(Ak0)
i1) Location of entry to the Error code, contents of the
MQ and index registers 1 and 2, and the location of
the last TSX instruction prior to entry to the error

code (to assist in checking the flow of control).

The same quantities are printed off-line, followed by a memory
print (see Section 6 below) and a tally print (described in
Section 3 above).

If the number of errors detected 1s less then or equal to
the number allowed [C(Dlo}], the calculation continues: if
SsSh is raised, a new neutron is picked from the source; if
SSh is depressed, the last data dumped on the problem tape
is read and then a new neutron is picked from the source --
i.e. problem restarted from the last dump but with a different
initiael random number.

If the number of errors detected is greater than the
nurber allowed [C(Dlo)], the remark "ERROR STOP -- RELQAD
PROBLEM TO CONTINUEY is written on-line and the calculator

comes to a Program Stop. A manual entry to the Error code
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5)

(for use in case caleulator stops or is observed to be
"looping") may be accomplished by entering 112h8 into the
console keys and pressing the "Start” button twice. The
error routine is followed as described above, and the
calculation proceeds.

The code has a built-in debug print routine (F926) which
may be utilized in checking special routines added to the
code, If all the following conditions are satisfied, an

off-line listing will be written:

i) 855 depressed.
ii) The particle count [C(AB?)] > particle count trap
control [C(DO5)].
iii) The collision count [C(Ako)] > collision count trap
control [C(DO6)].
iv) The random number count [C(Aul)] > the random number

count control [C(DO"{)] .

The off-line listing consists of a one-line remark "DEBUG
PRINT" followed by the location of the entrance to the debug
routine and contents of the accumulator and MQ registers.
If SS3 is raised, a memory print follows (see Section 6 below);
if S83 is depressed, a memory print and a tally print (described
in Section 3 above) follow.

The debug print routine preserves the contents of the

accumulator, the MQ, and of index registers 1 and 2. It is

3




6)

entered on a command (TSX, &, 926).

In addition to any debug traps the user may have included,
the code contains a set of collision traps useful for following
the flow of control as the calculation proceeds, These are
located at the beginning and the end of the source routine,
at the end of the section of code which determines the point
at which a neutron mekes its next collision, and at the end
of the section of code which determines the outcome of the
collision., These traps are operative whenever the conditions
i)~iv) above are satisfied and if SS3 is raised.

The memory print routine (F923) writes off-line, the following:

(see Appendices A, B)

Parameter blocks AOCO, BOO.
Working storage: octal locations 1508-1008.

Data blocks Y6, Z2, 23, Z4, Z5.
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VIII. THE MONTE CARLO REACTION CODE MCH

The calculation of the spatial distribution of & specified nuclear
reaction for a given neutron source and a given configuration of materials
1s a problem to which the Monte Carlo code may frequently be applied.
The results of the FLOCODE 2 version of code MCS will yield the desired
information, as they provide an estimate of the number of collisions
per source neutron in each cell as a function of energy. Multiplying
the so obtalned collision densities by the energy-dependent probability
per collision of the specified reaction then gives the result sought,

A short code, MCR, which performs the above multiplication and lists
the reactions per cell is described in Appendix F,

To cobtain very detailed information in this manner requires the
specification of many small cells, and the resulting small number of
collisions per cell decreases the statistical significance of the
results. Such fine-grained surface specification may, however, result
in the neutron making many surface crossings per collision -- indicating
that a calculation of the flux across the surfaces of interest would
brobably be of greater statistical significance than the collision

density calculation.
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To provide such a calculation of the neutron flux across specified
surfaces as a function of energy and position on the surface and to
perform the multiplication of these fluxes by the specified reaction
cross sections, a varient of the general Monte Carlo has been
developed -- the code MCH. This code differs from the code MCS
primarily in a slightly simplified problem specification, in the
deta processing procedure, and in the results listed. This chapter
will be concerned only with those features of code MCH differing
from MCS. The method of specifying the surfaces and reactions to be
tallied is described in Section A below, the changes in the Monte
Carlo code are discussed in Section B, and the mndified initiating
code MCI in Section C. Details in the changes in card loading order
and code listings will be found in Appendix G.

A: SPECIFICATION OF REACTIONS AND TALLIED SURFACES:

Specified exactly as for code MCS, with only the following

differences:

1) Parameter block DOO:

DOl - D12: See Appendix A,

Dl3: N(J) = Number of flux tally surfaces -- see data block
E1l below,

Dlh: #N(P) = Number of position coordinates specified per

tallied surface -- see data block E2 below.
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2) Parameter block ROO: Specifies the isotopes and reactions to

be studied,

ROL: NR

RO2: kl

RO3%: T(kl) = Reaction number

Nunber of reactions to be studied.

Isotope number

} First reaction.

RO4: k, = Isotope nunber
Second reaction.
RO5: T(k2) = Reaction nunber

etc,

where (k; =1, 2, «++, K3 i =1, 2, «++, N;) and for a given

isotope, the reaction numbers are defined as follows:

Reaction number T = 1l: Total collisions on isotope k.

T

2: Elastic collisions on isotope k.

Absorptions on isotope k,

T=3
T = 4: Inelastic reactions (v = 1) on isotope k.
T=5

: Inelastic reactions (v = 2) on isotope k.

=
i

[5 + N(v)]: Inelastic reactions, [v = N(v)] R
on isotope k.

The reaction flux is listed for every specified reaction and

surface as a function of surface number and position on the

surface,

7




3) Data block El: Surface numbers of flux tally surfaces (3).

c[(E1)3 = ij(ﬁ)] ’ ['5 =1, 2, e--, N(J)]

(+3): The flux acrnss surface (j) will be accumulated
under an index J for every neutron crossing surface
(3).

(-j): The flux across surface (Jj) will be accumulated
under an index J for a neutron crossing surface (3)

if and only if sense light L4 is on,

Sense light 4 is turned on by F837 (=5u3lo) or F840
(=5lpl+lo) and is turned off by the new neutron routine, F825.
The sense light status of a banked neutron is retained in
the sign of the energy.

This option of tagging neutrons with sense light 4 is
useful for studying the contribution to the desired flux of
those neutrons which previously in theilr history have
experienced some event of interest. For example, a calcula-
tion of the totel flux on some surface (j) and, for the same
surface, a calculation of the flux of thnse neutrons
previously scattered in some reflector allows the separation
of the flux on (j) into direct and reflected components.

In this case, for every cell in the reflector, one would

specify the special tally routine R = 5h3lo (see pg. 55)
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L)

to turn on light 4 whenever a neutron makes & collision in
the reflector. Surface (j) would then be specified twice in
date block El -- once with positive and once with negative
sign.

Data block E2: Coordinate values specifying the distribution
of the accumulated flux data as a function of position on a

given surface [j(ji] -~ y- or z-coordinates only.

z-coordinates if N(P) = c(D1k) > O.

c(p1s) < O,

y-coordinates if N(P)

The flux data are accumulated under surface index 3 for neutrons
crossing surface J(E), under energy index g for neutrons with
energy E satisfying E§-l <E L Eg, and position index n for

neutrons satisfying the coordinate condition

N(P) > 0: =z =< 2< 2 =
(?) n-~l,J - n,J
(®) [“ L2 oo IN(P)I]
N(P) < O: =<y< -
"n-1,3 ~ ¥ = 0,3
Z_ <, N(P) >0
c[(Ea)n 3] =] Bd
2 -
0,3 2 N(P) <O

In general, the coordinate values will be different for different
surfaces, but the number of such coordinate values specified and
the choice of y- or z-coordinate must be the same for all surfaces

tallied in & given problen,
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B: DESCRIPTION OF THE MCH CALCULATION:

The code MCH is basically the same code as the general Monte Carlo
MCS, with only those changes necessary to accomplish its special functions.

1) Parameter block AOQ need not be specified -- it is set up from
the parameter block LOO by the Initiating code MCI (see Section
C below) end written into the first record of the problem tape.
The date assign formula (F857) then reads this record into core
before assigning space to the problem data blocks.

2) The Start routine (F933) stores the command (TRA, O, 834) into
the surface tally transfer data block, ST, for every Flux Telly
surface listed in data block El. The flux tally routine (F83k)
accumulates the flux for every neutron crossing such a Flux
Tally surface as a function of energy, position, and surface.

3) In addition to the processing carried out in cale MCS, the date
process routine calculates and lists off-line the average flux
-ﬂ;g,n,:]' and the mean-squared flux ‘é,n,ﬁ as a function of energy
and position for every Flux Tally surface. The format of the

off-line listing is as follows:

a) Problem identification remark,

b) Parameter blocks AOO, DOO.

¢) TFlux Tally surface nunbers: data block El.

d) Tally surface position coordinates: data blocks

E2, E3:




)

J (surface)

n l(position)

e) Tally energies: data block EO.

f) Average flux: VU _ -

g50,d
=1 n (position)
g | (energy)
 J
3 =2 n (position)
& | (energy)
y

ete,

g) Mean squared flux: e ~ (same format as for average
Yg,n,7
flux).
h) Processed special tallies: data blocks AO through D6

(as in code MCS).

The energy-summed flux and the computed variance therein is

then written off-line as a function of position and surface

in the same format as that of the position coordinates (3d gbove).
For each isotope specified on parameter card ROO the total cross
section and the cross section for each specified reaction are

averaged over the tally energy intervals (assuming constant flux
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chE and GRggct
k,g k,g

estimate of the REACTION FLUX is then calculated from the

within such an interval) -- yielding . An

average fluxes of Section 3f above accnrding to

\VRegct . ZN(T) GRQECt ;p_‘_ _
n,J k,g g, °

g=1
The results are written off-line for each specified reaction

in the following format.

a) (See 3a asbove.)
b) Identification of isotope (k), reaction T(k), and the
neutron count.

c, 4) (See 3c, 3d above.)

. Tot React
e Tally energies: - 3 - :
) Y & Gk:S ckyg
= C[(EO)—] = C[(PO)—-] = c[(m)—-I
g g g
g l(energy)
f) Reaction flux: ¢R§QCt
n,J

3 (surface)

X

n 1(position)

g) Percentage variance in reaction flux: (same format as

for reaction flux).

C: THE INITIATING CODE MCI:
The Initiating code MCI differs from the code MCA Primarily in the

omission of the element cards. The element data blocks S6, TO, T3, MO,
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M2, M3, Mk are taken to be the same as those of some problem previously
initiated by code MCA, the QOO0 binary card of which is utilized in the
MCI loading deck., The problem tape of this previously initiated problem
is designated the "control tape™ and is mounted on tape unit A05 (logical
tape 2). The element data blocks are then read from this tepe instead of
being assenbled from the element cards as in code MCA.

A slight simplification in the preparation of a problem is obtained
by the replacement of the specification of parameter block AO0O by that

of the simpler parameter block LOO:

LOl: PN = Problem number,

L02: J = Number of surfaces.
L03: A = Number of cells.,

LO4: M = Number of materials.
LO5: Ep = Thermal energy (Mev) .
L06: T, = Time cutoff (shakes).

The quantities in block AQO which vary with the problem specification
are obtained from the contents of LOO and stored in their proper locations
by the Initiating code MCI. The number of elements, K, is, however, loaded
into MCI as a constant -~ it must agree with the number of elements
specified on the "control tape."

The printing off-line of data blocks MO through M4 at the conclusion

of a problem initiation is suppressed unless SS4 is depressed,
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APPENDIX A: PARAMETER BLOCKS OF CODE MCS

1) Parameter block A0O: Contains the working data -- defining the

current state of a neutron being followed -- and problem specifi-

cation data.

on pge

57.

Must be prepared by the user in the form described

This is the only parameter block used by both the

Initiatig and the Monte Carlo codes.

AQL
Ao2
AO3
A0k
AO5
AO6

Ao7

Al3

A1l

X

Neutron space coordinates: r = (x,¥,2) (cm)

Neutron time coordinate (shakes)

"N
Neutron direction unit vector = (u,v,w)

(E): Absorption cross section of isotope k for
neutrons with laboratory energy E (barns)




O'TOt (

Al5 n

E): Total cross section of material m for
neutrons with laboratory energy E (barns)

Al16 W: Neutron weight
ALT7 E: Neutron energy (Mev)

A20 I(a)(E): Importance of cell (a) for neutrons of
laboratory energy =

A2]1 Number of collisions msde by this neutron
A22 V: Neutron velocity (cm/shake)

A23 vT(A + 1): (See A4LT below)

A2k k(vT + 1): (See AL7 below)

A25 M: Number of materials in problem

A26 K: Number of elements in problem

A2T7 W.: Weight cutoff

c
A30 (3; V) Next to nearest positive intersection is
J with surface jJ at a distance A; cm along
A3l Aﬁ' the neutron trajectory J
A32 J: Surface number of nearest positive intersection
printed here (stored in decrement of AL3)
A33% Print count: increased by one for each source neutron

plcked and compared with C(DOL); zeroed
when print cycle completed

A3L T: Number of importance zones (=A) (See A4S below)

C

A35 N5: Number of neutrons picked since last data process
cycle (compared with C(DOl) as A33 above)

A36 PN: Problem number

A3T7 NP: Total number of neutrons started

ALO NC: Total nunber of collisions followed
ARl N(t): Total number of random numbers genersted
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A2 Decrement: (Current number of particles in the bank) x 21

Address: [(Meximum possible number of particles in the
bank) x 21 - 1]

Al3 Decrement: J (See A32 above)

Address: v of the above J (See ALT below)

All t: 'The most recently generated random nunber
A5 N_: Number of reflecting surfaces (must be > 1)

R
AL6 A: Number of cells in problem

ALT typ: For a given J: v(3) = [(Integer part of 3‘%> + l]

Vp = v(J)
(+): no special surfaces, type k= T, 8
(-): special surfaces k= 7, 8

A50 a: Cell nuiber of cell containing the neutron printed
here. When code running:

Decrement: &

Address: ¥ = isotope nunber of nucleus with which
neutron last collided

A5 A.: Distance to nearest positive intersection -- in
em along the neutron trajectory

A52 jt = 2J, vhere J = J mod 36 (J = smallest residue)
A53 k: Isotope number from A50 printed here

ASL J: Number of surfaces in problem

A55 Number of particles killed by weight cutoff

A56 E Thermal energy (See pg. 26)

s
A5T7 TC: Time cutoff
A60 Number of particles killed by energy cutoff
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A6l

A62

Number of particles killed by time cutoff

Tally flag word -- for tallying according to flag
conditions by special tally routines

2) Parameter block BOO: Contains data generated and used internally

by code.

BO1

BO2
BO3
BOL
BO5
BO6
BOT
B1O

B1l

Bl2

Bl3

3) Parameter block COO: Fixed and floating decimal constants.

col
co2
Cco3

Cok

(K2; 3 Kl): Data locations for isotope total and
inelastic scattering data (See description
of data blocks MO, M3 below)

u't

V! Random direction cosines generated by formula
904

w?

by = (E - Eg—l)/(Eg - Eg_l): Energy interpolator
4L, s b
(~L2’ ? Ll)g-l Data locators for elastic scattering
4T e e angular distributions
cos @: Angle of scattering

[N(E); A]: N(E) = Number of inelastic energies
specified for isotope k. A = Massg
nunber of isotope k

(L(V-l). £ L(V-l)) Data locators for inelastic
L > g-1 scattering energy and angle
(Lﬁv-l)° £ L(V-l)) distributions (See data blocks
3 3
3 g

M3, M4 below) I

(201 000 000 000) Octal: (loaded in KO1)
128
"2.00

¢ = 1077
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co5
co6
co7
CL0
Cl1l
cl2
Cl13
Clh
c15
cL6
CL7
c20
c21
co2
c23
c2k
c25
c26
caT
€30
C3L
c32
C33
C3h4

16, 515, 072 (Mask last 6 bits of decrement)
588 (FLOCO 914)

36

10

27

32, 759 (Octal T7767)

511 (Octal T777)

32, 768 (1 in tag)

(777 777 T7T T77) Octal: (loaded in KO2)
131, 072 (4 in tag)

0.10: Minimum importance value allowed
255 (Octal 377 masks 8 low bits)

(300 000 000 000) Octal: (loaded in KO3) Mesk prefix
18

21l: Bank size per neutron

13.89125 (VNE)

25.0 (Largest mass nunber for CM data)

16

302

581 (FLOCO 905)

512 (FLOCO 800)

65, 536 (2 in tag)

Random number generator (load in KOk)

Starting random nunber (loaded in KO5)




C35 | 2.86

4) Parameter block DOO: Contains the data controlling the rumning

of the problem. Must be prepared by user.

DOL Data process cycle (See pg. T1)
DO2 Wt Welght cutoff (See pg. 32)

D03 Bank size: If N_ is to be the maximum nurber of neutrons

allowed in the bank (see Chapter IV) the
bank size is [ElNB -1

DOk Print cycle (See pg. T1)

D05 Particle count

D06 Collision count Trap controls (see Chepter VII, B5)
DOT Random number count

[Every time the bank is filled, the contents of DOT are
increased by one]

D10 Error count: Maximum number of errors to be allowed
before taking calculation off the machine

D11 EC: Energy cutoff
D12 N(T): Number of tally energies in data block

EO: for special tallies and collision density
tally.

If using FLOCODE 1: N(T) must be zero

If using FLOCODE 2: N(T) % O

5) Parameter block E0O: Fission spectrum -- a table of 64 equally
probable final energies (see pg. 24).

6) Parameter block FOO: Evaporation spectrum -- a table of 6k




7)

8)

equally probable values of x from the distribution P(x) dx =
xe * dx. Then the final neutron energy E' = % x. (See pg. 22).
Parameter block GOO: Time tally limits for time-energy tally
of collisions in a set of cells -- see formula 836. Neubron

weights accumulated under index i if time + satisfies

Ty <tSTe (i =1, 2, *++, N(7)). Must be prepared by
the user.

GOl N(t): Number of tallied times

GO2 Tl

GO3 72 > 11

¢l1 + w(v)] (1)

Parameter block HOO: Energy telly limits for time-energy tally
of collisions in a set of cells -- see formule 836. Neutron

welghts accumulated under an index f if the energy E satisfies

E,  <E<E;: (£=1, 2, =+, N(g)). Must be prepared by
the user.

HOL N(g): Number of tellied energies

HO2 E1

HO3 E2 > El

1 + N(g)] En(e)
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9)

10) Parameter block KOO:

11)

12)

Parameter blocks I00, JOO:

routines (see pg. 11).

KOl
K02
KO3
KOl

KOS5

Reserved for use by special tally

Binary constants.

201 000 000 000 (CO1)

T77 777 777 777 (C15)

Octal representation

300 000 000 000 (c21)

Random number generator (C33)

Starting random number (C34)

Parameter blocks LOO, MOO, NOO: Reserved for use by special

tally routines:

Parameter block POO:

(see pg. 11).

Specifies sizes of data blocks AO through

D7 -- used for accumulating special tallies (see pg. 11). If

the data is accumulated under an index n, (n =1, 2, +++, N),

the size of the data block into which it is accumulated will be

N. Must be prepared by the user,

POL
P02
PO3
POk
PO5
PO6
PO7

Plo

Size AO

1"

A2
Al
A6
BO
B2
B4
B6
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P11
Pi2
P13
PLY
P15
P16
PLT

P20

Size CO

c2
Ch
cé
DO
D2
D4
D6

13) Parameter block

Q01
Q02
Q03
QOk
Q05
Q06

14) Parameter block S00:

Size T2

1

MO
ML
M2
M5
My

= {[c(con)] x [c(uor)]}. Time-energy tallies
accumulated in data block D6

Qo0:

Specifies slzes of data blocks whose length
is determined by the Initiating code -- a
binary card punched by the Initiating code
which must be placed immediately following
the card labeled Q00 in the Monte Carlo
code (see Appendix D)

Reserved for specification of the source
routine (F850) -- see Section VI-D2. Must
be prepared by user.

15) Parameter blocks TOOQ, UOO: Reserved for use by special tally

routines: (See pg. 11).

16) Parameter blocks VOO, WO0: Reserved for specification of the

source routine -- see Section VI-D2,
Must be prepared by the user.
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APPENDIX B: DATA BLOCKS Of CODE MCS

[Size of data block x indicated by S(x)]

1) Data blocks A0, A2, ALk, A6, BO, B2, B4, B6, CO, C2, Ch, C6,

DO, D2, D4: Reserved for data accumulated by special tally
routines (see pg. 11). Sizes specified by parameter block
POO,

2) Data block géz Time-energy distribution of collisions Wi 22

: E
where Energy E: El-l <EXL T El

Time t: T 1 <t< Tyo T

¢ [(zon),]

¢ [(con), ]

1, oo, N(T), £ =1, «=¢, N(g)]

c[(D6)i£] =V, [z
(See Section VI-D1l and formula 836 in Chapter V.)
s(D6) = C(P20) = N(t) x N(g): N(t) = c(co1) , N(g) = C(HOL)

3) Data block EO: Tally energies E.é at which cell collision

densities are accumulated (see pg. 33)

U

c[(z0)2] = Eg , (=1, 2 -, N(T)]

S(EQ) = c(DL2) = W(T)
Must be specified by user of FLOCODE 2 calculation.

{0
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1)

5)

Data blocks I0, I1l, I2: Specification of Importance I(a) (E) of

cell (a) for neutrons with energy E: I(a) (E) = I(a) + I(a)E +

0 1
+ Iéa)EE. (See Chapter IV.)
cl(z0), 1= Ic()a) s cf(zv),J= I:(La) , c(za) ] = Iéa)

S(I0) = S(T1) = 8(T2) = C(A3h) =T = A

Must be specified by user.

Data blocks MO through My contain the material and isotope data
prepared from the nuclear data cards (Appendix C) and written
onto the problem tape by the Initiating code MCA. The sizes of
these data blocks are entered in parameter block QO0. The
quantities listed below are described in Appendix C -~ to which

the below notation conforms,

a) Data block MO+ Total, sbsorption, and elastlic scattering

data for each element k stored under data locator (Kl)k =

= C [(TO)k] (address).

[N(™); t5 4] = cfwo.[o - (x; + 1)1}
ve = cfro.fo - (k) + 1+ &)}
o’ifz = cfmo.[o - (x + 1+ vvF) + €)1}
cit,’z = c{mo.fo - (k, + 1+ aN(VE) + )1}
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1 tt k
g = 0.0 - (g + 1+ 3N + @]}

( scatt Tot
o =g

Gabs)

[n(&); A= cfmo.[o - (K] + 1+ s (vE) + 1)1}

Ei}g, = c{mo.[o - (K + 2+ BN(VE) + g")1}

[iP; L2; t; Ll]g,: Elastic differential data locator.

(See description in data block M2
below.)

= cfvo.[o - (k) + 2 + 4n(v™)

+ NE) + gn)]}

b) Data block MlL: Material specification data stored under

data locator (M')m = C[(S5)m](address). Quantities are

defined in Chapter VI - under THE MATERIAL CARDS.
kn
P, K | = cim.[o - Mt - (n - 1)]}

(isotope nunber stored in the 8 low-bits of the floating
k
point number pmn>
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c) Data block M2: Angular distribution data stored according

to the differential data locators.

[ep; 1,5 t5 L,]

(+): Scattering isotropic; Ll, L,, P ignored (t not ignored).
(-): Scattering anisotropic.

t = 0: Angular distribution given in laboratory system.

t = 1: Angular distribution given in CHM system.

P = O0: Tabulated angular distribution.
w = cfie.(o - 1,) , 5(u,) = c[M2.(0 - L,)]
wy = cfi2.(o - L, - 17, 8(u,) = ci2.(0 - L, - 1)]

etc.

P=1: Polynomlal fit of degree N to angular distribution
ay = cu2.(0 - 1, )]
ay , = cM2.(0 - T, - 1)]
ete.
(N + 1) = c[M2.(0 - L,)]

d) Data block M3: Inelastic data for each element k stored

under date locator (K2)k = C (To)k](decrement).

™Yy, A = cfus.[o - (x, + 1)1}
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Ei:lzl = c{m3.[o - (K, + 1+ et
[Lh; L3]g = C{M3.[o - (K2 + 1+ N(Einel) + g)]}

[P; L,; t5 L]

e)

Energy distribution data locators (see data block Mt below).

— c{m3.[o - (K, + 1+ (v + 1) N(EP 4 g))}

Inelastic differential data locator for VEE reaction (see
data block M2). Omitted if C[(T0),] < 0: scattering iso-
tropic.

Data block Mi: Reaction data for each element k stored

under data locators [I, ; L3](see data block M3) according

to reaction type T.

(k)
z = c{ms.[o - (Ly g+ v - 1)1}

V,8

(See Appendix C, III (2): data block EO.) Reaction-type
tag T stored 6 low-bits.

. k — - -
T=0: b, =c{mo- (L 4w 1)1}

T=1: (o) = c{mfo- (b o+ v -1

T=2: [a;%; L5]g,v = c{ms.[o - (Ly oV - 1)1}
Py = c{m.[o - (L5,g + £ - 1)]}
B, o= c{ms.[o - (Ls,g +A+ T -]}
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T = 0: no interpolation in the Eg’ £
T = 1: interpolate in the Eg, £
T=3: [a; F; L5]g,v = c{m.[o - (L3’g +v - 1]}
Ay o= cims.[o - (Ly g+ 3 - 1)]}  with Lg, 3, 10 the
address bits.
Py gp= Cllo- (g g o2 - 1]}
By gt = c{m[o - (L6,j,g +A+ £ - 1)1}
T = 0: no interpolation in the Ej’g, £
T = 1: interpolation in the Ey gt
T=b: v =chp - (L, +v- D]
T=5: (Q), = cims. [o - (L3,g +v - 1)]}
T=6: Q= c{m.[o- L5]}
a = cfmi.[o - (g + 1]}
B = c{M:.[o0 - (L5 + 2)]}
T = 7: Data stored as for the two constltuent reactions

(%)
with equal cumulative probabilitieszv,g. The

(k)
tag T = 7 is in the 6 low-bits of g and the
s

T-value for the individual neutrons is stored in
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the next 6 bits.

6) Data block RO:

7)

8)

c[(ro) 1= (a,5 .5 3)

S(RO) = A

(a =1, 2, ¢+, A)

C(prefix): (See Chapter IV) - entered in data
block Y6.

C(address):

C(decrement):

C(AL6)

"Ambiguity surface."

Importance zone of cell (a).

Written on problem tape by Initiating code.

Data block R3:

cf(r3),_]

S(R3) = A

]

pa: density of material in cell a. Material number
m, in 8 low-bits.

C(AL6)

Written on problem tape by Initiating code.

Data block Rh:

cl(zw),]

S(Rk) = J

Reflecting surface transfers.

(TRA, 0, 905) if surface (j) reflecting.

(TRA, 4, 2) if surface (J) not reflecting.

vj in last 6-bits of the decrement.

C(AS4)
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Written on problem tepe by Initiating code, transfer locations
set by F933.

9) Data block R5: Boundary tags.

a-v)] = R;l(v): 1 in jEE bit if surface (J)

bounds cell (a)

clrs.(0 - v,

S(R5) = VT(A + 1) c(A23)

Written on problem tape by Initiating code.

10) Data block R6: Sense tags.

C[R6.(0 - vy a - V)] = R,(v): 1 in 78 pit if cell (a) has
positive sense with respect
to surface (J)

S(R6) = vT(A + 1) = c(A23)

Written on problem tape by Initiating code.

11) Data blocks R7, SO, S1, S2: Surface coefficients (see pg. 54)

C[(R7)J] = A, or X,

J J
c[(so)j] = By or 53
cl(s1);] = ¢ or z4
cl(s2),] = D, or a2

Sizes = J = C(A5Y4)

Written on problem tape by Initiating code.
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12) Data block S3: Surface type indicators.

If C[83.(0 - kv - u)] =L in SR vit: g=p+2,
(IJ. = O) l, 2: 3)
S(83) = u(vT + 1) = ¢c(a2h)

Written on problem tepe by Initiating code,

13) Data block Shk: Cell speciel telly transfers.

cl(ss) ] = (mra, 0, R ) if cell (a) is to be tallied by
' formula Ra.
= (TRA, 4, 1) if cell (a) not tallied
s(sk) = A = c(A46)

Written on problem tape by Initiating code, transfer locations
set by F933.

14) Data block S5: Material data locator.
cl(ss), ] = (s mr)

Nm: Number of isotopes in material m.

Mt': Data locator of material m in data block ML,
s(s5) = M = c(A25)

Written on problem tape by Initiating code.

15) Data block S6:

2 = [V 2 i
C[(S6)k] (A/A + l)k , A = Hass nutber of k— isotope

"

Written on problem tape by Initiating code.

101



16) Data block S7: Surface special telly transfers.

C[(ST)J] = (TRA, O, R,) if surface (J) is to be tallied by
J formula Rj'
= (TRA, 4, 2) if surface (J) not tallied.
S(sT7) = J = C(AS4)

Written on problem tape by Initiating code, transfer locations

set by F933.

17) Data block TQ: Isotope data locators.

cl(ro),J = [(#);5 x5 (8); K1,

Kl: Date locator of block MO.

KE: Data locator of block M3.

(+): Some inelastic scattering is anisotropic (t ignored).
(-): All inelastic scattering is isotropic:

t = 0: in Leboratory system

t = 1: in CM system.
S(T0) = K = C(A26)
Written on problem tape by Initiating code.

18) Data blocks Tl, T2: Data for special surfaces.

cl(1).] = [L.; R,] if surface (J) is a special surface (i.e.
J Jd J K=7,8)

where C[TE.(O - Lj)] = first word of surface coeffilcients.
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R,: Formula number of routine calculating senses and
3" intersections of surface (3).

S(T1) = J = C(A54) , S(T2) = ¢(Qo1)

Written on problem tape by Initiating code,

19) Date block T3:
th
C[(T3)k] =(aA+1), , A, = Mass number of k— isotope

S(T3) = K = C(A26)

Written on problem tape by Initiating code.

20) Data block Th:

cltms),]= 31 = o [3(Moa 36)]

S(Th) = J = C(A5L)

Written on problem tape by Initiating code.
21) Data blocks T6, T7: Collision density ¥s o 88 & function of
J

cell (a) and energy E:

Bz ) <ESE, (=1, 2, «¢r, N(T) = c(D12)] ,
Eé = C[(EO)E]
C[(T6)-g-,a] = 1!j§,a
S(T6) = N(T) = c(D12) , S(T7) = A = C(Ak6): a two-dimensional

data block with zero length if N(T) 0. Used only with FLOCODE 2.
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22) Data blocks U5, U7: Variance in collision density as a

function of cell (a) and energy E.

Bz ) <E<E., [g=1,2, *+, NT) = c(D12)] ,

[E’é =C (EO)E]

L(6)z,21 = ¥5

8

S(u6) = N(T) c{Ak6): a two-dimensional

c(p12) , s(u7) = A

data block with zero length if N(T) 8. Used only with FLOCODE

2 (see T6, T7 above).

