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ABSTRACT

The RAFFLE code is a three-dimensional general purpose Monte Carlo program for
the solution of static neutron transport problems. It is written in FORTRAN IV and is
presently operational on the IBM 360/75 computer. Either fission source iteration or
external source problems can be solved. The external sources can be distributed volume
sources or current sources defined on specified surfaces, and these sources can optionally
generate fission daughters. Groupwise reaction rates and fluxes for up to 100 energy groups
can be obtained for all regions of interest, Instead of reaction rates, cell averaged groupwise
cross sections together with P and Py transfe_r'.mairices can be obtained in addition to the
fluxes. Multiplication factors, lifetimes, and generation times are also computed. For each
RAFFLE estimate, the fractional probable error is also given. Optional multiple thermal
groups make RAFFLE suitable for studies of complex thermal or coupled fast-thermal
systems. Groupwise currents from any region to any adjacent region can be calculated.
RAFFLE has the capability of handling all practical geometrical models. Detailed spatial
information can be produced by use of small regions, or edits can be obtained for sets of
regions to show averaged behavior. In the same way, groups can be combined into group
sets. RAFFLE can use either multigroup or pointwise cross section data. A combination of
the two types can also be used. Hence, cross section data can be extremely detailed if
required, or they can be very coarse. Inelastic discrete level and evaporation model
scattering; resolved resonance absorption, scattering, and fission; and elastic scattering with
any degree of anisotropic angular scattering can all be treated. Three scoring techniques and
a number of biasing options can be selected to make the Monte Carlo procedures of
RAFFLE effective for a wide variety of problems. '
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SUMMARY
The types of neutron transport problems solved, the scoring and biasing options, the

reactor physics treatment, and the output data are reviewed in an introduction that
acquaints the user with the capabilities of the RAFFLE general purpose Monte Carlo

program.

The transport and collision events that comprise a neutron history are discussed with
emphasis on the relations between the Monte Carlo and reactor physics aspects of the
simulation. This presentation includes physically oriented explanations of the various
scoring and biasing options available in the code. Selection of a scoring technique and
effective use of the biasing options are first considered in relation to the type of problem
being solved. Then more specific guidelines are given to assist the user in, preparing the input
data to select biasing options and parameters that yield reliable answers in a reasonable
amount of computer tlme ‘

RAFFLE uses regions defined by surfaces to describe the geometrical model for a
problem. A second geometry consisting of regularly shaped zones is used to reduce the
computational time for assigning events to regions; four zone geometrles are available. The
procedures for using these geometrical descriptions and selection of the proper zone
geometry so that the program can perform efficiently are thoroughly explained.

Detailed instructions for preparation of the problem input data are presented. The use
of these instructions is clarified by three sample problems together with a step by step
explanation of their preparation. The formats for the cross section data are presented, the -
use of cross section data in the RAFFLE calculations discussed, and the numerous options
for the problem cross section libraries considered.
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THE RAFFLE GENERAL PURPOSE MONTE CARLO CODE
I. INTRODUCTION

The RAFFLE Code is a general purpose Monte Carlo neutron transport code.
RAFFLE can solve iteration type problems to obtain the multiplication factor (k) and
normal mode fluxes, or it can solve external source problems. The external sources may be
distributed volume sources of any shape or may be incoming currcnt sources specified on
particular surfaces. The current sources may have any energy and angular distributions. ¥or
external source problems, fission daughters can be subsequently generated from the source
neutrons. For any type of problem, the neutron slowing down treatment can be as detailed
as desired. Inelastic discrete level and evaporation model scattering; resolved resonance
absorption, scattering, and fission; and elastic scattering with any degree of anisotropic
angular scattering can all be treated. Multiple thermal energy groups are optional and can be
used for thermal systems. Also, for resonance problems, temperature can be spatially

depcndent.

The output edits from RAFFLE can be quite detailed for those problems where detail
is of interest. Multiplication factors, lifetimes, and generalion times arc obtained for
iteration type problems and external source with fission problems. Groupwise fluxes,
absorption rates (resonance and nonresonance), and fission rates (resonance and non-
resonance) are output for all regions of interest. The groupwise structure is quite arbitrary
and the regions may be made as small as necessary to obtain fine spatial detail. The regions
and groups may be lumped into region and grbup sets to account for symmetry or to obtain
integrated or average behavior. Groupwise currents from any region to any other region may
be obtained. For cell type problems, the cell averaged absorption cross sections, fission cross
sections, and total scattering cross sections can be obtained. These cell cross sections can be
obtained with regard to any group structure. In addition, for these cell problems the
complete groupwise P, and Py transfer matrices can be obtained. For all the output

quantities edited, associated fractional probable errors are also printed out.

A specific.- RAFFLE computer run is terminated either by satisfaction of a
convergence criteria or by satisfaction of a maximum run time. A problem can be run until
the fractional error on the multiplication factor, a region flux, or a region and group flux
decreases below a specified input value. A problem can also be terminated when the
maximum fractional error of a set of fluxes decreases below the input value. Instead of
terminating upon convergence criteria, a particular computer run can be terminated when a

given run time is achieved. For this type of termination, a complete output edit is given
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upon termination. A combination of termination criteria may also be used, where the
computer run terminates, either when convergence criteria are satisfied or when the given

run time 1s achieved.

The geometrical capability of the code is restricted to decrease computer time, but
retains enough flexibility so that all practical geometrical models can be handled. After an
arbitrary reference coordinate axis is selected by the user, any of the following surface types

can be combined to describe the particular model.

1. Plane surfaces parallel to the z axis. These include plane surfaces
perpendicular to the x or y axis and plane surfaces perpendicular
to the x, y plane, but oriented al any angle.

2. Plane surfaces perpendicular to the z axis.

3. Cylindrical surfaces of any radii, with their axes parallel to the z
axis.

4.  Spherical surfaces of any radii.

On the exterior surfaces of the problem, albedos may be set equal to 0.0 or may be set
equal to 1.0. For those surfaces with albedo 0.0, the neutrons escape into the surrounding
space and do not reenter. For those surfaces with albedo 1.0, the neutrons reflect back into
the pertinent region, the neutron having no energy change but having simply a new direction

that is a mirror reflection of the incident direction.

Unlike most other Monte Carlo Codes which contain only one scoring technique, the
RAFFLE Monte Carlo Code has the feature of containing three scoring techniques, any of
which may be used for a particular problem. The path technique uses a Richtmeyer-type
estimator, which is essentially an averaged path length estimator, and is the scoring
technique well suited to most problems. The second scoring technique which may be used is
the ray technique, where flux contributions are computed to all regions along the scattered

- direction of the neutron. The last scoring technique available is the KENO teéhnique, in
which cross sections of all regions are made equal and delta-type scattering is allowed. The
flexibility of containing three scoring techniques allows the RAFFLE Code to solve a wide
class of problems in the most efficient manner. Use of the correct scoring technique may

save 50% computer time in particular problems.

_ For the neutron transport calculations, the RAFFLE Code uses both multigroup cross
sections and pointwise cross sections. Multigroup -macroscopic cross sections are used to

determine the locations of collisions of the neutrons, and are used to determine the
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particular isotopes off which the neutrons scatter. 1f the problem contains inelastic
scattering, pointwise microscopic cross sections (in energy) are then used to determine
whether the scattering is elastic or inelastic, and if inelastic, the particular discrete level or
evaporation level involved. For the pointwise cross sections, linear interpolation is used
between the values read in. This pointwise treatment is used only in those energy- ranges
containing inelastic scattering; if the problem contains no inelastic scattering, the algorithm
determining the mode of scattering is bypassed and transfer is made directly to the elastic

scattering subroutine.

As a result of this combined use of multigroup and pointwise cross sections, the
spatial effects are'in essence determined from the multigroup cross sections while speétrum
effects are detcrmined from the pointwise cross sections. The use of multigroup and
pointwise data combines the efficiency gained in computer time from use of multigroup
data with the accuracy and fine detail gained in spectrum effects from the use of pointwise .
data. The treatment of fine spectrum, or scattering effects is partiéularly irriport;int in fast
reactor calculations and resonance calculations. Furthermore, as up to 100 Agro.ups can be

used, there is no appreciable loss of accuracy in the multigroup portion of the treatment.

Along with the spatial coordinates, a continuous energy, direction, and time variable is
associated with each neutron. With use of the pointwise cross section representation,
discrete level inelastic scattering is handled precisely. Evaporation model scattering, with an
allowable energy-dependent temperature, is also handled. For either type of inelastic
scallering, isotropic scattering in the laboratory frame is assumed. The (n,2ﬁ) type
interactions can also be handled, with a separate evaporation model spectrum used for the
energy of the two emitted neutrons. For the elastic model of scattering, any degree of

anisotropic scattering can be treated. The actual cosine scattering distribution, in either the

- center of mass or laboratory frame, is line-fitted to as fine a detail as desired. Since the

energy variable is continuous, the scattered energy is exactly determined once the scattering

cosine is determined.

RAFFLE treats the resolved resonance interactions by use of -the single level
Breit-Wigner formula for the pointwise cross sections which are then Doppler-broadened
using a Maxwellian distribution for the nucleus velocity. This resonance treatment can be
applied for scattering cross sections, absorption cross sections, and for fission cross sections.
In addition to a resonance contribution, a cross section may also have a smooth
contribution. Since a continuous energy is associated with each neutron, the resonance
contributions, from all isotopes within the material, are exactly computed at every neutron

energy point. Each isotope may have an arbitrarily large number of resolved resonances, and




at a particular neutron energy contributions may be computed from as many neighboring
resonances as deemed necessary. At present, RAFFLE has no special unresolved resonance
treatment; unresolved resonances, if present, can be treated analogously to the resolved
treatment, or can be treated by a pointwise representation of the cross sections, or they can
be added to the smooth contribution.

Finally, the RAFFLE Code contains standard biasing techniques which may be used
for particular problems to decrease the computer running time. Weight reduction, in which
at a collision a neutron always undergoes a scattering, may be used. Neutron splitting may
be used in those regions where more accurate, detailed information is desired. Russian
roulette may be used in those regions of little concern, or may be used in those regions with
high scattering properties. In RAFFLE, Russian roulette may be played in various degrees,
dependent upon the particular group and region.

Many of the geometrical routines in RAFFLE were taken directly from the PMC
general purpose Monte Carlo program written by R. A. Grimesey, C. W. Berner, and S.
Tong[l]. General references for this report are Cashwell and Everett[2]', Spanier and
Gelbard[3], and Wilks[4].
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II. THE MONTE CARLO OF RAFFLE
1. NEUTRON TRANSPORT TECHNIQUES

Iﬁ RAFFLE individual neﬁtrons are followed from their birth to their death, where a

death is an absorption or leakage from the system. The following of a neutron incorporates

(a) Lhe choosing of sites of collision for the individual neutron, (b) at the collision sites
choosing the type of interaction undergone by the neutron, and (c) at the scattering
collisions choosing the scattered energy and direction for the neutron. The complete “trace”
of an individual neutron is called the neutron history; the neutron history is thus_th¢
individual neutron collision sites, the individual interactions undergone by the neutron at

the collision sites, and the new directions and energies at the scattering collision sites.

Scattering

Birth Collision

Site Absorption |

Scattering
Collision

A Neutron History

The Monte Carlo technique selects a particular neutron history for an individual
source neutron, a source neutron simply being a neutron born at some site. The particular
neutron history is selected by means of probability distributions which are determined from
the reactor physics of the problem, -and the particular neutron history yields particular
values for the fluxes, reaction rates, etc. These particular values are termed estimates. After
a particular neutron history is determined and followed, a new source neutron and a new
neutron history are then chosen and likewise followed. The new neutron history yields
second estimates for the fluxes, reaction rates, etc. A large number of source neutrons and
associated neutron histories are analyzed in this manner and the resulting individual

estimates are averaged to yield the final results from the Monte Carlo simulation.

The first task in determining a particular neutron history is to select a birth site and

the source neutron energy and direction. Let the neutron source distribution be S(r,E,&2),




where T is the spatial coordinate (x, y, z), E the énergy, and £ the angular direction[2] . The
source distribution is that which would be used in the reactor physics calculation for the
problem and is given. It may be a specified external source or may be the fission source
from the previous k iteration. By a simple selection, a particular set of source neutron

coordinates (r,, E, §,,) is chosen from the normalized source distribution &(r, E, £2)

s(r,E,Q)

A'(;sEyﬁ) = )
EO
[ av [ dE [ 4o s(r,E,d)
\Y o 41

This selection of particular values from a distribution is done by means of numerical
algorithms in the same way as, for example, a particular number is chosen from a normal
distribution. The particular coordinates chosen (r, E,, &) are the birth site 1, the source
neutron energy E, and the source neutron direction ﬁo for the beginning of the particular
neutron history. .

From the reactor physics, given an original position r,, and energy E,, and a

07
direction £, the probability that the neutron has its first collision at some distance s from

this original site f(s)ds is

: s
f(s)ds = exp (—]Z(s')ds') £(s)ds
o

where Z(s') is the total macroscopic cross section at distance s' from r,, along the direction

Q

0’
E(s') = o(rg +.5'Q) .

L) + sﬁ
First

- Collision
To Site
Original

Site

Since the macroscopic cross section Z(s') is basic data and is known, f(s) is known and a
particular distance s may be chosen from. f(s)ds by use of numerical algorithms. Given a o |

particular distance value s, the neutron is advanced to the site of its first collision Iy + sQO.

[a] Time independence is assumed.



From reactor physics again, the neutron flux ¢ is defined to be the total number of
path lengths in a unit volume per unit time; ¢dV dt = nv dV dt. The quantity v dt is the path
length of a neutron in time dt, and this quantity times the total number of neutrons in.dV
gives the total flux in dt and dV. The neutron flux is therefore physically the neutron path
length. In the neutron transport fromr to r, +s£2,,, its path length is the particular chosen
distance s and, hence, the flux contribution is s. In the RAFFLE Code, fluxes are computed
regionwise (integrated over the region volume) and groupwise (integrated over group energy
limits). Therefore, the group g corresponding to E is first determined by RAFFLE, Eg <
E, < Eg+l , where Eg
traversed by the neutron is going from r, to r, + s are noted and the portion of s, sp, in

are the group cutoffs 1nput by the user. Those individual regions, h,

each region is determined. Each contrlbutlon Sp, 1s stored as the estimate for the regionwise
and groupwise flux ¢ gh- Analogously, the regionwise and groupwise reaction rates estimates

are shE where X is the pertinent reaction rate macroscopic cross section in region h.

Region h,

Sh, is .the flux ¢gh1

Sh, is the flux ¢gh,
Sh, '

Shy 1s the flux bghs

Sh 1+s1-,2+sl,13 =s

Region hy Region hj

For all the path lengths of a neutron history and for all the neutron histories processed,
these flux estimates s}, and reaction rate estimates s, Z are cumulatively added in the proper
region h and group g storage locations. The sum tallies divided by the number of neutron
histories processed gives the final fluxes ¢gh printed out by RAFFLE.

Returning to the individual neutron history, with the flux estimates tallied for the
first transit, the neutron coordinates are u_pdated to the values _ro + s?lo, EO, 8—20; i.e., the
neutron is now at the site of its first collision. At this collision point, the type of interaction
the neutron:undergoes must be determined, and if the interaction is a scattering, the new
scattered energy and direction must be chosen. It should again be emphasized at this point

that the interaction chosen and the new energy and direction if the neutron scatters are all




particular* values. There is no generaliiation here; the Monté Carlo techniques choose
distinct values to simulate one example of neutron trajectory. Many individual examples are
simulated and averages are taken of the individual flux and reaction rate contributions to
yield the final results.

Let us proceed with our one neutron history. The algorithms used to choose the
particular interaction and possible scattered energy and direction at the site r,, + s, are
discussed in the next section. However, one can see that if the interaction chosen is an
absorption interaction; the neutron history is simply terminated and-a new source neutron is

chosen [from’s(r,E,£2)], which is the beginning of a new neutron history.

Let us assume a scattering interaction has been determined as the type of interaction
undergone and assume a I:;articular new scattered direction £ and energy E; have been
chosen for the neutron. The new coordinates of the neutron are now €1, Ey, andry =1, +
s&,. This scattered neutron can be treated precisely as the source neutron in determining
the site of its next collision (now the second collision). The distribution f(s)ds is used to
determine a particular value s and the neutron is advanced to the site ry +s§2y of its second
collision. Flux estimates are obtained from this new path length in exactly the same way as
for the first path length. At this new interaction site, decisions are made as to the type of
interaction undergone, and so forth. The whole Monte Carlo process thus repeats itself, with
the energy and direction updaited at every scattering collision and with the position
coordinate updated from f(s)ds.

The remainder of this section deals with the particular algorithms used in RAFFLE
for the distribution f(s)ds. For a general understanding of the Monte Carlo techniques in
RAFFLE the reader may skip this remaining discussion and may go to the next section
which describes the treatment of the collisions within a neutron history. There will be no

loss of continuity.

The particular algorithms used in RAFFLE to choose a distance of value s from f(s)ds

are simplified because of the allowable region descriptions. A region is simply a particular
three-dimensional volume; all individual regions in RAFFLE must be homogeneous in
composition. Any two regions may have different isotope concentrations, but in one given
defined region the concentration must be constant. Hence, the macroscopic cross sections in

aregion are constant with regard to position. For a constant cross section f(s)ds becomes
f(s)ds = exp(-Ih s) Iy ds

where I, is the constant total cross section for region h.
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Therefore, in RAFFLE, after choosing the source coordinate values r, E, Q,, the
particular region h in which T is located is determined. The cross sections used by RAFFLE
are groupwise and hence the group g corresponding to E is next determined. The total
cross section for the region and group Eh,g is then retrieved from storage. The distributiqn

which will be used to determine s is thus finally
f(s)ds = exp(-Zh,g s) lh,g ds .

If the problem contains resonances, the resonance contribution to the total cross section is

incorporated in Eh,g'

Before the distance to the collision is chosen from f(s)ds, the distance to boundary
must be first calculated to determine whether the neutron totally escapes the region for a
particular value of s. Now, the particular region h, in which ?0 is located, is bounded by
various defined surfaces (the surfaces are defined by the user as the later sections explain).
Given the boundary surfaces for the region h, the distance to boundary dy, is simply that

distance T, along the direction £, to the corresponding boundary surface.

Bounding Surface
of Region h

This distance to boundary dy, is the furthermost distance the neutron can travel before it
escapes region h. With the bounding surfaces for region h known, the distance to boundary
dy, is straightforwardly computed by means of standard vector analysis.

Once dy, is computed, the algorithm determining the neutron’s distance to collision
proceeds as follows. A particular value s _is chosen from the f(s)ds distribution (using Eh,g)'
If this value s is smaller than dj, the decision is made that the neutron has a collision in
region h, at the point r, + sQ . The computation for the neutron history then proceeds to
the algorithm treating a neutron collision (described in the next section). If the value s is
greater than or equal to d}, the neutron position is advanced tor, + d}, £, and the neutron
has no collision in region h. For either of these possibilities a flux contribution is tallied for
region h; for s < dh, the flux contribution ((bgh) is s, and for s > dy, the flux contribution is
dy,.




Fors > dy, after the neutron position is advanced toT) =T, + d}, &, the neutron of
new coordjnates_rl, Egs 'ﬁo is treated exactly like the original source neutron (coordinates
?0, E,» 370). The new region in which the neutron is located h', is first determined (h' is the
region “on the other side” of the bounding surface to which the neutron was advanced).

The distance to boundary for this region, dy,', is next computed.

Mew Bounding Surface
for dy+ Calculation

Region h'

A distance to collision value s' is chosen from the distribution f(s')ds', where now

' v _ (_y !
f(s')ds' = exp( Zh,,‘gs') zh',gds'

If s' < d}, the neutron is advanced to the pointTy +s' £, and the neutron has a collision in
region h’. Computations proceed to the collision treatment algorithm. If s' > dyr, the
neutron is advanced to the new positiont) +s' _Qo and suffers no collision in region h'. The
distance to collision computations proceed in this manner until the neutron eventually

undergoes a collision or eventually escapes from the system.
2. COLLISION TREATMENT TECHNIQUES

For the treatment of a particular collision in a neutron history, the neutron has
coordinate value T, E, ¥ entering the collision. For a source neutron undergoing its first

collision, the coordinates T, E, & are the values r, + s&, E,£,,. In general, the particular

T,

o
values T, E, & are those determined by the previous computations. From reactor physics, for
a neutron with incident coordinates T, E, £, the probability that it undergoes a scattering

collision py is _
pPs = ZS(r:E)
S I(%,E)

where Z(r,E) is the scattering macroscopic cross section and Z(r,E) is the total collision

macroscopic cross section (scattering plus absorption). The probability that the neutron .

undergoes an absorption, p,, is

= Za(f,E)4

Pa T I(%,E)
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N




where Ea(F,E) is the macroscopic absorption cross section at T and E. Since the neutron
must either scatter or be absorbed
Patps =1

Therefore, considering ps and p,, an analog procedure can be simply used to select either a
scattering interaction or an absorption interaction for the neutron. This analog procedure
simply consists of selecting a random number p from a uniform distribution over the
interval from 0 to 1. If p < Ps> the neutron undergoes a scattering; if p > pé’ it is absorbed.
If an absorption interaction is selected, the neutron history is terminated at this point and a
new neutron history is followed. If a scattering interaction is selected, the particular isotope

off which the neutron scatters must next be determined.

Instead of using an analog procedure to select the type of interaction, absorption or
scattering, “weight factors” can be used. To understand the use of a weight factor, assume
that instead of one neutron undergoing a collision, one had N neutrons undergoing a
collision, all having the same incident coordinates 1, E, €. Out of these N neutrons, an
average of Np, neutrons would undergo scattering collisions. This same number of scattering
collisions Npg would be obtained if one assumed all N neutrons underwent scatterings, but
only a portion of each neutron, pg, emerged from every scattering. Since averages are

computed in a Monte Carlo simulation, this average reasoning is valid.

By the above reasoning one can therefore say that whenever the individual neutron
undergoes a collision it always undergoes a scattering and never is absorbed. The neutron
“weight” emerging from the collision is, however, not unity but p,. For the weight
treatment, a neutron weight w is thus associated with the neutron as it proceeds along its
history, and is updated after every collision. The source neutron is initially assigned a weight
of unity, w,, = 1. The weight of the neutron emerging from its first collision is pg, which can

be written as w,pg, where w, = 1 is the incident neutron weight (i.e., the original source

neutron weight). After the fi;)st collision, the weight of the neutron is wy = w,p,. At the
second collision, the weight of the neutron emerging is wypg, where pg now is the value at
the coordinates of the second collision. In general, the weight of the neutron emerging from
a collision is wpg, where w is the incident neutron weight and pg is the probability of
scattering at the collision. With this weighting technique, the individual flux contributions
are then wsy,, instead of s}, where s, is the path length described in the previous section and

where w is the neutron weight currently assigned the neutron.

This collision weight treatment for the individual neutron histories can be rigorously

proven to involve no approximations in the final results obtained. For slowing down type
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problems, the advantage of the weight treatment is that a neutron history is never
terminated due to the neutron being absorbedl3] . Hence, each neutron history will yield
flux and reaction rate contributions at low energies relative to the source energy. The analog
method (choosing whether the neutron was absorbed or scattered), on the other hand, will

usually terminate the neutron history before reaching these lower energies.

In RAFFLE, the user has the option of either using the analog method or the weight
treatment method for the collisions of the individual histories. For problems in which lower
energy fluxes contribute to the results, it is best to use the weight treatment techniques
(e.g., epithermal, thermal, or resonance problems). For problems in which the source fluxes
-contribute most, it is best to use the analog téchnique (e.g., small fast spectrum systems). In
general, the weight technique is efficient for all classes of problems and is the “safest™
technique to use for any problem. Even for small fast spectrum systems, ideally suited to

the analog method, the weight technique is still reasonably efficient.

Whether the weight technique or the analog technique is used, given the neutron has a
scattering, the next task is to determine the particular isotope off which the neutron
scatters. From reactor physics again, given a scattering of the neutron with incident
coordinates r, E, §2, the probability that the neutron scatters off isotope i, p;, is

by = pher)
s(T,E)
The quantity Z,(r,E) is the macroscopic scattering cross section for isotope i at the point r.
All the isotopes which are present at the point r must be considered, and since the neutron .
must scatter off one isotope, given it does scatter,
Py, + Pi, LRI Pi = 1
where ij, ig, etc., refer to the isotopes present at point r. Since the values p; »-Pj  are given
from the cross section data, a straightforward selection algorithm'is used in RAFFLE to
determine the particular isotope off which the neutron scatters. This analog selection
procedure consists of selecting a random number p from a uniform distribution on the
interval from 0 to 1. The random number is then successively compared to the values P
Piy + Pig» Piy + Pig + Pigr When p < Piy + Pig ..+ pik,the isotope iy, is then chosen as

the isotope off which the neutron scatters.

Once the isotope is chosen, say isotope i has been chosen, then a decision must be
made whether the scattering is inelastic or elastic. The probability of an inelastic scattering
off isotope 1, p:.., is

p pm ] _ Oin (E)
Pin o (E)

[a] In practice and for efficiency, the neutron is terminated when its weight drops below
a “cutoff” value. In RAFFLE, Russian roulette is used which involves no loss of
information when the neutron is terminated. This procedure is discussed in the next
section.
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and the probability of an elastic scattering, pgj, 18

_ 9e1(E)
Pel = OS(E)

The quantities 0;,,(E), 0.(E), and o (E) are the microscopic inelastic, elastic, and scattering
cross section, respectively, for isotope i at neutron energy E. Another simple selection
algorithm incorporating p;, and p,] is therefore used to select the mode of scattering off

isotope 1.

If an elastic scattering is chosen, a value for the scattered energy E' of the neutron and
a value for the scattered direction £' of the neutron can finally be determined. The
scattering cosine u in the center of mass frame is first chosen from the. distribution f(u)du
where f(u)du is part of the basic data which is input for the isotope. In RAFFLE, there are
no isotropic approximations needed for f(u)du; it can be dependent upon the incident
energy E and can be of any anisotropic form. The f(u)du distributions input to RAFFLE
can be taken directly from basic ENDF data.

