
-.

LAMS-2856
UC-32, MATHEMATICS
AND COMPUTERS
TID-4500 (19th Ed.)

LOS ALAMOS SCIENTIFIC LABORATORY
OF THEUNIVERSITYOF CALIFORNIA LOSALAMOS NEW MEXICO

REPORT WRITTEN March 1, 1963

REPORT DISTRIBUTED: May 13, 1963

A GENERAL MONTE CARLO NEUTRONICS CODE

by

Robert R. Johnston

.-
= ‘r
~m~ ~. Contract W-7405-E NG. 36 with the U. S. Atomic Energy Commission~~ -
“===ti,s~ All LAMSreports are informaldcaunents, usuallypreparedfor a specialpur-

pose and prhnarily prepared for uee wftldnthe Labmatory rather than for
geneml distribution. This repert hea not been adlted, reviewed,or verified

=~ for acouraoy. All IAMS reports exprese the views of the autbora as of the
z=
g~03’ time they wem written and donet necessarily reflect the opinioneof tbe Los
xm~ AlamosSoientifloLaboratoryor the finalopinionof the autboraon tbe subject.
:~g

~===~”
m’

.—. 1

ABOUT THIS REPORT
This official electronic version was created by scanningthe best available paper or microfiche copy of the original report at a 300 dpi resolution.  Original color illustrations appear as black and white images.For additional information or comments, contact: Library Without Walls Project Los Alamos National Laboratory Research LibraryLos Alamos, NM 87544 Phone: (505)667-4448 E-mail: lwwp@lanl.gov



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.
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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 capable

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

as is warranted by the experimental data, and is described

III.

much detail

in Chapter

Chapter IV contains a brief description of the variance-reducing

techniques utilizedby the cede. 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 formula 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.
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A problem of frequent interest is the determination of the spatial

distributim of sane 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 cmle are described in chapter

VIII.

Appendix A defines the various parameters used by the code, and

Appendix

the form

defining

the code

B describes the necessary data blocks. Appendti C describes

in which the nuclear data is presented to the code. A list

the order in which the various parameters and formula sets of

must be loaded is in Appendix D, together with a complete

listing of the code. A~pendix E is similar in form to Appendix D but

desls with the initiating code -- used h the preparation of a problem.

Appendti 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

VIII.

The basic units

lengths in

variant to the Monte Carlo described in Chapter

utilized by the code are:

centimeters

times in shakes (1 shake

energies in Mev

= 10-8 sec.)

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

~OCO] is used thro~jhout.



II. TREATMENT OF THE GEOMETRY

The cede is designed to handle an arbitrary three-dtiensional

configuration of first- and second-degree surfaces. The regicm of

space under consideration is subdivided by these surfaces into a

nuniberof cells, in each of which the material properties -- isotopic

composition and density -- and the

below) are assumed to be constant.

most 432 surfaces

The surfaces

.... J, where J(<

and 2048 cells.

of a problem are

neutron importance (see Chapter IV,

Allowance has been made for at

nuttiberedconsecutively j = 1, 2,

432) is the total number of surfaces in the problem.

The surface type for each surface is specifiedby a parameter K:

K = 1: spherical surface centered at (~,~,~) with radius d:

I (:)= (X-~) 2+(y-;)2+(Z-z)2- d2=0
j

K = 2: plane surface:

I .(<) =Ax+By+Cz+D=O
J

K = 3: cylindrical surface with generators parallel to the y-axis,

center at (~,6,~), radius d:
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K = 4: cylindrical surface with generators parallel to the x-axis,

center at (b,~,~), radius d:

Z .(:) =
J (Y-7) 2+(z-=)2-d2=0

K = 5: cylindrical surface with generators parallel to the z-axis,

center at (~,~,6), radius d:

xj(:) =(x-~) 2+(y-;)2-d2=o

K = 6: reflecting plane (see below):

~r.r) =Ax-i-By+Cz+D=O

K = 7: special quadratic surface:

E@ = A(x - =)2 + 13(y - ;)2 + C(z - ~)2 + 2J)(x - ~) -i-

2E(y-;) +2F(z-~)-I-G= O

K = 8: general quadratic surface:

x .(;)=AX2-I- By2+CZ2+DXy+EyZ +Fzx-I-Gx+HY+
J

Jz+K=O



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

being considered.

If the geometry of the

symmetry in some plane, the

fied by defining that plsme

problem possesses complete reflection

specification of the problem may be simpli-

to be a reflecting plane (K = 6, above).

A neutron attempting to cross such a reflecting plane will.find its

trajectory specularly reflected in the plane.

The cells of a problem are nuniberedconsecutively a = 1, 2, ....

A, where A(< 20A.8)is the total number of cells. A cell is defined by

specifying its boundtig surfaces and the sense of the cell.with respect

to each such surface.

The sense of a point fiwith respect to a surface j is defined to

be the sign of x .(R), where
J z j(:) = O is the equaticm 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 tobe unique it is necessary that cells and surfaces be

so specified that every point in a cell have the same sense with respect

to each surface bounding the cell.

This requirement of uniqueness frequently necessitates tie specifi-

cation of more cells and/or surfaces than considerations of the material

configuration &Lone would require. For example, the configuration of

materials illustrated in Figure la below does not lead to a unique sense

for cell.(1) with respect to its bounding surfaces @a”d@* ‘0

obtain the necessary uniqueness, one my add a cell (3) (as in Figure lb)
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0(or cme may add botlna cell (3’) and a surface 7 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 point 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

analogous situation of the aibiguity 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 addition&L,

non-bounding surface -- usually a plane -- such that the members of an

ambiguously related pair will have opposite senses with respect to

this added surface. Thus in Figure 2a, othe addition of surface ~ to

the specification of cells (2) and (3) removes the ambiguity in their

definition. Similarly, the

separates the two sheets of

between cells (1) and (2).

is said to be an “ambiguity

oaddition of surface 2 in Figure 2b uniquely

osurface 1 and so removes the anibiguity

Such a non-bounding surface for a cell (a)

surface” for that cell.

An additimml feature of the code which is often useful is the

provision for tallying various quantities of titerest whenever a neutron

crosses a specified surfcce or whenever a collision occurs in a specified

cell. Usage of this featuxe simplifies the accumulation of flux distri-

butions, collision densities, and the like. The formula for accumulating

the quantity of interest must be pravidedby the user and is to be given

a formula number frmn the set F860 to F876, inclusive. The desired
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result is usually a

smne variable: for

function of energy,

LOO, MOO, NOO, TOO,

parameters defining

and the accumulated

distribution of some quantity as a function of

example, the flux across a given surface as a

time, position, etc. Parameter blocks 100, JOO,

UOO have been reserved for the storage of the

the limiting values of the independent variables;

quantity must be stored in one of the data bloclis

AO through Dl, the sizes of which are defined in parameter blcck POO

(see Appendix A). The use of the formula 827 (ChapterV, below)

simplifies the accumulation of the desired data by stor~ it in a

form which will then be automatically processed and listed witi the

rest of the problem results.

This feature of the cede maybe 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 neutrcm crossing surface j tith energy E. Then the

desired flux is tineexpected value of v(E) = W(E)/lVnl, where Wn is

the cosine of the angle made by the neutrcm trajec’~orywith the normal

to

En

suxface j at the petit of intersection

are stored in parameter block LOO (n =

(calculatedby formula 915).

where the desired values of

1, 2, .... 11). We choose to

accumulate the $n

the specification

(rLoco) = 1.0658=

in data block (B2)n by means of a formula 865. In

of surface j (see PG. 53 belov)} ~reset R = @

56510. ~le j~ word of the surface tally transfer
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blcxk (S7)~ will then contain a cmmand (TSX, ~, L), where L is the

address assigned by FLOCO to the first word of formula 865. The

contents of P06 must be set equal to N by the user (see Appendix A).

M example of a suitable formula 865 is presented on the following

page -- the FLOCO cards for which are loaded into the 140nteCarlo code

bnediately following

The expected value of

then automatically be

the basic formula set, as inticated h Appen~ D ●

the desired flux and the variance thereof will

cslcul.atedand listed by the general data process

formula 830 (Chapter V, below).

In tracing the progress of a

considered from a “nautrcm’s-eye”

particle, the geometry is always

view. Given that, at a t- t the

neutron is at a point ~ in cell (a) moving with energy E in direction

; -. either as tie result of some collision or of sane source distri-

bution -- the first surface the neutrm will cross is determined by

calculating the distance frm ~ to the point of intersection of the

neutron trajectory with evezy surface bounding ceX1.(a). The smallest

positive such distance, Aj, determines the desired surface (j). Com-

parison of this distance Aj with the path length to next collision of

neutrcms in cell (a) with velocity V then decides whether or not the

neutron will reach this surface without first making a collision.

If it is deted.ned that the neutrm is to cross surface (j)

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

14
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[t -i- (AJ + e)/v] +t

where E is a small.positive constant [C(C@t)] chosen to ensure that

the neubron indeed crosses surface (j). It must then be decided into

which cell (a;) the neutron has passed. For this purpose all candi-

dates for at are collected and stored into a data block Y6, a csmdi-

date being a cell (a”) possessing the surface (j) as a boundary and

having a sense with respect to (j) opposite to that of cell (a). The

neutron then ccmsiders each such candidate (a”) in turn, ccruparingthe
A

ccmqyxtedsenses of its positicm, r, with respect to &El.the surfaces

bounding cell.(a”) tith the specified senses of that cell. When

agreement of the senses is obtained for some (a”), that cell is

accepted as the desired (at). It is at this petit that the arribiguities

in Figure 2 above lead to errors.

The order in which the candidates (a”) are examined clearly governs

the efficiency of this praess, because the neutron accepts the first

cell found which satisfies the sense criteria. To expedite this

procedure two possibilities are considered and are illustrated in

Figure 3.

!lhemost frequently encountered geometrical configuration is

U.lustrated in Figure 3a, where there is

which has at least one additional cmmon

a cell (al) among the (a”)

surface (Jl) with cell (a)
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and with respect to which its sense is the ssme as that of cell (a). In

this case cell (a$) -- hav~ 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 (a;) are computed.

In the example illustrated these computed senses are found to not agree

with the specified senses of cell (a;),

remaining cells (a”) -- other than (~)

for a cell adjacent to (a;), that is, a

so cell (a”) is discarded. The2

and (a;) -- are then searched

cell possessing a common surface

Witi (+) across which the cell

(a:). This prceedure is cslled

sense changes -- in the case illustrated,

the “short ordering” and continues until

a cell.satisfying the sense criteria is found.

If there is no additional ccmmmn surface (jl) -- as ~ustrated in

Figure 3b -- the first cell considered is that whose cell nuniber,say

(~), has tie largest numerical

considered in adjacent order as

event no adjacent cell is found

value, and the remaining cells are

in the “short ordering” case. In the

the procedure is reyeatedj having first

discarded from the (a”) all cells previously rejected. This procedure

is cslLed the “long ordering” and is clearly less efficient.

Having determined a new cell (at) 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.



III. NEUTRON SCATTERING AND REACTION DATA

The nuclear data required by the 140nteCarlo calculation divides

mther naturslly into two classes: those data necessary to determine

the point in space at which a neutron makes its next collisicm, and

those data necessary t~ 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

(m) at a given

subdivision of

II), a ce~ is

pneutron energy E: ~ (E) (in cm.‘l). In the geometrical

the system of interest into cells (as described h Chapter

defined to be a spatial region of constant material.

propetiies -- isotopic composition and density. Thus a cell (a) wild.

contain a material (m) at a density pa (nuuber of atoms x 10‘24/cm.3).

Material (m) is determined by the specification of its isotopic compo-

sition: the numbers p~proportionsl to the number of atoms of isotope

*W if ~Tot(k) per unit volume of material (m). , k (E) is the total.

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

~Tot~ (E)=pa
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summed over the Nm isotopes constituting material (m). The path

length to the next collision is then picked from the distribution

1 IT(E) S , where Sexp-a

trajectory.

Having decided that a

the isotope (k) with which

is a distance measured along the neutron

collision has occurred in materisl (m),

the neutxon has collided maybe determined

[1by comparison of a randcznnumber uniformly distributed in 0,1 , with

the quantities

Pk =

k

z
k~ Tot

Pm ak, (E)
kt=l
Nm

I
k? Tot

Pm ISkt(E)
k$=l

LJ

Y (k=l,2, ....Nm)

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

[
will be absorbed reactions (n,y), (n,p), etc.

1 /
abs(E)with probability crk

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

/
neutron-nucleus center-of-mass system) with probability a&(E) o~ti(E),

or scattered inelastically accord- to the various reaction probabilities

for the isotope (k) at incident energy E. For each isotope a set of

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

Tot abs d
quntities ak,g) ‘k,g> and ak,g are tab~ated~ The cross sections at

a given energy are then obtained by linear interpolation in the laboratory

velocity if the neutron velocity V falls between two specified V~’s.

IfV is greater than the largest specified velocity V~(H), the cross

20



‘ e c t i Onv a l u e s‘k,g(max) are assmed

smallest specified velocity +g(min))

to apply. If V is less than the

‘l(E)the elastic cross section ok

el
‘ s‘iken ‘obe ‘k,g(min)Y abs(E) iSthe absorpticm cross section ok

extrapolated proporticmal to l/V, and the total cross section Ok‘Ot(E)

Totmay either be extrapolated like l/V or taken equal to rJ
k,g(min)“

abs(E)/a~Ot(E),Instead of discarding the neutron with probability Ok

it is more efficient to multiply -- in every collision -- the neutron

weight (see Chapter IV below) by the probability of the neutron not

[
abs(E)/a~ti(E)being absorbed 1 - Ck

1
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 (in either the laboratory or

center-of-mass system) is picked by the rejection technique from the

‘k)(coscx,E) for neutrons of energy E.scattering distribution S For

each isotope there is specified a set of energies Eelk,gt at which the

‘k)(COS a) are tabulated --data defining the scattering distributicm S ,

‘k)(COS a,E) then being inte&l.ated linearly in thethe value of S

The scattering distribution at each energy Eelenergy. k,gt is defined

at which the S~) (cos an) areeither by a set of values of cos a
n

tabulated -- intermediate values being obtained by linear interpolatim

in Cos u -- or by the coefficients of a polynomial fit in cos u. The

scattering distribution may be given in either the center-of-mass system

or the laboratory system. If the mass number ~ of isotope (k) is

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

21



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

energy E and the angle of scatteringa.

In the event that the neutron is inelastically scatte~d, the angle

of scattering and the final neutrm energy depend on the type of nuclear

reaction. The reactions possible cm a given isotope (k) over the energy

range of interest (usually O

and are identified according

isotope there is specified a

the data for each reaction v

to 15 Mev) are labeled v = 1, 2, .... N(V),

to reactim type by a tag T. For each

set of laboratory energies Einellog at which

are tabulated -- including the probability

inelof the reaction at energy Ek,g 2 the scattering distribution data for

this reaction at this energy, and whatever additional information is

necessary to determine the final neutron energy. The reaction v is

[1determinedly comparing a random nuniberuniformly distributed in 0,1

with the probabilities 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 neutr(m energy E‘ is picked from an evaporation

22



‘herex=& =($).?
1) I)k= 13.69 G may

tabulated for each

2) If the value of El

be a slowly varying function of E and is

inel
‘k,g “

so chosen is greater than E, it is discarded

and another value is picked.

3) If the aqar distribution is given in the CM system, E’ is

the new CM energy and the new laboratory energy is calculated.

()A+l kIn this case, a~ti= ~
?Lab” If the angular distribution

is given in the laboratory system, E’ is the new laboratory

energy.

T=l: Inelastic scattering with the excitation of a single nuclear

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

above the ground state (Q a CM quantity).

1) If the angular distribution is specified in the C14:

E:=(~~[E- ]~ isthefinsl neutron energy in the

CM and the finsl

is calculated.

2) If the angular distribution is specified

(for heavy elements)

Et= E-
QL

laboratory energy

in the laboratory

23



In both cases
‘~=t+)

Q is tabulated for each value of

Einel
k,g “

T 2:= Tabulated distribution of final energies as a function of-- —

the initial energy -- in

sca.ttertigdistribution.

are the probabilities of

the

If

the

incident energyE (f = 1, 2,

—

same reference system as the

~inel
k,g-1

< E ~ E%, then Pg,f
>

final energies E. . for the
t5)J-

. ..). (Pm, must be zero.)
ea)-

[1Let ~ be a random number uniformly distributed in 0,1

< E Spg,f” If no interpolation:and SUPPOse ‘g,f-l

E1=E is the final energy. If interpolation:g,f

( E - pgf-~ )(E )“ = Eg,f-1 ‘P
g>f’- ‘g,f-l

g,f - ‘g,f-l

T=3: Tabulated distributim

the initial energy and

of final energies as a functicm of

the angle of scattering -- in the

same reference frame as the scattering distributicm. A set

of Cos a. are specified such that if cos a
J j-1 <cosa~cosa

J

‘iel <E~E inel
‘d ‘k,g-l k,g Y then P. are

J>g}f

the final energies E. with the ssme
J~g>f

the prdbabil.itiesof

interpolaticm uption

as in reactim type T = 2.

T=4: The fhal laboratory neutron energy is picked frcinthe

fission spectrum

24



I

P(Et) dE? J
O.775Ef=2xo.775— #o.775E’ ~t

m

1) The scattering distribution must be specified in the laboratory

systeme

2) For each Einelk,g there is specified an average number of neutrons

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

values by linear

T 5:= The final CM

of the final

interpolation in the energy.

neutron energy is picked fran the “density

states” spectrum. The scattering distribution

must be specified in the CM system. If Q is the CM energy

threshold for the reaction,
~ = t+)

Q, thenM is the

maximum possible

M=
()A 2(E

This

1) N’ = 2:

final neutrcm energy in the CM system

- ~)

reaction allaws two cases:

(useful for some (n,2n) reactions)

P(2)(E:) cIE:=

where E’ is thec
doubled and the

final CM neutron

final.laboratory

2) N’ = 3: (useful for some 3-body

(n,n’3a) reaction on C12)

energy. The neutron weight is

energy is computed.

breakqp reactions such as the

25



P(3)(E;)

The final

~f!l a (EL) 1 / 2(1J. E&)2 ~!

c

laboratory energy is computed.

T= 6: (n,2n) reaction I: The first

laboratory energy E{ = Q!(E -

(see Cha@er IV). The second

neutron emitted has the final

~) -- this neutron is banked

emitted neutron has the find.

laboratory energy E~ = P(E - ~). The cmstants o!,f3,and

~ . p=) Q are specified. The scattering distribution

must be given in the laboratory system only.

T=7: General (n,2n) reaction allowing each neutron to be picked

from a different energy and angle distribution. The Uta

are specified as for two different reactions with equal

cumulative

above) for

laboratory

reaction probabilities, type T1 (=IO, 1, 2, 3 as

the first neutron, T2 for the second. The fimil

energy and new direction cosines of the first

neutron are chosen according to the prescription of reaetion

type T1 and the neutron is banked (see Chapter IV belOW).

The corresponding quantities for the second neutron are then

chosen according to reaction type T .
2 Both T1 and T2 must

be less than four.

There is specified for each problem a thermal energy,

E~$ such that any neutron attempting to choose an energy

26



Ef <Em will have its energy reset to Em.

In geneml, the treatment of the nuclear reaction data has been

designed to represent accurately the e~erimental data -- frequently

at the expense of computing time.

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

will be found h Appendix C.

27



IV. SAMPLING TECHNIQUES

To improve the efficiency of the calculation

reduc~ features have been included in the code.

them is the concept of the neutron weight.

Each neutron has associated with it a weight

WO by the source routine F850.

its weight willl.change for the

Then, if the average weight of

several variance-

Central to all of

w,

As the neutron moves

various reasons to be

the neutrons crossing

initisJ2y set to

through the system

considered below.

sane surface j,

say, is ~, this is titerpreted as ~
J

neutrons crossing this surface

for every WO neutruns born at the source.

All the variance-reducing techniques involve picking some quantity

of interest -- the

from a probability

distribution. The

:pathlength to the point of next COIJ.iSion,say --

distribution different from the actti physicsJ-

weight of the neutrm must then be apprmriately

adjusted to correct for the error so introduced. Thus, if the quantity

x is physically obtained fran a normalized distribution ~(x) and we

instead

neutron

so that

choose it from a normalized distribution l?(x),the weight of the

utilizing a value xi must be modified by the ratio p(xi)/P(xi)

E
the result Y = f(xi) P(xi) = ~*(xi)[P(xil/p(xil]} p(x~) ‘s

i i
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unchanged, f representing sane answer desired from the calculatim.

being absorbed and a probability p = (1 - .abyc,ot)’of

The code ctm.sidersthe neutrcm to be scattered always, P

neutronts weight is multiplied by p/P = (. - .S.bya,ot)

( aby=T~)ofOn each collision the neutron has a probability a

being scattered.

= 1, so the

●

To every cell of the system there are assigned three rnxibers--

(a),I(a), ~(a) (specifiedby the user)
10 1 2 -- which reflect the importance

which one assumes neutrons passing through the cell will have on the

desired answer of the calculation. For example, very low energy neutrons

in a strongly absorbing medium located far from the region of interest

‘a)(E), ofwould probably have very small importance. The IMPORTANCE, I

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

(a)
11

E + I$a)E2.

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

(a’)(E) iS CCiTIpara new cell (.’) the new importance I* = I ed with the old

I I(a)(E). If (1’/1) 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 (1/1’) and

with probability (1’/1) and killed with

(1’/1) is greater thanl the neutron is

the neutrcm is followed further

probability (1 - 1’/1). If

entering a regi(m of greater

importance and so maybe “split.” Let nbe the largest integer in (1’/1)

andy=
[ 1(1’/I) -n . The weight of the neutron is multipliedby (l/It),

(n + 1) neutrons are banked with probability y, and n neutrons are ba&ed

with probability (1

neutrm is followed

Y) ●
If It = 1, the weight is unchanged and the

further.
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When a neutron is banked, its relevant parameters are relocated

from working storage blwk AOO to a bank block Z7 and saved. Whenever

the code is finished with a neutron, it picks the next neutron fr~ the

bank -- in the order inverse to that in which they were

follows it until finished, and continues this procedure

is empty. Only then does the code return to the source

to pick a new neutron,,

stored -- and

until the bank

routine F6S0

In the calculati(m of the neutron transmission through thick shields

of hi@ly 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 maybe more

efficient to pick the neutron path length from a distribution with a

smsltlertotal cross section and 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 --

a quantity q(a) ~ q(a)such that a total cross section =’ = - ~ 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 @tiplied by exp ~-(; - G’)x]; when a neutron makes a coIJ-ision

in the cell -- with path length x to the collision -- its weight is

[ 1multiplied by (~fi’) exp -(~ - =’)X .
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I

??. 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 cell.s’2

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-1 ‘yxi is the variance

i=l
xi is the value of the quantity

—

a(z) . Here N is the sample size, and

of interest, x, for the i= neutron.

For this calculation, the variance is defined as

.(=) = ~
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and} according to the

the error.

A neutron may be

central limit

discarded for

theorem, provides an estimate

any one of several reasons:

1)

2)

3)

4)

Two

If one is interested only in those neutrons contributing

the desired result within the time interval (O,TC), when

time coordinate, t, of a neutron becomes greater thsn TC

of

to

the

the

neutron will. be discarded.

If one is interested only in

than some value EC, when the

neutrons with energy greater

energy of a neutron becomes less

thanEC the neutron wil.1.be discarded.

If one estimates the desired result to be ~, those neutrons

with a weight much less than~ may be assumed to contribute

little to the result. Therefore, a weight cutoff WC(<<V) 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

cell of sma.Uer importance may be discafied by “Russian

Roulette” (see Chapter IV).

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

a

the

data they accumulate.

FC1: Accumulates only that data for which special tally routines

have been written -- useful for computing fluxes or collision

densities in a smsll nwiber of cells. If this version of the
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code is utilized: N(T) = C(D12) = O and data block EO is

omitted (see pg. 59).

FC2: For every collision, the neutron weight is accum~ated as a

function of cell (a) and energyE -- according to ~-1 <E ~~,

where ~ = [1C(EO)g ,2= 1, 2, .... N(T) = C(D12) $ 0. 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 FC1, N(T) # O for FC2. For FC2,

the data block EO must be included.

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

A complete list of the code will be found in Appendix D.
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F800: FLOCODE -- controls overall flow of calculation.(1)

II)
I) Start routines:
Read problem tape (F932) 0) Print startingdata (F&61

L I (2) Set up tally &anafer blocks (F933)
I

Iv)
CollisionTrap

(Fg26)(3)
1-

+
m)

Sourceroutine:
(1)Setstm%~ngdata(F8’jO)
(2)Processdata and Halt if sense

switch1 depressed (F&5)

t

.— ____ I

i
i

v)
-(’2)- ~)

I
Collision routine: VII) I
Advanceneutront~ point— Count collisions— CollisionTrap

tof next collision(F81.0) (15z?6)(3) I

t I
I

r I

hvlll)R’’~=f2) 12)1) Eetermne elementtith which neutron

(2) From reactionprobabtiitiesfor this

[

el~nt determinenew ene y and
7directionof neutron (F&4

Notes:

(1) Two versionaof F800 exist,labeledFCIMCl and FC21.~Cl.Code FCIMX is m d.l,agrnnmmd
abwe; FC!2t.iClincludesa col.1.isiontally routti betweenblocksV and VI above .- to
tally collisionsas a functionof cell and energy (F8jj).

(2) When neutronia finished-- a~etoescape,timeor energy cutoff-- the controlreturns
from blocksV or VIII to tie sourceroutineto pick anotherneutron.

(3) CO1.J-iSiont.raPSoperativeonlyifsenseswitch~ iadepressedandsenseswitchsnot
depressed.(Seedesctiptiono~sensestit,ches,ChapterV~, andJ?~6.) —



)?801: 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 10-5 are rejected.)

Distance to intersection with j~ surface stored in (Z2).;
J

if two positive intersections are obtained, the smsller is stored

in (Z2)j, the larger in (Z3)j. (Uses F907, F91O, F911, F912,

F914. Entered from F810.)

F8UZ’: From smong the cells ~ (stored in (Y6)k),to find a cell adjacent

to a given cell -- if one

surface separating them.

F803, F&15.)

exists -- and determine the comtnon

(Entered from “ordering” routines:

F803: New cell at found from among the ~ by the “long-ordering”

procedure: Starting with k = ~, the cells a~ are ordered

according to their common surfaces (F802), and the sense of the

neutron is compared with the specified cell senses until a cell

at is found. (Uses F802, F804, F913. Entered from F805, F806.)

F8@ : To compare the calculated sense of the neutron with respect to

all the surfaces bounding cell a with the

cell a, including any “smibiguity”surface

specified senses of

(see pg. U)e

F805: New cell at found from smong the ~ by the “short-ordering”
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procedure: Starting with a flagged cell, the cells ~ are

ordered according to their common surfaces (F&12), and the

sense of the r.eutronis compared with the specified cell senses

until a cell at is found or until a second flagged cell is found.

(Uses F802, F803, F&%, F913. Entered from F806.)

F806: To determine new cell a’, given that neutron has crossed surface

j from cell a. (Entered from F&LO.)

I) Set cell numbers, s& of every cell on the opposite side of

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

A) If%= 1: Set ~ into at and exit.

B) If~*l: The sense of the neutron with respect to sll

surfaces

equal to

11) For each k:

for which the %’s

the common sense.

If %1 has a common

have the ssme sense is set

surface j’ with cell a --

other than those common to all the ~, which were remuved

in IB) above -- the ~ in (Y6)k is flagged or zeroed according

to the sense of ~~ with respect to surface j‘ being the same

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

cells is counted eN(l).

111) The new cell a’ is determined from among the a~by finding

that cell having the same sense with respect to its bounding

surfaces as does the neutron.

A) IfN(l) > 0: Try to obtain the new celJ.by the “short-
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I

ordering” procedure -- starting from a flagged cell % ‘-

and exit. (F805)

B) If N(1) = O or “short-ordering”procedure fails, the

new cell is obtained by the “long-ordering”procedure

and exit. (F803)

F807: Y(V) of material mTo calculate the totsl cross section a

for a neutron with velocity V.

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

at velocity V, a~Ot(V) is calculated and stored in (Z5)k.

A) For V within the limits of the velocity table of element

k (Block CO, Appendix C), the cross section is interpolated

linearly in V between the tabulated values.

B) IfV>VH (tie maximum velocity tabulated for element

k), U;Ot(V) = u~(VE) .

C) IfV <Vtin (the smallest velocity tabulated for element

k), the code allows two possibilities depending on t,

(tl = C(K03),

‘1 = 0:

tl * o:

J-

Appendix C).

CJp(v) = p(vfi)

()

v.
up(v) = + Cp(vfin)
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‘Ot(V) is mixture of’element crossII) Material cross section am
k

sections weighted by fractional atomic composition Pm:

the partial sums of which are stored in (Zh)k.
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F81O: To determine the point of next collision.

I)
Cslculate neutron importance Is(E)
in cell a at energy E (Fg20)

\f , t
11)

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

t-

(s c A)

~iz~~~ EieE~~?lY’rOn

(IWOl, F807)

III)
IfS<@.: neutron makes a
collision. Advance neutron
to point of collision, check
celltallytransfers(sJ\)a,
andexit

‘(s”)~rv)
IfS>J!Y

b

Reflecti
neutron crosses bounda~.

Advance neutron to point of intersect~on
Plane

with surface j, check surface tally
transfers (S7)~,checkforreflecting
plane(R4), I 3v)Reflect neutron

direction costnes
(F905)

I
VI) VII) (2)

Determine new cell at, new importance Split or kill neutron
Is,(E). If Is,(E) = O: Kill neutron +

Ia,(E)
*

(M306, F$z?o) according to ‘~ Z1.o

Notes:

(1) If qof cella$ O
the neutron weight

(2) l?ordescription of

(Input (Y6)a),S is increase~s~
is appropriatelymodified.
split/killcriteria,seeChapter

a factor 2q and
Chapter IV.)
Iv.



F811 - F821: Reaction routines. In every case, the new neutron

directions are picked from a tabulated angular distribution

(in center-of-mass or laboratory).

I?811: Elastic scattering reaction: If element mass number As 25, new

laboratory energy is calculated for given angle of scattering; if

A > 25, laboratory energy is unchanged.

F812: Inelastic reaction, T = O: New neutron energy (in frame of

reference of tabulated angular distribution) picked from evapora-

tion spectrum

P,E,, CIE,.(:)., q (+) cut

where a is a constant

F813: Inelastic reaction, T

of single level of target nucleus:

of the material.

= 1: Inelastic scattering with excitation

E;=EC.Q

Q the nuclear level excited; EC, E; initial and final center-of-

mass energies.
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If angular

elements):

If angular

I

distribution given in

‘ b % =(+
given indistribution

laboratory (for heavy

Q

center-of-mass:

2

()
Et=A
c A+l (E - ~)

and Et calculated from Et taking into account the angle of

scattering.

F814: 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.

F815: Inelastic reaction, T = 3: New neutron energy interpolated from

a tabulated energy distribution -- table havhg 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.

F816: Inelastic reaction, T = 4: Fission. New neutron energy (laboratory
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only) picked fmm

JP(E~) dlr = 2 x 0.775 0“7~Xt em (-O.775E?) dEt

-ar distribution h laboratory ofiY. v tabdated = function

of energy of incident neutron.

Ifv~3: the new neutron weight W’ = ~ VW and two neutrons

are banked.

V<3: wf=~ VW and one neutron is banked.

F817: 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.

I) (n,2n): P(’:) ~; = ;-) M6

E: = new neutron energy in CM.

‘“(+[’ -(wili’‘-neutron‘nerw
possible, Q being the CM energy ~reshold=

Neutron weight is doubled.

II) 3-body breakup: (good appraimation for the reaction:

n+ #2 + n + 3CZ,See Rosenj phYs. Rev., W, 1375 (1955))—

1/2(M - E;)2 ~;P(IZ&)dE;oc(E&)

1

k?



F820: Inleastic reaction, T = 6: (n,2n) reaction. Angular distribution

in laboratory only. First neutron has new laboratory energy

Et
1 =a(E - Q) and is banked. Second neutron has new laborato~

energy E; = f3(E- Q), wherecz, P, and Q are given constants.

F821: Inelastic reaction, T = 7: (n,2n) reaction with different angular

distribution and energy distribution for each neutron. Each

neutron is picked

reactions (T = O,

The first neutron

independently

1, 2, 3) with

is banked.

from one of the

its own angular

above inelastic

distribution.

43



F824: To determine new direction and energy of neutron from the reaction

probabilities for the element with which neutron has collided.

(Z&.{” Determine element k with which
neutron has collided (F831)

t

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

I III) I
Check weight, the, 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: (J?(812+ T))
(T=O, 1, .... 7)

v)
If neutron energy is less than thermsl,
set it equsl to thermal
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F825: TO

I)

II)

111)

F826:

F&?7:

F830:

start a new neutron.

If sense switch 1 depressed, processes data and halts.

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

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

process and print cycles. Picks new neutron from source

routine (F850) and exits. (Uses F830, F850, F922, F926,

F931. Enter from F800.)

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

IMPORTANCE coefficients, and source data.

General tally routine: For use with special surface or cell

tally routines (see pg. n). To accumulate xv in block AO:

enter on (TSX, 4, 827) with

C(Accumul.ator)= (AW) (FLOCO control word for block AO)

C(MQ)= x
v

C(Index register 1)

General data process

statistical variance

accumulators (blocks

= v

routine. Calculates average vslues and

of every quantity stored in special tally

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.

45



I’831:

F832:

F833:

F835:

F836:

To determine element k with which neutron has collided. A

random fraction of the total material cross section is compared

with the partial sums of the total cross section stored in block

(Z4)kby F807to obtaink.

To determine elastic and absorption fractions for a neutron on

element k with velocity V. Interpolated linearly inV within

table, absorption cross section extrapolated like V
-1 for neutron

velocities below the lowest tabulated value.

To tally collision density as a function of cell and energy.

Entered from KLOCODE 2. TsJJy energies ~ in (EO)E, E= 1, 2,

.... N(T) = C(D12).

Neutron weight W accumulated

a with energy E satisfying E- <g-l

in (T6)E,a for collision in cell

E< E-. l?accumulatedin
-g

(u6~,a.

To proceed to next neutron. Transfers control to block diagram

IIIof F800. (see Pg. 34.)

To tally collisions as a function of time and energy. Entered

from cell

I) Tally

Gol:

tally transfers (S4)a“

tires specified in block GOO:

Nurriberof ta.lliedt=s =N(T)
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002: ‘1 )times in shakes (10-8 sec.)

L J.-

etc.

II) Tally energies in block HOO:

Hol: Nuniberof tallied energies

H02: ‘1

H03: E2 > El

etc.

III) Neutron weight

1energies in Mev

,

w accumulated in (D6)_ _where n and g
11, ~

determined by E and t satisfying E <E<E <t<Tn.
~ g-1 -=g> ‘n-l -

IV) The size of block D6 = C(P20) = IN ( T ) x N ( g ) I must be specified

on the

m37: To turn on

cell tally

F840: To turn on

L J

POO card.

sense light 4 for cell flag tallies. Entered from

transfers (S4)a.

sense light 4 for surface

surface tally transfers (S7)j.

F850: Source routine -- special routine to

To store the quantities in words AO1

flag tallies. Entered from

be supplied for

+A07, A17, and

each problem.

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.)

F87’7: Error restart. Resets particle and

4 depressed, reads last tape dump.

collision count. If sense

Exit through (F933) to (F835).

Formulae F900 - I?977are subroutines used by the basic formula set

F800 - F877.

17900: Punch dump.

F901: To convert the fixed-point number in the accumulator address to

a floating-point nuniber.

F=: Random number generator.

F903 : Square root (L4 S800).

F9C4: To pick the three direction cosines of a point on the unit sphere

from a uniform distribution. ;= (lZ>V>W): U= C(B02), V= C(B03),

w= C(B04).

I?905: To reflect neutron direction cosines in a plane.

I?906: Error code: Saves contents of index registers and m, prints
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error remark on-line, takes a memory print (F923) and tally

print (Fg25), checks error count and continues to (F877).

m: To calculate the intersection or sense of a neutron with respect

to a special qmdratic surface (type K = 7, Chapter II).

F91O: To control

trajectory

the calculation of the intersection of a neutron

with a given surface. (Uses F907, F911, F912, F914-.)

F911: To calculate the intersection of a neutron trajectory with a plane.

F912: To calculate the intersection of a neutron trajectory with a

cylinder.

F913: To calculate the sense of a neutron with respect to a given

surface. (Uses F907, F914.)

F914: To calculate

to a genersl

F915: To calculate

the intersection or sense of a neutron with respect

quadratic surface (type K = 8, Chapter II).

the cosine of the angle made by a

with the normal to a suxface. Enter with C(2)

exit with C(ACC) = Wn.

neutron trajectory

= J = suxface number;

49



F916: Natural logarithm (LA S820).

F917: lhqynential (LA s816).

F$Z?O: To calculate the importance of a cell as a function of the neutron

energy.