23) Data block Y6: 1In starting the calculation:
C[(YS)a] = q(a) s (a =1, 2, «++, A) for biasing toward
longer meen free paths (see Chapter IV). Starting formula
933 relocates the q{®) into the prefix of date block (rO)_;
data block (Y6) is used by the geometry formulas for ordering

the cell numbers according to their common surfaces.
S(Y6) = A = C(A46)

Must be specified by user.

24) Data blocks Z0, Zl: Accumulate computed senses

C[(ZO)V] =1 in 332 bit: sense of particle computed with
respect to surface (j).

10k



- 25)

s(z2)

26)

27)

cf(z1).] =1 in JEE bit: sense of particle positive with
v respect to surface (Jj).

S(z0) = 8(z1) = v, = Cc(AkT)

T

Data blocks 22, Z3: Accumulate distance Aj along neutron

trajectory to intersection with surface (J)
clize).]l = A
[(22),] = ,

c[(z3).] = distance Agz) to second positive intersection of
J neutron trajectory with surface (Jj) --
if two positive distances exist.

= 5(23) = J = C(ASH)

Data block Zi: Isotope collision probabilities of material m

in cell (a) for neutrons of energy E.

c[(zh)k) P (k =1, 2, ooe, N ) (see pg. 20)

k? m

S(z4) = K = c(A26)

Data block Z5: Total cross section of kEE isotope in material

m, in cell (a) for neutrons of energy E.

cl(z5), ] = o >*(®) ,  (k=1,2, s, W)

S(z4) = K = c(A26)

105



28) Data block Z7: Bank (see Chapter IV)

S(Z7) = Bank size = C(DO3)
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APPENDIX C: NUCLEAR DATA CARDS

FOR EACH ELEMENT:

I - Card label:

eol., T3-76: XXCO

77-80: VvYYA

XXCO is the usual FLOCO label: ex. 9@-l card of block C5:

XXCO = YOC5

v is the reaction number

¢(YY) = the atomic number Z

Cc(A) = ID for atomic number Z (specifies isotope -- see C(K1l)
below).

II - The nuclear data cards are loaded in the following order:

1) Parameter block KO0O:

KOl

Ko2:

KO3:

KOk ;

K05:

A = Mass number of element

N(Vk) = nunber of velocities at which the scattering
data is tabulated.

Tot Tot k

Teg t;: b = 0z g (V) = %, 1 for V. <V
Tot k Tot k
t, =1 o (V) = (Vl/V) 0,1 for V < V3

N(Eel) = nunber of energies at which the angular
distribution for elastic scattering is
specified. If N(E€l) = O there is no
elastic scattering on this element.

N(v) = number of inelastic reactions treated.
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2)

3)

L)

K06+ N(Einel) = number of energies at which the inelastic
reaction data is specified., If N(Einel) = o
there is no inelagtic scattering on this
element.

KO7: Tag t,: t, = 0: some inelastic scattering on this

2 2 element is anisotropic
t, = +1: all inelastic scattering (for all
reactions v) is isntropic in lab.
t, = -1: all inelastic scattering (for all

v) is isotropic in CM.

K10: Z = atomic number of the element.

K11: ID of element -- tn distinguish between different
cross section sets for same Z:
different isotopes, different
reaction fits to same isotope, etc.

Data block CO: Table of laboratory velocities Vz at which

cross sections are tabulated,

c{(co)g] = vlg‘ (in cm./shake), g=1, 2, ---, N(vE)

k k
Note: V >V .
gtl = 'g

Data block Cl: Table of total cross sections cioz, evaluated
b4
at the neutron laboratory velocities V§°

cf(c1),] = cﬁi’; (in barns), g=1, 2, «e-, NV

abs

Data block C2: Table of absorption cross sections Oy g’
>

evaluated at the neutron laboratory velocities Vg.

c[(c2) 1= o®° (in varns), g=1, 2, -, N5
g k,g
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the inelastic reaction data are tabulated: reaction

probabilities, angular distribution data, etc.

inel

inel
C[(DO)g] = Ek,g ’ g=1, 2, ee-, N(E )

10) Data block Dl: Teble of reaction tags, Tv’ specifying

the reaction type, T, for each reaction v.
C[(Dl)V] =T, , v=1l, 2, ceo, N(v)
11) TRANSITION CARD to "card read control" of initiating code;
(I* 5, 4, 855), labeled TR CRC MCA.

IIT - The nuclear data reaction cards -- for each reaction v of the
N(v) reactions on the given element -- are loaded in order of
increasing values of v, each reaction being followed by a
TRANSITION CARD (II-1ll ebove).

1) Parameter block ROO:

RO1: A = Cc(x01) .

Ru2: Z

c(xkro) .
RO3: ID = c(K11) .
RO4: v = reaction number of this reaction

v=1, 2, **+, N(v) .

RO5: T

reaction-type tag defining type of inelastic
reaction (see pg.
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8)

9)

b)

c)

For neutron of laboratory energy ES el

k,g*
u, = cle6.(o0 - Lii'g,)] , sifg,(ul) = c[c7.(0 - Lilg')]
u, = c[c6.(0 - Lij,‘g, - 1], sp) g'(“e = c[c7.(0 - g, - 1]
ete.

If (-L;lg,), the scattering distribution is specified
J

as a polynomlal of degree N in the scattering cosine:

(k)( ) = z (k) T s (N + 1) terms.

gt
n=0
For neutron of laboratory energy Eifg,:
ékzN = c[c6.(0 - Lij’“g,)] , (¥ + 1) = c[c7.(0 - Li}
ékzN_l = c[c6.(0 - Lk , - 1)]
ete.

If Li}g' = 0, the elastic scattering is isotropic in
g

the frame of reference indicated by the sign of the

energy.

Note: 1in all cases the S ,(p) is normalized such that
’
its maximum value in the interval (-1 <u<1) is 1.0.

Data blocks C6, C7:

data -- see description of block C5 above,

el

Data block DO: Table of laboratory energies E;ng at which
- >
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the inelastic reaction data are tabulated: reaction

probabilities, angular distribution data, etc.

inel

inel
C[(DO)g] = Ek,g ’ g=1, 2, ee-, N(E )

10) Data block Dl: Teble of reaction tags, Tv’ specifying

the reaction type, T, for each reaction v.
C[(Dl)V] =T, , v=1l, 2, «eo, N(v)
11) TRANSITION CARD to "card read control" of initiating code;
(I* 5, 4, 855), labeled TR CRC MCA.

IIT - The nuclear data reaction cards -- for each reaction v of the
N(v) reactions on the given element -- are loaded in order of
increasing values of v, each reaction being followed by a
TRANSITION CARD (II-1ll ebove).

1) Parameter block ROO:

RO1: A = Cc(x01) .

R2: Z = c(x10) .

RO3: ID = c(K11) .
RO4: v = reaction number of this reaction

v l, 2’ ...’ N(V) .

RO5: T = reaction-type teg defining type of inelastic

reaction (see pg.
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2)

3)

)

5)

RO6:

ROT:
> Date utilized by specific types of reactions.
R10:

R1l: _

Data block EQO: Table of the cumulative probabilities,
(k) —

:E: , that the reaction number v' be less than or equal

v,g
to v for neutrons with laboratory E;n;l
b4

(k) inel
C[(EO)g] =Z (< 1.0) , g=1, 2, <o+, N(E" ")
28

Data block El: Inelastic scattering angular distribution

data locatlors iLinZl for neutrons with laboratory energies
b4
inel
E -
k,g
C[(El) ]= ﬂinel s g = l, 2, oo, N(Einel)
& k,g

Data specified exactly as for elastic scattering, with data
block E2 replacing 06, E3 replacing C7.

Date blocks E2, E3: Inelastic scattering angular distribu-
tion date -- same as data blocks C6, C7, respectively.

Data block EE: Table of inelastic scattering angular

distribution flags, t;nzl, for neutrons with laboratory
2
energies Einel
k,g °
inel inel
clten) ] =+ , g=1, 2, «=+, N(ET®)
£33 k,g
Linel _ §o, sll{nzl specified in laboratory system
k,g l’ Y,’ 114 17 CM " N



Data stored according to reaction type T:

T = O

6)

6)

C(RO6)

&)

7)

(+)
(-)

Data block gg:

k
c[(co)g] = b,

Data block 99:

cf(co) I = (o),

(2A):

Fa)

nunber of final energies tabulated

no interpolation in the table of final energies

interpolation in the tsbulated final energies.

Data block GO: Table of inelastic reaction data locators,

liké, for laboratory energies Einzl. Data for final neutron

> >

energy distribution stored in blocks Gl, G2 starting from
()
V,g

C[(GO)g]= 351:5)3 ) g=1, 2, ¢°-, N(E

word.

inel )

Data block Gl: Table of cumulative probabilities Pg £ of
b4

final neutron energies Eg £ for neutrons incident with
b4
inel

laborato ener E .
ry ey K,g
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(k)
clgr.(O0 - 2 =P must be zero
[ ( v,g)] g,f=1

cle1.(o - () )

V8 Pg,f=2 (£=1,2, « a)

a) Pg s = probebility that the neutron has finel energy
J?

E'* < Eg E' in same frame of reference as the angular

f}
>
distribution (re. block (Eu)v).

b) Py pup WSt b > 1.0

8) Data block gg: Table of final neutron energies Eg £ for
b4

neutrnns incident with laboratory energy Einzl.
b4
(k)
clG2.(0 - £ =E
[ ( V,g)] g,f=1
cfca. (o - (B 1)]= E (f=1, 2, ***, &)
v,g g,f=2 b4 2 b4
ete.
Eg,f+l 2 Eg,f
T = 3
C(RO6) = (2A): same as reaction type T = 2 above.
C(ROT) = J: the number of angles specified -- same for all

incident energies Einzl.

2

6) Data block GO: Teble of energy locators, zské, for neutrons

2

with incident energies Einzl. (See block G4 below.)

2

k)

inel
28 ° )

c[(co)g]_—. 15 g=1, 2, ***, N(E
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7) Data block G3: Teble of cosines of scattering angles --

laboratory or CM agreeing with (Eu)v.
C[(G3)j] = COSs aj ’ j = l’ 2, Ooo’ J'

(cos o, = -1.0 , cos O > cos ay s cos 0. = 1,0)

1 J+l J

8) Data block G4: Table of inelastic reaction data locators,

m(kz s Tor neutrons with incident laboratory energy Einel
v|d,e 28

and scattering angle ¢ Data for final neutron energy

3"
distribution stored in blocks G5, G6, starting from.mi?g g word.,
4

cfas.[o - 219 _ (5 -lﬂ}=xﬁT)

V,8 vid,s
9) Data block G5: Table of cumulstive probabilities Pj,g,f
of final neutron energies Ej,g,f for neutrons incident with
laboratory energy Ei?zl and scattered through an angle aj.
cles.(0 - m(kz )] = P, must be zero
v]|d,8 J,8,f=1

cfes.(0 - o) 1)) =

v]3,e (£=1,2, co2, 2)

P
J,8,1=2

a P,
) Js8, T

E' < EB.
- J,g;f,

angular distribution (re. block (Eh)v).

= probability that the neutron has final energy

E' in the same frame of reference as the

b) P,

35,8, T=A must be > 1.0.
PA=¥/

10) Data block G6: Table of final neutron energies Ej g,f
- F1-%
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T = 6:

inel

for neuﬁrons incident with laboratory energy Ek e and
)

scattered through an angle aj.

c[c6.(0 - m¥) 3] = E

Vlj,g J,g)f=l
k)
claeb. (0 - m( -1)] = E
( Vlj)g )] J’g,f”'e
etc.
E

. >k
Jsgy T+l = " J,g,T

(Fission)

6) Data block GO:

k
C[(Go)g] = v,

C(RO6) = N*

6) Data block GO:
cl(c0) 1= (e),

(n, 2n)

C(RO6) = Q.

C(ROT) =«

c(R10) = B
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T

I=1

(n, 2n)

u
H

c(R10)

c(r11) T,

where Tl’ T2 are the two reaction types comprising this reaction.
The data for the two reactions must be entered as successive

values of v, C(EO) must be the same for both reactions.
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APPENDIX D; MONTE CARLO CODE MCS

I - CARD

Col.

II - CARD

hvl

O 3 O U F W

10

11

LABET, CONVENTION
73-T4: usual FLOCO labeling (X0-Z7)
T5-76: XX for formula 8XX or 9XX
T7: blank for formula 8XX
g for formula 9XX
78-80: code label MCl.
LOADING ORDER
(Number of cards in parentheses)
Advance NBA (card label 1 MCl)
Aco (3)
Q00 (2): XO0QO + binary card punched by code MCA
DOO (2)
GOO
HOO
POO
SO0
VOO
WOO

BOO (1)
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12
13
1k
15
16

17
18
19
20
21
22
23
2y
25
26
a7
28
29
30
31
32
33
34

coo (4)
E00 (5)
F0O (5)

KOO (2)

Advance NBA and record origins (cards labeled 2 MCl and

3 MC1)

Remark cards: R940-957, R963 (18)

Load instructions 857(card labeled 4 MC1)
F857 -- Data assign code (11)

Load instructions 903 (card labeled 5 MCL)
Subroutine LA 5800 (2)

Load instructions 916 (card labeled 6 MC1)
Subroutine LA S820 (2)

Load instructions 917 (card labeled 7 MCl)
Subroutine LA 5816 (L)

Load instructions 901 (card labeled 8 MCL)
Fo01 (1)

F900 (4)

Fo02 (2)

F921 (5)

F922 (5)

F923 (5)

F925 (7)

F926 (5)
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35
36

37

38
39
Lo
L1
ho
43
Ly
45
46
k7
48
L9
50
51
52
53
Sh
55
56
57
58

F93L (L)
F932 (9)
F906 (7}
Fo2k (1)
Fook (7)
F905 (7)
F907 (9)
Fol1 (5)
Fg12 (6)
910 (24)
Fo13 (14)
FoLL (14)
F915 (2k)
F920 (2)
¥927 (5)
F930 (9)
r933 (12)
Fo3k (L)
F835 (1)
F8O1 (7)
F802 (10)
F804 (8)
F803 (5)
F805 (6)
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59
60

61
62
63
6l
65
66
67

69
70

T2
73
T4

76
7

T9
80

81
82

F806 (20)
F807 (11)
F810 (23)
F811 (13)
F812 (8)
F813 (8)
F814 (11)
FE15 (12)
F816 (11)
817 (10)
F820 (9)
F821 (9)
F831 (5)
F832 (9)
F833 (5)
F824 (21)
F826 (4)
F827 (&)
830 (15)
836 ()
Fé37 (1)
F825 (9)
SPECIAL TALLY ROUTINES: F860-876 (see pg. 11)

Load instructions 877 (card labeled 9 MCL)
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83 | F8717 (3)

8 Load instructions 850 (card labeled 10 MCl)
85 SOURCE RCUTINE F850

86 Load instructions 800 (card labeled 11 MCl)

87 F800: FLOCODE (Version 1 or 2)

88 EO
89 I0
90 | 1
91| 12
92 Y6

93 Transition card (labeled 12 MCl)

Quaentities 27-80 usually replaced by & binary deck of 156 cards.

II1 - REMARKS CARDS FOR MONTE CARLO CODE MCS

oho Error stop -- Reload problem to continue

gkl Error -- Square root of negative number

gh2 Error -- No intersection found

943 Error -- No cell found

glly Error -- K(T) = 1

945 Memory print -- (A0O, BOO, 127-100, Y6, Z2, 23, Zi, Z5)
946 Debug print

oLT Tally roubine not specified

950 GMC 1 tally print

951
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952

953
95k
955
956
957
963

Problem finished -- Press start to continue. Save tape
AO6 if finished

Problem nunber -- Number neutrons -- Number collisions
Energy negative -- T = 1. Press start for no energy loss
Error -- Manual entry

Importance coefficients

Error -- Bank full

Source data -- (S00, VOO, WOO)
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IV - FORMULA SET OF MONTE CARLO CODE MCS

FLOCODE 1 o
. FLOCODE 2 X00 & 801 x00 8 802
XO1 SXDLX6k X0l Sxpuvo?
XCo 8 8060 X00 8 800 X02 SXD1X65 XC2 SxD2v10
X0l TSX4932 X01 TSXu932 X03 STZ A31 X03 SxDivll
_X02 TSXx4826 X02 TSXu826 X04 STZ AS) X04 CLA2Y6
%03 "TSX4933 X03 TSXu933 X05 STZ 126 X0S STEG BOS
X04 TSX4825 X04  TSX4825 X06 LXAI501 XC6  PAX4
X05 PSE 163 XC5 PSE 163 X07 LXAWALT X07 LXA14GC1
X06 TSX4926 X06  TSX4926
X07 TSXx4810 X07 TSX4810 X1C CLA ASO X10 1 1ux
X11 6 14X14 X11  CLA4RS
Xx1C  TRA X0a X1C TRA X0u X12 ADD A50 x12 ST01175
X1l CLA A40 X111  TSXu4833 X13 TRA X111 X13 CALLR6G
X12 ACD 401 X12 CLA A4O X1 S1D 127 X14  SLW1161
X13  STC A40 X13  ADD 401 X15 LXDk 127 X15 COM
X14 CLA A21 X4 STO A4O X16 SXDIX17 X16 SLW1I4S
_X15 _ ACC 401 X15 CLA A21 X17 1 14X20 X17 1 11x20
X167 TSTCTA2Y X16 ADD 401
X17 PSE 163 X17  STG A21 X20 LXA2126 X20 7AL71X10
X21 CALURS x21 S122v6
X20 TSX4926 X20 PSE 163 X22 T2E X30 X22 LXD212
X21 TSX4824 X21  TSX926 x23 LBT X23 CLA2Y6
X22 TRA_XC4 X22  TSX4824 X2%  TRA X26 X2 TZE X36
X23 PSE Ié63 X23 TRA X0u4 X256 TSXu910 X25 CLA2Y6
X24 TSX4926 X24 PSE 163 X26 ARS 1 X26 PAXY
X25 TRA XO7 X25 T5X4926 x27 1 12x22 X27 LXA1401
X26 TRA X07
x30 1 113 X3C 1 14X31
X31 3A4T1X36 X31 CAL4RS
%32 CLA 126 X32 ANA1175
X33 ADD CCT X33 TNZ Xu5
X34 STG 126 X34 1 11x35
X35 TRA X15 X35 7ALT 1X30
X3¢ CLA A31 X36 2 12x23
X37 12ZE X56 X371  LXDIYN
X40  LXD2Y10
e o i X41  LXDBYO7
X42 CLA AS] Xk2  CLA BOS
X43  LXD2Au3 Xu3  ST62Y6
b e
Ko Lxou X6k Kb ANAT1LS
X487 LXDIX65 XbT  ANALRG
X50 TNZ X57
X52 TSX4906 x5z com
x93  HPR X53 ANA1161
XS54  TSXLBTT XSk ANA 102
Xes 0 . ou2 X55 TZE X34
X56 CLS C10 X356 SsM
XS7 STG A30 X57 Stw 103
X6C CLM
X60 Ton M2 Xe1 sTO ick
X62 PXD
X62 Nor X63 ARS 22
X6l HIR X6k STA 104
Xe5 HTR X65 LDQ 103

X66 LXAMCI)
X67 CLA 40O
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X170
X
X72
XT3
X74
X75
X76
X77

Y00
Y0l
Y02
Y03
YOu
Y05
Y06
Y07

Yi1¢
Yil

X00
X01
X02
X03
X0u
X05
X06
xor7

X10
X1t
x12
X113
X1y
Xi5
X6
X117

X20
X21
x22
X23
X24
X25
X26
X27

X30
x31
X32
X33
X3y
X35
X36
X37

x40
Xu1
Xu2
X43

LGL N
TNZ X73
1C124x70
LB

TRA X76
TRA YOO
ARS 1
1 14X73

6 11v02
1 444Y00
SXDL 104
CLA 104
LXDIY1N
LXDuyYOo?
TRAL 2
HTR

HTR
HTR

8 8C3
SXD4Xu0
SXD2xu1
LXD212y
CLA2Y6
TNZ X114

2 12X04
CLA X13

TSX4906
HPR
TSXu877
0 943
TSXu802
TRA X31
TSX4913
TQP X22

TPL Xx23
TRA X14
TPL X4
CLA BOS
TSX4804
TRA X03
CLA BOS
LXD4 X4 0

TRA Xu2
TSX48Cu
TRA X35
LXD4X40
1 1uxy2
STZ2Y6

TRA X03
§ 22x24

HTR
HTR
NOP
TRAY 2

X00
x01
X02
X03
X004
X05
X06
xX07

X10
X1
X12
X13
X1y
X15
X16
X17

X20
xX21
x22
X23
X24
X25
X26
X217

X30
X31
x32
X33
X34
X35
X36
X37

x40
X4
Xu2
XuL3
Xuy
Xu5
X46
xXu7

XS0
X51
X52
X53
XSu
XS5
X56
X57

X60
X6}
X62
X63
xoh
X65

X617

8 804
CLA2Y6
SXDux72
SXD2x73
SXD1X7h
PAX1
PDXu
CALUYRO

TRA X67
CLA 400
STG 134
LXA2134
CLA 134
ACD CO7
STO 134
1 11x20

CAL IR5
TZE Xu7
LBT

TRA X42
SLW 135
PXD2
TSX4913
CAL2TY

ANAIRS
TNZ X34
TQP X35
TRA Xu)
TCP Xu1
LXDUX72
LXD2X73
LXDIX7Yy

TRAY
CAL 135
ARS 1
b 12Xun
TA542X21
LXDuxv2
2 14x36
LXA2134

TASH2X 1Y
TRA X445
CALY4RO
ANA L4}
ALS 22
SXD4126
TSXu4913
LXD4126

CAL C32
ANALRO

TQP X65
TZE X1
TRA X35
TZE X35
TRA X111
ANA Clh

125

X710
X7
X712
X73
X7u

x00
x01
x02
X03
X0u
x05
X06
X007

X1C
X1
X12
X13
X4
X1s
X16
X117

X20
X21
X22
xX23
X24
X25
X26
x27

X30
x31
X32
X33
X3y
X35
X 36
X37

Xuc
xul
Xu2
X43
Xhy
Xus
Xué
xXu?7

x50
X51
X52
X53
X54
X55
X56
X57

TNZ x11
TRA X52
HTR
HTR
HTR

8 805
SXDuxs6
SXD2X57
NOP
CLA 125
PDX2
CLA 123
suB 401

STO 123
TSXk802
TRA X31
TSX4913
TCP X17
TPL Xx20
TRA X25
TPL X25

CLA BOS
TSX480Uu
TRA X40
CLA BO5
TRA X51
CAL2Y6
ANA Cl4
TZE X11

TRA X06
TSXu804
TRA X37
LXDuX56
NGP

Nap

TRAY 2
STZ22Y6

cLAa 123
TZE Xxu7
LXD2124
CAL2YS
ANA Cl4
TNZ X06
2 12X43
TSX4803

TRA X33
LXD4X56
NCP

NGp
TRA4 3
9 22x21
HTR

HTR

xao
X01
x02
X03
X0y
X05
X06
X007

X1C
X11
X12
Xi3
X1y
X15
X16
X117

x20
X21
X22
X23
X24
X25
X26
xX27

X30
X31
X32
X33
X3y
X35
xX36
X37

Xu40
Xu1
xXu2
X43
Xuy
Xu5
Xué
Xu7

x50
X51
X52
X53
X54
X55
X56
X57

X60
X6
X62
X63
X644
X65
X66
xX67

8 806
SXDu4Z30
SXD2Z31
SXD1z32
STZ 123
LXALALT
CAL AS50
LDQ C15

sTQuz0
STQLZI
6 1u4x15
ACM AS0
TRA X190
STD 117
ARS 22
ADM A43

STA 117
PAXY

CAL AS52
ANAURS
TNZ X27
CLS Au3
STG Au3
Nap

NOP

N@gP

NGP
LXAT40]
LXD& 117
1 14x36
CAL4RS
SLW1175

CALURS
SLWllbl
COM
ANALRS
SLW1I1I4S
T 11xké
TA4T71X35
LXA2401

LXAT401
LXALAL3
PXbu

StwW 101
LDQ A3
CAL AS2
ANALRS
TLE X75

ANAURS
TQP Xou
TZE X75
TRA X65
TNZ X75
PXD1
ORA C16
STO2Y6



X710
X71
X72
X73
X7h
X75
X7¢
x77

Y00
Yol
Y02
Y03
YOu
YG5
Y06
Yo?

Y10
Yii
Yi2
Y13
Yy
Y15
Y16
Yi7z

Y20
Y21
Y22
Y23
Y24
Y25

Y2r

Y3C
Y31
Y32
Y33
Y3y
Y35
Y36
Y37

yuc
Yu4l
Y42
Y43
Yyu
Yus
Yué
Y4t

Y50
Ysli
Y52
Y53
YSh
Y55
Y56
YS7

PXDu

sus 101
ARS 22
STA2Y6
T 12X75
TALTUXTO
1 VIXP7
TA461X55

2 12z27
CLA YC5
TSX49C6
HPR
TSXu877

Y] Quy

T 12215
SXD2124

LXA14G1
CLA2Y6
PAXUY

Tolayly
CALURS
ANS 12
com

ANALRS

ANS 120
7TALTIY13
2 12v10

LXATAMT
LXDu117
1AL fLY26

CAL1Z0

GRAVZI

SLW120

CoM

ANS 1175
ANS 1161
ANST 145
ANA4RS

GRS 120

ANALRG

gRS1Z1
2 14v42
2 11v26
LXD2124
LXAL01
MSE 143
NaP
CLA2Y6

PAXY

1 14Y52
CAL 4RS

ANAY1TS
TZE 203
SLW 100
ANAY4RS

ANA 1145

Y 60
Y61
Y62
Y63
Y &4
Y65
Yé6
Y61

Y70
Y71
Y72
Y735
YTh
Y75
Y76
Yr7

200
201}
202
203
Z04
205
106
07

210
211
212
213
Zi4
zZ1s
216
27

2¢
721
222
223
24
125
226
227

130
31
232

X00
X01
x02
X03
X0u
X05
X06
x07

TNZ Z01
CAL LR
CiM

ANA 1CO0
ANATT61
TNZ ZC1
MSE 143
TRA Y71

TRA 203
CLA C4
ORS2Y6

cLA 123
ADD 401
STQ 123
PSE 143
SX02125

TRA 203
ST22Y6
TRA 205
1 11204
TAGT1YS5]
2 12Yulh
MSE 143
NGP

CLA 123
CAS 401
NUP
T3X48CS
TSX4B803
CLA2Yé6
STD A50
LXD4Z230

LXD22 31
LxD1z232
TRAY 1
€ 2Y20
1oyt
8 2X53
TALTY X5,
2 12v06

HIR
HTR
HTR

8 807
SX0uy1l3
SXD2y1h
SXD1Y15
STZ A1S
STZ 102
PAX
CLAISS

X10
x11
x12
x13
X4
X15
X16
X117

X2
x21
X22
X23
X24
X25
X26
X217

x30
x31
Xx32
X33
X34
X35
X364
x37

Xu0
Xu1
Xu2
XL3
Xuy
Xu5
Xub6
Au7

XsC
X51
X52
X53
X54
X55
X56
XS7

X6C
X61
X62
X63
Xo6u
X65
X66
X671

X70
X7
X712
X73
X714
X75
X176
XT7

PAX]
ANA un2
S1G 1C3
cLAIM)
Sra 104
ANA C20
PAXY
CLALTO

PAXY

1 1ux22
CLALMO
Sre 105
SiD Xu2
STD X45
STD X6k
PCX2

T 14x31
CLA A22
CASUMO

TRA XS0
TRA XuS
CLA 105
ANA u4S
TZE Xu5

CLAKMO
FCH A22
1 0OuLXu3
FMPL4MO
TRA X72
1 0uxus
CLAUMC
TRA X72

6 12X45
1 14x52
CLA A22
CAS4MO
TRA X50
TRA Xu4S
CLALMO
FSBL4MO~

ST6 105
CLA A22
FSBUMO~
ST 106
I 0ux65
CLALMG
FSBUMO~
FCH 105

FVP 106
FAD4MO~
LRS 43
FMP 104
FAD AlS
STA AlS
LXD4102
1 14YCO

Y00
Y01
Y02
Y03
YOu
YCS
Y36
Yo7

Yic
Yil
Y12
Y13
Yy
Y15
Y16
Yi7z

Y20
Y21
Y22
Y23
Y2y

XCco
X01
X02
x03
Xou
X05
X064
X071

X10
X1
x12
xX13
X1y
X15
X116
X117

Xx20
x21
x22
X23
X24
X25
X26
X27

X3C
x31
X32
X33
X34
X35
x36
xX37

SXD4102
STouZy

CLA 1C3
SLB 415
TZE Y06
T 11xi2
LXDuY13
LXD2Y 14

LXD1Y15

TRA XT73
g 2Y01
CLA 105
STOLZS
TRA YC2

8 810
SXpuvv7
SXD2200
SxD1201
STz 80!
LXA4ASY
STZy22
STZu23

2 14xG6
LXD1AS0
T5Xu920
STG A20
TSX4801
TRA X21
NGP
NOP

NCP

FAD COu
ST6 100
CLAIRO

ANA C21
ARS 6
STe 101
CLAIR3

ANA C20
TSXu8a07
FME 1IR3

STO 102
suB 101
ST0 1C3
TSXu902
TSX4916



x40
X4
xXu2
xu3
xul
Xu45
Xué6
Xu7

XS0
Xx51
X52
X53
XSy
XS5
X56
X57

X6C
X61
X62
X63
Xé6u
X65
X66
X617

X70
X7
X712
X73
XTh
X75
X76
xr7

Y00

Y02
Y03
vOou
Y05
Y06
Yo7

Y10
Yl
Y12
Y13
Yiu
Y15
Yté
Yiv

Y20
Y21
Y22
Y23
Y2u
Y25
Y26
Y27

CLA
CHS
FCH
STQ
CLA
CAS
TRA
TRA

FAD
CAS
TRA
TRA
LGQ

uco

103
1Cu4
104
100
X63
X36

CCu
100
X36
X36
104

TSXuY35
TSXUY76
LxDLY77

LXD2200
LXxD1z01

TRAL

FSB
CAS
TRA
TRA
TRA

LDQ

2
Cou
100
X70
X36
X36

100

TSX4Y35
TSXUX73
TRA2S7
TSXuxX75
TRAZRY

TRA
TRA

Y00
X1y

TSX48C6
LXDT1ASO
TSX4920

STQ
TZE

105
Y 31

TSX4902

ST10
CLA

FCH
sTQ
CLA
CAS
TRA
TRA
CLA
FDH

STQ
CLA
CAS
TRA
TRA
TRA
N3P
NaP

1io
1CS

A20
106
106
u21
12
X4
Al6
1C6

Al
110
106
Y3l
Y31
X4

Y30
Y31
Y32
Y33
Y3y
Y35
Y36
Y37

Y40
Yl
Yu2
Y43
Yuy
Y45
Y46
YL?v

Y50
Y51
Y52
Y53
Ysh
Y55
Y56
YSs?