Once a value for the scattered cosine is chosen, say u, a value for the scattered
azimuthal angle ¢ (in the center of mass frame) is chosen from an isotropic distribution
d¢/2I1. In RAFFLE, values for ¢ and u are selected by means of direct sampling procedures,
analogous to the previous procedures described. For u, f(u)du is used directly and no
polynominal expansions are used. Given u and ¢ values and given the neutron incident
direction §, the scattered direction of the neutron Q'is thus determined. Likewise, the

scattered neutron energy E'is determined by means of the formula

_E@% +2ap + 1)
(A + 1)< ’

where E is the neutron incident energy E and A is the mass number of isotope i. For an

E'

elastic scattering, the scattered energy and direction are thus determined and the collision

treatment is completed.

If an inelastic scattering is chosen, a further decision must be made as to whether the
inelastic scattering is an evaporation model type or a discrete level type. The ratios
0ey(E)/ 0 (E) and oy (E)/0;, are consequently used for still another analog selection
procedure, where 0, (E) and oy (E) are the microscopic evaporation model and discrete
level cross sections, respectively, for isotope i. At this stage, the scattered energy and

direction of the neutron can be determined.

If an evaporation model scattering is chosen, the final energy E'is chosen from the
distribution f, (E')dE', where

1 _pt :
foy(EVAE' = L= 7 Magr
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where T is the energy dependent temperature for the isotope. The scattered direction Q' is
then chosen from an isotropic distribution in the lab frame. Both these selections are made

by means of analog procedures similar to those previously discussed.

If the inelastic scattering is a discrete level type, the particular level involved in the
scattering is determined from the ratios o ¢ (E)/oy (E), where 0.y (E) is the microscopic cross

section for level & of isotope i;

XL: 0 (E) = op (B) .
The ratio 0 ¢(E)/o(E) is the probability that the neutron scatters by means of the
particular level 2. Using the same type algorithm as for the previous analog selections, a
pafticular level £ is chosen. Given 2, its associated discrete energy change AE. 2, is given

as basic data and the scattered energy of the neutron E' is consequently given;
' = -—
E' = E - AE Lo

The scattered direction ' is finally chosen from a distribution which is isotropic in the lab

frame.

Values for the scattered energy and for the scattered direction, E' and Q', are thus
determined for the neutron, whether it has undergone an evaporation model scattering, a
discrete level scattering, or an elastic scattering. The collision treatment is thus completed

for any mode of scattering decided upon[a] .

[a] The above discussion assumes non,2n type reactions. The incorporation of this
interaction follows along the same lines as discussed above. RAFFLE can handle n,2n
type interactions, with a weight treatment used for the multiplication.

14




III. GEOMETRICAL DESCRIPTION OF THE PROBLEM

1. PHYSICAL VOLUME DEFINITION

To set up a RAFFLE Monte Carlo run, the geometrical surfaces and regions of the
problem must first be described. All problems are three-dimensional; one- and two-
dimensional problems must still be viewed as three-dimensional. For these one- and
two-dimensional problems, albedos on particular surfaces are set equal to 1 to account for
the one- and two-dimensionality of the problem. For example, problems of infinite extent
in the Z direction would still be given a finite Z height and albedos on the two Z surfaces
would simply be set equal to 1 to account for the infiniteness. Problems containing
symmetry can be treated by considering only a symmetrical portion of the problem with

albedos set equal to 1.0 on the surfaces of symmetry.

To set up a problem, the user must define the complete three-dimensional physical
volume of the.problem. The complete physical volume is the geometrical extent of the
problem, incorporating the various regions and surfaces of the arrangement to be analyzed.
It is recommended that a three-dimensional illustration of the problem be drawn by the
user. This may include projected views, cross section illustrations, or any other drawings
which aid the user in describing the problem. To illustrate the physical volume description,
consider a cell of a single rod surrounded by moderator as shown in Figure 1. The cell is
infinite in the Z direction. The rectangular volume would be the complete physical volume
for the problem. Albedos of 1 would be assigned to the x, y, and z plane surfaces to account
for symmetry and infiniteness in the z-direction. The actual z-height of the rectangle can be

Fig. 1 Physical volume of a cell problem.
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arbitrarily assigned because of the unit albedos; however, a finite definite height must be
assigned, and the complete physical three-dimensional value for the problem would again be
the solid rectangular volume illustrated. For a complete reactor problem, the three-
dimensional physical volume of the problem would be the complete three-dimensional
physical volume of the reactor.

2. SURROUNDING VACUUM REGION DESCRIPTION

After the physical volume of the problem is defined, a vacuum region surrounding the
physical volume must be defined. This vacuum (or “fictitious™ region) is needed solely
because of the search algorithm used in RAFFLE; the neutrons, for example, will never
enter this vacuum region if albedos are set equal to 1.0 on the outer surfaces of the physical
volume. For this cell problem, a surrounding vacuum region could be defined as shown in
Figure 2. The vacuum region in Figure 2 is the rectangular volume surrounding the physical

volume (the larger rectangular volume minus the physical rectangular volume). The outer

/

plane surfaces define the extent of the vacuum region.

Fig. 2 Vacuum region for the cell problem.

The vacuum region may be of any shape as defined by its outer surfaces, but it must
totally enclose the physical volume of the problem. For ease of input description, the
vacuum region should be a simple shape, such as the box-shaped region shown in Figure 2.
All dimensions in RAFFLE are in centimeters (cm), and the vacuum region outer surfaces
(the outer plane surfaces of Figure 2) should be at least 1 cm from the physical volume
surfaces (that is, the vacuum region’s thickness should be at least 1 cm).

As another example of defining the physical volume and surrounding vacuum region,

consider the GODIVA spherical reactor as a problem. The physical volume would be the
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GODIVA reactor itself. A suitable, simple surrounding vacuum region would consist of a
sphere of larger radius as shown in Figure 3. The actual vacuum region is that portion of
space contained between the GODIVA outer spherical surface and the spherical surface of
radius R. The radius R may be of any size, as long as it is at least 1 cm greater than the
radius of GODIVA. The shape of the vacuum region is again of no consequence; instead of a
larger spherical region, GODIVA could have been enclosed in a box-shaped vacuum region as

in Figure 2.

Vacuum Region

——__GODIVA Reactor
(the physical volume)

Fig. 3 A spherical reactor with a spherical vacuum region.

- 3. COORDINATE AXIS CHOICE

Once the physical volume and vacuum region have been identified, a set of coordinate
axes must be chosen for the problem. The coordinate axes must be chosen such that the
physical volume and surrounding vacuum region are in the first octant of the coordinate
system. That is, all points (x,y,z) within the physical volume and vacuum region and all
points (x,y,z) on the outer surfaces of the vacuum region must be such that x> 0,y>0,z >

0.

Figure 4 depicts a possible choice of coordinate axes for the cell problem
configuration of Figure 2. Any choice of coordinates is correct as long as the entire problem
volume (physical plus vacuum) lies in the positive coordinate octant. Usually, for
convenience, the coordinate axes (0,0,0) coincide with an outer point of the vacuum region.

Figure 5 illustrates this possible choice of coordinate axes for the cell problem.

In the succeeding detailed definitions of the surfaces and regions of the problem, all
representations will be made with respect to these coordinate axes chosen; the coordinate
axes will serve as the coordinate system by which all surfaces and regions in the physical

volume and vacuum region are described.
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Fig. 5 The conventional rectangular coordinate system.

4. SURFACE DESCRIPTIONS

Once the physical volume, surrounding vacuum regidn, and coordinate axis have been
defined, the geometrical surfaces of the problem must be defined. The list below gives those
types of surfaces which may ‘be used to define the region boundaries of the problem. All
dimensions are in centimeters and the coordinate frame is that chosen by the user and

previously described.
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Surface Type 1 Plane surfaces perpendicular to either the x, y, or z axis of

the coordinate axes chosen:

Ax = D (or x = Dy) _ ()
By =D (oxr y = D2) (2)
Cz=0D (orz=D3),. (3)

where A, B, C, D, Dy, Do, D3 are arbitrary constants.

Surface Type 2 Plane surfaces perpendicular to the x, y plane, but oriented

at any angle. The general equation of these plane surfaces is

Ax + By = D, ) . - (4)
where A, B, and D are arbitrary constants.

>Surface Type 3 Cylindrical surfaces whose axes are perpendicular to the
zaxis of the coordinate frame chosen. The general

equation of these surfaces is given by

(X - Xo)2 + (Y - Y0)2 = Rz, (5)

where x is the center line of the cylinder and R is the

o’ Yo
radius. R, x,

equal to zero.

and y, may have any values greater than or

Surface Type 4 Spherical surfaces, whose general equation is given by
(x - xo)2 + (y - )’0)2 + (z - zo)?- = R2 (6)

where x.,y,, and z is the center point of the sphere and R
is the radius. R may have any value greater than or equal to

Z€ero.

Inputting the surface descriptions to RAFFLE is straightforward. For plane

surfaces, either perpendicular or oriented at any angle, the general equation
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Ax + By + Cz = D, )

is used by RAFFLE. To input perpendicular plane surfaces (Type 1 surfaces in the above
list), two of the constants A, B, and C are given values of 0.0, and the remaining constant
and D are given their respective values. For example, to. describe a plane surface

perpendicular to the x-axis, one would read in the values

0.0 (8)
0.0, (9)

o)
]

[}
I

and A and D would be given their respective values. A could also be set equal to 1.0 and D
given the value Dy in describing this surface in the form x = Dj. For a plane surface of Type
2 in the above list (Equation 4), which is perpendicular to the x,y plane, but oriented in any
direction, the value of C = 0.0 would be read in and the values A, B, and D would be read in
0'Yo and the radius R

(all in centimeters) are read in. For a spherical surface, the center point XY o'Zo and the

as their particular values. For a cylindrical surface, the center point x

radius R would be input (again, all in centimeter units). Whenever a cylindrical or spherical
surface is read in, the corresponding center line or point must also be read in as a surface of
zero radius. Therefore, if a cylindrical surface exists in a problem and its parameters of
XosYo and R are read in, the corresponding center line of the cylinder must also be read in as
0Yo and R = 0.0. Similarly, if a spherical
surface is read in with parameters x .y .z, and radius R, the corresponding center point of
the sphere must also be read in as an additional spherical surface with parameters XY o0'%0
and radius R = 0.0.

an additional cylindrical surface with parameters x

All surfaces in the problem, both those in the physical volume and those surrounding
<the vacuum region, must be defined by one of the above surface formulas. Any combination
of the above surface types may be used in a problem. The user may use planar, spherical,
and cylindrical surfaces to describe the region boundaries. Each unique surface in the
problem is assigned a corresponding unique index to identify the surface, and these indices
must range consecutively from 1 to the total number of surfaces; the surfaces can be
numbered in any way the user desires. In numbering the surfaces, the user must bear in
mind that a surface has an infinite extent so that if two or more regions are bounded by the

~ same surface, this surface is only described once and given one unique number (index).
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As an example of describing and numbering the surfaces in a problem, consider again
the ‘cell problem examplé (Figure 1). The unique surfaces ‘and their numbers (arbitrarily
chosen) for the physical volume are shown in Figure 6. The corresponding surface formulas
and the values of the constants read in for each surface are given beneath the figure. The

formulas and constants are with reference to the coordinate frame in Figure 5.

6‘\\\\\\‘ ! - I I/
7‘\\\\ [~‘ |
~ |
- | |
-7
~ _
- ) ,
-~
8
Fig. 6 Surface numbers for a cell problem. » .o
Surface
Number Surface Formula Surface Constants Read In
1 (X = xo)2 + (y - YQ)Z = 0 (C}’l) Xos Yoo 0.0
2 (x - %)% + (y - vo)? = R? (eyl) X0, Yo» R
3 z =Dy (plane) A=0.0, B=0.0, C=1.0, D=D;
4 y =Dy (plane) A=0.0, .B=1.0, C=0.0, D=D,
5 x = D3 (plane) A=1.0, B=0.0, C=0.0, D=Dj3
6 x = Dy (plane) - A=1.0, B=0.0, C=0.0, D=Dy
7 y = D5 (plane) A=0.0, B=1.0, C=0.0, D=Dj
8 z = Dg (plane) A=0.0, B=0.0, C=1.0, D=Dg

In the preceding surface descriptions, X, ¥» R, Dl, D2, D3, etc., would be the
appropriate values, in centimeters, for this problem. As previously discussed in the above
surface descriptions, it is noted that the center line axis of the cylinder must be defined as a

cylindrical surface of radius 0.0 (Surface 1).
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For the cell problem example, in addition to the surfaces of the physical volume, all
the surfaces of the surrounding vacuum region must be described and numbered. The
numbering of the vacuum region surfaces is shown in Figure 7, and the surface descriptions
are given beneath the figure. It is noted that the first surface number must be 9 to continue

the sequence of surface numbers from the physical volume.

9
// . " ,10

—_— —

—r e -

137 12

Surface . .

. Number Surface Formula Surface Constants Read In
.9 z = Dy A=0.0, B=0.0, C=1.0, D=Dy
10 -y = Dg A=0.0, B=1.0, C=0.0, D=Dg
11 X = Dg A=1.0, B=0.0, C=0.0, D=Dg
12 z = Djq . A=0.0, B=0.0, C=1.0, D=Djg
13 y = Dj1 A=0.0, B=1.0, ¢=0.0, D=D;,
14 x = Djop A=1.0, B=0.0, C=0.0, D=Dj»

Again, in the preceding surface descriptions D+ Dg, etc., would be the appropriate

values for the chosen vacuum region.

The vacuum region was separated from the physical volume for this example of
describing and numbering the surfaces merely for ease of illustration. In an actual problem,
the user may wish to do this or he may number and describe all the surfaces on one
illustration. Also in the cell problem example, the vacuum region surfaces were given the
~highest surface numbers. This is not necesséry; the surface numbering is completely

arbitrary as long as one unique number corresponds to one unique surface and the numbers
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run consecutively. Whatever the user wishes to do, he should plainly number the surfaces on
his three-dimensional illustration and he should construct a list of the surface numbers and

their respective formula descriptions.

5. REGION DESCRIPTIONS

5.1 Region Types

With the surfaces of the problem defined, all the regions of the problem must be
labeled as to the type of region. This includes labeling of the individual regions in the
surrounding vacuum region. A region is defined as a particular three-dimensional volume
completely enclosed by a set of surfaces; the set of enclosing surfaces are then the
boundaries of that region. The type of region is defined by the types of surfaces that enclose
it, or serve as its boundaries, and only particular combinations of these surface types may be
used to describe a region. There are four combinations of surface types that may be used to

define a region, and hence there are four region types allowed.

Regardless of the region type all regions must be homogeneous and contain only one
material. The material inay consist of any mixture of isotopes; however, the isotope number
densities must be constant throughout a region. The regions defined for a problem may not
only be those physical regions with one material, but additional smaller regions may be
defined to obtain flux detail. The RAFFLE Monte Carlo code obtains groupwise, volume
integrated fluxes, absorption rates, etc., for only those regions defined in the problem.
Therefore, if one wants spatial flux detail in say a large homogeneous region, he should

subdivide this region into smaller regions in which detail is desired (2]

As was previously stated, the particular combination of surface types, which bound
and define a region, determines the type of region. The four allowable types of regions are
given below and are denoted by Region Type 1, Region Type 2, Region Type 3, and Region
Type 4. In general, the region types are classified as to how many plane surfaces and how

many curved surfaces are their boundaries.

[a] This division will entail adding extra surfaces (other than the physical surfaces of the
problem) to define these smaller regions. Also, because of the limitation of region
types, additional surfaces may need to be added to conform to the four region types
allowed.
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Region Type 1

This type of region has no curved surfaces (i.., no spherical or cylindrical surfaces).
Plane surfaces (Surface Types 1 and/or 2 in the previous section) completely enclose the
region, and the region may have from five to eight of these plane surfaces. Any combination
of plane surfaces of Type 1 and Type 2 described in the preceding section may enclose the
region. Examples of regions of Type 1 are shown in Figure 8. In these examples, the plane
surfaces must be defined:as surfaces of the problem and must be indexed as described in the -

preceding section.

Z . z
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X X
(c) (d)

Fig. 8 Examples of Type 1 regions.

" 24




Region Type 2

TYpe 2 regions have one curved surface and from five to seven plane surfaces. With
reference to the preceding section, this type of region has a curved surface of Type 3 or 4
(cylindrical or spherical) and from five to seven plane surfaces of Type 1 or 2 (any
combination of Types 1 and 2). Figure 9 shows éxamples of these region types, where the
shaded portion is the region of Type 2. In each of the above figures, the z-axis extends
perpendicularly out of the page. Each darkened region illustrated is thus édtually’
three-dimensional with a perpendicular height in the z-direction and having two. plane
surfaces of z = Cy, and z = Co, where Cl and C2 are constants. The straight lines and

perimeter of the circle are thus actually the plane surfaces and curved surface which bound

y - y‘

(a) (b)

(c) (d)

(e)
Fig. 9 Examples of Type 2 regions.
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the region and define the region type. In the illustrations, the curved surface may either be a

cylindrical surface or a spherical surface.
Region Type 3

This particular type of region has two curved surfaces and from two to six plane
surfaces. With reference to the surface types described in the previous section, a region of
Type 3 has two surfaces of Type 3 or Type 4 (cylindrical or spherical) and has from two to
six plane surfaces of Type 1 or 2 (any combination). Figure 10 illustrates a few examples of
regions of Type 3;the shaded portion is again the region of Type 3.

In Figure 10, the z-axis extends out of the page for Examples (c) through (g), and
hence the regions represented are actually three-dimensional. The plane surfaces and curved
surfaces (depicted as lines and circles in these two-dimensional illustrations) must of course
be defined as surfaces within the problem, and they must be numbered as described in the
previous section. For Example (a), the solid cylinder is a region of Type 3 since the center
line of the cylinder must be represented as a cylindrical surface of zero radius as was
previously discussed. The curved surfaces in Examples (c) through (g) must be either two
cylindrical surfaces with the same axis (i.e., concentric) or two spherical surfaces with the
same center point (concentric spheres). If the surfaces are not concentric or if there is a
spherical surface within a cylindrical surface (and vice versa), then additional plane surfaces

must be added to make the regions Type 2 regions (with one curved surface).

The regions in Example (d).are of Type 3 because the center line (or center point for a
sphere) must be considered a curved surface of zero radius. In Examples (c) through (g) the
shaded regions are Type 3 regions and not Type 2 regions (one curved surface) since the
center line or point is considered a surface for these regions. Thus, a zero radius surface

~ outside the physical volume of a Type 3 region may be required to define it.
Region Type 4

A region of Type 4 has two concentric spherical surfaces, and has no plane surfaces or
cylindrical surfaces. This type of region has two surfaces. of Type 4, with the same center
point, x,, y,, and z,, as was described in the preceding section. For this type of region,
there are no different possibilities--only two spherical surfaces with the same center point.
This type of region is either a solid sphere or an annulus of a sphere. The two examples of

Type 4 regions are shown in Figure 11.
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Fig. 10 Examples of Type 3.regions.
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X X

(a) . (b)
Fig. 11 Examples of Type 4 regions.

5.2 Indexing Regions

Once the regions have been defined, they must be assigned indices for the purposes.of
identification. This assigning of indices (i.e., numbering the regions) is completely analogous
to the numbering of surfaces which was described earlier. Each unique region in the

problem, both those in the physical volume and those in the surrounding vacuum region,

must be assigned a unique index. For the regions in the physical volume, the indices must.

range consecutively from 1 to the total number of regions in the physical volume. The
regions in the physical volume can be numbered in any way the user desires, but one
number (index) must correspond to one region in the physical volume and the numbers

must range consecutively from 1 to the total number of regions in the physical volume.

Each individual region in the surrounding vacuum region must be likewise assigned a
unique number (index). If there are N total regions in the physical volume, then the
individual vacuum region numbers must begin at N+1 and increase consecutively. Any
assignment of indices to the vacuum regions is permissible, but, again emphasizing the above
restriction, these vacuum region numbers must continue the sequence of the physical
volume numbers. Thus, if there were eight regions in the physical volume, the individual
regions in the vacuum region would be numbered 9, 10, 11,... This numbering of the
vacuum regions in sequence after the real regions is used in RAFFLE to identify the vacuum

regions.

Returning to the cell problem example (Figure 2), the figures on the next two pages

show one possible numbering scheme. For the regions in the physical volume and
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sﬁrrounding vacuum region, the region numbers assigned are those in brackets while the
other numbers in circles aré the surface numbers which have been previously assigned
(Figures 6 and 7). The surface numbers on “lines” refer to those plane surfaces represented
by these lines. There are two regions defined in the physical volume. In Figure 12, “Region
17, ([1]) is the surrounding moderator region while “Region 2 ([2]) is the cylindrical rod.
The individual vacuum regions are shown in Figure 13. These vacuum regions were chosen
to conform to regions of Type 1; any other region description is valid as long as the
individual regions defined conform to the permissible region types. The numbering scheme
illustrated in Figures 12 and 13 is of course only one possibility. The cylindrical rod might
have been denoted as Region 1 and the moderator region as Region 2, and any other
numbering combination might have been used for the vacuum regions. However, to obey the
general numbering rules, in all of these particular numbering schemes, the two regions in the
physical volume must have indices of 1 and 2 and the vacuum regions must have indices
. beginning at 3 and progressing consecutively.

2

l
t

Fig. 12 Region and surface numbers for a cell problem.
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In assigning the region numbers in Figure 12, Region 1 and Region 2 are assumed to
be homogeneous regions with no spatial variation in properties. Since volume integrated
reaction rates are obtained only for the regions defined, with this definition of the two
regions, volume integrated groupwise fluxes and reaction rates would be obtained for the

rod and for the surrounding moderator.

If more spatial detail of the flux and reaction rates is desired, then additional surfaces
and regions would need to be defined for the problem. For example, if more detail in the
rod were desired, then additional concentric cylindrical surfaces could be placed in the rod
and the corresponding additional regions could be indexed as shown in Figure 14.°
Groupwise, volume integrated fluxes and reaction rates would then be obtained for each of
the four defined regions in the rod (plus the moderator region). With this new fegionl

description, the vacuum region numbers would now begin at 5 and progress consecutively.

[4] [3] [2] [1]

=

|
|
|
|
|
|
l
I

l
|
|
|
l
I
l

~. /4/

Flg 14 Subdivision of the fuel rod into four regions.

In Figure 13, which depicts the numbering scheme used for the vacuum regions, the
bottom illustration depicts the same regions as in the uppér illustration, but the regions are
isolated for a clearer view. The surface numbers previously defined are shown in the top
illustration in circles. In defining these individual vacuum regions, it must be remembered
that surfaces are of infinite extent. Hence, no new surfaces are needed to define the
individual regions and the surfaces shown in Figures 12 and 13 are those previously defined
in Figures 6 and 7. It is of no significance that a region is intersected by another surface
which is not one of its boundaries (for example, in Figure 13, Surface 7 would intersect

Region 3 if extended). One need only select as region boundaries those particular surfaces
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which define a region conforming to one of the four region types previously defined. Any

other surfaces which intersect this region can be ignored.

5.3 Assigning Region Types

After the regions of the problem have been numbered (indexed), each region must
then be defined as to its region type, and the surface numbers which are the boundaries of
each region must be defined. The four types of regions, Region Type 1, Region Type 2,
Region Type 3, and Region Type 4, have heen previously discussed. To each numbered
region, its corresponding region type (whether Type 1, Type 2, etc.) must be associated.
Also, to each numbered region, the corresponding surface numbers which are its defined
boundaries must also be associated. These surface numbers refer to the numbering scheme
the user has chosen for the surfaces, which was discussed earlier. Each region number, its
corresponding region type, and its boundary surface numbers will then be input to
RAFFLE. '

An effective procedure to describe the regions is to construct a table with “REGION
NUMBER™ as one éolumn, “REGION TYPE” as another column, and “BOUNDING
SURFACES” as another column. For each region, its index (number), region type (whether
1, 2, 3, or 4), and its bounding surface numbers should then be listed. In addition, another
column “REGION MATERIAL” should be included in the list. The numbers in this column
will identify the material in each region. This material description will be discussed later.
The list so constructed By the user will give a complete description of each region and the
numbers on this list wﬂl then be essentially input to RAFFLE. For the cell problem, using

the region and surface indexing previously assigned, the list describing the regions is given
in Table 1.

5.4 Sign Convention for Plane Surfaces

With regard to the region descriptions of the problem, the final task is to assign a plus
(+) or minus (-) sign to each of the plane surfaces bounding each region. In the previous
region descriptions, the surface numbers bounding each region were listed (the last column
in Table I). To those surface numbers which are plane surfaces (surfaces of Type 1 or 2), a
plus or minus sign must be prefixed to the number. Curved surfaces (surface Types 3 and 4)

need no signs.
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TABLE I
REGION DESCRIPTIONS FOR THE CELL PROBLEM

Region No. Region Type | Region Material Boﬁnding Surfaces
1 2 2, 4, 5, 6, 7, 3, 8
2 3 1, 2, 3, 8 _
3 1 9, 3, 5, 6, 10, 13
4 1 8, 12, 10, 13, 5, 6
5 1 3, 8, 4, 10, 5, 6
6 1 3, 8, 7, 13, 5, 6
7 1 5, 11, 9, 12, 10, 13
8 1 9, 12, 6, 14, 10, 13

In general, a plane surface has a plus sign (+) if the region lies to the right of, or above,
the surface, and it has a minus sign (-) if the region lies to the left of, or below, the surface.
As an example of this assigning of plus or minus signs, consider the illustration below. In the
illustration, the z axis extends out of the page. The x plane x = Dy, Surface 8, has a plus sign
since the region lies to the right of the surface. The x plane x = Do, Surface 9, has a minus
ﬁ@jM%tMrgbnMsmﬂwhﬂ&ﬂwwﬁm&TMyphmy=D&Smﬁw2muaMM.

sign since the region lies above it, and the y plane y = Dy, Surface 3, has a minus sign since

y

+8 REGION -9

+2

Fig. 15 Sign convention for Type 1 surfaces.
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the region lies below it. Similar conventions hold for the z surfaces bounding this region; the

top surface, z = Dg, would have a minus sign and the bottom surface, z = D¢, would have a

plus sign (Dg<D5).