I?gzn: To write a neutron into the Wnk (Z7) if bank is not full. If

bank is full, sense light 1 turned on.

I?922: To read a neutron from the bsnk (Z7) if bank is not empty.

5?22’ Memory print.

F924: Manual entry to error routine.

F925: Tally print.

F926: 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, takes a mmo~ print only (I?923);if

sense 3 depressed, takes a tally print (Fg25) and a memory print

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

registers before exit.
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F927: To convert center-of-mass energy and direction cosines to the

corresponding laboratory quantities for a given element, angle of

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

F930: To evaluate the scattering distribution Sk(cos CZ,E)

III) for a given element, angle of scattering a, and

(see Chapter

neutron energy

E.

F931: To write accumulated data into the second file of the problem

tape.

F932: 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) If 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

from last dump.)

F933: Start routine. To set w cell and surface tally transfers, and to

store qts load in block (Y6) into block (RO)

F934: To read accumulated data from second file of

(see Appendix B).

the problem tape.
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VI. PREPARATION OF A PROBLEM

To facilitate the preparation of a problem for the coqputer an

Initiating code MCA (see Appendix E) has been written. It reads data

cards prepared in a s~mplified 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 a listing of the data in a form useful for

specification of the problem.

The preparation of the data for the Initiating

checking the

code is described

in Section A

complete the

and C below,

below. The parameter cards and data blocks necessary to

specification of the problem are indicated in Sections B

respectively. Finally, those routines which must be

provided by the uer 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 11. The cells are nuniberedconsecutively
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1 through A, and the surfaces

the problem are consecutively

are defined by their isotopic

1 through J. The isoto~es utilized in

numbered 1 through K, and the materials

composition and are numbered m = 1, 2,

●00, M.

THE SURFACE

The surface

data block AO.

Card label:

where XXX is the

CARDs:

specifications are entered into the Initiating code as

CO1O 73-76: XXX A

77-80: PN = problem number

surface card count = 1, 2, ●... For each surface (j)

the data

1)

2)

3)

4)

5)

are entered in the following order:

J = surface nuniber(j = 1, 2, .... J).

R. = formula number (in decimsl) for special.tallies of surface
J
crossings of surface (j). (Flux tallies, time-energy distribu-

tions, etc. -- see Section D below.) If surface (j) is not to

be so tallied, R. = O.
J

‘3
= surface type index (see pg. 7). Note: ifanyK=70r

3

8, the contents ofA15 (see Section B below) must be negative.

N~j) = the number of cells bounded bysurface (j).

Surface coefficients (defined by the surface equations in

Chapter II). For surface types:
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‘s =1,3, 4,3 ‘J =2,6
.

A

B

c

D

‘s=7

.# )

..&)

●

9
●

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

(N ‘) words.a

A

B

c

D

E

F

G

H

J

K

The data 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 Initiating code as

data block BO.



Card label: CO1O 73-76: XXX B

77-80: PN= problem nmiber

where XXX is the cell card count = 1, 2, ●“o. For each cell (a) the

data are entered in the following order:

1) a= cell nuxiber(a = 1, 2, ●o*, A).

2) m= material nuxiberof the material in cell (a) (m= 1, 2,

●*S, M).

3) t= iI?QOrtS.IX!e

Set t = a.

zone nuxtiberof cell (a).

4) *C= surface nuuiberof “auibiguitysurface” of cell (a) (see

pg. 11).

If~=O: cell (a) is unambiguous.

IfTa+ 0: cell (a) is smibiguouswith res~ct to its

bounding surfaces and has (~) sense with

respect to surface ~.

~) Ra= formula nuniber(in decimsl) for special.tallies of

collisions in cell (a) (collision densities> time-energy

distributions, etc. -- see Section D below). If ceXL (a)

is not to be tallied, Ra = 0.

6) Xa

7) Ya

8) Za

9) Pa=

The data

The coordinates of a point in cell (a) -- for computing
the senses of cell (a) witi respect to its bounding
suxfaces.

density of material (m) in cell (a) (atoms/cm.3

for each cell (a) are entered on FLOCO cards in
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listed order; the collection of such cards for all A cells constitute

the CELL CARDS of Appendti E.

THE ELEMENT CARDs:

The nuclear data cards (described in Append= C) for each isotope

used in the problem are read by the Initiating code -- each isotope

being preceded by an identification card JOO:

JO1: k = nuniberassigned (for the given problem) to the

isotope (k = 1, 2, ““”, K).

J02: A= mzassnuniber

J03: Z= atomic number

J04: ID = identification I

The collection of all the isotope

Must agree with the corresponding
quantities on the KOO card (see
Appendix C) immediately following
the JOO card.

cards of the given problem

constitute the ELEMENT CARDS of Appendix E.

THE MATERIAL

The material

Card label:

CARDS:

specifications are entered into the Initiating code.

CO1. 73-76: XXX C

77-80: PN = problem number

where XXX is the material card count = 1> 2> ●OO. For each material

(m) the data are entered in the following order:

1) Par@meter card FOO:

FO1:

F02:

m . ~terial number

N_ = number of isotopes in material (m)
u

2) Data block FO:—-

[ 1C (FO)n = kn, the nuniber(k) assigned to the & isotope in

56



3)

4)

The

material m (n = 1, 2, “**, Nm)e

Data block [(Fl)n]= p>, the atomic fraction of isotope nunibered

kn in materisl m (i.e. for H20, p = 0.677 for H, p = 0.333 for O).

TRANSITION CARD: labeled TR CRC MCA (see $11-11 of Appendix C).

collection of sll the material cards of the problem constitute

the MATERIAL CARDS of Appendti E.

B: PARAMETER CARDS:

The sizes of variable length data blocks, the print and dump cycles,

and the data utilized by the source and specisl tally routines

as FLOW parameters.

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

AO1

A02

A03

A@

AO~

A06

A07

Alo

All

A13

A1.4

A15

18z

VT(A + 1)

4(VT + 1)

are entered

1[Vm= (Integer part of J/36) + 1 I
L’

(J= number of surfacesf

M = number of materials

K = number of isotopes

5Z

T = number of importance zones (set T = A)

lz

PN= problem nuuiber

6Z

1

A = number of cells

&v
T [

(-) indicates the problem contains special
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2)

3)

4)

5)

6)

16

A17

A20

21

22

A23

surfaces of the types K = 7, 81)+Z
J = nuniberof surfaces

l.ZL

‘Th = thermal energy (see PG. 26)

T. = time cutoff (see pg. 32)

Parameter block

the Monte Carlo

Parameter block

tion of special

Doo: parameters controlling the running of

-. see Appendix A.

Poo: sizes of data blocks used in the accumula-

tallies -- see Appendix A.

Parameter blcxks GW, 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.

Parameter blocks S00, VOO, WOO: source definition. Generally—— .

S00 contains data specifying the source spatial.distribution,

statiing 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, NO(),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 Carlo code MCS:

1) Data block ~: Tslly energies ~ for accumulating fluxes or

collision densities as a function of energy.

[1C (EO)Z =E@=l} 2, ““”, N(T)

[
N(T) = C(D12)

1

Data.for energyE accumulated under energy index g if E_ <g-l

E~E&

2) Data blockQ:

C [(IO)a] = 1$)

3) Data block 11:—

[1C (11) = I\a)a

4) Data block~:

C.[(~)a] = I:a)

5) Data block Y6:—

[ 1C (Y6)a = q(a)

For biasing toward

ISpecifies Importance function of cell a.
(a=l, 2, ““”, A) (see pg. 29)

(a=l, 2, ●00, A)

longer mean free paths (see pg. 30)

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

1) The special tally routines

or neutron collisions must

numbers F860 to F876 -- as
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be written and assigned formula

described on pg. 11. Any routine



entered from a surface crossi~ must exit to (o!+ 2), i.e.

the exit commc.ndmust be (TRA, 4, 2); those entered from a

collision in a cell must exit to (a + 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 836 (see pg. 46) and enter Ra = 54210 in the appropriate

cell cards (see pg. 55). (Note: 54210 = 10368 = FLOCO 8%.)

2) The souxce routine must be written and assigned the formula

nuniberF850. Its function is to choose -- for each neutron of

the sample -- the starting vslues of position (x0> Yo> 2.),

time (to), direction (uo, Vo, We), energy (EO)S wei@t (Wo)$

and the cell number (ao) of the cell containing the starting

position. The chosen

stored into parameter

X. +AO1

y. +.A02

20 +A03

to +A04

a. + Decrement of A50

U. ~A05 and AIO

V. +A06

W. -+A07

E. ~ A17

W. 4u6

values of the above quantities must be

block AOO:
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The parsmeter blocks S00, VOO, and WOO are reserved for data

specifying the distribution of the listed quantities.

The example on the following page provides a point source of

neutrons at ~o = (1, 1, 1), to = 30.0, in cell a. = 10with initial,

weight W. = 23.7. The neutron direction is chosen from an isotropic

distribution (F904) and the starting energy spectrum is chosen from

the tabulated distribution:

‘1=0 El = 0.001 Mev

‘2 = 0.20 ‘2 = 0.1

‘3
= 0.50

‘3
= 1.0

P4 = 0.83 ‘4 = 3.0

‘5
= 1.0

‘5
= 7.0

where Pn is the probability that the neutrons have initi&l energy

E. < En.
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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, see pg. 69 below). This ccxie

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 Initiati~@ 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 AO1 (logical tape 1) and a blank tape -- hereafter

designated as the problem tape -- is placed on tape unit A06

(logicsl tape 7). The tape to be written in BCD for later

printing off-line is on unitA03 (logical tape 9).
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2) Normally all sense switches (SS) are raised.

SS6: if depressed, sll printing is done On-1ine.

SS3: operative only in the event that an error has been

detected (see A-7 beluw): at an error stop, depressing

sense switch 3 and pressing the “Start” button on the

console causes the printing of the input data -- w to

and including the quantity detected to be in error --

and calculation again StOpS.

SS5: causes the calculator to stop on an error stop alter

the data 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

to the next element.

times facilitates the

data.

the Initiating code to proceed

The use of sense switch 5 some-

detection of errors in the isotope

3) The

the

Initiating code is read from cards into the computer and

problem identification (F932) is printed on-line snd off-

line. The surface cards are read and checked for errors, then

the cell cards are read and checked.

A

written

description of

off-line (tape

the specification of the geometry

A03), an example of which appears
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the following page.

cells are separated

first line are:

1

a =

t =

m=

P =

o

The sets of data referring to different

by spaces. For each cell, the data on the

a t m

cell number.

importance index = a.

material nuniberof material in cell a.

density of material in cell a.

P

On succeeding lines are listed information concerning the

surfaces bounding cell a:

1 -!=J to
% Ju a2

i-j: a has sense (+) with resyect to bounding surface j.

to: (+): 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 ce12 a2 on the other side of j from a> ~ = 0$

j= = O. If two cells al, a2 on the other side of j fra a>

is the surface separating them and a2 is (+), al is (-)}j12

with respect to surface j12. If no such separating surface

exists, JE = O. If more than two cells on the other side of

j from a, al and a2 are the two such cells nearest to a --

nearest meaning the smallest distance computed, usiu the



-M- -Rllo-CELL t30UNOARIfS- -A- -r-

1 0.000000+00 1
L -1 0

1
0

1 9.999979-11
0 2

1 0 2
1 1 0
1 -2 -0
1 -3 0

2
0
3
5

1 1.000000+00
0 1
5 54
4 4

1 9.999979-11
0 2
4 4
7 55

1 0 3
1 2 0
L -3 0
1 -5 0

3
0
5

54

1 9.999979-11
2 3
0 5
7 55
12 7

1 0 4
1 3 0
1 4 0
1 -5 0
1 -6 0

4
2
0

54
6

2 1.109998-01
2 3
0 4
12 7

1 0 5
L 3 0
1 -4 0
1 -6 0

5
2
0
6

2 1.109998-01
4 4
10 12
7 9

1 c 6
1 6 0
1 -7 -0
1 -12 -0

1 9.999379-11
7 55
4 4
12 9
10 12

1 0 7
1 -5 0
1 6 0
1 -7 -0
1 12 -0

7
54
5

12
13

1 0 a
1 -5 0
1 7 -0
1 13 -0
1 -16 0

8
54
6
10
L

1 9.999979-11
7 55

12 t
10 9
0 64

1 0 9
1 7 -0
L 10 -0
1 12 -0
1 -13 0

9
6
13
13
0

1 9.999979-11
12 7
12 10
10 12
0 b

3 3.609991-02
12 9
0 14

1 c 10
1 -10 0
1 12 -0

10
12
13
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cell coordinates (xa, Ya~ za) (see Pg. 55). If the so

determined ~ and a2 have a separating surface jU, a2 is (+),

~ is (-), with respect to jW.

4) 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)m The material cards are read

and checked, one material at a time, and the specification of

each material is written off-line.

5) The data blocks utilizedby the Monte

onto the problem tape, and the btiary

punched -- specifying the size of the

Carlo code are written

parameter card QOO is

element data blocks (see

Appendix A). This binary card must be placed immediately followi-

ng the parameter card labeled “XCQO MCI° in the MCS deck to

properly assign space for the element data read from tape.

The contents of the

6) The MCS data blocks

(see Appendix B for

a) RO, R3, R4,

b) S2, S3$ S4>

c) ‘1’2,T3, T4,

QOO card are printed on-line and off-line.

are written off-line in the following order:

description of individual data blocks)

R5, R6, R7, SO, S1.

s5, s6, s7, TO, T1.

Xa, ya, Za

cell coordinates of

d) Parameter block AOO.

cell (a).

e) Data blocks MO, Ml, M2, ~, Mh.
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Following the data listing, the remark “Initiation completed --

save tape A06° is written on-line and off-line and the calculator

comes to a Program Stop.

7) 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 Lots.tion
of detection of
error

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

blocks

AOO (see Appendti A)

BOO (working storage usedby code MCA)

JOO (see pg. 56)

KOO

}
(see Appendix C)

FOO

Working storage: octal core locations 1558 - 608. The

calculator then comes to a Progmm 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 initiation shouldbe

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 geomet~ specifica-

tions only, may

code MCB, which

cards and reads

be more quickly effected by using the Initiating

omits the reading of the element and material.

instead the element data blocks already

assembled on

this code is

B: THE MONTE CARLO

1) The code and

the problem tape. The card loading order for

indicated in Appendix E.

CODE MCS:

data cards are loaded into the card reader in

the order specified in Appendix D -- including the parameter

cards AOO utilized in the Initiating code and the QOO card

punched by the Initiating code. The systems tape (containing

the FLOCO code) is on tape unit AO1 (logical.tape 1) and the

Monte Carlo Problem tape (preparedby the Initiating code) is

placed on tape unit A06 (logical tape 7). The tape to be

written in BCD for later printing off-line is on tape unit A03

(logical tape 9).

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

Ssl: The data are processed, dumped onto the problem tape,

and the calculator comes to a Program Stop.

the “Start” button on the console continues

lation.

Pressing

the calcu-
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SS2: Not used by the code. Available to the user for use

in the special tally rotiines or in the source routine.

g: Debug trap control -- if SS3 and SS5 are depressed,

any debug traps placed in the code will be operative$

the FLOCODE collision traps will not be operative (see

pg. 74 below).

SS4: 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 SS4

is depressed during the running of the code, qpon

detection of an error, the code will restart from the

last tape dump (see pg. 72 below).

~: Debug trap control -- if SS5 is depressed, all debug

traps are operative. The FLOCODE collision traps are

printed only if SS5 is depressed snd SS3 is raised.

SS6: Print control -- FLOCO print progmm prints on-line

if SS6 depressed, off-line if SS6 raised.

3) 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 SS4 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

foldmwed by the problem identification remark and a count of

the nuniberof neutrons previously processed. The following



starting d~ is written on the tape for off-line printing

(see Appendices A and B for description):

and

a) Parameter blocks AOO, DOO.

b) Data blocks EO, T6, u6, AO through D7.

c) Importance data blocks IO, 11, 12, Y6.

d) Source parameter blocks S00, VOO, WOO.

The first neutron is then picked from the source routine

the calculation proceeds.

Whenever the nuaiberof neutrons picked from the soume

equals an integral nuniberof print cycles
[1
c(lx14), a remark

containing the neutron count is printed on-line and the accumu-

lated data is dumped on the problem tape. The value of me

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

data process cycles, the data accumulated are processed to

obtain the expectation vslues and variances and are then

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

a) Parameter blocks AOO, DOO.

b) Data blocks EO, T6, u6, AO

(If the FLOCODE 2 variant

density in every cell has

through D7.

is used, the collision

been accumulated as a

function of ener@J (data block EO) -- the nuniber
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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 number, Particle count, Collision count

C(A%) C(A37) C(A40)

ii) Location of entry to the Error code, contents of the

l!Qand index registers 1 and 2, ad the location of

the last

Cede (to

TSX instruction prior to entry to the error

assist in checking the flow of control).

The same quantities are printed off-line, fol-l~dby a memory

print (see Section 6 below) and a tslly print (described in

Section 3 abuve).

If the number of errors

[1
the nuxiberallowed C(D1O) ,

SS4 is raised, a new neutron

detected is less than or equs.1to

the calculation continues: if

is picked from the source; if

SS4 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

initiel random nuniber.

If the nuniberof errors detected is greater than the

[1
nunibersnowed C(D1O) , the remark “ERROR STOP -- RELOAD

PROBLEM TO CONTINUE” is written on-line and the calculator

comes to a Program Stop. A manual entry to the Error code
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(for use in case calculator stops or is observed to be

“looping”) may be accomplished by entering 11248 into the

console keys and pressing the “Start” button twice. The

error routine is followed as described above, and the

calculation proceeds.

5) me code has a built-in debug print routine (Fg26) which

may be utilized in checking special routines added to the

code. If Q the follgwing conditions are satisfied, an

off-line listing will be written:

i) SS~ depressed.

ii)
[1

The particle count C(A37) ~ particle count trap

cOntrO1 P(49
iii) The collision count [1C(A4.0) > collision count trap

cOntrol [c@+* -

[ 1-
iv) The random number count C(A41) > the random number

[1
count control C(D07) .

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

if

in

SS3 is raised, a memory print follows (see Section 6 below);

SS3 is depressed, a memory print and a tally print (described

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
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6)

entered on a command (TSX, 4, 926).

In addition to any debug traps the user my 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 tie point

at which a neutron makes 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 foll~ng:

(see Appendices A, B)

Parameter blocks AOO, BOO.

Work~ storage: octal locations 1308-1008.

Data bl.ocksY6, Z2, Z3, Z4, Z5.
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VIII. THE MONTE CARLO REACTION CODE MCH

The calculation of the spatial distribution of a specified nuclear

reaction for a given neutron source and a given configuration of materials

is 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 obtained 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 Appendtx F.

To obtain very detailed information in this manner requires the

specification of many small cells, and the resulting small nuniberof

collisions per

results. Such

in the neutron

cell decreases the statistical significance of the

fine-grained surface specification may$ however, result

making many surface crossings per collision -- indicating

that a calculation of the flux across the surfaces of interest would

probablybe 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 snd to

perform the multiplication of these fluxes by the specified reaction

cross sections, a vari~t of the genera Monte Carlo has been

developed -- the code MCH. This code differs from the code MCS

primarily in a slightly simplified problem specification, in the

data processing procedure, and in the results listed. This chapter

will be concerned onl.ywith those features of code MCH differing

from MCS.

tallied is

Carlo code

The mthod. of specifying the surfaces and reactions to be

described in Section A below, the changes in the Monte

are discussed in Section B, ~d the modified initiating

code MCI in Section C.

and code listings will

A: SPECIFICATION OF—

Details in the changes in card loading order

be found in Appendix G.

REACTIONS AND TALLIED SURFACES:

Specified exactly as for code MCS, with only the following

differences:

1) Parameter block DOO:

DOl - DI.2: See Appendix A.

D13: N(J) = Nuniberof flux tally surfaces -- see data block

El below.

D14: +Jf(p)= Nuxiberof 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.

RO1: ‘R = Nuniberof reactions tobe studied.

R02: ~= Isotope number

/
First reaction.

R03: T(%) = Reaction nuniber

R@: ~ = Isotope mmiber
1 Second reaction.

R05: T (1<2)= Reaction nuniberJ

etc.

where (ki= 1, 2, .... K; i= 1, 2, .*s, NR)

isotope, the reaction numbers are defined as

Reaction nuuiberT = 1: Total collisions on

and for a given

follows:

isotope k.

T 2:= Elastic collisions on isotope k.

T= 3: Absorption on isotope k.

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

T = 5: Inelastic reactions (v = 2) on isotope k.

● .
● ..

T~[ 1
3+N(v) : Inelastic reactions,

on isotope k. [v= “(VJ

The reaction flux is listed for every specified reaction and

surface as a function of surface nuniberand position on the

surface.
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3) Data bloc.k&~: Surface nunibersof flux tslly surfaces (j).

(+J): The flux

under an

(J).

(-j): The flux

uncler an

across surface (j) will be accumulated

index ~ for every neutron crossing surface

across surface (j) will be accumulated

index~ for a neutron crossing surface (j)

if and only if sense light k is on.

Sense light 4 is turned on by I?837(=5k310) or l?@IO

(=%410) and is turned off by the new neutron routine, I?8215.

The

the

sense light status of a

sign of the energy.

This option of tagging

banked neutron is retained in

neutrons with sense light 4 is

useful for studying the contribution to the desired flux of

those neutrons which previously in their history have

experienced some event of interest. For example, a calcula-

tion of the totsl flux on some surface (j) and, for the ssme

surface, a calculation of the flux of those 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 h the reflector, one would

specify the special tally rnutine Ra = 54310 (see pg. 55)
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t0 turn on light 4 whenever

the reflector. Surface (j)

a neutron makes a collision in

would then be specified twice in

data block El -- once with positive and once with negative

sign.

4) Data block~: Coordinate values specifying the distribution

of the accumulated flux data as a function of position on a

[1
given surface j(~) -- y- or z-coordinates only.

z-coordinates if N(P) = C(D14) > 0.

y-coordinates ifN(P) = C(D14) <O.

The flux data are accumulated under surface index ~ for neutrons

crossing surface j(~), under energy index ~ for neutrons with

energy E satisfying EL < E ~ E-, snd position index n forg-1

neutrons satisfying the coordinate condition

N(P) > 0: -<2<27
‘n-1,j — n,J

1[
n [()=1, 2, ●**, NP

N(P) <O: ‘n-1,~ < Y 5 Yn,~ 1

N(P) > 0

N(P) <O

In general, the coordimte values will be different for different

surfaces, but the nuniberof such

the choice of y- or z-coordinate

tallied in a given problem.

coordinate vslues specified and

must be the same for all surfaces
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B:

Mcs,

DESC.NPI’IONU?

The code MCH is

with only those

THE MCI-ICALCULNITON:

basically the same code as the general Monte Carlo

changes necessary to accomplish its special.functions.

1)

2)

3)

Parameter block AOO need not be specified -- it is set w from

the parameter block LOO by the Initiating c~e MCI (see Section

C below) and written into the first record of the problem tape.

The data assign formula (F857) then reads this record into core

before assigning space to the problem data blocks.

me Start routine (F933) stores the commnd (m, o> 834) into

the surface tally transfer data block, S7, for e~ery FLUX T~lY

surface listed in data block El. me flux ta).lyroutine (F834)

accumulates the flux for every neutron crossing such a Flux

Tally surface as a function of energy, position> and surface.

In addition to the processing carried out in caie MCS, the data

process routine calculates and lists off-line the aversge flux

i&J and the m=-swared flu &J as a functionof‘ner=
and position for every Flux Tslly surface. The format of the

off-line

a)

b)

c)

d)

listing is as follows:

Problem identification remark.

Parameter blocks AOO, DOO.

Flux Tally surface nunibers: data block El.

Tally surface position coordinates: data blocks

E2, E3:
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~ (surface)

In (position)

e) Tally energies: data block EO.

f) Aver~e flux: ‘&g,n,a

Y
J 1:= n (position).

/
~ (energy)

Y
J 2:= n (position)

I~ (energy)

etc.

g) Mean.squared flux: ~ . ~ (same format as for average

flu) .

h) Processed speciel

(as in code MCS).

The energy-summed flux and

then written off-line as a

in the same format as that

4) For each isotope specified

6>1L>J

tallies: data blocks AO through D6

the computed variance therein is

function of position and surface

of the position coordinates (3d above).

on parameter card ROO the tota2 cross

section and the cross section for each specified reaction are

averaged over the txillyenergy intervals (assuming constant flux



within such an interval) .- yielding ~To~ and ~Re~cto ~
k,g k,g

estimate of the REACTION FLUX is then calculated from the

average fluxes of Section jf above acc~rding to

The results are written off-line for each specified reaction

in the following format.

a)

b)

C, d)

e)

f)

g)

(See Sa above.)

Identification of isotope (k), reaction T(k), and the

neutron count.

(See 3c, 3d above.)

Tslly energies: me
ak,g “

React .
ck,~ “

[1
= C (EO)Z

[1
= c (m)z [

1
= c ‘P1)EJ

I~(energy)

Reaction flux: ~~~t
>

~ (surface)

In (position)

Percentage variance h reaction flux: (same fo~t as

for reaction flux).

c: THE INITIATING CODE MCI:

The Initiating code MCI differs from the code MCA ~rimaril.yin the

omission of the element cards. The element data blocks s6, TO, T3, M),
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M2, M3, M4 are taken to be

initiated by code MCA, the

the

QOO

MCI loading deck. The problem

same as those of some problem previously

binary card of which is utilized in the

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 tape instead of

being assenibledfrom 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 AOO by that

of the simpler parameter block LOO:

LO1: PN = Problem rnxiber.

L02: J = Nuniberof surfaces.

L03: A = Number of cells.

L04: M= Number of materials.

L05: ‘Th = Thermal energy (Mev).

L06: ‘c = Time cutoff (shakes).

The quantities in block AOO which vary with tie problem specification

are obtained from the contents of LOO and stored in their proper locations

by the Initiating code MCI. The nuniberof elements, K, is, however, loaded

into MCI as a constant -- it must agree with

specified on the “control tape.”

The printing off-line of data blocks MO

of a problem initiation is suppressed unless

the number of elements

through M4 at the conclusion

SS4 is depressed.
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APPENDIX A: PARAMETER BLOCKS OF CODE MCS

1) Parsmeter block AOO: Contains the working data -- defining the

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

cation data. Must be prepared by the user in the form described

on pg. 57. ‘Thisis the only parsmeter block used by both the

Initiating and the Monte Carlo codes.

AO1 x

A02 y INeutron

A03 z

IA04 t Neutron

A05 u \

A06 v

A07 w

Alo u \Neutron

U2

~2

A13 W2
)

space coordinates: ~ = (x,y,z)(cm)

time coordinate (shakes)

direction unit vector ~ = (u,v,w)

A14 I a~bs(E): Absorption cross section of isotope k for
neutrons with laborato~ energy E (barns)

/34



A15

A16

A17

A20

A21

A22

A23

A24

A25

A26

A27

A30

A31

A32

A33

A34

A35

A36

A37

A40

A41

~Tot
~ (E): Total cross section ofmaterislm for

neutrons with laboratory energy E (barns)

1’1:Neutron weight

E: Neutron energy (Mev)

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

Nuniwr of collisions made by this neutron

v: Neutron velocity (cm/shake)

VT(A + 1): (See A47 below)

4(vT + 1): (See A47 below)

M: I$umberof materials in problem

K: Number of elements in problem

Wc: Weight cutoff

(3; v+
}
Next to nearest positive intersection is
with surface ~ at a distcmce ~ cm along

~ the neutron trajectory

‘: Surface number of nearest positive intersectionJ
printed here (stored in decrement of A43)

Print count: increased by one for each source neutron
picked and compared with C(IX)4);zeroed
when print cycle completed

T: Number of importance zones (4) (See A46 below)

N:: I’h.miberof neutrons picked.since last data process
cycle (comparedwith C(DO1) as A33 above)

PN: Problem number

‘P: Total number of neutrons started

‘c: TotsJ.number of collisions followed

N(g): Total number of randan numbers generated
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A42

A43

A44

A45

A46

A47

A50

A51

A52

A53

A54

A55

A56

A57

A60

Decremnt: (Current number of particles in the bti) x 21

Address: ~~m,,~ossfile nunber of particles in the

Decrement: j (See A32 above)

Address: v of the above j (See A47 below)

E: The most recently generated random number

‘R: Nuniberof reflecting surfaces (must be~l)

A: l!hmiberof cells in problem

fvT: For a given j: V(3) =
[( %) ]Integer part of3 + 1

‘T
= v(J)

(+): no special surfaces, type K = 7, 8

(-): special surfaces K= 7, 8

a: Cell nuniberof cell containing the neutron printed
here. When code running:

Decrement: a

Address: k= isotope number of nucleus with which

A.:
J

d’ =

neutron last collided

Distance to nearest positive intersection -- in
cm along the neutron trajectory

~J, where J = jmod36 (J= smallest residue)

k: Isotope nuniberfromA50 printed here

J: Number of surfaces in problem

Number of particles killed by weight cutoff

‘Th: ~e~ energy (See pg. 26)

‘c:
Time cutoff

Nuuiberof particles killed by energy cutoff
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A61

I

Nuniberof particles killed by time cutoff

A62 Tally flag word -- for tall~yingaccording
conditions by special tally routines

2) Parameter block BOO: Contains data generated and

by code.

to flag

used internally

BO1

B02

B03

B04

B05

B06

B07

B1O

Bll

B12

B13

(K2;tl; ~): Data locations for isotope
inelastic scattering data (See description

total and

of data blocks MO, M3 below)

~1

~1 IRandom direction cosines generated by formula
904

Wt

~= (E- Eg-l)/@g - Eg-l): Energy interpolator

(iL2;t; Ll)g-l

(tL2; t; Ll)g
I

COSC2: Angle of

[N(E); AJ: N(E)

Data locators for elastic scattering
angular distributions

scattering

= Number of inelastic energies
specified for isotope k. A = Mass
nunber of isotope k

(v-1)
(L4 ; t; Ljv-l))g ~ ‘ Data locators for inelastic

scattering energy and angle

(L$-l); t; Ljv-l))g

I

distributions (See data blocks
~, M4below)

3) Para-meterblock COO: Ftied and floating decimal constants.

Col

C02

C03

C04

(201 000000 000) Octal: (loaded in KOl)

1.28

-2.00
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C05

C06

C07

Clo

Cll

C12

C13

C14

C1’j

c16

C17

C20

C21

C22

c23

C24

c25

c26

c27

C30

C31

c32

C33

C34

I-6,515, 07’2(Mask last 6 bits of decrement)

588 (moco 914)

36

10

27

32, 4759(oct~ 777671

511 (Octal 777)

32, 768 (I in -tag)

(777 777777 777) octal: (lotied in K02)

131, 072 (4 in tag)

0.10: Minimum importance value allowed

255 (Octal 377 masks 8 low bits)

(300000000 000) Octal: (loaded in K03) Mask prefti

18

21: Bank size per neutron

13.89125 (v/&)

25.O (Largest mass nuniberfor CM data)

16

302

581 (FLOCO 905)

512 (FLoco 800)

65, 536 (2 in tag)

Ranclomnumber generator (load inK04)

Starting random ntier (loaded inK05)
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C35 I 2.86

4) Parameter block

of the problem.

DO1

D02

D03

D04

D05

D06

D07

D1O

Dll

D12

DOO: Contains the data controlling the running

14ustbe ~re~ared by user.

Data process cycle (See pg. 71)

‘c: Weight

Bank size:

Print cycle

cutoff (See pg. 32)

If N. is to be the maximum number of neutrons

bank

(See

all&ed in the bank (see Chapter IV) the
size is [21NB - 1]

Particle count

Collision count

pg. 71)

I
Trap controls (see Chapter VII, B5)

Random number count ~

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

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

‘c: Energy cutoff

N(T): Number of tally energies

EO: for special tallies
tally.

If USiIlg FLOCODE 1:

If using FLOCODE 2:

in data block

and collision density

N(T) must be zero

N(T) * O

5) Parameter block ECO: Fission spectrum -- a table of 64 equally

probable final energies (see pg. 24).

6) Parameter block FOO: Evaporation spectrum -- a table of 64



equally probable values of x from the distribution P(x) dx =

‘x dx.
v

xe Then the final neutron energy E’ = ~ x. (See pg. 22).

7) Parameter block GOO: Time tally limits for time-energy tally

of collisions in a set of cells -- see formula 836. Neutron

weights accumulated under index i if time t satisfies

<t<T:‘i-1 - i (i = 1, 2, ● =●, lJ(T)). Must be prepared by

the user.

Gol I N(T): Number of tallied times

G02 ‘1

G03 T2>T
1

. I .. .. .
G[l + N(T)] I ‘N(T)

8) Parameter block HOO: Energy tally

of collisions in a set of cells --

weights accumulated under an index

limits for time-energy tally

see formula 836. Neutron

‘1-l <E~El: (1 = 1, 2, ●00, N(g)).

the user.

the energy E satisfies

~

HO1
I

N(g): Number of tallied energies

H02 ‘1

H03 E2 > El

● ✎

✎ ✎

✎ ✎

H[l -i-N(g)] ‘N(g)
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9) Parameter blocks 100, JOO: Reserved for use by special tally——

routines (see pg. 11)0

10) Parameter block KOO: Binary constants.

KO1

K02

K03

K04

K05

201000000000 (cm)

777777777777 (C15)

300000000000 (C21)

Octal representation

Random number generator (C33)

Starting random nuniber(C34)

11) Parameter blocks LOO, 1100,I?OO: Reserved for use by special—— —

tally routines: (see pg. 11).

12) Parameter block POO: 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 Size AO

P02 “ A2

P03 “ A4

P04 “ A6

P05 “ BO

P06 “ B2

P07 “ B4

Plo “ B6
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Pll

P12

Pl>

P14

P15

P16

P17

P20

Size CO

“ C2

“ C4

“ C6

“ Do

“ D2

“ D4

“ D6 = {[C(GO1)] x [C(HO1)]}. Tti-ener~ tallies
accumulated in data block D6

13) Parameter block QOO:

QO1 Size T2

Q02 “ MO

Q03 “ Ml

Q04 “ N2

Q05 “ l.~

Q06 “ M4

14) Parameter block S00:

15) Parameter blocks !lKIO,

16) Parameter blocks VOO,

Specifies sizes 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 QOO in the Monte Carlo
code (see Appendti D)

Reserved for specification of
routine (F850) -- see Section

the source
VI-D2. Must

be prepared by user.

Uoo: Reserved for use by special tally
routines: (See pg. 11).

woo: 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 AO, A2, A4, A6, BO, B2, B4, B6, CO, C2, C4, c6,

DO, D2, D4: Reserved for data accumulated by special tally

routines (see pg. 11). Sizes specified by parameter block

Poo.

2) Data block D6: Time-energy distribution of collisions Wil,—

where Energy E: El-l <E ~E1, ‘1 = C[(H@l]

Ti.met: ~il<t~~i, ‘ci= c[(wl)il

c[(x)i~] ‘Tr.jl $ [i=l, ●0*, N(r), 1=1, ●**, N(g)]

(See Section VI-D1 and formula 836 in Chapter V.)

S(D6) = C(P20) = N(’r)X N(g): N(T) = C(GO1) , N(g) = C(HO1)

3) Data block EO: Tally energies ~ at which cell collision—

densities are accumulated (see pg. 33)

C[(EO)--]= ~ , [(~ = 1, 2, ● ● ●, N(T)]

S(EO) = C(D12) = N(T)

Must be specified by user of lCLOCODE2 calculation.
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4) Data blocks 10, 11, 12: Specification of Importace I‘a)(E) of

‘a)(E) = Is) I-I~)E i-cell (a) for neutrons with energy E: I

++) 2*E. (See Chapter IV.)

C[(IO)a]=I~) ,
(a)C[(Il)a]=I1 } C[(12)a] = 1~)

S(10) =S(11) =S(12) = C(A3}+)=T=A

Must be specified by user.

5) Data %locks~& through~ 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 QOO. The

quantities listed below are described in Appendix C -- to which

the below notation conforms.

a) Data block MO: Total, absorption, and elastic scatteriW—

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

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

[N(Vk); tl; A] = C{NO.[0 - (~ + 1)]}

Vk =~
C{N)O[()- (~ +-1 + g)]~

Tot
‘k,g =

C{NO.[0 - (~ -1-1-1-N(vk) -tg)]}

abs
‘k,g =

c{M().[0 - (~ + 1 + 2N(Vk) -I-g)]}
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el

/

scatt
‘k,g Ck,g

= C{M().[0- (~ + 1 + 3N(Vk) + g)]}

(C7scatt= (YTot- aabs)

[N(Eel); ~= C{MO.[0 - (~ + 1 i-kN(Vk) + 1)]}

el
‘k,gt = C{MO.[0 - (~ + 2 + 4N(Vk) + g’)]}

[W; L2; t; Ll]g, : Elastic differential data locator.
(See description in data blockM2
below.)