Y60
Yél1
Y62
Y63
You
Y 65
Yéb
Y67

Y70
Y7
Y72
Y73
Y7y
Y75
Yio
Yvy

7C0
201
202
203
Z04
Z05
106
207

Z1C
Z11
212
z13
214
Z15
Z1é6
217

NOP
L X0
LXD
LXD
TRA
STQ
SXD
CLA

TSX
Cta
Nop

NOP
LRS
FMp
$TO
L XA
LLQ
FMP
FAD

STO
2 1
CLA
FDH
STQ
CLA
FAD
STO

8

STQa

4ye7
2200
1201
4

120
LA R
101

Y54
103
102
43
120
4917
400

u3
Al6
AYb
4403
120
LAQL
LAOQ

LAOQQ
bY55
120
A22
122
AOY
122
AOYy

20
21
222
223
24
225
226
227

230
231
132
233
134
235
136
237

uc
Zu)
Zu2
k3
Zuy
Zus
Zu6
a7

150
51
152
153
Z54
255
156
57

260
61
262
263
64
265
166

x0C
X01
X02
X03
X0u4
X05
X06
X07

X10
X11
X112
X13
X1y
X15
X116
Xi7

127

TRA Y25
LXDLAY2
LXA2401Y
LOQ 421
STQ 111
STad 112
FS8 421
STQ 106

CAS 110
1C23uz47
NGP

CLA Al16
FCH 112
STQ Al6
7 12v25
TSXu921

TRA Zu2
2 12136
CLA Zu6
TSX4906
HPR
TSX4877
c 957
70034256

CLA 111
ST 12
CLA DO7
ACD 401
ST0 DOV
TRA 233
cLA 11
FAD 421

STG 111
CLA 106
112226
<] 2Y11
CLA 105
ST3 A20
TRA Y12

8 a1l
SXDux73
SXD2X7h4
LXA2801
1 12x05
CLA2MO
ANA Ly4y2
ALS 2

STD X111
I 02x12
1 12x13
CLA2MO

STD Xk4
STD Y05
ANA 4y
TSXL901

x20
X21
X22
X23
X24
X25
X26
X217

x3C
X 31
X32
X33
X34
X35
X36
X37

xuc
X4
Xu2
Xu3
Xuy
xus
Xhe
X4 7

X50
X51
X52
X53
<54
x55
x56
xS7
X60
X61
x62
X63
X644
X65
X6¢
X671

X170
X7
X72
X713
xX7u
X715
X716
X7

Y00
Y01
YC2
Y03
YOu
Y05
Y06
Yor

STO 110
LXDuxXub
1 12x23
CLA2MQ

CAS Al7
TRA YOUu
TRA YOu
¢ 14Y04

T 12X31
CLA ALY
CAS Z2MO
TRA X27
TRA YOY4
C1.A2MO
FSB2MO-
STG 805

CLA A7
FSB2MQ-
FDOH 805
STQ BOS
1 02x45
Ci . AZMO
STG BOV
CLAZMO-

STG BO6
TSXL902
STC 111}
TSX49Ch
CLA B1D
TSX4930
CAS 111
TRA X62

TRA X62
TRA X5
LXA2A50
CLA BC6
ANA Cly
TZE X715
LDQ 110
TSX4927

LXDuX73
LXD2X74
TRA4 1
HTR

HTR

LXA4Y403
CLALBO)
STO4AOU

2 14X76
NOP
CLA C25
TRA Y11
STZ BOS
1 02v06
CLA2ZMO
STZ 807




Yio
Yl
Y12
Y13
Yiy
Y15
Y16
Y17

Y2C
Y21
Y22
Y23
Y24
Y24
Y24
Y27

Y30
Y31
Y32
Y33
Y3y
Y35
Y36
Y3r

Y40
Y41
Yu2

x00
X01
X02
X03
X0y
XCS
X06
X07

X1c
X1
X12
X13
X1y
X15
X1é6
X117

X20
X21
X22
Xx23
X24
X25
X26
X27

TRA
CAS
TRA
TRA
cLa
LCQ
TRA
LoQ

FMp
s10
LDQ
FMp
FAD
FS8

XS0
110
Yiz7
Y17
AlT
A22
X70
110

110
100
810
810
100
421

TSXu903

CLA

FAD

400

819

FDH2T3

STQ
FMP
sTa
LoQ
FMP
LRS

FMP

LCQ
TRA

8

100
A22
102
100
100

43

AT

102
X170

812

SXDuxsy
SXD2X55
LXA2B12
CLAZMY

SIo

112

TSX4902

STo

113

TSX4904

CLA

B10

TSX4930

CAS
TRA
TRA
TRA

13
X17
X117
X06

TSX4902

CLA
LnQ
LLS

PAXY

400
Aly
5

CLALFO1

FOH
FMP
STO

112
A22
114

Xx30
X31
x32
X33
X34
X35
X36
X37

x40
Xyl
Xu2
X43
Xuy
X45
X4 ¢
Xu7?

x50
X51
Xx52
XS 3
XSy
X55
XS6
XS57
X60
X61
X62
X63
X 64
X65
X66
X67

X70
X7
X72
X173
X7h
X75
X76

x00
X01
x02
x03
X0y
Xx05
x06
x07

X10
X1
x12
X13
Xiu
X15
X16
xX17

CLA BCS6
ANA C14
TZE X56
LXAZ2A50
cLa 11y
FCH A7
STQ 115
cLa 115

TSX4903
TRA X72
LRS 43
FMp2T3
LRS 43
TSXu927
CAS al7
TRA X117

N@P
LXDL XSu
LXD2ZX55
TRALY 1
HTR
HTR
LXA4403
CLALBOI

STO4ACH
2 14X57
CLA 114
1SXu903
TRA x/2
LRS L3
FMp C24
LRS 43

CLA 114
TRA X51
CLA X76
TSXu906
HPR
TSXuB77
0 Kl

8 813
SXDuXxu3
SXD2XulY
LXAu4B12
CLALMY
STC 112
TSX4902
ST6 113

TSX49QCu
CLA BiO
TSXu4930
CAS 113
TRA Xx17
TRA X17
TRA XC6
CLA BO6

128

x2¢C

xX22
X23
X24
X25
X26
x27

X30
X31
X32
X33
X34
X35
X36
X37

X 40
Xy
Xu2
Xu3
XLy
xXub
Xuébé
Xu7

X50
X51
X52
X593
b1
X55
X56
X57

X6C
X61
X62
X&b3
Xé4
X695
X66
X671

X70

X00
X01
X02
X03
X0u
X05
X06
X071

ANA C1u
TZE Xxu5
LXA2A50
CLA AlY
FSB 112
LRS 43
FMP2S6
FOH A7

STQ 115
CLA 115
TSXu903
TRA Xo64
LRS 43
FMP2T3

LRS 43
TSXu927

LXDhXu3
LxD2Xuy
TRAY 2
HIR

HTR

CLA Al7
FsB 112
S10 115

TSX4903
TRA X644
LRS 43
FMP C2u4
STO 14
LXALUO3
CLALBO!
STQuAOQy

2 l1yxseé
CLA 115
LoQ 114
TRA X40
CLA XT70
TSX4906
HPR
TSX4877

0 94 1

8 814
SXDLXT0
SX02X71
LAAUB12
CLAUMY
STO 112
STU Xu40
STD X717

X10

X15
X117

X20
x21
X22
X23
x2Y4
X25
X26
X27

x30
x31
X352
X33
X3y
X35
X36
X37

x40
Xyl
Xk2
Xu3
X4y
Xus
X46
Xu7

x50
X51
X52
X53
X5y
XS5
X56
X57

X6C
X61
X62
X63
Xé6h
X65
X66
X617

X70
X7l
X172
X73
X74
X75
X76
xXr7

TSXL9C2
STy 113
TSXu9Qy
CLA B1O
TSX4930
CAS 113
IRA X21
TRA X21

TRA X10
TSX4902
STG 114
CLA 112
ANA Cl14
TZE X72
LXA412
CLA 114

CAS4MY
1 1ux3)
NQP
FSBuMy~-
STo 114
CLALMY
FSBLMYLY -
STO 113

1 0ux4}
CLAUMG
F3BuMU—
FOH 113
FMP 114
FADUML—
STO 114
CLA BO6

ANA Cl4
TZE Y02
LXA2AS5C
CLA 114
FNH Al7
STQ 115
cLa 115
TSX49C3

TRA Y17
LRS 43
FMP2T3

LRS u3
TSXU927
LXDu4X70
LXD2XT1
TRAL 3

HIR

HTR
LXAWY12
CLA 114
CASUMY
1 1ux7y
NGP

1 04Y00




Y00
YOl
YC2
Y03
You
YC5
YCo
Yo7

vYic
Y1
Yiz2
Y13
Yy
Y15
Yié
Yizv

Y20
Y21
Y22
Y23

X0
X01
X02
X03
X0u
x05
XGé
X07

x1C
Y11
xX12
X13
X1y
x1s
X16
X117

X20
X21
X22
X223
X24
X25
X26
x27

X30
x31
X32
X33
X34
X35
X36
X37

CLAUMY
TRA Xus
CLA 114
TSX4903
TRA Y17
LRS 43
FMP C24
STO 115

LXAUL03
CLA430L
STOUAOY
2 1ayn
CLA 114
LDQ 115
TRA X65
CLA Y23

TSX4906
HPR
TSXu87/
C W41

€ 815
SXDuxr7é
SXD2X77
LXALB12
CLAYMY
STO 112
STD Xué6
STD YOu

TSXU902
ST0 113
TSX49Cu
CLA BI1O
TSX4930
CAS 113
TRA X21
TRA Xx21

TRA X10
TSXu902
STO 114
LXALTT2
CLA BI1O
CASUMY

T Tex2s
NOP

CLAUMY
PAXY
CLA 112
ANA Clu
TZE YO0O
CLA 114
CASUMY
1 1uxs6

X4C
Xyl
Xu2
X43
xuy
Xus
Xu46
Xu7

x50
X51
X52
X53
XS54
XS5
X56
X57

X 60
X611
X62
X63
X 64
X 65
X66
A6T

X70
X71
AT2
X73
X74
X175
X76
xXT7

YCCe
YOl
Y02
Y03
YOu
Y05
Y0é
Yo7

Yic
Yit
Y12
Y13
Yy
YIS
Yie6
Yir

Y20

Y22
v23
Y2
Y25
Y26
Y271

Y3C

NCP

FSBUMY—

STG

114

CLAUMY
FSBUMU—

STO

113

1 0uxur
CLAUMY

FSBuMy—~

FDH
FMP

115
114

FAD UMy~

STO
CLA
ANA
TZE

[ AR
836
Clu
Yo7

LXA2A50

CLA

Mu

FOUH AYT

STQ
CLA

115
115

TSX4903

TRA
LRS

Y24
43

FMP2T3

LRS

43

TSXuQ27
LXDUXTH
LXD2X77

TRAL

HTR
HTR

CLA

n

Tiu

CASUMY
1 1uY0 1!

NaP

1 0uYv9ds
CLALMY

TRA
CLA

X5Uu
114

TSX49C3
TRA Y24

LRS

L3

FMP C24

STO

115

LXALLO3
CLALBO!
STOLAOL

2 luyie

CLA
LDQ

1
115

TRA XT73
CLA Y30
TSXU906

HPR

TSXu877

4t

129

x00
x01
X02
X03
X0y
XC5
X0é
x07

x1C
XH
X112
X13
X1y
X15
X16
X7

x20
x21
X22
X23
X24
X25
X2¢
x27

X30
x31
X 32
X33
X3u
X35
X 36
X37

XuC
X 1
Xu2
Xu3
Xk
Xu5
Xbhe
Y7

x50
x51
X52
¥S3
X54
x99
X56
X517

X60
Xé&l
X62
X63
Xé6h
X695
X66
X671

€ 816
SXDuylu
SXD2Y15
LXALBI12
LXA28135
CLA BOS
TZE Y16
CLAZMY

FSBuMu
LRS 43
FMP BOS
FADUMY
sSTg 120
LXA24C2
CAS 423
NOP

1 12v20
FOH 422
FMP AL
STO Alé
T5Xu902
STG 114
TSX490L
CLA B10O

TSX4930
CAS 114
TRA X35
TRA X35
TRA X2u
TSX4902
STO 114
CLA 400

LCQ Ayl
LLS 5
PAXL

CLAUEQ2
FSBULEDT
LRS 43
FMP 114
FADU4EOQ]

STG t1s
TSX4903
TRA Y22
LRS 43
FMP C24
STG 116
LXALL03
CLALBUI

SIOLAOY
2 luxsH7
7 12vor

CLA 115

ST0 Al7?

CLA 116

STO A22

CLA ACS

X170
X71
X712
X73
X74
X715
X176
X7

Yce
Y01
Y02
Y03
Y Ou
Y05
Y0é
Yors

Yic
Yil
Y12
Y13
Yiu
Y15
Y16
Yi7

Y20
Y21
Y22
Y23
Y2u
Y25
Y26

XC<C
X01!
xX02
X03
X0
XChH
X064
X07

X1C

X12
x13
X4
X15
X16
X17

x20
Xx21
X22
X23
X2u
X25
X26
x27

STO

Al0

LXALYLOS3
LDQKACH
FMPLAQH
STO4A10
2 1ux72
TSX4921

TRA

Yol

2 12X24
7 22vCu

LDQ
TRA
LDQ
FMP
ST0
CLA

LDQO

423
YJ5
422
Al
Alb
115

116

LXDuYIy
LXD2Y15

TRAY

HTR
HTR

5

CLA4MY

TRA

FDH
TRA
CLA

Xy

423
Xx22
Y26

TSX4206

HPR

Tsxus7yq

c

<]

u1

sl?

SXDuvl15
SXP2y16
Lxaugl2

CLA

AlT7

FSBUuMY
LXA2AS0

LRS

43

FMP2S6

STO

112

CAL LMYy

ANA

403

TSXu49C)

$T0
suB
N2
LbQ
Frp
S10

115
422
X213

11%
Al6
Al6

T5X4902

STC

113

TSX490L

CLA

Biv

T3X4930



X30
X31
X32
X33
X34
X35
x36
X37

XuC
Xyl
Xu2
Xu3
Xuy
X45
xX46
Xu7v

%50
X51
x52
X53
XS4
X55
X506
Xs7

X60
X61
xX62
X63
X 64
X65
Xé66
X6l

X7C
X7
X72
X73
XTh
X715
X76
xX77

Y00
Yol
Y02
Y03
YOu
Y0s
Y0e
Yo7

YIC
Y1l
Y12
Y13
Y
Y15
Y16

CAS
TRA
TRA
TRA

113
X3y
X34
X23

TSXk902

S10

113

TSX4902

SYQ

cLa
CAS
TRA
TRA
CLA
FSB
STO
CLA

1in

322
115
YOO
Yoo
421
113
te
113

TSX49C3

TRA
FCH
FMP
LRS
FMp
CAS
TRA

TRA
TRA
LDQ
FMP
FOH
5TQ
CLA

Yio
c3s
116

43
116
ik
X62

X62
X34
113
112
A7
116
116

T5X4903

TRA
LRS

Y10
43

FMP2TS

LRS

43

TSXu927
L XD4 YIS
LXD2Y16

TRAUY

CLA

FSB

LRS
FMP

6

421
13

43
113

TSX4903
TRA Y10
ACD 41
TRA X56

CLA YU
TSXu4906

HPR

TSXu877

0

HTR
HIR

41

xccC
X01
x02
x03
X0u
X05
X06
X07

x1C
X1
X12
x13
Y4
X15
X1é
x17

X20
X21
x22
X23
xX24
X25
X26
x21

X 30
X 31
X32
X33
X34
X35
X364
X3T7

Xug
Xyt
Xu2
Xu %
X4u
X5
Xue
Xu7

XS0
X5t
x52
X535
XS4
X985
X56
X57

X 60
X6 1
X62
X613
X6h
X645
X66
X67

820

SXCuxe63
SXD2X6h
SAD1X65
LXA4B12
CLAUMY

PAX2

1 12X10

LXAIGC2
CLA A7
FSB ZMUu-

S10

115

TSX4902

S7C

113

TSXu90u

CLA

810

TSXL939

CAS
TRA
TRA
TRA
LDG

113
X25
X25
X1y
s

EMP2MY

STO

A7

TSX4903

TRA
LRS
FVP
STO

X66

43
C24
A22

LAALLN3
CLA4BO]
STC4AQL

2 1uxs6
7 11x55
TS¥u921

TRA

Xuo6

2 11xus
1 12X14

CaL
ACL

SLwW
CLA
ARS
LAl
TRA
CLA
LCQ

Alb
411

Alb
ALL
5

Xul
AT
A22

LXDuX63

LXDzXol
LXD1X6S

TRAY

HTR
HTR
HTR
cLA

7

X172

TSXL9C6

130

X7C
X711
X712
X73
X7
X75
X176
X177

Y00
Y91
Y02
Y03

xCC
X01
X02
X03
X04
XG5
X06
X07

x1C
X1
X12
X13
X1y
X15
X16
X17

X20
X21
X22
X23

X25
X26
x27

X 30
X31
X 32
X33
x3u
X39
X3¢
X317

X4 C
Xl
Xu2
X43
X4y
Xu5
X4é
Xu7

HPR
TSXu8r?
0 941
€ 2X41
CLA AOS
STG AlO
LXA4LC3
LCQuAQY

FMPLAOY
STA4A10
2 I4xrv
TRA X442

<} 821
SX0ux63
LXbou312
CLALMY
ARS 6
ANA 446
PAXL

7 34X15

CLA x14
T5X49G6
HPR
TSXu87/
0 mwT
TRAKX2]
TSXu4815
TSXu8 ik

TSX4813
TSX4812
sro 77
CLA Al7
STO 126
CLA A22
STo0 127
cLa 17

STO Al7
SIQ A22
TSXL921
TRA X6U4
cAaL 312
ACL 425
SLw 812
CAL B13

ACL 425
SLW BI13
CLA 126
ST0 Al7
CLA 127
STO0 A22
LXDu812
CLAUMY

X50
X51
x52
XS3
X54
X55
X56
X57

X60
X61
X62
X63
Xoé6u
X65
X66
X617

X7C
X7
X712
X73
X7y
X75
X176
X717

Y00
YOl
Y02
YC3
YC4
Y05
Y06

XCC
X01
X02
X03
X0u
x05
x06
X07

X1C
x11
X12
X13
X1y
X15
X116
x17

Xx20
x21
X22
x23
X2y
X25
X26
X271

ARS

6

ANA 446

PAX

M

2 34x10
TRALX6C
TSXugis

IsXx
TSX

TSX
LxD
TRA
HTR
CAL
ACL
SLW
CLA

ARS
LBT
TRA
CLA
LDQ
TRA
8
CLA

Si0
LXA
LeQ
FMP
STC
2 1
TRA

8
SXD
LXD
CLA
ANA
TSX
STA

431y
4813

4812
4x63
5 10

Al6
RN
A6
ALy

5

X34
A7
A22
X61
2x31
AQS

AYC
4403
LAQY
4AOY
4AIC
4Y02

x32

a2u
4 X65
LASQ
uR3
c20
4851
AS0

PAXY

CLA
ST10
TSX
ST0
FMpP
STO
CAS
TRA

TRA
CLA
ACD
SiC
LX0
TRA
CLA
CAS

4rc
BO1

L4452
125
Alh
Alb
A27
227

227
ASS
401
ASS
4XAS
4
ALY
AST




X3¢
x31
X32
X33
X34
X 35
X3¢
X37

x40
X4l
Xu2
Xu3
Xhu
Xus
Xué
Xu7

X50
X511
x52
XS3
X5u
XS5
X56
X57

X60
X6 1
x62
X63
X6l
X65
X66
X617

X170
X71
X712
X73
XTu
X75
X716
X77

YOC
YOl
YC2
Y03
YOu
Y05
Y0b
Yo7

Y1¢
Y1l
Y12
Y13
Yiu
Y15
Yié
Y17

TRA 24y
TRA Zun
TsXu902
CAS 125
TRA X67
NUP

T3Xu811
CAS ASé4

TRA X52
NaP
CLA AS6
ST Al7
SX49Q3
CLA 400
LRS 43
FHP C24

SI6 A22
TRA XS4
STG Al7
STQ A22
CLA AQS
STG A1D
LAALYLOS
LDQuAQY

FMPUAOY
STOUALO
2 1ux57
LXD4 X65
TRAW 2
HTR

HTR
SXD2X66

LXxD2801
Lo12xt2
CLAZM3
ST3 811

PCXUu

1 12x76
CLAZM3
CAsS A7

TRA Y51
TRA Y51
6 14Y5])
1 12Y04
cCLAa ALY
CAS2M3
TRA Y02
IRA Y51

CLAZM3

FSB2M3-
SIg 165
CLA A7
FSBZM3-
FCH 105
STQ BOS
1 02v20

Y2C
Y21
Y22
Y23
Y24
Y25
Y2¢
Y27

Y30
Y31
Y32
Y33
Y 34
Y35
Y36
Y37

YugC
Yul
Yu2
Yu3
Yuy
Yus
Yué
Yuv

Y50
Y51
Ys2
Y53
Y5k
v55
YS¢
Y57

Y60
Y6l
Y62
Y63
Ybu
Y65
YEE
Y6t

Y70
Y71
y72
Y73
Y 74
Y75

Y77

200
01
202
203
[0k
205
10%
207

TSX4902
STa 105
CLA BOS
TLE Y53
CLAZM3
STe B13
CLAZ2M3~
STG 812

LXDuB13
CLALMY
LXCup12
FSBUMY
LRS 43
FMP B80S
FADUMY
CAS 105

TRA Y66
TRA Y66
CAL 812
ACL 425
SLW B12
CAL B13
ACL 25
Stw 813

1 C2Y30
STZ 805
TRA YIT7
CLA2M3

ST0 812
.xpun12
CLALML

CAS 105

TRA Y66
TRA Y66
caL B12
ACL 425
SLW B12
1 C2Y>%
CAtumy

ANA nué

PAXY

CLA 80!
[RAD QP AV
i C2z23u
CLAZM3
STO 807
CILA2M3-
STO 8G6

TRA 20k
ANA hlLh
STG BCS
ST0 B8C7
TRALZ16
HTR

HTR

rsxug21

131

Z1C
zn
112
Z13
2y
215
216
AN

120
221
122
123
124
225
126
227

230
Z31
132
733
3y
35

237

uc
Zul
Zu2
Zu3
ul
45
Zué
u7

x0cC
x01
x02
XC3
X0u
X05S
x0¢
07

X10
xhi
X12
X132
Xy
X15
X116
X17

X20

X27

TS5X
Tsx
TSX
TSX
TSX
TSX
TSX
LXD

TRA
8
STD
STD
STD
STD
TRA
CLA

CAS
TRA
TRA
TRA
CLA
TNZ
ST1Z
1

CLA
ADD
ST0
TRA
CLA
ADD
ST
TRA

8
SAD
PSE
TSX
TyX
TRA
L XD
TRA

HTR
PSE
TRA
TSX
TSX
C
G
c 1
L ou
HPR
CLA
ALD
S10
ST2
CLA
AD

4820
Lyl7
U816
5815
4314
4413
4812
2X66

x37
2X73
Y7
Y50
Y45
Y73
X74
AlY

D1l
X26
X246
40
BOS
Y74
BO7
2Y76

A60
LGl
A60
X24
A61
401
A6
X24

825
4x16
163
u92 6
4222
x11
Lx10
y 1

1o

X22
4330
LG/IS
2

952

1A35

A37
4C1
AST
LVA
A3>
ucl

X3C
x31
X32
X33
X34
X35
X36
X37

X4C
Xul
Xu2
X4 3
xuh
X4y
Xué&
X4

X950
X51
X52
£53
XS4
X55
X56
X57

X 60
X61
XA?
X63
X6h
X65
Lb66
X617

ATU
AL
Al
Als
KTy
79
ATo
AT7

XCC
X01
X02
x03
X0u
X05
xX06
X07

STe
cas
NGP
TRA
TSX
CLA
STO
LXA

L0Q
FuMp
ST0
2 1
CLA
TSX
TRA
L®S

Flap
ST0
CcLA
ADD
SI0
SUB
Tl
SYTZ

TSX
3

1
4y
18X
TRA
TSX

C
0
C
Yy

1A
CLA
TuX
HieR
T<A

“

2
(ST

WP
Sz
1A

&
SXxD
TSX
T5X

4]

c 1

A35
00}

Xe6v
4850
A0S
Al10
4u03

LAQY
LAOY
LAITO
4xXu40
AT
49C3
X7
43

c2u
A22
A33
401
A33
Doy
X06
A33

uo97h
953

1A 35
4931
XC6
L830

X4
AT
4204

X4a
241
AXul
Lak

\(IZ
X<

826
4xX31
49176
yo7s

53

4 31A3S

T3X

4925



X10
x1
X12
X13
X1y
X15
X16
X117

x2C
X21
x22
Xx23
X2y
X25
X26
x27

X30
X31

X0C
x01
X02
x03
X0h
X05
X046
xC7

X10
X1
X12
X13
Xy
X15
X16
X17

X20
x21
x22
Xx23
X24
X25
xX26
X27

X3¢
X3
X32
X33
X3y
X35
X364
X37

TSXU974

[eNeoNoNoNoNoNe)

3

3

[ Yo NoNaRol ol

3

1
956

10
n
I2
Y6

963

101500
201v00

4 201wCO
LXDuX31

TRAY )

HTR

8

827

SXDux37

STQ
SYo
ARS
ST0
CLA
suB

siB
STA
STA
suB
STA
STA
cLA

120
121

22
122
121
122

122
X117
X20
122
X24
X3h
120

FAD1AQ

STO1AQ

LDQ
FMP
STG

120
120
123

CLATAQ

STA
FAD
STO

CaL
ADD
STA
CLA

124
123
123

124
4C1
123
123

STU1A0
LXDuX37
TRAW 1

HTR

X00
X01
X02
X03
X0y
Xx05
X06
xX07r

x1ia
X1
X112
X113
Xy
X15
X146
X117

x20
X21
X22

X563
Xéy
X65
X66
X617

g 830
SXDux39
SXD2Xx3)
SXD1X32
LXAIC26
CLA C26
ALS 1
STO 140

ACD C27
STA X33
CLATPOD
TNZ X33
CLA 140
SLB u(C2
2 tixor
STZ A35

TSX4931
CLA DI2
TNZ Y11
TSX4925
LXD4X30
LXD2x31
LXD1X32
TRA4 1

HTR

HTR

HTR

CLA 0
ST@ iCC
pPNX2
ARS 22
ST 101

CLA 100
STA X55
SUB 101
STA YQ1
sus 101
STA XS3
sus 101
STA X61

CLA A37
TSXL901
sta 110
cLAa2 0
FOH 110
sTQ2 0
STQ 100
FMP 100

STO 100
CLA2 ¢
ST 111
ANA 43
TZE Y02
TSX490]
STO 112
CLA 111

132

X70
X711
X712
X713
X7y
X75
X76
X7

YocC
Yol
Y02
Y03
YOu
YOS
Y06
Yo7

Y10
vil
Y12
vi3
Y4
Yis
Y16
Y7

Y20
Y21
Y22
Y23
Y24
Y25
Y26
Y27

Y30
Y 31
Y32
Y33
Y34
Y35
Y36
Y37

Y4C
Y4l
Yu2
Y43
Yy
Y45
Yhoé
Yuv

Y50
Y51
Y52
Y53
Y54
Y55
Y56
Y57

FOH 110
STQ 101
CLA 101
FSB8 100
FOH 110
STQ 100
CLA 100
TSX4903

CLA 400
s¥162 O
2 12X53
TRA X1iu
CLA YI0
TSX4GCo
HPR
TSXu877

0 1l
CLA A37
TSX4901
ST 110
LXD2T7»
CLA2TS
FdH 110
sTQ276

FMP2TS
STG 100
CLA2ULS
ANA 441
sTO 111
TSX4901
SI¢ 112
CLA2U6

FCH 110
STQ 101
CLA 101
FSB 100
FOH 112
SIQ 100
CLA 100
TSX49C3

CLA 400
STG2U6
CLA 1)
STA2UG
2 12v15
TSX4925
LXD277=
CLA2UG

ANA 441
STo2U6
2 12Y47
TSXu9rh
4] 1
Y U6
TSXu93u
TRA X24

Y60
Y61
Y62

X00
X01
XC2
X03
X0y
X05
X06
X07

xiC
X11
X12
X13
X1y
X15
X6
X17

X20
x21
X22
Xx23
X24
X25
X26
X27

X30
X31
x32
X33
X3y
X35
X36
X37

Xuc
X4 1

X00
x01
x02
Xx03
X0u
X05s
X06
X07

& 2Y23
TZE Y4l
TRA Y24

& 831
SXDux33
SXD2X34
SXD 1X35
PAX1
CLA1SS
PAX 1
PDX2

TSXu302
ST0 100
LXA4L4CY
CLA4ZY
FOH AlS5
STQ 101
CLA 101
CAS 100

TRA X25
TRA X25
T 1yx23
Vo 1Ix2y
2 12x13
CLAIMI
ANA C20
LXDux33

LXD2X3Yy
LXD1X35
TRAY 1}
HTR

HTR

HTR

8 2X25
LDQYuZS

STQ AlS
TRA X26

8 832
SXDuxé63
SXD2X64
PAXY
1 1u4X05
CLAYMO
PDX2
STD Xu47



X1icC
A1)
x12
X113
X 14
X15
X164
x17

X20
x21
x22
X23
X24
X25
X26
X271

X 30
X31
X32
X33
X3
X35
x36
X317

Xul
x4
xu2
Xh3
X4y
X45
Xhé
xu7

XS0
x51
X52
X53
XS54
X55
X56
X571

X60
X6 1
X62
X63
Xo6u
X65
X66
xX67

X70
X71
xX72
xX73
X7
X75
X76
X717

ALS 1
STD X36
STD Xo67
ST0 X7
1 1uxi1s
CLAUMO

CAS A22
1 0ouxft3

TRA X67
6 12%xe67
T 1ux23
CLA A22
CASLMQ
TRA X2}

TRA X&67
CLA4MO

FSBULMO-
Sre BosS
CLA A22
ESBUMO-
FDH 805
STQ BOS
1 Oux37
CLAUMO

FSBLUMO-
LRS 43
FMP BOS
FADUMO-
STO Al4
CHS

sTQ 102
v 0u4xs0

CLA BOS
TZE X65
CLAUMO

FSBUMO-
LRS u3
F¥P 805
FADLUMO~
LDQ 102

LXDUXb63
LXD2X64
TRA4 1
HTR

HTR
CLALMO
TRA X57
1 oux70

STZ BOS
CLAXMO

TRA Xul
STZ 805
FOH A22
FMP UMD

TRA Xul
€ 2X45

Y00
Y01
Y02

X00
X01
X02
X03
X0y
XC5
Xx06
X07

x1c
X111
x12
Xt3
X4
Xx15
Xié
X117

X20
X21
x22
X23
X24
X25
X26
x27

X30
X3\
xX32
X33
X34
X35
X36
xX37

X490
A4
xu2

XQ0
X01
x02

XQ0
X01
X02
X03
X0k
X05
X06
x07

FAD A1l5
FOH Al5
TRA Xu6

€ 833
SXDUXy2
LXD4ASO
CLA4TY
PAXY
LXA2401
t 1uaxor
CLA2EC

CAS Al7
TRA X23
TRA X23
}o12xis
3p122x23
1 luxlé
cLa al7
CAS2€0

TRA Xx13
TRA x23
2 1ux23
CLAWTE
FAD Al6
STOLY6
CLAWUG
ANA i)