Instead of using the left-right, below-above guidelines, the sign of the plane surface
can be analytically determined as follows. Take the equation of the plane surface, Ax + By +
Cz = D, where A, B, C, and D are the constants chosen to definc this surface. Insert the
coordinates of any point (Xo1 Yoo zo) within the region and determine Ax + By ot Cz -D.
If this quantity is negatlve then the sign of this surface is negatlve, if it is positive the. SIgn of

the surface is positive.

This analytical determination of the sign is particularly applicable to slanted plane
surfaces, where there may be ambiguity as to the left-right, below-above rule. Consider, for
example, Figure 16 depicting a region with a slanted surface. Surface 1 is defined (and
input) as x = 4.0, and Surface 2 is defined (and input) as y = 1.0. For these particular
surfaces, there is no ambiguity of sign. Surface 1 has a minus sign (-1) since the region is to
the left of the surface and Surface 2 has a plus sign (+2) since the region is above this
surface. The signs of these two surfaces could also be determined from the analyticAal rule.

y

3.0 b-— — — — — —

1.0 p — — — —

2.0 4.0
Fig. 16 Sign convention for Type 2 surfaces.
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Since the x coordinate (x,) of any point in the region is less than 4.0, the quantity x - 4.0
is negative and hence Surface 1 has a minus sign. Similarly, the y coordinate (y,) of any
point in the region is greater than 1.0'and hence the quantity y, - 1.0 is positive and Surface
2 has a plus sign.

Surface 3 is the ambiguous surface with regard to the left-right, below-above rule and
its sign must be determined from the analytical substitution method. Assume this surface is
defined as x - y = 1.0. The point (3.0, 1.1) is clearly within the region. Substituting these
coordinates into the defined equation, one obtains 3.0 - 1.1 - 1.0 = 0.9 which is greater than
zero and hence Surface 3 has a plus sign. Surface 3 could also be equivalently defined as y -
x = -1.0. With this definition of the surface, substituting the point (3.0, 1.11), one obtains 1.1
- 3.0 + 1.0 = -0.9 which is negative and hence Surface 3 has a negative sign.

As seen from the preceding illustration, the analytical substitution rule unambiguously
gives the correct sign for any plane surface. The user should only take care that the form of
surface equation used is that exactly as defined and is input to RAFFLE. Whenever there is

a question as to the sign of a plane surface, the analytical substitution rule should be used.

In the previous section, it was recommended that the user prepare a table describing
the region type and bounding surfaces of each region. Using the rules defined, he can now
affix plus or minus signs to every plane surface bounding each region. Because of coding
algorithms, the plus signs can be ignored when input; however, the user must have
determined that the signs were plus and not minus. This table with the signs affixed to each
plane surface will be the final format of the inputsneeded to define each region in a
RAFFLE problem.

For the cell problem, Table I was prepared defining each region of this example

problem. This table with the correct signs now affixed to the surface numbers is shown as
Table II.
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TABLE II

REGION DESCRIPTIONS FOR THE CELL PROBLEM,
WITH SIGNS AFFIXED TO THE PLANE SURFACES

Region.No. Region Type Regior'l Material Bounding Surfaces

1 2 2, -4, -5, +6, +7, -3, +8
2 3 1, 2, -3, +8

3 1 | -9, +3, -5, +6, -10, +13

4 1 8, 112, 10, +13, -5, +6
5 1 -3, +8, +4, -10, -5, +6 |
6 1 -3, +8, -7, +13, -5, +6
7 1 +5, -11, -9, +12, -10, +13
8 1 -9, +12, -6, +14, -10, +13

6. REGION MATERIAL DESCRIPTIONS -

As previously stated, each region must be homogeneous and contain only one
material, where a material is a particular mixture of isotopes. The material descriptions are
defined separately and once the user has defined the materials, he assigns one material
number to each defined region in the physical volume. The individual regions in the
surrounding vacuum region are not assigned any material since they are only “fictitious”
regions for use by the RAFFLE algorithms.

Each material in the problem must be assigned a unique material number, where the
" numbers range from 1 to the total number of materials. Any assignment of these identifying
numbers is valid as long as the numbers begin at 1 and increase in succession (1, 2, ...). If a
material appears in several regions these different regions will simply have the same material
number. To define a material, the isotopes and corresponding isotope number densities are
given for the material. An illustration of defined materials with their corresponding material

numbers is given below.

Material No. Isotope, Isotope Number Density
1 : (U-238, 0.04518) (U-235, 0.01559)
2 (Na, 0.01304)

The number densities defined and input to RAFFLE are in units of 1024 nuclei/cm3.
In the above illustration, Material 1 contains U-238 at a concentration of 0.04518 x 1024
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nuclei/cm3 and U-235 at a concentration of 0.01559 x 1024‘ nuclei/cm3. Material 2 .

024 nuclei/ emS.

contains Na at a concentration of 0.01304 x 1
: It is wise to construct a table, as illustrated above, for the problem being analyzed.

The input to RAFFLE- will essentially be the entries in this table, with the simple
modification that isotope identifying numbers will be used in place of the symbols (U-238,
etc.). The isotope identification numbers and the microscopic isotope data are discussed in
Sections V, VI, and VII. If a true vacuum region exists for the problem, then a “vacuum
material” must be defined for this region (or regions). The true vacuum regions are to be
distinguished from the surrounding vacuum region in that these true vacuum regions are
contained within the physical volume of the problem. If such regions exist within the
| physical volume, a vacuum material is defined by assigning it any isotope with a zero

concentration.

After the materials and corresponding material numbers are defined, each individual
region in the physical volume must be assigned a material number. In the pfevious section, it
was recommended that a table be constructed for the region descriptions, where one column
of this table was titled “REGION MATERIAL". In this column, the corresponding material
numbers should now be listed.

For the cell example problem assume the center rod consists of Material 1 and the
surrounding moderator region of Material 2, where Materials 1 and 2 refer to the material
definition illustration given in this section. The listing of these material numbers, is shown in
Table III. The table is ‘simplgr Table II with the appropriate material numbers inserted. It is
noted that no material numbers are assigned to Regions 3 through 8 since these are regions
in the surrounding vacuum region. This table is now complete with respect to region

descriptions and its entries would be simply input to RAFFLE.
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TABLE 111
[
REGION DESCRIPTIONS FOR THE CELL PROBLEM,
THE COMPLETE TABLE WITH REGION MATERIALS ASSIGNED

Region No.| Region Type | Region Material Bounding Surfaces

1 2 2, =4, -5, +6, +7, -3, +8
2 3 1 » 1, 2, -3, +8
3 1 -9, +3, -5, +6, -10, +13
4 1 -8, +12, -10, +13, -5, +6

-5 1 -3, +8, +4, -10, -5, +6
6 1 -3, +8, -7, +13, -5, +6
7 1 +5, -11, -9, +12, =10, +13
8 1 -9, +12, -6, +14, -10, +13

7. ZONE GEOMETRY CONSTRUCTION

7.1 General Description

The final task in the geometrical description is the construction of a zone geometry

overlay for the problem. This section describes the general concepts of the zone overlay;

later sections will describe the detailed input required for RAFFLE. The zone geometry is a

éimplified mesh superimposed over the regions to aid in the geometric description of the

problem; the zone geometry overlay reflects the spatial regularities and symmetries of the

problem. One of four permissible zone geometries can be used for a particular pfoblem:

)
(2)
(3)
4)

The rectangular x, y, z zone geometry, which is a rectangular x, y, z mesh
The cylindrical r, z zone geometry, which is a cylindrical r, z mesh
The cylindrical r, ®, z zone geometry, which is a cylindrical r, ®, z mesh

The spherical r zone geometry, which is a spherical radial mesh.

If the rectangular zone geometry is used then x, y, z lines are overlayed on the spatial

description of the problem. These x, y, z lines form a mesh of solid rectangles (boxes)

having volumes Ax; ij‘Azk where Ax;, Ay]-, and Az are the spacings between adjacent x, y,

and z lines, respectively.
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The figure above depicts the x, y lines overlayéd on a problem; these lines must
overlay the physical volume plus surrounding vacuum region. In the above figure, the z axis
extends out of the page and hence the figure illustrates a cross section perpendicular to the z

axis. The z lines would give each of the above AxjAy; rectangles a height of ‘Azy.

Within each solid rectangle Axi'AyiAzk, called a “zone™, one or more regions of the
problem are contained, where the region. or regions in the zone are those which have been
previously defined. Instead of totally containing one or more regions, a zone may contain

only portions of a region or regions.

Portion of

Az k/Another Region

Portion of/

) v One Region Ay

Ax
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The preceding illustration depicts a zone (the box) containing portions of two regions,
where these regions have been earlier defined for the problem. For the x, y, z rectangular
zone geometry, every region of the problem must be contained in one or more of the zones,

and thus the zone overlay encompasses the physical volume and surrounding vacuum region.

If the cylindrical r, z zone geometry is used, z lines and cylindrical radial (r) lines are
overlayed on the problem. The overlay thus creates individual zones having volumes
H(r% - r%).A.z, where ro and ry are adjacent radial lines and where Az is a spacing between

adjacent z lines. The individual zones are thus annuli of solid cylinders of height Az.

v

e —

tadial Lines

Physical Volume
Plus Surrounding
Vacuum Region

X

In above figure, the z axis extends out of the page and thus the figure illuslrales a cross

sectional view. Each of the circular annuli have heights of Oz;.

Each cyiindricai zone contains one or more of the regions in either the physical
volume or the surrounding vacuum region. As for any type zonerg.reometry, an individual
zone may contain regions in the physical volume and regions in the vacuum region. As for
the rectangular zone geometry, the r, z zone overlay must encompass the total physical

volume and surrounding vacuum region.

Portion of One Region

‘ “Portion of Another Region
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The r, ©, z zone geometry is analogous to the r, z zone geometry, with the r, ©, z
geometry simply having additional angular lines (© lines) which divide the cylindrical annuli
into angular sectors. For the r, ©, z zone geometry, a zone is the solid space contained with

‘the limits 1 to r; + Ar;, ®j + AG)]-, and zj to zj + Azp.

A0

Ari

AZk

The last type of zone overlay which may be used is the spherical zone overlay. This
simply consists of a series of concentric spherical annuli, where each zone has a volume of

4. .
the type §H(,r32'3 - Ty 3'), where ro and ry are adjacent radii of the sphere.

7.2 General Recommendations

Only one zone geometry type can be used to overlay a particular problem. Any one of
the four zone geometries can be used for any problem; however, the judicious choice of a
zone geometry can save computer time. The optimum choice of a'zone geometry is such
that each zone contains only one region where the region may extend to any number of
zones. If the regions are of such shape that one region per zone is not possible, then the
zone geometry should be chosen such that as few regions as possible are in each zone. In
those zones containing more than one region, there optimally should be one dominant
region consuming most of the volume of the zone. In essence then, the zone geometry
should be chosen to reflect the symmetries of the problem. If the problem consists entirely
of, or almost entirely of rectangular regions, then the x, y, z rectangular zone geometry
should be used. If it consists of cylindrical regions, then the r, z zone geometry should be

chosen; if there is spatial variation in the © direction, then the r, ©, z zone geometry should
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be used, and so forth. Practicality must, of course, be the guiding factor since the user does
not want to spend an extreme amount of time in setting up the zone geometry, particularly
since the difference in computer time is generally negligible between the optimum, but

difficult, and the near.optimum, but more simply. constructed.
7.3 Zone Construction

~ This section describes the actual construction of the zone overlays. The zone lines
once constructed in the manner to be described will be the complete set of information

needed by RAFFLE and hence can simply be transferred to input cards.

'-7‘.3.1 Construction of the Rectangular Zone Description. All zonc lincs (x, y, z lines)
must be with reference to a zone geometry center point. Therefore a zone geometry center
péint, or reference coordinate point (x,, ¥, 2,) is first chosen and the x, y, z lines are
given values with respect to this center point; the x, y, z lines thus represent the relative
distances of these lines from the center point. ' The x direction, y diréction, and z direction
here are with reference to the original coordinate frame chosen by the user.-As for all the
distance units used in RAFFLE, all values for the x, y,z lines are in centimetefs.

To begin construction of the x, y, z zone geometry, the entire problem, i.e., physical
volume plus surrounding vacuum region, is first enclosed in a solid rectangular “box”. This

box (rectangular solid) represents the total extent of the zone geometry description.

Since all position coordinates must be in the first octant of the original reference
frame, the zone geometry point must be such that x>0,y 20, and 2, 20. If x, =y, =2, =
0, then the zone geometry center point coincides with the origin of the original reference
frame chosen by the user. All x, Yy, and z lines must be nonnegative with.respect to the zone
center point (x,, y,:2,)- Hence, the zone center point must lie on the lower left hand
corner of the solid as illustrated in Figure 17. For rectangular zone geometry the zone .

geometry center point.-must coincide with the origin of the original reference frame.

Once the zone extent, i.e., rectangular solid, is constructed (or mentally visualized)
the “z lines” (z planes) are first assigned by the user. These z lines (Figure 18) are
completely arbitrary, but optimally should coincide with the z symmetry of the problem

and the lines will quite often coincide with certain of the z plane surfaces of the problem.

The first z line, z71, always has a value of 0.0 since it must coincide with zo- The other

z line values are then assigned with respect to zy. There may. be any number of lines
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Fig. 17 Zone geometry coordinate system.

assigned; however, there must be a minimum of two z lines for every problem z; = 0.0 and

the “top” z line (i.e., the bottom and top z surfaces of the total zone extent).

The z lines, which define z planes, will form “z zones”, as illustrated in Figure 18.
These z zones are solid rectangular “layers” of height Az;, and are numbered from bottom
'up as shown in Figure 18. In each of these z zones, x, y lines will be constructed to form the
individual rectangular zones (of volume AxiijAz'k) and the z zone numbers will be used to

reference these individual x, y zones.

z-zones with
x,y lines
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Fig. 18 Numbering of the z zones and z lines.

Consider a problem in which the physical volume is rectangular solid, then four z lines can

be chosen te efficiently describe the z zone overlay.

As depicted in Figure 19, the zone center point (X, ¥, 2,,) coincides with the “lower
left hand corner” of the surrounding vacuum region. The z lines coincide with the z plane
surfaces of the problem, and the z lines, z; and z4, coincide with the bottom and top
surfaces boundjngA the surrounding vacuum region. The zone geometry extent equals the

total volume of the problem, physical volume plus surrounding vacuum region volume.

For the problem illustrated in Figure 19, if the user had divided the physical volume
into two stacked regions to obtain more spatial detail in the fluxes, then an additional z line
should be included to coincide with this additional z surface in the physical volume. The z -
line construction shown in Figure 19 could still be used; however, this construction would

not be as efficient since it would eventually result in more than one region existing per zone.. .
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‘Fig. 19 Z zone selection for a rectangular physical volume.

After the z lines and corresponding z zones have been constructed, the x and y lines
must be defined for each z zone. Each z zone has its own unique X, y lines, and the x, y lines
are first constructed for z zone 1 then z zone 2, etc., through the total number of z zones.
For a particular z zone, the x lines are first constructed forming “columns” (or x zones as

shown in Figure 20) within the z zone.

The x lines can be arbitraﬁly spaced; however, the first x line, x1, must be 0.0 since it
must coincide with x, the zone center point x coordinate. The remaining x lines are
assigned values with respect to xy (i.e., x,), and hence, their values are their relative
distances (in centimeters) from xy. There may be any number of x lines per z zone;
however, there must be a minimum of two x lines per z zone, x1 = 0.0 and the “right hand”
x line (defining the left and right surfaces of the total zone extent). Since the entire zone
geometry extent must be a rectangular solid, all final x lines of all the z zones must have the

same value.

After the x lines are constructed for a z zone, the y lines (Figure 21) must finally be

defined for each x zone.

In Figure 21, twelve y lines have been defined for the four x zones. For a particular

problem, any number of y lines may be assigned to each x zone. The first y line of each x
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Fig. 20 Assignment of x lines to a z zone..
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Fig. 21 Assignment of y lines.
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zone must be y = 0.0 and the remaining y line values in an x zone are with respect to the
first y line. For Figure 21, the y9 value would be relative to yy , etc., the y5 value relative to
¥4, and so forth. For each x zone, there must be a minimum of two y lines, y = 0.0 and the
top y line of each x zone. Furthermore, all the top y lines of every x zone must have the

same value (in Figure 21 this means y3 = yg = yg = ¥19)-

The construction of the x and y lines must be repeated for every z zone. Not only
must the final (i.e., Atop‘) y lines have the same value for each x zone of a z zone, but the
final y lines of all z zones must be the same. Thus, for Figure 21, if other x and y lines were
constructed for other z zones, the final bounding y lines of each x zone must equal y3 (yg
= yg = ¥12)- The requirement that all final x lines be the same and all final y lines be the
same, simply means that the entire zone geometry extent is a solid rectangular box. Irregular

stacking as depicted on the next page is not alowed.

As for the z lines, the x and y lines should be chosen to closely coincide with the
region descriptions. A particular zone is then the rectangular volume contained between
adjacent x, y, and z lines; it is that volume in an x zone contained within adjacent y lines for

that x zone.

Figure 22 depicts the individual zones for the sample zone setup (each individual zone
is denoted by the word “zone”). Each zone illustrated is a rectangular volume bounded by
the two z lines forming the particﬁlar z zone. Since optimal assignment of the x, y lines
creates a minimum number of regions per zone, the x, y lines chosen should, in general,
coincide with the x, y plane surfaces of the problem: For any zone construction, the x and y
lines must be chosen such that no zone contains more than seven regions (or portions of

seven regions).
7.3.2 Format of Input for the x, y, z Lines. Once the z lines and x, y lines for each z
zone are defined, they can now be input to RAFFLE. All the z lines are input as a group, all

the x lines as a group, and all the y lines as a group. The z lines, in centimeters, are input in

increasing order of value:
21y Z229904e2p
with

z) = 0.0
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[Example of Invalid Irregular Stacking.

y3 Ye Y8 Y12
zone |[zone] zone zone
¥Ys Y11
y2 ZOre; zone
zone y10
zone

Y1 Yy Y7 Y9

X Xo X3 Xy X5

Fig. 22 Subdivision of a z zone into the individual zones.
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and

‘Zl < Z <ieoo¥ Zn

The z values are relative to zy (i.e., relative to z, the z coordinate of the zone geometry

center point) and there must be minimum of two z lines read in.

The x lines are input in order of z zone number; the x lines for z zone 1 come first,
then those for z zone 2, etc. The x lines are thus grouped from bottom z zone to top z zone.
The x lines, in centimeters, are thus input in the order

1 1 (1 (2 (2) (2)
xg ), xé,),...,xnl s X1y X2 Taeeu¥g Thenn
where the superscript denotes the z zone number. The first x line of each z zone must be

Zero. - ‘
W _ @ - oo

X1 = X1 = eee =

and the final x lines of each z zonc must be equal,

LD @) _
n) nyo

Finally, for a given z zone, the x lines must be arranged in increasing order
D D

1
NOBNONENON
2

The y lines are input in order of z zone and within each z zone, they are arranged in
order of increasing x zone. The y lines are thus read in from bottom z zone to top z zone;
for a given z zone, the y lines are read in from left x zone to right x zone. Within the x zone,
the y lines are arranged in increasing order. Thus, the y lines, again in centimeters, are input

in the format

1 (1) 1 1 2 2 (2 (2
Y§ )""Ym SY§ )""ytfl)’ e yl(. )s'°°y1[(1) ’YI )""Yn)""
1 2 1 2
l X zone 1 x zone 2 J l‘x'zonell . _x zone 2 J
z zone 1 z zone 2

where “x zone 17, “x zone 2” denote the x zones (i.e., columns) taken from left to right.

The first y value for each x zone must be zero

y$ = = yfz) = ...=0.0
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and the final y values for all the x zones, in all the z zones, must be equal,

W, @ @)

yml mz e nl n2

Finally, within an x zone, the y line values must be in increasing order, e.g.,

Y](.l) < Yél), eee < Ylgi), etc.

L I

X zone 1

The card formats for the above input sequences of the x, y, and z lines are described

in Scction V.

7.3.3 Numbering the Individual Rectangular Zones. The zones are the individual
rectangular volumes formed by the x, y, and z lines; the zones must be numbered, or
indexed, for input to RAFFLE. In any problem, the total number of zones will always equal
the total number of y lines minus the number of y = 0.0 lines. The zones are numbered in
exactly the same way as the y lines are read into RAFFLE. The numbering starts at 1.
Beginning with the first z zone, the bottom z zone, the individual zones are numbered
consecutively from the bottom of the first x zone to the top of the first x zone. The
numbering is continued to the second x zone, from bottom to top, and s0 forth. After the
first z zone has been completely numbered in this manner, the numbering continues in

exactly the same way for the second and remaining z zones.

In the previous illustrations, if the z zone depicted was the first z zone, the zone
“numbers would be assigned as shown in Figure 23. The numbering would continue in this

manner for the remaining z zones, with the zone numbers continuing in sequence.

After the zones are numbered, the individual regions within each zone are determined.
A region is to ‘be considered in a zone if any portion of the region is in that zone. Thus, one
region may appear in several zones. The input required for RAFFLE are the region numbers
within each zone. These region numbers are those previously assigned to each region in the
physical volume and surrounding vacuum region. A maximum of seven regions per zone is
allowed. An individual zone may contain regions, some of which are in the physical volume
and the others in the surrounding vacuum region, and this maximum of seven regions applies

to the sum total of regions in the zone.

To avoid error, it has been found to be a good practiée to construct a table with two

columns headed by “Zone Number” and “Regions in the Zone”. In the “Zone Number”
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Fig. 23 Zone numbers for first z zone.

column, the zone numbers are listed and in the “Regions in the Zoné” column, the
corresponding regions are listed. This table will be precisely the input required by RAFFLE

for describing the regions contained in the zones.

"Zone Number" "Regions in the Zone"
1 Nj,No,...
1:11 g0

.
. .

If there is more than one region per zone, the region numbers for the zone should optimally
be arranged in order of decreasing region volume contained within the zone. Thus, the first
region number should be for the region occupying most of the individual zone volume, the
second region number for the region occupying the second greatest portion of the zone
volume, and so forth. (The ordering here, for the table and input carfls, is from left to right,
with the first region number being the leftmost, etc.) RAFFLE searches the regions in order

of input by the user, and this arrangement minimizes computer time.

7.3.4 Construction of the Cylindrical r, z Zone Description. As for all the zone
descriptions, the center point, or reference coordinate point (x,, ¥4, Z,), must first be
chosen to describe the r, z zone overlay. All the radial (r) and z lines will be assigned values
relative to this zone coordinate origin. To select the zone center point, and to begin the

zone description, the entire volume of the problem (physical volume plus surrounding
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vacuum region) is first enclosed by a right circular cylinder, as shown in Figure 24. This
cylinder is the zone geometry extent, and the zone geometry center point is the bottom
point on the axis of the cylinder as depicted in Figure 24. The axis of the cylinder must be
parallel to the z axis of the original reference frame chosen by the user. The total zone
cylinder can be larger than the total volume of the problem; however, the cylinder must be
_entirely in the first octant of this original coordinate frame as illustrated above. Hence, z, >
0, and Xgs Yo» must both be greater than zero and must have values such that the entire
cylinder Lies in the first octant. To have 2 minimum number of regions per zone, the 1,z -
overlay should be used when the problem-has cylindrical symmetry, and the axis of the
cylinder should be chosen to coincide with the axis of symmetry. A

Z

Original
Reference

Fame Chosen /_:\
by the User \[_/

Physical Volume Plus
Surrounding Vacuum
_~"Region Contained

#|  Within the Cylinder

(Xos Yoo zo)

Zone Geometry Center Point

Fig. 24 Coordinate system for cylindrical zones.

Once the zone extent is defined (or mentally visualized), the z planes (*‘z lines™) must
be assigned. The first z line is the bottom of the zone extent cylinder and the last z line is
the top of the cylinder. There may be any number of additional z lines assigned between
these two planes and they may be arbitrarily spaced. The first z line, the bottom of the
cylinder, has a value 2=0.0 (since it coincides with z) and the other z values are relative to
this first z line (z plane). For any problem, there must be a minimum of two z planes
defined, the bottom and top z planes of the total zone cylinder. ‘

5
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As depicted in Figure 25, the z lines which are planes perpendicular to the z axis,
divide the cylinder into stacked cylinders called “z zones”. The z zones are numbered from
bottom up. Each z zone will contain cylindrical annuli which are the individual zones, and

this z zone numbering will be used in referring to these individual zones.

2

zsv
z-zone 1

Z]
y v

Fig. 25 Cylindrical z zones.

s Individual Zones
— Within a z-zone
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To have a minimum number of regions per zone, the z lines should be chosen to
coincide with the z plane surfaces of the problem. For example, if the physical volume is a
cylindricalreactor,four zlines can be used efficiently to partition the zone cylinder. s After
the z hnes have been defmed which in turn defines the z zones, the radial lines for each z

zone must be defined. Each z zone has its own independent radial lines. For a particular z

Yy
Zy .
_ ' <A_~__IS{ur1:‘ounding Vacuum
2gbom — » ' —— Reglon
o - Physical Volume
- (Cylinder)
ZZ — — — Simme s oun
z1 "2

zone (Figure 26), the radial lines may be arbitrarily spaced and the radial lines assigned
values with respect to the axis of the zone cylinder.