= C{MO.[0 - (~ + 2 + 4N(Vk)

+ N(Eel) + g’)]}

b) Data block Ml: Material specification data stored under—

data locator (M~)m= C[(S5)m](address)0 Q~tities are

defined in Chapter VI - under THE MATERIAL CARDS.

[ 1
k

Pmn; kn = c{~.[o - M’ - (n - I-)]}

(Isotope nuniberstored in the 8 low-bits of the floating
k

point number pmn
)
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c) Data block N2: Angular distribution data stored according—

to the differential data locators.

[W; L2; t; Ll]

(+): Scattering isotropic; Ll, L2, P ignored (t not ignored).

(-): Scattering anisotrOpic.

t = O: Angular distribution given in laboratory system.

t=l: Angular distribution given in C14system.

P=o: Tabulated angular distribution.

VI= C[M2.(0 - Ll) , S(pl) = C[M2.(0 - L2)]

p2 = C@2.(0 - L1- lfl~ S(V2) = c[m.(0 - L2 - I-)]

etc.

P 1:= Polynomial fit of degree N to angular distribution

:jJ-l = C[M2.(0 - L1 - 1)]

etc.

(N + 1) = C[M2. (0 - L2)]

d) Data block

under data

MQ: Inelastic data for each elemnt k stored

locator (K2)IC= C (TO)lf](decrement).

[N(E‘nel), A] = c{M3.[0- (K2 + ~)]}
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inel
‘k,g = C{M3.[0 - (K2 + 1 -i-g)]}

[L4; L3]g = C{M3.[0 - (K2 + 1 + N(Einel) + g)]}

Energy distribution data locators (see data block M4 below).

[t.l?;L2; t;

e)

qg,v = f4M3”[o- (K2 +1+ (V+l) N(Einel) +g)]}

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

Data block M4: Reaction—

under data locators [L4;

to reaction type T.

data for each element k stored

L3](see data block M3) according

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

T=O: bk
G
= C{1[4.[0- (L3,g+ V - 1)]}

T 1:= (Q.-Jg= C{}k[o - (L3,g+ V - 1)]}

T=2: [A; ~; L5]g,v=C{M4.~0- (L3,g+ v-l)]\

P=
E>f

c@4.[o - (L5,g+ f - 1)]}

E
&f

=C{l&[O- (L5,g+A+f - 1)]}
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3=0: no interpolation in the

7=1: interpolate in the Eg,f

E
&f

T= 3: [A; ~; L5]g,V = C{~. [0 - (L3,g + V - 1)] t

C{M4.[0 - (L5,g+ j - I-)]} withL6,j,g ~ the
% =

address bits.

P
J,g,f =

C{m. [o -
‘L6,&g

1-f - 1)]}

E
J,g,f =

C{M4.[0- ‘L6,j,g
+A+ f-1)]}

;=0: no interpolation in the E.
J3gjf

Z=l: interpolation in the E
J>&f”

T=4: Vg= c@4.@- (L3,g+ V - I-)]}

T = 5: (~)g = c{M4.[0 - (L3,g + V - 1)]}

Ts=6: Q= C{M4.[0 - L5]}

a= c{M4.[0 - (L5 -i-I)]}

~ = c{M4.[0 - (L5 + 2)1}

~ Data stored as for the two constituent r&ctions

with equal cumulative probabilitiesz V,g” The

L
(k)

tagT= 7 is in the 6 low-bits of ,g and the

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

6) Data block I?Q:

C[(RO)a] =

%=

~=

t =
a

S(RO) =A=

(~; ta; Q (a =1, 2, ●*O, A)

Iv) - entered in data

C(address): “Ambiguity surface.”

C(decrement): Importance zone of

c(A46)

Written on problem

7) Data block R3:—

tape by Initiating code.

cell (a).

C[(R3)a] = pa: density of material in cell a. Material number
ma in 8 low-bits.

S(R3) =A = c(A46)

Written on problem tape by Initiating code.

8) Dat.ablock R4: Reflecting surface transfers.—

C[(R4)~] = (TRA, 0, 905) if surface (j) reflecting.

= (~, 4, 2) if surface (j) not reflecting.

= in last 6-bits of the decrement.
‘3

S(R4) =J= C(A54)
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Written on problem tape by Initiating code, transfer locations
set by F933.

9) Data block R5: Boundary tags.--

c[R~.(o - vTa - v)] =%(v): 1 in #bit if surface (j)
bounds cell (a)

S(R5) = Vm(A+ 1) = C(A23)

Written on

10) Data block

C[R6.(0 -

J.

problem tape by Initiating code.

R6: Sense tags.--

‘Ta- V)] =

S(R6) = VT(A + 1) =

Written on problem tape

11) Data blocks R7, SO, S1,—. —

C[(R7)J] = Ad or ~

=B or~C[(sq j j

C[(Sl)j~ = Cj or ~

C[(S2)j] = Dj or d2

Sizes = J= C(A54)

Written on ~roblem tape

~(v): 1 in j~ bit if cell (a) has
positive sense with respect
to surface (j)

C(A23)

by Initiating code.

S2: Surface coefficients (see pg. 54)—

by Initiating code.
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12) Data block ~: Surface type indicators.

If C[S3.(0-4v-~)] =linj~ bit: K=w +2,

S(S3)

Written on

13) Data block

(W= 0, 1, 2, 3)

= 4(VT + 1) = C(A24)

problem tape by Initiating code.

&+: Cell special tslly transfers.

c[(s4)a] = (TRA, o, Ra) if cell (a) is tobe talliedby
formula Ra

= (’IRA,4, 1) if cell (a) not tsllied

s(s4)=A= c(A46)

Written on problem

set by F933.

tape by Initiating code, transfer locations

14) Data block ~: Material data locator.

c[(s5)m]= (Nm;11’)

Nm:

~flt :

S(S5)

Number of isotopes in material m.

Data locator

=M= c(A25)

of material m in data block Ml..

Written on problem

15) Data block s6:—

c[(s6)k]= (A/A+

s(s6) =K= c(A26)

Written on problem

tape by Initiating code.

1): , ~ = Mass nunber of lcQ isotope

tape by Initiating code.
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16) Data block S7: Suxface special tslly transfers..—

C[(S7)J] = (TM, O, RJ) ~:~~a~ (j) is to be tallied by

J“

= (TRA, 4, 2) if surface (j) not tsllied.

S(S7) =J= C(A%)

Written on problem tape by InitiatiW code~ t~sfer locations

set by F933.

17) Data block ‘TO: Isotope data locators.-—

~: Data locator of block MO.

~: Data locator of block M3.

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

(-): All inelastic scattering is isotropic:

tao: in Laboratory system

t?=l: in CM system.

s(m) =K=C(A26)

Written on problem tape by Initiating code.

18) Data blocks ~, ’22: Data for special surfaces.—

where C[T2.(0 - L~)] = first word of surface coefficients.
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‘J: Formula number of routine calculating senses and
intersections of surface (j).

S(T1) = J = C(A54), S(T2)= C(QO1)

Written on problem tape by Initiating code.

19) Data block T3:—

c[(T3)k]=(A+l)k, ~ = Mass number of k~ isotope

S(T3) =K= c(A26)

Written on problem tape by Initiating code.

20) Data block T4:—

c[(T4)J]= j’ = 2[J(MOd36)]

S(T4) = J= C(A54)

Written on problem tape by Initiating code.

21) Data blocks T6, ~: Collision density & as a function of— gja
cell (a) and energy E:

E.- <E~E-,g-l [~= 1, 2, ●... N(T) = c(D12)] ,

~ = C[(EO)Z ]

C[(T6)~,al = ~,a

S(T6)= N(T) = C(D12), S(T7)=A= c(A46): atwo-dimension~

data block with zero length if N(T) = O. Used onlywith FLOCODE 2.
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22) Data blocks U6, U7:—. —

function of cell (a)

E’= <E <E.,g-1 -g

wm~,al = lg,a
s(u6)-N(T) = C(D12)

Variance in collision density as a

snd energy E.

[Z=l, 2, ..*, N(T) =C(D12)] ,

[~= C (EO)--]

> s(u7) =A= c(A46): a two-dimensional

data block with zero length ifN(T) = 8. Used onlywith FLOCODE

2 (see T6, T7 above).

23) Data block Y6: In starting the calculation:—,

(a)
C[(Y6)a] = ~. ~ (a= 1, 2, ●**, A) for biasing toward

longer mean free paths (see Chapter IV). Starting formula

933 relocates the q(a) into the prefix of data block (RO)a;

data block (Y6) is used by the geometry formulas for ordering

the cell numbers according to their common surfaces.

s(Y6)=A= c(A46)

user.

24) Data blocks ZO, Zl: Accumulate computed senses.— —

C[(ZO)V] = 1 in j~bit: sense of particle computed with
respect to surface (j).
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C[(Z1)V] = 1 in j~bit: sense of particle positive with
respect to surface (j).

S(zo) =S(Z1) = VT= C(A47)

25) Data blocks Z2, Z3: Accumulate distance ~~ along neutron—

trajectory to intersection with surface (j)

C[(Z2)j] =Aj

c[(z3)j] = distance A(2) to second positive
j neutron trajectory

intersection of
with surface (j) --

if two positive distances exist.

S(Z2) =S(Z3) =J= C(A~)

26) Data block Z4: Isotope collision probabilities of mterisl ma—

in cell (a) for neutrons of energy E.

mz4)k] = Pk , (k=l, 2, ●*., Nm) (see pg. 20)

s(Z4) =K= c(A26)

27) Data block Z5: Total cross section of k= isotope in material—

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

C[(z5)k] = uP(E) ) (k=l, 2, ●o*, Nm)

s(z4) = K= c(A26)
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28) Data block Z7: Bank (see Chapter IV)—

S(27) = Bank size = C(D03)
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APPENDIX C: NUCLEAR DATA CARDS

FOR EACH ELEMENT:

I - Card label: kOl . 73-76: XXCO

77-00: vYYA

XXCO is the usual FLOCO label: ex. @ card of block C5:
XXco = YOC5

v is the reaction nwiber

C(YY) = the atomic number Z

C(A) = ID for atomic number Z (specifies
below).

11 - The nuclear data cards are loaded in the

isotope -- see C(Kll)

following order:

1) Parameter block KOO:

KO1: A = Mass number of element

K02 : N(Vk) = number of velocities at which the scattering.-
data is tabulated.

K03: Tag tl:

K04: N(Eel) =

‘1= 0: y(v) =

‘1= 1: up(v) =

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

K05: N(v) = number of inelastic reactions treated.
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K06: N(Etiel) = nuniberof energies at which the inelas$ic
reaction data is specified. If N(EzneL) = O
there is no inelastic scattering on this
element.

K07: Ts,gt2: t2= O: some inelastic scattering on this
element is anisotropic

‘2 = 1-1: all inelastic scattering (for all
reactions v) is isotropic in lab.

‘2 = -1: all inelastic scat-tering(for all
V) is isotropic in CM.

Klo: Z = atomic number of the element.

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

2) Data block CO:—

cross sections

C[(co)g]=v;

Note: v~l ~

3) Data block Cl:—

at the neutron

Table of laboratory velocities V; at which

are tabulated.

(in cm./shake), g = 1, 2, .... N(Vk)

#
~“

Tot
Table of total cross sections uk,g) evsluated

laboratory velocities V:.

C[(Cl)g] = rJ~o~ (in barns), g = 1, 2, ●*=, N(Vk)
>

4) Data block C2: Table of absorption cross sections aabs— k,g~
kevaluated at the neutron laboratory velocities V .
~

c[(c2)g]= f~~ (inlxmm), g = 1, 2, ““”,N(vk)
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III -

the inelastic reaction

probabilities, angular

C[(m))g] = E~gl >

data are tabulated: reaction

distribution data, etc.

g = 1, 2, .*=, N(Einel)

10) Data block Dl: Table of reaction tags, Tv, specifying—

the reaction type, T, for each reaction v.

C[(D1)V] = Tv , v = 1, 2, ●00, N(v)

11) TRANSITION CARD to “card read control” of initiating code:

(I* 5, 4, 855), labeled TR CRC MCA.

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-XL above).

1) Parameter block ROO:

RO1: A= C(KO1) .

R@: Z = C(KLO) .

R03: ID = C(nl) .

R04: V = reaction nuuiberof this reaction

v = 1, 2, ““o, N(v) ●

R05: T= reaction-type tag defining type of
reaction (see pg.

inelastic

I.1.l



For neutron of laboratory energy Eelk,gt:

Ml = c[c6.(0 - L&,)] >

J..12= c[c6.(0 - L;lg,- I)]
Y

etc.

~ ~t), the scatteringb) If (-Lel
Y

as a polynomial of degree N

el‘k,gt

el
) ‘k, gl

(Q = C[C7.(0 - L&gt)]
9

(Y2) = C[C7.(0 - L;lg, - 1)]
>

distribution is specified

in the scattering cosine:

(N + 1) terms.

For neutron of laboratory energy Eelk,gt:

(k)
ag’,N = c[c6.(0 - L~lg,)] , (N+l)= , )]C[C7.(0 - L:lg,

Y

(k)
agl,N-l = c[c6.(0 - L;lg, - 1)]

Y

etc.

elc) lf ‘k,gt = O, the elastic scattering is isotropic in

the frame

energy.

Note: in all

its maximum value in the interval (-1 < v < 1) is 1.0.-—

8) Data blocks c6, C7: Elastic scattering angular distribution.— —

data -- see description of block C5 above.

9) Data block DO: Table of laboratory energies Einel—- k,g at which

of reference indicated by the sign of the

cases the S~~gt(w) is normalized such that
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III -

the inelastic reaction

probabilities, angular

C[(m))g] = E~gl >

10) Data block Dl: Table—

the reaction type, T,

data are tabulated: reaction

distribution data, etc.

g = 1, 2, .*=, N(Einel)

of reaction tags, T~, specifying

for each reaction v.

C[(D1)V]= Tv , v = 1, 2, ●00, N(v)

11) TRANSITION CARD to “card read control” of initiating code:

(I* 5, 4, 855),labeled TR CRC MCA.

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-n above).

1) Parameter block ROO:

RO1: A= C(KO1) .

R@: Z = c(Klo) .

R03: ID = c(m) .

R04: V = reaction nuuiberof this reaction

v = 1, 2, ““o, N(v) ●

R05: T= reaction-type tag defining type of
reaction (see pg.

inelastic

I.1.l



2)

3)

4)

5)

R06:

R07:1Data utilized by specific types of reactions.
R1O:

Rll :

Data block EO: Table of the cumulative probabilities,

Y

(k) —
, that the reaction number v! be less than or equal

~v,g

to v for neutrons

(k)
C[(EO)g] =

z 9g

with laboratory E
inel
k,g

(~ 1.0) , g = 1, 2, ●.=, N(Efiel)

Data block El: Inelastic scattering angular distribution

data locato~ tL~gl for neutrons with laboratory energies
9

Einel
k,g “

C[(El)g] = fi~gl , g = 1, 2, ● ● ●, N(Einel)
Y

Data specified exactly as for elastic scattering, with data

block E2 replacing c6, E3 replacing C7.

Data blocks E2, E3: Inelastic scattering angular distribu-—

tion data -- same as data blocks c6, C7, respectively.

Data block E4: Table of inelastic scattering angular—

distribution flags, tinelk,g >
for neutrons with laboratory

inel
‘nergies ‘kjg “

c[(E4)g] = tygl Y E4= 1, 2, ●O*, N(Efiel)

{

inel
t
inel o, s specified in laboratory system
k,g = ~ ‘;rg rr ff

? CM ft
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Data stored

T O:=

6)

according to reaction type T:

Data block GO:

T 1:=

6)

C[(GO)g] = b;

Data block GO:

c[(Go)gl = (’aJg

T 2:=

C(R(%) =

A=

(+) =

(-) =

(M):

nudber of final energies tabulated

no interpolation in the table of final energies

interpolation in the tabulated final energies.

block GO: Table of inelastic reaction data locators,—6)i Data

~(k) for laboratory energies EinelV,g’ k,g “ Data for final neutron

energy distribution stored in blocks Gl, G2 starting from

~(k) word.V,g

(k)
zC[(GCXJ= ~v,g ~ = 1, 2, ●“*, N(Einel)

7) Data block~: Table of cumulative probabilities P of
~jf

. for neutrons incident withfinal neutron ‘nerg~~~lEg,f

laboratory energy Ek g .
Y
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‘k))] = Pg,f=l must be zeroCIG1.(0 ,-lV,g

CIG1. (0

a)

b)

8) Data

- l~; - 1)] = Pg,f=2 (f=l, 2, ●oo,A)

P –probability that the neutron has final energyg,f =
E! ~ ~~e fr~e of reference as the angularE’ ~Eg, f)

distribution (re. block (@!)V).

must be > 1.0.‘g,f&A

block G2: Table of final neutron energies E for
— g,f

inel
neutrons incident with laboratory energy Ek,g “

‘k) ] = Eg,f=lC[G2.(0 - lv,g

(k)
C[G2.(0 - lv,g - lfl=Eg,f=2 (f=l, 2, ““”, A)

etc.

E >E
g,f+l-. g,f

T = 3:

C(R06)= (m): sane as reaction type T = 2 abuve.

C(R07) = J: the number of angles specified -- same for sJ-1..-
inel

‘iCident ‘nergies ‘k,g “

6) Data block GO: Table of energy locators,—

with incident energies E~gl. (See block
Y

~(k) for neutrons
V,g’

@ below.)

C[(Go)g]= 1~~ , g=l, 2, ‘o”, N(Etiel)
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7) Data block G3: Table of cosines of scattering angles --—

laboratory or CM agreeing with (E4)V.

C[(G3)J] = COS~j , j = 1, 2, ““”, J

(Coscxl= -1.0, ‘Osaj+-l> Cosaj ‘ Cos a J = 1.0)

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

~(k) —

I
for neutrons with incident laboratory energy Einel

v Syd k,g

and scattering angle a .
3

Data for final neutron energy

distribution stored in blocks G5, C%, starting from m(k) word.
Vlj)g

C{G4.[0 - 1~~~ - (j - l)]}=m(k!
VIJ~g

9) Data block G5: Table of cumulative probabilities P.— JYg9f
of final neutron energies E

J>g,f
for neutrons incident with

laboratory energy Einelk,g ad scattered through an angle CZj.

C[G5.(0 - m~~,g)] = Pj,g,f=l
I

must be zero

C[G~.(0 - m(k! - 1)] = P (f=l, 2, “~”, A)
VIJ, g j,g, f=2

a) P.
Jjg~f

-probability that the neutron has final energy

Et <E. Ef in the same frame of reference as the
– Jsg)f’

@ar distribution (re. block (@+)V).

b) P.
J,g, f=A

must be > 1.0.

10) Data block G6: Table of final neutron energies E— J,g,f
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inelfor neutrons incident with laboratory energy Ek ~ and
~

scattered through an singlecr .
J

(k) )] =EJ,g,f=lC[G6.(0 - m
vlj,g

c~~e(o - m(k) 1)] = Ej,g,f=2
vlj,g- (f=l, 2, ‘“*, A)

etc.

E
&g,f+:l~Ej,g,f

T = 4: (Fission)

6) Data block GO:—

c[(Go)g]= v:

T=5:

C(R06) = N~

6) Data block GO:—

c[(Go)g] = (~)g

T = 6: (n, 2n)

C(R06) =%

C(R07) =a

c(Rlo) = p

1.I.6



T = 7: (n, 2n)

C(RIO) = T1

C(FUI.)= T2

‘iere ‘l> ‘2

The data for

values of v.

are the two reaction types comprising this reaction.

the two reactions must be entered as successive

C(EO) must be the ssme for both reactions.



APPENDIX D: MONTE CARLO CODEMCS

I - C.ARDLABEL CONVENTION

cd. 73-74:

73-76:

77:

78-80:

II - CARDLOADING

(Nuniber

usual FLOCO labeling (XO-Z7)

XX for formula 8XX or 9XX

blank for formula 8XX

9 for formula 9XX

code label MC1.

ORDER

of cards in parentheses)

1

2

3

4

5

6

7

8

9

10

11

Advance NEiA(card label 1 MC1)

AOO (3)

QOO (2): XOQO + binary card punchedby code MCA

DOO (2)

Goo

HOO

Poo

Soo

Voo

woo

BOO (1)

KI.8



12

13

14

15

16

17

18

19

20

21

22

23

24

25

26

27

28

29

30

31

32

33

34

coo (4)

EOO (5)

FOO (~)

KOO (2)

Advance NBA and record origins (cards labeled 2 MC1 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 MC1)

Subroutine LA s800 (2)

Load instructions 916 (card labeled 6 MC1)

Subroutine LA s820 (2)

Load instructions 917 (card labeled 7MC1)

Subroutine LA S816 (4)

Load instructions 901 (card labeled 8 MC1)

F901 (1)

F900 (4)

F902 (2)

F921 (5)

F922 (5)

F923 (5)

F925 (7)

F926 (5)
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35

36

37’

38

39

40

41

42

43

44

45

46

47

48

49

50

51

52

53

54

55

56

57

58

F931.(4) .

F932 (9)

F906 (7)

F924 (1)

F904 (7)

F905 (7)

17907(9)

F911 (5)

F912 (6)

14’910(24)

F913 (14)

F914 (14)

F915 (24)

F920 (2)

F927 (5)

F930 (9)

I?933(12)

F934 (4)

F835 (1)

F801 (7)

I’802(lo)

F804 (8)

F803 (5)

F805 (6)
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59

60

61

62

63

64

65

66

67

68

69

70

n

72

73

74

75

76

77

I@

79

80

81

82

F806 (20)

F807 (n)

F81O (23)

F811 (13)

F812 (8)

F813 (8)

F814 (11)

F815 (12)

F816 (11)

F817 (lo)

F820 (9)

F821 (9)

F831 (5)

F832 (9)

F833 (5)

F824 (21)

F826 (4)

F827 (4)

F830 (15)

11836(4)

F837 (1)

I?825(9)

SPECIALTALLYROUTINES: F860-876(see pg.U.)

Load instructions 877 (card labeled 9 MC1)
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111

83

84

85

86

87

88

89

90

91

92

93

F877 (3)

Load instructions 850 (card labeled 10MC1)

SOURCE ROUTINE F850

Load instructions 800 (card labeled 11 MC1)

F800: FLOCODE (Version 1 or 2)

EO

IO

11

12

Y6

Transition card (labeled 12 MC1)

Quantities 27-80 usually replacedby abinary deck of 156 cards.

- REMARKS CARDS lWR MONTE CARLO CODE MCS

940

941

942

943

944

945

946

947

950

951

Error stop -- Reload problem to continue

Error -- Square root of negative nuniber

Error -- No intersection found

Error -- No cell found

Error -- K(T) =1

Memory print -- (AOO, BOO, 127-100, Y6, Z2, Z3, Z4, Z5)

Debug print

Tally routine not specified

GMC 1 tally print
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952

953

954

955

956

957

963

Problem finished -- Press start to continue. Save tape
A06 if finished

Problem number -- 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

kLOCODE 1

XCO 8 800
Xol TSX4932
X02 TSX4826..-

–’263 SX4933
X04 TSX4825
X05 PSE 163 ““
X06 TSX4926
X07 TSX48i0 “--

--nn r RA X04
Xll CLA A40
X12 AEO 401
X13 STC A40
X14 tL-A- li2l---
X15 ACC 401

“--; ;:- 31”C--X2T
PSE 163

X20 TSX4926
X21 TSX4824
x22 TRA X04
X23 tiSE-l~
x24 TSX4926
x25 TRA X07

FIJXODE 2

XOO 8 800
Xo 1 TSX4932
X02 TSX4826
X03 TSX4933
X04 TSXJ1825
XC5 PSE 163
X06 TSX4926
X07 1SX4810”

Xlc TRA X04
X11 TSX4833
X12 CLA AhO
X13 ACID 401
X14 S10 A40
X15 CLA A21
X16 AOD 401
X17 S10 A21

X20 PSE 163
x21 TSX4926
x22 TSX4824
x23 TRA X04
X24 PSE 163
x25 T5X4926
x26 TRA X07

Xoo E 801
Xo 1 SXDh X64
X02 SXO 1X65
X03 STZ A31
x 04 STZ A51
X05 STZ 126
x06 LXA1401
X07 LXA4A47

Xlc CLA A50
Xll 6 14X14
X12 ADD A50
X13 TRA Xll
X14 STD 127
X15 LXD4 127
X16 SXD1X17
X17 1 1 UX20

x20 LX A2126
X21 CAL4R5
x22 TZE X30
x23 LBT
x24 TRA x26
x25 TSX491O
X26 ARS 1
x27 1 1 2x22

X30 1 1 1X31
x31 3A471X36
x32 CLA 126
x33 ADD CC7
x34 STfJ 126
X35 TRA X15
X36 CLA A31
x37 TZE x56

X4C
X41
x42
x43
x4k
x45
x46
x47

FS8 A51
STI3 A31
CLA A51
LXD2A43
LIIQ2T4
STQ A52
LXD4X64
LxD1X65

X50 TNZ4 1
X51 CLA X55
x 52 TSX4906
X53 tiPR
X54 TSX4877
x55 o 942
x56 CLS C1O
x57 ST13 A30

X60 TRA X42
X61 N(3P
X 62 NOP
X63 NOP
x64 HTR
X65 HTR

XOO 8 802
Xol SXD4Y07
XC2 SXD2Y1O
X03 SXDIYI1
x04 CLA2Y6
X05 ST13 B05
X C6 PAX4
X07 LXA14C1

Xlo 1 14X11
Xll CLA4R5
X12 STC31175
X1.3 CAL4R6
X14 SLW1161
X15 C13M
x16 SLW1145
X17 1 I IX20

x20 7A471X1O
X21 STZ2Y6
x22 LXD2 124
X23 CLA2Y6
X24 TZE x36
x25 CLA2Y6
x26 PAX4
X27 LXA 1401

X3C 1 14X31
X31 CAL4R5
X 32 AtwAl175
x33 TNZ X45
x34 1 1 1X35
x35 7A471X30
X36 2 12x23
x37 LXDIY1l

X40 LXD2Y1O
X41 LXD4Y07
X42 CLA 805
x43 ST132Y6
x44 TRA4 1
X45 SLW 102
x46 ANA1 145
x47 ANA4R6

x 50 TNZ X57
x51 CAL4R6
X 52 COM
x53 ANAl161
x 54 ANA IO?
x55 T/?E X34
x56 SSM
X57 SLW 103

X6C CLM
X61 STt3 1C4
X62 PXD1
X43 ARS 22
X64 STA 104
X65 LDQ 103
x66 LXA4CII
X67 CLA 400
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x 70 LGL 11
X71 TNZ X73
X72 IC124X70
X73 L131
x 74 TRA X76
x 75 TRA YOO
X76 ARS 1
x77 1 14X73

YOO 6 I 1Y02
Yol 1 444YO0
Y02 SXD4 104
Y03 CLA 104
Yok LXDIY1l
Y05 LXD4Y07
Y06 TRA4 2
Y07 HTR

Ylc HTR
Yll HTR

XOO 8 8C3
Xol SXD4X40
X02 SXD2X41
X03 LXD2124
X04 CLA2Y6
X05 TNZ X14
X06 2 12X04
X07 CLA X13

Xlo TSX4906
Xll HPR
X12 TSX4877
X13 o 943
X14 TSX4802
X15 TRA X31
X16 TSX4913
X17 TQP X22

X20 TPL X23
x2 1 TRA X14
x22 TPL X14
X23 CLA 605
X24 TSX4804
x25 TRA X03
X26 CLA B05
X27 LXD4X40

X30 TRA X42
X31 TSX48C4
X32 TRA X35
X33 LXD4X40
x34 1 14x42
x35 STZ2Y6
X36 TRA X03
x37 s 22x24

X40 HTR
X41 HTR
X42 NOP
x43 TRA4 2

XOC 8 804
Xol CLA2Y6
X02 SXD4X72
X03 SXD2X73
Xo 4 SXD 1 x74
X05 PAX1
X06 PDX4
X07 CAL4R0

Xlo TRA X67
Xll CLA 400
X12 ST(! 134
X13 LXA2134
X14 CLA 134
X15 ADD C07
X16 ST13 134
X17 1 1 IX20

X20 CAL1R5
X21 TZE X47
x 22 LBT
x23 TRA X42
X24 SLW 135
x25 PXD2
X26 TSX4913
X27 CAL2T4

X30 ANA1R6
X31 TNZ X34
x32 TQP X35
X33 TRA X41
x34 TCP x41
X35 LXD4X72
X36 LxD2x73
x37 LXDIX74

X40 TRA4 1
X41 CAL 135
X 42 ARS 1
x43 I 12X44
X44 7A542x2l
x45 LXD4X72
X46 2 14X36
X47 LXA2134

X50 7A542xl4
X51 TRA XU5
x52 CAL4R0
X53 ANA 441
x54 ALS 22
x55 SXD4126
X56 TSX4913
X57 LXD4126

X60 CAL C32
X61 ANA4R0
X62 TQP X65
X63 TZE Xll
X 64 TRA X35
X65 TZE X35
x66 TRA Xll
X67 ANA C\4

X70 TNZ Xll
X71 TRA X52
x72 HTR
X73 HTR
X74 HTR

Xoo e 805
Xo 1 SXD4X56
X02 SXD2X57
X03 NOP
X04 CLA 125
X05 PDX2
x06 CLA 123
X07 SLB 401

Xlc STO 123
Xll TSXk802
X12 TRA X31
X13 TSX4913
X14 TCP X17
X15 TPL X20
X16 TRA x25
X17 TPL X25

X20 CLA 805
X21 TSX4804
x22 TRA X40
x23 CLA B05
X24 TRA x51
x25 CAL2Y6
x26 ANA C14
x27 TZE X11

X30 TRA X06
x3 1 TSX4804
x32 TRA x37
X33 LXD4X56
x 34 NOP
X35 NGP
X 36 TRA4 2
x37 STZ2Y6

X4C CLA 123
x41 TZE X4?
X42 LXD2 124
x43 CAL2Y6
X44 ANA C14
x45 TNZ X06
X46 2 12X43
x47 TSX4803

X50 TRA X33
X51 LXD4X56
X 52 NCP
X53 N(3P
x54 TRA4 3
x55 9 22X21
X56 HTR
X57 HTR

XOO 8 806
Xol SXD4Z50
X02 SXD2Z31
X03 SXD1Z32
X04 STZ 123
X05 LXA4A47
X06 CAL A50
X07 LDQ C15

Xlc SI’Q4Z0
Xll STQ4Z1
X12 6 14X15
X13 ACM A50
X14 TRA XIO
X15 STD 117
X16 ARS 22
X17 AIIM A43

X20 STA 117
X21 PAX4
x22 CAL A52
X23 ANA4R6
X24 TNZ x27
X25 CLS Ab3
X26 ST(I A43
X27 NOP

X30 NOP
X31 NOP
X32 N(3P
x33 LXA1401
x34 LXD4117
x35 1 14x36
X 36 CAL4R5
X37 SLWI175

X40 CAL4R6
X41 SLW1161
X42 COM
XU3 ANA4R5
x44 SLWI145
x45 1 1 1x46
X46 7A471x35
X47 LXA2401

X50 LXA1401
X51 LXA4A43
X 52 PXD4
x53 SI-w 101
x54 LDQ Ah3
X55 CAL A52
X56 ANA4R5
x57 TZE X75

X60 ANA4R6
X61 TQP x64
x62 TZE X75
X63 TRA x65
X 64 TtiZ X75
X65 Pxr)l
x66 ORA C16
X67 ST02Y6
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X70 PXDU
x7 I SUB 101
x72 ARS 22.
X73 STA2Y6
x74 1 12xT5
X75 lA4{bX7fI
X76 1 1 1X77
X77 7A461X55

Yoo ? 12z27
Yol CLA YC5
Y02 TSX49C6
Y03 H?U
Y04 TSX4877
Y05 o 944
Y06 7 12Z15
Y07 SX02124

Ylo LXA1401
Yll CLA?Y6
Y12 PAX4
Y13 1 14Y1U
Y14 CAL4R6
Y15 ANSIZI
Y16 CON
Yl? ANA4R5

Y20 ANS lZO
Y21 7A471Y13
Y22 2 12Y1O
Y23 LXAIA47
Y24 LXD4117
y25 IA4{4Y26
Y2fl CALIZO
Y27 (3RAIZ1

Y3C SLWIZO
Y31 C13M
Y 32 ANS 1175
Y33 ANS1161
Y34 ANS1145
Y35 ANA4R5
Y36 13RS1Z0
Y37 ANA4R6

Y4C ORSIZI
Y41 2 14Y42
Y42 2 I 1Y26
Yk3 LXD2124
Y44 LXA.1401
Y45 MSE 143
Y46 N(3P
Yu ? CLA2Y6

Y50 PAX4
Y51 1 14Y52
Y52 CAL4R5
Y53 ANA1175
Y54 TZE Z03
Y55 SLW 100
Y5Ll ANA4R6
Y57 ANA1145

Y60 TNZ ZO1
Y61 CAL4R6
Y62 CtiM
Y63 ANA lCO
y(lll ANAI161
Y65 TNZ ZCI
Y66 MSE 143
Y67 TRA Y71

Y?(I TRA 203
Y? 1 CLA C14
Y72 0KS2Y6
Y75 CLA 123
y74 AOD 401
Y75 STO 123
Y76 PSE 143
Y77 SXI)212.5

zoo TRA Z05
Zo 1 STZ2Y6
zo~ TRA ZU5
Z03 1 11ZU4
ZOb 7Ab71Y51
Z05 2 12Y44
206 t4SE 143
Z07 N(3P

Z1O CLA 123
Zll CAS 401
Z12 NUP
Z13 T3X48C5
Z14 TSX4/303
Zls CLA2Y6
Zlb STD A50
Z17 LX04Z30

Z2C LXD2Z31
721 LxDIZ32
Z27 TRA4 1
Z23 E 2Y20
Z24 1 11Y21
Z25 8 2x53
Z26 1A474X54
Z27 2 12Y06

Z30 HIR
Z31 HTR
Z.32 HTR

Xoo 8 807
Xol SXD4Y13
X(I2 SXC12Y14
X03 SXD1Y15
X04 SIZ A15
X05 STZ 102
X 06 PAX1
X07 CLA1S5

Xlo PAXI
Xll ANA 442
X12 STG IC3
X13 CLAIM1
X14 sro 104
X15 ANA C20
x16 PAX4
X17 CLA4T0

X2C P&x4
X71 1 14X22
x22 cLA4t40
X25 sro 105
X24 SID X42
x25 STD X45
x26 STD X64
x77 PCX2

X30 1 14X31
X31 CLA A22
x32 CAS4M0
x33 TRA x50
x34 TRA X45
x35 CLA 105
x36 AhA 445
x37 TZE X45

X40 CLA4N0
x4 1 FCtI A22
x42 1 04X43
X43 FMP4M0
x44 TRA x72
x45 1 04X46
X46 CLA4MC
X47 TRA X72

X5c b 12X4!I
X51 1 1 4X52
X52 CLA A22
x53 CbS4M0
x54 TRA X50
X55 TRA X45
X56 CLA4t40
x57 FS84MO-

x6C STO 105
X61 CLA A22
X62 FS84tW-
X63 Sro 106
X64 1 04X65
X65 CLA4M0
X66 FS84MO-
X67 FCH 105

x 70 FtJP 106
X71 FAD4t40-
X72 LRS 43
X73 FMP 104
X74 FAD A15
x75 STO A15
x76 LXD4102
x77 1 14YC0

Yoo SXD4102
Yol S104Z4
Y02 CLA IC3
Y03 SLB 415
Y 04 TZF Y06
YC5 1 11X12
YC16 LX04Y13
Y07 Lx02Y14

Ylc LXDIY15
Yll LI)O A15
Y12 TRA4 1
Y13 HTR
Y14 HTR
Y15 HTR
Y16 E 2X72
Yl{ Sro 195

Y20 TRA X73
Y21 e 2% I
Y22 CLA 105
Y23 ST04Z5
Y2U TRA YC2

XCO 8 810
Xol SXD4Y77
X02 SXD2ZO0
X03 SXDIZO1
X04 STZ Bol
X05 LXA4A54
X 06 STZ4Z2
X07 STZ4Z5

Xlo 2 14XG6
Xll LXOIA50
X12 TSX4920
X13 ST(3 A20
X14 TSX4801
X15 TRA X21
x16 NOP
X17 NUP

X20 NCP
x2 1 FAD C04
x22 STO 100
x23 CLAIRO
x24 ANA C21
x25 ARS 6
x26 STO 101
x27 CLA1R3

X3C ANA C20
X31 TSX4807
X32 FPP IR3
X53 STO 102
x34 slJB 10I
x35 Slo lC.3
x36 TSX4902
x37 TSX4916
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X40 CLA 4C0
x4 1 CHS
X42 FCh 103
X43 STQ 1C4
x44 CLA 104
x45 c&s 100
X46 TRA X63
x47 TRA X36

X50 FAD CC4
X5 1 CAS 100
X52 TRA x36
X53 TRA x36
X54 LGQ 104
X55 TSX4Y35
X56 rSX4Y76
X57 LX D4Y77

X6C LX D2ZO0
X6 1 LXDIZO1
X62 TKA4 2
X63 F!i B C04
X64 CAS 100
X65 TRA X70
X66 TRA X36
X67 TRA X36

X70 LOQ 100
x7i TSX4Y35
X 72 TSX4X73
X73 TRA2S7
x74 TSX4X75
x75 TRA2R4
x 76 TRA YOO
x77 TRA X14

Yoo TSX48C6
Yol Lxcll A50
Y02 rSX4920
Yolr STO 105
vrJ4 TZE Y31
Y05 Tsx4902
Y06 Sla 110
‘to7 CLA 1C5

Ylo FCH A20
Yll SIQ 106
Y12 CLA 106
Y13 CAS 421
Y14 TRA Z12
Y15 TRA x14
Y16 CLA A16
Y17 FOH 1C6

Y 20 STQ A16
Y21 CLA 110
Y22 CAS 106
Y23 TRA Y51
Y24 TRA Y31
Y25 TRA X14
Y26 N3P
Y27 N(3P

Y30 Nc3P
Y31 Lx L14Yf7
Y32 LX D2ZO0
Y33 LX DIZO1
Y34 TRA4 1
Y35 STQ 120
Y36 SX04Y(5
V37 CLA 101

Y40 TZE YS4
Y4 1 CLA 103
Yk2 FSB 102
Y43 LP.S 43
Y44 Fb’P 120
Y45 TSX4917
Y46 CLA 4GCr
Y47 r~op

Y50 NOP
Y51 LRS 43
Y52 FMP A16
Y55 S10 A16
Y54 LXA4403
Y55 LUQ 120
Y56 F!4P4A04
Y57 FA04AO0

Y60 ST(34AO0
Y61 2 14Y55
Y 62 CLA 120
Y63 FDH A22
Y64 STQ 122
Y65 CLA A04
Y66 FAtl 122
Y67 STO A04

Y70 CLA BO1
Y71 FAD 120
Y72 ST(I BO1
Y73 LX D4Y75
Y74 TRA4 1
Y75 tfTR
Y,” rRA I S4
Y77 HTR

ZCO HrR
Zol H rR
Z02 8 2X55
203 CLA 101
z 04 TZE X56
Z05 CI. A 102
206 FDH 103
207 Ft?P A16

Zlc STCf A16
Zll TRA X56
212 MSE 141
Z13 TRA Z21
Zlk PSE 141
215 CLA 007
Z16 ADD 401
Z17 STCI D07

220 TRA Y25
Z21 LXD4A4?
‘?22 LXA2QOI
Z23 LDCl 421
Z24 srQ 111
Z25 Sra 112
Z26 FS9 421
227 STU 106

Z30 CAS 110
Z31 IC234Z47
Z 32 rioP
2.33 LLA A16
.?34 F(IH 112
235 S19 A16
Z36 7 12Y25
Z37 TSX4’721

Z4C TRA 242
241 2 12Z36
ZQ2 CLA Z46
zh:~ TSX4906
Z44 HPR
z4’i TSX48t7
Z46 C
Z47 mo34;u

250 CLA 111
Z51 ST(3 112
252 CLA D07
253 AQD 401
254 STI3 DO?
Z55 TRA Z33
Z56 CLA 111
Z57 FAD 421

260 ST(J 111
Z61 CLA 10fI
Z62 I 12226
Z63 8 2Y11
Z64 CLA 105
Z65 S1O A20
266 TRA Y12

Xoc 8 811
Xol SXD4X73
X02 SXD2X74
X03 LXA2!I01
X04 1 12X05
X05 cLA2r40
X06 ANA 442
X07 ALS 2

Xlo STD X11
Xll I 02X12
X12 1 12X1.3
X13 CLA2M0
X14 STD X44
X15 S10 Y05
X16 ANA 441
X17 TSX4901

X20 ST(3 110
X2 I LX04X44
x22 1 12X23
X23 CLA2FI(J
X24 CAS A17
x25 T(<A Y04
X76 TRA Y04
x27 k 14Y04

X3C 1 12X.31
X31 CLA A17
X32 CAS.2M0
X33 TRA X27
.X34 TRA Y04
X35 CI.A2M0
X36 FsB2Mo-
X37 sro ao5

X4C CLA A17
X41 FsB2Mo-
X42 FD}i 905
X43 STQ B05
x44 1 02X45
Xks CI.A2M0
x4i5 Sro B07
x4 7 cLA2Mo-

X50 STf3 B06
X51 TSX4902
x52 STfJ 111
x53 TSX49Ck
X54 CLA BIO
X55 TSX4930
X56 CAS Ill
x57 lRA X62

X60 TRA X62
X61 TRA X51
x62 LXA2AS0
X63 CLA 13C6
X64 ANA C14
X65 TZE X75
x66 LDQ 110
X67 TSX4927

X70 LXD4X73
X71 L.XD2X71J
X72 TRA4 1
X73 I+TR
x74 HTR
x75 LXA440.3
X76 CLA4B01
x77 sro4A04

YLIO 2 14X76
Yol NOP
YC2 CLA C25
Y03 TRA Yll
Y04 STZ B05
Y05 1 02Y06
Y06 CLA2M0
Y07 STZ r307
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Ylo
Yll
Y12
Y13
Y14
Y15
Y16
Y17

Y2C
Y21
Y??
Y23
Y24
Y2b
Y7/1
Y27

Y 3(’)
Y31
Y 32
Y33
Y3U
Y35
Y36
Y37

Y40
Y41
Y42

Xol
X02
X03
X04
XC5
X06
X07

Xlc
Xll
X12
X13
X14
X15
X16
xl?