STG 100
LGQ A6
FMP Al6
FADu4LO
STOLUS
cLA 100
ADD L0}V
STA¥UG

LXDuXu2
TRAL 1
HTR

8 835
TSX4800
9 42x01

8 836
SXDux32
SXD1X33
LXA1400
LXA4UuO0)
CLA4HQ!
CAS AT
TRA X114

X10 TRA X1k
X111 14xi2
X12 3HO1uX1h
X13 16011x05
X4  LXA44CI
X15 1 11X16
X16 CLALGO)
X17 CAS AQ4

X20 TRA Xx2u
X21 TRA X2u
X22 1 14x23
X23 76014Xx15
X2u4 CLA D6+
X25 LDQ Al6
X26 TSXuB27
X227 LXDux32

X30 LXxD1Ix33
Xx31 TRA4 1

x32 HTR
X33 HIR
X00 & 837

X01 PSE lub
X02 TRA4 1

SOURCE ROUTINE:
POINT ISOTROPIC SOURCE O¥

MONOENERGETIC NEUTRONS

X00 8 850
X01 SXDuax25
x02 LXAuuQu
X03 CLABSO0O
X04 STOuAOQ0
X05 2 1ux03
x06 CLA S06
X07 STG AT

X10 CLA SO05
Xt1 ALS 22
X12 ST3 ASQ
X113 TSXu904
X4 LXA4u03
X15 CLALBOI
X16 STO4AOL
X17 2 1uxis

X2C STO AlO
Xx21 CLA s07
X22 STO Al6
X23 LXDuX25
X24 TRA4 1
X25 HTR

X26 = 800

x0C 8 857
X01 TSX4971
xC2 CPCLl1AQ

%03 cOC42A1

X04 CPC21A2
Xx05 CQOC42A3
X06 0PC31A4
X07 COC42AS

TTXIETCPC41AE T

X1l CCC42A7
X12 €PC5180
X13 CCC42B1L
xl4 CPOELB2Z
X15 0CC4283

%16 GPCTLB4

X1? CCC42B5

X20 CP1C186
x21 €0C4287
x22 CP111CO

Xx23 00042C1

X24 CP121C2
Xx25 CCC42C3
x26 CPLl31C4
X27 C0042C5

X30 CPl4lCE

X31 cCC42C7
Xx32 0P151D0
X33 €004201
X34 CPl6lD2

X35 €0C4203
X36 CPLT1D4

X37 €004205

X4C CP201D6
X4l C0C4207

X42 CA34110 __

X43 CA3411Il
X44 CA34112
X45 CA4€ELRO
X46 CA461R3
x471 CAS41R4

"XS5C CA231R5

X501 GA231R6
X52 CAS41R7
X53 CA541S0
X54 CA541S1
X55 GA54152

TTUTx56 CA241S3

X517 CA46154

X60 CA25155
X6l CA261S56

_ _Xx62 CAS541ST _ _

X63 CA261TC
X64 GA541T1
X65 CQC11T2
X66 CA261T3
X617 OAS54LT4




X7C CA26115
X71 Cgo21m0
X72 CQC31MmL
XT3 CUC41M2
X764 CQCS1IM3
X75 CuUC61M4
X76 CA461Y6
X771 CA47120

YOC CA47121
YOL CA54122
YC2 CA54173
v03 CDC3127
Y04 CA26124
Y05 CA26125
YC6 COL21EC
Y07 CBL2176

YIC CA462T7
Y11 CA461IR1L
Y12 CAS542R2
Y13 CDl21U6
Yl4 4A462U7
Y15 TSX4970

Yl6 + 4857

xoc 8 877
X01 PSE Vo4
X02 TRA XIS
X03 CLA A4l
X04 STO 110
X0S CLA Auy
X06 ST 111
X07 TSXu932

X10 CtLA 110
X1t STG A4
X12 CLA 111}
X13 ST0 Auu
X1h  TSXL3835
X15 CLA A37
X16 Ssus u01
X17 STO A37

X20 CLA AWOQ
X21 suB A2l
X22 ST0 A40
X23 TRA X4
x24 8 2X07
X25 TSXu933
X26 TRA X10

X27 = 850

X00
Xxo1
XC?
XC3
X0u
X0S
XCé
XCc7

X10
X1
x12
X3
X1y
X15
X6
X7

x20
X219
x22
X23
X24
X25
X246
X27

Xx30
X31

X00
XC1
X02
X03

X00
X0t
X02
XxC3
X0u
X05
XC6
X07

X10
X11
X12
X13

xCO
XC1
X02
X03
xXCh
XCS
X06
xa7

8
PSE

HTRY

9CC
164
1

TSX4973
0 611441

el NeReNoNoNoNa) o000

FOOOODODOOO

AD
A2
Ay

Ab
80
B2
By
86
co
c2
Ch

Ch
DU
n2
Dy
D6
£Q
T6
ué

LXDL4US?

TRA

8
ACL
FAD

Xg2

901
420
u2¢

TRAW 1

LDQ
MPY
STC
CLA
ADD
STA
CLA

ARS
ADC
FAG

9C2
C33
Aly
ALYy
A4}
L01
ALl
Allk

LR
col
40C

TRAG 1

204

SXOuxeu
TSX49C2

ADD
Fs8
CHS
STO

Bl
421

BQ2

TSXu902

134

X10
X11
X12
x13
Xy
X15
X116
X7

X20
x21
X22
xX23
X24
X25
X26
xa7

X30
x21
X32
X33
X34
X35
X36
X37

X0
X1
X42
X4 3
Xuy
xu5
X46
X471

XS0
X51
X52
X553
X5y
X55
X56
Xx57

X60
X61
X62
X63
X64

X00
X0
XC2
X03
X0y
X05
xX06
xQ7

ADD
FSB
CHS
STC

11
421

803

1SX4902

ADU
FSB
CHS

sTo
LCC
FMP
sTa
LDQ
FMP
FAC
CAS

TRA
NOP
sTa
LDC
FMP
FSB
CHS
FOH

STQ
CLA

L1t
421

804
803
B0O3
103
804
BOY
103
421

X007
103
BO2
802
421
103

103
103

TSX490C3

TRA
STO
LDQ
FMP
sT0

LDQ
FMP
sTe

X02
in3
803
103
BO3

804
103
BOu

LXALY403

572

810

LocuB8o1
FMPLAOL

FAD

STa

B10

810

2  1uXx55
LXDLX6H
TRAL ]

HTR

8

905

SXCux63
SXCiX6u
CLA2R?

STO

1ic

CLAZSO

sTo

107

CLA2SH

X10
X
X12
X13
X1y
X15
X16
X7

X20
x21
X22
X23
X24
X25
X26
X27

X30
X3
Xx32
X33
X3y
X35
xX36
X37

X40
X41
X442
X43
Xyy
X45
Xk 6
xu7

x50
X511
X52
X53
XS4
X55
X56
X87

X60
X61
X62
X63
X64

XCo
X01
X02
X03
XCy
XC5
X06
x07

STC 1C6
LXA4ASY
STZuz2
STZ423
2 luxi2
CLA CO03
§sTG222
LXALLO3

FAD 112
STC 112
2  14x22
FOH 111
FMP C03
STC 113
LDQ 113
FMP COU4

STo 114
LXA4403
LDC 113
FMPH 1Y
FACUAQN
STOL4AQL
LOCHAOY
FMPLAOY

sTckatlQ
LoC 114
FMPBI11)
FADMAOQO
STCLAUO
2 1uxu2
CLA AQS
STo AlIC

LXOuX63
LXD1Xx64
TRALY 3
HTR
HTR

8 90¢
SXDuXé60
STG x3C
STG X35
STC 62
PXD1
ARS 22
STC 61




X10
X1
X12
X13
X1
X155
X16
X117

X20
X21
X22
X23
X24
X25
X26
X271

X30
X31
X32
X33
X34
X35
X36
x37

X4 0
X4
xu2
Xu3s
X4y
Xus
Xu6
Xy

X50
XSH
XS52
XS 3
X5y
X595
X56
X57

X60

x00
xC1
XC2
X03
X0u
XC5
XCé
xQ7

PXC2

ARS 22
STQ 60
CAL X60
ARS 22
SUB 401
cowv

ANA 441

ST 63
CAL us7
ARS 22
SUB 401
COM

ANA 4yt
ST0 57
TSXL975

ONGCP

0 4lA4S

4 51 64
TSXL9T7Y

0 1

oNGP

0 WLI1A3S

4 51 64

TSXu923
TSXUSG25
CLA DIC
TZE X52
SUB 401
STG DIC
LA 40C
STC A42

LXD4 XA C
TRAL 2
TSX49/75
0 2
C guC
u 2
LXCULX40
TRAY 1

HTR

8 907
TRA X34
SXDuyYoo
CLA A0l
FSB2RT
ST M2
CLA A02
£5B82S0

X10
X117
X12
X13
X4
X15
X6
X7

X20
X21
X22
X23
X24
X25
X26
xX27

X30
X3\
X32
X33
X34
X35
X36
X37

X40
xu\
xXy2
Xu3
xuy
Xu5
Xué6
xu7

XS0
X51
X52
X53
XS4
X895
X56
X571

X60
X61
X62
X63
X64
X65
X66
x67

X70
X171
xX72
X73
X7y
X715
X76
X117

STC 113
CLA AO3
FSB82S1

STC 114
LXA4U03
STZ 110
LDQu 115
FMFI1T2

FAD1T2

STout2¢
FACI1T2

LRS 43
FMPU115
FAD 11C
STC 110
1 11X30

2 luxis
FACIT2
LXDuyY0O0
RAL 1
CLAIT2
STC 103
CLAIT2+
STO 1C2

CLAIT2

STO 101
rsSxugo7
STG 114
LXAWLO3
STZ 112
STZ 111
L0Qu12¢C

FMPLAOL
FAD 112
STG 112
LCCUI0Y
FMP4ATC
FAD 111
STe 11
2 1uxuv

LDQ
FMp
sTC
LDC
FMP
FSB
LXC&4YQl
TRAY 1

whONWE =

i
1
1
1
1
1

— et o —t o

30x20
20x22
30x31
2CxX4C
22X42
2X 34
SXDu4yYJd1
TRA X35

[o e IRV I « IR Ve ]
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YCo
Yol
Y02
Y03
YCu4
Y05
Y06
Y07

X00
X01
xX02
x03
X04
X05
X06
xQ7

x10
X111
X12
X13
Xy
X 15
xté
X117

x2¢C
xX21
x22
x23
X24
25
xX2¢
X271

X3C
x31
X32
X33
X34
X35
X36
¥37

Xuc
X4
Xu2
Xu3
xuy
xXus
xu6
Xuv

XS0
x51
X52
X53
X5y
X55
X5¢
X517

HTR
+TR
8
cLA
LogQ
STO
STQ
TRA

8
SLW

0

c
2X46
117
115
115
17
Xu7

G110
105

SXouz3v

SXD

1240

CLA2Z2

TZE
FSB
STC

TZE
TPL

x21
BO1
13

X12
Y37

CLA223

TZE
FS8
STC
TZE
TPL

TRA
CLA
TPL

Yu7
801
113
\CX4
Y37

Y47
A47
X3y

CLAZT?

TZE
STA
PDX
CLA

STA

X3u

x27
1

400

X31

TSX48C0

TRA
TRA
PXD
ALS

XTu
Yti

1
2

PDXu
CAL2Ty

SLW

110

ANALS 2

TZE

X52

TSxu9ni

S10
FAD

113
301

S10222

CLA

TVMI
TRA

113

Yu?r
265

LXAT400

CLA

AC1

FSBZRY

Stco
STO
CLA

101
1Cu
AQ2

X60
X61
Xé62
X63
Xé6u
X 65
Xb66
X671

X70
X7}
X712
xX73
XTh
X775
X176
X7

Y00
Yo
Y02
Y03

Y0S
Y06
Yor

Yic
Y1l
Yi2
Y13
Yiu
Y15
Y16
Yi?7

Y20
Y21
Y22
Y23
Y24
Y25
Y26
yor

Y 30
Y 3i
Y32
Y33
Y34
Y35
Y36
Y37

Y40
Yu
Yu2
Y43
Yuyy
Yus
YUué
Yuv

F$B2SO

ST10
CLA

102
AQ3

FSB2SI

ST0

103

1 T4X66
1 11x67
3 31205

caL

110

ANALS3

TZE

X65

TSXu912

TPL

Xr7

570222

TRA

Yu7

TSXU4903

CLA
sT0
FSB
FOH
STQ
CLsS
FsB
FOH

STQ
LDQ
CLA
TQP
TPL

400
101
112
(BB
103
101
112
[RR

10u
164
103
Y7
Y3y

S102122

TRA
TPL

sTQ
TRA
TLQ
ST0
STQ
CLA
Fa

Yu7
Y22

1CO
Y33
Y31
100
1C1
101
801

S102Z23

TRA
STQ
TRA
CLA
STO
FAD

Y33
100
Y26
100
113
BO1

ST106222

CLA

TZE
CAS
TRA
NOP
CLA
TZE
TRA

AS51

¥Yst?
113
Y53

A3}
Y75
Y71

LXD1Z40O




Y50
Y51
Y52
Y53
Y54
Y55
Y56
YS7

Y60
Y61
Y62
Y63
You
Y65
Y66
Y617

Y70

NN NN N NN
-t o b et st =
~ND>DUVNE LWL —-O

LXDuZ37

CAL

TRAY

CLA
ST0
CLA
sTe
CLA

STC

1C5

1
AS1
A31
Au3
A30
113

AS51

LXD1Z40

PXD1

ARS
STG

22
100

PXD2

ADD
ST0

TRA
CLA
CAS
NOP
TRA
CLA
STO

100
Al 3

Y50
113
A31

Yu7
13
A31

PXD2

STO
CLA
ARS
STA
TRA

A30
40

22
A30
Yyt

LXAT4C3

STZ
STz

160
112

LoQlign
FMP11CYH

FAD
510

100
100

LUQ1104
FMPLACH

FAD
ST

112
112

2 11210

LcQ
FMP
FSB

112
112
100

FAD2S2

TMI

X75

TSXu4903

CLA

Sin
FsB
KR LY
cLsS
FSY
STO
TRA
HTR

4Co

vl
112
1C3
101
112
104
Y

zuC
1
42
243
Zuy
Zhh
A Y4
u7

250
251
152
153
25k
155
PAST)
157

260
261
262
263
264
265
166
67

270

X00
XC1
x02
X03
X0u
XC5
X06
X071

x10
X111
X112
X113
xiu
Xx15
X16
X7

X20
X21
X22
X23
X2y
X25
xX26
X27

HTR
g

L XA
TRA
8

1T 1
E
CLA

CAS
TRA
NaP
MAM
STO
CLA
CAS
TRA

NGP
MAM
STO
LoQ
TRA
CAS
TRA
TRA

TRA

STZ
STZ
cLA
TZE
LDQ
EMP
STO

LDC
FMp
STC
CLA
TZE
LDC
EMP
FAC

STO
LDQ
FMP
rAD
STC
cLA
TZE

2206
4401

207
2217
4220
2Y11

103

cou
55

103
104
cou
263

1C4
104
Yi2
cou
Y37
Y47

Yuzv

911
R
13
2R7
X13
2R7
A0S
11

2R7
AO01
112

250
X25

250
AQS
111

11
283
AQ2
113
113
251
x37

LDC2s1

136

Xx30
X31
X32
X33
X3u
X35
X36
X317

X40
X4l
X42
X43
Xiy
X45
X46
Xu7

XC0
X0
X02
X03
xX0u
X05
X0¢
xXor7

X10
X1
X112
X13

X15
X16
X7

X20
xX21
X22
xX23
X224
x25
X26
X271

X30
X31
x32
X33
X34
X35
X36
X37

X 40
Xu 1
X2
X4 3
4y
X145
X4é6
Xy 7

FMP

AQT

FAC 111
STO 111
LDQ2s)

FMP AQ3
FAC 113

STG
CLA

113
113

FAC2S2

CHS

FOP

DCT

111

TRAL 33

STCQ

113

cLA M3

TRAY

8

i

912

3 11X13

CLA
FAD
STO
LDQ
Frp
STO

LDQ
FMP
TRA
CLA

All
A3
11
AQS
101
112

AOT
103
X3y
A2

3 21x25

FAD
STO
LDQ

FMP
ST
LDQ
Fhp
TRA
FAD
ST0
LbQ

FMP
S10
LDQ
Frp
FAD
s10

Al3
111
ACS

102
112
AQ7
1C3
X34
All
11
A0S

101
112
AC6H
102
112
112

LDQ1I1CY
FMP110Y

SIG

1co

LCQ110S
FMP110S

FAD

100

FSB2S2

STO
LCQ
FMP

100
100
th

x50
X51
X52
xX53
X5k

X0C
X01
x02
X03
XO0u
X0S
X06
X07

X10
X1
X112
X13
Xih
X15
X116
X117

X20
X2 1
X22
Xx23
X2y
X25
X26
X7

X30
x31
X 32
X33
X3y
X35
X36
x37

xuG
Xl
X482
Xu3
Xuy
Xus
Xu6
Xu7

X 50

sTo 160
LcQ 112
FMP 112
FSB 100
TRA4 1

8 913
STG 103
SXD2Y52
SXD1Y53
PDX2
CAL2RY
ANA COS
PDX1

CAL2TU
SLW 1Ch
ANA120
TNZ Y81
SXDUYS1
CLA ANu7
TPL X32
CAL2TI

T2E X32
SXD1105
PDX 1

STA X24
CLA 400
ACD 402
STA Xx27
TSX48CO

LXD1105
TRA X&4
PX01
ALS 2
PCX Y
CAL 1Ch
ANALS3
TIE X76

SIZ 105
CLA2R7
TZE Xu6
LCQ2R7?
FMP ACH
STO 165
CLA2SO
TZE X5u

LDQ?2S0
FMP AQ2
FAD 105
$TG 105
CLAZSI
TZ2E X62
LDQ2s1
FMP AQ3



X60
X6 1
X62
X63
Xoéu
X65
X66
X671

X7¢
X71
X712
X773
X4
X75
X76
X7

Y00
Y01
Y02
Y03

Y05
Y06
Yo7

Y10
Yii
Yi2
Y13
Yiy
Y15
Ylé6
Y17

Y20
21
Y22
Y23
Y24
Y29
Y26
A\
Y30
v 31
Y32
Y33
Y34
Y35
Y36
Y37

Y40
Yl
Y42
Y43
yuy
Yus
Yué
Y47

FAD 108
STG 105
CLA 1C5
FAD2S2

STG 105
CAL 104
BRS120

L0Q 105

TCP Y3/
LXD4YS)
LXD2Y52
LXD1Y53
cLA 103
TRAL4 1
STZ 105
CAL 104

ANAYS3+
TNZ Y10
CLA A02
F$B82S0
S10 106
LDQ 106
FMP 106
ST 105

CAL 104
ANAY4S3

TNZ Y22
CLA AQ1
FSB2RY

STO 106
LCQ 106
FMP 1C6

FAD 105
STG 105
CAL 104
ANAULS3

TNZ Y34
CLA AC3
FSB2SH

STO 106

LCQ 106
FMP 1C6
FAD 105
STIG 105
CLA 105
FSB2S2

TRA Xb6Uu
OGRS 121

TRA X711
ANAIZY
TZE Yu4S
LDQ uC!
TRA X72
LbQ €03
TRA X72
9 20vY11l

YS0
Y51
Y52
Y53

XcC
X01
x02
X03
x0u
X05
X0¢
X007

x10
X1
X112
X132
x4
x15
X16
x17

x20
Xx21
x22
x23
X24
X25
X26
xX27

x30
x 31
X32
X33
X34
%35
X3&
X317

xuC
Xu1
Xu2
Xh2
Xuy
xXu5
X4 6
Xy

x50
x51
xX52
X53

X55
x56
xS7

G 3Cv23

HTR
HTIR
HTR

8
TRA

91y
X34

SXD4YS3

CLA
S16
ST0
CLA
STO

cLA
STO

A0l
i
114
AQ2
112

AQ3
113

LXALLO3

ST1Z

115

LOQIT2
FMPYITY

STC

16

LDQ1IT2

FMPUT1S
FAD1T2

FAD
LRS

16
L3

FMPUITIL

FAD
SIG

115
115

1 11x30

2  1axly
FADIT2
LXDLYS3

TRAL

1

SXDuySu

CLA
STC
STO

CLA
ST
CLA
STO

ACH
Ty
117

AQ2
116
AQ3
115

LXAuuCl

STz
ST
S1Z

ST2

110
mm
112

113

LCQ1T2
FMPH120

ST10

101

LCo 172
FrPUlILY?
FADIT?2

FAD

101

137

X6C
X6 1
Y62
X63
X6u4
X65
X6¢
xX67

X710
X7
x72
X73
XTu
X75
X76
xXr?

YOO
Y01
YC2
Y03
YOu
YQs
YCé
Yo7

Yio
Yil
Y12
Y3
Ylu
Y1ls
Ylé
Y7

Y20
Y21
Y22
Y23
Y24
Y25
Y26
Y21

Y 30
Y31
Y32
Y33
Y3y
Y35
Y36
Y37
YuQ
Yul
Yu?
Yu3
Yuy
YuS
Yu6
Yuv

1

OCONO00

LRS

43

FMPL120

FAD
ST0

113
113

LCQ1T2
FMPLAOL

STC

101

LEQ T2

FMPLAOS

S16
FDH
STQ
CLA
FAD
LRS

1C2
422
103
101
102

43

FMPUAOY

FAD
STO
CLA
FAD
LRS

'
i
101
103

43

FMPLU120

FAD
ST¢

112
112

LCRIT2
FMPY117
FADIT2

LRS

43

FMPUAOY

FAD
ST0

i
ric

tivac

14yY55

CLA

113

FAD1T2

STO
CLA
FOH
STQ
cLA

FAD
STQ
LCQ
FMP
ST10
LCC
Fyvp
F<B

113
110
422

LXDLYSL

TRAY

WIrLWwOoO oW

1
X117
x21
X321
XS54
X56
X67

Y50
Y51
Y52
Y53
Ysu
Y55
Y56

xcce
X0t
X02
X03
X0u
x05
X06
x07

X1C

x17

x20
x21
x22
x22
x2u
X25
X26
x27

x3C
x31
x32
X33
X34
X 35

xX37

Xu0
X4
xXy2
Xy 3
Xy
xX45
Xu6
xu7

x50
xX51
X52
X53
X5y
X55
¥56
XS7

9 3 vyiIC
9 6 Y12
9 6 Y22
HTR

HTR
7 3ux51
TRA Y21

& 915
SADLZT3
SXDVZ7h
CLA AN7T
TPL Y57
CAL2T}
TZE Y57
PCXI1

ANA 441
sLe Co6
TZE X57
CLA AQ1
FSB2R7
STO 110
CLA AD2
FSB2S0

STO 167
CLA AO3
FSB2S1

S16 1066
LXAuNH01
STZ 111
STZ 112
LDQ1IT2

FMPUTTI
FAD1T2

Sto 100
LDO 10C
FMPUAOY
FAD 111
STO 111}
LCa 100

FMP 1C0
FAD 112
STG 112
1 11Xu4u
Poiuzes
TSX4903
TRA 751
ST6 100

CLA I
FDH 100
SIQ 101
CLA 1O
LXDuz73
LXD1Z74
TRAW 1
LDQ1IT2




X60
X61
X62
X63
Xo6u
X65
X66
X671

X70
X7
X72
X73
XTh
X715
X176
X17

Y00
YO0l
Y02
YC3
YOou
Y05
Y 0o
Yo7

Y10
A\RR!
Y12
Y13
Yiy
Y15
Y16
Yi?

Y20
Y21
Y22
Y23
Y24
Y25
Y26
Y27

Y30
Y31
Y32
Y33
v3u
v35
Y36
v37

Yuo
Y4l
Yu2
Yu3
Yul
Yus
Yu6
Yuv

FMP 422
LRS 43
FMP AQ1
STG@ 1CO
LCQIT2

FMP AD2
FAD 100
ST 160

LoQir2

FMP AOQ3
FADIT2

FAD 100
ST 101
LoQ 101
FMP AQS
STO 11}

LoQ 1CY
FrP 101
S10 112
LCO1T2+
FMP 422
LRS 43
FMP AQ2
STg 100

LDQ1T2
FMP AQ1
FAD 100
ST0 100
LDQIT2
FMP AOD3
FADIT2
FAD 1CO0

STO 101
LDQ 101
FMP AQ6
FAD 111
ST 111
LDQ 101
FMP 101
FAD 112

ST10 112
LbQI1T2

FMP 422
LRS 43
FEMP AO3
ST1o 160
LCQiT2

FMP AQ2

FAD 100
STo 100
LDQ1T2
FMP AQ1
FAD1T2
FAD 100
ST 101
LoQ 10}

Y50
Y51
Y52
YS3
YSu
Y55
Y56
Y57

Y6C
Y61
Y62
Y63
Yoéu
Y65
Y66
Y67

Y70
Y7l
Y72
Y73
YTu
Y75
Y76
Y7rv

200
z01
202
203
704
205
06
07

Z10
Z11
212
Z13
214
215
216
ra N

220
221
122
123
124
2%
226
227

230
z31
232
33
734
235
1358
137

FMP AO7
FAD 111
ST16 111}
LoQ 1C1
FMP 101
FAD 112
TRA X45
CAL2RY

ANA CO05
ALS 2
PDX 1
CAL2TY
ANA1S3
TZE 214
LDQ2R7
FMP A0S

ST 111
LCQ2R7?
FMP2RT
STo0 112
LDQ2S0
FMP AQ6
FAD 111
sSTe 111

LDQ2S0
FMP 250
FAD 112
STG 112
LCQ2s1
FMP AQ7
FAD 111
STG 111

LDQ2s1
FMP2S1
FAD 112
TRA X45
sz 11
CAL2TY
ANA 1S3+
TNZ Z25

CLA AQ2
FSB2S0
LRS u3
FMP AD6
ST 111
CAL2TY
ANA 1S3
TNZ 136

CLA AQ?
FSB2R7
LRS 43
FMP ADS
FAD 11
STe 111
CAL2TH
ANA1S3

138

Zuc
41
242
243
4y
245

Zu7

Z50

XCC
X01
X02
XC3
X04
X05S
X06
X07

X10
X111
x12
x13
X4
X115
X16
X117

TNZ Zu7
CLA AQ3
FSB2S1

LRS 43
EMP AOQ7
FAD 11}
STa 111
CLA2S2

TRA Xu5
CLA 155
TSX4906
HPR

TSXu4877
941
X31
Xéu

Yoo

X70
X72
Y10
Yy
Y16
Y31
Y36
Y42

ODONOVONnO

Yuy
226
37

wWN© NMENSNFWOWUM [V RTY

O 00

HTR

HTR
7 3ux27
TRA X45

8 920
CLAIRC
POXY
LCQ Al7
FMP AI7
LRS 43
FMPYT2
STG 100

LDQ A7
FMPLT

FAD 100
FADYIO

LXD4457
TPLY ]
CLA CY7
TRAY 1

X00
X01
X352

L3
XG4
XGo
XCo
X0

X10
K1l
X12
X1l3
Kl4
X15
X16
X17

X20
X21
x22
X23
K24
X25
X26
X217

X3¢
X31
X32
X33
X34
X35>
X36
X317

X40
X41
X42
X443
X&4
Xab
X4o

X00
X0l
x02
X043
X04
X05
X0o
X07

X106
X1l
X112
X13
Xl4
X15
X16
X17

8 221
MSE 141
TRA XO05
PSLE 14l
TAg 1
LXC4A42

70034X35
LXC4457

TRA X03
SXD2X34
LXA2C22
1 la4Xxl4
CLACADQ
STG4l7
2 12X13
1 14X20

CLA AS0
Si1ualr
1 14x23
CLA AG2
STu4sL?
1 14X26
CLA A43
STC4l7

SXD4A42
LXC4457
LXCZX34
TRA X43
HIR

MSE La4
TRA X11
P>E l44

CLS AL7
STO ALY
TRA X11
CLA ALT
SsP

STO Al7
fRA4 2

8 222
SX0D2X34
MSE 141
NCP
CLA A42
ARS 22
TlEG )
sus €23

ALS 22
STID A42
PLX4
LXA2C22
1 14X15
CLA4ZLT
ST02A00
2 12X14



x20
x21
X2¢<
X233
X24
X295

X27

X330
X31
X32
X35
X34
X35
XJo
X37

X40
X4l
A4l

X00
X0l
XJ2
X03
X04
X05
X06
XQ7

X10
X1l1i
Xl2
X13
Xl4
X15
X116
X117

X200
21
x22
X23
X24
X25
X26
X217

X30
X3l
X32
X33
X34
X35
X36
X317

1 24X21
CLAG2T-

SI10

AS0

CLAGZT

STC

A62

CLA4ZT+

ST0
SSM

STQ

A43

A32

LXC 4457
LXD2X34

1RA
HIR
CLA

TPL4

Sse

ST0
PSE

TRA4

X35
Al7
2

ALT
144
2

923

SXD4Xa4

CLA
ARS
STC
CLA
Siz
STA

ARS
Sfo
CLA
STO
STZ

oo

2

2

2

4

coQoOCOC

SsSO00C

CLA
ALS
ACL
STO

A43

22
A32
ASC
AS3
AS3

22
AS50
A44

77
A44

TSX4974
3

945

621A00
131800

301130

Yo

x40

X44

X00
X01
x02
X03
xX04
X05
X06
XQ7

X900
Xul
X062
X03
XC4
X05
X06
X07

X10
A1l
X112
X13
X1l4
X15
X16
X117

X20
X21
X22
X23
X24
X25
X2¢
X271

X30
X311
x32
X33
X34
X35
X36
X37

X4U
X4l
X42
X43
X44
X450
X46
X4l

0

8

[ Xay

CoOCCOOQO0 COCO00CO0OO0

[oNeloRolaNoNeoRal

cLA
sTo
LA
TRA
HIR

77
A44
4X44
4 1

924

PXD4

LRS
CLA

65
X07

TSXusC6

HPR

Tsxus7r7

SX0
CLA
ARS
STO
CLA
S12Z
STA

ARS
STC
cLA
STO
STZ

955

925
4X61
A43
22
A32
ASC
AS3
AS53

22
AS0
A4

77
A44

TSX4974

2
62
2
13
2

1
950

951

1ACO

1000

O
T6

139

X50 4 Lo
K51l CLA A50
Xb2 ALS 22
X53 ACL AS53
X%4 ST1G A50
X5 CLA 77
X6 STO A44
Xb7 LXDaxél
X60 TrAs 1
X61 HIR ¢
X00 & 926
X01 PSE 165
XC2 TRA4W 1
X03 SXDux36
X04 STC 51
X05 STC 50
XC6 LXALLO3
X07 CLALDOU
X10 CASuLA3¢
X11  TRA X32
X12 NOP

X13 2  14x07
X4 CLA X3¢
X15 ARS 22
X16 SuB 401
X17 cov

X20 ANA 441
X21 ST0 52
X22 TSX49T7Yy
X23 0 2
X2u4 0 U6
X250 2

X26 4 31 53
X27 PSE 163
X30 TRA xu(C
X31 TRA X37
X32 LXCux3e¢
X33 CtLA S1
X34 LDQ 50
X35 TRAY 1
X36 HTR

X37 TSXu925
X40 TSXu923
X4l TRA X32
X00 8 927
X071 SXDuxuQ
X02 sSTQ 106
X03 FMP B1O
X04 STO 101
X05 LDQ 100
X06 FMP 160
X07 FAD 421

X10
X111
X12
X13
X1y
X15

X117

X20
X21
xX22
x23
X24
X25
X26
X27

X30
X31
X32
X33
X34
X35
X36
X37

x40
Xu1
X42
X4 3
Xuy
X45

X00
X01
X02
X03
X0u
X05
X06
X07

X10
X1
X112
x13
Xy
X15
X16
x17

X20
X21
X22
X23
X2u
Xx25
X26
X271

FAD 101
FAD 101
TSXU903
TRA X4l
STO 101
LXA4403
LCQ 100
FMPUBO1

FAD4AOY
FCH 101
STQLAGY
2 1uxie
CLA 101
FBH2T3

sTQ 101
FMP A22

ST3 102
LDQ 101
FMP 1C1
LRS 43
FMP AT
LDQ 102
LXDuX40
TRAL ]

HTR

CLA XuS
TSX4906
HPR
TSX4U877
0 941

8 930
SXDuUXuy
SXD2Xu5
SXD1x4é
ST@ 102
CLA BO6
TPL X32
TSXuxXyv

ST0 103
CLA B80S
TNZ X20
CLA 103
LXDuXllh
LXD2Xu5
LXDiX4é
TRAL 1

CLA BO7
TPL X4
TSXuXu7
STO I1C4
CLA 104
FSB 103
LRS 43
FMP BOS




X30
X31
Xx32
X33
X3y
X35
X36
X37

x40
xu1
Xu2
X43
Xuy
Xus
Xué
xu7

X50
Xx51
X52
X53
X54
X55
X56
Xs7

X6C
X61
xX62
X63
X6u
X65
xX66
X617

X70
XT1
X712
X73
XTh
X7S
X76
X717

Y00
Y0l
Y02
Y03
YOu
Y05

X00
X0l
X02
X03

X05
X06
xC?