A Particular z-zone

Fig. 26 Radial lines in a cylindrical z zone.. '

The first radial line, or radius, must always be r = 0.0 (the center line) and all the
outermost radial lines of every z zone must have the same value. In the above example, the
radial lines ry, ro, and rg divide the particular z zone into two cylindrical annuli, with ry =
0.0. If rg is the outer radial line of this z zone, then all the other outermost radial lines of

the other z zones must equal r3.
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The radial lines thus define the individual zones for the r, z zone geometry. An
individual zone is the volume in a z zone between two adjacent radial lines with width r;y -
r; and having a height of z} 4| - 2}, where'z) 1 and z}_ are the two adjacent z lines forming a
z zone. For the previous illustration (Figure 26), the individual zones are shown ‘in Figure
27, where each individual zone is denoted by the word ‘“‘zone”. Analogous to this z zone

each of the other z zones can have its own unique annular zones.

Fig. 27 Individual zones fora particular z zone.

For optimal zone overlay, the radial lines should be chosen to coincide with the radial
surfaces of the problem so that one cylindrical-annular region is contained in one
cylindrical-annular zone. The zones should thus be defined to contain one region per zone
or one dominant region per zone, filling most of the zone volume. Every region, in both the
physical volume and surrounding vacuum region, must be contained in one or more of the
individual zones. As with the rectangular overlay there can be no more than seven regions

contained in one individual zone.

7.3.5 Format of Input for the r, z Lines. All the z lines, defining the z zones, are input
in one group to the RAFFLE code. The z lines, in centimeters, are input in increasing order,
Zl, Zz,...Zn
with

2] = 0.0

and

2) < 22 <23 <...< 2y
The z values are relative to z] and there must be a minimum of two z lines input.
After the z lines, all the radial lines are then input in one group. The radial lines, in

centimeters, are input in order of increasing z zone (from bottom to top z zone), and within

each z zone the radial lines are arranged in increasing order of value;
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(1 (D (1) _(2) - (2) (2)

i ) N 2 oo rnl y I sy X2 yeee rnz y oo

where the superscript denotes the z zone number. The first radial line of each z zone must

be zero,
| oD =B e =000
and the outer radial lines of each z zone must be equal,
1)y _ _(2) _
Tn, S Th, T oo

There must be a minimum of two radial lines read in per z zone. The input card formats for

this sequence are defined in Section V,

7.3.6 Numbering the Individual r, z Zones. After the zone overlay has been defined,
each individual zone must then be assigned a unique zone number, with the zone numbers
running consecutively from 1 to the total number of individual zones. The zones are
numbered according to increasing z zone number and within a z zone according to
increasing radial line; the zone numbers run consecutively from one z zone to the next
higher z zone. In the previous illustration (Figure 27), if the z zone pictured was the first z
zone (the bottom z zone), the two zones would be numbered as shown below. The
numbering would continue in this manner, from inner to outer annulus, for the other z

zones with the first zone of the second z zone having the number 3.

_ The zones are numbered to identify the individual regions in a particular zone, where
a region is to be considered in a zone if any portion of it is contained within the individual

zone volume.

First z-zone Showing

/ Zone Numbers

RAFFLE requires the region numbers contained within each zone number, where the region
numbers are those previously assigned to the individual regions. All individual regions, in
both the physical volume and the surrounding vacuum region, must be assigned to one or

more zones as stated previously, and a maximum of seven regions per zone is allowed.
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Analogous to the rectangular overlay, it is a good practice to construct a table listing the

zone numbers and region numbers per corresponding zone number.

'"Zone Number" "Regions in the Zone"
1 N}, Nosyeen
2 Ngeee

Once constructed, this table need merely be transferred to cards for the required input to
RAFFLE. If there is more than one region per zone, the region numbers in a zone should be
arranged in order of decreasing zone volume occupied by the region..:The first region
number (the leftmost) should be for that region ‘occupying most of the individual zone
volume;, the second region number for the region occupying the next greatest volume, and
so forth.

7.3.7 Construction of the Cylindrical r, ®, z Zone Description. The cylindrical r, 0,z
zone description is analogous to the cylindrical r, z zone description with angular © lines
merely being added to describe variations in the angular direction. Because of the similarity
between the 1, ©, z zone description and r, z zone description, ther, ©,z zone descrlptlon

will be brief with references belng made tor, z descnptmn

For the r, ©, z description, the entire volume of the problem is first enclosed in a right
cylindrical volume. This right cylinder, which is the zone geometry extent, must encompass
both the physical volume and surrounding vacuum region. The outer surfaces of this
cylinder usually coincide with the outer surfaces of the surrounding vacuum region (for
optimal zone descriptions), but the cylinder may have greater extent. Analogous with the r,

7 Zone descriptiori;, for the r, ©, z zone descriptions:

(1) The entire cylinder must lie in the first octant of the originally
defined coordinate frame, and its axis must be parallel to the z
axis of the frame.

(2) The zone geometry center point (x, ¥, z,) must lie on the axis
of the cylinder, on its bottom z plane.

For optimal zone description, the axis of the cylinder should coincide with the cylindrical
axis of symmetry of the problem.

The z plane surfaces, z lines, are first defined for this zone cylinder. Analogous with

the r, z zone descriptions:
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(1) The z lines méy be arbitrarily spaced, cutting the zone cylinder
at any heights.

(2) The first z plane must be z = 0.0 and all the other z values are
with respect to this first plane..

(3) For a problem, there may be any number of z lines defined;
however, there must always be a minimum of two z lines, the
bottom and the top z planes of the cylinder.

The z planes (“z ]jnes;’) divide the cylinder into stacked z zones, and as for the r, z
geometry, the z zones are numbered from bottom to top. For optimal zone description, the

z planes should coincide with the z surfaces of the problem.

Once the z planes, and hence z zones, have been defined, the radial and angular lines
are then defined for each z zone. Each z zone has its own unique radial and angular lines.
The radial lines are defined in the same as for the r, z zone description; the first radial line of
every z zone must be r = 0.0 and the outermost radial lines of every z zone must all be
equal. The radial line values are the actual radii from the cylinder axis. A z zone may have
any number of radial lines, but for any problém there must always be a minimum of two

radial lines defined for a z zone (rj = 0 and the outermost radius).

~ ‘Once the radial lines have been defined, angular (©) lines must additionally be defined
for each circular annulus. The circular annuli are denoted as “radial zones” for future
reference. For each radial zone, © lines are assigned such that the angles (®) range from
values greater than 0 to 360°. The angles are in degrees and are with reference to the x axis
of the originally defined coordinate frame. For each radial zone, the angles 90°, 180°,
270°, and 360° must always be included;in addition to these four angles, other values may
be arbitrarily assigned by the user.

Figure 28 illustrates an example of © lines defined for a particular radial zone in a
particular z zone. It is noted that the mandatory angles 90°, 180°, 270°, and 360° are
defined plus additional angles to account for angular variation. It is also noted that 0° is
treated as 360°; the first angle is ©7 (or 90° if there is no intermediary angle) and is not 0°.

The individual zones for the r, ©, z description are the volumes contained within
adjacent © lines, for a given radial zone and z zone. The zones for the previous illustration

are depicted in Figure 29.



Radial Zones in a
Particular z-zone

y
@2=900
93 b
Oq=l80°
05
O .
. O7=2700

Fig. 28 Theta lines in a radial zone.

7.3.8 Format of Input for the r, ©, z Lines. For RAFFLE input, all the z lines are
input in one group, all the radial lines are input in one group, and all the © lines are input in

one group. The z lines, in centimeters, are input in increasing order of value;
’ Z]y 225.4.2q
with
z; = 0.0
and

z2) < 23 <...< 24




0g=360°

0,=270°

Fig. 29 Individual zones for a given radial zone.

The z lines have values relative to z7, and there must be a minimum of two z line values read

in for any problem.

The radial lines are input in exactly the same order as for the r, z zone description,

from bettom to top z zone and from inner to outer value for a given z zone;
1 1 (1 2 2 (2)
rg),, ré ),...rn;),\rg ), ré) rn)

’ 9o R >
2

where the superscript denotes the z zone number. The first radial line of each z zone must
be zero and the outer radial lines must be equal for all the z zones. For a given z zone, the
radial lines must be arranged in increasing order of value, and there must always be a

minimum of two radial lines for each z zone, ry = 0 and the outermost radius.

The © lines are input in increasing value for a given radial zone, from inner radial zone
to outer radial zone, and from bottom z zone to top z zone. The ® lines values are in

degrees, with reference to the x coordinate axis of the originally defined coordinate frame.

01, Oz,._..@ml' s .01, 02,...Om2 .o 01, 02,...®n1 sy 901, 02,...05 ...

2
lRadial Zone 1 Radial Zone 2 l LRadrial Zone 1 Radial Zone 2 J

z.Zone 1 ‘ z Zone 2

In the above input illustration, the “radial zone” numbers increase from inner radial zone to
outer radial zone (i.e., radial zone numbers increase as radial line values increase). For each
radial zone, the angles 90°, 180°, 270°, and 360° must always. be included and any
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additional angles must be input such that the values are arranged in increasing order.The

value 0° is never input since this values corresponds to 360°.

7.3.9 Numbering the Individual r, ®, z Zones. The individual zones are numbered in
the same order that the © lines are input. The zone numbers must begin with 1 and increase
consecutively to the total number of individual zones. For a given radial zone, the zones are
numbered in order of increasing angle; the numbering is thus counterclockwise. The
numbering is continued to the next outer adjacent radial zone, and when all the radial zones
of a given z zone have been assigned indices, the numbering continues to the next higher z
zone. An example of zone numbering is shown in Figure 30, where the z zone depicted is z

zone 1. The numbering would continued in this manner for z zone 2 and the higher z zones.

Fig. 30 First z zone showing the zone numbers.

After the zones are numbered, the individual regions, or portions of individual regions,-
within each zone must be determined. The input needed for RAFFLE are the region
numbers within each zone number. For this data, it is wise to construct a table listing the
zone numbers and corresponding region numbers in each zone. The table then can be simply
transferred to cards. All the defined regions must appear in one or more zones and a
maximum of seven regions per zone is allowed. As for the r,z zone descriptions, if there is
more than one region per zone, the region numbers should be optimally arranged in order of

decreasing zone volume occupied.

7.3.10 Construction of the Spherical Zone Description. The spherical zone description
is the simplest to set up, but, for optimal zone overlay, should only be used when the
problem has spherical symmetry. For the spherical zone description, the entire volume of
the problem (physical volume plus surrounding vacuum region) is first enclosed in a sphere.
The sphere represents the total zone extent and the total volume of the zone description.

The zone geometry center point x, y,,, z, must be the center of the sphere, where x, v,
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z,, are with respect to the originally defined coordinate axis. The sphere must lie entirely in

o
the first octant of this coordinate axis; consequently, the zone geometry center point Xg

Yo Zo Must be such that X6>0,5,>0,2,> 0.

With the zone sphere defined (or mentally visualized), the radial lines for the sphere
must be defined. These radial lines are simply the radii of spherical surfaces that subdivide
the sphere into spherical annuli, and these spherical annuli are the individual zones for the
spherical zone description. There may be any number of radial lines assigned and these
radial lines may be spaced arbitrarily. The first radial lines, ry, must be 0.0, and there must
always be 2 minimum of two radial lines defined for any problem; that is ry = 0.0 and the
outer radius of the sphere. These radial lines, or radii, will be input to RAFFLE to define
the spherical zone geometry description.

2

" Physical Volume Plus
Surrounding Vacuum
Region Contained
Within the Sphere

Originally Defined
Coordinat7 Axis

X

In Figure 31, illustrating an example of radial lines assigned, the four radial lines ry =
0.0, rg, r3, and ry, subdivided the sphere into three spherical annuli, which are individual
zones. The outer radial line ry4, is the outer radius of the total zone sphere and must be such
that the physical volume plus surrounding vacuum region is contained totally within the

sphere.

To have a minimum number of regions contained within an individual zone, the
spherical surfaces defined by the radial lines should coincide with the spherical surfaces
previously defined for the problem. Thus, the spherical zone description is optimal when all
the regions are spherical annuli and when each region coincides with one individual zone. As
for all the zone descriptions, when one region per zone is not possible, then the individual
spherical annular zones should be chosen such that one region is &ominant, filling most of

an individual zone volume.

62



Fig. 31 Illustration of the spherical zone description.

7.3.11 Format of Input for the Radial Lines. For the spherical zone description, the
radial lines, in centimeters, are input to RAFFLE in order of increasing value, with the first
value always 0.0; that is

Y1y Y25¢..Tn
with

and

7.3.12 Numbering the Individual Spherical Annular Zones. The spherical annular
zones are numbered from inner spherical annulus to outer spherical annulus. The first zone,
nearest the sphere center point, has the number 1 and the numbers then increase

consecutively to the outer spherical annulus. For the previous illustration (Figure 31), the
zone numbering is shown below.

The Zone Numbers for
The Spherical Zome
Illustrated

After the individual zones are numbered, the individual regions within each zone must be
identified. As for the other zone descriptions, this is best done if a table is constructed with
the individual zone numbers and the region numbers contained in the zone.
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""Zone Number" ""Regions in the Zone'

ny, N2,-...

Ny]y...

e e N =

Again, as for all zone descriptions, a maximum of seven-regions per zone is allowed. Also, if

there is more than one region per zone, the regions in a zone should optimally be arranged
in order of decreasing zone volume occupied. '
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IV. APPLICATION TO NEUTRON TRANSPORT PROBLEMS

This section describes the types of problems solved by RAFFLE and presents
guidelines for the selection of options and the use of biasing techniques. The mnemonic
names of the RAFFLE input data are capitalized to aid cross reference with Section V

where the rules for preparing the input data are given.

Proper selection of options and use of biasing techniques can often save considerable
computer time.. However, imprbper use can produce. misleading results by introducing
systematic errors. The purpose of the guidelines given in this section is to assist the userin
getting reliable answers in a reasonable amount of computer time. Optimization requires
detailed consideration of the physics of each problem. In many cases if reasonable choices

are made the computer time changes slowly about its minimum as the biasing parameters

vary. It is recommended that the user read Section II, “THE MONTE CARLO O¥F

‘RAFFLE”, before using the guidelines presented in the present section..

RAFFLE can be used to solve two classes of problems, where the class of problem is
associated with the type of information obtained. These two classes of problems are: (a)
problems for which multigroup, volume integrated fluxes and reaction rates are desired, and
(b) problems for which the averaged groupwise cross sections and P, and P; trapsfer
matrices are desired. In a given computer run, only one class of information can be obtained
(i.e., one class-of. problem can be solved). The flag in RAFFLE that the user must set is
JITRAGG:; if ITRAGG =0, Class 1 information is obtained, and if ITRAGG = 1, Class 2
information is obtained. For a given problem, the user may, of course, make two computer
runs with ITRAGG having its value changed for each run (with certain other changes
needed). However, this is not the usual case, since the user generally desires only one class of
information. These two classes of problems, or equivalently the two.classes of information
obtained, will be discussed separately. Since the cross section type problems involve only a
few simple modifications of the flux and reaction rate problems, the reader should read the

flux and reaction rate sections first.

1. PROBLEMS FOR WHICH FLUXES AND REACTION RATES
ARE DESIRED (ITRAGG = 0)

1.1 General Problem Description

This is the usual class of problem solved and includes iteration problems and external

source problems. An iteration problem, IXTERN = 1, is the standard eigenvalue (k) problem
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in which, in addition to k, the fundamental mode fluxes and reaction rates are obtained. An
external source problem, IXTERN = 2 or 3, is one in which a defined source (or sources)
generates the subsequent neutron fluxes and reaction rates. In an external source problem,
the source neutrons may undergo fissions and generate fission neutrons. If there is no fission
in the external source problem, or if the flux contribution from the fission neutrons is not
included, then the problem is said to be “an external source type with fission daughters not
being followed” and IXTERN = 2. If there is inclusion of the flux contribution from the
fission. generated neutrons, called “fission daughters”, then the problem is said to be “an
external source type with fission daughters followed” and IXTERN = 3. (In an eigenvalue
problem, IXTERN = 1, the flux contribution from fission generated neutrons is always
included.)

1.2 TIteration Problems

NIVO neutrons are stored te start a generation for an iteralion problem. An initial
~ source distribution for the first generation is entered as part of the input data, and a value of -
1.0 is assumed for k. A stored neutron is processed as described in Section II until its history
terminates. At each collision in a region containing a fissionable material a contribution to
the weight for a daughter neutron is generéted. At each collision the generated contribution
is added to the sum of all previous contributions since the start of the history or the storage
of the previous daughter. At the collision where the accumulated weight equals or exceeds
the estimate of k as updated at the end of the previous generation, a daughter neutron is
stored with a weight of k and with the coordinates of this collision. The updated k includes
results for all previous tallied generation. This stored neutron will be used as part of the
source for the next generation where the daughters are processed sequentially. The
accumulated weight is decreased by k and the above process repeated until the history
terminates. At the end of the history it may be necessary to store a neutron with a weight
less than the estimated k. Source neutrons for the present generation are processed until
NIVO neutrons have been stored for the next generation. If necessary, processing of the

source neutrons is repeated until NIVO daughters have been stored.

For an iteration problem, the errors on the RAFFLE estimates of k are meaningful
only after the neutron distribution has reached equilibrium. Therefore, enough generations
to achieve equilibrium should be processed before the actual tallies started. The number of
initial generations to process is specified by INNGEN.

The number of generations needed to reach equilibrium is highly dependent on the
reactor properties. For thermal reactors where the average number of collisions per neutron

history is high, it has been found that three to five generations with about 30 neutrons per
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generation, NIVO = 30, are often sufficient to reach equilibrium. When running thermal
problems, the user is advised to run initial problems with NIVO small and RTIME = 0.0 to
check the running time (see Section IV.1.5). For fast reactors where, on the average, a
neutron makes (_)nly a few collisions before being lost, 10 to 25 generations with NIVO =
256 are usually needed. Again the user is cautioned that any general guidelines can be
misleading in some cases. If INNGEN is too small, a systematic error can result; if it too

large, computer time is lost.

For iteration problems difficulties arise when an attempt is made to find the flux
distribution among uncoupled regions. If the degree of coupling between two identical
regions is very small, the ratio of the fluxes for the two regions may become very large.
Combining the two regions into one region-set gives a valid answer for the sum of the fluxes

_in the two regions.
1.3 Additional Constants Obtained for Iteration (k) Problems

The eigenvalue, or. generation factor, k obtained by RAFFLE is a generation-based

value;

Eo o
[ av [ dE vif¢(r,E)
k = \' o] v

Eo - Eo -

fav [ dE £ 0(r,E) + § ds [ dE J(r,E)

v o S o
where V is the total volume and J(r,E) is the outward current. E, is the maximum energy of
the problem, taken to be 10 MeV. The eigenvalue is thus the average number of-fission
neutrons generated from one original fission source neutron. The RAFFLE code computes k
in two different ways and combines the two computations into a value having the minimum
statistical error. The two individually computed values and the best combined value are all
printed out with their associated fractional probable errors (8k/k where 6k is the respective
probable error). These k values differ only in the statistical estimation techniques used and
the statistical error associated with each value; all three values are theoretically given by the
one equation above. (The “‘best” value of k is thus the one with the smallest fractional

probable error, since no value involves any physical approximations.)

In addition to k, a “lifetime” t], and a “generation” time ty are also printed out by
RAFFLE. For the computation of these values, all fission neutrons for a particular
generation are taken to be born at t = 0.0. Also, the total fission source strength for the

generation is normalized to unity. The lifetime tL is then defined as
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Eq © _ Eq © _ '
tp, = [ av [ dE [ dt t I ¢(r,E,t) + § dS [ dE [ dt t J(T,E,t) ,
V- - o o C S - o 0 .
where ] (r,E,t) is the outward current. The lifetime ty, is thus the true average time.of life for
the fission source neutron -- the interval of time from birth to absorption or leakage. The

generaiti’o'n time tg is defined as

Eo ® -
fdv [ 4E f dt t vigé(r,E,t)
_V (o) (o)
tg_

Eo -
fav [ dE-f dt vigé(r,E,t)
v o o .

and is the true average of time to the birth of the next generation daughter. These lifetime
and generation time values will be printed out with their corresponding fractional probable

errors (8ty /tf, and Stg/tg).

1.4 Fixed Source Problems

In a fixed source problem in which the contributions from fission daughters to the
fluxes or reaction rates cannot be neglected, the fission daughters must be followed. In this
instance failure to set IXTERN = 3 will produce a systematic error. In addition to setting
IXTERN = 3 when following the fission daughters, values must be entered for MAFIS,
IAFIS, and perhaps CFISK. MAFIS specifies the maximum number of fission daughters
that can be stored for a neutron history. The uses of the flag IAFIS that determines the
method of storing daughters and the weight CFISK are explained below.

» ~ As a neutron passes through a fissionable material a fractional fission daughter weight
is generatéd at each collision. Consider first the option where the flag IAFIS = 1. In this case
a value must be entered for CFISK. At each collision the generated fission daughter weight
is added to the sum of the previdus weights for the history. At the collision where this sum
equals or exceeds CFISK, a fission daughter is stored with a weight of CFISK and with the
coordinates of this collision. After a daughter is stored the accumulated weight is decreased
by CFISK and the process repeated until MAFIS fission daughters have been stored or the
history terminates. When a history terminates, a daughter is stored with the weight
accumulated up to that time. When the termination occurs in a nonfissionable material the
daughter is stored at the site of the last collision in a fissionable material. If the option
TIAFIS = 2 is used, a daughter of generated weighfis stored at each collision until the limit.
set by MAFIS is reached or the history terminates. In this case no entry is needed for
CFISK. In either case, at the end of a history the stored daughters are processed in the same
way as a source neutron. The maximum number of daughters that can be stored per source
neutron is MAFIS.
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If MAFIS is too small, the answers may be biased because significant fission daugh_ters A
are neglected; if MAFIS is too large, computer time may be wasted on daughters that do not
make appreciable contributions to the answers. Note that the maximum value for MAFIS is
200. For problems where fine details of the fission process are not important, a satisfactory

procedure is to use 10 for MAFIS, set-IAFIS to 1, and enter a value of 1.0 for CFISK. The
| particular choice for MAFIS is not critical in this case. An example of such a problem 1s one

where only the total fission power is wanted.

If details of the fission process are of interest, the amount of information per source
problem can be increased by using a small value of CFISK. Then a la'rge‘ number: of
daughters of low weight are produced per history; the effect is similar to splitting neutrons.
MAFIS must be large enough to prevent bias from failure to store fission daughters. When
using this procedure, it must be remembered that sufficient source particles must be

processed to give a valid distribution of the collisions producing fissions.

If the problem is an external source type and the contributions fromthe subsequently
generated fission neutrons are included in the flux and reaction rates, IXTERN = 3, then a
“multiplication factor” k is computed for the problem. This multiplication factor is

computed according to the formula
Eo -
f dv { dE vif¢(r,E)
\ o

k = 3

where S is the total external source strength (integrated over energy, direction, and space).
The multiplication factor is thus the average number of fission neutrons generated per
external source neutron. As for the iteration type problems, this multiplication factor is
statistically estimated in two different ways and optimally combined to obtain a third value,
having the smallest statistical error. The fractional probable errors are printed out along with
each of the three values. The symbol k is printed out by RAFFLE for the multiplication
factor, which is the same symbol used by RAFFLE for the eigenvalue, or generation factor,
for iteration type problems. There should be no confusion, however, as long as the

definitions are kept in mind.

For external source problems with fission, in addition to the multiplication factor, a
“lifetime” ty, and ‘“‘generation time” ty are also printed. To compute these values, as for the
iteration case all neutrons are taken to be born at t = 0.0 and the total source is normalized

to unity. The lifetime tf, is then calculated from the formula

E o0 E o _
ty = [ av jo dE | dt t I ¢(r,E,t) + § dS jo dE { dt t J(r,E,t)
\' 0 o S o o
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where ¢(r,E,t) is the flux from external sources and from generated fission neutrons. J(r,E,t)
is the outward current. The lifetime t] is consequently the average time of life, from birth

to absorption or leakage. The generation time t, is given by the formula

g

(¢}
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dt t vigé(r,E,t)

.tg-

o

[P
<
O |0

o
=

< <
O~ 8|0O 38

dt vig(r,E,t)

and represents an average time for fission neutron generation. These two quantities are
usually of minor interest in the problem, but since their computation requires negligible
computer time, they are output by RAFFLE with their associated fractional standard

deviations.
1.5 Convergence and Batching Options

RAFFLE checks for convergence after each generation, where a generation is that
number of histories required to produce NIVO new generation source daughters[a]. The
_ batching option is described below. At the start of a generation NIVO neutrons are available
for processing; the actual number processed may differ somewhat from NIVO. For fixed
source problems computer time is usually saved by using 256, the default and maximum
value, for NIVO. Exceptions may occur for problems which converge very quickly. The
choice of NIVO for iteration problems is discussed in Section IV.1.2. As described in
Section I, there is considerable flexibility in the criteria available for convergence and for
terminating a problem. The fractional error which must be reached for convergence is
entered as CHECK. Since the default value for CHECK is 1.0, a smaller value must be
entered or execution will terminate the first time convergence is checked. The maximum
CPU time allowed for the RAFFLE Monte Carlo calculations is specified by RTIME. Note,
however, that the total CPU time required for a problem exceeds RTIME. Usually the total
does not exceed RTIME by more than a minute. If the total CPU time allowed is too short,
the problem may terminate without printing the results. When RTIME is reached before
convergence the tallies are processed, the probable errors are computed, and the output data
are printed just as if the problem converged. If a value of 0.0 is entered for RTIME, results
are printed after each generation. Termination is then only by satisfaction of convergence or
by exceeding maximum CPU time. This option may be useful for establishing the validity of

iteration problems. The user may want to use a value of less than 256 for NIVO in order to

[a] It can be shown that NIVO is the expected number of histories required to produce
NIVO daughters, and hence there is a stable iteration.
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obtain more frequent checks on the changes between generations. The user is cautioned that
when RTIME = 0.0 a large amounl of data may be printed and that the maximum CPU time
must be controlled external to RAFFLE.