X20
x2 I
x22
X23
x24
X25
X26
x27

TRA X50
CAS 110
TRA Y17
TRA Y17
CLA A17
LCQ AZ?
TRA X70
LOO 110

F$l P 110
S10 100
LOO B1O
FMP 1310
FAO 100
FSB 4? I
TSX4903
CLA 400

FAD B1!J
FOH2T3
STQ 100
FNP A22
S10 102
LOQ 100
FPP 100
LRS 43

FMP A17
LCO 102
TRA X70

e 812
SX04X54
SX02X55
LXA2012
cLA2t4b
sro 112
TSX4902
STO 113

Tsx490k
CLA B1O
TSX4930
CAS 113
TRA x17
TRA X17
TRA X06
TSX4902

CLA 000
LIIQ A44
LLS 5
PAx4
CLA4F01
F(IH 112
FMP A22
STLI 114

X30 CLA 606
X31 AAA C14
X32 T.ZE X56
X33 LX A2AS0
X34 CLA 114
x 35 FCH A17
X56 STQ 115
X.37 CLA 115

X40 TSX4903
X41 TRA x72
x42 LRS 43
x43 FNP2T3
x44 LRS 4.3
x45 TSX4927
;;; CAS A17

TRA X17

X50 INOP
X51 LXl)4X5h
X52 LXC12X55
X53 TltA4 1
x54 HrR
X55 HTR
X56 LXA4403
x57 CLA4B01

X60 sro4Ac4
x61 2 14X57
x62 CLA 114
x63 TSX4903
X 64 TRA X(2
X65 IRS 43
x66 FMP C24
X67 LRS 43

X70 CLA 114
X71 TRA X51
x 72 CLA X76
x73 TsX4’706
X74 HPR
x75 TSX4f377
x76 O 94 I

Xoo
Xol
X02
X03
X04
X05
X06
X07

Xlo
Xll
X12
X13
X14
X15
x16
X17

1? 813
SX04XU3
SX02X44
LXA4B12
CLA4M4
STO 112
TSX4902
STO 113

TSX49C4
CLA BIO
TSX4930
CAS 113
TRA X17
TRA X17
TRA XC6
CLA Bi)6

X2C
X21
x27
X23
X24
x25
X26
X27

X30
X31
X32
X33
x34
x35
X36
X37

x 40
X41
X42
x43
x44
X45
X46
X47

X50
x5 1
x52
X53
%54
X55
X56
x57

X6C
X61
X62
X 63
X64
X65
x66
X67

x 70

Xoo
Xo 1
X02
X03
X04
X05
X06
X07

ANA CIU
TZE X45
LXA2A50
CLA Al{
FSB 112
LRS 43
FMP2S6
F13H Ai7

STLI 115
CLA 115
1SX4903
TRA X64
LRS 43
F!4P2T3
LRS 43
TSX4927

LX04XU3
LX02X44
TRA4 2
HIR
HTR
CLA A17
FSB 112
sT(l 115

TSX4903
ri7A X64
LKS 43
FMP C2U
STO 114
LXA4403
CLA4B01
STQ4A04

2 14X56
CLA 115
LOQ 114
TJ7A X40
CLA X70
TSX4906
I+PR
TSX4f377

o 941

8 814
SXD4X70
5X02X71
LXA4L112
CLA4M4
STO 112
STII X40
STO X77

Xlo TSX47C2
Xll ST13 113
X12 rsx4904
xl: CLA BIO
X14 TSX4930
X15 CAS 113
x16 IRA X21
X17 TRA X21

X?o TRA X1O
X21 TSX4902
x22 S16 114
x23 CLA 112
x24 ANA C14
x25 TZE x72
x26 LXA4112
x27 CLA 114

X30 CAS4P4
X31 1 14X33
X32 NOP
X33 FsB4144-
x~~ STO 114
x35 CLA4M4
x36 FsB4M4-
X37 sro 1}5

X40 1 04X4 1
x4 I CLA4M4
Xk? F 5B4M4-
X43 FI)H 115
X44 FMP 114
x45 FAD4M4-
x46 STO 114
x47 CLA 606

X50 ANA C14
X5 1 TZE Y02
X52 LXA2A5C
X53 CLA 114
x54 FDH A17
x55 srQ 115
x56 CLA 115
X57 TSX49C3

x6C TRA Y17
x61 LRS 43
X02 FF’P2T3
X63 LRS b3
x64 TSX4927
xt55 LXD4X70
x66 LX02X71
X67 TRA4 3

X70 HrR
X71 H TR
x72 LXA41\?
X73 CLA 114
X74 CAS4144
x75 1 lQx7k
X76 NOP
x77 1 04YO0
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Yoo
Yf)l
YC2
Y05
Yak
YC5
YC6
Y07

Ylc
YII
Y12
Y13
Ylu
Y1’i
Y16
Y17

ypo

Y21
Y??
Y23

Xoo
Xol
X02
X03
X04
X05
X(I6
X07

Xlc
X11
X12
X13
X14
X15
X16
X17

X20
X21
x22
x73
X24
x25
X 26
x27

X30
X31
x32
x33
x34
x35
X36
x3/

CLA4MU
TRA X46
CLA 114
TSX4’?03
TRA Y17
LRS 43
FMP C24
STLI 115

LXA4403
CL AU301
ST04AOJI

2 14Y11
C-LA 114
LDQ 115
T12A x65
CLA Y23

TSX4906
HPR
TSXh87t

c ‘?41

E 815
SX04X76
SXC12X77
LxA41312
CLA4M4
STO 112
STD X46
STD Y04

TsXU902
S10 11.3
TSX49C4
CLA I31O
rsx4930
CAS 113
TkA X21
TRA X21

TRA X1O
TSX4902
Sro 114
LXAhl12
CLA BIO
CAS4M4
I 14X25
NOP

CLA4M4
PAX4
CLA 112
ANA Clb
TZE YOO
CLA 114
CAS4M4
1 14X56

x4 c NCP
X41 FsB4144-
X42 S10 114
x43 cLA4r44
x44 Fs134M4-
X45 STO 113
X46 1 04X47
X47 CLA4M4

X50 FSB4M4-
X51 FL)I{115
x52 FMP 11’!
x53 FAD4M4-
X54 STO 114
x55 CLA 006
X56 ANA CIU
x57 TZE Y07

X60 LxA2A50
X6 1 CLA 114
X62 FDH A17
X63 STQ 11!5
X64 CLA 115
X65 TSX4903
x66 TRA Y24
X67 LRS 43

x 70 FtJP2T3
X71 LRS 43
,472 TSX4927
x73 LXDkX76
x74 LXD2X77
x75 TRA4 4
X76 HTR
x77 HTR

Ycc CLA 114
Yo 1 CAS4MQ
Y02 1 1QYO 1
Y03 No?
Y04 1 04Y05
Yr15 CLA4M4
Y06 T7A X54
Y07 CLA Ilk

Ylc TSX49C3
Yll T!7A Y24
Yl? Lt?S 43
Y13 FMP C24
Y14 Sro 115
Y15 LXA4403
Yltl CLAhf301
Ylr STU4A04

Y70 2 14Y16
Y2 1 CLA llU
Y22 LDQ 115
Y23 TRA X73
Y?b CLA Y30
Y25 TSX4906
Y?6 HPR
Y?7 TSX4877

Y3C c 941

XOO E 816
Xol SXD4Y14
X02 SXD2Y1S
X03 LXA4B12
X04 LXA281.5
XC5 CLA Bi15
K06 rZE Y16
X07 CLA.2M4

Xlc FS84M4
X11 LRS 43
X12 FPP 805
X13 FAD4M4
X14 sro 1 0
X15 $LxA24 2
x16 CAS h23
X17 NOP

X20 1 12Y2!I
X21 FIIH 422
x22 FMfJ A16
X23 STO A16
x24 TSXb902
x25 STO lIU
X26 TSX49(IU
X97 CLA I31O

X30 TSX4930
X31 CAS 114
x32 TRA X35
x33 TRA X35
X34 TRA X24
x35 TsX4902
X 36 S10 114
x37 CLA 400

X4C LCQ A44
x4 1 LLS 5
XU2 PAX4
x43 CLA4E02
x44 FSB4E01
X45 LfiS 43
X46 FMP llU
X47 FAD4EOI

X50 ST(I 115
X51 rsx4903
x 5? TRA Y22
Y55 LRS U3
X54 FMP C’?b
X55 S10 116
x56 L%A440.3
X5? cLA413ul

X60 S104AO4
X(!I 2 14X57
X62 “( 12Y07
X63 CLA 115
X64 S10 A17
X65 CLA 116
x66 S10 A2?
X67 CLA AC5

x 70 S7’0 A1O
X71 LXA4403
x72 LDQ4AC4
x73 FVP4A04
x 74 STO4A1O
X75 2 14X72
X7(5 TSX4921
x77 TRA YO1

Ycc 2 12X24
Yol 7 22YCU
Yo? LOO 423
Y03 TRA YI.15
Y04 LDQ 422
Y(-J5 FNP A16
Y06 STO A16
Yo{ CLA 115

yl~ LDI_J 116
Yll LXD4Y14
Y12 LXL32Y1 5
Y13 TRA4 5
Y14 HTR
Y15 I{TR
Ylb CLA4M4
Y17 TRA XIU

Y20 Fl)tf 423
Y2 1 TRA X22
Y22 CLA Y26
Y73 1SX4’?06
Y24 HPR
Y?5 rsx4871
Y74 c 941

xc: i! 617
Xol SXD4Y15
X02 SXC2Y16
X03 LXA4G12
X04 CI.A A17
XC’5 FSf3bM4
x06 LxA2A50
X07 LRS 43

Xlc FMP2S6
Xll STO 112
X12 C4L4M4
X15 A:4A 403
X14 TSx49cl
X15 STO 11S
x16 SLB 422
X17 T~!z x2j

X20 LDQ 115
X21 FFP A16
x22 S1O A16
x2s TSX4902
x24 ST13 113
x25 T5X4904
x26 CLA 131rJ
x27 TSX4930
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X30 CAS 115
X31 rRA X34
X32 TRA X54
X53 TRA X23
X.54 TSX4902
x35 Slo 113
x56 TSXQ902
X37 ST(l 114

X4C CLA 422
x4 I CAS 115
x4? TRA YOO
X43 TRA YOO
x44 CLA U21
Xibfj FSB 11;
X46 S10 Ilb
xk7 CLA 113

Xso rsx4903
Xbl rRA YIO
X52 FCH C35
X55 FFIP 116
X54 LRS 43
X55 t_PP 116
X56 CAS 114
x57 TRA X62

X60 rRA X62
X61 TRA X34
X62 LDQ 113
X65 FNP 112
X64 FDt{ A17
X65 ST(J 116
X66 CLA 116
X(,I TSX4903

X7C TRA Y1O
X71 LRS 43
x72 FPP2T5
x73 LRS b3
x7b rsx4927
X7!I LXD4Y15
X76 LX D?Y16
x77 TRAO h

Yoo CLA 421
Yol FSB 113
Yr-)2 LRS 43
Y03 FMP 113
Yr)4 TSX4903
Y(I5 TRA Y1O
Yoe AC~ Ull
Y07 lRA X56

Ylc CLA Y14
Yll rsx4906
Y12 HPR
Y13 TSX487i
Ylu G 941
Y15 H TR
Y16 H rR

XCC 8 820
Xol SXG4X63
X02 SXD2X64
YU3 SXD 1X65
x 04 LxA4B12
X05 CLA4M4
X06 PAX2
X07 1 12X1O

Xlc LX&l J$C2
Xll CLA A17
X12 FS0.2t44-
X13 S10 115
X14 TSX4902
X15 STC 113
X16 TSX4904
X17 CLA B1O

X20 TSX4939
X21 CAS 113
x22 TRA x25
x23 TKA x25
x24 TRA X14
x25 LDQ 115
X26 FMP2M4
X?7 srr3 A17

X50 TSX4903
X31 TRA X66
x32 LRS U3
x33 FIJP C2k
x34 STO A22
X33 LxA44f)3
X36 CLA4B01
X37 sTc4Aok

X4C 2 14X5(I
X4} 7 1 1X>5
X42 TS)f4$’21
X45 TRA X46
x44 2 11X45
X45 1 12x14
X46 CAL A16
xb7 ACL 411

X50 SLM A16
X51 CLA A44
X52 ARS s
X55 LN1
X54 TRA X~4
X55 CLA A17
x56 LCQ A22
X5? LX D4X63

X60 LX02Xb4
x61 LX D1X65
X62 TRA4 7
x63 HTR
x~lb t{TR
X65 Hrl?
x66 CLA X72
X67 Tsx49C6

X7C HPR
x7 1 TSX4877
X72 o 941
x73 E 2X41
X74 CLA A05
X75 STO A1O
x76 LX A44C3
x77 LCQ4A04

Yoo FM P4A04
Y!ll ST O4A1O
Y02 2 14X77
Y03 TRA X42

Xcc 8 821
Xol SXD4X65
X02 LXD4312
X03 CLA4M4
x 04 ARS 6
XC5 ANA 4b6
x06 PAX4
X07 7 34X15

Xlc CLA X14
Xll TSXU9C6
X12 HPR
X13 TSX4871
X14 o 947
X15 TRA4X2 1
X16 TSX4815
X17 T$X4814

X20 TSX4B13
x2 I TSX4812
x22 sro 77
X23 CLA A17
X24 ST(! 126
x25 CLA A22
x26 SrO 127
X2? CLA 77

X30 sro A17
X31 Sff.T A22
x 32 rsxk921
X1.3 TRA X64
X3U CAL i312
x35 ACL 4?5
X36 SLh 812
x37 CAL 01.5

x4 c ACL U25
X41 SLW 1315
Xu? CLA 126
x43 SrO A17
x44 CLA 127
x45 sro A?2
X46 Lx D4912
x47 CLA4M4

X50 ANS 6
X51 ANA 446
I(52 PAX4
X53 3 34X1O
x54 TRA4X6C
x55 TSX4815
x56 TSX4814
x57 TSX4813

X 60 TSX4812
X61 LxD4X63
xb2 TRA4 10
X63 HTR
X64 CAL A16
Xhs ACL 411
X66 SLW A16
X67 CLA A44

X7C ARS 5
X71 LBT
x72 rRA X34
X73 CLA A17
x74 LOCI A22
x75 TRA X41
X76 8 2X31
x77 CLA A05

Yoo S10 AIC
Yol LXA4403
Y02 LCQ4AL14
YC3 FM P4A04
YC4 ST04A1C
Yo’i 2 14Y02
Y06 TRA X32

Xrc
Xol
X02
X03
x 04
X05
X06
X07

Xlc
X11
X12
X13
X14
X15
x16
X17

X20
x2 1
x72
X23
x74
X75
%76
x27

8 824
SXDb X65
LXD4A5J
CLA4R3
AWA C20
TSX4B51
srA .150
P41X4

cL&4Tc
sro r301
TSX4A52
STO 125
FPP A16
STO A16
C4S A27
TUA 227

rt?A 227
CLA A55
ACD 401
sra A\5
LX D4X6’J
TRA4 1
CLA AU4
C.i S A>7
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X3C TRA 244
X31 TRA Z4’&
x32 T> X4902
X33 CAS 125
x34 TRA X67
x35 Nti P
X36 TSX4811
X37 CAS A5tI

XQO TRA x52
X41 NOP
xb2 CLA A56
X43 S113 A17
X4U r5x49c13
X45 CLA 400
X66 LRS 43
X4”(’ FMP C2U

X50 sro A72
x5 1 TXA X54
x52 S10 A17
x53 srfa A22
x54 CLA A05
x55 STO AlO
x56 LX A4403
x5? LDQ4AOU

X60 FPP4A04
Xtl 1 ST U4A1O
x62 ? lkxsr
x63 LXD4%65
Xbll TRA4 2
X65 HTR
x66 HTR
x67 SXD2X66

X70 LX D21301
X71 1 12X72
x72 CL A2M3
x73 S10 Bll
X7Q PCX4
x75 1 12x76
X76 CL A.2M3
<77 CAS A17

Yoc TRA Y51
Yol TRA YS1
YC2 6 14Y51
Y03 I 12 YOU
You CLA A17
Y05 CA S2V3
Y 04 TRA Y02
Y07 IKA Y51

Ylc CL A2M3
Yll FSB2M3-
Y17 Sro IC5
Y13 CLA A17
YIQ FSB 2M:-
Y15 FCh 10>
Y16 ST(J Bos
Y17 1 02Y20

Y2C TSX4902
Y21 STO 105
Y22 CLA B05
Y23 TLE Y53
Y24 CLA2M3
Y25 sro 613
Y26 CLA2M3-
Y?7 STO B12

Y30 LxD4r313
Y31 CLA4M4
Y32 LxD41312
Y35 FS8bM4
Y34 Li?s 43
Y35 FMP B05
Y3(I F#lclbM4
Y37 CAS 105

Y4C TRA Y66
Y41 TRA Y66
Yb2 CAL 512
Y43 ACL 425
Y44 SLW f312
Y45 CAL B13
Y46 ACL 425
YU7 S1-li fll.$

Y50 I C2Y30
Y51 STZ 005
Y5? TR,J Y17
Y53 CLA2M3
Y54 Slcl 812
V55 LK[)4!I12
Y5t CLAbMb
Y57 Chs I(I5

Y60 TRA Y66
Y61 TRA Y66
Y62 COL E17
Ytl 3 ACL 425
Yt14 SLW 1112
Y65 i C2YJ5
Y66 C3L4M4
Y67 ANA 446

Y7il PAX4
Y71 CLA 801
Y72 T:lr .201
Y73 1 czz~b
Y 7k CL-A2V3
Y 75 sro oor
Y76 CLA2M3-
Y77 sro B06

.?00 rilA IOU
/01 A’JA 445
Z02 S10 8C6
Z03 Sro r3cT
204 TKA4Z16
Lob HTR
Z.05 HTR
.?07 TSX41321

ZIC 1SX4L320
Zll TSX4817
/!12 TSXU816
213 TSX4815
Zlb TSX4814
Z15 TSX4d13
Z16 TSXQ812
217 LX02X66

Z20 TRA X57
Z21 e 2x73
222 srD Y17
223 S10 Y50
224 STD Y65
225 STD Y73
226 TRA X74
Z27 CLA A17

230 CAS Dll
231 TRA X26
232 TRA x26
2.33 TRA 240
234 CLA D05
235 TAZ Y7U
236 STZ B07
Z37 1 12Y76

‘?kc CLA A60
Zul AL)D uC1
ZU2 S10 A60
.Z143 rRA x24
244 CLA A61
245 AI)D 401
Zbh STI3 A61
ZQ7 TtiA X24

Xrlc 8 925
%01 SAD4XIC
Xo? PSE 163
XC3 T Sx 4926
X04 r>x4722
X05 T<A X11
X06 LXD4X1O
X07 TQA4 1

Xlo HrR
xl] PSE 10I
X12 TXA X22
X14 rsx4&!30
X14 TSX49/5
X15 c 2
Xlb G 952
X17 c 1

X?o 4 41A35
X2 1 liPR
X77 CLA 437
X23 AfJD 4CI
x2h S1O A$?
X25 srz A?l
x26 CLA A3>
X27 AI)D 4C1

X3C S113A35
X31 C4S 001
X32 N(]P
x33 TRA X67
X34 TSX4850
x35 CLA A05
X36 S1O A1O
x37 LXA4403

x4 c LOQ4A04
X41 F$lPbAo4
X42 ST134AI0
x45 2 14X40
x44 CLA A17
X45 TSX49C3
Xkfi TRA X?l
Xkr LSS 4.3

X50 FVP C24
X51 STLI A72
X52 CLA A35
453 AQD 4ol
x54 sro A33
x55 sue rlo4
X56 TriI %06
x57 STZ A33

x6Ll TSX4975
Xr)l c 3
X69 o ‘i~ 3
X63 c 1
x~l~ 4 UIA55
X65 TSX49+1
L66 TI?A XC6
X67 T$Xbf330

Xcc 6 826
Xol SXD4X51
X02 TSX49{6
X03 T2X4975
X04 o $53
X05 c 1
X06 4 31A35
X07 TSXU925
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Xlo T5xh974
X11 o 1
X12 c 956
X13 o 2
X14 o IO
X15 o 11
X16 O 12
X17 o Y6

X2C o 3
X21 o 963
x22 o 101s00
X23 O 3
X24 C 201VO0
X25 o 3
X26 4 201kC0
x27 LXD4X31

x30 rRA4 1
X31 HTR

Xoc
Xol
X02
Xo$
Xol,
X05
x06
XC7

Xlo
Xll
X12
X13
X14
X15
x16
X17

X20
X21
x22
x23
X24
x25
x26
X27

X3C
X31
x32
x33
x34
x35
x36
x37

8 827
sxDbx37
Sro 120
ST(3 121
AR.S 2?
STO 122
CLA 121
SUB 122

Si,B 122
STA X17
SIA X20
SLF! 122
STA X24
STA X34
CLA 120
FADIAO

STr31A0
LDQ 120
FMP 120
STG 123
CLA lAO
STA 124
FAD 123
STO 123

CAL 124
AI)D 401
STA 123
CLA 123
Sif31A0
LXD4X57
TRA4 1
HTR

Xoo e 830
Xol SXD4X30
X02 SXD2X31
X03 SXD1X32
X04 LXA IC26
X05 CLA C26
X06 ALS 1
XOT STI3 140

Xlo ACD C27
X11 STA X53
X12 CLAIPOO
X13 Ti’iZ X33
X14 CLA 140
Xl!j SLB 4C2
X162 1IX07
X17 STZ A35

X20 TSX4931
X21 CLA 012
x22 TNZ Yll
x25 TSX4925
X24 LXD4X30
x2 5 LXD2X31
X26 LXD1X32
x27 TRA4 1

X30 H TR
X31 H rR
x32 HTR
X33 CLA O
x34 ST6 ICO
x35 POX2
X36 ARS 22
x37 STCI 101

X40 CLA 100
x4 1 STA X55
x42 SUB 101
X43 SrA YOI
x44 SIJB 101
x45 srA x53
X4.6 SUB 10I
Xb7 STA X61

X50 CLA A37
X51 TSX4901
x 52 S1-a Ilo
X53 CLA2 o
X54 FLIH 110
X!js STQ2 o
X56 STQ 100
X57 FMP 100

X(5O STI3 100
X61 CLA2 o
X62 STO 111
X63 ANA 441
X64 TZE Y02
X65 TSX4901
X66 STO 112
X67 CLA 111

x 70 FIIH 110
X71 STO 101
x72 CLA 101
x73 FSB 100
x 74 FDH 110
x 75 srQ 100
x76 CLA 100
x77 TSXQ903

Yoc CLA 400
Y(31 S1132 o
Ye.? 2 12x53
Y03 TRA X14
Y 04 CLA YIO
Y05 TSX49C6
Y06 HP R
Y07 TSX4877

Ylo o 941
Yll CLA A37
Y12 TSX4901
Y13 sr~ llo
Y14 LxD2T7*
Y15 CLA2T6
Y16 FIIH 110
Y17 SrQ2r6

Y20 FMP2T6
Y21 STI3 100
Y22 CLA2L6
Y23 AitA 441
Y24 Sro 111
Y25 TSX4901
Y.?6 Sro 112
Y27 CLA2U6

Y30 FCH I1O
Y31 SJO 101
Y32 CLA 101
Y33 FSB 190
Y34 FI)H 112
Y35 srQ 100
Y36 CLA 100
Y31 TSX4903

Y4C CLA 400
Ykl srr32u6
Y42 CLA 111
Y43 STA2U6
Y44 2 12Y15
Y45 TSX4925
Y46 LxD2J7*
Y47 CLA2U6

Y 50 ANA 441
Y5 1 STL32U6
Y52 2 12Y47
Y53 TSX4974
Y54 o 1
Y55 4 U6
Y56 rsx4934
Y57 TRA x24

Y60 E 2Y23
Y6 1 TZE Y44
Y62 TRA Y24

Xoo E 851
Xol SXIIUX33
XC2 SXC12X34
X03 SXII 1X35
X04 PAX1
X05 CLA1S5
X06 PAX 1
X07 PDX2

Xlc TSX4902
Xll STO 100
X12 LXA44C1
X13 CLA4Z4
X14 FDH A15
X15 STO 101
X16 CLA 101
X17 CAS 100

X20 TRA x25
X21 TRA X25
X22 1 14X23
x23 1 1 1x24
X24 2 12X13
x25 CLAIMI
X26 AtNA C20
x27 LxD4x33

X30 LXD2X34
X31 LXI,IIX35
X32 TRA4 1
x33 HTR
X34 HTR
x35 HTR
X36 8 2x25
x37 LDQ4Z5

X4C STQ A15
x41 TRA X26

Xoo
Xol
X02
X03
x 04
X05
X06
X07

8 832
SXD4X63
SXD2X64
PAX4
1 14X05
CLA4t40
PDX2
STD Xb7
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XIC ALS I
X11 STU X36
X12 STD X67
X13 ST() X17
X14 1 14X15
x15 CLA4M0
x16 CAS A22
X17 1 ohx13

X20 TRA X67
x21 6 12X67
x22 1 14x23
x23 CLA A22
X24 CAS4M0
X25 TRA X21
X26 TRA X67
X 27 CLA4V0

X30 FsB4Mo-
X31 Sra DOS
x32 CLA A22
x33 FSl14MO-
x34 FDH 1305
x35 STQ B05
x36 I 04X37
x37 CLA4M0

x4 c FSBbMO-
X41 LRS Q3
x42 FMP 805
x45 FAo4Mo-
X44 STO A14
x45 CHS
X46 STQ 102
x47 1 04X50

x 50 CLA B05
X51 TZE x65
x52 CLA4M0
x53 FSBbMO-
Xsb LRS U3
x55 FMP B05
X56 FAD4MO-
X5”I LDQ 102

X 60 LXD4X63
X61 LXD2X64
x62 TRA4 1
X63 HTR
X64 HTR
x65 CLA4M0
x66 TRA X57
x67 1 ohx70

X70 STZ B05
X71 CLAUMO
x72 TRA X44
x73 STZ 805
x74 FCH A22
x75 FMP4M0
x7b TRA X114
x77 E 2x45

Yoo FAD A15
Yol FDH A15
Y02 TRA X46

Xoo E 833
Xol SXD4X42
X02 LX04A50
X03 CLA4T7
X04 PAX4
XC5 LxA2401
x06 1 14X07
X(37 CLA2E0

XIC CAS A17
Xll TRA X25
X12 TRA x23
X13 1 12x14
x14 3D122X23
X15 1 14x16
x16 CLA A17
X17 CAS2E0

X20 TRA X13
X21 TRA x23
x22 2 IQX23
x23 CLA4T6
x24 FAD A16
x25 ST04T6
x26 CLA4U6
x27 ANA 441

X30 STLl 100
X31 L13Q A16
X32 FMP A16
x33 FAD4L6
x34 STU4U6
x35 CLA 10o
x36 ADD 401
X37 STA4U6

X40 LXD4X42
X41 TRA4 ~
Xbz H TR

X(YO 8 835
Xol TSXU800
X02 9 42XOI

XOO 8 836
Xo 1 SXD4X52
X02 SXD1X33
X03 LXA1400
X04 LXA4401
X05 CLA4H01
X06 CAS A17
X07 TRA X14

Xlo TRA X14
X11 1 Iuxlz
x12 3H014X14
x13 lGOllX05
X14 LXA440 1
X15 1 11X16
x16 CLA4G01
X17 CAS A04

X20 TRA X24
x2 1 T17A x24
x22 1 14X23
x23 7G014X15
X24 CLA 06*
x25 LDQ A16
x26 TsX4827
x77 LXDUX32

X30 LXDIX33
X31 TRA4 1
x32 H TR
X33 HTR

Xoo e 837
Xo 1 PSE 144
Xo 2 TRA4 1

SOORCE ROU’lTNE:

POINT ISC’TROPICSOURCE OF

140NoENERG31’ICNEUTRONS

xOO B 850
Xol SXD4X25
xG2 LXA4404
X03 CLA4SO0
X04 ST04AO0
X05 2 14X03
X 06 CLA S06
X07 STI3 A17

X1O CLA S05
X11 ALS 22
X12 STO A50
X13 TSX4904
X14 LXA4403
X15 CLA4B01
X16 ST04A04
X17 2 14X15

x2 c ST13 AIO
X21 CLA S07
x22 STf3 A16
x23 LxD4X25
X24 TRA4 1
X25 HTR

X26 ● 800

Xoc 8 057
Xol TSX4971
xcz CPCLLAO. . . . ..
“joj” GOC42AL

—.

X04 CPC21A2
X05 cOC42A3
x06 OPC31A4
X07 cOC42A5

. ..XIC..CPC41A6- --

X11 GOC42A7
x12 CPC5LB0
x13 CCC42BL
x14 cPo61132
xL5 0CC42t33
XL6 0PC7L134
x17 cCC42B5

x20 CPlClt36
x21 cOC42B7
x22 CPILLCo
x23 ooQ42C~ ””-
X24 CP121c2
x25 cCC42C3
x26 CPL3LC4
X27 C0042c5

—..—
‘x30 CPL41C6
x31 CCC42C7
x32 oP15LD0
x33 CO042El
x34 CP16L02
x35 cOC4203
X36 cP1711)4””–
x37 cO042D5

X4C CP20L06
x41 cOC4207
X42 CAz43!o. _.
x43 CA34111
x44 CA34L12
X45 cA4tLRo
x46 0A461tt3
x47 CA541R4

“X5C CA23LRk -
x51 GA23LRb
x52 CA541R7
x53 CA541s0
X54 CA54LSL
x55 0~54LS2 - ——..