FAD 103
TRA X1i&
CLA BO7
TPL X37
LCQ u2)
STQ 103
TRA X1
CLA u2)

TRAL 1
CLA 42}
STG 104
TRA X25
HTR
HTR
HTR
PAX1

PCX2
ANA C21
TNZ X175
CLAIM2
CAS 102
TRA Xé61
TRA X61
1 11x60

1 12X53
CLA 102
FSB 1M2~
STG 105
CLA IM2

FSE IM2-
SIC 1C6
CLAZM2

FSB2M2~
FDH 1C6
EMP 105
FAD2M2~-
TRAL
CLAIM2

6 12Y05
S10 105

1 11v0l
LCQ 105
FMP 102
FAD 1M2
TRA X764
TRAW 1

8 931
TSX4977
0 2 7
(2012X34
G2022X35
€203277
G2042A0
U2052A2

X110
Xtt
Xtz
X1l3
X1l4
X15
Xle
X17

x20
X211
K22
X23
X24
X29
X26
Xeil

X 30
X3l
X352
X33
X34
X3
X36
X37

xCo
X01
x02
X03
XCh
X005
X06
xG7

X10
X11
X12
X13
X4
X15
X16
X117

X20
x21
Xx22
Xx23
X2y
x25
X26
X27

x30
X31
x32
X33
X34
X35
X36
x37

C2C67A4
6207246
€210280
ca2l12s82
G212284
czl3286
0214¢C0
c2152L2

©2162C4
02172C0
€22020L0
c221202
0222204
J2232D06
(224210
02252716

4226206
WlF 7
RUwW 7
TRA X36

U 62 A2

¢ 10 vl10
LXD4457
TRAG )

8 932
REW 7
fSX4977

0 1 7

0A3¢1R0

01011R 1

01021R3

C1031Ry

0104 1RS
01051R6
01061R7
0107180
0110181
0111182
01121S3
oti3isy

011I81SS
0115186
Gl1161s7
0117170
0120171
01211712
01221713
0123174

0124175
01251M0
0126 1M1
01271M2
01301M3
01311My
41321951
PSE 164
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x40
X411
Xu2

X4k
xXus5
X4k 6
Xu7

x50
Xx51
X52
x53
X5u
X55
X56
XSt

X60
X611
X62
X63
Xoéu
X65
X66
X67

X70Q
X71
X712
X713
XT4
XTH
X1o
X77

Y20

Y02

x00
x01
x02
X03
X0y
X05
X06
X007

x1c
Xt
xX12
X13
X4
X115
X16
X117

TRA Xuy
REA 7
LXDUyS?7
TRAY 1
TSXu977
0 2 [4
42011v02
CLA Au4C

TZE xul
TSXUQ77
0 7
02021Y01
0203127
020u41A0
02051A2
02061A4

02071A6
021C180
0211182
€212134
0213186
02141C0O
02151C2
02161Ch

C2171Cé6
0220100
0221102
0222104
C2231D6
02241E0
0225176
4226106

TRA X4l
0 10 ulo
C 62 A62

€ 933
SXDuXe63
CLA DC2
ST10 A27
CLA DO3
ST Au2
LXALASH
CALURY

ANA 442
STo 101
CALURY
ANA 441
TZE X70
CAL Xb66
ANA L4
ACL X6u

x20
x21
X22
X23
X2y
X25
X26
x27

X30
X31
X32
X33
X34
X35
X36
xX37

Xuc
Xul
X42
Xh3
Xhu
X45
Xhé
xu7

XS0
X51
X52
X53
XSy
X55
X56
X57

X60
X61
X62
X63
X 6L
X65
X66
X67

X70
X7T1
X72
X73
X74
X75S
X176
X7

Y0C
Y01
Y02
Y03
You
Y05
Y06
Yo7

ACL 1C)
SLWuRY
CALYS?
TZE XT72
STA X25
CAL 0
TNZ X35
SXD4100

CLA X67
TSXU006
HPR
LXD4100
TRA X4Q
ANA 441
ACL Xobu
SLWLST

2 1u4xov
LXALAUG
CALLSY
TZE X744
STA Xu5
Cat 0
TNZ X55
SXD4100

CLA X67
TSX4906
HPR
LXD4100
TRA X60
ANA 441
ACL X6u
SLWusSh

2 1

LXy2

LXDUX63
TRAY 1
HIR

TRA 0

TRA

4 2

TSX4905

CAL
TRA
CAL
TRA
CAL
TRA
€
CLA

ST
CLA
STC
CLA
STO
CLA
STa
LCQ

w7

X65
X20
X65
X37
X62
X57
2X05
KOl

col
K02
cis
K03
c21
KOuW
C33
K05



Yic

Yi2
Y13
Yy
Y15
Y16
Y7

Y20
Y21
Y22
Y23
Y24
Y25
Y26
Yo7

Y30
Y31
Y32
Y33
Y3y
Y35
Y36

STQ
CLA
TNZ
STQ
TRA
8
CLA
STA

CLA
STA
CLA
STo
STC
TRA

C3ih
A37
X06
Aly
X06
2X03
X31
Y23

Y26
Y24
Y27
0
0
Y30

TSX4924

NOP

LXAL4AYSG
CLAYYS

TZE
ALS

Y35
41

GRS4RO
2 tuy3i

TRA

XQou

14

X00
X0l
Xu2
X033
AQ4
X035
X0o
X917

A10
X1l
X12
X1i3
X1l4
X115
Xlio
X117

X2C
x21
X2¢
X23
X24
X25
X26
X271

X3u
X3l
X32
X33
X34
X35
X3o

8 734
Ril 7
TSX4977

¢ 2 7

G2011X35

C2C21X36

0203127

02341A0

G2051A2
c2061A4
207146
¢210180
c2l11182
0212184
0213146
C2141C0

C2151C2
(21614
c2171C6
€220100
C2211v2
0222104
C2231UL6
C2241c0

02251716
4226146
ReW 7
LX0D4457
TRA4 1
G 02 AL2
0 10 BlO




V - ORDER OF DATA ON PROBLEM TAPE

RO
R3
Rh
R5
R6
R7
S0
S1
se
S3
sy
85
S6
57
TO

SN

3
w

B 8 & %2

2



M3

M4

R951 (Problem identification remark)
(End of file)
AOO

BOO

z7

AO

A2

AL

A6

BO

B2

BL4

B6

Cco

c2
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EO
T6
U6

(End of file)

1k



APPENDIX E: INITIATING CODES MCA, MCB

I - CARD LABEL CONVENTION
Col. 73-Th: usual FLOCO labeling (X0-27)
T5-T6: XX for formula 8XX or 9xX

T7: blank for formula 8XX
9 for formula 9XX

78-80: code label MCA or MCB.
II - CARD LOADING ORDER OF INITTATING CODE MCA

(Number of cards in parentheses)

1 Advance NBA (card label 1 MCA)

2 AOO (3): Same as for Monte Carlo MCS

3 BOO (1): Working storage space reserved
in Co0 (5): Constants

5 DOO (2): Size parameters (see V below)
6 FoOO (1) ‘

7 Joo (1)

8 Koo (1) } Space reserved

9 Q00 (1)
10 ROO (1)
11 Advance NBA and record origins (card labeled 2 MCA)
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12
13
14
15
16
17
18
19
20
21
22
23
24
25
26
27
28
29
30
31
32
33

35

Remark cards: R930-942 (R932 PREPARED BY USER)
Load instructions 860 (card labeled 4 MCA)
FE860 -- Data assign code (9)

Load instructions 906 (card labeled 5 MCA)
F906 (5)

F905 (1)

¥oo1 (1)

F903 (9)

F9OT7 (i)

Folh (L)

F913 (10)

¥855 (2) (labeled XO CRC MCA)

F8oo (2)

¥801 (5)

F802 (19)

F805 ()

F803 (11)

Féok (9)

F806 (25)

F830 (3)

F831 (1)

Fe32 (9)

F833 (1)

F83h (1)
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36
37
38
39
Lo
L1
4o
L3
LYy
45
L6
k7
48
L9
50
51
52
53

55
56
o7
58

1835 (1)

r836 (5)

837 (2)

#8610 (25)

FO1L (14)

F811 (12)

F812 (3)

¥813 (3)

Fe15 (7)

7816 (5)

F817 (5)

F820 (6)

Load instructions 865 (card labeled 6 MCA)
F865 (6)

Load instructions 850 {card laebeled 7 MCA)
850 (9): ¥FLOCODE

Transition card (lebeled 8 MCA)
SURFACE CARDS: (see pg. 53)
Transition card (labeled TR CRC MCA)
CELL CARDS: (see pg. 54)

Transition card (labeled TR CRC MCA)
ELEMENT CARDS: (see pg. 56)

MATERIAL CARDS: (see pg. 56)
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III - REMARKS CARDS FOR CODE MCA

930 Error

931 Initiate problem -- GMC 1

932 Problem 18. MA Spectrum -- (10/20/62). Tape 3
933 Cell boundaries -- A -- T -- M -- RHO

934 Element list

935 Materiel] data

936 Problem date blocks

937 Q00 data

940 Initiation completed -- Save tape AO6

okl Depress sense 3 to print input data

g2 A <~ J -- No cells across J from A




Xx00
X01
X02
X03
X0u
X0S
X06
X07

X10
X
x12
X13
X114

X00
X01
x02
X03
xXou
X05
X06
X07

X10
X1
X12
X13
X1y
X15
X16
x17

Xx20
X21
Xx22
Xx23
X24
X25
X26
x27

X30
x31
X32
X33
X3y
X35
X36
X37

x4 C
x4
X42
Xh3
Xhy

IV - FORMULA SET OF INITIATING CODE MCA

8 8C0
TSX4974

0 1

0 931

0 932

y 2
TSX4975

o 1

¢ 931
C 932
y 2
LXDLuST
TRAY 1

€ 801
SXDu 77
CLA CO1
SUB AS4
TPL XO7
CLA 4ol
T3X4906
CLA CQ2

SUB Alué
TeL xiu
CLA k02
TSX4906
CLA CO03
SuUB A25
TPL X21
CLA 403

TSX49C6
CLA CO4
SUB A26
TPL X26
CLA 404
TSX4906
CLA CO5
SuUB Al5

TRA X33
CLA 405
TSX4906
CLA CO03
SUB A3y
TPL X40
CLA %06
TSX4906

LXDY 77
TRAY 1
8 2X01
LXA1&Q0
TRA Xx02

X00
X01
X02
X03
X0y
XG5S
X06
xXo7

x1C
X1}
x12
X13
X4
X15
X16
x17

Xx20
x21
X22
x23
X24
x2S
X26
X27

x30
X31
X32
x33
X34
X35
x36
X37

Xuo
Xu 1
Xu2
Xu3
Xul
Xu5
Xhé
Xu?7

X50
X51
X52
X53
X54
X585
X56
X57

X60
Xé1
xX62
X63
Xou
X65
X66
X67

g

802

SXDu4 77
CLA AS4
STO BO1
STZ 802
LXA 1401
CLAAD
PAX2

STA Xx21
TASH2X1Y
CLA 407
TSX4906
CLA2TY

TZE X20
CLA CO6
ISX4906

LDQ 401

RQL

0

STQ2Ty
LXAL4LO01
CLAIAD
SUB C23

TMI

X30

1 14x25

SXDLY63

PXDYy
ALS

STD

2
X70

1 11x35
CLATAQ
sSTg2s7

1 11x40

CLAIAQ+

ST0

B804

CLAYAQ

PAXY

TRAYXSS

TRA
TRA
TRA

TRA
TRA
TRA
TRA

Y25
Xt6
XTu

X617
X67
X671
X67

1 31x55
CLAlAQ-
STO2R7
CLAIAD

STG2S0
CLATAO+
$T102351
1 31xéu
CLA1AC-
ST02S2
TRA Yl
IC244x70
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X70
X71
X72
x73
X7y
X75
xX76
xX77

yocC
Y01
Y02
Y03
YOou
Y05
Y06
Yo7

Y10
Y1i
Y12
Yi3
Yy
Y15
Y16
Y7

Y20
Y21
Y22
Y23
Y2h
Y25
Y26
Y27
Y30
Y31
Y32
Y33
Y34
Y35
Y36
Y37

Y40
Yul
Yu2
Y43
Yy
Yu5s
Y4é
Yu?

Y50
Ysi
Y52
Y53
YSu
Y55
Y56
YS7

1 0uxri
CLA2TA
GRSLS3
TRA XS4
STO2RY
1IC25u4X70
CLA C26
ST02T1Y

SXD2803
CLA 802
sTD2T
PCX2
LXALLOT
1 21v06
CLAAO
sTg272

o2yl
1 11y)2
2 14Y06
SXD2B02
LXD2803
CLAAQ
STO2R7
CLATAQ+

$TO2S0
1 31va22
CLATAO-
sTg2si
TRA Y4u
CLA C27
Ste2Ti
SxD2BG3

CLA BO2
SiD2T1
PDXx2
LXAU4C 10
b 21v35
CLATAQ
$10272
T 12vu40

T 1ivyl
2 14Yv35
sSx02802
LxD2B03
CLA Y63
STD2RY
CLA1AO

PAXY

TA46HYSS
SXD4 150
CLA CO7
YSX4906
LXDW 150
CLA1AQ
LXAUWALT

& tyve2

Y 60
Y61
Y62
Y63
Y 64
Y65
Y6é
Y671

Y70
Y71
Y72
Y713
Y?h
Y75
Y76
Y77

200
201
102
203
204
05
706
207

z10
PR
z12
213
Zln
215
216
27

120
121
122
223
124

X00
X0t
x02
X03
X0u
X05
X06
xXov

X110
X1
X112
X13
X4
X15
X16
X117

ADD1AQ
2 1uveé60
PAXY
1 Obyéu
CAL2TY
GRSYRS
1 11v67
CLA 804

SuB 401
STO B8Ok
TNZ Y46
CLA B8O}
SuB 401
ST0 801
TNZ X06
CLA 802

ARS 22
STO Q01
LXOu 77
TRALW 1
8 2Y75
ID031Y76
CLA Cl4
TSXU4906

TRA Y77
8 2X04
CLA 415
STO BOZ2
TRA X05
8 2Y717
STD 12+
pPDX1

70161200
CLA Cu2
TSX49GCo
CLA 802
TRA 700

8 803
SXDOh 66
CLA AUub
ST0 BO!
LXAT401
CLAIAO
PAX2

TAU62X12

CLA CO7
TSX4906
T VIxX13
CLAYAQ
PAXY
STO2R3
TA254X21
CLA CI0



Xx20
X21
X22
X23
X24
X25
X26
x27

X30
X31
X32
X33
X34
X35
X36
x37

x40
Xul
X2
xu3
Xuy
X45
X468
Xu47

X50
X51
x52
x53
X54
X55
X56
XS7

X60
X61
X62
X63
Xé4
X65
X66
X67

X70
X7
X72
x73
X7y
xX75
X76
X717

Y00
Y01
Y02
Y03
YOu
Y05
Y06
Yo7

TSXu906
1 11X22
CLATAC
PAXY
ALS 22
STG2R0O
TA34L X3
cLA C1)

TSXu4906
T 11x32
CLAIAQ
NGP

TZE X2
NGP

STA2RQ
TMI Xuy

CLA C31
TRA X443
CLA C30
ORS2R0
T 11Xus
CLATAD
STO2s4
b 11X50

LXALYHO01
CLATAD

STOuLAQD
1 11xX54
70024Y13
CLATAQ

ARS 10
ALS 10

ORS2R3
TSX480%
ACL An7
PAXY
LXAZ2AUT
CLA220
STOuURG
2 14x70

2 12X65
1 11x72
CLA 801
sSuB 401
Stg 801
TNZ X05
LXOkL 66
TRAY )

8 2X60
TRA X6t
CLA1AOQ
ALS &1
ORS2R0
TRA X61

8 2X7u
MDO31X7H

yic
Y
viz
Y13
Yis
Y15
Y16
Yi17

Ya2cC
Y2l
Y22
Y23
Y24
Y25

Xx00
X01
X02
X03
X04
Xx05
X06
xo7

X110
Xt
X12
x13
Xtk
X15
X16
x7

x20
X21
x22
x23
N2y
X25
X26
X271

x30
x31
%32
X33
X3u
X35
X36
X37

Xuo
X4l
X2
Xu3
xuy
X45
Xu6
Xu7

CLA C15
TSX4906
TRA X76
1€014X5]1
8 2X52
CLALY2S
STA Y20
CLATAQ

ST822C

TRA X53
$T0222

ST0221

513223

HTR

8 80u
SXDuyYQ7
TSX4Q7Y4

0 1

4 933
CLA O
STa 153
LXATAWT

1T 11X
LXA4153
CAL4R3

SLW 150
ANA C33
SLW 151
CLAURO

ANA 442

ARS 22
ST6 152
STZ 154
TSXU9TH
0 2
4 S1155
LXA24C1
CAL2TYH

ANA 1RS
TZE XTI
ANA IR6
TZE X37
pPXD2
sSSP

TRA X1
PXD2

SSM
ARS 22
STa 160
CLA2R2
ADD 153
PAXY
CLA4KRI
CLM

150

X50
Xx51
x52
X53
XS4
X55
XS56
X57

X60
X611
X62
X63
xé64
X65
X66
X671

X70
X7
X72
X713
X7u
X75
X76
X777

Y00
Y01l
Y02
Y03
YOu
YG5
Y06
Yo7

X00
X01
X02
X03
X0u
xX05
Xx06
X07

x1C
X11
X12
X13
X4
X15
X1é
X17?

Xx20
xa1
Xx22
x23
K24
X25
X26
X27

STO 157
CLALR]
SSP

LDQ 400
LRS |4
RGL 15
STQ 154
LDQ 400

LRS 14
RQL 15
STQ 155
LCQ 400
LRS 12
RQL 13
sTQ 156
TSX497h

4 51161
1 12X72
3ABU2XT6
CLA2TY-
TPL X27
1 11xaer
CLA 153
ADD k01

STG 153
CAS AMO
TRA YOS
NGP

i X
LXO4YO7
TRAY 1
HTR

8 805
SXD4 63
SXD2804
SXD1 61
LXA4ALT
CAL BOU
STZ420

6  1ux13

ACL B804
SIZuz0
2 14Xt
SLW 60

POX1
MSE 142
NJP
LXA2401

CLA 401
ST 803
CAL 402
SLW 100
1 11x25
ANAIRS

TZE X35
TSXu913

X30
X31
x32
X33
X34
X35
x36
X37

x40
Xkl
Xh2
Xu43
Xuy
X45
Xué
Xu7

xS0
X511
X52
X53
XS54
X55
X56
XS57

X60
Xél

X00
X01
X02
X03
X0u
X05
X0¢
X07

X10
X1
X12
xi3
Xy
X15
X6
X117

x2¢C
Xx21
xX22
X23
X24
X25
X26
xX27

CAL 1CO
LXAKBO3
TCP X34
TRA X35
ORS420

1 12x3¢6
3A542X5L
MSE 142

TRA Xuéb
CLA BC3
ADD u01
STO BO3
CAL 401
TRA X23
CAL 100
ALS i

SLW 100
TNG X25
PSE 142
TRA X25
LXD1 61
LXD280u
LXDY4 63
cLa 60

ARS 22
TRAL 1

8 8C4
SXDuLX3%
SXD2X36
SXD1X37
LXD4R2#
STZLR1

2 14X05
LXAI4O1

CLA Au7
SLW 121
LXA2ASY
LOQ2RY

LGL 14
CLA 400
LGL 6
ADM 121

PAXY

CAL2TY
ANALRS
TNZ Xu0
2 12X13
cLA 121
ADM A47
1 11x30



X30
X31
X32
X33
X34
X35
X36
X37

Xu0
Xu1
xX42
Xy3
Xuh
Xu5
Xhé
Xu7

XS0
X51

Y00
YC2

Y03
YOu

Yo7

TAR61IX11
LXDU X3S
LXD2X36
LXD1X37
TRALW )
HTFR
HTR
HTR

ANAURS

TZE Xu6
CLA 411
ALS 7
SLw 122
TRA Xu47
STZ 122
LXAUALG

STZuys6
2 1u4xso
STz 123
PXD1
ARS 22
STO 1290
ADD2R 2
STO 124

LXAT4O1
CAL AnT
STG 125
ACL 126
PAXY
CAL2T4
ANAYRS
TZE YOu

ANAURS

TZE YC2
CLA 122
TNZ YOu
CLA 125
STO1Y6

cLa 123
ADD 401

ST0 123
TRA YOUu
CLA 122
THZ XTu
cLa 125
ATM ALY
1 1livor
TALL61X62

CLAa 123
TNZ Y23

Y23
Y21
Y22
Y23
Y2h
Y25
Y26
\vaé

Y 50
Y31
Y32
Y33
Y3y
Y35
Y36
Y37

Y4 C
Yu
Y2
Y43
Yay
Yus
Y46
Yy?

Y50
Y51
Y52
Y53
Y54
¥SS
Y56
Y57

Y60
Y&l
Y62
Y63
Yéu
Y65
Y66
Y67

Y70
\ZA
Y72
Y73
Y74
Y75
Y76
Yry

200
201
202
203
Z0u
205
206
207

c 21121
4 3
TRA Y37
S4yB 401
TNZ Y4
LXALALG
CLAUYO
TNZ Y31

2 14y2s
PXDY4
ARS 22
STA 122
LXAL 124
CLA 122
STOUR]
LXA112C

TRA X24
SuB 401
TNZ Y67
LAAWALSL
CLALYE
THZ Yu7?
2 Tuyuy
P AKD4

ARS 22
S10 160
2 14zrs
SXDL100
Ci.LA 100
T3X4903
TRA Y62
ORA 122

ST0 122
TRA Y3y
TSXLZ05
STA 122
ANA 442
ALS ]
TRA YS7
TSX4Z05

STO 125
TSX4903
TRA Y75

TRA Y57
CLA 125
STA 122
ANA 442

TRA Y65
€ 2X16
STO 126
TRA X17
SXDL2ZTy
LXA1120
LXALALS

151

126
27

130
Z31
232
233
34
Z35
236
37

Z40
A 3
42
43
Iuh
45
46
ur

250
Z51
152
53
Z54
55
156
257

260
61
262
263
64
265
266
267

70
71
72
273

175
176
Ty

STZ 100
STZ 101
CLALUYS
TZE 262
CLA1Z3
FSBu4z3
STC 104
LQ 104

FMP 10y
STo 105
cLalzi

FSBA4ZI

STO 104
LCQ 10u
FMP 104
FAD 1C5

STG 105
CLA1Z2

FSBuz2

STO 104
LLQ 104
FMP 104
FAD 1C5
STG 105

CLA 100
TNZ 246
CLA 105
ST13 130
SXDu102
TRA 262
CAS 105
TRA 242

NGP

CLA 101
TNZ 257
CLA 105
ST0 101
SXD4103
TRA Z62
CAS 105

TRA 253
NaP

2 1uz12
CLA 103
ARS 22
ANA 441
STG 103
CLA 102

STD 103
CLA 103
LXDUZ7u
TRAY 1
HTR
CLALYG
TNZ Y53
TRA Y52

Cc+CO
C+00
0+CO
C+00
0+00
0+CO

X00
X01
X02
X03
X0y
Xx05
X06
X07

X1C
X1
X12
X13
X1y
Xx15
X116
X¥7

Xx20
X21
X22
X23
X24
X25
X26
x27

xX30
x31
X32
X33
X34
x35
X36
X37

x4C
X4 1
Xu2
X43
Xy
Xus
Xu¢
xXu7

XS5C
X51
xX52
X53
XS54
X55
X56
XS7

8 2Iu2
LDQ 100
$TQ 101
LDQ 102
sTQ 103
TRA 243

€ 810
SxDuz1to
TSX4QTh

c 2

¢ 1100

4 111K00
LXA2JC1

TA262X13

CLA C12
TSXu906
TRA 206
CLA KO1
TSX49Q01
S10 100
FAD 421
STE2TS

CLA 100
FDH2T3
STQ 100
FMP 1CC
ST02S6
CLA BO2
ARS 22
S102T0

CLA BOu4
S1D2T0
CLA KO7
TZE X37
TMI Z74
CLS2T70
SI0270
LXD 1802

T 11ixXusl
CLA K02
ALS 22
STOG 100
STD Xé62
STD Xx7¢C
STD X77
SID Y11

CLA K03
ALS 17
ACL 100
ACL KO1
STOIMO
LXA2401
1 11x57
CLA2CO




X60
x61
X62
X63
X6L
X65
X66
X671

X7¢
X711
X712
X73
X4
X75
X716
X7

Y00
Y01
Y02
Y03
YOou
Y05
Y0é
Yo7

Y10
Yil
Ytz
Y13
Yy
Y15
Y16
Yi7

Y20
Y21
Y22
Y23
Y24
Y29S
Y26
Y21

Y30
Y31
Y32
Y33
Y3y
Y35
Y36
Y37

Y40
Y41
Yy2
Yu3s
Yuah
Y4s
Yué
Y47

STOIMG
1 12X62
7 02X56

LXA2401
1 11Xé65

cLA2C]

STO IMO
1 12X70

7 02x64
LXA201
1 11X73
CLAZ2C2
NeP
STO MO
1 12xt7
7 02x72

LXA2401
1 11v02
cLAzC)
Fs82c2
STG 100
CLA2C3
FOH 100
STQIMO

T12v1)
7 02v01
1 1ivils
CLA KOu
TZE 204
ALS 22
ACL KO}
STOIMC

STD Y26
LXA2401
1 11v23
CLA2CU

SLWIMOD

T 12v26
7 02v22
T 11vy3o

LXALKOY
LXA2u01
CLA2CS
ALS 22
ACL2CS
STa 160
CLA2CH
TPL YW

CLA 401
CLA2CS

TZE 211
SXD4101
$xD2102
SXD1103
CLA BO3
ARS 22

Y50
Y51
Y52
Y53
YSk
Y55
Y56
YS7

Y60
Y61
Y62
Y63
Yéu
Y65
Y66
Y&?