RAFFLE tallies are processed as accumulated when batching is not used, IBAT = 0, or
_ at the end of each generation if batching is used, IBAT = 1. The use of batching saves
computer time, but the program does not properly account for “lost” neutrons when this
option is used. If there are many collisions per history, say 50 or more, then the fractional
time saved by batching is small while the error introduced by a lost neutron may be high.
Thus, in this case it is usually desirable not to use batching. Typically, thermal systems and
very large systems fall in the above category. On the other hand, high leakage fast systems
: often have only few collisions per history and batching saves considerable computer time
without introducing appreciable nonrandom errors. Of course, batching may always be used

when the number of lost neutrons is negligible.
1.6 - Russian Roulette Cutoff Weights

The available scoring and cutoff options and their selection for a particular problem.
are discussed in Sections I and I The scoring technique is selected by ISCORE and the
cutoff option by NEXCUT. For a large class of problems, standard path scoring (ISCORE =
1) using standard Russian roulette (NEXCUT = 1) below WNCUT is effective, even when
not the optimum choice. In addition to the flags and parameter above, the Russian roulette
decision weight COMPR can be varied. The discussion below considers problems with
ISCORE =1, NEXCUT =1.

At each collision the weight of a neutron is updated (see Section II.2), and when the
- weight drops below WNCUT Russian roulette is played to decide whether the history is
terminated or the weight of the neutron is increased. To make the Russian roulette decision,
a random number p 1s selected from a uniform distribution over the interval from 0 to 1. If
p is greater than COMPR the history is terminated. Otherwise the weight is multiplied by
the inverse of COMPR and the processing of the history continues. The default value of 0.5
for COMPR is satisfactory, even when not optimum, for most problems. If a value of 1.0 or
greater is used for COMPR, a neutron history will never terminate from a reduction in
weight. If a value of 0.0 or less is used the history will always terminate when the weight
drops below WNCUT. This latter choice may be useful for problems where the neutrons are
of no interest after their weight is below WNCUT.
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The selection of a satisfactory value for WNCUT is quite problem dependent and only
general guidelines are given. If values averaged over energy are used, the number of
collisions, N, to reach WNCUT can be found by solving (2 / Et)N = WNCUT. In general,
WNCUT should be set to give an acceptable average number of collisions to the lowest

energy of interest before termination by Russian roulette.

If WNCUT is too low computer time can be wasted in following neutrons after they
no longer influence the behavior of the system. On the other hand, setting WNCUT too high
can result in so few neutrons reaching the lower energies that the values for the probable
errors are not reliable. In extreme cases a correct choice of WNCUT is crucial. For instance,
with a pure scatterer of infinite extent a solution can be obtained only if WNCUT = 1.0. For

'any other choice the first history will never terminate. However, for many problems as
WNCUT is varied from its best value the computer time changes slowly, and the probable
errors are reliable over a wide range of values on either side of the best value of WNCUT.

For a number of fast systems a value of 0.2 for WNCUT has been satisfactory as has

.0.02 for a number of thermal systems. Again the user is cautioned that in particular extreme
cases the above values may not be satisfactory. It is recommended that when in doubt the
user make some estimate of WNCUT and run short problems with WNCUT at 2.0, 1.0, and
0.5 times the estimated value. Then the results can be used to decide whether further

iteration is necessary.

For problems using multiple thermal groups (see Sample Problem III in Section VII).,
values are required for NTHCUT and NCOL2. If a neutron makes NTHCUT plus NCOL2
thermal collisions, Russian roulette is then played exactly as previously described. If the
neutron survives, Russian roulette is subsequently played at each subsequent NcoL2th
collision. The other cutoff procedures previously described apply to all neutrons, thermal or
not. Thus, if NEXCUT = 1 Russian roulette is played whenever the weight drops below
WNCUT.

If a satisfactory value is entered for WNCUT, the default values of 800 for NTHCUT
and five for NCOL2 are always acceptable. For some problems, other choices may reduce

computcr time.
1.7 Uniform Interval Number Tables

RAFFLE uses uniform interval number tables to eliminate computation of logarithms, .

sines, or cosines in the course of the neutron’s transport. The size of these tables is set by

MEXP; for each variable specifying the direction and location of the neutron there are
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oMEXP entries in the correspending number table. The size. of these tables imposes a limit
on the resolution in RAFFLE. The default and maximum value of nine for MEXP gives 512

entries per table and always provides adequate resolution.
1.8 Flux and Reaction Rate Information

For either the iteration k problem or the external source problem, the user must input
as part of the data the energy cutoffs Eg' These cutoffs define the group structure for the
problem, with group g defined to be the energy range from Eg to Eg+1’ Eg+1 < Eg' As
explained in Section VII, groupwise microscopic cross sections must be input for each
isotope in the problem according to this same group structure definition. In addition to
being used for the groupwise cross section data, the group structure defines the maximum
obtainable energy resolution; the procedure for using group sets to obtain less detailed
information is described in Section IV.1.9. Since the group structure is completely arbitrary,
any particular detailed flux and reaction-rate information can be obtained; however, the

information will only be obtained groupwise for the group (group set) structure defined. .

The maximum spatial resolution obtainable is the groupwise and flux reaction rates
integrated over the defined regions of the problem. The coalescing of regions into region sets
is also described in Section IV.1.9. Since the regions must have homogeneous properties, but
otherwise can be arbitrarily defined (see Region Descriptions, Section III.5), any spatial
detail is obtainable; however, the groupwise fluxes and reaction rates can only be obtained

in a volume-integrated form, for the individual regions defined by the user for the problem.

Thus, for both the iteration type and external source type problems, if Eg is the
defined group structure and Vj, is the volume of an individual region, the fluxes ¢gh and

reaction rates Rgh obtained will be:

E

[ av fg dE ¢ (E,r)
\'J E
h +1 :
¢gh= g'S sg=ls 2: Gsh=l,° . H
Eg -
[ av | dE R(E,T)
Vh Eg+l ,g=1,2,...6, h=1,...,H ,

Rgh = 5

where R(Er) is the particular pointwise reaction rate and ¢(E.r) is the pointwise scalar flux.

This information can be obtained for all the groups defined G and for all regions defined H.
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(The H regions are those in the physical volume of the problem.) The normalization
constant S is the total source strength. For iteration (k) problems,

EO -
S = f.dv { dE vif¢(E,r)
\ o]

where V is the total (physical) volume of the problem and E ) is the maximum energy of the
problem, taken to be 10 MeV. For external source problems, S7is the total integrated

external source intensity,

EO -
s=[dav [ dE S(r,E)
v o

where S(f,E) is the defined pomtwise source intensity. For external source problems with
current sources, S is the total number of incoming neutrons (i.e., the source currents
integrated over surfaces, energy, and direction). If the external sources (volume or current)
generate fission neutrons, S is still only the original total source intensity and does not
include the generated fission neutron intensity. For either type problem, the fluxes and

reaction rates are thus given in units of “per source neutron”.

For either iteration or external source problems, the particular groupwise and

regionwise reaction rates obtained are:
Z.9) s the groupwise and regionwise absorption rate
a¥/gh group gt P
1)) , the groupwise and regionwise fission source rates.
g:h group g

If the problem includes resonance, these reaction rates are subdivided into the resonance

contribution and the total contribution (resonance plus smooth). -

All of the groupwise and regionwise reaction rates and fluxes will be printed with their
associated fractional probable errors. If 6¢gh and 5Rgh are the flux and reaction rate
probable errors, respectively, then the errors printed out will be 5¢gh/¢gh and 6Rgh/ Rgh'

1.9 Coalescing the Groups and Regions into Group Sets and Region Sets

As an overlay on the defined group structure and the defined regions, the user must
specify a group set structure and a region set structure. This simply involves collecting the
groups and regions into unique sets. With this set structure defined, “group set” and “region
set” fluxes will be obtained, i.e., the regionwise and groupwise fluxes will be summed over

the groups and regions in the particular group set and region set. This collecting, or
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coalescing, of groups and regions into broader groups and into larger regions is thus used
only for the structure of output desired. Even if coalesced broad group information is
wanted, a finer group structure Eg is desirable since the microscopic isotope group cross
sections are input according to this original finer group structure, and the neutron transport
is computed with these finer groups as data. Likewise, the finer region definition may be
necessary because of the physical inhomogeneities of the problem, even though no spatial

information is desired.

Let G be the group set numbers, G = 1, 2,....Gp where G is the total number of
group sets. Analogously, let H be the region set numbers, H = 1, 2,...,Hp, where Hr is the
total number of region sets. A particular group set G is defined by assigning various groups

to bein it;

G = {81, 329-"’gn}

A particular region set H is defined By assigning various regions to be in it;
H = {h;, hp,...,hp} .

Each group and region must be in some group set and region set, respectively; however, a
particular group or region cannot appear in more than one group set or region set. With
these restrictions observed, any allocation of the groups and regions to the group sets and
region sets is permissible. (Usually adjacent groups are combined in a group set; this is not
necessary, though.) To define the group sets and region sets for the RAFFLE input, a group
set number and a region set number are simply assigned to each group and region,

respectively, where these set numbers increase consecutively from 1.

With the group sets and region sets defined, the fluxes and reaction rates are printed
out for this overlay structure; fluxes and reaction rates are always printed out by RAFFLE
according to group and region set. These group set and region set fluxes and reaction rates
are simply summations of the groupwise and regionwise fluxes and reaction rates, summed
over the groups and regions in the group sets and region sets. The fluxes and reaction rates

printed out are thus ¢y and Rgp;s

ber = 2. $gh
geG

heH

Rgg = 2. Rgh -
geG
heH
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" The numbers G and H are the particular group set number and region set number,

respectively. The quantities ¢gh and R, are the groupwise and regionwise fluxes and

g
reaction rates defined in the previous section, and the summation is over all groups in group
set G and over all regions in region set H. If one group is assigned to the group set G, and
one region corresponds to the region set H, then the group set and region set flux and

reaction rate simply correspond to the groupwise and regionwise flux and reaction rate.

The fractional errors printed out by RAFFLE are for the region and group set fluxes
and reaction rates. Thus, the fractional errors printed out are 5¢GH/¢GH and 5RGH/ Rew
where 8¢ g and 6R gy are the associated group set and region set probable errors.

The group set and region set overlay must be assigned for every problem. If the user
desires the detailed groupwise and regionwise fluxes and reaction rates, he merely assigns
one group to one group set and one region to one region set. However, because of symmetry
or because particular regions and groups are nol of interest, certain groups and regions can
be lumped into one group set and region set, while the other groups and regions can be

assigned one to a set.
1.10 The Option of Obtaining Directional Currents

For iteration type problems and external source problems, the user has the option of
obtaining directional currents across desired surfaces. To obtain the neutron currents, a
group structure must be defined that can be independent of the group structure defined for
the group cross sections and fluxes. This current group structure is defined by assigning
energy cutoffs that determine the group energy limits. Groupwise currents, integrated in

energy over the group structure, are then obtained.

The groupwise currents are sorted into “incoming” currents and ““outgoing” currents
by specifying the originating regions and the final regions. An originating region number
h(©) is specified and a final region number h(®) is specified, where the region numbers refer
to those previously assigned the regions (see Region Descriptions). The final region number
h() must correspond to a region adjacent to the originating region h(®), otherwise
assignment of originating and final regions is completely arbitrary. With an originating and
final region designated, the groupwise currents crossing from h(®) to h{®) will then be
determined. This “‘region-to-region” current is a sum, over all common surfaces, of the
surface currents crossing from h(©) to h(®). If the two regions have only one common

surface, then the region-to-region current corresponds to the common surface current from

h(©) to h(H).

76



Shown bclow are examples of the groupwise region-to-region currents obtained by
RAFFLE.

)
() ©) (©
:
¢))

Two concentric cylin- Two rectangular . A segment within
ders. Groupwise cur- solids. Group- a cylinder.
rents will be obtained wise currents Groupwise cur-
crossing the common will be obtained rents will be
cylindrical surface ) from h(0) to h(f), obtained from
from h(0) to h(f) crossing the por- h@) to n(H), .
(h(f) may be the sur- tion of the com- crossing the two

-.rounding vacuum mon surface. _ common surfaces.
region). : : :

Any number of originating regions may be assigned, and any number of final regions -
may be assigned for an origiriating region./Hence, any degree of spatial detail can be
obtained for the groupwise currents. Furthermore, the final regions may include regions in
the surrounding vacuum region and, consequently, groupwise leakage currents can be.

obtained.

As for the flux and reaction rate output, the region-to-region currents output by
RAFFLE are normalized to units of neutrons per source neutron. (The normalization factor-
S is identical to that used for the fluxes and reaction rates, Section 1V.1.8.) The errors for,
the region-to-region currents are not printed out; however, they can be simply computed

from the binomial formula

8 0.6745
Jg \/ NJ g
where
]g = groupwise .curlfent from h(®) to h(® printed out by
' RAFFLE
8] .
& = the fractional probable error for the current
Jg
N = the total number of histories followed by RAFFLE (which

it prints out).
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2. PROBLEMS FOR WHICH AVERAGED GROUPWISE CROSS SECTIONS
ARE DESIRED (ITRAGG = 1)

2.1 General Problem Description

The major difference between the cross section. class of problem and the flux and
reaction rate class of problem is that all the regions of the physical volume of the problem
must be coalesced into one region set if cross sections are desired. The cross section class of
problem includes iteration (k) problems and external source problems with or without
fission daughters being generated. As for the flux and reaction rate problem, a group
- structure is defined for the groupwise information to be obtained. Unlike the flux type
problems, however, instead of obtaining region and group fluxes and reaction rates, averaged
groupwise cross sections are obtained for the problem. These groupwise cross sections are
obtained by taking the ratios of the total groupwise reaction rates to the total groupwise
fluxes for the entire physical volume of the problem. The computation of the cross sections
is performed in a correlated manner in the RAFFLE code to minimize the statistical errors
associated with the cross sections. The averaged groupwise cross sections obtained include
the absorption cross sections, the v times the fission cross sections, the scattering cross

sections, and the complete P and Py transfer matrices.
2.2 Problems for Which Elastic Cross Sections are Desired”

To calculate elastic cross sections, the flag IELGG must be set 1 or 2. When IELGG =
1, the scattering angle is found once for each collision, and thus for each collision the P
and Py scattering cross sections are calculated only once. This option is effective where the
number of collisions per history is large, e.g., thermal problems. When IELGG = 2, the
scattering angle is determined NFGG times at a collision and thus the P and Py scattering
cross sections calculated NFGG times. The effect is similar to splitting neutrons. This option
is well suited to problems with only a few collisions, say five or less, e.g., some fast systems.

A value of five for NFGG is satisfactory for the general problem.
2.3 Averaged Cross Section Information Obtained

Like the flux and reaction rate problem, the user must input an energy cutoff
structure, Eg’ which defines the basic group structure of the problem. The energy cutoffs Eg
are the lower energies of the groups. The group structure will be used for the isotope group

“cross sections and will be used as the first group structure for which the averaged cross
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sections can be obtained. Overlayed on the group structure will be a group set structure
allowing coalescing of the groups. As for the flux type problems, even if the groups are
coalesced to a few broad group sets, in order to obtain few group cross sections, a finer
original group structure Eg is still desired since the isotope microscopic group cross sections

are input according to the finer structure.

Let the group cutoffs be Eg for a total of G groups defined. Also, neglect for the
present the group set overlay, since this merely “sums” the basic group structure. The

averaged groupwise cross sections obtained are then given by'the formula

Eg+1 _ -
[ av dE 3(x,E) ¢(r,E)
VoK

g . E

\ Eg

18
I

dE ¢ (x,E)

where ¢(r,E) is the pointwise scalar flux. The spatial integrals are over the entire physical
volume of the problem, for example, the entire cell. The macroscopic cross sections Z(r,E)
are either absorption, scattering, or v-fission. Hence, the a{/erage absorption, scattering, and
v-fission cross sections are obtained. If the problem contains resonance, the absorption and
v-fission cross sections are subdivided into the resonance contribution and the total value
(resonance plus smooth). These average cross sections with their associated fractional
probable errors (8Eg/ E'g) are obtained by RAFFLE. '

In addition to the groupwise averaged cross sections, the groupwise averaged P and
P, transfer matrices can also be obtained by RAFFLE. If Z (g>g’) is an element in the P

transfer matrix, then Z (g>g’) is given by the formula

E E,
g+l +1 - -
[ av dE fg dE' ¢(r,E) Ig(E+E',T)
A E E
Zo(g'-*g') = & §g+l
[ av | dE ¢(t,E)
V. Eg

where ES(E->E',?) is the macroscopic scattering cross section from energy E to energy E'.
* The spatial integrals again are over the entire physical volume of the problem. For these P,
coefficients, the user has the option of obtaining the elastic P,’s, the inelastic P’s, or the
total scattering P ’s (elastic plus inelastic). The Py transfer elements fl(g*g') are
analogously given by the formula
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where u(E,E') is the cosine of the scatlering angle in the lab framc. Since inelastic scattering
is assumed isotropic in the lab frame, the Py transfer cross sections are entirely elastic Py
cross sections. These transfer cross sections with their associated fractional probable errors
are printed out by RAFFLE.

2.4 Coalescing the Regions and Groups

As stated, to obtain the averaged cross sections and transfer matrices all regions in the
physical volume must be assigned to one region set. There is no option here; the user must
assign all the regions, in the physical volume, to region set 1. In the RAFFLE input, this
merely involves assigning.one (1) as the region set number to all the regions in the physical
volume.

As stated previously, the basic group structure E; can be overlayed by a group set

structure in order to obtain broader group cross sections %md transfer matrices. The defining
of group sets is exactly the same as for the flux type problems: a group set G is defined by
defining the groups which are coalesced in the group set. For the RAFFLE input format,
each group is assigned one group set number, where the group set numbers must increase

consecutively from one to the total number of group sets.

Averaged cross sections and transfer matrices are always printed oul according to

group set. If R is the group reaction rate,

g
Egi1 - -
Rg = [ av jg+ dE I(x,E) ¢(r,E)
Vo Eg

and ¢>g is the group flux,
E
g+l -
¢g = [ 4V [T 4E ¢(,E)
) Eg

The averaged group set cross sections obtained, EG’ will be

2, Rg
= geG

Ig =
2 g

geG
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~ G is the group set number and the summations are over all groups g in G. If G consists of
one group, the averaged group set cross section is that defined in the previous section (fG =
z)
g
The group set transfer matrices are computed in the same way as the group set
averaged cross sections. If R (g>g') is the scattering transfer rate from group g to g°,
Eot1 Eg'11

Ro(grg') = [ dv dE |

Vv Eg Egv

dE' ¢(r,E) Ig(E+E’,r)

then the group set P transfer cross section Z(G>G"') is

2. 2 Rolgg")

_geG g'eG'

I, (GG =
2 o
geG

If group sets G and G' consist of one group, the group set P, cross section is simply the
group P, cross section [Z (G>G") = Z (g>g")]. The P; group set transfer cross section
21(G>G") is, analogously,

> 2 Rigeh

- ) G v Gl
I (eer) = BB E
2 bg

geG

where

Eg41 Egt41 - -
Ri(g>g') = J av [~ 4@E | dE' ¢(r,E) u(E,E') I (B>E';r) .
Vv  Eg Eg'

The fractional probable errors printed out by RAFFLE are for the group set cross
sections and transfer matrices. The fractional errors printed out by RAFFLE are thus
8ZG/ZG, 0Z4(G>G')Z(G>G'), and 8Z1(G>G")/Z1(G>G"), where “8” denotes the prob-

able error.

As for the flux type problem, the group set structure must be defined for every cross
section type problem. This requirement of a group set structure for every problem causes
the user no great trouble since it is simple to define and input. Furthermore, it adds
considerable flexibility. If the user desires the original group cross sections and transfer
matrices, he simply assigns one group to one group set. If he desires broad group

information, of any structure, he simply coalesces the groups into a few group set.
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2.5 Additional Information Obtained for Cross Section Type Problems

In addition to the averaged cross sections and transfer matrices, the group set volume
“integrated fluxes ¢ are always obtained;
¢ = 2 bg
, geG '
where the group sets refer to those defined for the cross sections and transfer matrices. The
group set fluxes, with their associated fractional probable errors §¢G/¢(;, are printed out by
-RAFFLE. Additional constants are obtained, depending upon whether the problem is of an
iteration type or of an external source type. For an iteration type problem, the eigenvalue,
or generation factor k, the lifetime ty, and the generated time ty are all obtained with-their
associated fractional errors. The reader is referred to Section IV.1.2 of the previous flux and
reaction rate problem discussion since the quantities are exactly the same as discussed there.
For external source problems with fission daughters followed, the “multiplication factor”,
“lifetime”, and “generation time” are additionally obtained. For the discussion of these
qﬁantities, the reader is referred to Section IV.1.3 of the flux and reaction rate problem
discussion. Finally, for either iteration or external source type problems for-which cross
sections and transfer matrices are obtained, the user has the option also of obtaining-the
region-to-region currents. For this information on currents the reader is referred to Section

IV:1.10 of the previous discussion.

3. GENERAL GUIDELINES FOR PREPARING RAFFLE PROBLEMS

31 Initial Checkout of RAFFLE Problems

It is strongly recommended that the execution time, as set by RTIME, be kept short
until a RAFFLE problem has been thoroughly checked. Failure to-observe this precaution
can result in wasted computer time. Two types of mistakes can occur in the RAFFLE input
data: (a) violation of the rules as stated in Section V for the input data, and (b) failure to
describe properly the model as desired by the user. Many, but not all, of the first type are
detected and execution of the Monte Carlo routines bypassed. The program has no way of
checking for the second type. '

Among the errors that can cause RAFFLE to terminate because of excessive CPU time

are:

(1) The control on CPU time external to RAFFLE was not
sufficiently longer than RTIME. It is recommended that initially
the limit on CPU time exceed RTIME by one minute. o T
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(2) RTIME was too small to allow INNGEN+1 generations to be
processed and edited. No results are available for first INNGEN
generations. '

(3) No fission spectra, data type IFM, are assigned to a material with
fission data (a material containing one or more fissionable
isotopes).

(4) The regions are not entirely within the upper right hand
quadrant.

(5) There is one region per zone, and the region to zone assignment
is incorrect.

The following errors can cause an addressing error, such as a 0C5 error on an IBM 360.

The numerical limits are those in effect at the time of this report.

(1) A material number less than one or greater than NMAT is .
assigned to a real region. :

(2) A material contains an isotope with fission data, but the number
of the fission spectrum assigned to the material is zero or
negative. As noted above, this error sometimes produces a loop
so that the program terminates because of excessive CPU time.

(3) An isotope contains fission daté, but no spectrum index, data
type ISPECT.

(4) The storage for leakage edits has been exceeded. This error can
sometimes result in excessive CPU time. The limit is

NREG
2 * NREG + [(LGRP+1) * (NEXIT(IH)J < 500 .
IH=1

(5) The number of surfaces, NSUR, exceeds 200.

(6) The storage for tallies is exceeded. The limit is

(NGRPST+1) * NREGST < 1050 .

(7)  The number of region sets is too large. The limit is

NREGST < 100
When TXREG = 1, the failure to specify a nonzero temperature for a material
containing an isotope with resonance data can cause an attempt to calculate the square root

of a negative number.
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The fractional probable errors from a short problem can be used to estimate the CPU
time needed to achieve any desired errors. If ‘Ey is the initial error obtained with a RTIME

2
E;
T2=T\g,) .

where To is RTIME for the second problem. If the running time is very short the initial

of Tl and E2 1s the desired error then

errors may be incorrect; however, the above equation is usually satisfactory if the initial

fractional error is less than 0.2.

After all errors detected during the input edit have been eliminated the program may
terminate with the message ‘PROGRAM STOP -- SEARCH HAS FAILED 100 TIMES IN
LOCATING SOURCE PARTICLES’. When this occurs the locations and region extents of
the sources should be checked. If these are correct, check the geometry as discussed below.
After the program succeeds in locating the source particles it may terminate with the
message PROGRAM TERMINATED BECAUSE 10*IRRBOX IS GREATER THAN TOTAL
NUMBER OF COLLISIONS’, where X is 1, 2, or 3. ‘

Even with correct descriptions of the region and zone geometries, some neutrons with
unusual histories may be lost because the program algorithms cannot assign them to a
region. However, if the lost neutrons exceed 0.1 percent of the histories, a mistake in the

region or zone descriptions should be considered.

A message such as ‘LOST NEUTRON (COUNTED IN IRRBO1) -- THE NEUTRON
WAS LOST IN TRYING TO CROSS TO AN ADJACENT REGION’ is printed every time a
neutron is lost. The lost neutrons, divided into three categories, are totaled on the line
labeled ERROR -- TALLY BOX COUNTS near the start of the output data.

Among the items that should be checked when neutrons are lost are:

(1) NSUR, the number of surfaces.

(2) NREG, the number of real regions.

(3) NFREG, the number of vacuum regions.
4) NNZONE, the total number‘ of zones.

(5) KOBN, the external boundary numbers. Note, the external
boundaries are those at the exterior of the real regions.
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If the problem persists, the assignment of regions to zones, IZONE, the region types,
{IR'T', the region boundaries, KBN, the boundary coefficients, A, and the edited zone
description should be checked. The fraction of lost neutrons is problem dependent, and
even with correct region zone descriptions the fraction may be about 1.0 percent of the
histories. This is acceptable; however, to be conservative the user should carefully examine

the input data before accepting more than 0.1 percent lost neutrons. -

Although not specifically stated in the rules for region descriptions, all regions must
be convex in the sense that no planar surface may extend into a region for which it is a

boundary. This problem can be eliminated by using more regions.
3.2 Combining RAFFLE Estimates

If a Monte Carlo program processes a sufficiently large number of events, roundoff
can cause the statistical errors to be incorrect. RAFFLE uses double precision arithmetic for
the tallies in order to extend the limit on the number of events that can be correctly
processed. While this limit has not been determined, RAFFLE problems using four hours
CPU time on an IBM 360/75 and processing 1,600,000 collisions have been run successfully.