‘-”””-XS6’-CA241S3
x57 CA46LS4

x60 CA251S5
x61 CA261S6

.- _x52 CA54!S7 - .—.—.
x63 CA261ro
x64 GA541T1
x65 CQC11T2
,x66 CA26LT3 .
X67 0A54LT4
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X7C CA26Lr5
X71 CC021V0
X72 COC31f41
X73 CI.JC41M2
X74 CIJC51M3
X75 CUC61t?4
X76 CA461Y6
X77 CA471Z0

Y(3O CA47LZ1
YOL CA541Z2
YC2 CA541L3
Y03 cDc3iz7
‘f04 CA261Z4
YOb CA261Z5
YC6 C012LEC
Y07’CD121r6

YIG CA462T7
Yll CA461R1
Y12 CA542R2
Y13 CD121U6
Y14 4A462u7
Y15 TSX4970

Y16 ● 4857

XOC 8 87T
Xol PSE 164
X02 T’RA X15
X03 CLA A41
X04 S10 110
X05 CLA AQ4
X06 STO 111
X07 15X4932

X1O CLA 110
X11 S1O A41
X12 CLA Ill
X13 S~O A44
X14 75X4835
X15 CLA A37
X16 SUB 401
X17 S10 A37

X20 CLA A40
x2 1 SUB A21
x22 S10 A40
x23 TRA x14
x24 8 2X07
x25 15X4933
X26 TRA X1O

x27 ● 850

Xoo 8 9GC
Xol PSE 164
XC7 HTR4 1
XC3 rsx4973
X04 o 611A61
X05 o Arl
XC6 C A2
XC7 o Ab

Xlo o A6
Xll o 00
X12 o B2
X)3 o t!b
X14 o B(I
X15 o co
X16 O c?
X17’ o C4

X20 o Cfl
X21 o D(I
x22 o /32
X23 o D4
x2b o D6
x25 O Eo
X26 O T6
x27 4 U6

X30 LXD4457
X31 TRA X02

XOO 8 901
Xcl ACL 420
X02 FAD 42C
X03 TRAU 1

XOO 8 9C2
Xol LDQ C33
X02 PPY A44
xC3 STC A44
X04 CLA A41
X05 AOD 401
XC6 STA A41
X07 CLA A44

Xlo ARS 11
Xll AOC CO1
X12 FAG 40C
X13 TRA4 1

Xco t! ?04
xc 1 SXD4X64
X02 TSX49C2
X03 ADD 411
XC4 FS8 421
XC5 CHS
X06 STfJ B02
X(I7 TSX4902

Xlo
Xll
X12
X13
X14
X15
X16
X17

X20
x21
x22
x23
X24
X25
X26
x27

X30
X:l

x32
x33
x34
x35
X36
x37

X40
Xb 1
X42
x43
x44
x45
X46
x47

X50
X51
X52
x55
x 54
x55
X56
x57

X60
X61
x62
x63
X64

Xoo
Xol
XC2
X03
X04
X05
X06
X07

ADD 411
FSB 421
CH S
sTC B03
ISX4902
ADlJ411
FSB 421
CHS

ST(3 B04
LCC 603
FMP B03
STO 103
LDQ B04
FMP B04
FAE 103
CAS 421

TRA X07
NOP
sTO 103
LDC 1302
FMP 1302
FSr3 421
C.HS
FDH 103

STC 103
CLA 103
TSX49C3
TRA X02
ST13 103
LDQ B03
FMP 103
STO B03

LDQ 804
FMP 103
STC 004
LXA4403
STZ B1O
LDC4801
FMP4A04
FAD B1O

STU B1O
2 14X55
LXD4X64
TRA4 1
HTR

8 905
SXC4X63
SXC1X64
CLA2R 7
STO llC
CLA2S0
Sro 107
CLA2S1

Xlo STC 1C6
Xll LXA4A54
X12 STZ4Z7
X13 STZ4Z3
X14 2 14%12
X15 CLA C03
X16 ST02Z2
X17 LxA4b 03

X20 STZ 111
X21 STZ 112
x22 LDQ41 11
X23 FMP41 11
x24 FAC 111
X25 STO 111
x26 LDt14}l\
X27 FMP4A04

X30 FAD 112
X31 STC 112
X32 2 14X22
x53 FDH 111
x34 FMP CC13
x35 STIY 113
x36 LDQ 113
x37 FMP C04

X40 STO 114
x4 1 LXA4403
x42 LDC 113
X43 FMP4\\l
x44 FAC4A04
x45 ST(34A04
X46 LOC4A04
x47 FMP4A04

X50 sTc4Alo
x5 1 LDC 114
X52 FMP41 11
x53 FAD4AO0
x54 sTc4Al)o
x55 2 14X42
X56 CLA A05
x57 STU AIC

x60 LXD4X63
X61 LXD 1 X64
X 62 TRA4 3
X63 HTR
X64 HTR

XCO 8 906
Xol SXDQX60
X02 STL3 X3C
X03 STO X35
XC4 STC 62
XC5 PXD1
X06 ARS 22
X07 STC 61
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Xlo PXL2
Xll ARS 22
X12 S10 60
X13 CAL X60
X14 ARS 22
X15 SUB 401
X16 COP
X17 ANA 441

X20 S10 63
x2 I CAL 457
x2? ARS .22
X23 SUB 401
X24 COM
X25 ANA 441
X26 ZTO 57
X77 TSX4975

X30 OAOP
X31 o uIA.45
X32 4 51 64
x33 TSXU974
X34 o 1
x35 ONOP
X.36O Q lA35
x37 4 51 64

Xbo TSX4923
X41 TSX4$?5
X42 LLA 131C
X43 TZE x52
x44 SLIB 401
x45 ST(I DIC
X46 C.LA 40C
Xu ? STC AQ2

X59 LX04X6C
X51 TRA4 2
X52 Tsxb9{5
X53 o 2
X54 c 94 c
x55 u 2
X56 LXC4X60
x5 7 TRAU 1

X60 HTR

Xoo 6 907
Xcl TRA X34
XC2 SX04YO0
X03 CLA AOI
X04 FSB2R7
XC5 STO 112
XC6 CLA A02
Xor FS82S0

Xlo S10 113
Xll CLA A03
X12 FS82S1
X13 STC 114
X14 LXA4403
X15 STZ 110
X16 LDQ4115
X17 FMF1T2

X20 FAD1T2
X21 STOU12C
x22 FAC IT%
x23 LRS 43
x24 FMP41 Is
X25 FAD llC
X26 STC 110
X27 1 11X30

X30 2 14X16
X31 FAclT2
X52 LXD4YO0
x33 rRA4 I
x3b CLAIT2
x35 ST(3 103
X36 CLAIT2+
X37 STO 1C2

Xbo CLA1T2
x4 1 S10 101
X42 rsxQ907
XU3 STC! 114
x4k LXA4403
x45 STZ 112
X46 STZ 111
x47 LDQ412C’

X59 FMP4AOb
X51 FAD 112
x52 STO 112
X5.3 LCC4104
x54 FMP4A1C
X55 FACI 111
X56 STC 111
Xsr 2 14X47

X60 LOQ 111
X61 FMP 114
X62 STC 113
x63 LDG 112
X64 FMP 112
X65 FSB 113
X66 LXCUYO 1
X67 TRAk 1

X70 9 50X20
X71 9 50X22
X72 9 30X3 1
x73 ? 2CX4C
x74 9 22X42
x75 L! 2X34
X76 SXD4Y01
X77 rRA X35

Yco
Yo 1
Y02
Y03
YC4
Y05
Y06
Y07

Xoo
Xol
X02
X03
Xob
X05
X06
X07

Xlo
Xll
X12
X13
X14
X15
X16
X17

X2C
X21
x22
X23
X24
Y25
X26
X27

X3C
X31
X32
x33
x34
x35
X36
X37

X4C
X41
X42
x43
x44
x45
A46
x47

X’io
X51
X52
x5.?
X54
X55
X56
x57

HTR O
I-TR C

8 2Xk6
CLA 117
LDC 115
STO 115
STQ 117
TRA X47

e 910
SLW 105
SXD4Z37
SXD1Z40
CLA2Z2
TZE x21
FSB BOI
S10 113

T.ZE X12
TPL Y37
CLA2Z3
TZE Y47
FSB DO1
STO 113
TZE Y47
TPL Y37

TRA Y4r
CLA A47
rPL X3U
CLA2T1
TZE X3L
SIA x27
Pllxl
CLA 400

STA X31
TSX48C0
TRA X74
TRA Yll
PxD 1
ALS 2
PDX4
CAL2T4

SLW 110
ArYA4s3
TZE x52
rsx4911
Slo 115
FAD 901
ST02Z2
CLA 113

TVI Y47
TRA Z65
LXA1400
CLA AC1
I=SB2R-(
Sro 101
ST13 lCb
CLA A02

X60 FSB2S0
X6 1 STG 102
X62 CLA A03
X63 FSB2SI
X64 sTLl 103
x65 1 14X66
x66 1 11X67
X67 3 31Z05

X70 CAL 110
X71 ANA4S3
X72 TZE X65
x73 TSX4912
x74 TPL X77
x 75 sT02Z2
X76 TRA Yb?
x77 TSX4903

Yoo CLA 400
Yrll STO 101
Y02 FSB 112
Y03 FDH Ill
YOQ STQ 103
Y05 CLS 101
Y06 FSB 112
Y07 FDH Ill

Ylc STQ 10L
Yll LDQ 1C4
Y12 CLA 103
Y13 TI?P Y17
Y14 TPL Y3U
Y15 ST02Z2
Y16 TRA Y47
Y17 TPL Y22

Y20 STQ ICO
Y?l TRA Y33
Y22 TLQ Y31
Y?3 Sro 100
Y24 STO lC1
Y25 CLA 101
Y26 FAD 1301
Y27 sro2z3

Y30 TRA Y33
Y31 ST(I 100
Y32 TRA Y26
Y33 CLA 100
Y34 sro 113
Y35 FAD BO1
Y36 ST02Z2
Y37 CLA A51

Y40 TZE Y57
Y4 1 CAS 113
Yb2 TRA Y53
Y43 NOP
Y44 CLA A31
Y45 TZE Y75
Y4i5 TRA Y71
Y47 LX01Z40
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Y50
Y51
Y52
Y53
Y5b
Y55
Y56
Y57

Y60
Y61
Y62
Y63
Y64
Y65
Y66
Y67

Y70
Y71
Y72
Y73
Y74
Y75
Y76
Y77

Zoc
Zol
202
203
zok
Z05
206
Z07

Zlc
Zll
Z12
113
?14
.?15
216
Z17

Z?o
221
7.22
.!23
224
225
2?6
127

LXD4Z37
CAL 1C5
TRA4 1
CLA A51
S10 A51
CLA A43
STO A30
CLA 113

S10 A51
LXDIZUO
PXD 1
ARS 22
STI.1 10(1
PXD2
ADD 100
STi3 A4.4

TRA Y50
CLA 113
CAS A31
NOP
TRA YU7
CLA 113
S10 A31
PX02

STO A30
CLA Z40
ARS 22
STA A30
TRA Y4”I
LXA14C3
Srz Ic!l
Srz 112

L(IQI 104
Ft4Pll C4
FAD 100
SJo 100
LIJQ1 104
FPPUACU
FAD 112
Slo 112

2 Ilzl(l
LCO 11?
FMP 112
FSB 100
FAD2S2
TM I X75
TSX4905
CLA 4C(I

>jq 1~1
FSR 112
STO IC3
CL5 101
FS3 112
S10 104
TRA Yll
1+12

Zuc HTR
241 e 2206
242 LxA4401
243 TRA 207
244 8 2Z17
zl+~ 1 14220
24(: E 2Y11
247 CLA 103

z50 CAS cob
251 TRA Z55
Z52 N13P
Z53 MAM
.z5b ST13 103
255 CLA 104
256 CAS C04
257 TRA 263

260 NOP
261 MAP!
262 ST(! 1C4
Z63 LOQ 104
Z(J4 TRA Y12
265 CAS C04
266 TRA Y37
Z67 TRA Y47

270 TRA Y47

XOO 8 911
xc1 STZ 111
X02 STZ 113
X03 CLA2R7
X04 TZ~ x13
XC5 LDQ2R7
X06 FMP A05
X07 STO Ill

Xlo LOC2R7
Xll rMP AO1
X12 STC 11.?
X13 CLA2S0
X14 TZE x25
X15 LOC2S0
x16 FMP A06
X17 FAC Ill

X20 S10 Ill
X21 LDQ2SJ
x22 FMF A02
x23 rAD 113
X24 STO 113
x25 CLA2S1
x26 TZE X37
x27 LDC2S1

X30
X31
X32
X33
x34
x35
x36
x37

X40
x4 I
X42
x43
x44
x45
X46
x47

FMP A07
FAC 111
ST(3 111
LDC2S J
Ft4P A03
FAC 113
STI3 113
CLA 113

FAC2S2
CHS
FDP Ill
DCT
T17A4 53
STC 113
CLA 113
TRA4 1

Xco 8 912
Xol 3 11X13
X02 CLA All
X03 FAO A13
X04 STI3 111
X05 LDQ A05
x06 FPP 101
X07 STO 11?

Xlo LDQ A07
X11 FMP 103
X12 TRA X34
X13 CLA Al?
X14 3 21X25
X15 FAD A13
X16 STO 111
X17 LDQ AC6

X20 FPP 102
X21 STO 112
x22 L13Q A07
X23 FNP 1C3
X24 TRA X34
X25 FtfD All
X26 STO Ill
x27 LDO AOS

X30 FMP 101
X31 STO 112
x32 LOO AC(5
x33 FPP 102
x34 FAD 112
X35 S10 112
x36 LOC!11C4
x37 FPP1104

X40 Sro 1(?0
Xu 1 LCQ1105
x42 FPPI105
x43 FAD 100
#44 FSB2S2
~45 STO 100
X46 LCQ 100
x4 t FMP Ill

X50 STO lCO
x51 LCQ 112
x52 FMP 112
x53 FSB 100
x54 TRA4 1

XOC 8 913
Xol STO 103
X02 SXD2Y52
X03 SXD1Y53
x 04 PDX2
x05 CAL2R4
x06 ANA C05
X07 PDX1

Xlo CAL2T4
X11 SLW 1C4
X12 ANA 120
X13 TNZ Y41
xi4 SXI)4Y5 1
X15 CLA A47
X16 TPL X32
X17 CAL2T1

X20 TZE X3?
x? 1 SXD1105
X22 PDX 1
x23 STA X24
x24 CLA 400
x25 ACD 402
x26 STA X27
x27 TSX48C0

x 30 LXDI105
X31 TRA X64
x32 Pxr)l
x33 ALS 2
x34 PCX4
x35 CAL 1C4
x36 AkAkS3
x37 TZE X76

X4C Slz 105
X41 CLA2R7
X42 TZE X46
X43 LCQ2R7
x44 FMP AC1
x45 STO 1C5
x46 CLA2S0
x4? TZE X5k

x 50 LOO?SO
X51 FMP A02
x52 FAO 105
x~~ STO IC5
x 54 CLA2S1
X55 TZE X6?
x56 Lno2sl
A57 FtiP A03
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X(IO
X6 1
X62
X63
X64
X65
X66
x67

X7C
X71
X 72
x73
x 74
x75
X76
X77

Yoo
Yol
Y02
Y03
Y04
Yr35
Y06
Y07

Ylo
Yll
Y12
Y13
Y14
Y15
Y16
Y17

Y20
Y21
Y22
Y23
Y2k
Y25
Y76
Y27

Y30
Y31
Y32
Y33
Y.3b
Y35
Y36
Y37

Y40
Ybl
Yb2
Y43
Y44
Yk5
Y46
Y47

FAD 105
STO 105
CLA 1C5
FAD2S2
STO 105
CAL 104
OR SIZO
LDQ 105

TCP Y31
LXD4Y5 1
Lx D2Y52
LX D1Y53
CLA 103
TRA4 1
STZ 10!I
CAL 104

AtiA4S3+
TNZ Y1O
CLA AO?
FSB2S0
S1L3 106
LOQ 106
FMP 106
S1O 105

ChL 104
AhA4S3
TN.? Y22
CLA AO1
FSB2R7
S10 106
LCQ 106
FMP 1C6

FAD 105
STG 105
CAL 104
AhAbs3
TNZ Y3b
CLA AC3
FS132S1
STO 106

LCQ 106
FMP 1C6
FAD 105
S10 105
CLA 105
FSB2S2
TRA X64
f3RSlZl

TRA X71
ANAIZ1
TZE Y45
LDQ 4C1
TRA X72
LDQ C03
TRA x72

9 20Y11

Y50 $ 3CY25
Y51 HTR
Y 52 H TR
Y53 HTR

XCC 8 914
Xo1 TRA X34
Xo? SXD4Y5?i
X03 CLA AO1
x Ou Sic! 111
X05 STI3 114
XOL! CLA A02
X07 STI3 112

XIO CLA A03
X11 STf3 113
X12 LXA4403
X15 STZ 115
X14 LOO IT2
X15 FM P4114
X16 S10 116
X17 LDQ1T2

X20 FPP4115
X21 FAD1T2
x22 FAD 116
X23 LRS 43
X24 FP’PU 114
X25 FAD 115
X76 SIO 115
x27 1 1 ix30

X30 2 14X14
X31 FADIT2
X32 LXD4Y53
x33 TRA4 1
X34 SXD4Y5b
X.35 CLA AC1
X36 ST13 llU
X37 S10 117

X4C CLA A02
X41 ST(I 116
X42 CLA A(J3
X1$3 STO 115
x44 LXA44C1
xlL5 S12 110
X46 STZ 111
x4 7 STZ 112

X50 STZ 113
x5 1 LCQIT2
x52 F\! P4120
x53 STL3 101
x54 LCQ IT2
X55 FPP411f
X56 F& DIT?
x57 FAD 101

X(IC LRS 43
X6 1 FM P4120
x62 FAD 113
X63 STI3 113
X 64 LCQ1T2
X65 FM P4A04
x66 Sro lCI
X67 LEO 1T2

X70 FMP4A05
X71 STO IC2
X72 FDH 422
x73 SJ9 103
x74 CLA 101
x75 FAD IO?
X76 LRS 43
x77 FM P4A04

Yoo FAO Ill
Y(I1 STL! 111
YC2 CLA 101
Y03 FAD 103
Y04 LRS 43
Y(-J5 FtJP4120
YC6 FAD 112
Y07 S10 112

Ylo LcrJl T2
Yll FM P4117
Y12 FAD IT2
Y13 LRS 43
Y14 FM P4A04
Y15 FAO llC
Y16 STO IIC
Y17 1 1 1Y2C

Y20 1 14Y55
Y21 CLA 11.3
Y72 FAOIT2
Y23 ST13 113
Y24 CLA I1O
Y25 FOH 422
Y26 STC lC1
Y77 CLA 101

Y 30 FA13 112
Y31 ST!l 11?
Y.32 LCQ 111
Y33 FMP 115
Y34 S10 113
Y35 LGC 112
Y36 FPP 11?
Y37 FSO 113

Y40 LX C4Y5Q
Y4 1 TRA4 1
Y4? 9 3 X17
Y43 9 6 X21
Y4Q s 6 x~l
Y65 9 3 x5ti
Y46 9 6 X56
Yb7 s 3 X67

Y50 9 3 Ylc
Y51 9 6 Y12
Y52 9 6 Y22
Y53 HTR
Y54 HTR
Y55 7 34X51
Y56 TRA Y21

Xcc
Xol
X02
X03
X04
X05
X06
X07

Xlc
Xll
X12
X15
X14
X15
x16
Y17

X20
X21
x22
X2?
X?b
x25
X26
X27

X3C
X31
X32
X.53
x34
X35
Yit
X37

X40
x4 1
X42
x43
x44
x45
x46
x47

X50
X51
X52
x53
x54
X55
X56
x57

6 915
SX04173
SXOIZ74
CLA A47
TPL Y57
CAL2T1
TZE Y57
Pcxl

A[.A 441
SL13 C06
TZF X57
CLA AOI
FSB2R7
S10 I1O
CLA AL)2
FSB2S0

STO 1G7
CLA A03
FSB2S1
Slo 106
LX A4401
STZ 111
STZ 112
LDQ1T2

FPP4111
FAD1T2
Slo 100
LOO 10C
FM P4A04
FAD Ill
STO 111
LLQ 100

FMP lC(J
FAD 112
STO 112
1 1 lx4b
1 14Z75
TSX4903
TRA Z.51
STLI 100

CLA Ill
FOH 100
srQ 101
CLA 101
LX04Z73
Lx D\z74
TllA4 1
L13Cl IT2
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X60
X61
X62
X63
X64
X65
x66
X67

X70
X71
X72
X73
x74
x75
x76
x77

Yoo
Yol
Y02
Yr?3
Yob
Y05
Y06
Y07

Ylo
Yll
Y12
Y13
Ylu
Y15
Y16
Y17

Y20
Y21
Y22
Y23
Y24
Y25
Y26
Y27

Y50
Y31
Y32
Y33
Y3U
Y35
Y36
Y37

Y40
Y41
Y42
YQ3
Y44
Y45
Y46
Y47

FPP b22
LRS b3
FMP AO1
STO lCO
LCQ 1T2
FMP A02
FAD 100
ST(3 ICO

LOQ112
FMP A03
FAoi T2
FAD 100
sTTr 101
LDQ 101
FPP A05
STO 111

LDQ lC1
FPP 101
Slo 112
LC01T2+
FMP 42?
LRS 43
FPP A02
ST(3 100

LDQ lT2
FMP AO1
FAD 100
STO 100
LDQ 1T2
FMP A03
FADIT2
FAD lCO

Sra 101
LDQ 101
FMP b06
FAD 111
ST(3 111
LDQ 101
FMP 101
FAD Il?

Slo 112
LDQ 1T2
FPP 422
LRS 43
FMP A03
STO 100
LLQ1T2
Ft4P A02

FAD 100
ST13 100
LDQ1T2
FMP AO1
FAD1T2
FAD 100
STO 101
LOQ 101

Y50
Y5 1
Y52
Y53
Y54
Y55
Y56
Y57

‘f6C
Y61
Y62
Y63
Y64
Y65
Y 66
Y67

Y70
Y71
Y72
Y73
Y74
Y75
Y76
Y77

zoo
Zr)l
Z02
Z03
z ok
Z05
Z06
Z07

210
Zll
Z12
Z13
z 74
Z15
Z16
Z17

.?20
Z21
Z22
Z23
Z24
Z25
Z26
Z27

Z30
Z31
Z32
Z33
7,34
Z35
Z36
L37

Ft4P A07
FAD 111
ST(! 111
LDQ ICI
FMP 101
FAD i12
TRA X45
CAL2R4

ANA C05
ALS 2
PDx 1
CAL2T4
ANA1S3
TZE Z14
LDQ2R7
FMP A05

ST13 111
LCQ2R7
FMP2R7
S10 112
LDC!2S0
FVP A06
FAD 111
STO 111

LOQ2S0
F14P2S0
FAD 112
STI3 112
LC02S1
Ft4P A07
FAD 111
STCT 111

LDQ2S1
FMP2S1
FAD 112
TRA X45
Slz 111
CAL2T4
ANA 1S3+
TNZ Z25

CLA A02
FST32S0
LRS 43
FMP A06
Sra 111
cAL2Tk
ANA1S3
TNZ Z36

CLA AO1
FSB2R7
LRS 43
FPP A05
FAD 111
ST13 111
CAL2T4
AN AIS3

Z4C TFJZ Z47
Z4 1 CLA A03
242 FSB2S1
Z43 LRS 43
Z44 FMP A07
L45 FAD 111
Z46 STf3 111
Z47 CLA2S2

250 TRA X45
Z51 CLA Z55
Z 52 TSX4906
Z53 HPR
z5b TSX4877
Z55 o 941
Z56 9 3 X31
z57 9 3 x64

Z60 9 5 X70
Z61 S 6 X72
Z62 9 3 Ylo
Z63 9 4 Y14
Z64 9 7 Y16
Z65 9 2 Y31
zh6 $ 4 Y36
267 9 5 Y42

Z70 $ 8 Y4b
Z71 9 2 z2i5
z72 9 3 Z37
Z73 HTR
Z7Q HTR
L75 7 34X27
Z76 TRA X45

XCC 8 920
Xol CLAIRC
X02 POX4
XC3 LCQ A17
x 04 FMP A17
X05 LRS 43
X06 FPP412
X07 STf3 100

Xlo LOO A17
X11 FtJP411
X12 FAD 100
X13 FAD410
X14 LXD4457
X15 TPL4 1
x16 CLA C17
X17 TRA4 1

Kocl 8 921
Xol MsE 141
x’;’? rRA X05
X53 PSE 141
X64 [:(A4 L
xc> LXC4A42
XC6 7C034X35
Ku t LXC4457

X1(J TRA X(.)3
Xll sxr)2x34
X12 LXA2C22
X13 L 14X14
X14 CLALAOO
X15 srb4L7
X16 2 12X13
x17 L 14X20

X20 CLA A50
X21 51 L427
X22 I 14x23
X23 CLA A62
A24 !ilu4L7
X25 L 14X26
X26 CLA A43
X27 STC4Z7

X3LI SXD4A42
X31. LXC4457
X3.? LXC2X34
X33 TRA X43
x34 HrR
X35 MSE 144
X36 lKA X11
X37 P>E L44

~/,(J CLS AL7
X41 STD AL7
X42 TKA X11
X43 CLA AL7
X44 SS.P
X45 STD AL7
X40 rkA4 2

XOO 8 922
XOL SXG2X34
X02 MSE 141
X03 NCP
.X04 CLA A42
X05 AKS 22
Xoti TZE4 1
X07 SUB C23

XLG ALS 22
X11 STD A42
X12 PUX4
X13 LXA2C22
x14 1 14X15
X15 CLA4Z7
X16 sro2Aoo
X17 2 12X14
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X20
X21
X2.Z
X23
X24
X2>
X2CI
X27

A3CJ
X31
X32
X33
X34
X35
X30
.K37

1 24X21
cLA4z7-
S10 A50
CLA4Z7
STU A62
CL A4Z7+
S10 A43
sbM

STCI A32
LXC4457
L%.D2X34
IRA X35
HfR
CLA A17
rlJL4 2
Ssv

x 40 CLA 77
X41 sru A44
x4.? LxC4X44
X43 TAA4 1
x44 t{r R

XOO 8 92b
Xol PXD4
X02 LRS 65
X03 CLA X07
X04 TSXU$C6
X05 HPR
X06 rsxb877
X07 o 955

X40
X41
.442

Xoo
Xol
X32
X03
X04
K05
X06
X07

Xlo
Xll
X12
X13
X14
X15
X16
X17

X2(J
X21
x22
X23
X24
X25
X26
X27

X30
X31
X32
x33
x34
x35
X36
X37

STO A17
PSE 144
[KA4 2

8 923
SXD4X44
CLA A43
AKS 22
SrC A32
CLA A50
S[Z A53
STA A53

AKS 22
S[0 A50
CLA A44
sro 77
STL A44
TSX4974

c
~

c 945

~
2

C 621AO0
(J2
C L3LBO0
G2
6 301130
04
c Y6

c 22
c L3
o L4
4 .?5
CLA /350
ALS 22
ACL A53
STO ASO

XC)(I 8 925
X(J L SX04X61
X02 CLA A43
X03 ARS 22
xc+ STO A32
X05 CLA A5C
X06 S12 A53
X07 SiA A53

XL(J ARS 22
Xll STC A50
X12 CLA A44
X13 s ro 7-I
X14 STZ A44
X15 TSX4974
X16 O 1
X17 o 950

X20 o 951
X21 o 2
X22 (/ 621AG0
X23 C 2
X24 O 131000
X2> G 2
X26 o to
.X27 C. r6

X30 o U6
X31 O AO
X32 o A2
X33 c1 A4
X34 (1 A6
x35 o BO
X36 O B2
x57 o 84

X4LJ (J B6
X41 o co
X42 o C2
X43 G C4
x44 G C6
X43 o Do
X46 C 02
x47 o r34

X50 4 136
X51 CLA A50
X52 ALS 22
X53 ACL A53
X54 SIL A50
As> CLA 77
X>(l STO A44
X57 LX134K61

X60 r:<A4 1
X61 HrR G

Xoo 6 926
Xol PSE 165
XC2 TRA4 1
X03 SXD4X36
X04 STC 51
X05 STC 50
XC6 LXA4403
X07 CLA4DOU

Xlo cAshA3t
Xll TRA x32
X12 N(3P
X13 2 14X07
X14 CLA X36
X15 ARS 22
X16 SUB 401
X17 c(3tJ

X20 ANA 441
X21 ST(3 52
x22 TSX4974
x23 O 2
x24 o 946
x25 O 2
x26 k 31 53
x27 PSE 163

X30 TRA X4C
X31 TRA X37
X32 LXC4XS6
x33 CLA 51
X34 LDQ 50
x35 TRA4 1
X36 H TR
x37 TSX4925

Xuo TSX4923
x4 1 TRA X32

XOO 8 927
Xol SXD4X40
X02 STQ 100
X03 FVP B1O
x 04 STO 101
X05 LOQ 100
X06 FNP 100
X07 FAD 421

Xlo FAD 101
Xll FAD 101
X12 TSX4903
X13 TRA X41
X14 ST(I 101
X15 LXA4403
X 16 LCfJ 100
X17 FMP4B01

X20 FA134A04
x2 1 FCH 101
x22 sTQbAo4
x23 2 1UX16
x24 CLA 101
X25 FI?H2T3
X26 STQ 101
X27 F!4P A22

x30 srcr 102
X31 LDQ 101
x32 FMP lC1
x53 LRS 63
x34 FMP A17
x35 LOCI 102
x36 LX04X40
x37 TRA4 1

x4 o HTR
X41 CLA X45
X 42 TSX4906
x43 HPR
x44 TSXk877
x45 o 941

Xoo 8 930
Xol sxr34x44
X02 SXD2X45
X03 SXD1 x46
X04 ST6 102
X05 CLA B06
X06 TPL X32
X07 TSX4X47

Xlo sro 103
X11 CI.A B05
X12 TNZ X20
X13 CLA 103
X14 Lx04X44
X15 LX02X45
X16 LX01X46
X17 TRA4 1

X20 CLA B07
X21 TPL X41
x22 TSXQX47
x23 ST(I 1C4
X24 CLA 104
x25 FSB 103
X26 LRS 43
x27 FMP B05
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X30 FAD 103
X31 TRA X14
x32 CLA 007
x33 TPL X37
X34 LGQ 421
x35 STQ 103
X36 TRA X11
X37 CLA 421

X40 TRA4 1
Xbl CLA 421
X42 STI3 104
x43 TRA X25
x44 HTR
X45 HTR
X46 HTR
x47 PAX 1

X50 PCX2
X51 ANA C21
X5? TtvZ X75
x53 CLA1M2
x54 CAS 102
X55 TRA X61
X56 TRA x61
x57 1 1 1X60

x6C 1 12X53
Xhl CLA 102
X 62 FSB lP2-
X63 STO 105
X64 CLA 1M2
x65 FSE lM2-
xt16 S1O IC6
x67 CLA2M2

X70 Fsr32M2-
X71 FDH 1C6
X 72 FPP 10s
x73 FAr32M2-
%74 TIlA4 1
x75 CLA1M2
X76 6 12Y05
x77 STO 105

Yoo 1 IIYO1
Yol LCQ 105
Y02 FKP 102
Y03 FAD1M2
Y04 TRA X76
Y05 TRA4 1

XOO 8 931
Xol TSX4977
X02 c1 2 7
X03 L.2012X34
XOG G2022X35
X05 C2032Z7
X06 G2042A0
xc? U2052A2

XLil C2C6/A4
XL1 G.207/4b
X12 C2L0215CI
XIJ c2L12ti2
Xlft G2122i14
X15 C213ZB6
X1.b (J2L4zC13
X17 C215ZL2

X20 (!2L67C4
X21 02172C6
L2.Z C22021J0
x23 C2Z12D2
X24 02222U4
X2’J 2223206
X26 C/2242k0
XL{ 02252r6

X3il 42262U6
X31 W:F 7
x 52 KLW 7
X33 T$tA X36
x34 b 02 Ii62
X35 c 10 I$lo
X36 LAD4+’57
X.17 TRA4 1

Xco 8 932
Xol REh 7
xt)2 isx4977
X03 o 1 7
xC4 0A361R0
xU5 O1O11R1
X06 O1O21R3
X(27 C1031R4

X1O O1O41R5
Xll O1O51R6
X12 O1O61R7
X13 01D71S0
X14 01101s1
X15 01111s2
X16 01121s3
X17 01131s4

X20 01141s5
X21 01151S6
x22 G1161S7
x23 01171T0
X24 01201T1
x25 01211T2
x26 01221T3
x27 01231T4

X30 012U1T5
x31 01251M0
X32 01261P1
X33 01271M2
X34 01301M3
x35 01311M4
x36 41321951
x37 PSE 164

X40 TRA X44
X41 REh 7
x42 LXD4457
x43 rRA4 1
Xuk TSX4977
x45 o 2 7
X46 42011Y02
x47 CLA A4C

X50 rzE X41
x5 1 TSX4977
x52 O 7
x53 02021Y01
x54 02031Z7
X55 02041A0
x56 02051A2
X57 02061A4

X60 02071A6
X61 021C1B0
X62 02111B2
X63 C212134
X64 0213166
x65 02141C0
x66 02151C2
x67 02161C4

X70 C2L7LC6
X71 G2.201D0
X72 022111)2
X73 (J222LD4
X74 C2231D6
x75 02241E0
XIO L12251i_6
x77 4226LU6

Y30 lRA x41
YOL O LO d10
Y02 C 62 A62

Xoo E 933
Xol SXD4X63
X02 CLA DC2
X03 ST13 A27
Xob CLA D03
X05 S10 A42
X06 LXA4A54
X07 CAL4R4

XIC ANA 442
X11 STL! 101
X12 CALUR4
X13 ANA 441
X14 TZE X70
X15 CAL X66
X16 ANA 441
X17 ACL X64

X20 ACL lC1
X21 SLWUR4
x22 CAL4S7
X23 TZE X72
X24 SIA x25
X25 CAL O
X26 TNZ X35
X27 SXD41OO

X30 CLA X67
x3 1 TSX4906
X32 HPR
x33 LXD41OO
x3h TRA X40
X35 ANA 441
X36 ACL X6b
X37 SLU4S?

X4C 2 14X07
X41 LXA4A46
;;; CAL4S4

TZE X76
x44 SIA XU5
x45 CAL O
X46 TNZ X55
x47 S)(D4 100

X50 CLA X67
X51 TSX4906
X52 HPR
x53 LXD41OO
x54 TRA X60
x55 ANA 441
X56 ACL x64
x57 SLM4S4

X60 2 14X42
X61 LxD4X63
X62 TRA4 1
X63 H rR
X 64 T2A O
x65 TRA4 2
X66 TSX4905
X67 O 947

X70 CAL X65
x7 1 TRA X20
X72 CAL X65
x73 TRA X37
x 74 CAL X62
x75 TRA X57
X76 E 2x05
X77 CLA KO1

Yoc Sro Col
Yo 1 CLA K02
Y02 ST(3 C15
Y03 CLA K03
Y04 ST13 C21
Y05 CLA K04
Y06 ST(3 C33
Y07 LCQ K05
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Ylc STQ C34
Yll CLA A37
Y12 TNZ X06
Y13 STO A44
YIQ TRA X06
Y15 e 2X(I3
Y16 CLA X31
Y17 STA Y23

Y?O CLA Y26
Y21 srA Y2b
Y22 CLA Y27
Y23 srcr o
Y24 ST(3 O
Y25 TRA Y30
Y26 TSX4924
Y27 NOP

Y30 LXA4A46
Y31 CLA4Y6
Y32 TZE Y35
Y33 ALS 41
‘Y34 (3RS4R0
Y35 2 14Y31
Y36 TKA X04

KOO 8 934
X01 t7Lh 7
XU2 1SX4Y77
xOJC27
A04 (J201LX35
XU5 02 C21X36
XO(J I?2G31L7
X37 02041A0

A1O G2G51A2
X11 C2061A4
X12 L2071A6
X13 G2L01130
X14 C2L1LB2
X15 0212Lt34
Xlo G2L3Lti6
x17 0214Lc0

A2G 02151C2
X21 L2161G4
X24 G217LC6
X23 C22011)0
)(24 C2211U2
X25 G222104
X26 C?Z3LU6
X27 G224Lk0

X.3(J 0225LT6
X31 4226LU6
x3.2 Rcw 7
X33 LXL14457
x34 rRA4 L
X35 G 02 A62
x3b o 10 U1O
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v - ORDER OF DATA ON PROBLEM TAPE

RO

R3

R4

R5

R6

R7

so

S1

S2

S3

S4

S5

S6

S7

To

T1

T2

T3

T4

‘5

m

m
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M2

M3

M4

R951 (Problem identification remark)

(End of file)

AOO

BOO

Z7

AO

A2

Ah

A6

BO

B2

B4

B6

co

C2

C4

C6

Do

D2

D4

I%
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EO

T6

U6

(End of file)
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APPENDIX

I-

11 -

1

2

3

4

5

6

7

8

9

10

11

E: INITIATING CODES MCA, MCB

CARD LABEL CONVENTION

Col. 73-74: usual FLOCO labeling (XO-Z7)

75-76: XX for formula ~ or 9XX

77: blank for formula 8XX
9 for formula 9XX

78-80: code label MCA or MCB.

CARD LOADING ORDER OF INITIATING CODE MCA

(Nuxriberof cards in parentheses)

Advance N5A (card lsbel 1 14CA)

AOO (3): Same as for Monte Carlo MCS

BOO (1): Working storage space reserved

coo (5): Constants

Doo (2): Size parameters (see V below)

FOO (1)

JOO (1)

KOO (1)

QOO (1)

ROO (1)

Space reserved

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

34

33

Remark cards: R930-9~2 (R932 PREPARED BY USER)

Load instructions 860 (card labeled 4 MCA)

F~60 ._ Data assign code (9)

Load instructions 906 (card labeled 5 MCA)

F906 (5)

F905 (1)

Fgol (1)

F903 (9)

F907 (4)

F914 (4)

F913 (lo)

F855 ~2) (labeled XO CRC MCA)

IV300(2)

1,’801(5)

F802 (19)

F805 (y)

F803 (11)

F804 (9)

F806 (2’3)

F830 (3)

F831 (1)

F832 (9)

F833 (14.)