Y7C
Y7
Yv2
Y73
Y7a
Y75
Y7¢
Yrr

200
Z01
02
03
Z0u
205
Z06
z07

Z1C
Z11
212
213
rar
215
Zi¢
AN

120
21
122
223
24
125
126
127

230
£31
232
133
L34
135
136
37

LXA2100
STA 100
LXA1100
LXAkL01
CLA2CH

STOIM2

1 11vS7
T 12Y69

CAS 421
NOP

TRA Y6k
I 14Y54
LXxD2100
SXD1100
CLA2C7Y

ST@IM2

1 1iy7i
1 12y72
2 14Y66
$x01803
LXD4101
LXxD2102
LXD1103
CLS 100

STOIMO
1 11202
I 12233
2 14v32
2 11205

SX01802

LXDL4Z10

TRAW 1

HTR
CLA 100
TRA 200
g 2Y73
7D102Y7Y4
CLA C16
TSX4906
TRA ZGC5

8 2X24%
LXA1KO2
70011226
CLA C13
TSX4906
TRA ZC6
LXA IKOU
3p021223

LXAIKO6
30111223
LXA IKO5S
3D121223
TRA X25
g 2v32
TPL Y33
sSsP

152

Zu0
Zu
242
243
Zuy
45
46
uv

150
51
152
753
Z54%
155
L56
57

260
261
162
263
64
165
Z6¢&
167

Z70
Z71
72
73
74
Z75
276
vt

c+CO
C+CO
Cc+00
G+00
0+00
c+CO

X00
X01
X02
X03
X0k
X05S
X06
X071

X10
X1t
X12
X13
X1y
X15
X116
X117

STO 100
CAL 415
ALS 17
GRS 100
SXD4101
$xD2102
SXD1103
CLA 8C3

ARS 22
LXA2100
STA 100
LXA1100
cLazct
ALS 22
SfD 1CO
PCX4

NOP
CLA2CS
STGIM2
1 12264
1 11265
2 1uz61
LXD2102
CLA2CY

TPL Y73
CLA 40}
ALS IT7
GRS 1CO
CLA 401
ALS 17
CRS2TO
TRA X35

81402810
ALS 17
GRS 100

El413810

82732810

81733810

8 81
SXD4Y35
CLA K06
TZeELh 1
LXD1BOY

1 11X06
ALS 22
ACL KO1

STOIMS
STD x21
STO X51
LXA24C1
1 11X15
CLAZDO
STO1IM3
I 11X20

X20
X21
X22
X23
X24
X25
X26
xa7

X30
X31
X32
X33
X3y
X35
X36
X317

X4c
Xy 1
Xh2
X43
X4y
Xu5
Xu6
Xu7

X50
XS1
X52
X53
XS4
X55
XS6
X57

X60
x61
X 62
X63
X6l
X65
X6é
X671

X70
X7
X712
X73
X74
X75
X76
x17

Y00
Yol
Y02
Y03
You
YOS
Y0&
Yo7

1 12X21
T 02x1%

STZ
CLA
STD
ARS
ADD
STA

CLA
ALS
STC
ALS
STD

110
BGS
110

22
KOS
110

K0S
1
111
22
11

LXA24C1

CLA

110

STOIM3

s16200

CAL
ACL
SLW
CAL
ACL
STD

110
vt
110
BOS
i
B80S

1 11X50

1 12x%x51
T 02X36

CLA
STO

401
806

TSXu855

CLA
sus
TZE

CLA

RO
KO1
Xé63

cil

TSX49C6

TRA
cLA
sus
INZ
CLA
sus

TNZ
cLa
SLB
TNZ

Y32
RO2
K10
X60
RO3
K11

X660
RCU
B06
X60

LXA4ROY
CLA ROS
SuUBuDI

TNZ

X60

TSX4814
LXALROS
TRAUYI G

HTR
HIR

0
0

TSX4837
TSXuB36
TSXx4835




Y10
Yil
Yi2
Y13
Yiy
Y15
Y1é
Yi7

Y20
y21
Y22
Y23
Y24
Y25
Y26
Y27

Y30
Y31
Y32
Y33
Y3y
Y35

X00
X01
X02
X032
X044
X05
X06
X07

X10
xn
X12
X13
X4
X15
X16
X117

xX20
X21
x22
X23
X24

X00
X01
X02
X03
X0h
X05
X06
Xo7

TSX4834
TSXu833
TSX4B832
TSX4831
TSX4830
LXAUKOS6
CAL4DO

ACL 125

SLW4DO
2 luyié
CLA KOS
SUB 401
ST0 KOS
TZE Y31
CLA BO6
AGCD 401

TRA %53
2 11v32
SXD1B80y
LXD4Y35
TRAL 1
HTR 0

8 812
SXDux24
LXD1802

T0031x06
CLA C20
TSX4906
LXD1B03

70051X12

CLA €22
TSX4906
LXD 1804
70061X16
CLA CO0S
TSXUQ06
LXD1BOS
10071x22

CLA C23
TSX4906
LXDLX24
TRALY 1
HTR

8 813
CLA BO2
STD MO=
ARS 22
STO Q02
CLA BO3
STD M2=
ARS 22

xic
X1
X112
X113
X1y
X15
X16
X117

X20
X21

X00
X01
x02
X03
X0u
X095
X06
X071

Xic
Xt
X12
X3
Xy
X15
X116
X117

Xx20
x21
X22
xX23
X2y
X25
X26
x27

X30
x31
X32
X33
X3y
X35
X36
xX37

x40
Xu1
X42
X43
Xuy
Xus
X4
xX47

STo
CLA
STD
ARS
ST0
cLA
STD
ARS

STO

TRAY

8

QoL
BO4
M3=
22
Q05
BOS
MYy »
22

Q06
1

81y

SXDkLYOS

CLA
sus
TZE

RGCS
uo7
Y06

LXA2K06
CLA2D0

PEXY

CLA
LRS

ROS
6

CLAZ2EO

ARS
LLS

6
6

STOuMY
2 12X06

CLA

TNZ
NOP

KO7

Y43

LXA4KO6
LXA2u01
CLA2E]

TMI
ALS

Y25
22

ACL2E]

STO

100

CLA2EY

ALS
ORS

17
100

CLAZE!

TZE

Y23

SXD41G1)
SxD2102

SXD1103

CLA
ARS

BO3
22

LXA2100

STA

100

LXA1100
LXAKLO1
CLA2E2

153

x50
X51
X52
X53
X514
X55
X56
X57

X60
X61
X62
X63
X64
X65
X66
Xo67

X7C
X7
X712
XT3
X4
XTS5
X76
X1

Y00
Y01
Y02
Y03
YOu
Y05
Y06
YO7

Yic
Yil
Y12
Yi3
Yiu
Y15
Y16
Yi7

Y20
Y21
Y22
Y23
Y24
Y25
Y26
Y27

Y30
Y31
Y32
Y33
Y34
Y 35
Y36
Y37

STG1IM2

1 11x52
1 12X53
CAS 421
NaP

TRA X57
b tuxuz
LXD21CO

SXD1100
CLAZES

STG1IM2

1 11X6k
1 12X65
2 1uxX61
SXD1803
70102X73

cLa C17
TSX4906
TRA Y03
LXD4101
LXD2102
LXD1103
cLs 100
STOIMS

1 1iv0ol
1 12YC2
2 14X2y
LXD4YOS
TRAK 1
HTR
LXA2KO6
CLA200

PD X4

CLA ROS
LRS 6
CLA RI10O
LRS 6
CLA2EO
ARS 14
LLS 1

STOuMY
2 12v07
TRA X17
CLA 100
TRA X77
SsP

ST0 1CO
CLAZEY

ALS 17
GRS 100
CLA 415
ALS 17
ORS 100
SXDu 101
S$xD2102
SXD1103

Y40
Yul
Y42
Yu3
Yhy
Y&5
Y46
Yu7

Y50
Y51
Y52
Y¥S3
YS4
Y55
Y56
Y57

X00
X01
X02
x03
X0u
X05
X06
x07

X1C
x1
x12
X13
X1y
X15
X16
X117
X20
x21
Xx22
X23
X24
X25
X26
X217

X 30
X31
X32
X33
X3y
X3S
X36
X37

X4 0
Xul
X4 2
X43
Xub
Xu45
Xu46
xXut

CLA BO3
ARS 22
LXA2100
STA 100
LXA1100
CLA2CY

ALS 22
STDO 1C0

PDX4
NOP
CLA2CO
STA 1M2
1 12Y55
1 11v56
2 14Y52
TRA X66

8 815
SXDuxXu7
CLA FO2
ALS 22
STD FO«
STD Fl»
LXALFQ2
CLA 400

FADLF
2 1ux10
ST6 10C
LXA4FQ2
CLALFI
FCH 100
STQuF1
2 14xis

TSX4974
4
21FQ0

FO

F1
LXD1BQO6
1 11x56
LXA2F02

Foon

CLA2FO
LRS 10
CLA2F]
ARS 10
LLs 10
STE M
1 11x37
2 12x30

2 1IxXul
SXD1B80O6
7004 1X45
CLA C21
TSXu9Co
LXDuXu7
TRAL 1
HTR




X50
Xs1
X52
X53
XS4
X55
X54
X57

X60
X61
X62
X63
xé6h
X65
X66
Xe67v

X00
Xx01
x02
X03
xou
X05
x06
x07

X10
X1
X12
X113
X1y
Xx15
X164
X1?

X20
x21
X22
X23
X2y
X25
X26
X217

X30
X31
X32
X33
X34
X35
X36
X37

Xuo0
Xu 1
Xu2
Xu3
Xuy
X435
X4é

8 2X01
LXA4FQ02
7017u4X02
CLA u4(05
TSX4906
TRA Xu5
PXD1
ARS 22

STG 101
CLA FO2
ALS 22
STO 1N
LXALFO!
cLA 101
STOLSS
TRA X27

g 816
SXDu4 77
TSXu975

¢ 2

0 937

0 2

4 61Q00

TSX49T7u

0 2

0 937
0 2

4  61Q00
LXA4Q02
7D034X20
CLA C20
TSX4906

LXA4QO03
70044 X24
CLA C21
TSX4906
LXA4QOu
7DOSLX30
CLA C22
TSX4906

LXA4Q0S
70064X3Y4
CLA CO5
TSXu906
LXA4QO6
D07 X40
CLA C23
TSXU906

LXD4 77
TRA 1
8 2X40
TSXu973
¥  61QG0
LXDy 77
TRA Xl

XCO
X0l
XG2
X03
X04
X05
X00
Xo7

X1i0
X1l
X112
X13
X1l4
Xl
Xlo
X1t

X20
X21
xX22
X23
X24
X25
X26
X211

X30
X31
X32
X33
X34
X35
X306
X317

X40
X4l
X42
X43
Xa4
X45
X46
X417

X00
X01
x02
X03
X0y
X0s
xX06
X07

X1C
X1
X12
x13
Xy
x15
x16
x17

8 817
REW 7
TSX&e977

Q 7

0A362R0

Cloi2r1

Gl022Rr3

ClO32R4

Cl042x5
01052Rr6
Q1064R7
0107250
€110281
Clr12s2
Gli22s3
0113254

C1142585
0115286
116287
cl172T10
oLeo2r1
Q1212712
Gl22273
(123274

01242715
01252M0
Cl262M1
Q1272M2
01302M3
01312M4
41322932
WEF 7

TSX4377
0 7
42012X47

WEF 7

RLK 1

LXD4457

TRA4 1
0 62 A62

& 820
SXDu 77
TSXUQ7u

1
936

1RO
1R3

[«RoNoNoNe)
N

1RL
IRS
1RO
IR7
150
1s1
152
1S3

[sRoRoNoNoRoNoNy)

154

X20
X21
x22
X23
X24
X25
X26
X27

X30
X31
X32
X33
X3y
X35
X36
X 37

XuQ
X41
Xu42
Xu3
Xuy
Xus
Xu6
xXu7

X50
X51
X52
X53
XS4
XS5
X56

X57

X00
Xx01
x02
X03
X0y
X05
X06
X07

X10
x11
x12
X13
Xy
x15
X16
X117

Xx2G
x2)
X22
X23
X24

1Sk
1S5
156
1s7
170
7!
iT2
113

OO0 O0O0O0

Ty

15

3

Z)

22

3

611A00
TSXHITH

Fooooooo

1

MO

M1

M2

M3

MY
TSX4975
o 2

Foocooo

c 940

L 2
TSX4974

Q 1

y 940
LXDh 77
TRAY 1

L 865

8 830
SXDWX22
SXD2x23
SXDix2u
LXA1IKO6
LXAZ401
CLAZ2ED
NOP

CLAZD0
PAXY
CLA2GO
STOUMY
1 12X15
2 11X06
LXDyX22
LXD2X23

LXDiX24
TRAYW 1
HIR
HTR
HTR

Xoc
X0t
X02
X03
X0u
X0%

X00
X01
X02
X03
X0u
X05
X6
X071

X1C
X11
X12
X113
X1y
X1i5
X16
X7

X20
x21
x22
X23
X24
Xx25
X26
xX27

Xx30
X31
xX32
X33
X34
X35
X36
X371

X0
Xl
X42
Xu3
xuy
Xu5
X4 6
Xu7

X50
X5t
X52
X653
XS4
X55
X56
X57

8

831

SXDux0s
TSX4830
LXDu4XQ05

TRAY

HTR

8

2

832

SXD4X36
SXDex37
SXD1Xu40

CLA
TPL
CLA
ALS

STO
TRA
ST2Z
CLA
ALS
STD
CLA
STO

RC6
X112
401

17

100
X13
100
RO®

22
100
401
10

LXA1101
CLA1EOD

TNZ
CLA
AOD
STC
CAS
TRA

TRA
TRA

X4
101
501
101
K06
x32

X20
X20

LXDUX36
LXD2X37
LXD1X40

TRAY

HTR
HTR

HIR
CLA
ARS
STA

3

805
22
100

CLAIDG

PAXY

CLA

100

STOuUMY

STD

X53

LXxD4805
LXD280S
1 02Xx54

CLA
SLH

RO6
102

CLA1GO

PAX]




X60
X61
X62
X63
Xé6u
X65
X66
X61

X70
X7
Xr2
X73
X7y
X75
X768
X717

Y00
YO0l

x00
X0t
x02
X03
xX0u
X05
X006
x07

X1C
X1
x12
x13
X1y
X15
Xt¢
X7

X20
x21
X22
X23
X24
xX25
X26
X7

X30
X31
X352
X33
X34
X35
X36
x37

CLATG]

TRA X71
1 11x76
CLA 102
SuB8 401
STC 102
TNZ X60
SXD28C5

TRA X23
STOuMY
CLAIGZ
STO2MY
L D 4
1 12Xx62
7D0131X63
CLA Cu0

TSX4906
TRA X32

g 833
SXDux36
SXD2x37
SXDIxu0
CLA RO6
TPL X12
CLA 401
ALS 17

STa 100
TRA X13
S1Z 100
CLA RO6
ALS 22
SI10 1G9
CLA 401
STe 101

LXAT101
CLALEQ
TNZ Xu1
cLA 101
ADD 401
ST10 101
CAS KOo
TRA X32

TRA X20
TRA X20
LXDux36
LAD2X37
LXD1X40
TRAW &
HTR

HTR

Xu0
X4l
X42
Xu3
Xty
X45
Xu4¢é
Xu?

X5C
X51
X52
X53
XS4
X55
X656
X57

X60
X61
X62
X63
Xou
X68
Xé66
X671

X170
X7}
X72
X73
X7y
X715
X776
X7

YCC
YOl
Y02
Y03
YOu
YCS
Y06
Y07

Yic
Yt
Yi2
Y13
Yy
Y18
Y16
Y17

Y20
Y21\
Y22
Y23
Y2u
Y25
Y26
Y27

HTR

LXDu4BOS

cLa
STD

160
Xu45

LXD2B0S
1 02Xu4é6
CLAIGO

STa

CLA
STO
CLA
Stw

PXDU

ARS

102

4C1
1C3
RO6
104

22

LXA1103
STAIG3

LXA11C2
CLAIGY

PAX]

CLAIGS

TRA

YOou

I 11Xxé66

CLA
sL8

STo
TNZ
CLA
ADD
STO
CLA
ADD
RRE¢]

CAS
RA
TRA
TRA

104
401

104
X63
102
401
102
103
401
103

RO7
yii
Yhy
Yuh

STGLUMUY
CLAIGS
STO2My
1 iu4y10

1 12X65
(DAY RA RS-

CLA

cuo

TSX4906

TRA

X352

LXAl11C2
3D1Sstyi2

PxD2

ARS
STA

22
100

LXA1101
CLAIDO

PAXY

CLA

100

STOuML
LXA 1401

155

Y30
Y3
Y32
Y33
Y34
Y35
Y3¢
Y37

YugQ
Yi
Yu2
Y43
Yul
Yus
Yuo
Yur

Y50
Y51

X00
X01
X02
XC3
X0y
X05

X00
X0t
X02
X03
X0u
X05
X06
X07

x10
X111
x12
X13
X4
X15
X1¢é
X117

X20
x21
X22
x23
X24
x25
X2¢
x27

X 30

LXAUROT
CLAIG3

STO2My

1 12Y34
1T 11v35
2 14v31
$xD280%S
TRA Xx23

8 2X03
LXAIRCT
70 1k 1x04
TRA Y12
1 0ouvus
1 02x52
€ 2X43
STD vuy

STD Yus
TRA Xuy

8 83y
SXDu XG5
TSXu4830
LXD4X05
TRA4 5
HTR

€ 835
SXDUX26
SXxp2x27
SxD1x30
LXATKO6
LXA2Z2L0Y
CLAZ2EQ
NGP

CLA2CO
PAXY
CLA RC6
LRS 3
CLA2GO
ARS 3
LLS 3
STAuUMY

1 12X%x21

2 11x06
LXDu4x26
LXD2X%X27
LXD1X30
TRA4 6
HTR

HTR

HTR

x0C 8 836

X01
xa2
X03
X0u
Xx05
X0é
X07

X110
X1l
X12
X13
Xtu
X15
X116
x17

X20
x21
X22
X23
X2u4
Xx25
X26
X217

X30
X31
X32
X33
X3y
X35
X36
x37

x40
X
Xu2
Xu43
Xuh

X00
X01
X02
X03
X04
X05
X06
X07

x1C
X1
X112
X13
X1
X15
x16

SXDuXx16
SXD2X17
SXD1X20
LXATKO6
LxA2401
CLAZEQ
TNZ X21

T o12x1]
2 11x06
LXDUX16
LXD2x17
LXD 1X20
TRAW 7
HTR
HTR

HTR
CLA2DO
PAXL
CLA BOS
ARS 22
STOuUMY
PAXY

1 14X30

CLA RO6
STOLUMY~
CLA ROY
STouMy

CLA RIO
STOUMY +
1 2ux37
SXpuBoOS

TRA X190
g 2X07
CLA2€EQ+
TZE XI1C
TRA X1

8 837
SXDux16
LXAURIO

7 3ux0r
CLA Ci3
TSX4906
TRA X1y
TRAUX1S

TSXL4834
TSXu832
Tsx4831
TSX4830
LXDU X16
TRAY4 10
HTR



xC0
X01
X02
x03
X044
XCS
X06
Xx07v

X10
Xt
x12
X113
X4
Xx15
X16
x17

X20
x21
x22
x23
X24
x25
X26
x27

X3C
x31
x32
X33
X3y
X35
X36
X37

X4C
X4l
Xh2
x43
xuy
Xu5
Xué
xu7

X50
X51
X52
Xx53
XShu
XS5
X564
XS7

X6C
X611
X62
X63
xo6u
X65
X66
X671

8

850

TSXuS76

CAL
ANA
STO
CLA
SuB
STA

AO»
Ly
100
Gl
100
C35

TSXu855
TSX4800
TSXu801
TSX4802
TSXU85S
TSX4803
TSXu804

ST2Z

STZ
CLA
STG
STO
CLA
STC

BO2

BOL
415
803
805
A26
801

LXA4C3S
ST2ZLG7

2 14x2v
LXD4AQe
STZ4AQ

2 14x32
TSXuG74

c
i

}
934

TSX4855

TSXUELQ
TSX4Enl
TSXug12

PSE
TRA
CLS

165
Xu7
Jo1i

TSX4906
LXA4C3S

STZ4G7
2 14X50

CLA
sLB
STa@
TNZ

801
501
801
X37

TSXu813

STZ

CLA
ST0

806

A25
BO1

TSXLGTUL

C
y

1
935

TSXu855
TSXu4815

CLA

8O

XTC
X711
X712
XT3
X7y
X7s
XT6
xX77

YQo
Y01
Y02
Y03
YOu
Y05
Y06

Yor

x00
X01
X02
Xx03
X0u
XG5
x06
Xo07

X1¢
X1
X112
X13

XCC
X01
Xx02
X03
X0y
X05
X0¢
xQ7

X10
X1
x12
x13
x4
x15
X116
Xi7

X2¢C
221
x22
n23
X2y
X25

X26
x27

SLB 401
STO BO1
TNZ X65
CLA BO6
STD Mle
ARS 22
STO QO3
TSX4816

TSxuenv
TSX4820
HPR
TSX4970
8 2X15
TSX4806
TRA X16

. 4850

8 855
sSxpux
SxD2X12
SXxD1x13
TSX4970
LXDu4X11
LXD2Xx12
LADIX13

TRAL 1
HIR
HTR
HTR

g véeo0
TSXu971
Cb031a0
QDo 1t11co
obot1i1ct
onotic2
C0G11C3
(DC21Cy

CD0o21CS
gol1oice
cbioicy
oD1vIne
Co1121D1
0C1V1ED
COVI1E)D
CDIOIE2

CD10E3
00111G0
0D131G1
Cb131G2
CDI41G3
COISI1GH
CN161GS
0D161G6
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x30
X31
x32
X33
X3y
X35
X36
X 37

xucC
Xul
Xu2
X43
xuy
Xu5
Xué
xu7

X50
XSl
X52
X53
X54
xX55
XShA
X57

X6C
X61
X62
X63
xo6u
X65
Xé€
X617

X70
X7l
X72
X73

XTu

X75

xCo
X01
x02
X03
X04u
X05
X0¢
x07

x1C
X111
xi2
xi3
Xlu
x1S
X16
x17

0 11167
0D171F3
CDI71F]
CDO4 IMI
cNesImM2
CDO6INMS
COCT7 1My
OAu461R0

OA461R3
0ASY 1RY
0A231R5
0A231R6
OASuIRT
0AS4 150
CASLIST
CASYH1S2

CA2u4 1S3
CAL61SU
CA25155
0A26156
CASL1S7
CA261 710
CASLITI
cLpo1712

CA261T73
CASLITY
0A261TS
CAu71120
CDYVIEN
CAL61RI
CAS42R2
CALL1YS

CA461Z3

CAu6121

LALHK122
TSXL970

* 486C

* 206

865
TSXuG7u4
2
571400
2
61800
2
11400

[sNoN-NoNoNel (2]

2
121K00
2
21F00
2
101RCO
2
751155

OO0 OoOOOO

x20
Xx21
x22
x23
X2u4
X25

xar

x30
x31
x32
X33
X3y
X395
X36
x37

XuC
Xul
Xu2
Xu3
Xulh
xX45
Xu¢é
xu7

x50
X51
x52
X53
XS54
X55
X56

Xs57

X00
X01
X02
X03

x00
X01
X02
X03
X0u
X05
X06
x07

X10
X1
xi2
Xt3
Xy
X15
X16
X117

y 2
TSXU975
C Ghe
¥ 3

HPR

PSE 163
TRA Xu0
CLA K01

TNZ Xu2
CLA AQw
S10 X56
SXDAODs
TSX4G7h
4 AO
CLA X56
STC AQs

LXD4u57
TRAL 1
CLA RO
NCP
TSXUG7hH
ce
C
c2

oNo

c3

Chy

c5

o

01
TRA Xu0
HTR

EOOMOO

. 850

8 901
AL 420
FAD 420
TRAL 1

<] 903
SXDuX39
Sx02x31
SxD1Xx32
S10 1CC
PAXY
PCX2
CLA2YG6

PAX1
CLALYS
PAX2
LXAuHC1
1 11X15
1 12X16
CALIRS
ANA2RS



X20
X21
xX22
X23
X24
X25
X26
X217

X3C
X 31
X32
X33
X34
X35
X36
X3

Xug
Xui
Xup
xu3
Xhy
Xus
X446
Xuz

%50
X51
X52
X53
Xay
X55
XS6
X57

X6
X6 1
X62
X63
Xo64
X465
Xb6a
X67

X7Q
X7
AT2
XT3
X74
X75
X74
X177

Y00
Yol
Y02
Y03
Y O4

ThNZ %33
T 14x22
TAUTLX ]G

CLA

160

LXBUX30
LAD2X31
LXD1X32

TRAY

HIR
HIiR
HTR
SLW

10}

CALIRS

Cam

ANAZRG6

ANA

TNZ

101

XSy

CALZ2RS

CaoM

ANAIRS

ANA
TIE
SLW
Lo0Q

RQL
ST1Q
NOP
CAL
SLW
CLA

1C1
x21
102
1ca

22
100

192
107
400

& Tuxs6!

ADD

c23

2 14XsST

PAXYL

CaAL
LET
TRA

PXOu

ARS
STO

cLa
ANA
0iS
CLA
ANA
ALS
GRA

1¢2
Y03

6
103

166
Ly
103
100
Ly2

6
133

LXDYX30

LXD2x2]
LXDIX32
T®AL 7

ARS

i

1 luxes

Xx00
X0
X02

XGC
X01
X02
X03
X0hL
X05
X06
X07

X1C
X1
X112
X132
X1y
%18
x16
X117

X20
xX21
X22
X213
X24
x2S
X26
x27

Xx30
x31
x32
X33
X34
X35
X36
x37

Xug
X411
Xy2
X4 3
Xuy
Xu5

X00
X0)

X071

8 905
€AG 480
EAC uMO

8 90¢
SXOUXus
ST 1C3
CLA X%
ARS 22
SLB u4C}
cam
ANA a4

S¥0 1C0
PXD2

ARS 22
STa tat
PX01

ARS 22
ST0 102
TSXU4975

2
930
L1104

2

TSXU974

G 2
0 93¢
C Lli0u

EOoOO0

4 2
TSX4865S
LXOUX4S
HPR
PSE Y64
TRAY )
CLS AQ»
ANA ki1

ACD 0=
PAXY
STZ420
2 luxu2
TSX4KSO
H{R

e 9C7?
SXDu120
CLA AQ)
FSB2R7
Sta 121
CLA AQ2
FSB2S0
ST16 122
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X10
X1
x12
X113
X4
X15
X116
X117

X260
X21
X22
X23
xX24
X25
X26
x27

X 30
X31
X32
X353
X34
X35

X00
x01
xC2
X03
X0y
XG5
X06
X07

x1C
X111
X12
X13
X1y
X1s
X16
X7

X 20
X2
x22
x23
xX24
€25
X26
xX27

X30
X3
X32
X33
X34
X35
X36
x37

CLA AO3
FsB2s1
Ste 123
LXALYCS
STZ 124
LLQu 124y
F4P 172
FAD1TY2

FADYT2
LRS 43
FrPLI12y
FAD 124
SI0 124
1 1ix26
2 X1y
FADIT2

LX04120
LRS 43
TRAY
9 3 xi7
9 3 x2¢
S 3 x27

€ 913
SXKO4 77
SXD1 75
CAL2RY
ANA C34
PCX1
CLA Au7
TPL X2u4

CALZ2TY
TZE x24
PaX1
ANA ub]
CAS €26
TRA X20
TSX49C7
TRA X21

TSXuGIY
LXD4 7
LXD1 75
TRA4
PXOt
ALS 2
PDX4
CAL2T4

ANALUSS
TZE XS0
LOQ2RY
FMP AC1
STO 110
L0Q2S0
F4P AQ2
FAD 114

Xue
Xy
xX42
X43
X4y
X4S
Xué
xXy7

X5C
X51
X582
%53
XSu

XS?

X710
X7
X72
X73
X 74
xX75
XT6
Xrr

Yoc
Y01
Yo2
Y03
YOu
Y05
Y0¢é
Yo7

Yio
Y1
Yiz

X00
X01
xG2
xC3
X04
X0Ss
X06
xXC7

STC 110
Lee2ast

F4p AC3
FAD 112
FADZS2

SIG 119
LbQ 110
TRA X21

SI¥Z 110
CAL2TY

ANALS 3+
TNZ X62
CLA AgG2
Fs82s50

STo 11
LCQ 11

FMP 111
ST¢ 110
CAL 2Ty
APlIANS3
TwZ X74%
CLA AQI
FSB2RT
ST 1

LoQ
FHP 111
FAD 110
ST6 119
CALZTY

ANAYSS

TNZ Y06
CLA AG3

g (AL
SXDu120
CLA aQ1
SI13 121
SIa 124
CLA aQ2
510 122
CLA AC3




X100 ST0 123
X11 LXALULO3
X12 STZ 12%
X13 LDQ1IT2

X114  FMPHI2Y
X15 ST106 1254
X16 LDOQIT2

X17 FMPL125

X2C FADITZ2
X21 FAD 124
X22 LRS 43
X23 FMPL 12N
X24 FAD 125
X25 ST0 125
X26 1 11x27
X27 2 14X13

X30 FADIT2

X31 LRS 43
X32 LxDu120
X33 TRAH 1
X34 9 3 X116
X35 9 6 Xx20
X36 ¢ 6 X30
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V - PARAMETER BLOCK DOO: Sizes of variable length data blocks
in Initiating code.
DOL Maximum.N(Vk) permitted = Size (CO, Cl, C2, C3)
p02 | Maximum N(ES') permitted = Size (Ck, C5)
DO3 Size (A0 = BO = MO)
DOk Size (ML)
D05 Size (M2)
DO6 Size (M3)
DO7 Size (ML)

D10 | size (C6, CT, E2, E3) = [Larger of D02, D11] x [Maximum
nunrber of angles tabulatedJ

D11 | Meximum N(EX™®') permitted = Size (DO, EO, El, GO)
D12 Maximum N(v) permitted = Size (Dl1)

D13 [ size (c1, ¢2) = [c(p11)] x [AMax = maximum number of
final energies tabulated

DL Size (G3) =
(T = 3) reaction

nl5 size (k) = [c(p11)] x [c(p1s))

Maximum number of isntnpes per material

D16 Size (G5, G6)

D17 Size (0, #1)
VI - CARD LOADING ORDER OF INITIATING CODE MCB
(Hunber of cards in parentheses)
Formulas starred are identical to the similarly numbered
formulas of Initiating code MCA.
1 ¥ Advance NDBA (card label 1 MCA)
2 * AOO (3): Same as for Monte Carlo MCS
3 QOO0 (2): (Card lebeled XOQ0 + binary card punched by MCA)
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O O N4 O v F

10

12

13
1k
15
16
17
18
19
20
21
22
23
2k
a5
26

sk

*

BOO (1)
coo (%)
DoO (2)

FOO (1)

¢ Joo (1)

Koo (1)

- ROO (L)

Advance NBA and record origins (card labeled 2 MCA)

Remark cards R930-942 (Problem identification remark
R932 PREPARED BY USER)

Load instructions 860 (card labeled 4 MCA)
F860 -- Data assign (6)

Inad instructions 960 (card lebeled 5 MCA)
¥906 (5)

r905 (1)

F9Ool (1)

¥903 (9)

FoOT7 (4)

Folk (k)

F913 (10)

F855 (2)

F800 (2)

F801 (5)

F802 (19)
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27 1 * F805 (7)
28 F803 (11)
29 * F804k (9)
30 | * F806 (25)
31 | * F816 (5)
32 * FELT (5)
33 * T820 (6)

34 Load instructions 865 (card labeled 6 MCB)
35 F865 (L)

36 Load instructions 850 (card labeled T MCB)
37 F850 (4): FLOCODE

38 Transition card (lebeled 8 MCB)

39 SURFACE CARDS: (see pg. 53)

40 Transition card (labeled TR CRC MCA)

41 CELI, CARDS: (see pg. 54)

42 Transition card (labeled TR CRC MCA)

VII - INITTATING CODE ERROR LIST

S(XX): Size of data block XX. A size error (ex. Error type 1k4)
corrected by changing parameter block DOO.