Because RAFFLE does not possess restart capabilities, the user may want to combine
results from several RAFFLE runs rather than make one very long run. When combining
results, a different value for the number of random numbers initially rejected, NREJEC,
must be entered for each individual run. If the values of NREJEC differ by more than about
1,000 the correlation between two runs will be negligible. To combine N uncorrelated

RAFFLE estimates of the same quantity:

let
X;-  be one of the estimat.es to be combined
8;  bethe corrgsponding fractional error
S, = (X)2
X  be the best estimate in the sense of having the minimum

fractional errors

6%  be the fractional error for the best estimate.
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Then

!
»

I
=

[

o
Il
-

For N=2

S7X; + 51Xp
5; + S,
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]

515,
S; + S,

V3

X X

RAFFLE gives the fractional probable error for each estimate. If X is the value given
for the estimate and & the fractional probable error, then the actual value of X has a 50
percent chance of lying in the interval (X-8,X,X+8,X); this is a useful if not precise
interpretation of §y. Multiplying a RAFFLE fractional probable error by 1.483 gives the

corresponding fractional standard deviation.
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V.PREPARATION OF RAFFLE INPUT DATA -

This section presents the detailed instructions for preparing the RAFFLE input data
except for the cross section libraries which are discussed in Section VII. In this section, the
existence on auxiliary storage of the required cross section libraries is assumed and
instructions for their use presented. RAFFLE reads from the libraries into main storage the

data for only those isotopes requested for a particular problem.

1. ORDER OF DATA SETS

The input data for RAFFLE can be considered as consisting of a number of data sets.
Table IV shows the order of these data sets.

TABLE 1V
ORDER OF DATA SETS

Problem title card

General integer data

General floating point data

Fast and one thermal group cross section library

Multigroup thermal cross section library

AN B~ W

Surface source data

Notes: Data sets 5 and 6 are optional

Data set 4 may be optionally read in on FORTRAN logical
unit 15

Data set 5 may be optionally read in on FORTRAN logical
unit 11

2. DATA SET FORMATS

2.1 Problem Title Card

The FORTRAN format of the problem title card is A1, A3, 19A4.

Column 1 Input copy ‘ﬂag
0-Do not list input cards
1-List input cards
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Columns 2-80  Any identifying Hollerith characters

can be punched here
This card must head the input data for each problem; it can be blank.
2.2 Preparation of the Integer Data

The FORTRAN format for an integer data card, except in the surface source data sets
described in Section 2.4 is: '

Index 1, 2, 3, and 4
: IVC - _
IEND~_____{;,212’13,12:E3’1514_____1nteger data words

"
data control information

The first 12 columns of an integér data card are devoted to the identification of the

data on the cards as follows:

Column 1 IEND Zero or blank means
: ’ other integer data cards
follow. 1 punched means
this is the last integer

data card.

The value of these f
Columns 2-3  INDEX 1 e value of these four

Columns 4-5 INDEX 2
Columns 6-8 INDEX 3
Columns 9-10 INDEX 4

indices identify the in-
teger data punched on
the card; hence, the card

order is irrevelant.

Columns 11-12 IWC - This word tells the num-
' ber of integer words
punchcd on the card (1

to 15). If IWC is zero or

blank, a value of 15 is

assumed.

There must be at least.one integer data card per problem.
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The value of IWC specifies the number of successive words of data given on the card,

excluding the data control information in card column 1 to 12.

The integer data cards can be in any order so long as the last card has a 1 punched in’
card column 1, but the integer data deck must tfollow the problem title card and precede the -

floating point data deck.

Each integer data word must be right adjusted; that is, the number must end in the

- extreme right column of the 4 column field.
The single word inpuf data (starting with INEDIT and ending with IFRST) can be

punched-in the order of increasing INDEX 3 values across a card (provided the INDEX 3
value in card columns 6-8 is that of the first data word on the card).
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TABLE V

DESCRIPTION OF GENERAL INTEGER DATA

Index 4

Index 1| Index 2 | Index 3
Card Card Card Card
Cols. Cols. Cols. Cols. |Mnemonic
2-3 4-5 6-8 9-10 Name
Format | Format | Format | Format of Default
12 I2 I3 12 Data Notes on Applicationm of Data Value
1 INEDIT |[Edit Flag 1
1-Edit input only
2-Edit input and execute problenm
2 IED Isotope Edit Flag 0
0-Print macroscopic cross sections
1-Print macroscopic and microscopic cross sections
2-Used for debugging
3-Do not print any cross secticms
3 NGRP Number of cross section broad groups
4 NREG Number of real regions
5 | NFREG Number of vacuum (fictitious) regions
6 NMAT Number of materials
7 | IZPNGE |Zone Geometry Type
1-Stacked rectangular
2-Spherical ‘
.3-Stacked cylindrical (R,3)
4-Stacked R, %, @
8 NSUR Number of surface equations
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TABLE V (Cont'd)

DESCRIPTI

ON OF GENERAL INTEGER DATA
Index 1] Index 2 | Index 3| Index &4
Card Card Card Card
Cols. Cols. Cols. Cols. | Mnemonic
2-3 4-5 6-8 9-10 Name
Format | Format Format | Format of Default
12 12 13 12 Data Notes on Application of Data Value
9 NFSP Number of spectra
10 NSCAT |[Number of isotopes in problem
11 NIC Number of isotopes in fast library
12 LABGRP |Angular data for group LABGRP and below are in the lab NGRP
system (not used with multiple thermal groups, MACRO#0)
13 LSCAT |No energy change from elastic scatter is computed for NGRP
group LSCAT and below (not used with multiple thermal
groups, MACRO#0)
14 IXTERN |Eigenvalue or.fixed source flag
1-Eigenvalue (iteration) problem
2-Fixed source problem, fission daughters not
followed
3-Fixed source problem, fission daughters followed
15 NIV@ Number of histories per generation or batch (maximum 256
value is 256)
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TABLE V (Cont'd)

DESCRIPTION OF GENERAL INTEGER DATA

Index 1 [Index 2 | Index 3| Index 4
Card Card Card Card
Cols. Cols. |- Cols. Cols. |Mnemonic
2-3 4-5 6-8 9-10 Name
Format Format Format Format of Default
12 I2 I3 I2 Data Notes on Application of Data Value
16 ISCPRE |Scoring Flag 1
1-Standard path scoring
2-KENO method (isotopes used ia problem must not
contain resonance data)
3-Ray method
17 NNZ@NE |Total number of zones
18 NNXZL Number of radial lines (not used for IZ@NGE=1)
19 NNYZL Number of theta values (used only forlIZ¢NGE=4)
20 NNZZL Number of zone z-lines for stacked zone geometries
(not used for IZ@PNGE=2)
21 NGRPST |Number of group sets (if not read in, group sets NGRP
correspond to groups)
22 NREGST |Number of region sets (if not read in, region sets NREG
correspond to real regions)
23 NEXCUT |Cutoff option
l1-Standard Russizn roulette below WNCUT 1
2-No weight reduction, compare with Ig/IT
3-Russian roulette belo reﬁ'cn and group
dependent cutoffs WGT?J,I §

1
-
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TABLE V (Cont'd)

DESCRIPTION OF GENERAL INTEGER DATA
Index 1] Index 2A Index 3| Index 4
Card Card Card Card
Cols. Cols. Cols. Cols. |Mnemonic
2-3 4-5 6-8 9-10 Name
Format | Format | Format | Format of o A Default
12 12 I3 I2 Data Notes on Application of Data Value
24 ISPLT Splitting Flag 1
1-No splitting
2-Splitting by integer multiples
3-Splitting by weight comparison
25 JTAPE Fast Library Flag 0
0-Read fast library from cards (Unit 5)
1-Not ‘used
2-Read fast library from tape or disk (Unit 15)
26. Not Used \
27 MEXP Exponent of 2 which determines size of random number 9
: table (maximum is 9)
28 'NREJEC |NREJEC random numbers are initially rejected so that
the sequence starts with the NREJEC+1th random number
1<NREJEC<9999
29 NS@RCS Number of external or initial fission sources (used
if ICURR=0)
30 IVSPEC |Index number of the spectrum used for all the sources
, (1<IVSPECZNFSP)
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TABLE V (Cont'd) "

DESCRIPTION OF GENERAL INTEGER DATA
Index 1] Index 2| Index 3| Index &
Card | Card Card Card
Cols. Cols. Cols. Cols. |Mnemonic
2-3 4-5 6-8 9-10 Name
Format | Format | Format | Format of Defaulq
12 12 13 12 Data Notes on Application of Data Value
31 INNGEN |Number of generations processed >efore tallies are 1
started
32 ICURR |[Volume or surface source flag (s=2e Section 2.4 for 0
description of source types)
0-Volume source problem
1-Planar surface source problem
2-Cylindrical surface source problem
33 LGRP Number of groups for which leakaze tally is made
34 IVERGE |[Convergence Flag
1-Convergence on k
2-Convergence on region flux
3-Convergence on region and group flux
(TVERGES] not alldwed when® I-URR>0)
35 MAXCNT |Maximum number of times to split per history (used if 6
: ISPLT=2 or 3)
36 NEXREG |Region Convergence Flag

0 All region sets are checked for convergence

N (N>1) N region sets are checxed for convergence
(the index numbers of these region sets must be
entered in ICHREG) (used only if IVERGE=2 or 3)
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TABLE V (Cont'd)

DESCRIPTION OF GENERAL INTEGER DATA
Index 1] Index 2| Index 3| Index 4
Card Card Card Card
Cols. Cols. Cols. Cols. | Mnemonic
2-3 4-5 6-8 9-10 Name
Format Format Format | Format of Default
12 12 13 12 Data Notes on Application of Data Value
37 NEXGRP |Region and group convergence flag
0 All group sets checked for convergence
M (M>1) M group sets checked for convergence. (group
sets of region sets specified in NEXREG) (the
index numbers of these group sets must be entered
in ICHGRP) (used only if IVERGE=3)
38 Not Used (do not enter 0)
39 Not Used (do not enter 0)
40 IBAT Batching flag 0
0-No batching
1-Batching
41 TXREG |Flag for input of temperature (°K) for resolved 0
resonance calculation
O-Temperature input by isotope in cross.section
library
1-Temperature input for each region containing a
material with a resonant isotope (in REGTEM)
101 NTHRM |Number of thermal groups
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TABLE V (Cont'd)

DESCRIPTION OF GENERAL INTEGER DATA

Index 1| Index 2 | Index 3| Index 4
Card Card Card Card _
Cols. Cols. Cols. Cols. |Mnemonic
2-3 4~5 6-8 9-10 Name
Format | Format | Format | Format of " Default
12 I2 13 12 Data Notes on Applicatior. of Data Value
102 MACRO |Structure of thermal library
*1-1 to 99 thermal groups, cross sections by material
2 1 to 99 thermal groups, cross sections by isotope
If MACR@ is positive, read -n thermal library
on unit 11 (disk or-tape)
If MACRg is -1, read in on unit 5 (cards)
103 NTHCUT |Russian roulette after NTHCUT thermal 800
104 NCPL2 |and after NC@PL2 subsequent therme_ collisions 5
105 IFRST Group number (ag punched on thermal cards) to use
as first RAFFLE thermal group
1 IR MATRL(IR)[Index number of material in regicm IR
2 IR IIRT(IR) [Region type for region IR
‘ 1-No curved boundaries, 5 to 8 planre boundaries
2-One curved, 5 to 7 plane bourdaries
3-Two concentric curved, 2 to €& plane boundaries
4-Two concentric spherical boundaries
3 I | ICHREG(I)[List of the region sets to be checked for convergence

(not required if IVERGE=1l, or if WEXREG=0)
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TABLE V (Cont'd)

DESCRIPTION OF GENERAL INTEGER DATA

Index 1| Index 2 | Index 3| Index
Card Card Card Card
Cols. Cols, Cols. Cols. Mnemonic
2-3 4-5 6-8 9-10 Name :
Format | Format Format Format of Default
12 12 13 12 Data Notes on Application of Data Value
4 1 ICHGRP(I) List of the group sets to be checked for convergence
(not required if IVERGE=1, or if NEXREG=0)
5 IC ITYPE(IC) Source type for volume source IC (used if ICURR=0)
0-Rectangular solid source or plane source
1-Cylindrical-shell, ring, or line source
2-Spherical-shell, or point source
6 iR N@GEN(IR) Splitting multiples for region IR (used when
ISPLT=2)

7 Not Used

8 J IGRPST(J) |If NGRPST is greater than 1 and less than NGRP,
enter the group set number for each group J

9 IR IREGST(IR) |If NREGST is greater than 1 and less than NREG,

enter the region set number for each region IR

10 I K@BN(I) List of the unsigned external boundary numbers in

any order. (The index numbers of the surfaces
bounding the real regions)

11 IM IFM(IM) The number of fission spectra for material IM
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TABLE V (Cont'd)

DESCRIPTION OF GENERAL INTEGER DATA

Index 1| Index 2 | Index 3| Index 4

Card Card Card Card

Cols. Cols. Cols. Cols. Mnemonic
2-3 4-5 6-8 9-10 Name

Format | Format | Format | Format of . - Default
12 12 13 12 . Data Notes on Application of Data Value

12 ID - NAFTAL(ID) |List of the identification numbers in order of
increasing magnitude, for the isotopes used in
the problem from the fast library

13 ID ISPECT(ID) [ For each isotope in NAFTAL, list the index number
of its fission spectrum, if the isotope is not
fissionable enter zero or blank

14 ID . IDTHERM(ID)| If any of the thermal and fast isotope identifica-
tion numbers differ, list the thermal ID's here.

If a thermal ID is 0 that isotope is assumed to
have zero thermal contribution. (Used only if
MACR@=2)

15 ID IMPRE(ID) Temporary changes to cross section data for the
isotope with sequence number IJ. (The data in the
cross section library is not changed, and these
changes are effective only for the problem being
run. The multi-thermal group data cannot be changed
by this procedure.)

0-No changes

1-Update data for isotope ID

2-Temporatrily add isotope ID to library or
completely replace data for isotope ID
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TABLE

V (Cont'd)

DESCRIPTION OF

GENERAL INTEGER DATA

Index 1 | Index 2| Index 3| Index 4

Card Card Card Card

Cols. Cols. Cols. Cols. Mnemonic

. 2-3 4-5 6-8 9-10 Name

Format Format Format Format of Default
12 12 13 12 Data Notes on Appligation of Data Value

1 M ID MIX(ID,IM) ‘'The isotopes with identification numbers listed
form material IM. (Use the fast library identi-
fication numbers.)

2 IR KBN (IR) List of the signed boundary numbers for region IR

3 IZL IZPNE(IZL) List of regions in zone IZL (The index numbers for

’ the vacuum regions must start with NREG+1) (Not
more than 7 regions per zone)

4 IR IH THEXIT(IH,IR)|List of regions for which current from region IR
is desired (Regions in list must be adjacent to
region IR. Not used if LGRP=0)

5 IC I IREG(I,IC) List of the exempt regions, in any order, for
source IC

6 1 MAFIS Maximum number of fission daughters to store
(Not to exceed 200) (Required only when IXTERN=3)

6 2 IAFIS Flag for storage of fission daughter weights

1-Store CFISK
2-Store entire generated weight
(Required when IXTERN=3)
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TABLE V (Cont'd)

DESCRIPTION OF

GENERAL INTEGER DATA

Index 1| Index 2 | Index 3 |Index 4
Card Card Card Card
Cols. Cols. Cols. Cols. Mnemonic
2-3 4=5 6-8 9-10 Name
Format Format Format Format of Default
12 12 13 12 Data Notes on Application of Data Value
6 3 ITRAGG Reaction rate or cross section flag
0-Calculate fluxes and reaction rates
1-Calculate fluxes and traasfer cross sections
6 4 LINGG Flag for inelastic cross sections
0-Do not calculate inelastic cross sections
1-Calculate inelastic cross sections
(Required when ITRAGG=1)
6 ‘5 IELGG Flag for elastic cross sections
0-Do not calculate elastic cross sections
1-Calculate elastic cross sections and calculate
P(0) and P(l) values oncz per collision
2-Calculate elastic cross sections and calculate
P(0) and P(l) values NFG5 times per collision
6 6 NFGG Make P(0) and P(l) estimatioas NFGG times per

collision (Must be specified when IELGG=2)
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2.3 Preparation of the Floating Point Data

The FORTRAN format for a floating point data card, except in the current source

data sets described in Section 2.4, is:"

Index 1, 2, 3, and 4

\ IWC\ /floating point data words

11,212,13,12'12,5E12.8
u J
T T T TN

IEND.

data control information

The first 12 columns of a floating point data card are devoted to the identification of
the data on the card.

Column 1 IEND Zero or blank means
other floating point data
cards follow. A 1
punched means this is the
last floating point data

f card

The values of these four
indices identify the float-
ing point data punched

Columns 2-3 INDEX 1
Columns 4-5 INDEX 2

Columns 6-8 INDEX 3

Columns 9-10 INDEX 4 on the card; hence, the

card order is irrelevant.

Columns 11-12 IWC This word tells the num-
ber of floating point
words punched on the
card (1 to 5). If IWC is
zero or blank, a value of

5 is assumed.

Columns 13-72 1 to 5 floating point
words of format E12.8
can be punched in these

columns
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There must be at least one floating point data card per problem.

The value of IWC specifies the number of successive words of data given on the card

excluding the data control information in card columns 1-12.

The floating point data cards can be in any order so long as the last card has a 1
punched in card column 1. The floating point data deck must follow the general integer data
deck.

The single word input data (starting with RTIME and ending with CMPR) can be
punched in the order of increasing Index 3 values across a card (provided the Index 3 value

in card columns 6-8 corresponds to the data word in the first floating point data field on the
card).
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TABLE VI

DESCRIPTION OF GENERAL FLOATING POINT DATA

Index 1

Index 2 ]| Index 3| Index &
Card Card Card Card
Cols. Cols. Cols. Cols. Mnemonic
2-3 4-5 6-8 9-10 Name
Format | -Format | Format | Format of Default
12 12 13 12 Data Notes on Application of Data Value
1 RTIME Maximum CPU time. If exceeded, code completeé 0.0
~current generation, edits and terminates. If 0.0,
the code edits each generation with no time check.
2 WNCUT The cutoff weight when NEXCUT=1
3 CHECK Fractional convergence error 1.0
4 X@p X-Coordinate of zone geometry center")
point or origin must be 0.0
. : if rectangu-
5 YQP Y-Coordinate of zone geometry center >lar zone
point or origin geometry,
. . IZ@NGE=1
6 ZQP Z-Coordinate of zone geometry center
point or origin 7
7 Reserved for future use
8 WST@P Relative weight at which program quits.following 10—6
ray (used if ISC@RE=3)
9 CFISK Weight for fission daughter storage (used if L 0.5

IAFIS=1)




Y01

TABLE VI (Cont'd)

DESCRIPTION OF GENERAL FLOATING POINT DATA

Index 2

Index 1 Index 3| Index 4
Card Card Card Card
Cols. Cols. Cols. Cols. | Mnemonic
2~-3 4-5 6-8 9-10 Name
Format Format Format | Format of : Default
12 12 13 12 Data Notes on Application of Data Value
106 C@MPR Russian roulette decision weight for multiple 0.5
thermal groups (used if MACRO=tl or 2)
1 J GV(J) Lower cutoffs for energy groups in eV. Entered in
decreasing order. Value for last group must be
« | 0.0 ‘
2 IR REGTEM(IR) For each region containing a material with a reso-
nant isotope enter the temperature, in degrees
Kelvin, for the resolved resonance calculation
(used only if TXREG=1)
3 IR X@GEN (IR). Region dependent weights for region IR (used when
ISPLT=3)
4 I ALBED@(I) For each external boundary K@BN(I) list the cor-

responding albedo (the externmal boundaries are
those bounding the real regions of the model)
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TABLE VI (Cont'd)

DESCRIPTION OF GENERAL FLOATING POINT DATA

Index 1| Index 2 | Index 3| Index 4
Card Card Card Card
Cols. Cols. Cols. Cols. Mnemonic
2-3 4-5 6-8 9-10 Name ,
Format Format Format Format of _ Default
12 12 I3 12 Data Notes on Application of Data Value
5 IX XLINE(IX) The zone X-lines for parallelepiped zone geometry.
The zone R-lines for the other geometries (for
the stacked geometries, the first value is 0.0
for the first Z-zone. The values proceed to the
largest for the first Z-zone and then start with
0.0 for the second Z-zone, etc. A minimum of tweo
X-lines or R-lines are required for each Z-zone.
IZ@NGE=1, 3, or 4) (For spherical geometry the
values proceed from 0.0 to the largest value.
IZGNGE=2)
6 Iy YLINE(IY) The zone Y-lines for parallelepiped geometry,

IZPNGE=1. The zone 6-lines for R,6,Z geometry,
IZPNGE=4 (not used for IZ@NGE=2, or 3) (For par-
allelepiped geometry, the Y-line values start
with 0.0 in the first X-zone of the first Z-zone.
At least two values, the first being 0.0, are
required for each X-zone. The values proceed
from the first X-zone of the first Z-zone to the
last X-zone of the last Z~zone) (For R,0,Z geom-
etry, the values of the 6-lines are in degrees.
For each R-zone four values 90.0, 180.0, 270.0,
360.0 degrees must be specified. Any other 6-
lines, 0<0<360, may be entered in any R-zone. The
values start with the inner R-zone in the bottom

Z-zone and end in the outer R-zone of the top Z-zone)
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TABLE VI (gont'd)

DESCRIPTION OF THE GENERAL FLOATING POINT DATA

Index 1 | Index 2 |Index 3| Index 4
Card Card Card Card
Cols. Cols. Cols. Cols. Mnemonic
2-3 4-5 6-8 9-10 Name
Format | Format |Format | Format of » A Default]
12 12 13 I2 Data Notes on Application of Data Value
7 VAA ZLINE(1ZZ) The zone Z-lines increasing n crder from 0.0, the
first value, to the height oZ the top Z-plane (not
used for IZ@PNGE=2, spherical zone geometry)
8 JL GVL(JL) Lower energy cutoffs (eV) for the leakage groups
(not used if LGRP=0)
9 IC XTENS (IC) Relative source intensity integrated over the vol-
ume of source IC not including exempt regions
(used if ICURR=0)
1 M II DENS(II,IM) The number density (in units-of 1024%) for isotope
. IT in material IM., Listed in same order as in
MIX(II,IM)
2 IR J WGT(J,IR) The Russian roulette cutoff wveights for region IR

and group J (used when NEXCUT=3)
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TABLE VI (Cont'd)

DESCRIPTION OF GENERAL FLOATING POINT DATA

Index 1 | Index 2 |Index 3| Index 4
Card Card Card Card
Cols. Cols. Cols. Cols. Mnemonic
2-3 4-5 6-8 9-10 Name
1 Format Format Format Format of : , Default]
12 12 13 12 Data Notes on Application of Data Value
5 IC I DEL(IC) |The location point (X;, X5, X3) and the respective

dimensions (AX;, AX,, AX3) for volume source IC (used
if ICURR=0)

For ITYPE=0, the source particles are generated uni-
formly with respect to x, y, and z, excluding the
exempt regions. For a plane source one of the values
Ax, Ay, or Az is read in as zero.* The point X,Y,Z is
with respect to the fixed reference frame for the
problem. The data is read in as X,Y,Z,Ax,Ay,Az.

For ITYPE=1l, the source particles are generated uni-
formly with respect to r and z in the volume r to r+Ar,
z to 2+Az, excluding the exempt regions. For a ring
source Az is read in as zéero.* For a solid cylindri-
cal source .r is read in as zero. For a line source r
and Ar are read in as zero. The point X,Y,Z is with
respect to the fixed reference frame for the problem.
The data is read in as X,Y,Z,r,Ar,Az.

'~ *%See Section 2.4 for a discussion of the current
from a surface source obtained by reducing a
dimension of a volume source to zero.

DEL(IC) continued on next page
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TABLE VI (Cont'd)

DESCRIPTION OF GENERAL FLOATING POINT DATA

Index 1] Index 2| Index 3| Index 4
Card Card Card Card
Cols. Cols. Cols. Cols. Mnemonic
2-3 4-5 6-8 9-10 Name
Format | Format | Format | Format of Default]
12 12 13 12 Data Notes on Application of Data Value
5 ic I DEL (IC) For ITYPE=2, the source particles are generated
uniformly with respect to r in the volume r to
r+Ar, excluding the exempt regions. For Ar read
in as zero the source partic_es are generated
uniformly on the spherical surface r.* For a -
point source, r and Ar are read in as zero. The
point X,Y,Z is with respect to the fixed refer-
ence frame for the problem. 'The data is read in
as X,Y,Z2,r,Ar,0.0.
*See Section 2.4 for a discussion of the
current from a surface source obtained
by reducing a dimension of a volume source
to zero.
6 ISPEC JF The normalized intensity of spectrum ISPEC in

FSPEC(JF)

spectrum group JF. (Spectrum group structure
specified by GVTAB(JF) or by GV(JF).)
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TABLE VI (Cont'd)

DESCRIPTION OF GENERAL FLOATING POINT DATA

Index 1| Index 2 | Index 3 | Index 4
Card Card Card Card
’Cols. Cols. Cols. Cols. Mnemonic
2-3 4-5 6-8 9-10 . Name
Format | Format |Format | Format of Default
12 12 I3 12 Data Notes on Application of Data Value
7 IS N A(IS) Coefficients I determining the equation of
boundary IS. N=1 for planes; N=2 for cylinders
and spheres.
Each equation is of the form Ax+By+Cz=d for planes
(x—xo)2+(y-yo)2=r2 for cylinders, and
(x-%,) 24(y-yo) 2+ (z-25) 2=r2 for spheres, where
XosYo»20 are with respect to the origin of the
coordinate system for the region geometry. For
planes, the data are entered in the order A,B,C,D.
For cylinders the data are entered in the order
0.0,r,%,,¥o- For the spheres, the order is
1.0,r,X5,¥03520. Only the following types of
planes are allowed:
Ax=D i.e. B=C=0
By=D i.e. A=C=0
Cz=D i.e. A=B=0
Ax#By=D i.e. c=0
8 JF .GVTAB(JF) Lower energy cutoff (eV) for fission spectra

group JF. (Required only if group structure for
fission spectra differs from that for cross
sections) :




2.4 Preparation of the Data for RAFFLE Sources

The section describes the preparation of the data to specify the external sources for
fixed source problems, or to specify the initial fission sources for eigenvalue problems. The
term “source” is used in two senses: (a) the volume or surface where the neutrons are
generated, and (b) the current of neutrons entering the system from a source in the first

sense.