F834 (1)
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36

37

38

39

40

41

42

43

44

45

46

47

48

49

50

51

52

53

54

55

56

57

58

11’835(4)

I?836(5)

F837 (2)

Mlo (25)

F814 (14)

F8U (12)

I?812(3)

F813 (3)

F815 (7)

F816 (5)

m17 (5)

F820 (6)

Load instructions 865 (card labeled 6 MCA)

F865 (6)

Load instructions 850 (card labeled 7 MCA)

F850 (9): FLOCODE

Transition card (labeled 8 MCA)

SURFACE CARDS: (see pg. 53)

Transition card (labeled TR CRC MCA)

CELL CAllDS: (see pg. ~)

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

931

932

933

934

935

936

937

940

941

942

Error

Initiate problem -- GMC 1

Problem I-8. MA Spectrum -- (10/20/62). Tape 3

Cell boundaries -- A -- T -- M -- RHO

Element list

Material.data

Problem data blocks

QOO data

Initiation completed -- Save tape A06

Depress sense 3 to print input data

A J ----- No cells across J from A

3.48
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Iv - FORMUIA SET OF INITIATING CODE WA

Xoo 8 8C0
Xol TSX4974
X02 o 1
X03 o 931
Xob o 932
Xos 4 2
X06 TSX4975
X07 o 1

Xlo c 931
Xll c 932
X12 u 2
X13 LX D4457
XIQ TRA4 1

Xoo E 801
Xol .SXD4 77
X02 CLA CO1
X03 SUB A5k
X04 TPL X07
X05 CLA 401
X06 TSX4906
X07 CLA C02

Xlo SUB A46
XII TPL X14
X12 CLA 402
X13 TSX4906
X14 CLA C03
X15 SUB A25
X16 TPL X21
X17 CLA 403

X20 TSXb9C6
X21 CLA COti
X22 SUB A26
x23 TPL X26
X2JI CLA 404
x25 TSX4906
X26 CLA C05
x27 SbB A15

X30 TRA X33
X31 CLA 405
x32 TSX4906
X33 CLA C03
X34 SUB A34
x 35 TPL X40
x36 CLA 406
x37 T’SX4906

X4C LXD4 77
x4 I TRA4 1
x42 8 2X01
x43 LXA lkOO
x44 TRA x02

Xoo e 802
Xol SXD4 77
X02 CLA A54
X03 ST(7 BO1
x 04 STZ B02
XC5 LXA1401
X06 CLAJAO
X07 PAX2

Xlc SIA X21
X11 7A5b2x14
X12 CLA 407
X13 T_SX4906
X14 CLA2T4
X15 TZE X2U
x16 CLA C06
X17 T’SX4906

X20 LDQ 401
x21 RQL O
x22 STQ2T4
x23 LXA4401
x24 CLAIAO
X25 SUB C23
x26 TMI X30
x27 1 14x25

X30 .SXD4Y63
x31 PXDh
x 37. ALS 2
x33 Srcl X70
x34 1 11 x35
x35 CLA IAO
X36 S102S7
x37 1 llx40

X40 CLA lAO+
Xu 1 S10 B04
X42 CLAIAO
xk3 PAX4
xb4 TKA4X55
x45 TKA Y25
X46 TRA X76
Xk7 TRA X74

X50 TUA X67
X51 TRA X67
X52 TRA X67
x53 TUA X67
Xsu 1 31X55
X55 CLAIAO-
x56 ST132R7
X57 CLAIAO

X60 ST02S0
X61 CLAIAO+
x62 S102S1
x63 1 31 X6tJ
x64 CLAIAO-
x65 ST132S2
X66 TRA Y44
x67 iC2&bx70

X70 1 04X7 1
x7 1 CLA2T4
x72 0RS4S3
X73 TRA X54
x 74 ST02R4
X75 iC254X70
x76 CLA C26
x77 sTt32T\

Yoc SXD2B03
YO1 CLA B02
Y02 STD2TI
Y03 PCX2
Y04 LXA4407
Y05 1 2 1Y06
Y06 CLAIAO
Y07 srCT2T2

Ylo I 12Yll
Yll 1 11Y12
Y12 2 14Y06
Y13 SXD2B02
Y14 LXD2B03
Y15 CLA\AO
Y16 ST02R7
Y17 CLAIAO+

Y20 ST02S0
Y21 1 31Y22
Y22 CLAIAO-
Y23 sro2sl
Y24 TRA Y44
Y25 CLA C27
Y26 S102Tl
Y27 SXD2B03

Y30 CLA B02
Y31 srD2Tl
Y32 PDX2
Y33 LXA4CI0
Y34 1 21Y35
Y35 CLAIAO
Y36 S1LT2T2
Y37 1 12Y40

Y40 I 11Y41
Y41 2 14Y35
Y 42 SX02B02
Y43 LxD2B03
Y44 CLA Y63
Y45 SiD2R4
Y46 CLAIAO
Y47 PAX4

Y50 7A464Y55
Y51 SXD4 150
Y52 CLA C07
Y53 TSX4906
Y54 LXD4150
Y55 CLAIAO
Y56 LxAbA47
Y57 k t4Y62

Y60 ADDIAO
Y61 2 14Y60
Y 62 PA x4
Y63 1 04Y64
Y 64 CAL2TQ
Y65 LlRSbR5
Y66 1 1 1Y67
Y67 CLA B04

Y70 SUB 401
y71 STO B04
Y72 TNZ Y46
Y75 CLA BO1
y74 SUB 401
Y75 S1O BO1
Y76 TNZ X06
Y77 CLA B02

ZOO ARS 22
201 ST(3 QOI
::: ;;:; 77

1
204 8 2Y75
205 tD031Y76
206 CLA C14
207 TSX4906

210 TRA Y77
211 8 2X04
H; CLA 415

STCY B02
211$ TRA X05
215 8 2Y77
Zlh STD T2*
217 PDX1

220 70161200
Z21 CLA C42
Z22 TSX49C6
223 CLA B02
224 TRA ZOO

XOO 8 803
Xol SXD4 66
X02 CLA A46
X03 STO BO1
X04 LXA1401
X05 CLAIAO
X06 PAX2
x07 7Ak62x12

Xlo CLA C07
X11 TSX4906
X12 1 llx13
X13 CLAIAO
X14 PAXU
X15 ST132R3
X16 7A254x2l
X17 CLA CIO
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x20 TSX4906
X21 1 1 IX22
X22 CLAIAO
x23 PAx4
X24 AI.S 22
X25 ST02R0
X26 7A344X31
x27 CLA Cl]

X30 TSXU906
X31 1 I 1X32
x32 CLAIAO
x33 NOP
x34 TZE X42
X35 NOP
X36 STA2R0
X37 TMI X44

X40 CLA C31
XQ1 TRA X43
x42 C.LA C30
x43 13RS2R0
x44 1 1 1X45
X45 CLAIAO
X46 sTo2sb
xk7 1 11X50

X50 LXA4401
x5 1 CLA lAO
X53 STOQAOO
x53 1 1 1X54
x54 7o02?kYi3
X55 CLAIAO
X56 ARS 10
x57 ALS 10

X60 0RS2R3
X61 TSX4805
X62 ACL A47
X63 PAX4
x64 LxA2Ak7
x65 CLA2Z0
x66 ST04R6
X67 2 14X70

X70 2 12X65
X71 1 1 1x72
x72 CLA 801
x73 SkB 401
x74 sro BOI
x75 TNZ X05
X76 LXD4 66
x77 TRAM 1

YOO e 2X60
Yol TRA X61
Y02 CI.AIAO
Y03 ALS 41
Y04 0RS2R0
Y05 TRA X61
Y06 8 2x7&
Y07 7D031X75

Ylc CLA C15
Yll TSX4906
Y12 TRA X76
Y13 1C014X51
Y14 8 2X52
Y15 CLA4Y25
Y16 STA Y20
Y17 CLA lAO

Y2C STU2ZC
Y?l TRA X53
Y?2 ST02Z2
Y23 ST132Z1
Y24 S10223
Y25 HTR

Xoo LI 804
Xo 1 SXDbY07
X02 TSX4974
X03 o 1
X04 4 933
X05 CLA UO1
X06 STa 153
X07 LXA1A47

Xlo 1 11X11
X11 LXA4153
X12 CAL4R3
X13 SLU 150
Xlb A’4A C33
X15 SLW 151
X16 CLA4R0
X17 ANA 442

X20 ARS 22
X21 STO 152
X22 STZ 154
x23 TSX4974
X74 o 2
x25 4 51155
x26 LXA24C1
X27 CAL2TU

)[30 ANA1R5
X31 TZE X71
):32 ANA IR6
)(33 TIE X37
x34 PXD2
X35 SSP
)(36 TRA Xbl
x37 PXD2

X40 SS14
X4 1 ARS 22
x42 sra 160
X43 CLA2R2
x44 ADD 153
xb5 PAX4
x46 CLA4RI
x47 CLt4

x 50 STI3 157
x5 1 CLA4R1
x52 SSP
x53 LDQ 400
x54 LRS 14
x55 RSL 15
x56 STQ 154
x57 LDQ bOO

x60 LAS 14
X61 RC)L 15
X 62 STO 155
X63 LCQ 400
x64 LUS i?
X65 RQL 13
x66 STQ 156
X67 TSX4974

X70 4 51161
X71 1 12X72
x72 3A542X?6
x73 cLA2T4-
X74 TPL x27
x75 1 I 1x27
X76 CLA 153
X77 AOD 401

Yoo STI3 153
Yol CAS A46
Y02 TRA Y05
Y03 N!3P
Y04 1 11X11
Y05 LXD4Y07
Yob TRA4 1
Y07 HTR

XOO 8 805
Xol SXD4 63
X02 sxr1200k
X03 SXDI 61
X04 LKAhA47
X05 CAL 004
x06 STZ4L0
X07 6 14X13

Xlc ACL f304
Xll Slzbzo
X12 2 I4X1O
X13 SLW 60
X14 Poxl
X15 MSE 142
X16 N13P
X17 LXA2401

X20 CLA 401
X21 ST(3 B03
X22 CAL 402
X23 SLW 100
)(24 1 1 1x25
x25 A)JA 1R5
x26 TZE X35
x27 TSX4913

X30
X31
x32
X33
x34
x35
x36
x37

X40
X41
x42
xb3
x44
x45
X46
x47

X50
x5 1
x52
x53
x54
x55
X56
x57

x60
Xtl

Xoo
Xol
X02
X03
XOQ
X05
Xot
X07

Xlo
X11
X12
X13
X14
X15
X16
X17

X2C
X21
x22
x23
x24
x25
x26
x27

CAL lCO
LXA4803
TCP x34
TRA X35
0RS4Z0
1 12x36
3A542x5k
MSE 142

TRA X46
CLA BC3
ADD 401
STO B03
CAL 401
TRA x23
CAL 100
ALS 1

SLW 100
TN17 X25
PSE 142
TKA X25
LXD1 61
LXD2B04
LXD4 63
CLA 60

ARS 22
TRA4 1

8 8C6
SXD4X3’j
SXD2X36
SXOIX57
LX04R2*
STZ4R1

2 14X05
LXA1401

CLA A47
SLW 121
LXA2A54
LoQ2Rb
LGL 14
CLA 400
LGL 6
ADM 121

PAX4
CAL2T4
ANA4R5
TNZ X40

2 12x13
CLA 121
AIIM A47
1 1 IX30
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X30 7A461X11
X31 LXD4X35
X32 LXD2X36
X33 LXD1X37
x34 TRA4 1
x35 H rR
X36 HTR
x37 HTR

X40 ANAkR6
X41 TZE X46
X42 CLA 411
xb3 ALS i’
X44 SLW l.??
x45 T~A X47
X46 STZ 172
x47 LXA4A46

X’io STZ4Y6
X51 2 14x5n
X52 SIZ 123
x53 PXD1
X54 ARS 22
x55 Sro 120
X56 AD02R2
x57 ST13 124

X6C LXA1401
X6 1 CAL A47
X62 Sr13 125
X63 ACL 126
X64 PAXQ
X65 CAL2T4
x66 ANA4R5
X67 TZE YOU

X70 ANAURt)
X71 TZE YC2
X72 CLA 122
x73 TNZ YOU
X7b CLA 125
x75 sTLllY6
X76 CLA 123
X77 ADD UU1

Yoo STO 123
Yol TRA Y04
YC2 CLA 122
Y03 T:{Z X74
Yok CLA 125
Y05 ACM A4{
Y06 1 11Y07
Yo7 7A461x62

Ylc CLA 123
Yll TNZ Y23
Y12 PXD2
Y13 ARS 22
Y14 sro 117
Y15 TSX4975
Y16 o 2
Y17 c 942

Y2: c 21171
Y71 4 3
Y22 TRA Y37
Y23 sgB 4ol
yzll TidZ Y41
Y25 LXA4A40
Y?() CLA4Y6
Y?7 Ti4Z Y31

Y30 2 14Y26
Y?il PXD4
Y32 AaS 27
Y33 STA 122
Y34 LXA4 124
Y35 CLA 122
Y36 STOURI
Y37 LXAI12C

yll c TRA X2U
Y4 1 S.I,B 401
Y42 r:{Z Y67
Y43 LXA4A46
Y44 CLAOY6
Y45 T;iZ Y47
Y4tl 2 14Y44
Y47 PA04

Y50 ARS 22
Y51 SIo Ico
Y52 2 14275
Y55 SXO41OO
Y54 CLA 100
Y55 T3XU905
Y56 TRA Y62
Y57 ORA 122

Y(IO STO 122
Y61 TRA Y34
Yh? rsx4z05
Y63 STA 122
Y64 ANA 4b2
Y65 ALS 4
Y66 TRA Y57
Y67 TSX4Z05

Y 70 STIY 125
Y71 TSX4903
Y72 TRA Y75
Y73 SSFI
Y 74 TRA Y57
Y75 CLA 125
Y{6 STA 122
Y77 ANA 442

Zco s SF(
,?01 TRA Y65
202 E 2X16
203 S10 126
Z04 TRA X17
Z05 SXL)4Z74
206 LJ(A1120
Z07 LXA4A46

Zlo STZ 100
Zll STZ 101
212 CLA4Y6
Z13 TZE Z62
Z14 CLA1Z3
Z15 FSB4Z5
Z16 ST(3 104
Z17 LIIQ 104

220 FMP 1C4
Z21 Sro 105
222 CLAIZ1
223 FSB4Z1
224 Slo 104
Z 25 LCCI 104
226 FMP 104
227 FAD 1C5

230 STO 105
Z31 CLA1Z2
Z32 FSB4Z2
233 STO 104
234 LUQ 104
z 35 FMP 104
Z36 FAD 1C5
Z37 STO 105

240 CLA 100
Z41 TNZ 246
Z42 CLA 105
zb3 S1(3 100
Z44 SX04 102
Z45 TRA 262
246 CAS 105
247 TRA 242

Z50 NOP
Z51 CLA 10I
252 TNZ 257
Z53 CLA 105
Z54 sro 10I
Z55 SXO41O3
256 TRA Z62
257 CAS 105

260 TNA Z53
Z61 Ni3P
Z62 2 1UZ12
263 CLA 103
Z 64 ARS 22
265 ANA 441
Z66 STO 105
Z67 CLA 102

Z70 srD 103
Z71 CLA 103
272 LXD4Z74
273 TKA4 1
274 HTR
Z75 CLA4Y6
Z76 TNZ Y55
Z77 TRA Y52

C+co 8 2zb2
C+f)o LOQ 100
(J+CO srQ 101
C+oo LIIQ 102
0+00 STQ 103
I)+ctl TRA Zb3

Xoo e 810
Xol SXD4ZI0
X02 TSX4974
X03 c 2
Xok c 1 IJOO
X05 4 IIIKOO
x06 LXA2JCI
X07 7A262X13

Xlc CLA C12
X11 TSX4906
X12 TRA Z06
X13 CLA KO1
Xlb TSX4901
X15 S10 100
X16 FAD 421
X17 sTf32T5

X20 CLA 100
X21 FDH2T3
X22 STQ 100
X23 FMP lCC
X24 sro2s6
X25 CLA 802
X26 ARS 22
x27 SI02T(I

X30 CLA B04
x3 I SrD2T0
X32 CLA K07
x33 TZE X37
x34 TPI Z74
x35 CLS2T0
X36 S r02T0
x37 LXD 1B02

X4C 1 11X41
x4 1 CLA K02
X42 ALS 22
x43 STO 100
XU4 STD X62
x45 STD X7C
X46 STD X77
xb7 srD Yll

X5C CLA K05
X51 ALS 17
x52 ACL 100
X53 ACL KO1
x54 srolMo
x55 LXA240 1
x5(> I 11X57
X57 CLA2C0
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X60 ST(IIMC
X61 1 12x62
X62 7 02X56
X63 LxA2kol
X6U 1 1 1X65
X65 CLA2C1
X66 STOIMO
x67 1 12x70

X7C 7 02x64
X71 LXA2U01
x72 1 1 1X73
X73 CLA2C2
x 74 rucP
X75 STOIMO
X76 1 12x77
x77 7 02x72

YOO LxA2401
Yol 1 1 1Y02
Y02 CLA2C1
Y03 FS!32C2
Y04 STI3 100
Y05 CLA2C3
Y06 FUH 100
Y07 STQIMO

Ylo I 12Y11
Yll 7 02Y01
Y12 I llY13
Y13 CLA K04
Y14 TZE ZC4
Y15 ALS 22
Y16 ACL KO1
Y17 STOIMC

Y20 STD Y26
Y2 1 LXA2401
Y22 I 1 1Y23
Y23 CLA2C4
Y24 SLWIMO
Y?5 1 12Y26
Y26 7 02Y22
Y27 I 1 1Y30

Y30 LXA4K04
Y31 LXA200 I
Y32 CLA2C5
Y33 ALS 22
Y3Q ACL2C5
Y35 ST(3 ICO
Y36 CLA2C4
Y37 TPL Y41

Y40 CLA 401
Y41 CLA2C5
Y42 TZE Zll
YQ3 SXD4101
Y4b SXD2102
Y45 SXD1103
Y46 CLA 803
Yb7 ARS 22

Y’50 LXA21OO
Ysl STA 100
Y52 LXAt100
Y53 LXAU401
Y54 CLA2C6
Y55 srolt42
Y56 1 11Y57
Y57 1 12Y6!I

Y60 CAS 421
Y61 NOF’
Y62 TfZA Y64
Y63 1 1QY54
Y64 LXO21OO
Y65 SXDI1OO
Y66 CLA2C7
YA7 ST(31M2

Y7C 1 11Y71
Y71 1 12Y72
Y72 2 lbY66
Y73 SXD1L303
Y74 LXDU101
Y75 LXD2102
Y76 LXD1 103
Y77 CLS 100

zoo STOIPO
Zol I I IZ02
202 1 12zJ3
Z03 2 14Y32
234 2 1 lZOS
205 SXD1B02
Z06 LXD4Z1O
Z07 TRA4 1

ZIC HTR
Zll CLA 100
Z12 TRA ZOO
Z13 e 2Y75
Z14 7DI02Y74
Z15 CLA C16
Z16 TSX4906
Z17 TRA ZC5

220 8 2x2k
221 LXA1K02
Z22 7DO11Z26
223 CLA C13
L2U TSX4906
125 TRA ZC6
226 LXA1K04
Z27 30021Z23

i!30 LXA1K06
Z31 30111Z23
232 LXAIK05
2.33 30121Z23
Z34 TRA X25
.235 e 2Y32
%36 TPL Y33
Z37 SSP

Z40 STC! 100
241 CAL 415
242 ALS 17
Z43 ORS 100
Zbk SXO41O1
245 SX02 102
Z46 SXO11O3
Z47 CLA BC3

250 ARS 22
Z51 LXA21OO
Z52 SrA 100
Z53 LXA11OO
Z54 CLA2C7
Z55 ALS 22
256 SfD lCO
Z57 Pcxk

Z60 NCiP
Z61 CLA2C6
Z62 ST01M2
Z63 1 12264
Z64 1 1 lZ6’i
Z65 2 14Z61
26.5 LX02 102
Z67 CLA2C4

Z70 TPL Y73
Z71 CLA bOl
Z72 ALS 17
Z73 ORS lCO
z 7b CLA 401
275 ALS 1?
Z76 0RS2T0
Z77 TRA X35

C+co 81402810
C+cf) ALS 17
c+clr) (3RS 100
()+00 EI41381O
()+00 82732810
C+C(J 81733810

XOO 8 811
Xol SXD4Y35
X02 CLA K06
X03 TZE4 I
X04 LX01B04
X05 1 11 X06
X06 ALS 22
X07 ACL KO1

Xlo S1(31M3
Xll STO X21
X12 STO X51
X13 LXA24C1
X14 1 11X15
X15 CLA2D0
X16 ST01M3
X17 1 11X20

X20 1 12X21
X21 7 02X15
x22 STZ I1O
X23 CLA DOS
x24 STO 110
x25 ARS 22
X26 AOO K05
x27 SIA 110

X30 CLA K05
X31 ALS 1
x32 STO Ill
X33 ALS 22
x34 STO 111
x35 LXA24C1
x36 CLA 110
x37 ST131M3

X4C S r(32D0
X41 CAL 110
X42 ACL 111
x43 SLW 110
X44 CAL BO’i
x45 ACL 111
X46 S10 005
x47 1 1 1X50

X50 1 12X51
X51 7 02X36
x52 CLA 401
x53 sro Bo6
x54 TSX4855
x55 CLA RO1
X56 SUB KOI
x57 TZE X63

X60 CLA C41
X61 rsx49c6
X62 TRA Y32
x63 CLA R02
x64 SlJ8 K1O
X65 TNZ X60
X66 CLA R03
X67 SUB Kll

X70 TNZ X60
X71 CLA RC4
X72 SLB 806
x73 TNZ X60
x74 LXA4R04
X75 CLA R05
X 76 SUB401
x77 TNZ x60

Yoo TSX4814
Yol LXA4R05
Y 02 TRA4Y14
Y03 HIR O
Y04 HTR O
Y05 TSX4837
Y06 Tsx4836
Y07 rsx4835
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Ylo TSXb83b
Yll 1SX4L133
Y12 TSX4832
Y13 TSXQ831
Ylk TSX4830
Y15 LXA4K06
Y16 CAL4D0
‘t17 ACL 425

Y20 SLW4130
Y21 2 14Y16
Y?2 CLA K05
Y23 SUB 401
Y24 STO K05
Y25 TZE Y31
Y26 CLA B06
Y27 AGD 401

Y 30 TRA X53
Y31 2 1 1Y32
Y32 SXD11304
Y33 LXD4Y35
Y3b TRA4 1
Y3!J HTR O

XOO 8 812
Aol SXD4X24
X02 LXDIB02
xQ~ 7DQ31x06
X04 CLA C20
X05 TSX4906
X06 LXD1!303
X07 7D051X12

XIO CLA C22
Xll TSXb906
X12 LXD1B04
X13 7D061X16
X14 CLA C05
X15 TSXb906
X16 LxD1B05
X17 7D071x22

X20 CLA C23
X21 TSX4906
x22 LXD4X24
X23 TRAU 1
X24 HTR

XOO 8 813
Xol CLA B02
X02 STD MO*
X03 ARS 22
X04 Slcl qo2
X05 CLA B03
X06 SID M2*
X07 ARS 22

XIC
Xll
X12
X13
X14
X15
X16
X17

X20
x21

Sro (JOk
CLA B04
SID M5*
ARS 22
ST13 Q05
CLA B05
Sm !44*
ARS 22

S10 006
TRAb 1

XOO 8 814
Xol SXD4Y05
X02 CLA R(35
X03 SU8 U07
XOU TZE Y06
X05 LXA2K06
X06 CLA2D0
X07 PCX4

Xlc CLA R05
X11 LRS 6
X12 CLA2E0
X13 ARS 6
X14 LLS 6
X15 STf3kMb
X16 2 12X06
X17 CLA K07

x2 o TNZ YG3
X21 N(IP
x22 L XA4K06
x23 LXA2401
X24 CLA2E1
X25 TMI Y25
X26 ALS 22
x27 ACL2E 1

x3 o STO 100
X31 cLA2Ek
X32 ALS 17
x33 (IRS 100
x34 CLA2E1
x35 TZE Y2.3
X36 SXD4101
X37 SXD21O?

x Uo SXD1 103
Xul CLA 603
X42 ARS 22
xk3 LXA21OO
X144 STA 100
X45 LXAI1OO
x4t LXAU401
x47 CLA2E2

X50 ST(31M2
X51 1 11x52
x52 1 12x53
X53 CAS 421
X54 N13P
x55 TRA X57
X56 1 14X47
x57 LXD21C0

X60 SXD11OO
X6 1 CLA2E3
X62 sTr31M2
X63 I 1 1X64
X64 1 12X65
x65 2 14X61
x66 SXD1B03
X67 7D102x73

X7C CLA C17
X71 TSX4906
X 72 TRA Y03
x73 LXD4101
X74 LXD2102
x75 LXDII03
x76 CLS 100
x77 srolM3

Yoo 1 llYO1
Yo\ 1 \2Yc2
Y02 2 14X24
Y03 LXD4Y05
Yoh TRA4 1
YD5 HTR
Y06 LxA2K06
Y07 CLA2D0

YIC PDX4
Yll CLA R05
Y12 LP.S 6
Y13 CLA RIO
Y14 LXS
;;: Ll~2E06

14
Y17 LLS 14

Y20 sTa4M4
Y21 2 12Y07
Y22 TRA X17
Y23 CLA 100
Y24 TRA x77
Y25 SSP
Y26 S10 100
Y27 CLA2E4

Y30 ALS 17
Y31 GRS 100
Y32 CLA 415
Y33 ALS 17
Y34 (3RS 100
Y35 SXD4101
Y36 SXD2102
Y37 SXDII03

Y40 CLA 603
Y41 ARS 22
Y42 LXA2100
Y43 STA 100
Y44 LXA1 100
Y45 CLA2C7
Y46 ALS 22
Y47 S10 lCO

Y50 PDX4
Y51 N(3P
Y52 CLA2C6
Y53 STOIM2
Y54 1 12Y55
Y55 1 1 1Y56
Y56 2 14Y52
Y57 TRA X66

XOO 8 815
Xol S!(D4X47
X02 CLA F02
X03 ALS 22
X04 STD FO+
X05 STD FI*
X06 LXA4F02
X07 CLA 400

Xlc FAD4FI
Xll 2 14X1O
X12 ST(3 100
X13 LXA4F02
X14 CLA4F1
X15 FCH 100
X16 STQ4F1
X17 2 14X14

X20 TSX49T4
X21 c 4
X22 O 21FO0
X23 C FO
X24 4 FI
X25 LxD1806
x26 I 1 1X56
X27 LXA2F02

x 30 CLA2F0
X31 LRS 10
X32 CLA2F1
X33 ARS 10
x34 LLS 10
x35 ST(31M1
X36 1 1 1X37
x37 2 12X30

X40 2 11X41
X41 SX01B06
X42 7D041X45
X43 CLA C21
x44 TSX49C6
x45 LXD4X47
X46 TRA4 1
x47 HTR
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X50 & 2X01
X51 LXA4F02
x52 7D174X02
X53 CLA 405
x 54 TSX4906
X55 TRA X45
x56 PXD1
x57 ARS 22

x60 sra 101
X61 CLA F02
X 62 ALS z?
X63 STD 101
x6b LXA4F01
x65 CLA 101
x66 ST(T4S5
x67 TRA x27

Xoo t 816
Xol SXD4 77
X02 TSXh975
X03 o 2
X04 o 937
X05 o 2
x06 4 61QO0
X07 TSX4974

Xlo o 2
X11 o 937
X12 o 2
X13 b 61Qof3
XIQ LXA4Q02
X15 7D034X20
x16 CLA C20
X17 TSX4906

X20 LXA4Q03
X21 7DOb4X24
X22 CLA C21
x23 TSXk90h
x24 LxA4Q04
x25 7D054X50
x26 CLA C22
X27 TSX4906

X30 LXAUQ05
X31 7D064X34
x32 CLA C05
x33 TSX4906
x3b LXAQQ06
X35 7D074X40
X36 CLA C23
X37 TSX4906

X40 LXD4 77
x4 1 TRA4 1
X42 8 2XU0
x43 TSX4973
x44 4 6 lQG(J
x45 LXQ4 77
x46 TilA X41

XCO 8 817
XG1 8(Ew 7
XG2 15X4977
XL13 o 7
X04 0A36dd0
X05 O1O12KL
X06 f51022!t3
X07 CL032R4

Xlo CL0421<5
Xll O1O52R6
X12 O1O6ZR7
X13 01072S0
X14 C1L02S1
X15 01112s2
Xltlclli22s3
Xl”/01132S4

X20 CL142S5
X21 011S2S6
X22 C116.?S7
X23 CLL72r0
x24 01202r1
x25 uL.21zr2
X26 G1222T3
x27 c1232r4

x~o 01242r5
X31 01252M0
X32 L.1262M1
X33 O1272M2
X34 OL30ZM3
X35 0L312M4
X36 41322932
X37 WtF 7

X40 rsx4977
X41 o 7
X42 42012)(47
x43 wtF 7
x44 REW 7
X45 LX04457
X46 T;{A4 1
X47 O 62 A62

Xoo E 820
Xol SXD4 77
X02 TSX4974
X03 o “
X04 o
X05 o
X06 O
X07 o

Xlc c
X11 o
X12 o
X13 o
X14 c
X15 o
X16 O
X17 c

I
936

2
lRO
1R3

1R4
IRS
1R6
1R7
1so
1s1
1s2
1s3
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X20 o 1s4
X21 o 1s5
x22 o 1S6
X23 C 1s7
x2b o }TO
X25 O ITI
X26 C I T2
x27 C I T3

X30 o T4
X31 o T5
x32 C Z3
x33 o ZI
x34 o 22
x35 o 3
X36 4 611AO0
x 37 TSX4974

X40 o 1
X41 c MO
X42 O Ml
x43 o M2
x44 c M3
x45 4 M4
X46 TSX4975
x47 o 2

X50 c 940
X51 4 2
X52 TSX4974
x53 o 1
x54 4 9bo
X55 LXD4 77
X56 TRA4 1

x57 ● 865

Xoo 8 830
Xol SXD4X22
X02 SXD2X23
X03 SXD 1X24
X04 LXA1K06
X05 LXA2401
X06 CLA2E0
X07 N(3P

Xlo CLA2D0
Xll PAX4
X12 CLA2G0
X13 ST’r34M4
X14 1 12X15
X15 2 11X06
X16 LX134X22
X17 LxD2X23

X2C LXDIX24
X21 TRA4 1
X22 H rR
X23 HTR
x24 HTR

Xoc 8 031
Xol SXD4X05
X02 Tsx4a30
X03 LXD4X05
x 04 TRA4 2
X05 HTR

Xoo
Xo 1
X02
X03
Xob
Xo 5
x06
X07

Xlc
Xll
X12
X13
X14
X15
x16
X17

X20
x2 1
X72
X23
X24
X25
X26
x27

X30
X31
x32
X33
x34
x35
X36
X37

Xuo
x41
X42
x43
x4b
x45
X46
x4?

X50
X51
x52
X53
x54
x55
X56
x57

8 832
SXD4X36
SXD2X37
SXD1X40
CLA RC6
TPL X12
CLA 401
ALS 17

STO 100
TRA X13
srz 100
CLA R06
ALS 22
srD 100
CLA 401
sra 101

LXA1101
CLAIEO
rllz X41
CLA 101
ADD 401
Sro 101
CAS K06
TRA x32

TRA X20
TRA X20
LxD4X36
LXD2X37
LXDIX40
TRA4 3
HTR
HTR

H TR
CLA B05
ARS 22
STA 100
CLAIDO
PAX4
CLA 100
ST04M4

STD X53
LXD4B05
LxD2B05
1 02X54
CLA R06
SLW 102
CLAIGO
PAX1



X60 CLAIG1
X61 TRA X71
X62 1 11 X76
X63 CLA 102
x6b SUB 401
X65 ST13 102
x66 TNZ X60
X67 SX02BC5

X70 TRA X2;
X71 S1LT4M4
X 72 CLA1G2
x 73 ST02M4
x74 1 14X75
x75 I 12X62
X76 70131X63
x77 CLA CUO

X40
x4 1
)(42
XU3
Xbb
x45
Xbk
x47

HTR
LXDUB05
CLA 100
STD X45
LXD2B05
1 02X46
CLA IGO
STO 102

Y30 LXA4R07
Y31 CLA1G3
Y32 S102M4
Y33 1 12Y34
Y34 1 11Y35
Y35 2 14Y31
Y315 SXD2B05
Y37 TRA x23

Xoc 8 836
Xol SXD4X16
X02 SXD2X17
X03 SXD1X20
x 04 LKA1K06
X05 Lx A2401
x06 CLA2E0
X07 TNZ X21

Xlo 1 12x11
Xll 2 1 1X04
X12 LXD4X16
X13 LXD2X17
Xlu LXD IX20
X15 TRA4 7
x16 HTR
X17 HTR

X5C CLA 4C1
X51 STO 1C3
X52 CLA R06
x53 SLW 10b
x54 PXD4
X55 ARS 22
X56 LX AII03
x57 STA1G3

Y40 6 2x03
yl~l LXA1RC7
Y42 7D1U 1X04
Y43 TRA Y12
Ybk 1 04Y45
Y45 1 02X52
YQ6 E 2X43
Yk7 Srrl Y44

X20 tir R
x2 1 CLA2D0
x22 PAX4
x23 CLA B05
x2k ARS 22
x25 ST L34M4
x26 PAX4
x27 1 14X30

X30 CLA R06
X31 sTo4M4-
X32 CLA R07
x33 sr(34M4
x34 CLA RIO
x35 ST04P4+
x36 1 24X37
X37 SXD4!305

Yoo TSX4906
Yol TRA X32

X60 LX AIIC2
X61 CLA IG4
xb? PAxl
X63 CLA1G5
X64 TKA YOU
X65 I I 1X66
X66 CLA 10Q
X67 SLB 401

Y50 STD Y45
Y51 TRA XU4

Xoo P 833
Xol SXD4X36
X02 SXD2X37
X03 SXDIX40
X04 CLA R06
%05 TPL X12
X06 CLA 401
X07 ALS 17

XOO 8 83U
Xol SXD4XG5
X02 Tsx4830

x 70 STO 104
XC3 LXD4X05
X(lu Tr/A4 5

X71 TNZ X63 X05 HTR -
x72 CLA 102
x73 ADD 401
X74 sTrl 102

Xlc sro 100
X11 TRA X13
X12 STZ 100
X13 CLA R(I6
X14 ALS 72
X15 SILI Ico
X16 CLA 401
X17 STO 101

x75 CLA 103
X76 AI)D 4ol Xoo E 855
x77 ST13 105 Xol SXD4X26

X02 SKD2X27
Xbo TRA X1O
xhI e 2X07
xb2 CLA2EO+
xb3 TZE XIC
Xbk lRA X21

Ycc CAS R07 X03 SKD1X30
Yo 1 r!tA Vll XCJIJ LXA1K06

Y02 TRA Y44 X05 LxA2bol
Y03 TRA YQ4 X06 CLA2E0
YOu ST04MQ X07 NOP

X20 LXAIIOI
X21 CLAIEO
X22 TNZ X41
X?3 CLA 10?
X24 ADD 401
x25 S10 101
X26 CAS KOO
X?7 TRA X32

x 30 TRA X20
X31 TRA X20
X32 LXD4X36
X33 LxD2x57
x34 LX01X40
X35 TRA4 4
X36 HTR
X37 H TR

YC5 CLA1G6
Y06 ST02M4
Y07 1 I4Y1O

Xlo CLA2C0
X11 PAX4
X12 CLA RC6 XOO 8 83 f

Xol SXD4X16
X02 LXA4RI0
X03 7 34X0 r
Xob CLA C13
X05 TSX4906
x06 TRA X14
X07 TRA4X13

Ylc 1 12x65
Yll 7D161v15
Y12 CLA C40
Y13 TSX4906
Y14 TRA x52

X13 LRS 3
X14 CLA2G0
X15 ARS 3
X16 LLS 3
X17 ST(3hM4

Y15 LXA11C2
Y16 3D151Y12
Y17 PXD2

X.20 1 12X21
X21 2 I 1x06
x72 LxD4x26
X23 LXD2X2 7
x24 LXDIX30
x25 TRA4 6
X2.6 H TR
x27 tiTR

Xlc TSX4834
X11 TSX4832
X12 Tsx4831
X13 TSX48\0
X14 LXD4X16
X15 TRA4 10
x16 HTR

V20 ARS 22
Y2\ STA 100
V2? LXAI101
V23 CLAIDO
Y?u PAX4
Y25 CLA 100
Y26 Sr04M4
Y27 LXA1401

X30 HTR
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Xco e 850
Xol TSXb$76
X02 CAL AO*
X03 AkA UU1
x 04 ST(3 100
XC5 CLA G7*
X06 SIJB 100
X07 STA C35

Xlo TSX4855
X11 TSX4800
X12 Tsxh801
X13 TSX4802
Xlu TSX4855
X15 TSX4803
x16 TSX4804
X17 S12 602

X20 STZ BOU
X21 CLA 415
x22 STO B03
X23 ST(! 1305
x24 CLA A26
x25 Sro Bol
x26 LXA4C35
x27 STZkG7

X3C 2 14x27
X31 LXObAO*
x32 STZ4A0
x33 2 14x32
x3b TSX4G7b
x35 c 1
x36 4 93b
x37 TSX4855