L(XX): ZLocation in data block XX of quantity detected tn be in

error. Depressing SS3 and pressing the start causes the
first L(XX) words of data block XX to be printed.
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Error

Type:
1

2

o N O WU

10

13

1
15
16
17
18
19

20

Error: c(1): c(2): Location:
J > 432: (Paremeter block AOO) F801.6
A > 2048; (Parameter block A0O) ¥801.13
M > 256: (Parameter block AOO) FE0L,20
K > T2: (Parameter block AOO) F801.25
N, > ¢(DL7): (Material cerds) F815.54
T > 256: (Parameter block AOO) F801.37
J > J: (Surfece cards) L(A0) 3 F802.13
J specified twice: (Surface cards) L(AO) 3 F802.17
a > A: (Surfece cards: a in decrement 150g) L(A0) 3 ¥802.153
(Cell cards) L(BO) a F803.11
m > M: (Cell cards) L(BO) a F803.20
t > T: (Cell cards) L(BO) a F803. 30
k > K: (Element cards) k r810.11
N(VE) > ¢(D01): (Element cards) N(vE) k F810.224
Tt > 3 in inelastic reaction T = 7 (Element cards) F837.5
s(A0) > c(Dpo3) . s(a0) F802.207
s(Bo) > c(D03) s(B0) F803.11
s(c6, c7) > c(D10) s8(c6) = s8(cT7) L(M2) F810.216
s(E2, E3) > c(D10) s(E2) = S(E3)F814. 7L
s(M0) > c{D03) }S. = 8(M0) F812.5,F816.17
s(ML) > c(pok) M!' = S(ML) F815.44 ,FE16.23
s(m2) > ¢(pos) L = s(M2) F812.11,F816.27
s{c1, g2) > c(D13) s(c1) = s(c2) F832.100
s(65, 66) > c(Dp16) 8(65) = sS(c6) F833.113
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Error

Type:
22
23
32
36

Errors
Reaction date for wrong element
s(Te) > ¢(D16)
s(M3) > c(Do6)

s(M:) > c(poT)

163

c(1): c(2):
K, = L(M3)  nm(ginel)
5(T2)
K, = s(M3)

N = S(M4)

Location:
F811.61
F802,.222
r812.15,F816.33

F812,21,F816,37




APPENDIX F: REACTION DENSITY CODE MCR

I - With the problem tape of a completed FLOCODE 2 version of the
Monte Carlo code MCS on tape unit AO6 (logical tape T), the
code.MCR is read from cards into the computer. A reaction
card -- parameter block ROO (see Section A, below) -- is read
for each isctope (k) for which a reaction calculation is
desired. For each such (k) the collision density as a function
of cell and energy is read from the problem tape, multiplied
by the energy-dependent probability of the specified reaction
in each cell (zero if cell (a) does not contein isotope (k)),
and listed off-line in the format indicated in Section B below.
The problem tape is rewound and the above procedure is repeated
for each ROO card read.

A - Parameter block ROO: Isotope reaction speclfication.

ROL1 k

Isotope number

RO2 zZ

Atomic nurber of isotope (k)
RO3 A = Mass nunber of isotope (k)

ROk N(T) = ¢(D12) = Nunber of tally energies in MCS

RO5 P = Print parameter (see below)
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RO6 o}
ROT 0

R10 N(v) = Number of inelastic reactions on isotope (k).

Print parameter P:
P = 0: Print all reactions
P =1: Suppress total collision print
P = 2: Suppress elastic collision print
P = 4: Suppress absorption collision print
P = 8: Suppress inelastic collision print
(May combine several P's by logical "or": for example, to
obtain ebsorption listing only ~- P=1+ 2 + 8 = 1,,=
= 13g = 1011 binary.)
B ~ Print format:
Tor each ROO card read, the reaction data is written

off-line for every reaction on isotope (k) -- except those

specifically suppressed by the print parameter P -- in the

order

T = 1: Totael collisions on isotope (k)

T = 0: Variance in total collisions on isotope (k)
T = 2: Absorptions on isotope (k)

T = 3: Elastic collisions on isotope (k)

T = (3 + v): Inelastic reaction (v) on isotope (k)

T is the print label and is included in the heading of

each reaction printed. The print formet is as follows:
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1) Problem identification remark (F932 of MCA).

2) Reaction identification (1-line):

[k, z, A, N(T), P, T, Z , N(v)]
2,8

3) Total nunber of reactions (identified by k,T) per

source neutron = E .
a,g

4) Summed data and cross sections: Let wa. z be the
b4
nunber of reactions in cell a in energy interval

g per source neutron.

A
= (a-smz=) oz
a=l

N(T)
s (@ s, ) g
g=l
ﬁt‘) A N(T)
2., Z o > 2 ez
a=l g=1
Energy E—é-: 1];5: wa: < X X X X)
. <
}_ ‘ ‘ (Cross section data --
g g a not used)

5) Cell-energy reaction distribution ¥, o
3

a (cell number)

g | (energy).
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IT - CODE MCR CARD LOADING ORDER

\O @ [CANNNRN)| = w

10
11
12
13
1
15
16
17
18
19
20
21

22

(Nunber of cards in parentheses)

Items 1-15 of MCS loading order (see Appendix D-II)
ROO (1)

Advance NBA and record origins (card labeled 1 MCR1)
Remark cards: R950-962 (11)

Load instructions 857 (card lebeled 4 MCRL)

F857 -- Data assign code (11)

Load instructions 903 (card labeled 5 MCR1)
Subroutine LA S800 (2)

Load instructions 801 (card labeled 2 MCR1)

801 (5)

F832 (9)

r8so (9)

F803 (&)

F8L7 (11) |
F932 (9) (same as MCS)

F802 (10)

F804 (3)

F805 (3)

F806 (3)

F807 (3)

F820 (14)

Load instructions 800 (card labeled 3 MCRL)
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23 F800: FLOCODE (4)
2L Transition card (labeled TR FC MCR1)
25 Additional ROO cards, each followed by & transition card
III - REMARKS CARDS FOR CODE MCR
950 MRC reaction listing
951
952 K == Z «= A -« Number tally energies
953 Total collisions per source neutron =
95k Total absorptions per source neutron =
955 Total elastic collisions per source neutron =
956 Total reactions (NU = ) per source neutron =

957 Energy -- (A - SUM)(G) -- (G - SUM)(A) -- SIGMA Tot.
(EL), ABS.)

960 Space -- Energy reaction distribution -- (A across, G down)

961 Total nurber of neutrons processed =

962 Variance in total collisions per source neutron =
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IV - FORMULA SET OF REACTION CODE MCR

X00 € es57 X70 CQOY1IM2 X30 FADYEO+ X50 CLA BOS
X01  TSXu971 X71 0QC51M3 x31 SuB ul X51 TZE X65
X02 CPO11AQ X72 CQO61MY X32 STOuP2 %52 CLA4MO
X03 ¢ u2A1 X73 CA261Z4 X33 2 14x27 X53 FSBuMO-
X04 0P021A2 XT4 CA26115 X34 LXD1T7+ XS4 LRS 43
X05 C 4243 X75 €DO03127 X35 STZIiL6 XS5 FMP BOS
X06 CPO31AY X76 CRO41PO x36 2 11x35 X56 FADUMO-
X07 C KL2AS X77 CA462P) X37 LXDuxu1 X57 LDQ Aly
X1C CPOL A6 Y00 CRCHIP2 X4C TRA4 1 X60 LXDuX63
X11 C u2a7 Y01 CROL1IP3 X41 HTR X61 LXD2X6u
X12 CPOS1BO Y02 CAL&2PY X62 TRAW
X13 C 42B1 Y03 CROu41IPS X63 HTR
X14 CPC6182 YOu4 CAWSIPS X64 HTIR
X15 € u42B3 YOS CROLIPY X00 8 832 X65 CLAUMO
X16 CPO71BY Y06 ORO41QO X01 SXDuX63 X66 TRA XS57
X17 G 4285 Y07 CROMIQ) X02 SXD2X6H X67 1 0uxro
X20 CP101B6 Y10 CRO41Q2 oS
X0 1 14X%05
X21 C u287 Y11 CD12176 X85 CLALUMO ;;? é:iuags
X22 CP111CO Y12 CALH62T7 X006 PLX2 X72 TRA Xuh
X23 ¢ 42C) Y13 CD121E0 X07 STD Xu7 X73 STZ BOS
X24 CP121C2 Y14 CDI121u6 X74 FDH A22
X285 c L2C3 Y15 4AL62U7 X1c ALS 3 X75 FMPLMO
X26 CP131Cu Y16 TSX4970 X11 STD X36 X76 TRA Xuk
X27 € u2CS X12 STD Xxé67 XT7 8  2Xu5
X30 OP141C6 i e hest AL
Xts 1 14Xx15
X31 € 42C7 Y20 » 9C3 X15 CLA4MO 18? §33 2:2
X32 CPI15100 Y21 € 903 X16 CAS A22 Y02 TRA Xué
X33 ¢ 42D X17 1 0ux73
X34 CP161D2 Y22 = 801
EHEA
X21 6 12x67
X37 C 4205 xcc 8 801 x22 1 1ux23 X B Doy
X0l  SXDuxul X23 CLA A22 X02 LXAMRCS
X4C CP20106 X02 LXDIT7+ X24 CASUMO X03 2 3uX52
Xut C 1207 X03 CLAITE X25 TRA x21 0%  CLAEXS1
X2 CAu6 1RO X04 FDM A37 X26 TRA X67 Xos  s17 120
X43 0AGIR3 X05 STQ1PO X27 CLA4MO X0z ST xon
X4y CASHIRY X086 FNMPIPO 0 CLA ROT
:32 g:gg:gz X07 STG 100 X30 FSB4MO- xo7
X31 STO 805
X4T CASWIRT X1C CLAIUG X32 CLA A22 X o
X11 EOH A37 X33 FSB4MO- X12 ¢ 1
X50 CAS5u1s0 x12 s7Q 101} X34 FCH BOS X13 C 950
X51 CASu1S1 X13  CLA 10} x35 STQ BOS X1% © 951
X52 CASL1S52 Xlu €S8 100 X36 1 Oux37 X15 ¢ 1
X53 CA24153 X15 FDH A37 X37 CLAUMO X186 0 952
XS4 CAu61SY X16 STQ 102 17 ¢ 101R00
XS5 CA251SS X17 CLA 102 XuC FSBUMO- X
X56 0A26156 X4l LRS 43
XS7 CASU1S7 X20  TSX4903 X42 FMP BOS X290 e 1 sen
X21 CLA 400 X43  FADUMO- 22 ¢ 11A36
X6C CA26170 X22 ST0176 X4h  STG AlY X
X61 CAS41TI X23 2 11x03 Xu5 CHS X230 1
X62 €QO11T2 X24  LXANROK Xu6 STQ 102 X2a 0 e
X863 CA261T3 X25 CLAKEO Xu?7 1 0uX50 X25 € 21152
X64 CA5LITH X26 STOLEQ+ X26 ¢ 1
X65 0A261TS X27 CLAMEQ X271 ¢ 957

X6¢ CQC21IMO
X67 CQC3IMI
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X3C
x31
X32
X33
X34
X35
X36
X37

Xu4C
Xa1
Xu2
X3
Xu4y
X45
Xhé
Xu7

X50
X51
X52
XS53
XS54
X55
X56
X571

X60
X61
X62
X63
Xo64
X65
X66
X67

X170
X71
X172
X73
X7y
X75
X176
X7

Yoo
YO0l
Y02
Y03
YOou

X00
X01
X02
X03
X0y
X05
xX06
x07

P2
PS
P&
P7
Qo
Qi
Q2

OO0 Oo0OON

(o]

960

P3
LXDUXul
TRAY 1
HTR

56

955

954

&

s N o X=)

953

962
PXDY
ARS 22
STG 150
CLA Xu5
TRA X06
g 2X02

(g N o]

3 14Xx03
CLAYUXS]
STA Y00
CLA RO7
STO 151
TSX4975
2
G50

(g =]

951
1
952
101R00
1
961
11A36
1

953
11152

2
LXALROG
TRA X03

P ~Ne) oOQOoOOOO0OO0

8 803
SXD4 x33
LXA4YROL
STzZ4P5

2 14X03
LXALALG
STZL4P6

2  1ux0é

X1c
X1
x12
x13
X1y
Xx1s
X16
X117

X20
X21
Xx22
X23
X2y
X25
X26
X271

X30
x31
X32
X33

X00
X0
xc2
Xx03
X0y
Xx0s
XxQ6
x07

X1C
X111
X112
X13
Xy
X115
X6
x1?

x2C
x21
X22
X23
X2y
X25
X26
x27

X30
xX31
Xx32
X33
X3y
X35
X36
x37

STZ RQO7
LXD1T7e
LXAUALS
LXA2R0O4
CLAIP3

FAD RO7
STG RO7
CLAP3

FADZPS
ST102P5
cLAIP3
FADLPO
STEuPG
2 11x26
2 12Xy
2 1ux13

TSX4840
LXD4X33
TRAW 1
HTR

€ 817
SXbuyvyi3
SxD2yY1y
SXD1Y15
STZ AlS
STZ 102
PAX 1
CLAISS

PAX
ANA 442
ST0 103
CLAIM]
STG 10y
ANA C20
PAXY
CLA4TO

PAXY

1 1ax22
CLALMO
ST8 105
STD X42
STD X&S
STD Xé4
POX2

1 lux3i
CLA A22
CASUMO
TRA X50
TRA XuS
CLA 105
ANA 445
TZE X&S
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xuc
X4 1
X42
X43
Xy
Xu5
Xué
Xu7

x50
X51
X52
X53
XS4
X55
X56
X571

X60
Xé1
X62
X63
X6Y4
X65
X66
X67

X70
X7
xX72
X73
X7k
X75
x76
X717

YCOo
YOI
Y02
Y03
YOy
Y05
Y06
Yo7

Y1ic
Y1l
Y12
Y13
Yy
Y15
Y16
Y17

Y20
Y21
Y22
Y23
Y24

CLA4MO
FDH A22
1 04xu3
FMPUMO
TRA X72
1 O4Xué
CLAYNMO
TRA X72

6 12xuS
1 14X52
CLA A22
CASLMO
TRA x50
TRA X45
CLAYMO
FSBUMO~

SYG 105
CLA A22
FSBUMO~
ST6 106
1 0uxé65S
CLALMO
FSBUMO~
FDH 105

FVP 106
FADLMO~
LRS 43
FMP 104
FAD A1lS
STG A1lS
LXD4 102
I 1uy00

SXD4102
STOuzZYy

CLA 103
SUB 415
TZE Y06
1 1ixi2
LXD4yY13
LXD2Y14

LXD1Y15
LDQ AlS
TRAY 1}
HTR

HTR

HTR
€ 2X72
STQ 105

TRA X73
8 2Y01
CLA 105
STA425
TRA Y02

X00
X0l
Xx02
X03
X0y
X05
X06
X07

x1C
X1l
X12
x13
Xty
Xx15
xXté
X117

x20
x21
X22
XxX23
X2y
x25
X26
X27

x30
x31
x32
X33
X34
X35
X3¢
x37

Xuo
Xul
xu2
Xu3
Xuh
Xus
X6
xXuv

x50
Xx51
X52
X53
XS54
X55
XS6
Xs7

xX60C
X61
xX62
X63
xoéh
X65
X66
X671

8 932
REW 7
TSX¥977

c 1 7

CA361RO

CiG21R3

CI1031RY

CIC41IRS

CIC51RS
C1C61R7
G1071s0
61101s1
Cl111s2
€112183
Cli3isy
01141s5

Cils5tsé
cli61s7
cClLI71ITO
ci2omm
Ci211712
c122113
0123174
Cl24175

C1251M0
C1261M1
Ci271M2
C1301M3
C1311Mu
41321651
TRA Y00
REW 7

LXDLusS7?
TRAL 1
TSXu977
c 2 7
42011v03
CLA A4O
TZE X37
TSXL977

c 7
€2021x77
c203127
C2041AQ0
C2051A2
0206 1Ay
C207146
c210180

c211182
c212184
€213186
c2141c0
02151C2
g2161Ch
C2171Cé
€220100



X70
X171
X712
xX73
X7y
X758
xX76
X717

Y00
Y01
Y02
Y03

Xx00
X01
X02
XC3
Xou
X05
X06
xX07

X1C
X1
X12
X13
Xy
X195
X16
X117

x2Q
x21
x22
X23
X24
x25
X26
Xx27

X 30
xX31
x32
x33
X34
X35
X3¢
Xx37

X4C
X4
xu2
xu3
Xulh
X45
Xué
X47

C2211D2
c2221cu
C223106
C2241€E0
2251716
4226106
TRA x37
c 10 810

PSE 16U
TRA Xu2
TRA X37
C 61 A6

8 802
SXDux36
LXDIT7=
LXAZALG
CLA2R3
ANA C20
PAXUY
CLALSS

PAXY
ARS 22
ST0 150
CLAUMI
ANA C20
sus RO1
TZE Xu3
2 1Tux20

CLA 150
SuB 401
TNZ x12
LXA4YROY
STZ1ipPO
STZ1P3
2 11x27
2 u4x2y

2 12x04
CLA ROS5
LBT
TRA Xx37
LXD4X36
TRAL4 1
HTR
CLA 401

STO RQO6
TSX4803
TRA X34
LXALROW
SXDk 151
CLAYP2

TSX4903
CLA 40O

X50
X51
X52
X53
XS54
XSS
X56
XS?

X6C
X61
X62
X463
X64
X65
X66
X67

X70
x71
x72
XT3
XTh
X75
xX76
x77

Y00
Yo1
Y02
Y03
YOu
Y05
Y06
Y07

Yic
Yyl
vtz
Y13
Yy
Y15
Y16

X00
x01
X02
x03
X0u
x05
X06
xo7

x10
X1
x12
x13
X4
x15
X116
x17

LRS 43
FMP C24
ST0 A22
CLA2R3

ANA C20
TSX4817
LXA4150
CLAUZY

7 1uXxé62
FSBYZy~
FDH A1S5
FMPIPO
ST101P0
ST01P3
CLALZS
LXD4151

STOuP7
2 11x72
2 Yhxuk

TRA X30
€ 2x10

STD X76
1 0ux7r7
2 luxn

g 2X62
sT1Q 77
FMP1T6
STO1U6
LoQ 77
TRA X63

8 2Xu41
CLA 400

STO0 RO6
LXD4T7e
CLALUG

STOLP3
2 1uy12
TSX4803
TRA X42

8 804
SXDuX10
CLA ROS
ARS 2
LBT
TRA X111
LXDLX10
TRAL 1

HTR
LXD4T7»
LXA2AH6
LXAIROY
CLAIQY
FOHIPT
FMPUPO
STouP3
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x20
x21
x22
x23
X24
X25
X264

x00
X01
X02
X03
xX0u
X05
X06
X071

xic
X1
X12
X113
Xy
X15
X116
X117

x20
x21
X22
X23
X24
x2S
xX26

XCOo
X01
X02
XC3
X0y
X05
X06
xQ7

X16
X
xi2
X13
Xty
X15
X16
X17

X20
X21

X22

X23
X24
x25
X26

2 tux21
2 11X
2 12x13
CLA 402
STG RO6
TSXu803
TRA X06

8 805
SXDUX1IO0
CLA RO5
ARS 1
LBeT
TRA X11
LXDux1i0
TRAY 1

HTR

I XDUT7»
LXA2A46
LXAIRCY
CLA1QQ
FCH1IPT
FMPUPO
STOuP3

2 luxat
2 11Xy
2 12x13
CLA 403
STG RO6
TSXu4803
TRA Xx06

8 806
SXD4X26
LXAIROY
LXAZ2RO1
CLAIP2
TSX4903
CLA 400
LRS 43

FMP C24
STQ A22
CLAZTO
TSXu4832
STQI1Q1
STO 152
CLATPY
FSB1QI

LRS 43
FMP 152
STC1Q0
2 11x04
LXDuXx26
TRAY 1}
HTR

xCC
X01
x02
X03
X0u
X05
X064
X07

X1iC
X1
X112
X13
X4
X15
X116
x17

X20
X21
X22

X00
X01
x02
XxC3
X0y
X05
X06
XC7

X110
X1
X12
X113
Xy
Xx15
X16
xXi7

x2¢C
x21
x22
X23
X2y
x25
xX26
xX27

X306
x31
X32
X33
X3y
X35
X36
x37

8 807
SxDux22
LXD1T7«
LXA2AUG
LXALUROY
CLAUPY
FSBUQO
FSBUGI

FOHUPT
FMPIPO
sTe1PO
2 11xiy
2 1uXxCS
2 12x04
CLA 403
STO RO6

LXD4x22
TRAY )
HTR

8 820
SXDuYy2
CLA RI10
TIZEHW
CLA ROS
ARS 3
LBT
TRA X11

TRAG 1
LXA IROY
LXA4RO
CLAYTO

PDX2

1 12x16
CLA2M3

STG 811

STD Xxu5
STD XSu
PD X4

1 12x24
CLAZM3
CASIP2
TRA x53
TRA x53

6 14x53
1 12x32
CLAIP2
CAS2M3
TRA X30
TRA x53
CLA2MS
FSB2M3-



Xu40 SY0 1CS Y30 cCALIQC x30 TSxusoé6

X41 CLAIP2 Y31 ACL 415 X31 TSXuBO4
Xk2 FSBZM3- Y32 SLWI1QO X32 TSX480S
x43 FDH 105 v22 caLIQ! X33 TSX4807
X4  S1Q1IP2 Y3y ACL 415 X34 TSXu820
X455 1 CZXxué Y35 SLWIQI X35 TSX4970
X46 CLA2ZM3 Y36 z 11Y30
X47 STG1Q0 v37 TRA X60 X36 = 4800
XS0 CLAZM3- Y40 LxDuYy2 X37 = 4800
X51 STO1Q1 Y41 TRAL
X52 TRA X57 Y42 HIR
X53 STZ1P2 Y43 8 2x20
XS54 1 (2X55 Y4y STZ21P7
X55 CLA2M3 Y45 STZ1Q2 X00 8 800
X56 STG1QO Y46 TRA x21 X01 TSX4932
X57 2 11x12 Yur 8 2yChY X02 TSxu826
X03 TSXu933
x6C CLA RO6 ¥YS5C FSB1Q2 X04 TSXu825
X61 ADD 401 ¥51  TMI YSS x05 PSE 163
X62 ST0 RC6 YS2 LDQ 1CO X0€ TSX4926
X63 LXAIROY Y53 STQ1IQ2 X07 TSXu810
X64 CLAIP2 YS4 TRA Y02
X65 TZE YO0 Y55 CLA 400 X10 TRA XOu
X6& CLAIQO vS5& TRA Y02 X11 TSXu833
X&1 PCX& X12 CLA AuWO
s wo AR
X70 LDQuMY

X1S CLA A21
X16 ACD 40}
X17 STC A21

X7T1 SIQ 1CO
X72 CLAIQ)

X73  PDXUY

X7T4 CLA 100 xCC 8 800

X7S FSBuMu Xx01 NOP i?? ?35»332

X76 LRS 43 X02 ° LXDuPle X22 TSXus2y

XT7 FMPIP2 X03 ST24PO X22 TRA XOu
XC4 STZ4P3

YOO FADuMY X05 2 14X03 ii; ?éiuégi

YO0l STG 100 X06 LXDu4P2e X26 TRA X07

Yyc2 sToiPY X07 STZup2

Y02 TRA Y10

YOu CLAIQO X1C S1ZuPS

Y05 PCXUu X11  STzIuP7

YC6 CLALMY X12  STZuCO ENC OF FILE A3

Y07 TRA Y01 x13  STZ4Ql END OF FILE TAPE 2
X14 S1Z24Q2

YIC 2 11X64 X15 2 14x07

Y11 LXDUuTT7e X16 LXDuPb#

Y12 LXA2A486 X17 STZuPé6

Y13 LxAIROY

Yis LCCIPT X20 2 1ux17

YIS FMPUPO X21 TSXu932

Y1é& S104P3 X22 CLA A37

Yi?i 2 14Y20 X23 ACL 420
X24 FAD 400

Y20 z 11Yly X25 STO A37

Y21 2 12v13 X26 TSX4801

Y22 TSXuB803 X27 TSXu8C2

Y23 CLA R10
Y24 sSus 401
Y25 ST0 R10
Y2¢ TZIE Y40
Y27 LXA1ROH
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APPENDIX G:

MONTE CARLO CODE MCH

I - CARD LABEL CONVENTION

Col. 73-Ti: wusual FLOCO labeling (X0-Z7)

75-T6: XX for formula 8XX or 9XX
77: blank for formula 8XX
9 for formula 9XX

78-80: code label MCH.

IT - PARAMETER AND DATA BLOCKS CHANGED FROM CODE MCS

1)

2)

3)

Parameter blocks DOO, ROO (see Chapter VIII-A).

Data blocks E1, E2 (E3): (see Chapter VIII-A).
(B2, E3 a two-dimensional block. )

Date block PO: Total cross section averaged over tally

energy intervals stored here during data process routine.

]
Q
!

C[(PO)E] [g=1,2, <=+, NT) = c(D12)]

S(PO) = N(T) = c(D12)

L)

Date block Pl: Reaction cross section averaged over tally

energy intervals stored here during data process routine.



Re_gct

c(rP)=] = ¢ , [E=1, 2, ***, N(T) = c(D12)]
g k,g
S(P1) = N(T) = c(p12)
5) Date blocks P2, P3: Energy-summed reaction flux, ¢§e§Ct,

a function of surface J and position n, stored here for

printing during data process routine.

C[(Pg)n’a‘] = Wif%c-t [} [n = l, 2, *c°y, N(P) H
3 =1, 2, °*°, N(J)J
s(P2) = N(P) = c(D1k4) ; 8(P3) = N(J) = c(D13) : a two-

dimensional data block.

6) Data blocks T5, T6, T7: Flux Vg, %8 ® function of
242

energy, g, position, n, and tallied surface, J.

C[(E)E,nj = qu’n’-j , [E=1, «+-, N(T) ;
n=1l, ***, N(P) 3 J=1, =, N(J]]
S(T5) = N(T) = c(p12) ; S(T6) = N(P) = Cc(D14) ;

S(T7) = N(J) = c(Dp13) a three-dimensional date block.

e

7) Data block Uk: JF(J) # 0 if the flux across surface (J) is

to be tallied; J(J) = O otherwise. (See data block El.)
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C[(Uh)j] =-3(:l) ) (J =1, 2’ M) J)

S(Uk) = J = c(a5k)

8) Data blocks U5, U6, U7: Same as T5, T6, T7 (see 6) above)

2

except accumulate wé —+ instead of Y— _ =

20, gyn,J3°

IIT - CODE MCH CARD LOADING ORDER

\O @ N N\ & w

10
11
12
13
1k
15
16

(Nunber of cards in parentheses)
Advance NBA (card label 1 MCH)
DOO (2)

GO0

HOO

POO

RUO

500

Voo

W00

ACO (1)

BOO (1)

co0 (&)

E0O (5)

FOO (5)

K00 (2)

Qo0 (1)
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17
18
19
20
21
e2
23
20
25
26
27
28
29
30
31
32
33
34
35
36
37
38
39

Advance NBA end record origins (cards lebeled 2 MCH, 3 MCH)
Remark cards: R940-965 (28)

Load instructions 800 (card labeled FCP MCH)
F800 -- FLOCODE "prime" (2 cards + transition)
Load instructions 857 (card lebeled 4 MCH)
F857 -~ Data assign code (13)

Load instructions 903 (card lebeled 5 MCH)
Subroutine LA S800 (2)

Load instructions 916 (card lsbeled 6 MCH)
Subroutine LA 8820 (2)

Load instructions 917 (card lebeled 7 MCH)
Subroutine TA S816 (L)

Load instructions 901 (card labeled 8 MCH)
(MCS items 27 through 3% -- see Appendix D)
F931 (5)

(McS items 36 through 50 -- see Appendix D)
Fo34 ()

(MCS items 53 through 73 -- see Appendix D)
F83k (9)

F933 (14)

F824 (21)

rgé26 (6)

F827 (&)
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Lo 851 (10)

L1 F852 (12)

42 F855 (23)

k3| ¥8s6 (5)

Ly F830 (19)

45 | F836 ()

46 ¥837 (1)

b7 ] F&25 (9)

L8 SPECTAL TALLY ROUTINES: F860-876 (see pg. 11)
L9 Load instructions 877 (card labeled 9 MCH)
50 F877 (3)

51 Load instructions 850 (card labeled 10 MCH)
52 | SOURCE ROUTINE F850

53 Load instructions 800 (card labeled 11 MCH)

Sk F800: FLOCODE (3)

551 EO
56 El
57 E2
58 I0
51 11
90 | 1I2
1] Y6

92 Transition card (labeled TRANS MCH)

Quantities 30-47 usually replaced by a binary deck of 182 cards.
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IV - REMARKS CARDS FOR CODE MCH

950

952

956
960
961

962

963

965

MCH tally print -- (AOO, DOO, flux data -- Surfaces,
positions, energies, flux, variance.)

Problem finished -- Press start to continue. Save tape
A0O6 and on-line listing if finished.

Importance coefficients -- (I0, Il, I2, Y6)

MCH reaction listing -- K -- Reaction -- Number of neutrons
(Surfaces, positions, tally energies, average energies,
reaction probabilities per collision, energy -- Summed

flux end variance.)