RAFFLE provides three types of external sources designated as (a) volume sources,
(b) planar surface sources, and (c) cylindrical surface sources. Only one type may be used in
a given problem, and the selection is made by setting ICURR in the general integer data of
Table V to 0, 1, or 2 for volume sources, planar surface sources, or cylindrical surface
sources, respectively. The iﬁput data for volume sources is described in Tables V' and VI,
that for planar surface sources in Table VII, and that for cylindrical surface sources in Table
VIII. As discussed later the extent of -a volume source can be reduced to a surface, line, or

point and that of a surface source to a line or point.

In the description of the input data it is necessary to distinguish between an angular
flux, f(r,$2), and the angular distribution of the current crossing a surface element ds. The
angular current is f(r,£2)x n'§2, where n is the normal to ds and £ is the neutron direction.
The angular flux is defined as the number of neutrons traveling in direction & crossing a
unit area normal to £ per unit time and per unit solid angle. Since n-§ is the cosine of the
angle between the normal vector n and the neutron direction £, the angular distribution of
the current is the number of neutrons traveling in direction § crossing a unit area normal to
n (ie., crossing a unit area of the surface of which ds is an element) per unit time per solid

angle.

For a volume source, ICURR=0, particles are generated with an isotropic angular
distribution and a uniform spatial distribution over the source volume with the exempt
regions excluded. The intensity of a volume source, as input by data type XTENS, can be
interpreted as the number of neutrons generated per unit time in the entire volume of the
source. However, since RAFFLE normalizes the total number of particles generated per unit
time in all volume sources to 1.0, only the relative values of the intensities are significant.
The strength of a source, in terms of total particles emitted per unit time, is therefore not

reduced when the source volume is decreased by the use of exempt regions.

When a volume source is reduced to a surface, line, or point source, the isotropic

angular distribution is maintained. As a result, when a surface source is obtained by reducing

N
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the thickness of volume source to zero, the angular current distribution tends to be uniform
rather than cosine. Also, the emission of the source is over both hemispheres. Surface
sources obtained as the limiting case of a volume source should be used with caution,
particularly as boundary sources representing the flow of neutrons into the system. A
typical use of volume sources is the representation of the fission sources from an array of
fuel rods. Volume sources are used to specify the initial fission source in an iteration
problem, IVERGE=1.

- For each type of source the spatial distributions that may be specified directly are
quite limited. However, a wide range of source shapes can be obtained by the use of exempt’
regions. Any external source must lie entirely within the real regions of the'problem. If
some of these regions are specified as exempt regions for a source, then that sources does
not generate any particles in these exempt regions. The use of exempt regions to obtain a
source distributed over a volume with a hexagonal cross section is shown in Figure 32. In
view A of Figure 32 a plan view of the real regions near the source is shown. View B shows a
cross section of a source occupying a cylindrical region. The regions désignated as exempt
are shown in C. Finally, D shows a cross section of the resulting source. This method can be

used with any of the three types of sources.

The surface sources, ICURR=1 or ICURR=2, are intended for use as boundary sources
describing the flow of neutrons into the system. These sources emit particles from the
surface into only one hemisphere. A uniform angular flux distribution, that is, a cosine
angular current distribution, can be selected. Alternatively, angular fluxes can be input to
specify a nonisotropic angular flux distribution. The total strength of a surface source and
its energy distribution are determined by inputting a value of the hemispherical current for
each energy group. When the spatial distribution is uniform these currents are in units of
neutrons per square centimeter per second. Since RAFFLE fluxes and reaction rates are per
source particle, multiplying all the groupwise currents in a problem by the same constant
does not change the results. When surface sources are used, convergence on the eigenvalue is
not allowed, and thus IVERGE, Table V, must equal 2 or 3. The enérgy group structure for
.the surface sources is specified independently of that used for the Monte Carlo calculations
of collision events. While the same cutoffs for the energy groups are used for all sources in a
problem, the groupwise intensities that determine the spectral distribution are specified
independently for each source. Within each group the distribution is assumed to be uniform

with respect to energy.

The preparation of the input data for planar surface sources is described in Table VII.

Each planar surface source has a uniform spatial distribution over a rectangle (excluding any
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Fig. 32 Modification of source geometry by exempt regions.

portions lying in exempt regions) whose location and extent are determined as shown in
Figure 33. The plane on which the neutron source is spatially distributed must be parallel to
one of the xy, xz, or yz planes. A nonisotropic distribution of the angular flux with respect
to the angle between the direction of the source neutrons and the normal to the plane may
be read in. For a planar surface source the angular distribution always has axial symmetry

about the normal to the plane.
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Fig. 33 Coordinates for a planar current source into the positive x hemisphere.

The preparation of the input data for cylindrical surface sources is described in Table
VIIL. For a cylindrical source a nonuniform distribution of the angular flux with respect to
both the normal and azimuthal directions may be read in. The set of angles used to define
the angular flux distribution is shown in Figure 34. If a nonisotropic distribution is used, the
input data specifies it for only one quadrant of the hemisphere, with symmetry assumed
about u=0 and ¢=0. In the z direction the spatial distribution may be uniform or of the
form Acos(Bz + C); in the tangential direction the spatial distribution is always uniform.
The cylinder on which the source is produced must have its axis parallel to the z axis of the

coordinate system for the region geometry.
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Fig. 34 Angles for defining a nonisotropic angular flux for a cylindrical surface source.
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TABLE VII

DESCRIPTION OF DATA FOR PLANAR SURFACE SOURCES

(Used when ICURR=1)

NSORCS
Columns 1-5

NCURGP

Columns 6-10'

ICURBS
Columns 11-15

ICURIS

| Columns 16-20

NCURMU
Columns 21-25
(Used if ICURIS=1)

ICURMU
Columns 26-30

Card Type 1 Format 15I5 6 Entries

Number of normal cosines u used to describe the

Card Type 2 Format 5F15.0 NCURGP + 1 Entries
GRP(IG) Enter energy cutoffs, 5 values per card, in

Number of planar surface sources
Number of energy groups for the surface -sources

Importance weighting flag
0-No importance weighting
1-*Equal importances assigned to each group
2-Read in group importances

*For equal importances; the groups are chosen
uniformly with appropriate weighting performed

Nonisotropic source flag

0-Use isotropic angular flux distribution
(0 is the default value) . A

1-Read in a nonisotropic distribution with re-
spect to the normal direction to the plane of
the source (The distiribution is assumed to
have axial symmetry with respect to the nor-
mal to the plane of the source)

nonisotropic distribution (NCURMU22 since the end
values 1.0 and 0.0 are required)

Sampling Flag
0-Sample from the nonisotropic angular flux
distribution that is read in
2-Sample from an isotropic angular flux distri-
bution (The angular current is then propor-
tional to Y, and appropriate weighting is
performed by RAFFLE)

floating point format. Values, in eV, start with
the upper energy of highest energy group and are
entered in order of increasing group number, that
is, decreasing energy. The last value is that
for the lower energy cutoff of the last group.
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TABLE VII (Cont'd)

DESCRIPTION OF DATA FOR PLANAR SURFACE SOURCES
(Used when ICURR=1)

Card Type 3 Format 5F15.0 NCURGP Entries
IMP(IG) Enter group importances in order of increasing

(Used if ICURBS=2) group number. The distribution used is propor-
tional to the importances, after suitable normali-
zation by RAFFLE.

Card Tvpe 4 Format 5F15.0 NCURMU Entries
CASP@ (1) Enter normal cosines in order of decreasing value.

(Used if ICURIS=1) The cosines are with respect to the normal axis
to the plane.

Card Types 5, 6, 7, 8, 9 " One set required for each source

|Card Type 5 Format 15I5 3 Entries
ITYPE Source type (Must be O to indicate a planar source)
IDIR Source direction flag

1-Positive x direction ) The direction desig-
-1-Negative x direction | nates the hemisphere

2-Positive y direction into which the current
-2-Negative y direction flows.

3-Positive z direction | Use only one direction
-3-Negative z direction for a given source.

NEXREG Number of exempt regions
Card Type 6 Format 15I5 NEXREG Entries
EXREG(K) List the exempt regions in any order

(Used if NEXREG>0)

.Card Type 7 Format 5F15.0 5 Entries
XCOR X coordinate locating planar source
YCOR Y coordinate locating planar source
ZC@R Z coordinate locating planar source

(Card Type 7 continued on next page)
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TABLE VII (Cont'd)

DESCRIPTION OF DATA FOR PLANAR SURFACE SOURCES

(Used when ICURR=1)

Card Type 7 (Cont'd)
DIM1

DIM2

SPRVAL (IG)

F(I,IG)
(Use if ICURIS=1)

described.

set.

Y dimension if IDIR=%f1
X dimension if IDIR=%*2 or #3

Z dimension if IDIR=%1 or *2
Y dimension if IDIR=%3

Note: The source coordinates XC@R, YC@R; ZCPR must

Card Type 8- Format 5F15.0 NCURGP Entries

Hemispherical groupwise currents per unit area in
order of increasing group number, decreasing
energy

Note: The current source will have a uniform spa-

Card_sze 9 Format 5F15.0 . NCURMU Entries for each of

For each group, proéeeding from the highest num-
bered to the lowest numbered group, enter NCURMU
values of the angular fluxes in order of decreas-
ing value of the normal cosine. Start a new card
for each group. The angular fluxes entered are
assumed to have axial symmetry about the normal
to the plane. Normalization is not required.

Note: Repeat Card Types 5, 6, 7, 8, and 9 until all sources have been

Note: Do not enter a 1 in the first column of the last card of this data

DIM1 and DIM2 are
- simply the non-zero
values of the se-
quence AX, AY, AZ

be such that DIM1>0 and DIM2>0. For either
DIMI=0 or DIM2=0 a line source will result.
For both DIM1=0 and DIM2=0 a point source

will result. : '

tial distribution over the rectangle on
which it is defined. The total intensity
for a plane source is thus A4;4,J where 4
and A, are equal to DIM1 and DIM2 respec-
tively and J is the sum of the input hemi-
spherical groupwise currents.

NCURGP Groups
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TABLE VIII

DESCRIPTION OF DATA FOR CYLINDRICAL SURFACE SOURCES

Columns 6-10

ICURES
Columns 11-15

ICURIS
Columns 16-20

NCURMU
Columns 21-25
(Used if ICURIS=1)

NCURAZ

" Columns 26-30
(Used if ICURIS=1)

(Used if ICURBS=2)

Card Type 1 Format 15I5 6 Entries

NSORCS Number of cylindrical surface sources
Columns 1-5
NCURGP Number of energy groups for the surface sources

Card Type 2 Format 5F15.0 NCURGP + 1 Entries
GRP(IG) Enter energy cutoffs, 5 values per card, in

Card Type 3 Format 5F15.0 NCURGP Entries
IMP(IG) Enter group importances in order of increasing

Importance weighting flag
0-No importance weighting
1-*Equal importances assigned to each group
2-Read in group importances

*For equal importances, the groups are chosen
uniformly with appropriate weighting performed
to account for group-to-group variation of the
current intensities

Nonisotropic source flag
0-Use isotropic ‘angular flux distribution
1-Read in a nonisotropic distribution with re-
spect to both the normal and azimuthal direc-
tions

Number of polar cosines n, including n=1, used to
describe the nonisotropic distribution

Number of azimuthal angles ¢, including end points,
to describe the nonisotropic distribution

floating point format. Values, in eV, start with
the upper energy of the highest energy group and
are entered in order of increasing group number,
that is, decreasing energy. The last value is
that for the lower energy cutoff of the last
group.

group number. The distribution used is propor-
tional to the importances, after suitable mormal-
ization by RAFFLE.
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TABLE VIII (Cont'd)
DESCRIPTION OF DATA FOR CYLINDRICAL SURFACE SOURCES

Card Type 4 Format 5F15.0 NCURMU Entries
COSPP(I) Enter the polar cosines n in order of increasing
(Used if ICURBS=2) value (Must 1nc1ud§ n;=0.0 and nNCURMU=l°O)
|Card Type 5 Format 5F15.0 NCURAZ Entries
AZ(J) Enter the asimuthal angles, in degrees, in order

(Used if ICURIS=1) of increasing value (Must include both end points,
0° and 90°) See Figure 34.

Card Typeé 6, 7, 8, 9, 10, and 11 One set required for each source
|Card Type 6 Format 1515 4 Entries
ITYPE Source type (Must be 1 to indicate a cyllndrlcal
source)
IDIR Source direction flag

+1-Outward current
~l-Inward current

IBIAS ‘ Z biasing flag
O-Uniform spatial dlstrlbutlon in the Z direc-
tion. (0 is the default value)
1-The spatial distribution in the Z dlrectlon
is given by Acos(Bz + C)

Note: The spatial distribution in the tangential
direction is always assumed to be uniform.
For IBIAS=1 the current source, for a sur-
face, will have the distribution
JAcos(Bz + C)d¢dZ where J is the sum of the
input hemispherical group currents. The
total.strength will then be

otAZ
27RJ Acos(Bz + C)

(o}

where Z, and AZ are the input Z dimensions
for the source and R the input radius

NEXEM Number of exempt regions
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TABLE VIII (Cont'd)

DESCRIPTION OF DATA FOR CYLINDRICAL SURFACE SOURCES

Card Type 7 Format 5F15.0 3 Entries

A,B,C Biasing parameters for Acos(Bz + C)

(Used if IBIAS=1)

Card Type 8 Format 5F15.0 . NEXEM Entries
EXREG(K) List of exempt regions in any order

(Used if NEXEM>0)

Card Type 9 Format 5F15.0 5 Entries
X0s¥0sZ0,>R,DELZ Source dimensions
: Xos Y55 Z5 locate the bottom of the axis of the

cylindrical source with respect to the coordin-
ate system for the region geometry.

R specifies radius of the source

DELZ specifies the extent (height) of the source
in the Z direction

Note: All dimensions are in centimeters
For DELZ=0 a ring source will result

Card Type 10 Format 5F15.0 NCURGP Entries
SPRVAL (IG) Hemispherical groupwise currents per unit area in
order of increasing group number, decreasing
energy '
Card Type 11 Format 5F15.0 NCURAZ*NCURMU*NCURGP Entries
F(J,I,1IG) For each of the polar cosine values ni, beginning

(Used if ICURIS=1) with ‘the minimum n, read in NCURAZ values of the
‘ angular flux in order of increasing azimuthal

angle 97, (w(ni,¢j),j=1,NCURAZ); where ¢ is the
angular flux). Repeat this input for each of the

" polar cosines in order of increasing polar cosine
value (start the data for each polar cosine on a
new card) This block of input will be the angular
fluxes for a particular group. Repeat this input
for each of the NCURGP current groups in order of
increasing group number

(Card Type 1l continued on next page)
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DESCRIPTION

TABLE VIII (Cont'd)

OF DATA FOR CYLINDRICAL SURFACE SOURCES

Card Type 11 (Cont'd)

¥(ny,93), j=1, NCURAZ ' N

¥(n2,05), j=1, NCURAZ
P ? Group 1
¥ (n(NCURMU-1) »$3) » 3=1, NCURAZ
Y(MNcuRMU»$4) s =1, NCURAZ J
' n,=0.0
Ncurmy™L-0

v(n1,43), j=1, NCURAZ
. Group 2

Y (nycurRMU»$3) » §=1, NCURAZ
etc.

Note: For each group it is recommended that the
value input for the angular flux at nj be
the same as that for n, if the user has no
better value. For each group the value
input for the angular flux at ngyrMy must
be the same as that for n(CURMU-1)
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VI. SAMPLE PROBLEMS

This section describes the preparation of the input data, other than the cross section
data, for three RAFFLE problems that illustrate a number of the major options available.
The geometry is the same for all of the problems with two cylindrical fuel pins surrounded
by coolant in a rectangular cell. The first problem iterates on a fission source with
convergence on k and calculates reaction rates. The second problem uses fixed current
sources with convergence on groupset fluxes and calculates cross sections for the reactor
cell. Sodium is used as the coolant for the above problems, and thus they apply to fast
reactor systems. The third problem uses multiple thermal groups and demonstrates the

application of RAFFLE to a thermal reactor system. For this problem the coolant is water.

In describing the preparation of the input data, familiarity with Section V is assumed.
The geometry common to all three problems is describéd and then individual problems
discussed. Output listings are presented but are not discussed. The primary intent of this
section is to provide concrete examples of how to prepare the input data for RAFFLE
problems. Cutoff values, choice of options, etc., should not be considered as recom-
mendations; Section IV provides guidelines for selecting options and biasing techniques. In
the present section the existence of the required cross section libraries is assumed.

Prepaifatioh of cross section data is discussed in Section VIL.
1. GEOMETRY OF THE REACTOR CELL

A top view of the reactor cell is shown in Figure 35. The 1000 cm high rectangular
cell has two cylindrical fuel pins, one of high and one of low enrichment fuel, surrounded

by coolant. The cell thus consists of three materials.

For a RAFFLE problem two independent geometrical descriptions are required. The
first uses surfaces and regions to describe the actual geometry of the system, with perhaps
some approximations, in a form suitable for the computer. The second defines zones that
are used to reduce the computer time required to determine in which region an event

occurs. The region model is discussed first and then the zone model.

The region and surface numbers for the model are shown in Figuie 36, the dimensions

in Figures 36 and 37. Detailed discussions of the use of surfaces and regions to describe a

system are presented in Sections III.4 and III.5. While the reactor cell contains only three

materials, the restrictions on region types make it necessary to use four real regions to

describe the cell for RAFFLE calculations. In addition, six vacuum regions are used to
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R : :Note: All Dimensions in Centimeters
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0.543
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Region " Material
{ { Coolant
2 2 High Enrichment Fuel Pin
3. 3 Low Enrichment Fuel Pin
ANC-A-640

Fig. 35 Reactor cell for sample problems.

TABLE IX
ASSIGNMENT OF MATERIALS TO REGIONS*

Region Material
Index Number Index Number
1 1
2 1
3 2
4 3
.5 .
6 -
7 -
8 -
9 -
10 ' -

*A material is not assigned to a vacuum region
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Fig. 36 Surface and region numbers for sample problems.
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Note: All Dimensions in Centimeters
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Fig. 37 Dimensions of RAFFLE model for sample problems.




enclose the real regions. Note that the region numbers for the vacuum regions follow in
progression the number for the real regions. The correspondence between materials and
regions is given in Table IX. Regions 3 and 4 each contain a volume source in Problem 1. For
Problem II the sources of regions 3 and 4 are replaced by planar surface sources as shown in
Figure 38. Note that the surface sources are placed so that they are contained entirely
within real regions. Except for the differences in the sources the region model for Problem
Il is identical with that for Problem I.

Note: Not to Scale

2442 cm

~— e

——

J—'Tl_ e 1 ]
| : | ' ANC-A-639

Fig. 38 Placement of surface sources for sample problem II.

The zone geometry as shown in Figure 39 is identical for all three problems. For
efficient calculations, it is desirable to have one region'pei zone. The cylindrical regions
make it impossible to achieve this objective with any of the available zone geometries.
However, the stacked rectangular zones have been selected to keep the number of regions

per zone small.
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Fig. 39 Zone description for sample problems.
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2. SAMPLE PROBLEM 1

Problem I is an eigenvalue problem with the fluxes and reaction rates calculated for a
system consisting of an infinite three-dimensional array of the cells of Figure 37. The integer
data set with references to the mnemonic names of the data types and comments on their
usage is listed and numbered by card in Table X. Table XI lists the floating point data in
similar form. The data types are described in Section V. The input data, other than the cross
section library, in card image form are given and numbered in Table XII. Form ANC-1755,
Reactor Codes Input Form, is designed for entering the general fixed and floating point data
sets. The first card for the problem is a title card.

The first entry in the integer data set, INEDIT, is set to 2 so that the problem will be
executed. The value of 69 for NGRP is imposed by the cross section library used. The first

fifteen items are entered on Card 2 as shown in Table XII. The 1 in column 8 indicates that

Index 3 has a value of 1 for the first entry on the card. The 15 in columns 11 and 12 shows =~

that fifteen words are entered on the card. Fifteen separate cards could have been used for
fhese entries; in this case each card would contain the value of Index 3 in column 8 and 1 in
column 12. The next fifteen words or values are entered on Card 3. Note the 16 in columns
7 and ’8 and the inclusiori of blanks for the words with Index 3 equal to 18, 19, and 26. The

remainder of the single entries are entered on Card 4.

The first multiple index entry specifies the assignment of materials to regions as
shown in Table IX. Referring to Table X, the 1 in Index 2 designates the data type. The 1 in
Index 3 shows the first word of data on the card contains the material number for region 1.
Note that no assignment is needed for the vacuum regions. A region may contain only one

material. However, the same material can be used in any number of regions.

The entries on the next card specify the region type for each region, including the
vacuum regions. The allowable region types are described in Section IIL5.1. Referring to
Figure 36 it is seen that regions 1 and 2 each have one curved boundary and thus are Type
2. The first two data entries on Card 6, therefore, each have a value of 2. Regions 3 and 4
each have two curved boundaries; note that surfaces 1 and 7 are cylinders with zero radii
and are Type 3. The remaining regions have no curved boundaries and are Type 1. Since
convergence is on k, IVERGE=1, data types ICHREG and ICHGRP are not used.

A source type must be specified for each of the two sources, which are cylinders
occupying the same volumes as the fuel pins, regions 3 and 4. In the present case, the

sources are cylinders of Type 1.
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- TABLE X
INTEGER DATA FOR SAMPLE PROBLEM I

6cl

Index 1|Index 2]|Index 3]Index &4
Card Card Card Card
Cols. Cols. Cols. Cols. Mnemonic
2-3 4-5 6-8 9-10 Name
Format |Format |Format |Format of Data Card Columrs 13-72 Card
12 12 13 12 Data Format 1514 Comments No
1 INEDIT 2 Execute Problem 2
2 . 1ED 3 Do not print cross section data 2
3 NGRP 69 Number of cross section broad groups 2
4 NREG 4 Number of real regions 2
5 NFREG 6 Number of enclosing vacuum regions 2
6 NMAT 3 Number of materials 2
7 1ZYNGE 1 s Stacked parallelepiped zone geometry 2
8 NSUR 17 Number of surfaces : 2
9 NFSP 1 Number of fission spectra 2
10 NSCAT 6 Number of isotopes in problem 2
11 NIC 18 Number of isotopes in cross section library 2
12 LABGRP 69 1 Group 69 angular data in lab system 2
13 LSCAT 69 No elastic energy change in grcup 69 2
14 IXTERN 1 Eigenvalue problem ) 2
15 NIVg 16 |Histories per generation 2
16 ISC@PRE 1 : Standard path scoring 3
17 NNZ@NE - 10 Total number of zones 3
20 NNZZL ’ : 4 Number of z-lines 3
21 NGRPST : 27 Number of groupsets 3
22 NREGST 2 Number of region sets 3
23 NEXCUT 1 Standard Russian roulette 3
24 ISPLT 1 No splitting 3
25 JTAPE 2 Read cross section library from unit 15 3
27 MEXP 9 Sets size of random number table 3
28 NREJEC 5 Random numbers initially rejected 3
29 NS@RCS 2 Number of initial fission sources 3
30 1 IVSPEC 1 |Fission spectrum #1 used for the source 3
31 INNGEN 3 .|Number of generations processed before tally 4
32 ICURR : 0 Volume source problem 4
33 LGRP 0 No leakage tallies 4
34 IVERGE 1 Convergence on k 4
1 1 MATRL (IR) 1 1 2 3 "|Assigns materials to regions 5
2 1 IIRT(IR) 2 2 3 3 1 1 1 1 1 1 Specifies region types 6
5 1 ITYPE(IC) 1 1 - Specific cylindrical volume sources 7
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TABLE X (Cont'd)

INTEGER DATA FOR SAMPLE PROBLEM I .

Index 1|Index 2|Index 3[Index
Card Card Card Card
Cols. Cols. Cols. Cols. Mnemonic
2-3 4=5 6-8 9-10 Name
Format |Format |Format |Format of Data Card Columns 13-72 Card
12 I2 I3 I2 Data Format 1514 Comments No
8 1 IGRPST(J) 11 1| 21 2{ 3| 31 4| & 5] 5| 6] 6| 7 71 8 8
8 16 IGRPST(J) 8{ 9| 9| 10{ 10| 11{ 11| 12| 12| 13| 13| 14] 14] 15] 15 Estzklishes correspondence between 9
8 31 IGRPST(J) 16| 16| 17| 17| 18| 18] 19| 19} 20| 20| 21} 21| 22| 22| 22 10
-8 46 1erReST(J) | 22| 23] 23| 23| 23| 24| 24| 24| 24| 25| 25| 25| 25| 26] 26 grouf and group set enmergy structures | )
8 61 IGRPST(J) 261 26| 27| 27| 27} 27} 27| 27| 27 12
9 1 IREGST(IR) 2 2] 1 1 Collapses 1egions into region sets 13
10 1 K@BN(I) 3 9 5 6| 15| 16 External bcundaries or surfaces 14
11 2 IFM(IM) 1| 1 Number of fission spectra by material 15
12 1 NAFTAL (1ID) 12| 14| 15| 23| 29|141 List of isctope identification numbers 16
13 1 ISPECT(ID) 1 1 1 of O 0 Assigns fission spectra to isotopes 17
1 1 1 MIX(ID,1) 29141 : Isotopes ir. Material 1 18
1 2 1 MIX(ID,2) 12| 14( 15} 23 Isotopes ir Material 2 19
1 3 1 MIX(ID,3) 12| 14| 15| 23 Isotopes ir Material 3 20
2 1 KBN(1S5,1) 2 6 3| -4] -5{ 15|-16 Signed bourcaries for Region 1 21
2 2 KBN(IS,2) 8 4 3] -9| -5} 15(-16 Signed brurdaries for Region 2 22
2 3 KBN(1S,3) 1 2] 15|-16 Signed brurcaries for Region 3 23
2 4 KBN(1IS,4) 7 8| 15(-16 Signed bcurdaries for Region 4 24
2 5 KBN(IS,5) 13! 10| -6(-12| _5|-16 Signed bourdaries for Region 5 25
2 6 KBN(IS,6) 6 5( =-9|-12| =5]|-16 Signed bcurdaries for Region 6 26
2 7 KBN(IS,7) 9| 10|-11(-12| i5{-16 Signed bzurdaries for Region 7 27
2 8 KBN(IS,8) 6| 10 -9| -3| 15(-16{. Signed bourdaries for Region 8 28
2 9 KBN(IS,9) 13| 10|-11|-12| 14}{-15 Signed bourdaries for Region 9 29
2 10 KBN(IS,10) 13| 10(-11|-12} 16|-17 Signed baundaries for Region 10 30
3 1 1ZHNE(L) 9 Regions in Zone 1 31
3 2 IZHNE (2) 5 Regions in Zone 2 32
3 3 IZPNE(3) '8 Regions in Zone 3 33
3 4 IZPNE(4), 1| 3 Regions in Zone & 34
3 5 1ZANE(5) 6 Regions in Zone 5 35
3 6 1ZANE(6) 8 Regions in Zone 6 36
3 7 1ZPNE(7) 2| 4 Regions in Zone 7 37
3 8 IZPNE(8) 6 Regions in Zone 8 38
3 9 IZPNE(9) 7 Regions in Zone 9 39
3 10 IZPNE(10) 10 Regions in Zone 10 40
6 3 ITRAGG 0 Calculate r=action rates 41
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TABLE X

I

FLOATING POINT DATA FOR SAMPLE PROBLEM I ..