X4C TSX4EI0
X41 T’sx4ell
X42 TSX4812
XU3 PSE 165
Xbb TRA Xb7
x45 CLS JO1
x46 TSX4906
x47 LXA4C35

x50 STZ4G7
X51 2 i4x50
x52 CLA BO1
x53 SLB 401
x54 S10 BO1
x55 TNZ X37
x56 TSX4813
X57 STZ B06

x6C CLA A25
x61 ST(3 DOI
x62 TSX4$7U
X63 C 1
x64 4 935
x65 TSX4J355
x66 TSX4815
x67 CLA BO1

X7C SU8 401
X7’1 ST(Y BOI
X72 TNZ X65
x73 CLA B06
xTh S10 Ml*
x75 ARS 22
X76 STO C03
x77 TSX4816

Yoo Tsx4e17
Yol TSX4820
Y02 HPR
Y(I3 TSX4970
Y(I4 8 2X15
Y05 TSX4806
Y06 TRA X16

Y07 ● 4850

xoo e 855
Xol sxe4xl 1
X02 SXD2X12
X03 SXD1X13
X04 TSX4970
XC5 LXD4X1 1
X06 LXD2X12
X07 LX01X13

Xlc TRA4 1
Xll HTR
xl? HTR
X13 HTR

Xcc 8 tlko
Xol TSX4971
X02 CD031A0
X03 Ooollco
X04 ODO1lC1
xo5 or)oIlc2
X06 cnGllc3
X07 (.0C21C4

X1O CD021C5
XII UO1O1C6
xl? CD101C7
X13 Oollll)c
X14 CO121D1
X15 OCI1lEO
X16 COIIIEI
X17 CTIIOIE2

X2C CDI01E3
x21 OD1llGO
X.22 00131GI
x23 CD131G2
.X24 CD141G3
X25 CD1S1G4
X26 C17161G5
x27 oo161G6

X30 o 11G7
x31 0D171F0
x32 CC1171F1
X33 C13041MI
x34 Cn051M2
x35 cDo61r43
X36 COC71M4
x57 0A461R0

x4C 0A461R3
Xul 0A541R4
x42 0A231R5
x43 0A231R6
X44 0A5kll17
X45 OA5U1S0
X46 C.A541S1
x47 GA541S2

x50 CA241S3
x51 CA461S4
x5? CA251S5
x53 0A261S6
x54 CA541S7
X55 CA?61TU
x56 CA541T1
x57 C4001T2

X6C CA761T3
x61 CA541T4
x67 0A261TS
X6.3 CA471Z0
x64 CTI111E4
x65 CA461R1
X6L CA542R2
x67 CA461Y6

x70 CA461Z5
X71 cA~61zl
x72 bA461Z2
x73 TSX497fl

X74 ● 4860

x75 ● 906

Xco e e65
Xol TSX497b
X02 c 2
X03 C 571AO0
Xob c 2
X05 o 61BO0
Xot o 2
X07 c 1 lJOO

Xlc c 2
Xll C 121KO0
X12 c 2
x13 O 21FO0
X14 o 2
x15 C 101RCO
x16 C 2
X17 c 751155

X20 4 2
X21 TSX4975
x22 c $41
X23 4 3
X24 HPR
X25 PSE 163
X26 TRA X40
X27 CLA KO1

X30 ThZ x42
X31 CLA AO*
X32 S10 X56
x33 SXD IAO*
X34 TSX4S74
X35 4 AO
X36 CLA X56
x37 S10 AO*

X4C LXD445?
X41 TRA4 1
X42 CLA RO1
x43 N(3P
x44 TSX4974
x45 c co
X46 c cl
x47 c C2

X50 c C3
X51 c C4
x52 C C5
x53 c 00
x54 4 D1
x55 TRA X40
x56 HTR

x57 ● 850

xoo e 901
Xo 1 ACL 420
X02 FAD 420
X03 TKAb 1

Xoo 8 905
Xol sxo4x3fl
X02 SXD2X31
X03 SXDIX32
X04 Slo lCC
X05 PAX4
X06 PCX2
X07 CLA2Y6

Xlo PAXI
Xll CLA4Y6
X12 P.IX2
X13 LXA44C1
X14 1 11X15
X15 1 12x16
X16 CAL1R5
X17 ANA2K5
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X20 ThZ X33
X21 1 14X22
X2? 7A474X14
X23 CLA 100
x2k LX D4X30
X25 L#.D2X31
x26 LXD 1X32
X27 TRA4 I

X3C HTR
X31 H!R
X32 HTR
x33 SLW 101
x34 CALIR6
X36 C(1MX35

AQA2R6
X31 ANA 101

Xtio TNZ X54
X41 cAL2Rb
Xlb? COM
XU3 ANAIR6
xl~k AhA lC)
x45 T?E x21
X46 SLW [02
Xtir L(IQ ICO

X50 RQL .?2
x5 1 sic) 100
x52 NOP
X53 CAL {C12
X54 SLW 107
x55 CLA 400
X56 t lhX61
X57 ADD C23

X6C 2 14X5<
X6 1 PAX4
X62 CAL IC2
X 6.3 LET
X64 TRA Y03
x65 Pxr)b
xtih $!?s 6
X67 STO 103

X70 CLA ICC
X71 ANA 441
A12 O;is 103
%73 CLA 100
x74 ANA 442
X75 ALS 6
X76 ORA 10s
x77 LX D4X50

Yoo LYD2X.31
Yol LX DIX32
Y02 Tll A4 2
Y03 ARS 1
Y04 1 1QX63

Xoo 8 9C5
XO1 eA(l 400
X02 5AC 4M0

Xcc 8 906
Xol sxo4xk5
X02 STO IC3
X03 CLA X4!I
Xob AQS 22
Xo 5 SLB UC]
X06 COM
X07 AtiA U41

Xlc Sro ICo
Xll PX02
xl? ARS 22
xl: Sro 101
X14 Pxol
X15 ARS 22
%16 STO 102
X17 TSX4975

X20 c 2
X21 c 930
x22 c 4)1OU
X23 4 2
X24 TSX497b
X75 c 2
X26 O 93C
x27 C kllcu

X30 4 2
X31 TSX4t365
X32 LK04Xk5
x33 tiPR
x 3Q PSE \6b
x35 TkA4 1
X36 CLS AO*
x37 ANA 441

X4C ACO ZO*
X41 PAXU
x4? ST Z4Z0
X43 2 14X42
x44 rsx4H50
x45 H (R

xoo e 9C7
Xol SX04120
xo2 CLA AOI
X02 FSl12R7
X04 sTf3 121
X05 CLA A(I2
X06 FSB2S0
X07 STO 122

Xlo CLA A03
Xll FSBZSI
X12 Sr(3 123
X13 [AAb4G3
X14 srz 12u
X15 LIIQ4124
X16 F4P I 12
X17 FAOIT2

X20 FADIT2
X21 LRS 45
X72 FvP41211
X23 FAO 124
X?u sra 124
x25 1 11X26
X26 2 14X15
x27 FAOI T2

x 30 LXOh 120
X31 Lrts b3
x32 TRA4 1
X53 9 3 xl?
X34 9 3 X2C
X35 $ 3 X27

Xoo E 913
Xol SX04 77
XC2 Sxol 75
X03 CAL2R4
X04 ANA C34
XG5 Pcxl
Xoh CLA Abr
Y07 TPL X24

Xlc cAL2Tl
XII fZE X24
X12 P2XI
X13 ANA U41
X14 CAS C26
X15 TRA X20
X16 T5X49C7
X17 TRA X21

x 20 TSX4914
X21 LXOk t?
X22 LXCII ?5
x23 T2A4 1
X24 Pxol
X25 ALS 2
X26 POX4
X27 CAL2T4

X30 A%AkS5
X31 TZE X’50
X52 LOQ2R7
x33 FMP AC1
x.34 STO 110
x35 LOQ2S0
X.36 F(4P A(I2
x37 FAO 110

X4C ST(I 110
x4 1 LC02SI
X42 F?!P AC3
x43 FAD 110
x44 F/io2s2
X45 Sro 110
x46 LOO 110
X47 TRA X21

X5C srz 110
X51 CAL2T4
X52 ANA4S3+
x53 TNZ X62
x511 CLA AC2
X55 FSB2S0
X56 STO 111
x57 LCO 111

X60 Fi+P 111
X61 Sro 110
X62 CAL2TU
x63 ANA4S.3
X64 T[iZ X?b
x65 CLA AOl
X66 FSB2R7
X67 ST(7 Ill

X70 LCQ Ill
X71 FI.l$Y ill

X72 FAD Ilrr
x73 SIG Ilu
x ?4 CAL2TLI
x75 ANA4S3
X76 TNZ Y06
Xi’? CLA Ac3

Yoc FSB2S1
Yol ST(3 Ill
Y02 LI)Q Ill
Y03 FPP Ill
Y 04 FAO 110
Y05 S(O 110
yo6 CLA 110
Y07 FSE2S2

Ylo TRA x45
yll 9 2 X63
Yl? s 3 x75

Xoo
Xol
XS2
XC3
X04
Xos
X06
xc?

E 91J4
SXD4 120
CLA AO1
Sra 121
SrC 124
CLA A02
>ro 122
CLA AC3
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Xlo ST(J 123
Xll I- XA4403
X12 STZ 12S
X13 LDQ1T2
X14 FPP4124
X15 ST(Y 126
x16 LDQIT2
X17 FvP4125

X2C F4DIT.2
X21 FAD 126
X77 LRS 43
X23 F@ P4124
X2U FAD 125
x25 S10 125
X76 1 I 1x27
x27 2 14X13

x 30 FAD 1 T2
X31 LRS 43
x32 LxD4120
X33 TRA4 1
A34 9 3 X16
x35 9 6 X20
X36 9 6 X30
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v - PARAMETER ELOCK DOO: Sizes of variable length data blocks

in Initiating code.

DO1

D02

D03

D04

D05

D06

D07

D1O

Dll

D12

D13

mk

?)1>

Tn6

rn7

Maximum N(Vk) permitted = Size (CO, Cl, C2, C3)

Maximum N(Eel) permitted = Size (C4, C5)

Size (AO = EO = MO)

Size (Ml_)

Size (M?)

Size (M3)

Size (IL)

Size (c6, c7, E2, E3) = [Larger of JX)2,Dll] x [Lkimum
nuxfberof angles tabulated]

Maximum N(Einel) permitted = Size (~, EO, El, GO)

Maximum N(v) permitted = Size (Dl)

Size (Gl, G2) = [C(D1l)]x [+,& = maximumnumber of
final energies tabulated]

Size
(T =

5tize

Size

Size

(G3) = l~is.xirnum nuniberof angles tabulated for a
3) reaction

(G4) = [C(D1l)]X [C(D14)]

(:+), : , 1 ) . Maximum number of isotopes per material

VI - CAii LOADING ORDER OF INITIATING CODE MCB

(Hutnberof cards in parentheses)

Formulas starred are identical to the similarly numbered

formulas of

1 *

2 -x

3

Initiating code MCA.

Advance NDA (card label 1 MCA)

AOO (3): Same as for Monte Carlo MCS

Qoo (2): (Card lebeled ~OQO -I-binary card punched by MCA)
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4

5

6

7

8

9

10

XL

12

13

14

15

16

17

18

19

20

21

22

23

24

25

2C

*

*

%-

*

-x-

*

x

-x

*

++

-x.

*

*

-x

BOO (3.)

coo (5)

Doo (2)

Foo (1.)

JOO (1)

KOO (1)

ROO (:L)

Advance NRA and record origins (card labeled 2 MCA)

Remark cards R930-942 (Problem identification remark
R932 PREPAREDBY USER)

Load instructions %0 (card labeled4 MCA)

F860 -- Data assign (6)

L~ad instructions 96o (card lsbeled 5 MCA)

F906 (5)

17905(1)

F901 (1)

F903 (9)

-XF907 (4)

* F914 (4)

* F913 (10)

+cF855 (2)

+$I?800(2)

* F801 (5)

* F802 (19)
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27

28

29

30

31

32

33

34

35

36

37

38

39

40

41

42

* F805 (7)

F803 (11)

* F804 (9)

* F806 (25)

* F816 (~)

* F817 (5)

* I?820(6)

Load instructions 865 (card labeled 6 MCB)

F865 (4)

Load instructions 850 (card labeled 7MCB)

F850 (4): FLOCODE

Transition card (labeled 8MCB)

SURFACE CARDS: (see pg. 53)

Transition card (labeled TR CRC MCA)

CELL CARDS: (see pg. *)

Transition card (labeled TR CRC I!CA)

VII - INITIATING CODE ERROR LIST

S(xx): Size of data block XX. A size error (ex. Error type 14)
corrected by changing parameter block DOO.

L(XX): Location in data block ~ of quantity detected to be in
error. Depressing SS3 and pressing the start causes the
first L(XX) words of data block ~ to be printed.
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Error
TYPe: Error: c(1) : c(2) : Location:

1

2

3

4

5

6

7

8

9

10

Il.

1.2

13

14

15

16

17

18

19

20

22

J >432: (parameterblockAOO) F801.6

A >20$8:(ParameterblockAOO) N?ol.13

M >256: (ParameterblockAOO) F~l.20

K >72: (ParameterblockAOO) l?801.25

Nm> C(D17):(Material.cards) F815.%

T >256: (ParameterblockAOO) F&l.37

J > J: (Surfacecards) L(AO) F802.13

J specifiedtwice:(Surfacecards) L(AO) F802.17

a > A: (Surfacecards:a indecrement1508)L(AO) F802.153

(Cellcards) L(BO) l?/?03.IJ.

m > M: (CelJ. cards) L(BO) F803.20

t > T: (Cellcards) L(BO) F8G3.30

k > K: (Elementcards] F81O.n

N(Vk)> C(DO1):(Elemmtcards) N(Vk) F&O. 224

T? > 3 ininelasticreactionT = 7 (Elementcards) F837.5

S(AO)>C(D03) S(AO) F&x2.207

S(BO)>c(D03) S(BO) F803.1.l

s(c6,c7)>C(D1O) s(c6)=s(c7)L(M2) F81o.216

S(E2,E3)>C(D1O) S(E2)= s(E3)F8.14.71

S(hlo)>C(B03) ~ = S(MO) F812.5,F816.17

s(Ml)>C(lmk) Ml_ s(~) F815.44,F816.23

s(m) >C(IX15) L. S(M2) F81.2.=,FEu6.27

S(G1,G2)>C(D13) S(G1)=S(G2) F832.100

S(G5,G6)>C(D16) S(G5)-S(G6) F833.IJ.3
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Error
me: Errnr:

22 Reactiondataforwrongelement

23 S(T2)> C(D16)

32 S(M3)> c(M)6)

36 S(w) >c(Ix17)

c(1) : c(2) : Location:

~= L(M3) N(Einel) F8U.61

S(T2) F8Q2.222

K2= S(M3) F812.15,F816.33

N= S(l&) F81.2.21,F816.37
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APPENDIX F: REACTION DENSITY CODE MCR

I- Wfth the problem tape of a completed FLOCODE 2 version of the

Monte Carlo code MCS on tape unit A06 (logical tape 7), the

code MCR is read from cards into the computer. A reaction

card -- parameter block ROO (see Section A, below) -- is read

for each isotope (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 contain isotope (k)),

and listed off-line in the format indicated in Section E below.

The problem tape is rewound and the above procedure is repeated

for each R(X]card read.

A - Pazamdx?r block ROO: Isotope reaction specification.

RO1 k= Isotope number

R02 z= Atomic number of isotope (k)

R03 A= Mass number of isotope (k)

R04 N(T) = C(D12) = Nurriberof tally energies in MCS

R05 P= Print parameter (see below)
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R06 o

R07 o

Rlo N(v) = Number of inelastic reactions on isotope (k).

Print parameter~:

P o:= Print all reactions

P 1:= Suppress

P 2:= Suppress

P = 4: Suppress

P = 8: Suppress

total collision print

elastic collision print

absorption collision print

inelastic collision print

(May combine seversl P’s by logical “or”: for example, to
obtain absorption listing only -- P . 1 + 2 + 8 =
= 138 = 10llbinary.) %0=

B- Print format:

I’oreach 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 =

T =

T =

T =

T=

T iS

each

1: Total collisions on isotope (k)

o: Variance in total collisions on isotope (k)

2: Absorption on isotope (k)

3: Elastic collisions on isotope (k)

(3+ V): Inelastic reaction (v) on isotope (k)

the print label and is included in tie heading of

reaction printed. The print format is as follows:
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1) Problem identification remark (F932 of M(X).

2) Reaction identification (l-line):

[
k, Z, A, N(T), P, T,

‘a,g’ ‘(VI

3) Total number of reactions (identified byk,T) per

source neutron =
z

●

a,g

4) Summed data and cross sections:

number of reactions in cell a in

Let ~a~be the
7

energy interval

~ per source neutron.

Energy ~: ~: Wa:

+ ! +
-

(Cross section data --
z E a not used)

5) Cell-energy reaction distribution ~a~
>

a (cell nuniber)
I

I~(energy).
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II - CODE MCR CARD LOADING ORDER

1

2

3

4

5

6

7

8

9

10

11

12

13

14

15

16

17

18

19

20

21

22

(Number 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: R9510-962(11)

Load instructions 857 (card labeled 4 MCRl)

F857 -- Data assign code (11)

Load instructions 903 (card labeled 5 MCR1)

Subroutine LA s800 (2)

Load instructions 801 (card labeled 2 MCRl)

‘F801(5)

F832 (9)

F84.O(9)

F803 (4)

F817 (11)

F9S2 (9) (same as MCS)

F802 (lo)

F804 (3)

F805 (3)

F806 (3)

F807 (3)

F820 (14)

Load instructions 800 (card labeled 3 MCR1)
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23 F800: FLOC!ODE(4)

24 Transition card (labeled TR FC MCRl)

25 Additional ROO cards, each followed by a transition card

III - REMARKS CARIX FOR CODE MCR

930

951

952

953

954

955

956

957

960

$361

962

MRC reaction listing

K Z--A-- -- Number talll.y

Totsl collisions per source

Total.absorption per source

Total elastic collisions per

Total reactions (NU= ) per

Energy -- (A - SUM)(G) -- (G
(EL), ABS.)

energies

neutron =

neutron =

source neutron =

source neutron =

- SUM)(A) -- SIGMA Tote

Space -- Energy reaction distribution -- (A across, G down)

Tots3.nuxriberof neutrons processed =

Variance in total collisions per source neutron =
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Iv- FORMULA SET OF REACTION CODE MCR

Xoo e e57
Xol TSX4971
X02 CPOll AO
X03 c 42A1
XOk 0P021A2
X05 c 42A3
X06 CP031A4
x07 C 42A5

XIC CP041A6
Xll c 42A7
X12 CP051B0
X13 C 42B1
X14 CP061B2
X15 c 42B3
X16 CP071134
X17 O 42B5

X20 CPI01B6
X21 c b2B7
x22 CPIIICO
X23 C 42C1
X24 CP121C2
x25 C 42C3
X26 CP131C4
X27 C 42C5

X30 0P141C6
X31 c 42C7
X32 CP151OO
x33 c 4201
x3U CP16102
X35 C 4203
X36 CPI7104
X37 c 4205

XhC GP201O6
X41 C 4207
x42 CA461R0
X43 0A461R3
x44 CA541R4
X45 CA231R5
X46 CA231R6
x47 0A541R7

X50 CA541S0
X51 CA541SI
X52 0A541S2
X53 CA241S3
X54 CA461S4
x55 CA251S5
X56 0A261S6
X57 CA541S7

X6C CA26110
X61 CA541TI
X62 CQO11T2
X63 CA261T3
X64 CA5blT4
X65 0A261T5
X66 CQC21M0
X67 CQ031MI

x70 CQ041P2
X71 0QC51P3
X72 CQ061M4
X73 CA261Z4
X74 0A261Z5
x75 CO031Z7
X76 CR041P0
X77 CA462P1

YOO CRC41P2
VO1 CR041P3
Y02 0A462P4
Y03 CR041P5
Y04 CA461P6
Y05 CR041P7
Y06 0R041Q0
Y07 CR041Q1

Y1O CR041Q2
Yll C0121T6
Y12 CA462T7
Y13 C0121E0
Y14 C0121U6
Y15 4A462U7
Y16 TSX4970

Y17 ● 4857

Y20 ● 9C3
Y21 E 903

Y22 ● 801

XCC 8 801
Xol SX04X41
X02 LXD1T7*
X03 CLAIT6
X04 FOH A57
X05 STQIPO
X06 FPPIPO
X07 STO 100

Xlc cLAIiJ6
Xll FOH A37
X12 STO 101
X13 CLA 101
X14 FSB 100
X15 FOH A37
X16 STCl 102
X17 CLA 102

X20 TSX4903
x2 i CLA 400
x22 ST01T6
X23 2 1 1X03
X24 LXA4R04
x25 CLA4E0
X26 ST04EO+
X27 CLA4E0

X30 FAD4EO+
X31 SUB 411
X32 ST04P2
x33 2 14X27
x34 LXD1T7*
x35 STZ11J6
X36 2 1 1X35
X37 LX04X41

X4C TRA4 1
X41 HTR

XOO 8 832
Xol SXD4X63
X02 SX!)2X64
X03 tiAX4
X04 I 1 4X05
X05 CLA4M0
X06 PCX2
X07 SiD x47

Xlc ALS 1
Xll STO x36
X12 STD X67
X13 STD X17
X14 1 14X15
X15 CLA4M0
X16 CAS A22
X17 1 04X73

X20 TRA x67
X21 6 12X67
x22 1 14X23
x23 CLA A22
x24 CAS4Pf0
x25 TRA X21
x26 TRA x67
x27 CLA4M0

X30 FSB4MO-
X31 STO 805
X32 CLA A22
x33 FsB4!40-
X34 FCH B05
x35 STQ B05
X36 1 04X37
x37 CLA4M0

X4C FsB4Mo-
Xul LRS 43
x42 FPP B05
x43 FAD4Mo-
X44 ST(3 A14
x45 CHS
x46 STQ 102
x47 1 04X50

X50 CLA B05
X51 TZE x65
X52 CLA4M0
x53 FsB4Po-
X54 LRS 43
X55 FMP B05
x56 FADhMO-
X57 LOO A14

X60 LXD4X63
X61 LxD2X64
X62 TRA4 1
X63 HTR
x64 HTR
X65 CLA4M0
X66 TRA X57
X67 1 04X70

X70 STZ B05
X71 CLA4M0
x72 TRA X44
X73 STZ B05
X74 FOH A22
x75 Ft4P4Mo
X76 TRA X44
x77 e 2X45

YOO FAD A15
Yol FOH A15
Y02 TRA X46

xoo e 840
Xol SXD4X4b
X02 LxA4RC6
X03 2 34X52
x04 CLA4X51
X05 STZ 150
X06 STA x24
X07 CLA R07

XIC STLl 151
Xll TSX4974
X12 c 1
X13 c 950
X14 o 951
X15 c 1
X16 O 952
X17 C 101ROO

X20 c 1
X21 c 961
x22 c 1 IA36
X23 O 1
X24 O 953
x25 C 21152
x26 C 1
x27 C 957
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X3C
X31
X32
x33
x34
x35
X36
X37

Xuc
X41
X42
x43
X4U
xb5
X46
xb7

X50
X51
x52
x53
x54
x55
x56
x57

X60
X61
X62
X63
X6k
X65
x66
X67

X70
X71
X72
x73
X7U
x75
X76
x77

Yoo
Yol
Y02
Y03
Yob

Xoo
Xol
X02
X03
X04
X05

X07

c P2
c P5
o P6
o P7
c Qo
c Q1
c Q2
cl

c 960
4 P3
LxD4xb4
TRA4 1
HTR

o 956
c 955
c 95b

c 953
c 962
PXD4
ARS 22
STI3 150
CLA Xb5
TRA X06

e 2X02

3 1UX03
CLA4X51
STA YOO
CLA R07
STCi 151
TSX4975

02
c S50

c 951
cl
o 952
C 101ROO
cl
o 961
0 1 1A36
cl

c 953
11152

:2
LXA4R06
TRA X03

a 803
sxllbx33
LXAUROk
ST Z4P5

2 14X03
LxA4Ak6
ST Z4P6

2 14X06

Xlc STZ R07
X11 LXD1T7*
X12 LXA4A46
X13 LXA2R04
X14 CLAIP3
X15 FAD R07
X16 STa R07
X17 CLA1P3\

X20 FA02P5
x2 1 ST(T2P5
x22 CLA1P3
X23 FAC14P6
X24 ST134P6
X25 2 I 1x26
X26 2 12X14
x27 2 14X13

X30 TSX4840
X31 LXD4X33
X32 TRAU 1
X33 HTR

xao E 817
Xol SX04Y13
XC2 SX02Y14
X03 SX01Y15
X04 STZ A15
X05 STZ 102
X06 PAX1
X07 CLAIS5

XIC PAXI
Xll ANA 442
X12 STO 103
X13 CLAIPI
X14 STO 104
X15 ANA C20
X16 PAX4
X17 CLA4T0

X2C PAX4
X21 1 IQX22
x22 CLA4M0
X23 ST6 105
X24 STO X42
X25 STD X&5
X26 STO X64
x27 PDX2

X30 1 14X31
X31 CLA A22
x32 CAS4M0
X33 TRA X50
x34 TRA X45
x35 CLA 105
X36 ANA U45
x37 TZE X45

X4C CLA4P0
X41 FDH A22
xb2 1 04xb3
x43 FPP4M0
x44 TRA x72
x45 1 04X46
x46 cLA4tfo
X47 TRA x72

x50 6 12X45
X51 1 14x52
x52 CLA A22
X53 CAS4M0
x54 TRA X50
x55 TRA X45
X56 CLA4M0
x57 FsB4Mo-

X60 STO 105
X61 CLA A22
x62 FsB4Po-
x63 STO 106
X64 1 04x65
x65 CLA4M0
x66 FsB4Mo-
X67 FOH 105

X70 FVP 106
X71 FAo4Mo-
X72 LRS 43
x73 Ft.iP 104
X74 FAO A15
x75 STO A15
x76 LXO41O2
x77 1 14YO0

YCO SXD4102
Yol STf34Z4
Y02 CLA 103
Y03 SIIB 415
Y04 TZE Y06
Y05 1 11X12
Y06 LXD4Y13
Y07 LX02Y14

YIC LX01Y15
Yll LDQ A15
Y12 TRA4 1
Y13 HTR
Y14 HTR
Y15 HTR
Y16 e 2X72
Y17 STQ 105

Y20 TRA X73
Y21 8 2Y01
Y22 CLA 105
Y23 ST04Z5
Y24 TRA Y02

Xoo e 932
XOI REW 7
X02 TSX4977
X03 c 1 7
X04 CA361R0
x05 C1C21R3
x06 C1031R4
X07 C1C41R5

xIC C1C51R6
Xll C1061R7
X12 01071s0
X13 01101s1
X14 C1111S2
X15 C1121S3
x16 C1131S4
X17 01141s5

x20 Ci151S6
x21 C1161S7
X22 C1171T0
x23 C1201T1
x24 C1211T2
x25 C1221T3
X26 01231T4
x27 C1241T5

x30 C1251M0
X31 C1261VI
x32 C1271M2
x33 C1301M3
x34 01311M4
X35 41521951
X36 TRA YOO
x37 REW 7

X40 LX04457
Xkl TRA4 1
x42 rsx4977
x43 c 2 7
x44 42011Y03
Xus CLA A40
X46 TZE X37
xb7 TSX4977

X50 c 7
X51 C2021X77
x52 C2031Z7
x53 C2041A0
x54 c2051A2
X55 02061A4
x56 C2071A6
X57 C210150

x60 C21!1B2
X61 C2121B4
X62 C2131B6
x63 C2141C0
X64 02151C2
X65 a2161C4
X66 C2171C6
x67 C2201D0
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X70 C221102
X71 C2221CU
x72 C223106
X73 C22klE0
X74 C2251T6
X75 b22611J6
X76 TRA x37
x77 c 10 Blo

Yoo PSE 16U
Yol TRA xU2
Y02 TRA X37
Y03 C 61 A61

Xoo e 802
Xol SXD4X36
X02 LXD1T7*
XC3 LxA2A46
Xou CLA2R3
X05 ANA C20
X06 PAXb
X07 CLA4S5

Xlc PAX4
Xll ARS 22
X12 Slo 150
X13 CLAbNl
Xlu ANA C20
X15 SIJB RO1
X16 TZE X43
X17 2 10X2O

X20 CLA 150
X21 SLB UOI
x22 TNZ x12
X23 LXA4R04
x24 STZIPO
X25 STZ1P3
X26 2 1 1x27
X27 2 14X2U

X30 2 12xob
X31 CLA R05
X32 LET
x33 TRA X37
x34 LXDQX36
x35 TRA4 1
X36 HTR
X37 CLA 401

X40 S10 R06
X41 TSX4B03
X42 TRA x34
x43 LXA4R04
x44 SXDk151
x45 CLA4P2
x46 TSX4903
x47 CLA kOO

X50 LRS 43
X51 FMP C24
x52 S10 A22
x53 CLA2R3
x54 ANA C20
x55 TSX4B17
x56 LXAU150
x57 CLA4Z4

X6C 7 14x62
X61 FSB4Z4-
x62 FDH A15
x63 FPPIPO
X64 sTtYIPo
X65 STOIP3
X66 CLA4Z5
X67 LXD4151

X70 ST04P7
X71 2 1 1x72
x72 2 14X44
x73 TRA X30
x74 E 2X1O
x75 STD X76
x76 1 04x77
x77 2 14X11

Yoo 8 2X62
Yol STQ 77
Y02 FMP1T6
Y03 ST01U6
Y04 LDQ 77
Y05 TRA x63
Y06 8 2X41
Y07 CLA 400

Ylc S10 R06
Yll LXD4T7*
Y12 CLA41J6
Y13 STOUP3
Y14 2 14Y12
Y15 TSX4803
Y16 TRA x42

Xoo e 804
Xol SXD4X1O
X02 CLA R05
X03 ARS 2
X04 LBT
X05 TRA X11
x06 LxD4XI0
X07 TRA4 1

XIO HTR
Xll LXD4T7*
X12 LXA2A46
X13 LXA1R04
X14 CLAIQ1
X15 FOHIP7
x16 F14P4P0
X17 sTokP3

X20 2 1UX21
X21 2 11X14
x22 2 12x13
x23 CLA 402
x24 STO R06
x25 TSXb803
X26 TRA X06

Xoo a 805
Xol SXD4X1O
X02 CLA R05
X03 ARS 1
X04 LBT
X05 TRA Xll
X06 LXDUXIO
X07 TRAU 1

Xlc HTR
Xll I XCIUT7+
X12 LXA2Ab6
X13 LXA1R04
X14 CLAIQO
X15 FCHIP7
X16 FWPUPO
X17 ST04P3

X20 2 1UX21
X21 2 11X14
x22 2 12X13
X23 CLA 403
X24 ST(3 R06
x25 TSXbtI03
X26 TRA X06

Xco 8 806
Xol SXD4X26
X02 LXA1R04
XC3 LXA2R01
X04 CLAIP2
X05 TSX4903
X06 CLA 400
X07 LRS 43

Xlo FMP C24
Xll STO A22
X12 CLA2T0
X13 TSX4832
X14 STQIQ1
X15 STC! 152
X16 CLA1P7
X17 FSBIQ1

X20 LRS 43
x2 1 FMP 152
x22 ST131Q0
X23 2 1 1X04
X24 LXDbX26
x25 TRA4 1
X26 HTR

XCC 8 B07
Xol SXD4X22
X02 LXD1T7*
X03 LXA2A46
Xok LXA4R04
X05 CLA4P7
X06 FSB4Q0
X07 FsB4cjl

Xlc FDH4P7
X11 FPPIPO
X12 STCIIPO
X13 2 11X14
X14 2 1UXC5
X15 2 12x04
X16 CLA 403
X17 STL! R06

X20 LXD4X22
X21 TRAQ 1
x22 HTR

XOO 8 B20
Xol S XD4Y42
X02 CLA RIO
xG3 TZE4 1
X04 CLA R05
X05 ARS 3
X06 LBT
XC7 TRA Xll

Xlo TRAU 1
Xll LXAIROb
X12 LXA4R01
X13 CLA4T0
X14 PDX2
X15 ! 12x16
X16 CLA2M3
X17 ST(Y Bll

x2 c STD X45
X2 1 STD X54
x22 PDX4
X23 1 12x24
X24 CLAZM3
X25 CAS1P2
X26 TRA x53
x27 TRA X53

X30 6 1 4x53
X31 I 12x32
x32 CLAIP2
x33 CAS2M3
x3k TRA X30
x35 TRA x53
X36 CLA2M3
x37 FSB2M3-
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x ko
X4 1
X42
X43
xb4
Xhs
X46
Xu 7

Slo 1C5
CLA1P2
FSB 2M3-
FDH 105
S1QIP2
1 C2X46
CLA2M3
ST131Q0

X50 cLA2M3-
X5 I STOIQ1
X52 TRA x57
x53 STZIP2
X56 1 C2X55
x55 CLA2M3
x56 S10100
X57 2 11X12

X6C CLA R06
X61 ADO bOl
x62 STO RC6
X 63 LXA1R04
X64 CLAIP2
x65 TZE YOQ
x66 CLAIQO
X67 Pcxb

X70 LDQ4P4
X71 STQ lCO
x72 CLAIC1
x73 PDX4
x74 CLA 100
X75 FSB4P6
X76 LRS 43
x77 FMP1P2

Yoo FAD4M4
Yol ST13 100
YC2 ST01P7
yo ~ TRA Y1O
Y04 CLAIQO
Y05 PCX4
YC6 CLA4Mb
Y07 TRA YO1

Ylc 2 1 1X64
Yll LX04T7*
Y12 Lx A2AU6
Y15 LXA lROh
Y14 LCC1P7
V15 FMP4P0
Y16 slok P3
Y17 2 14Y20

Y20 2 11Y14
Y21 2 12Y13
Y22 TSX4803
Y23 CLA R1O
Y24 SUB 401
Y25 STII R1O
Y?& TZE Y40
Y27 LXA1R04

Y30 CALIQC
Y3 I ACL 415
Y32 SLHIQO
Q?: CALIQI
Y34 ACL 415
Y35 SLWIC1
Y36 2 1 1Y30
v 37 TRA x60

Y40 LxD4Yb2
Yb 1 TRA4 1
Yh2 HTR
Y43 8 2X20
Y4k STZ1P7
Vb5 STZ1Q2
YQ6 TRA X21
y47 8 2YC1

Y5C FS81Q2
Y51 TMI Y55
V 52 LOO lCO
Y53 STQ1C2
Y54 TRA Y02
‘i55 CLA 400
Y56 TRA Y02

Y57 ● 800

XCC 8 800
Xol NOP
X02 LXD4P1*
X03 STZ4P0
x C4 STZ4P3
X05 2 1UX03
X06 LXD4P2*
X07 STZ4P2

Xlc S1Z4P5
X11 STZ4P7
X12 STZ4C0
X13 STZ4QI
X14 SlZbQ2
X15 2 14X07
X16 LXD4P6*
X17 STZ4P6

X20 2 14X17
x2 1 TSX4932
X22 CLA A37
x23 ACL Q20
x24 FAD 400
x25 STt3 A37
x26 TSX480 1
x27 TSX48C2

x30 TSX4806
X31 TSX4@04
x 32 TSX4805
x33 TSX4807
x34 TSX4820
X35 TSXk970

X36 ● 4800

x37 ● 4800

Xoo 8 800
Xo i TSX4 932
X02 TSX4826
X03 TSX4933
X04 TSX4825
X05 PSE 163
Xot TSX4926
x07 TSX481O

Xlo TRA X04
Xll TSX4833
X12 CLA A40
X13 ADD 401
X14 STO A40
X15 CLA A21
x16 ACD 401
X17 STO A21

X20 PSE 163
x21 TSX4926
x22 TSX4824
X2? TRA X04
X24 PSE 163
X25 TSX4926
X26 TRA X07

END OF FILE A3
END OF FILE TAPE 2
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APPENDIX

I-

11 -

G: IIONTECARLO CODE 14CH

CARD LABEL CONVENTION

Col. 73-74: usual FLOCO labeling (XO-Z7)

75-76: XX for formula 8XX or 91CX

77: blank for formula @

9 for formula 9XX

78-m: code label MCH.

PARAMETER AND DATA BLOCKS CHANGED

1)

2)

3)

Parameter blocks DOO, ROO—.

Data blocks El, E2 (E3):—.

(see

(see

FROM CODE MCS

Chapter VIII-A).

Chapter VIII-A).

(E2, E3 a two-dimensional block.)

Data block PO: Total cross section— averaged wer tally

energy intervals stored here during data process routine.