MCH dats process -- Problem -- Number neutrons -- Average
flux -~ Average varliance

Source data -- (800, VOO, WOO, GOO, HOO)
Energy -- Summed flux = PSI(N,J)

Energy -- Summed variance = VAR(N,J)
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V - FORMULAS OF MONTE CARLO CODE MCH

CODE MCS

X00 8

X0l REwW
15X4977

X02
X03 C

1

300
7

7

X04 01011X10
X0b 41021X11

X06 REwW 7
XQ7 TSX4970
X10 0 62 A62
X111 0 7 Wo7?
X12 = 4300
X13 s 857
X00Q & 800
X001 TSxuy932
X02 TSXu826
X03 TSXu933
X04 TSX4825
X05 PSE 163
%06 TSX4926
X07 TSX4810
X100 TRA X04
X11 Nap

X112 CLA A4O
X13 ADD 4O
Xt STO AN0
X15 CLA A2}
X16 ACD 401
X17 ST0 A2)
X20 PSE 163
X21 TSXu926
X22 Tsxu824
X23 TRA X044
X24 PSE 163
X25 TSXu926
X26 TRA x07
X27 = 4800
X30 = 857
X31 » 140
X32 = 800
X33 s 100
X34 o 801
X35 « 1500
X00 & 826
X01 SxDux50
X02 TSXu976
X03 TSXu97S
X04 C $51
X05 ¢ 1

X06 C 953
X07 0

X10 4 31A35
X1} TSXu925
X12 LXAuu4O!
X13 CLA vO02
X148 TZE x21
X15 CLA 421
X16 CASLVOO
X17 Vv wuxie
X20 Nop

X21 SXDux37
%22 SXDuxy)
X23 TSXU9TH
x2u C 1
X25 0 956
xX26 ¢ 1

x27 C 10
X30 O I
X3t ¢ 12
x32 C Yé
X33 ¢ 2

X34 0 63
X35 0 101500
X36 C 2

X37 ¢ 01v00
Xuyg ¢ 2

X41 € 01w00
X2 ¢ 2

X4%3 CGO11GO1
Xy C 2

X45 4HO11HO1
X4é6 LXDUXSO
X47  TRAW )
X580 HTR

X00 € 830
X01 SXDuvus
X02 SXD2Y4é
X03 SXDIvy7
X04 CLA A37
X05  TSXu901}
X306 STG 803
X07 LXAC26
X1C CLA C26
X111 ALS 1
X12 STO 140
Xx13 ADD C27
xi4 SVYA Y50
X15 CLATPOO
X16 TNZ Y50
X17 CLA 140
X20 SuB 402
X21 2 11x12
X22 STZ A35
X23 TSxu931
X24 LXDIT7e
X25 CLALTS
X26 FOH 803
X27 STQ1t5

179

X30
X31
X32
X33
X3y
X35
X36
X37

Xuc
X41
Xu2
xu3
xuy
Xus
Xué
xXu7

x50
X51
X52
X53
X54
XS5
X56
X57

X60
X6
X62
Xxé3
X64
X65
x66
xX67

x70
X7
x72
X73
X7y
X75
X786
xT7

v¥QQ
Y01
Y02
Y03
YOy
YOS
Y06
Yov

Y10
Y
Y12
Y13
Y4
Y1s
Y6
Yiv

DIFFERING FROM THOSE OF

CLATUS
STa 100
FCH BO3
STQ1IUS
CLA 1C0
STAIUS

2 1¥x25

TSX4925

sSTZ 110
S1Z 11
LXD1T7e
LXD2P 3y
LXD4TSe
CLA u00
FADITS

¢ 11X50

2 Tuxué

ST102P2
FAD 111
STO 11

2 12xuM

C
C 964
0
L}

TSXH9TH
1

1
P2
LXDITTe
LXD2P3
LXD4TSs
CLA 400
FAD1US

& 1IX70

2 luxes

2

FgOO00

ST6 100
LoQar2
FMP2P2
ST6 101
CLA 100
FSB 101
FDH 803

STQ 102
CLA 102
TSX4903
CLA k0O
$T02P2
FAD 110
ST0 110
12x64

TSXu97h
2
965

P2
CLA A37
STG 112
CLA A36

Y20
Y21
Y22
Y23
Y24
Y25
Y26
Y27

Y30
¥l
Y32
Y33
Y3y
Y35
Y36
Y37

Y4C
Yul
Yu2
Yu3
Yul
Yus
Yué
Yu47

Y50
YS!
Y52
Y53
Y54
YS5S
Y56
Y57

Y60
Y61
Y62
Y63
Yéu
Y65
Y66
Y61

Y7¢
Y71
Y72
Y73
Y4
Y75
Y76
Yre

z00
Z01
202
203
204
20S
206
z07

STG
TSX4
2

)

2
cLa
TNZ

Fooo

LxD2
CLA2
ANA
sT02
2 12
TSXY
(4] 1
y

TSXY
LXDU4
LxD2
LxD1
TRAY
HIR
HTR
HTR

CLA
ST0
P0X2
ARS
ST0
CLA
STA
Su8

STA
SLB
STA
sus
STA

CLA2

FOH

13
975

962
1My

RO
z10

17+
LS
w4l
us
Y31
974

us

934
Y45
Y46
Yu?
1
]
0
0

0
100

22
101
160
Y61
101

205
101
Y65
101
Y73

0
803

STQ2 @

STQ
FMP
ST10
CLAZ
FDH
ST1Q
CLA
FSB

FOH
STQ
CLA
TSX4
CLA
$702
2 12
TRA

100
100
100

0
BO3
101
101
100

803
100
100
903
400

0
Y6S
xX17




210
FAR
212
213
21y
Z15
Z16
217

220
221
222

x0e
x01
x02
X03
X0u
x05
X06
X07

X1C
X1
X12
x13
X4
X15
X1é
x17

X20
x21
x22
xX23
X24
X25
X26
x27

X30
x31
x32
X33
X34
X3S
X36
x37

xuc
Xyl
Xu2
Xu3
X4y
Xus
Xu¢é
xu7

LXAI401
LXA2R01
1T 11213
CLAIRCO
STo B8OV
1 11216
CLAIROO
STO BO2

TSXu856
2 12112
TRA Y30

g 834
SXDuX25
SXD1Xx26
TSX4915
SSP
ST0 101
CLA A6
FOH 101

STQ 102
CLA2UY

TSXux27
MSE luy
TRA x22
PSE 144
CLAZUY

TPL X22

ARS 22
TSXLX27
LXDUuxX25
LXD1x26
TRA4 2
HTR 0
HTR 0
SXDUX76

PAXY
CLAYTY
S7T0 100
CLAUYES3
PAXY

1 1ux3s
LXATLO1
CLA D4

TMI X77
CLA A03
CASLE?
1T 1iyol
NQP
CLAITS
ACO 100
ALS 22

X50
XSy
x52
xX53
X5y
X554
X56
x57

X&60
X61
X62
X863
Xé64
X65
X66
X671

X746
X7
X712
X73
xXTh
X758
X718
X1?

Y00
Y01
Y02
Y03
YOy

xca
X01
X02

X00
X0
X02
X03
x0u
X0S
X0é6
Xe7

x10
X11
X112
X113
X1y
X15
X116
X17

STD Xx57
LXAR401
LXAID12
CLA A7
CAS4EC
2 11Y0u
NGP

1 04X60

CLA 102
FADYTS
STO4TS
CLAKUS
STC 103
LDQ 102
FMP 102
FAD4US

STONUS
CLA 103
ADD 401
STA4US
LXDUxX76
TRAY 1
HTR 0
CLA AQ2

TRA Xu2
7014 1v03
2 11Xu5
T tuxy2
1 14X54%

8 840
PSE a4
TRALW 2

e 851
SXDuxvé6
SXD2X77
SXD1Y00
LXDUP3s
STZ4P2

2 14X05
LXD1T7»

LXD2P3#
LXDUTS»
LEQITS
FMPLP]
FAD2P2
STO2P2
¢ 11x21
2 l1ux12

180

X20
x21
x22
X23
X24
X25
x26
x27

x30
Xx31
x32
x33
X3y
X35
XxX36
X371

xuc
X1
Xu2
Xu3
Xy
Xus
Xué
xu7

XS0
X51
x52
X53
XS54
X55
X56
Xx57

X60
x61
X62
X63
xXéu
X65
X66
X67

X7C
X171
X712
X73
XTh4
X75
X776
X77

Y00
Yot
Y02
YC3
YOu
Y05
Y06
Yov?

2 12X
TSXU974
1

951
i

960
31800
1

OOOCOOO

961
€1l
E2
€0
PO
P
p2
LXD1T7«

EO0oOO0O00N

L XD2P3»
LXDUTS»
L0Q2ZP2
FMP2P2
S10 100
S1Z 101
LOQuUP!
FMPLUPI

LRS 43
F¥MPIUS
FAD 101
ST10 101
¢ 11Xx55
2 14Xus
cLA 101
FSB 100

FOH BO3
STQ 102
CLA 102
TSX4903
CLA 400
TNZ YO1
2 12x41
TSXuU97y

c
L} P2

LXDUX76
LXD2X77
LXD1Y0O
TRANW 1}
HTR

HTR

HTR
FOH2P2
sTQ2pP2
TRA Xé66
8 2X03
CLA A37
TSX4901
ST0 BO3

Y10

Xa0
X01
x02
X03
X04
X05
X06
xQ7

Xic
X11
X12
X13
Xy
X1S
Xt6
X117

Xx20
X21
X22
X23
X24
X25
X26
x27

X30
Xx31
x32
X33
X3y
X35
x36
x37

x40
X4
xXu2
X43
Xuy
x45
Xu46
Xu7

X5¢
X51
X52
X53
X5y
X55
X56
X57

TRA X04

€ 852
SXDLY24
SXD2Y25
SXD1v26
LXAID12
CLA 802
SLB 403
sTg 130

STZ 131
LXD280S
T 12x13
CLA2M3
STO BO6
STD Xu2
STD X72
PCXUu

I 12x21
CLA2MS
CAS 140
TRA X72
TRA X72
¢ Tuxr2
1 12x27
CLA 140

CAS2M3

TRA Xx25
TRA XT2
CLA2M3

FSB2M3-
STG 105
CLA 140
FSB2M3-

FDH 105
STQ 132
1 02xXu3
CLA2M3
POXy4
CLA2Z2M3-
PDX2
CLALYMY

FSB2MY

LRS 43
FMP 132
FAD2MY

ST6 133
FsB 131
T™L X70
L0Q 133



X60
X861
X62
X63
X64
X65
X66
X617

X70
X71
xX72
X173
XT4
X75
X76
X177

Y00
Y01
Y02
Y03
YOu
YCS
Y06
Yo7

Y1c
Yl
Y12
Y13
\ AL
Y15
Y16
Y17

Y20
Y21
Y22
Y23
Y24
Y25
Y26
Y27

Y30
Y31
Y32
Y33
Y3u

xCQ
X01
x02
x03
X0y
x05
X06
XC7

STQ
ST0
cLa
sus
ST0
TZ€

131
134
130
401
130
Yi3

b oTuxer

LI |

CLA
TRA
1 0
CLA
PDX
CLA
ST0
FSB

TvI
LCQ
STQ
STC
cLa
£1%:)
ST0
TZE

1
CLA
TRA
LCQ
FMP
ST0

2
NOP

LXD
LXD
LXD
TRA
HTR
HTR
HTR
8

CLA
FAD
suB
STC
TRA

€

2Xu7

400
X61
2X73
2¥3
N
LMy
133
131

Yl
133
131
13y
130
401
130
Y13

LX75S
400
Y03
134

1Pi

1Py
1X05

ky2y
2Y25
1Y26
b

2X07

€0

1E0+
LR
140
X10

855

SXDuyY23
SxD2Y24
STQ BO4
TSX4903
CLA 40O

LRS

L3

FMP C24

X1¢
Xx11
X12
X113
X1y
x15
x16
x17

Xx2C
x21
X22
X23
X24
X25
X26
X27

Xx30
x31
Xx32
x33
X3y
x35
X36
xX37

Xuc
Xu1
xy2
xu3
Xhy
Xus
X6
Xu7

xSC
XS1
X52
XsS3
XSy
X55
X56
XS7

X6C
X6l
X62
X63
X644
X65
X664
X617

X740
X7
x72
x73
XTh
X715
X76
x77

ST0
cLA

BO3
BOUu

TSX4903

CLA
LRS
FMP
ST0
FSB

ST0

400

43
C2y
B804
803

BO6

LXA4BOS
CLAUNO+

STO
STD
STD
STD
STOD

ST1D
STD
STD
STD

121
X52
Yuo
Y51
Y56

Y61
You
Y7l
212

LXA2401)

STz
ST12
STz

CLA
STo

e
141
142

BO3
110

TSX4Y2S
LXA4y03
CLA4103
STO4133
2 l1uxuy

CLA

TZE

806

L7

1 12x52
2 02vy01
LXD4103
1 1uxss
CLALMO

CAS
TRA

BOu
Y01

TRA Y01

FSB
STo

110
[RA|

CLAUMO

STo

1o

TSXu4v25
LXA4K03
CLA41I03

FAD4 133
FCH 422

FMP

tn

FADY 143
STOLI43
CLALIO3
STO4133
2 1uxe7

181

Yoo
Yol
Y02
Y03
YOu
YCs
Y06
Yo7

Yic
Yii
Y12
Y13
Yy
Y15
Y1é
Y17

Y20
Y21
Y22
Y23
Y2y
Y25
Y2¢
Y27

Y30
Y3l
Y32
Y33
Y3y
Y35
Y36
Y37

Y4
Yul
Y2
Yu3
Yuy
Yus
Yie
Yu?

Y5C
Y51
YS2
Y53
YS4u
Y55
YS¢
Y57

Y60
Y6l
Y62
Y63
Yéu
Y65
Y66
Y67

TRA X51
CLA BO4
FS8 110
ST 1N
CLA BO4
STG 110
TSX4Y25
LXA44C3

CLA4IO03
FAD4133
FOH 422
FMP TN
FADU1Y3
FDH 806
STQu143
Z 1uy10

LXDyY23
LxD2yv2y
TRALY 1
HTR 0
HTR 0
SXDL4Zué
LXA4BOS
1 24260

CLA 110
CAS4MO
TRA Y70
TRA Y55
CLAUMO
FCH 110
STO 122
SXD4103

1 0uvyl
CLA 121
ANA 445
TZE Yu?7
LCQ4MO
FMP 122
TRA Y50
CLAYMO

STO 102
1 0u4y52
LDQuMO

FMP 122
TRA Y63
SXD4103
1 0kYS7
CLAYMO

STe 1c2
1 0uyvé62
CLAYMO

STC 100
1 04Yé65
CLAUMO

ST 101
TRA 237

Y70
Y71
Y712
Y73
Y74
Y75
Y76
Yr?

2C0
201
202
203
04
205
106
207

210
2
z12
13
2
215
216
7

220
221
222

224
125
126
127

230

T

Z50
Z51
152
54
54
155
156
57

CLA 122

FDOH 123
STQ 122
1 04213
CLAYMO+
FSBuNMO
LRS 43
FMP 122
FADLMO

STO 102
1 04222
CLAYMO+
FSB4MO
LRS 43
FMP 122
FAD4MO
ST0 10C

1 oz
CLAUMO+
FSB84MO
LRS 43
FMP 122
FADUMO
STo 101
CLA 102

FSB8 100
LRS 43
FMP 101
ST 101
LXDuZyé6
TRAL 1
HTR 0
LXA44O3

CLAL133
STOL1IYL3
2 14250
TRA Y20
€ 2Xx33
STD 221
STD 230
TRA X34




Z60
261

xoo0
X01
X02
X03
X04
X0S
X06
Xovr

x10
X
x12
Xx13
X114
X115
X16
X117

X20
X21
X22
xX23
X24
X25
%x26
X27

X3¢
x31
x32
X33
X3y
X35
x36
X317

Xug
X1
Xu2
Xk3

X00
Xoi
X02
X03
XG4
X05
X06
X07

LXA2401
TRA Y30

8 856
SXD4X33
SXD2Xx34%
SXD1X35
LXA4BOY
CLAYTO
$Ta BGS
LXAND12

CLAED
STAIEQ+
CLAYEC
LDQIEO+
TSX4855
CLA 142
STO1PO
LXAUBO2

3 3u4x36
CLAYIL3
sT61P]

2 1xi2
LXA48Q2

3 3yx42
TSXu851
LXDkXx33

LXDZX34
LXD1X35
TRAW 1
HTR 0
HTR 0
HTR 0
CLA W2
FS8 41

FSB 140
TRA X22
TSX4852
TRA X26

8 857
TRA X07
NQP
NOP
NP
NOP
NgP
TSX4971

X30

X37

X40
X4l
X42
X43
X44
X45
X46
X47

X50
%51
X52
X53
X54
X55
x56
xX57

X6G
Y64
X62
X63
%64
R6%
X66
x67

X70

nt2
X73
N74
X7y
X776
X717

CPOL11LAO
0 42A1
0PC21A2
G 4243
0P031A4
0O 42AS5
GPQ4lAs
0  42A7

OPO5180
G 4281
QpPQ61B82
0 4283
oP071B4
0 4285
oplOLB6
0 4287

OP111CO
0 42Cl1
opl121C2
0 4203
0b131C4

> 0 42C5

aPL41Ce
G 42C7

0P1510D0
0 42D1
0P161D2
0 42D3
CP171D4
G 4205
oP20106
0 4207

CA34110
OA34111
0A34112
DA461R0O
QA46 1IR3
OAS41R4
OA231R5
0A231R6

0AS541R7
0A541S0
0A541S1
0A54152
CA24153
OA46154
0A251S5
DA261S86

OA54187
0A261T0
GAS541T1
00C11T2
0A261T73
0A541T4
0Q021M0
0Q031M1

182

YOO
YOl
Y02
Y03
Y04
Y05

Yo7

Y10
Yil
Yiz2
Y13
Yl4
Y15
Yleé
Yi7

Y20
Yzi
Y22
Y23
Y24

Y26
Y27

Y30
Y31
Y32
Y33
Y34

Y35

Y36
Y37

Y40
Y4l

Y42
Y43

Y44

X00
X01
Xx02
X03
X04
X0S
X06
X07

00041 M2
0Q051M3
0Q061M4
OA461Y6
OA47120
OA47121
0A54172
0A541213

0A26124
0A261215
0DO0311727
0D121E0
ODl4lE2
00132€3
0D12175
0D142T6

0013377
CD121U5
0D142u6
0D133u7
0A541U4
0p121pP0
oD121P1
0D141P2

00132pP3
4DL31EL

0
0

8

TSX

4970

T Jdav

62

SXD
CLA
ARS
SYO
CLA
S12
STA

Ab2
4857

903
903

916
916

917
917

901

925
4X65
A43

A32
A50
A53
A53

X10 ARS 22
X1l STO AS0
X12 CLA A44
X13 STO Xé66
XL4 STZ A44
X155 TSX4974

X16 0 1
X117 0 951
X20 0 2

X21 © 950
X22 0 621A00
X23 ¢ 2
X24 0 141000
X2% 0 2
X26 0 El
X27 0 E2
X30 0 EO
X31 0 75
X32 © L
X33 0 us
X34 0O 1
X35 0 AO
X36 0 A2
X371 0 A4
X40 O Ab
X41 0 BO
X42 O 82
X43 O B4
X44 O 86
X45 0 co
X46 O c2
X471 0O C4
x50 O cé
X51 0 00
Xs52 0 D2
X53 0 D4
X54 4 Dé

X55 CLA A5Q
X56 ALS 22
XST ACL AS3

X60 STO AS50
X61 CLA X66
X62 STG A44
X63 LXD4X65
X64 TrRA4 )

X65 HIR
X66 HIR
X00 8 231

XKJL  Ts8Xa377
X02 0 2 7
X03 C2012X37
XG4 02022X40
X05 0203227
X306 C204240
X07 02C52A2



X1
X1l
X12
X1l3
Xl4
X15
X1lé
XL7

X2G
x21
x22
X23
X24
X29
X206
K27

X30
X3l
X32
X33
K34
X3y
X36
X37

X4GC

Xco
X0l
X02
X03
X04
X095

X07

X10
X1l
X12
X13
X1la
X15

X1v

X20
X21
x22
X23
X24
X25
X26
X27

0206244
0207246
0216280
c211282
G212:84
02132086
0214200
C2152C2

C2162C4
02172C6
C220200
0221202
0222204
0223206
C2242€0
02,5281

02262t2
(2272715
4230205
WLF 7
REW 7
LXD4457
TRA4 1
U 62 A62

0 10 5193

8 932
REW 7
TSX4977

(O § 7

OA361R0

01031R3

01041R4
01051RrS

Ol061LR6
O1071R7
0110180
O1111S1
Gl1l21s2
Cl1131S3
Oll4154
C115185

0l16156
OLL71ST
01201710
Ol211LT1
01221T12
0123173
0124174
01251M0

X30
X31
X32
X33
X34
X35
X36
X37

X40
X4l
X42
X43
X&4
X45

X4

X50
X5l
X52
X53
X54
X55
X56
X57

X60
X61
X62
X63
X64
X65
X66
X617

X70
X711
X712
X73
XT4
X75
X76
X177

YOO
Y01
Y02

xCo
Xx01
X02
x03
X0
X05
X06
Xx07

01261M1
01271M2
01301M3
01311M4
41321951
PSE 164
TRA X4l
LXD4457

TRA4 1
TSX4977
o 2 7
42011v01
CLA A40
T2E X37
TSX4977
0 7

02Q21Y02
0203127
02041A0
0205142
02061A4
02071aA6
c210180
0211182

0212184
0213186
02141C0
02151C2
02161C4
G2171C6
0220100
0221102

0222104
0223106
02241¢€0
02251E1
02261E2
0227175
42301U5
RENW 4

TRA X37
0 62 A62
0 10 81¢C

8 933
SXDuY25
CLA DO2
STG A27
CLA DO3
STO A2
CLA Xx63
STA Xx13
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X110
x11
x12
X13
X1y
X15
x16
x17

Xx20
x21
X22
x23
X24
x25
X26
x27

x30
x31
X32
X33
X3y
X35
X36
xX37

Xu0
x4l
xu2
X43
Xy
X45
Xué
xXu7

XS0
Xx51
X52
X53
XS54
X55
XS56
X57

Xx60
X61
X62
X63
xX64
X65
X66
xX61

CLA
STA
CLA
S10
ST0

v32
Xy
Y33
0
0

LXALALG
CLAUYS

TZE
ALS

x22
41

GRSULRO
2 14X16

CLA
ST0
CLA
SYO
CLA

sT6
CLA
STO
LbQ
ST1Q
CLA
TNZ
STQ

K01
co1l
K02
cis
K03

c21
KOu
C33
K05
C34
A37
Xu0
ALl

LXA4ASY
CALY4RY

ANA
ST10

L4u2
101

CALU4RYL

ANA
TZE
CAaL

ANA
ACL
ACL

Lyl
Y3y
Y30

441
Y26
101

SLWURY
CALUST

TZE
STA
CAL

TNZ

Y36
X57
0

X671

SXDu100
CLA Y42
TSXu906

HPR

LXD4100

TRA

X72

ANA LUl

XT0
X71
X712
xX73
X7y
X75S
XT6
x77

Y00
Y01
Y02
Y03
YOu
Y05
Y06
Yo7

Y10
Y
Y12
Y13
Yiu
Y15
Yié
Y17

Y20
Y21
Y22
Y23
Y24
Y25
Y26
Y27

Y30
Y31
Y32
Y33
Y3y
Y35
Y36
Y37

Y40
Y1
Y42
Yu3
Yuly
Yus
Y4é
Yu?7

Y50
Y51
Y52
Y53
Y54
Y55
Y56
Y57

ACL Y26
SLWUST
2 Tuaxul
LXALANG
CALLSK
TZE vuo
STA X7T7
CAL 0

TNZ Y07
SXD4100
CLA Yu2
TSX4906
HPR

LXD4100
TRA Y12
ANA 441

ACL Y26
SLWuSH
2 14x74
LXA4D13
CLALEY

PAX2
CAL Y31
ANA 441

ACL Y26
SLwW2s7
2 uviy
LXD4Y2S
TRAY 1

HTR
TRA 0
TRAW 2

TSXu905
TSXu834
TSXU924
NGP

CAL Y27
TRA X52
CAL Yy27
TRA X741

CAL Y24
TRA Y11
C ouT
€ 2y21
CLALE!
TMI Y52

PXD4
ARS 22

STA2uL
TRA Y22
P XDy
STD2uu
CLA2UL
SSM
STo2us
TRA Y22



X00 8 934
X0L TSX4377
X02 0 2 7
X03 02011X36
X04 02021X37
X05 6203127
X06 02041A0
X0? ¢2C51A2

X1U 02061A4
X1l 02071A6
X12 0210180
X13 0211182
X14 0212184
X15 0213186
X16 02141C0
X17 02151C2

X20 02161C4
X21 02171Ce
X22 0220100
X23 02211D2
X24 C2221D4
X25 0223106
X26 02241E0
X27 02251E1l

X30 02261E2
X31 0227175
X32 42301uU5
X33 REW 7
X34 LXD4457
X35 [TRA4 1
X36 0 62 A62
X37 0 10 81O
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VI - INITTATING CODE MCI CARD LOADING ORDER

O o 3 o6 Ww

10

12
13
NEE
15
16
17
18
19
20
21

22

(Nurber of cards in parentheses)

Advence NBA (card label 1 MCI)

L0O (1)

Q00 (2)

A0O (1)

BOO (1): Working storage space reserved
CO0 (5): Constants

DOO (2): Size parameters

roo (1) )
JOO (1)

} Space reserved
KOO (1)

ROO (1) J
Advance NBA and record origins (card labeled 2 MCI)
Remark cards: R930-94k (R932 PREPARED BY USER)
Load instructions 850 (card labeled FCP MCI)

F850: TLOCODE "prime" (5 cards + transition)

Load instructions 860 (card labeled 4 MCI)

F860: Data assign (6)

Load instructions 906 (card labeled 5 MCI)

(MCA items 16 through 30 -- see Appendix E)

F815 (7)

réis (s5)

F8L7 (6)
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23
24
25
26
27
28
29
30
31
32
33

r820 (7)

Loed instructions 865 (card labeled 6 MCI)
rees (1)

Load instructions 850 (card labeled T MCI)
FE50 (6): FLOCODE

Trensition card (lebeled TRAN MCI)

SURFACE CARDS: (see pg. 53)

Transition card (labeled TR CRC MCA)

CELL CARDS: (see pg. 5k4)

Transition card (labeled TR CRC MCA)

MATERTAL CARDS: (see pg. 56)

VII - REMARKS CARDS FOR CODE MCI

931
936
U3
Sl

Initiate problem -- MCH
Problen data blocks -- (RO, R3, Rk, R5, R6, R7, SO, S1)
(s2, s3, sk, S5, S6, ST, TO, T1)

(T2, T5, T4, X(A), Y(A), Z(A)).
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VIII - FORMULAS OF INITIATING CODE MCI DIFFERING FROM THOSE OF CODE

MCA
X00 & 8l6 X20 Cl14254 X30 0 944 X20 LXA4401
XO0L sXD4 77 X21 0115255 x31 0 T2 X2l CLA LO2
X02 TSX4975 X22 0116256 X32 ¢ T3 X22 sus c23
X03 ¢ 2 X23 0117257 X33 ¢ 14 X23 Ml x25
Xg4 0 237 X24 0120270 X34 0 L3 K24 1 l4xez
X05 0 2 X25 01212711 X35 0 z1 X25 PXD4
X06 4 61Q00 X206 01222712 X36 0 12 X26 ARS 22
X07 TSX4974 X271 0123273 X37 0 3 X217 SSM
X100 2 X30 0124274 X40 4 611A00 X3G STO A4t
Xi1 ¢ 937 %31 01252M0 X4l  TH5X4975 X3l SsP
X12 0 2 X32 01262M1 X42 0 2 X32 ADD 401
A13 4 61Q00 X33 0l272M2 X43 O 940 X33 ALS 2
X1la4 LXA4092 X34 01302M3 Xe4 4 X34 STO A24
X15 7D034X20 X35 01312M4 X45 T5x4974 X35 LDQ 100
Xl6 CLA C20 X36 41322932 X46 O 1 X36 MPY A47
X17 15X4906 X371 WEF 7 X47 4 740 X37 STG 100
X20 LXA4Q03 X40 TSX4977 X50 LXD4X52 X40 CLA 100
X21 70G44X2¢4 X41 G 7 X51 TRA4 1 X41 SSP
X22 CLA C21 X42 42012X47 X52 HTR X42 STO A23
X23 TSX4906 X643 WEF 7 x93 8  2X50 X43  SX4970
X24 LXA4Q04 X44 REW 7 X54 PSE 164
X25 70054X30 X45 LXD44S? X55 TRA X51 X464 % 4850
X26 CLA C22 X46 TRA4 1 X56 TSX4974
X27 TSX4906 X47 0 62 A62 X57 0O 1 X45 « 860
X30 LXA4405 X50 0 7 (07 X60 O MO
X31 70064X34 X6l 0 M1
X32 CLA COS x62 0 M2 X00 8 850
iiz {;ﬁzggz X063 0O M3 KOl  TSX4355
X35 70074X40 X00 8 820 ;‘ZZ I'on:.:f;z fgi ¥Z§Z§8i’
X36 CLA C23 X0l  SXD4X52 X66 TRA X51 XU& [$SX4802
X371 TSX4906 X062 TSx4974 X035  TSX4855
X03 0 1 XU6 TSX4B03
X40 LXD4 77 %04 O 336 X07 TSX4u406
X41 TRAG 1 X05 G RO FLOCODE "PRIME"
£06 0 R3 X10 TSX4804
X07 0 R4 (TO SET PARAMETER BLOCK K11 NUP
AOO PRTIOR TO DATA ASSIGN) X12 TSX4977
X00 8 817 X10 O RS XL3 ¢ 2
Xo W X1l € Ro6 X14 0115186
I REW 7 h -
X02 TSX4977 e o R oy Peia ol 15 011710
X13 € SO X0L  CLA LOL Xlo 0122173
x03 ¢ 7 Xi4 0 S1 X0Z SIO A36 o
X04 01012Xa7 X15 0 2 X03 CLA LOZ X17 01251M0
X05 (G1022X50 xX16 O 943 XC4 STC AS&
X06 0A362R0O X17 O $2 X05 CLA LO3 X20 01271iM2
X07 01032K3 X06 STO A46 x21 0130113
<20 0 . X07 <TG A34 X22 41311M4
X1u 01042R4 X2l 0 ot X235  NOP
X1l 01052R5 X22 0 SS X10 ADD 401 X24  STZ 806
X12 01C62R6 X530 e X1l Si0 100 X25 CLA A25
X13 ClOT2R7? X24 0 P X12 CLA LC4& X26 SI0 801
X14 01102S0 X35 © o X13 SIC A25 X271 TSX4374
X15 6111251 X26 0 TL Xl4 CLA LOS
Xlo C112252 x27 0 2 X15 STO AS6 Xx30 C 1
X17 0113283 X16 CLA LO6 X314 935

X32 REW 2
X33 TS5X4855
X34 TSX4815
X35 CLA 5Ol
X36 SUB 401
X37 STQ 8Ol

X17 S0 AS7
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X40
X4l
X42
X43
X44

X46
X47

X50
X51

X52

X00
X0l

X03
X04
X05
X06
X071

Xx10
X1l
X12
X13
X1la
X15
X1l6
X17

X20
X21
X22
X23
X24
X25
X26
X217

X30
X31
X32
X33
X34
X35

X37

TNZ X33
CLA BO6
STD Mls
ARS 22
STo Qo3
TSX4816
T4X4817
T$X4820

HPR
T$X4970

- 4850

8 860
T5X4971
0DO31A0
CD171F0
OD171F1
0Q021M0
OLO4 1ML
0Q041M2

0Q051M3
0Q061M4
OA461R0
0A461R1
0A542R2
0A461R3
OAS541R4
0A231RS

0A231R6
0AS541R7
OA541S80
0454151
0A541S2
0A24153
0A46154
0A251S85

0A261S6
OAS541S7
0A261T0
CAS541T1
04001T12
0A261T3
0A541T4
0447120
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X40
X4l
X642

X44
X45

X46

X00
X0l
X02
X03
X04
X05
X06
Xo7

X10

X00
X0l

OA461L1
0A46112
OA46123
4A461Y6
TSX4970

L 4860

- 906

8 865
TSX49174

o 2

0 571A00
0 2

0 61800

0 2

0 751155

4 2
TSX4975
0 941
4 3
HPR
PSE l63
TRA X26
CLA AQs

STO X30
SXD1AQw
TSX4974
4 AO
CLA X30
STG AOQ#
LXD4457
TRAG 1

HTR

* 850

8 905
8A0 480