C[(PO)--]. ap; , [~ = 1, 2, ●00, N(T) = c(D12)]
s

S(PO) =N(T) = C(D12)

4) Data block Pl: Reaction cross section averaged wer tally—

energy intervals stored here during data process routine.
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c [(Pi)--] = Cry:t , [~ = 1, 2, ““”, N(T) = C(D12)]

S(P1) = N(T) = C(D12)

React
5) Data blocks P2, ~: Energy-summed reaction flux, 4 - ,

n}3

a function of surface ~ and position n, stored here for

printing during data

m=9n,J] = gyt

S(P2) =N(P) = C(D14)

process routine.

9 [n= 1, 2, ●DO, N(P) ;

~ = 1, 2, ●00, N(J)]

; S(P3) = N(J) = C(D13) : a two-

dimensional data block.

6) Data blocks w, T’&,T7:— FIUX ~,n,~ as a function of—

energy, & position, n, and tsllied surface, j.

n=

S(T5) =N(T) =

S(T7) =N(J) =

7) Data block~:

to be tallied;

1, ““”, N(P) ; ~= 1, ’00, N(J)]

C(D12) ; S(T6) = N(P) = C(D14) ;

C(D13) ; a three-dimensional data block.

~(j) * O if the flux across surface (j) is

T(d) = O otherwise. (See data block El.)
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C[(uh),l=m) j (j = 1, 2, ‘-o, J)
d

S(U4) =J= C(A54)

8) Data blocks U5, x$ ~:—

except accumulate #
g$n}~

III - CODE MCH CARD LOADING ORDER

Same as T5, T6, T7 (see 6) above)

instead of &
g$n}~”

1

2

3

4

5

6

7

8

9

10

11

12

13

14

l’j5

16

(Nmiber of cards in parentheses)

Advance NBA (card label 1 MCH)

Doo (2)

Goo

HOO

Poo

RUO

Soo

Voo

woo

AOO (1)

BOO (1)

coo (4)

Eoo (5)

)?00(5)

KOO (2)

QOO (1)
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17

18

19

20

21

22

23

24

25

26

27

28

29

30

31

32

33

34

35

36

37

38

39

Advance NRA and record origins (cards labeled 2 MCI-I,3 MIX)

Remark cards: R940-965 (28)

Load instructions 800 (card labeled FCP MCI-I)

F800 -- FLOCODE “prime” (2 cards + transition)

Load instructions 857 (card labeled 4 MCH)

F857 -- Data assign code (13)

Load instructions 903 (card labeled 5 MCH)

Subroutine LA s800 (2)

Load instructions 916 (card labeled 6 MCH)

Subroutine LA s820 (2)

Load instructions 917 (card labeled 7MCH)

Stiroutine LA s816 (4)

Load instructions 901 (card labeled 8MC!H)

(MCS items 27 through 34 -- see Appendix D)

F931 (~)

(MCS items 36 tirough 50-- see Appendix D)

l?934(4)

(MCS items 53 through 73-- see Appendti D)

F834 (9)

F933 (:14)

F824 (21)

I?826(6)

F827 (~+)
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40

41

42

43

44

45

46

47

48

49

50

51

52

53

54

55

56

57

58

59

90

91

92

F851 (lo)

F852 (12)

F855 (23)

17856(~)

F830 (19)

F836 (4)

F837 (1)

F825 (9)

SPECIAL TALLY ROUTINES: F860-876 (see pg. II)

Load instructions 877 (card labeled 9 MCH)

F877 (3)

Load instructions 850 (card labeled 10 MCH)

SOURCE ROUTINE F850

Load instructions 800 (card labeled 11 MCH)

F800: FLOCODE (3)

Eo

El

E2

IO

11

12

Y6

Transition

Quantities 30-47

card (labeled TRANS MCH)

usually replaced by a binary deck of 182 cards.
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IV—REMARKS CARDS FOR CODE MCH

950

952

956

g60

961

962

963

*

965

MCH tally print -- (AOO, EOO, flux data -- Surfaces,
positions, energies, flux} variance.)

Problem finished -- press start to continue. Save tape
A06 and on-line listing if finished.

Importance coefficients -- (10, 11, 12, Y6)

MCH reaction listing -- K -- Reaction -- Number of neutro~

(Surfaces, positions, tslly energies, aver%e energies~
reaction probabilities per collision> energy -- S~d
flux and.variance.)

MCH data process -- Problem -- Nurtiberneutrons -- Aver%e
flux -- Average variance

Source data -- (S00, VOO, WOO, GOO, HOO)

Energy -- Summed flux = PSI(N,J)

Energy -- Summed variance = VAR(N,J)

178



v- FORMUTJLSOF MONTE CAIUO

CODE MCS

Xoo 8 aoo
Xol REu 7
X02 isx4977
X03G17
X04 Olollxlo
X05 41021.X11
X06 REW 7
X07 rsx4970

X1O O 62 A62
Xll o 7 lJo7

X12 ● 4300

X13● 857

Xoo e 800
Xol TSX4932
X02 TSX4826
X03 rsx4$J33
X04 TSX4825
X05 PSE 163
XOb lSX492b
X07 TSX481O

XIO TRA X04
Xll N(IP
X12 CLA A40
X13 ADO 401
X)4 S10 A40
X15 CLA A21
X16 ACD 401
X17 S10 A21

X20 PSE 163
X21 TSXb92b
x22 TsxU824
X23 TRA X04
X24 PSE 163
X25 TSXb92b
X2b TRA X07

X27 ● 4800

X30 s 857
X31 ● 140
X32 ● 800
x33 ● 100
x34 ● 801
x35 ● 1500

xoo e 826
Xol SXDUX50
X02 TSXU976
X03 TSX4975
X04 o 951
X05 c 1
X06 C 953
X07 o 1

XIO 4 31A35
X11 TSX4925
X12 LXA4UOI
X13 CLA V02
X14 TZE X21
X15 CLA 421
X16 CAS4VO0
X17 1 14x16

X20 NLTP
X21 SXD4X37
x22 sxD4xl$l
X23 TSX4974
X24 C 1
X25 O
X2b O 1
x27 C

X30 o
X31 c
X32 C
x33 c 2
x34 o
x35 o 10
X3b C 2
x37 c o

X40 c 2
X41 c o
x42 c 2

956

IO

11
12
Y6

963
Soo

Voo

Woo

X43 CGO1lGO1
x44 c 2
x45 4HollHol
X46 LXD4X50
x47 TRA4 1

X50 HTR

xoo e 830
Xol SXD4Y45
X02 SX02Y46
X03 SXOIY47
X04 CLA A37
X05 TSX4901
X06 STI3 803
X07 LXAIC26

XIC CLA C26
Xll ALS 1
X12 STO 140
X13 ADO C27
X14 STA Y50
X15 CLAIPOO
X16 TN2 Y50
X17 CLA lUO

X20 S(JB 402
X21 2 11X12
x22 STZ A35
X23 TSXU931
X24 LXD)T7*
X25 CLAIT5
X26 FOH B03
x27 STQ1T5

CODE MCH DIFFERING FROM THOSE OF

X30 CLA1U5
X31 STO 100
x32 FCH 803
X33 STQ1U5
X34 CLA 100
x35 STA 1U5
X36 2 1 1x25
X37 TSX4925

Xuc $12 110
X41 STZ Ill
X*2 LXD1T7*
x43 LXD2P3*
XU4 LX04T5*
XU5 CLb 400
X4b FA01T5
xb7 6 1 lxso

X50 2 14x46
x5 I ST02P2
X52 FAO 111
x53 STO Ill
x54 2 12X44
x55 TSX497b
X56 C 1
x57 c 964

x60 O 1
X61 4 P2
X62 LXOIT7*
X63 LX02P3*
X64 LX04T5*
Xb5 CLA 400
x66 FAOIU5
x67 b 1 IX70

X70 2 14X66
X71 STO 100
X72 LOQ2P2
X73 FPP2P2
X74 STO 101
X75 CLA 100
X7b FSB 101
x-?? FOH 003

YOO STQ 102
YO1 CLA 102
Y02 TSX4903
Y03 CLA 400
Y04 STL!2P2
Y05 FAO 110
Y06 STO 110
Y07 2 12X64

Y1O TSX497b
Yll o 2
Y12 c 965
Y13 c 1
Y14 4 P2
Y15 CLA A37
Y16 STO 112
Y17 CLA A36

Y20 STO 113
Y21 TSX4975
Y22 c 2
Y23 O 962
Y24 C *1114
Y25 4 2
Y26 CLA RO1
Y27 TNZ Z1O

Y30
Y31
Y32
Y33
Y34
Y35
Y36
Y37

LXD2T7*
CLA21i5
ANA Q41
ST(32U5

2 12Y31
TSX497U

01
4 U5

YJ4C
YJ41
YU2
Yb3
YQ4
Ybs
Y4b
Y@7

Y50
Y51
Y52
Y53
Y54
Y55
Y56
Y57

TSX493U
LXD4Y45
LX02Y46
LXD1YU7
TRA4 1
HTR O
HTR O
HTR O

CLA
STO 10:
POX2
ARS 22
STLT 101
CLA 100
STA Y67
SLB 101

Y60 STA 20S
Ybl SUB Iol
Y62 STA Y65
Y63 SUB 101
Y64 STA Y73
Y65 CLA2 O
Y66 FOH 003
Y67 STQ2 O

Y70 STQ 100
Y71 FMP 100
Y72 STO 100
Y73 CLA2 o
Y74 FOH 603
Y75 STQ 101
Y7b CLA 10I
Y77 FSB 100

ZOO FOH 603
201 SIQ 100
202 CLA 100
203 TSX4903
ZOU CLA 400
205 ST02 o
206 2 12Y65
207 TRA X17
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210 LXA 1401
211 LXA2R01
212 1 11213
/?13 CLAIROO
214 STO BO1
215 1 11216
216 CLAIROO
217 STO B02

Z20 TSXb856
Z21 2 12212
222 TRA Y30

Xoo
Xol
X02
X03
Xok
X05
x06
X07

Xlc
Xll
X12
X13
XIQ
X15
X16
X17

X20
X21
X22
x23
X24
x25
X26
x27

X30
X31
x32
x33
x34
x35
X36
X37

X4C
Xul
X42
x43
x44
X45
Xbe
xb7

e 834
SXD4X25
SXD 1X26
TSX4915
SSP
S10 101
CLA A16
FOH 101

S10 102
CLA2U4
TSXQX27
MSE 144
TRA x22
PSE 144
CLA2U4
TPL X22

ARS 22
TSX4X27
LXD4X25
LXD1X26
TRA4 2
HTR O
HTR O
SXDOX76

PAX4
CLA4T7
S10 100
CLA4E3
PAX4
1 1UX36
LXAIUO1
CLA D14

TMI X77
CLA A03
CAS4E2
1 llYO1
NOP
CLA1T6
ACD 100
ALS 22

X50 S10 x57
X51 LXA4401
X52 LXA1D12
x53 CLA A17
x54 CAS4E0
x55 2 1 IY04
x56 NOP
x57 1 04X60

X60 CLA 102
x61 FAD4T5
X62 sTf34T5
X6.5 CLA4b5
x61\ STO 103
x65 LOQ 102
x66 FHP 102
X67 FAD4U5

X71; ST04U5
x7 I CLA 103
X72 ADD UO1
x73 sTA41J5
x 714 LXD4X76
X75 TRA4 1
X76 HTR O
x77 CLA A02

YOO TRA XQ2
YOI 7D1U1Y03
Y02 2 1 1X45
Y03 1 14X42
YO* 1 14x54

Xco e 8k0
Xol PSE 144
X02 TRA4 2

Xoo e 851
Xo 1 SXD4X76
X02 SXD2X77
X03 SXOIYOO
X04 LX04P3*
X05 STZUP2
X06 2 14X05
X07 LXD1T7*

Xlo LXD2P3*
Xll LXDUT5*
X12 LCQ1T5
xt3 FMP4P1
X14 FAD2P2
X15 ST02P2
X16 6 11X21
X17 2 14x12

X20 2 12X11
x21 TSX4974
x22 c 1
x23 C 951
x24 C 1
x25 C 960
x26 C 31000
x27 C 1

X30 c 961
X31 c El
X32 C E2
x33 c EO
x34 c Po
x35 c PI
X36 4 P2
x37 LXD1T7*

Xuc LxD2P3*
X41 LXD4T5*
X42 LDQ2P2
x43 FMP2P2
x44 S10 100
xb5 STZ 101
Xbk LDQ4P1
X47 FPP4P1

X50 LRS k3
X51 FPP1U5
x52 FAD 101
x53 STf3 101
x54 e 1 1X55
x55 2 14X46
X56 CLA 101
x57 FSB 100

X60 FDH B03
x61 STQ 102
x62 CLA 102
x63 TSX4903
X6U CLA 400
x65 TNZ YO1
x66 2 12X41
x67 TSX497b

X7C c 1
X71 4 P2
x72 LXD4X76
x73 LX02X77
x74 LXOIYOO
x75 TRA4 1
X76 HTR
x77 HTR

Yoo HTR
Yol FOH2P2
Y02 STQ2P2
YC3 TRA X66
Y04 8 2x03
Y05 CLA A37
Y06 TSX4901
Y07 S10 803

Ylo TRA X04

Xoo E 852
Xol SX04Y24
X02 SX02Y25
X03 SXDIY26
X04 LXAI012
X05 CLA 802
X06 SLB 403
X07 STI3 130

Xlc STZ 131
Xll LXD2B05
X12 1 12x13
X13 CLA2W3
X14 Sru B06
X15 STO X42
X16 S10 x72
X17 PCX4

X20 I 12X21
X21 CLA2P5
x22 CAS 140
x23 TRA X72
X24 TRA x72
X25 6 14X72
X26 1 12x27
x27 CLA 140

x30 CAS2P3
X31 TRA x25
x32 TRA x72
x33 CLA2143
x34 FSB2tJ3-
X35 S10 105
X36 CLA 140
x37 FSB2M3-

Xbo FOH 105
X41 STO 132
Xbz 1 02X43
xb3 CLA2P3
x44 POX4
x45 CLA2M3-
XU6 POX2
X47 CLA4PU

X5C FSB2M4
X51 LRS 43
X52 FMP 132
X53 FA02H4
x54 STO 133
x55 FSB 131
X56 TM1 x70
x57 LOO 133
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X60 S10 131
X61 STLI 134
X62 CLA 130
X63 SUB 401
x6U S10 130
X65 TZE Y13
x66 1 lbX67
X67 1 12x47

X70 CLA 400
X71 TRA X61
X72 1 02X73
X73 CLA2P3
x74 PDX4
x75 CLA4P4
x76 STO 133
x77 FSB 131

Yoo TPI Yll
Yol LCQ 133
Y02 STQ 151
Y03 S10 134
Y04 CLA 130
YC5 SLB 401
Y06 STO 130
Y07 TZE Y13

Ylc 1 14X75
Yll CLA 400
Y12 TRA Y03
Y13 LCQ 134
Y14 FNPIP1
Y15 STOIP1
Y16 2 1 1X05
Y17 NOP

Y20 LXD4Y24
Y21 LXD2Y25
Y22 LXD1Y26
Y23 TRA4 1
Y24 HTR
Y25 HTR
Y26 HTR
Y27 e 2x07 “

Y30 CLAIEO
Y31 FADIEO+
Y32 SUB 411
Y33 ST(! lQO
Y34 TRA X1O

Xco E 855
Xol SXD4Y23
X02 SXD2Y24
X03 STQ B04
X04 TSXU903
X05 CLA 400
X06 LRS Q3
XC7 FMP C24

XIC S10 B03
Xll CLA B04
X12 TSX4903
X13 CLA 400
X14 LRS 43
X15 F14P C24
X16 S10 B04
X17 FSB B03

X2C STO B06
X21 LXA4B05
x22 CLA4NO+
X23 STO 121
X24 S10 x52
X25 STD Y40
X26 STD Y51
X27 STD Y56

X30 STD Y61
X31 STD Y64
X32 STD Y71
x33 STD z12
x34 LXA2401
x35 STZ 14C
X36 STZ 141
x37 STZ 142

X4C CLA B03
X41 STO 110
X42 TSX4Y25
x43 LXA4403
x44 CLA4103
x45 ST04133
X46 2 14X44
x47 CLA 606

X5C TZE Z47
X51 i 12x52
X52 ? 02Y01
x53 LXD4 103
x54 1 14X55
x55 CLA4M0
X56 CAS B04
x57 TRA YO1

X6C TRA YD1
X61 FSB 110
X62 STO Ill
X63 CLA4M0
X64 STO 110
X65 TSX4Y25
x66 LXA4403
X67 CLA4103

X70 FA04133
X71 FCH b22
X72 FKIP 111
x73 FAD41143
x74 ST04143
x75 CLA4103
X76 S104133
X77 2 14X67

Yoo TRA X51
Yol CLA B04
Y02 FSB 110
Y03 S10 Ill
Y04 CLA B04
YC5 STO I1O
Y06 TSX4Y25
Y07 LXA44C3

Ylc CLA4103
Yll FAD4 133
Y12 FOH b22
Y13 FPP Ill
Y14 FAD4143
Yls FDH B06
Y16 STQ4143
Y17 2 I4Y1O

Y20 LXD4Y23
Y21 LXD2Y24
Y22 TPA4 1
Y23 HTR O
Y24 HTR O
Y25 SXD4Z46
Y26 LXA4B05
Y27 1 24Z60

Y30 CLA 110
Y31 CAS4M0
Y32 TRA Y70
Y33 TRA Y55
Y34 CLA4M0
Y35 FCH 110
Y36 STO 122
Y37 SXD4103

Y4C 1 04Y41
Y4 1 CLA 121
Yb2 ANA 445
Y43 TZE Y47
Y44 LCQ4M0
Yu!i FMP 122
Y46 TRA Y50
Y47 CLA4P0

Y5C S10 102
Y51 I 04Y52
Y 52 LDQ4Y0
Y53 FP!P 122
Y54 TRA Y63
Y55 SXD4103
Y56 1 04Y57
Y57 CLA4MD

Y60 S10 IC2
Y61 1 04Y62
Y62 CLA4M0
Y63 STO 100
Y64 1 04Y65
Y65 CLA4W0
Y66 S10 101
Y67 TRA Z37

Y70 I 12Y71
Y71 : 02Y55
Y72 1 14Y73
Y73 CLA 110
Y 74 CAS4M0
Y75 TRA Y70
Y76 TRA Y55
Y77 2 14ZO0

Zco 2 12ZOI
Zol SXD4103
202 FSB4M0
Z03 STO 122
204 CLA4MO+
Z05 FSB4P0
Z06 ST6 123
Z07 CLA 122

Z1O FDH 123
Zll STQ 122
Z12 1 04Z13
213 CLA4NO+
Z14 FSB4P0
Z15 LRS 43
Z16 FMP 122
217 FAD4M0

Z20 S10 102
Z21 I 04Z22
222 CLA4NO+
Z23 FSB4V0
Z24 LRS 43
Z25 FNP 122
Z26 FAD4W0
227 STO 10C

230 1 04Z31
231 CLAbMO+
Z32 FSB4P0
Z33 LRS 43
234 FMP 122
235 FAD4M0
Z36 STO 101
Z37 CLA 102

Z4C FSB 100
Z41 LRS 43
Z42 FPP 101
243 STO 101
Z44 LXD4Z46
Z45 TRA4 1
Z46 HTR O
#!b7 LXA4403

Z50 CLA4133
Z51 ST04143
Z52 2 14Z50
Z53 TRA Y20
Zsb E 2x33
255 S10 221
Z56 S10 Z30
Z57 TRA X34
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Z60 LXA2401
Z61 TRA Y30

XOO 8 856
Xo1 SX04X33
X02 SXD2X34
X03 SXD1X35
XOQ LXA4B01
Xos CLA4T0
X06 ST(I B05
X07 LXA1D12

X1O CLAIEO
X11 STOIEO+
X12 CLAIEO
X13 LDQIEO+
X14 TSX4855
X15 CLA IU2
x16 ST(31P0
X17 1.XAUB02

X20 3 34X36
X21 cLA41k3
X22 STL31P1
X23 2 11x12
X24 LXA4B02
x25 3 34X42
x26 TSX4851
x27 LXD4X33

X30 LXD2X34
X31 LXD1X35
X32 TRAU 1
X33 HTR
X34 HTR :
X35 HTR
x36 CLA 14;
X37 FSB Ik?

X40 FSB 140
XQI TRA X22
X42 TSX4852
X43 TRA X26

Xoo
XOL
X02
X03
X04
X05
X06
X07

8 857
TRA X07
N(IP
NUP
$KIP
NOP
NUP
TSX4971

%1.0 OPOIIAO
X1.1O 42A1
X1,20P021A2
X13 C 42~3
X14 0P031A4
X15 O 42A5
X16 CP041A6
X17 O 42A7

X20 0P051130
x,~l0 42~~
X22 0P06L82
X23 O 42~3
X24 0P071~4
X25 O 4285
X.260~101b6
X27 o 4i!B7

X30 oPlllco
X31 o 42CL
X32 0P121C2
X33 O 42C3
X34 0P131C4
X35 o 4ZC5
X36 0PL4LC6
X37 G 42C7

X40 oPi5LDo
X41 o 4ZD1
x42 GP161D2
X43 O 42D3
x44 cPi711J4
X45 G 42(I5
X46 0P20L06
X47 O 42D7

X50 0A34LI0
X51 0A34111
X52 0A34112
X53 0A461R0
X54 0A46LK3
X55 0A541R4
X56 0A231R5
X57 0A231R6

X60 0A54LR7
X61 04541S0
X62 0A541SI
X63 0A541S2
X64 0A24LS3
X65 0A461S4
X66 0A251S5
)(67 0A261S6

X70 0A541S7
X71 0A261t0
X72 0A541T1
X73 00C11T2
X74 0A261T3
X75 0A54Lr4
X76 0fJ02LM0
x77 0t)031Ml

YOO 00041M2
Yol 0L)051M3
Y02 0Q061M4
Y03 GA46LY6
Y04 0A47LZ0
Y05 0A471Zi
Y06 0A54LZ2
Y07 0A54LZ3

YLO 0A261L4
YL1 0A261Z5
YL2 0003127
Y13 0D121t0
Y14 0D141E2
Y15 00132E3
YL6 0D121T5
Y17 0DL42T6

Y20 oD133r7
Y2L 0DL21U5
Y22 0D142U6
Y23 0D133U7
Y24 0A541U4
Y25 0DL21P0
Y26 0D121P1
Y27 0L)141P2

Y30 0DL32P3
Y31 4DL31EL
Y32 TSX497D
Y33 o 7 Q07
Y34 O 62 A62

Y35 ● 4857

Y36 ● 903
Y37 8 903

Y4LI ● 916
Y41 8 916

Y42 ● 917
Y43 n 917

Y44 ● 901

XOO 8 925
XOL SXD4X65
X02 CLA A43
X03 ARS 22
)(04 SrO A32
X05 CLA A50
X06 STZ A53
X07 STA A53

x1O ARS 22
xLl S10 A50
X12 CLA A44
X13 STO x66
XL4 STZ A44
X15 TSX4974
Xlb O 1
X17 o 951

X20 o 2
Xzl o 950
x22 O 62LAO0
X23 O 2
X24 O 141000
X25 o -
X26 O
X27 O

X30 o
X31 o
X32 O
x33 o
x34 o
x35 o
X36 O
x37 o

X40 o
X41 o
X42 O
X43 o
x44 o
x45 o
X46 O
x47 o

X50 o
X51 o
X52 O
x53 o
x54 4
X55 CLA A50
X56 ALS 22
X57 ALL A53

X60 STO A50
X61 CLA X66
X62 STLi A44
X63 LXD4X65
X64 rRA4 L
X65 HIR
X66 HTR

z
El
E2

EO
T5

1.
U5
1
AO
AZ
A4

A6
bo
82
B4
66
co
C2
C4

C6
DO
02
04
D6

Xoll 8 731
La L rsx4777
X02027
X03 C2012X37
XG4 02022X40
X05 G2032L7
Xi36 C204LA0
XO~ 02C5ZA2
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XIJ CJ2J62A4
X11 i12a72A6
X12 021CZO0
X13 C211Z82
X14 G212Lti4
X15 C2132U6
X16 G214ZCIJ
x17 cz152Li?

X2L C2162C4
X2L 0217ZL6
X22 C2202D0
X23 0221.2i32
X24 0222204
X25 02232U6
Xz b C224.2E0
X27 G2~5.ZEl

X3U 02”262E2
X31 C227Li5
X32 4230iu5
X33 li~f 7
X34 REW 7
X3> LXD4457
X36 r*A4 1
X37 (J 62 A62

X4C o 10 i$lcl

Xeo 8 932
XOL REW 7
Xilz rsx4977
X03 o 1 7
X04 0A36iR0
X05 O1O31R3
Xi36 O1O41R4
X07 O1O5LR5

Xlo O1O6LR6
Xll O1O7LK7
X12 01101s0
X13 01111s1
X14 G1121S2
X15 C113LS3
X16 01141S4
Xl? G1L5LS5

X20 01161s6
X21 0LL71S7
x22 0120110
x23 01211T1
X24 01Z21r2
X25 01231T3
X26 01Z41T4
X27 01251M0

X30 01261M1
X31 01271!42
X32 01301M3
X33 01311M4
x34 41321951
x35 PSE 164
X36 TRA X41
X37 LXD4457

X40 TRA4 1
x41 TSX4977
X42 O 2 7
X43 4201LY01
X44 CLA A40
x45 TZE X37
X46 TSX4977
x47 o 7

X50 021321Y02
X51 0203127
X52 02041ALI
X53 02051A2
X54 0Z061A4
X55 02071A6
X56 C2L01B0
x57 02111B2

X60 0212184
X61 0213LB6
X62 02141C0
X63 02151C2
X64 02161C4
X65 ti2171C6
X66 02201D0
X67 022L1D2

X70 C2221D4
X71 0223106
X72 02241E0
X73 0225LE1
X74 02Z61E2
X75 02Z7LT5
X76 42301U5
x77 REW 7

Yoo rl{A x37
YOi O 62 A6Z
Y02 O 10 BIC

Xco
Xol
X02
X03
Xok
X05
X06
X07

8 933
SXD4Y25
CLA 002
STO A27
CLA 003
ST(3 A42
CLA X63
STA X13

Xlo
Xll
X12
X13
X14
X15
X16
X17

X20
x21
x22
x23
X2U
X25
x26
x27

X30
X31
x32
x33
x34
x35
X36
x37

X40
Xul
x42
X43
xb4
x45
x46
x47

X50
X51
X52
x53
X5M
x55
X56
x 57

X60
X6 1
X62
X63
x6b
x65
x66
X67

CLA Y32
STA XIQ
CLA Y33
Slo o
STO o
LXA4A46
CLA4Y6
TZE X22

ALS 41
(TRS4R0

2 14X16
CLA KO1
STO CO1
CLA K02
STO C15
CLA K03

STO C21
CLA K04
ZT(3 C33
LOO K05
STQ C34
CLA A37
TNZ X40
STQ A44

LXA4A54
CAL4R4
ANA 4U2
STO 101
CAL4R4
ANA 441
TZE Y34
CAL Y30

ANA 441
ACL Y26
ACL 101
SLH4R4
CAL4S7
TZE Y36
STA X57
CAL O

TNZ X67
SXDU1OO
CLA Yk2
TSX4906
HPR
LXD41OO
TRA x72
ANA 441

X70 ACL Y26
X71 SLti4S7
X72 2 14X41
x73 LXA4A46
x74 CAL4S4
x75 TZE Y40
X76 STA X77
X77 CAL O

YOO TNZ Y07
Yol SXD41OO
Y02 CLA Y42
Y03 TSX4906
Y04 HPR
Y05 LXD41OO
Y06 TRA Y12
Y07 ANA 441

Y1O ACL Y26
Yll SLW4S4
Y12 2 14X74
Y13 LXA4D13
Ylu CLA4E1
Y15 PAX2
Y16 CAL Y31
Y17 ANA 441

Y20 ACL Y26
Y21 SLM2S7
Y22 2 14Y14
Y23 LXD4Y25
Y24 TRA4 1
Y25 HTR
Y26 TRA O
Y27 TRA4 2

Y30 TSX4905
Y31 TSX4834
Y32 TSX4924
Y33 Nt3P
Y34 CAL Y27
Y35 TRA x52
Y36 CAL Y27
Y37 TRA x71

Y40 CAL Y24
Y41 TRA Yll
Y42 C 947
Y43 e 2Y21
Ybb CLA4E1
Yk5 THI Y52
Y46 PXD4
Y47 ARS 22

Y50 STA2U4
Y51 TRA Y22
Y52 PXD4
Y53 STD2U4
Y54 CLA2U4
Y55 SSM
Y56 STU2U4
Y57 TRA Y22
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XO() 8 334
Xol TSX4377
X02027
X03 @2011X36
X04 0202LX37
X05 G2031L7
A06 02041A0
X07 C2C51A2

XLU 02061A4
X11 02071A6
Xii! O21O1BO
Xlll 02111M2
X14 0212184
X15 02131B6
XL6 Oi’141.CO
X17 0215LC2

X20 02L61C4
X21 0217LC6
X22 0220100
X23 0221102
X24 G2221D4
X25 0,223106
X26 02241E0
X27 02251EL

X30 02261E2
X31 G2271T5
X32 42301U5
X33 REW 7
x34 LxD4457
x35 TRA4 L
X36 O 62 462
X37 o 10 D1O
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VI - INITIATING CODE MCI CARD LOADING ORDER

tt

1,

c
.

t

1

E

s
10

l-l

12

13

14

15

16

17

18

19

20

21

22

(Nuniberof cards in parentheses)

Advance NBA (card label 1 MCI)

LOO (1)

QOO (2)

AOO (1)

Boo (l): Working storage space reserved

coo (5): Constants

Doo (2): Size parameters

1!’00(1)

JOO (1) ISpace reserved
KOO (1)

ROO (1)

Advance NBA and record origins (card labeled 2 MCI)

Remark cards: R930-944 (R932 PREPARED BY USER)

Load instructions 850 (card labeled l?CPMCI)

F850: FLOCODE “prime” (5 cards -t-transition)

Load instructions 860 (card labeled 4 MCI)

J?&.50: Data assign (6)

Load instructions 906 (card labeled 5 14CI)

(MCA items 16 through 30-- see Appendix E)

1’815(7)

F816 (5)

F817 (6)

185



23

24

25

26

27

28

29

30

31

32

33

J?820(7)

Load instructions %5 (card labeled 6 MCI)

l?M5 (4)

Load instructions 850 (card labeled 7 MCI)

F@O (6): FLOCODE

Transition card (labeled TRAN MCI)

SURFACE CARDS: (see pg. 53)

Transition card (labeled TR CRC MCA)

CELL CARDS: (see pg. 54)

Transition card (labeled TR CRC MCA)

MATERIAL CARDS: (see pg. %)

VII - REMARKS CARDS FOR CODE MCI

931 Initiate problem -- MCH

936 Problem data blocks -- (RO, R3, R4, R5, R6, R7, SO, S1)

943 (s2, s3, s4, s5, s6, s7, TO, Tl)

944 (T2, T3, T4, X(A), Y(A), Z(A))●
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VIII - FORMULAS OF INITIATING CODE MCI DIFFERING FROM THOSE OF CODE

MCA

XOO 8 816
Xol SX04 77
X02 rsx4975
X03 c 2
X04 o 937
Xo> o 2
X06 4 6LQO0
X07 TSX4974

Xl o o 2

X11 o 937
X12 o 2
X13 4 61QO0
xl+ LXA4QOZ
X15 7D034X20
X16 CLA C20
X17 r SX4906

X20 LXA4CJ03
X.?l 7uG44X24
x22 CLA C21
.X23 TSX4906
X24 LXA4Q04
X25 70054X30
X26 CLA C22
X27 TS.X4906

X.30 LXA4U05
X31 7LI064X34
X32 CLA C05
x33 rsx4906
X34 LXA4Q06
x35 7U074X40
X36 CLA C23
X11 T5X4906

X o o 8 817
Xol Ktiti 7
X02 1SX4977
.K03 c 7
x04 O1O12X+7
X05 G1022X5O
Xob 0AJ62K0
X07 O1O32R3

Xltj O1O42R4
Xll O1O52R5
X12 01C62!t6
X13 C1072U7
X14 OL1OZSO
X15 01112s1
xl” C1122S2
X17 01132S3

X20 C1142S4
x21 u1152S5
X22 01162s6
X23 01172S7
X24 0120210
X25 01212T1
x.26 o1222r2
X2/ 01Z32T3

X30 01242T4
X3L 01252M0
X32 01262M1
x33 (JL272M2
X34 01302M3
X35 01312M4
X36 41322932
X3? UEF 7

X40 TSX4977
X41 o 7
X42 42012x47
X43 WEF 7
X44 REM 7
X45 LXD4457
X46 TiiA4 1
X47 O 62 A62

X50 o 7 (io7

X o o 8 d20
Xol SXD4XS2
X02 TSX4974
X03 o 1
X34 e ‘)36
X05 o RO
Lob o lt3
X07 o R4

Xlo o Rb
Xll c R6
X12 o R?
X13 o so
X14 o SL
X15 o 2
XL6 O 943
X17 o S2

X20 o S3
X21 o S4
x22 o S5
X23 O S6
X24 O 57
X25 o ro
X2b O rl
x27 O 2

X30 o 944
X31 o rz
X32 G T3
X33 o T4
X34 o L3
x35 o Z1
x36 O L2
X37 o 3

X40 4 611AO0
X41 T’JX4975
X42 O 2
x43 o 940
x44 4
x45 TbX4974
X46 O 1
x47 4 740

X50 LX04X52
X51 TkA4 1
X52 HT17
X53 8 LX50
x54 PSE 164
X55 rRA X51
X56 rsx4974
x57 o L

X6a O MO
X61 O Ml
X62 O M2
X63 O M3
X64 4 R4
X65 LXD4X52
X66 TRA X51

FIlccozm“PRIME”
(TOSETP/UllO_BLOX
AOOPRIORTODATAASSIGN)

X o o 8 d 50

X O L CLA LO1
Xoz Sfo A36
X03 CLA L02
XC4 STC A54
XO!a CLA L03
Xob S10 A46
Xo 7 STG A34

X1(I AGO 401
X11 sro 100
X12 CLA LC4
X1.3 SrC A25
x 14 CLA L05
X15 STO A56
X16 CLA L06
X17 sro A57
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X20 LXA4401
X21 CLA L02
x22 SUB C23
X23 IMI X25
X24 1 14X22
X25 PXD4
X26 ARS 22
X27 s w

X3(2 STO A4”r
X3L SSP
X32 AOO 401
X33 ALS 2
X34 SrO A24
.435 LOU 100
X36 f4PY A47
X37 STCi 100

X40 CLA 100
x41 SSP
X42 STO A23
X43 rsx4970

X44 ● 4850

x45 ● 860

X(JO 8 850
Xo 1 TSX4355
X02 TSX4L!O0
XOJ TSX4t101
X(J4 rsx4802
X05 TSX4d55
XL16 TSX4803
X07 1SX4M06

XLO TSX4804
Xll NLJP
X12 TSX4977
X13 (J
X14 01151S62
X15 (JL17LT0
Xlb 0122LT3
X17 01251M0

x20 01271M.2
X21 01301M3
X22 4131LM4
X25 NOP
X24 STZ 006
X25 CLA A25
X26 sro MOI
X21 TSX4374

X30 c 1
X31 4 935
X 32 REM 2
x33 TSX4855
X34 TSX4815
X35 CLA MOL
X36 SU13 401
x%? STO 801



Xfto
X41
X42
X43
X44
x45
X46
x47

X50
X51

X52

TNZ X33
CLA B06
S7D ML*
ARS 22
S1O Q03
TSX48L6
T5X4817
TSX4820

H[,R
Tsx4970

● 4850

XOO 8 860
Xol TSX497L
X02 0DC131A0
X03 0D171F0
X04 00171F1
x05 0Q021M0
X06 01)041M1
X07 0Q041M2

Xlo OQ051M3
X11 OQ061M4
X12 0A461R0
X13 OA461R1
X14 0A542U2
X15 0A46LR3
X16 0A54LR4
X17 OA231R5

X20 0A231R6
X21 0A541R7
x22 OP.541S0
X23 OA541S1
X24 0A541S2
X25 0h241S3
X26 OA461S4
X27 0A251S5

X30 0A261S6
X31 0A541S7
X32 OA261i_0
x33 0A54LT1
X34 0400LT2
X35 OA261T3
X36 0A541T4
x37 0A471Z0

X40 0A461Z1
X41 0A46LZ2
X42 0A461Z3
X43 4A461Y6
x44 TSX4970

x45 ● 4860

X46 ● 906

XOO 8 865
Xol TSX4974
X02 o 2
X03 O 57LAO0
X04 o 2
X05 O 61800
XOb O 2
X07 o 151L55

Xlo 4 2
Xll rsx4975
X12 o 941
X13 4 3
X14 HPR
X15 PSE 163
X16 TRA X26
X17 CLA AO*

X20 Sm X30
X21 SXDIAO*
x22 TSX4974
X23 4 AO
X24 CLA X30
X25 STO AO*
X26 LXD4457
X27 TRA4 1

X30 HTR

X31 ● 850

XOO 8 905
XO1 8A0 480
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