Index 1l|Index 2|Index 3}Index 4
Card . Card Card Card
Cols. Cols. Cols. Cols. Mnemonic
2-3 4-5 6-8 9-10 Name -
Format |Format |Format [Format of Card
12 12 13 12 Data Data Card Columns 13-72 Comments No.
1 RTIME 1.0 Maximum time for Monte Carlo calculatioas 42
2 WNCUT 0.2 Cutoff weight 43
3 CHECK 0.1 Criteria for convergence on k 44
4 Xgp 0.0 . 44
5 Y@P 0.0 } Origin of zone geometry coordinate system 44
6 ZgP 0.0 44
1 1 GV (J) 7.79 +6 6.07 +€& 4,72 +6 3.68 +6 2.87 +6 | 45
1 6 GV (I) 2.23 +6 1.74 +€ 1.35 +6 1.05 +6 8.21 +5 ‘ 46
1 11 GV (J) 6.39 +5 4,98 +5 3.88 +5 3.02 +5 2.35 +5 47
1 16 GV (J) 1.83 +5 1.43 +5 1.11 +5 8.65 +4 6.74 +4 48
1 21 GV(J) 5.25 +4 4.09 +4 3.18 +4 2.48 +4 1.93 +4 49
1 26 GV (J) 1.50 +4 1.17 +4 9.12 +3 7.10 +3 5.53 +3 50
. + . .
i gé 3383 i§;+g 962 26 +3 7“2; gl +3 58§ (9)4 j*3 452.39 *+3 Lower cutoffs (eV) for energy broad groups gi‘
1 41 GV (J) 353.6 275.4 214.5 167.0 130.1 53
1 46 GV (J) 101.3 78.9 61.4 47.9 37.3 54
1 51 LGV () 29.0 22.6 17.6 13.7 10.68 55
1 56 GV (J) 8.32 6.48 5.04 3.93 3.06 56
1 61 GV (J) 2.38 1.86 1.44 1.125 0.876 57
1 66 GV(J) 0.683 0.532 0.414 0.0 ) 58
4 1 ALBED@(I) 1.0 1.0 1.0 1.0 1.0 Albedos for surfaces 3, 9, 5, 6, 15 59
4 6 ALBED@(I) 1.0 lbedo for surface 16, see K@BN 60
5 L XLINE(IX) 0.0 4.760 0.0 1.0 2.520 } Distances of x-zone-lines from origin 61
5 6 XLINE (IX) 3.760 4.760 0.0 4.760 & 62
6 1 YLINE(LY) 0.0 3.443 0.0 3.443 0.0 63
o] woe | vo | e |3 |00 L0 | e ar yoneebives seom ortai 8
6 16 YLINE(IY) 3.443 . 66
7 1 ZLINE(1Z) 0.0 1.0 1001.0 1002.0 Distances of z-zone-lines from origin 67
9 1 XTENS (IC) 1.0 1.0 Source intensities 68
1 1 1 DENS(II,1) 1.671 -2 1.301 -2 Isotopic cencentrations for coolant 69
1 2 1 'DENS(II,2) 1.559 -2 5.801 -3 7.689.-4 £,518 -2 Concentrations for high enrichment pin 70
1 3 1 DENS(II,3) 1.901 -2 2.901 -3 3.845 -4 4£.528 -2 Concentrations for low enrichment pin 71
g i i ggtgg:i; ioggoo 1.543 1.0 0.0 0.442 Dimensions and location for source 1 ;g
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TABLE XI (Cont'd)

FLOATING POINT DATA FOR SAMPLE PROBLEM I

Index 1l]|Index 2|Index 3|Index &4

Card Card Card Card

Cols. Cols. Cols. Cols. Mnemonic
2-3 4-5 6-8 9-10 Name

[Format }Format |Format [Format of Card
12 12 I3 12 Data Data Card Columns 13-72 Comments No.
g 5 é ggtgg:g; 203300 1.343 1.0 0.0 0.442 Dimensicns ani location for Source 2 ;g
6 1 1 FSPEC(1) .0071790 .020377C .0425630 . 0698340 .0947739 76
6 1 6 FSPEC(1) .1108400 .1153600 .1056000 .0969729 .0811549 77
6 1 11 FSPEC(1) .0650310 .0503760 .03€0050 .0280890 .0204290 78
6 1 16 FSPEC(1) .0146730 .0073677 .0051703 .0036117 .0025138 Normalized fissi ¢ 79
6 1 21 FSPEC(1) |.0J25138 |.0017448 |.0012084 |.0008355 |.0005769 matized tission spectrum 80
6 1 26 FSPEC (1) .0003979 .0002743 .0001889 .0001301 .0000895 81
6 1 31 FSPEC(1) .0000616 . 0000424 .0000291 .0000200 .0000138 82
6 1 36 FSPEC(1) .0000095 .0000065 .0000045 .0000031 .0000021 83
6 1 41 FSPEC(1) .0000014 .0000010 84
7 1 2 A(T,1) 0.0 0.0 1.900 1.543 Coefficients for Surface 1 85
7 2 2 A(1,2) 0.0 0.442 1.900 1.543 Coeffizients for Surface 2 86
7 3 1 A(1,3) 0.0 1.0 0.0 1.0 Coefficients for Surface 3 87
7 4 1 A(L,4) 1.0 0.0 0.0 2.520 Coefficients for Surface &4 88
7 5 1 A(1,5) 0.0 1.0 0.0 2.443 Ccefficients for furface 5 89
7 6 1 A(L,6) 1.0 0.0 0.0 1.0 Ccefficients for furface 6 90
7 7 2 A(L,7) 0.0 0.0 3.140 1.543 Coefficients for Surface 7 91
7 8 2 A(1,8) 0.0 0.442 3.140 1.543 Coefficients for Surface 8 92
7 9 1 A(1,9) 1.0 0.0 0.0 3.760 Coefficients for Surface 9 93
7 10 1 A(1,10) 0.0 1.0 0.0 0.0 Coefficients for Surface 10 94
7 11 1 A(I,11) 1.0 0.0 0.0 4.760 Coefficients for Surface 11 95
7 12 1 A(L,12) 0.0 1.0 a.0 3.443 Coefficients for 3Surface 12 96
7 13 1 A(I,13) 1.0 0.0 c.0 0.0 Coefficients for 3urface 13 97
7 14 1 A(I,14) 0.0 0.0 1.0 0.0 Coefficients for 3urface 14 98
7 15 1 A(L,15) 0.0 0.0 1.0 1.0 Coefficients for Surface 15 99
7 16 1 A(I,16) 0.0 0.0 1.0 1001.0 Coefficients Zor Surface 16 100
7 17 1 A(L,17) 0.0 0.0 1.0 1002.0 Coefficients for Surface 17 101




TABLE XII

CARD

NO. LISTING OF CARD INPUT FOR SAMPLE PROBLEM I
1 RAFFLE MONTE CARLO PROGRAM SAMPLE PRIBLEM 1 AN ITERATION PROBLEM
2 1 15 2 3 69 & 6 3 1 17 1 6 18 69 69 1 16
3 16 15 1 10 ‘ 4 21 2 1 1 2 9 s 2 1
4 31 4 3 0 0 1
5 1 1 4 1 1 2 3
6 2 110 2 2 3 3 1 1 1 1 1 1
7 5 1 2 1 1
8 8 1 15 1 1 2 2 3 3 4 4 S 5 6 6 1 1 8
9 816 15 8 9. 9 10 10 11 11 12 12 13 13 14 14 15 15
10 831 15 16 16 17 17 18 18 19 19 20 20 21 21 22 22 22
11 8 46 15 22 23 23 23 23 24 24 24 24 25 25 25 25 26 26
12 861 9 26 26 27 21 21 21 27 21 27
13 9 1 &4 2 2 1 1 )
14 10 1 6 3 9 S5 6 15 16
15 11 2 2 1 1 -
16 12 1 6 12 14 15 23 29 14l
17 13 1 6 1 1 1 0 o0 0O
18 11 1 2 29 14l
19. 12 1 4 12 14 15 23
20 13 1 &4 12 14 15 23 ‘
21 2 1 7 2 & 3 =4 -5 15 -16
22 2 2 7 8 & 3 -9 -5 15 -16
23 2 3 4 1 2 15 -16
24 2 4 4 T 8 15 -16
25 2 5 6 13 10 -6 =12 15 -16
26, 2 6 6 6 5 =9 -12 15 -16
27 2 7T 6 9 10 ~-11 -12 15 -16
28 2 8 6 6 10 -9 -3 15 ~-16
29 2 9 6 13 10 -11 -12 14 -15
30 2 10 6 13 10 -11 -12 16 -17
31 3 1 1 9
32 3 2 1 s
33 3 3 1 8
34 3 4 2 1 3
35 3 5 1 6
36 3 6 1 8
37 3 T2 2 4
38 3 8 1 6
‘39 3 9 17
40 3 10 1 10
41 16 3 1 0
42 1 1 1.0
43 2 2 0.2 0.1
44 4 3 0.0 0.0 0.0
45 1 1 5 7.79 +6 6,07 6 4.T2 +6 3.68 +6 2.87 +6
46 1 6 5 2.23 +6 1l.74 +6  1.35 +6 1.05 +6 8.21 +5
47 111 5 6.39 +5 4.98 +5 3.88 ° +5 3.02 +5  2.35 +5
48 116 5 1.83 +5  1.43 +5 1l.11 +5 Ba65 +4 6,74 +4
49 121 5 5.25 +4 4,09 +6 3.18 +4 2.48 +4 1.93 +4
50 126 5 1.50 +4  1.17 +4  9.12 +3 7.10 +3 5,53 +3
51 1 31 5 4431 +3  3.36 +3 2,61 +3 2.04 +3  1.59 +3
52 136 5 1.23 +3 96l1.1 748.5 582.9 454,0
53 161 5 353.6 275.4 214.5 167.0 130.1
S4 1 46 5 101.3 78.9 6l.4 7.9 37.3
55 1 51 5 29.0 22.6 17.6 13.7 10.68
56 156 5 8.32 6.48 5.04 3.93 3.06
s7 1 61 5 2.38 - 1.86 l1.44 1.125 0.876
58 166 4 0.683 0.532 0.414 0.0
59 4 1 5 1.0 1.0 1.0 1.0 1.0
60 - 4 6 1 1.0
61 S 1 5 0.0 44760 0.0 1.0 2.520
62 5 6 & 3,760 4,760 0.0 4,760
63 6 1 5 0.0 3.443 0.0 3.443 0.0
64 6 6 5 1.0 2.443 3.443 0.0 1.0
65 6 11 5 24443 3.443 0.0 3.6443 0.0
66 616 1 3.443
67 7 1 4 0.0 1.0 ] 1001.0 1002.0
68 9 1 2 1.0 1.0
69 11 1 2 1.671 =2 1.301 -2.
70 12 1 4 1,559 -2 5,801 -3 7.689 -4 4.518 ‘=2
71 13 1 4 1.901 -2 2.901 -3 3.845 -4 4.528 =~2
72 S 1 1 5 1.900 1.543 1.0 0.0 0.442
73 51 6 1 1000.0
74 52 1 5 3.140 1.543 1.0 0.0 0.442
75 52 6 1 1000.0
76 61 1 5 «0071790 0203770 0425630 0698340 .0947739
77 61 6 5 .1108400 .1153600 1096000 .0969729 .0811549
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"TABLE XII (Cont'd)

CARD

NO. LISTING OF CARD INPUT FOR SAMPLE PROBLEM I

78 "6 111 5 0650310 «0503760 0380050 .0280890 0204290
79 6116 5 .0146730 .0104730 .0073677 .0051703 .0036117
80 6121 5 .0025138 .0017448 0012084 .0008355 0005769
8l 6126 5 .0003979 .0002743 .0001889 .0001301 .0000895
82 6 131 5 .0000616 .0000424 .0000291 . 0000200 .0000138
83 6136 5 ,0000095 . 0000065 0000045 .0000031 .0000021
84 6 141 2 .000001¢ « 0000010

85 7 124 0.0 0.0 1.900 1.543

86 7 22 4 0.0 0.442 1.900 1.543

87 7 314 0.0 1.0 0.0 1.0

88 7 41 4 1.0 0.0 0.0 2.520

89 7 51 4 0.0 1.0 0.0 2.643

90 7 614 1.0 0.0 0.0 1.0

91 7 72 4 0.0 0.0 3.140. 1.543

92 7 82 4 0.0 0.442 3.140 1.543

93 7 91 4 1.0 0.0 0.0 3.760

94 7 1014 0.0 1.0 0.0 0.0

95 7 111 4 1.0 0.0 0.0 4.760

96 7 121 4 0.0 1.0 0.0 3.443

97 7 1314 1.0 0.0 6.0 0.0

98 7 141 4 0.0 0.0 1.0 0.0

99 7 1514 0.0 0.0 1.0 1.0

100 7 1614 0.0 0.0 1.0 1001.0

101 17 1 4 0.0 0.0 1.0 1002.0

The next data types discussed are NGRPST which specifies the number of groupsets
and IGRPST which establishes a correspondence between the energy group structure, as
determined by the cross section library, and the energy structure of the groupsets. The
groupsets determine the group structure for the output data, and thus provide a
transformation from the library group structure to another group structure. Table XIII
shows the correspondence between groups and groupsets. It should be noted that while
several groups can be combined into one groupset, the reverse is not allowed. The data for
IGRPST are on Cards 8 through 12.

Data type IREGST, Card 13, specifies the correspondence between regions and region
sets. In the present problem, the two fuel pin regions are combined into the first region set
and the two coolant regions into the second region set. With NREGST=1 all of the real
regions are combined into one region, the output data are average values for the entire cell,

and no entries are required for IREGST.

Data type KOBN, Card 14, lists the external boundary or surface numbers in any
order. Signs are not required on the numbers. The external boundaries are defined by the

limits of the real regions, see Figure 36.

The number of fission spectra for each material is listed in data type IFM. Note that
since material 1 does not contain a fissionable isotope, an entry is not required for this
material. Thus, on Card 15, Index 3 is set to 2 so that the first data word applies to material
2. ‘
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TABLE XIII
CORRESPONDENCE BETWEEN GROUPS AND GROUPSETS

Group Groupset Group , Groupset
1 1 35 18
2 1 36 . 18
3 2 37 19
4 2 38 19
5 3 39 20
6 3 40 .20
7 4 41 21
8 4 42 21
9 5 43 22

10 5 44 22
11 . 6 45 - 22
12 6 46 22
13 7 47 23
14 7 48 23
15 8 49 23
16 8 50 23
17 9 51 24
18 9 52 24
19 10 53 24
20 . 10 54 24
21 11 55 25
22 11 56 25
23 12 57 25
24 12 58 . 25
25 ' 13 59 26
26 13 60 26
27 14 6l 26
28 14 62 26
29 15 63 27
30 15 64 27
31 16 65 27"
32 16 66 27
33 17 67 27
34 ' 17 68 27

69 27

In data type NAFTAL, with Index 2 equal to 12, the identification numbers of all the
isotopes used in the problem are listed in order of increasing magnitude. In data type
ISPECT with Index 2 equal to 13, the index number of the fission spectrum for each
isotope is listed in the same order as the isotope identification numbers in NAFTAL. A zero -

or blank is entered for nonfissionable isotopes. The identification numbers for the isotopes
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used in this problem are in Table XIV. U-238, PU-239, and PU-240 are the only fissionable

isotopes and the same fission spectrum is used for all of them.

Data type MIX lists the identification numbers of the isotopes comprising each
material. At least one card is required for each material. Table XIV shows the isotopes in
each material. Index 2 on Card 18 is equal to 1 to show that the data apply to the material
1. '

TABLE XIV
MATERIAL COMPOSITIONS FOR RAFFLE SAMPLE PROBLEMS I AND II

Material 1 Coolant-Structure

Idgntification Concentration
Isotope Number (Units of 102" atoms/cm3)
Fe 29 0.01671
Na-23 141 0.01301

Material 2 High Enrichment Fuel Pin

Identification Concentration
Isotope Number - (Units of 102" atoms/cm3)
U-238 12 0.01559
PU-239 14 0.005801
Pu-240 15 0.0007689

Oxygen 23 0.04518

Material 3 Low Enrichment Fuel Pin

Identification Concentration
Isotope Number (Units of 102% atoms/cm3)
U-238 12 0.01901
PU-239 14 0.002901
PU-240 15 ' 0.0003845
Oxygen 23 0.04528

Regions are defined by the surfaces which bound them, and data type KBN gives the
surfaces, as identified by the surface numbers, bounding each region. One card is used for
each region. The boundaries for the regions are shown in Figure 36. The surface boundary
numbers must be signed as described in Section IT1.5.4. A positive sign need not be entered.

Cylindrical or spherical surfaces always have a positive sign.
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For regions having all plane boundaries parallel to one of the planes defined by the
coordinate system, the signs can be determined by a straightforward convention. For the
surfaces parallel to the X=0 plane, the region boundary surface closest to this plane is
positive and the other surface is hegative. The same convention applies to planes parallel to
the Y=0 and Z=0 planes. From Figure 36 it is seen that region 1 is bounded by surfaces 2, 6,
3,4, 5, 15, and 16. Surface 2 is cylindrical and thus has a positive sign. By the convention
described abo;/e, surfaces 4, 5, and 16 are negative with respect to region 1. The data for-
region 1 are entered on Card 21. Proceeding to region 2, Card 22, it is seen that surface 4 is

positive with respect to region 2.

The regions belonging to each zone, as shown in Table XV or Figure 39, are specified
by data type IZONE. The zones are ordered starting with the first y-zone in the first x-zone
of the first z-zone. The zone numbering is shown in Figure 39. A detailed discussion of the
zon€ geometries is given in Section III.6. The zones that determine NNZONE and the
ordering sequence for IZONE are actually the y-zones in parallelepiped geometry. One card
is required for each zone. A zone may not have more than seven regions in it. However,

there is no such restriction on the number of zones that a region may belong to.
TABLE XV
ASSIGNMENT OF REGIONS TO ZONES

Zone _ Regions
1 9
2 5
3 8
4 1, 3
5 6
6 > 8
7 2, 4
8 6
9 7

10 10

_ The present problem has no exit regions and no exempt regions so that data types
IHEXIT and IREG are not needed. Similarly, since IXTERN=1, MAFIS and IAFIS are not
needed. ITRAGG=0 so that reaction rates rather than cross sections are output. IINGG,
IELGG, and NFFG are not needed when ITRAGG=0. This entry on Card 41 ends the fixed
point data for Problem I as mdlcated by the “1”in column 1. :

The floating point data and the names of the associated data types are shown in
Tables XI and XIL In Table XII the ﬂoatmg point data starts with Card 42. The first
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floating point entry RTIME is set to 1.0 so that the Monte Carlo calculations terminate
when the CPU time equals one minute. The available CPU time must exceed RTIME or the
problem will terminate without printing all, or perhaps any, of the results. While the
additional time required is problem dependent, it is recommended that one minute be
allowed. However, for most problems the actual editing time will be less than one minute.
On Cards 43 and 44, note the use of indexing to group the data for related items in Table
XII.

The lower energy cutoffs in electron volts for the cross section broad groups are next
entered as data type GV. This group structure is imposed by the cross section library used.
The data are entered on Cards 45 through 58. Data type XOGEN is not used since ISPLT-1.
Since the systém consists of an infinite 3-D array of cells, the albedo has a value of 1.0 at

each of the six external surfaces, Cards 59 and 60.

The data that dimensions the zone geometry are entered next, Cards 61 through 67.
All dimensions are in centimeters. In the present case of stacked rectangular geometry, each
dimension gives the perpendicular distance of a plane from the- origin of the coordinate
system for the zone geometry. For rectangular zone geometry the origins of the region and
zone geometries must coincide. The sequence in which the values for the x-lines, data type
XLINES, are entered is shown by the subscripts of the “XL’” in Figure 39. The distances
are found by references to Figures 36 and 37. For each z-zone the value for the first x-line
must be 0.0. Data type GVL is not used since LGRP=0. A relative intensity of 1.0 is entered
for each of the two sources as data type XTENS on Card 68.

The next data type, DENS, establishes the concentrations of the isotopes in each

material. These concentrations are given in units of 1024

atoms per cubic centimeter. The
ordering sequence for the isotopes in the materials is established by fixed point data type
MIX. The concentrations are taken from Table XIV. Since NEXCUT=1, data type WGT is

not needed.

Data type DEL specifies the volumes occupied by each of the sources. In this problem
there are two cylindrical sources each of radius 0.442 cm and extending from 1.0 ¢cm above
the x-y plane to 1001.0 cm above it. The locations of the axes are shown in Figure 37. The
geometries have been specified as cylindrical by setting ITYPE=1 for each of the sources. On
Card 72 the first two data entries place the axis of the cylinder for the source 1.900 cm in
the x direction and 1.543 cm in the y direction from the origin of the region geometry. The
axis of a cylindrical source is assumed by the program to be parallel to the z-axis. The third
data element places the bottom of the cylindrical volume at 1.0 cm above the x-y plane. The
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fourth entry being 0.0 indicates that the source is a solid cylinder rather than a cylindrical
shell. The fifth entry specifies that the radius of the cylinder is 0.442 cm. The data entry on
Card 73 shows that the length of the cylinder is 1000 cm.

The normalized fission or initial source spectra are specified in data type FSPEC. The
fractions of particles emitted in each energy group are entered in order of increasing group
number, i.e., decreasing energy. For each spectrum the entries should sum to 1, to the
number of significant figures used in entering the fractions. In the present problem, data are
needed for only one spectrum, i.e., the U-235 fission spectrum, which is used for all three

fissionable isotopes and also for the initial distributions in the two cylindrical sources. .

The region geometry is established by specifying in data type A the coefficients that
determine the equations for the surfaces that bound the regions (see Section II1.4).
Seventeen surfaces are required to define the reactor cell and the enclosing vacuum regions
as shown in Figure 36. One card is required for each surface. The surface number is entered
as Index 3, Cards 85 through 101. '

For the planar surfaces Index 4 has a value of 1. The cylindrical surfaces are identified
by a value of 2 for Index 4 and a value of 0.0 for the first data entry. Consider first the data.
for surface 2, Card 86, Index 4 and the first data entry identify this surface as cylindrical.
The second data entry shows the radius to be 0.442 cm, and the third and fourth data items
give values of 1.900 cm and 1.543 cm, respectively, for the x and y coordinates of the axis.
For a planar surface the four data entries are the coefficients in the equation AX+BY+CZ=D
which defines the surface. This data set completes the input, other than the cross section
data, for Problem I. The computer output for this problem is listed in Table X VI at the end
of Section VI, starting on page 166. ' :

3. SAMPLE PROBLEM II

Problem II is presented primarily to demonstrate the calculation of cross sections for a
cell problem and the use of surface sources. In addition, some of the convergence options
differ from those of Problem I. The geometry of the reactor cell and the material
compositions are the same as for Problem I. A listing of the input data, other than the cross
section library, is shown in Table XVIIL. )
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TABLE XVII

LISTING OF INPUT CARDS FOR SAMPLE PROBLEM II .
CARD
NO.

1 RAFFLE MONTE CARLO PROGRAM SAMPLE PRDBLEM II A CURRENT SOURCE PROBLEM
2 1 15 2 3 69 4 & 3 1 1T 1 6 18 69 69 3 16
3 16 13 1 10 « 2T 1 2 1 2 9 5

4 31 7 0o 1 o0 3 o 2

5 40 1 1

6 1 1 4 1 1 2 3

7 2 110 2 2 3 3 1 1 1 1 1 1

8 4 1 2 1 8

Y 8 1 15 1 1 Z 2 E) E) 4 L 5 5 6 -] T 7 8
10 816 15 8 9 9 10 10 11 11 12 12 13 13 14 14 15 15
11 831 15 16 16 17 {7 18 18 19 19 20 20 21 21 22 22 22
12 8 46 15 22 23 23 23 23 24 24 24 24 25 25 25 25 26 26
13 861l 9 26 26 2T 21 21 271 21 21 271
14 10 1 6 3 9 5 6 15 16

15 11 2 2 1 1

16 12 1 6 12 14 15 23 29 14l
17 131 6 .1 -1 1 o 0 O
18 11 1 2°29 141
19 12 1 4 12 14 15 23
20 13 1 4 12 14 15 23
21 2 1 7 2 6 3 -4 -5 15-16
22 2 2 1 8 4 3 -9 -5 15 -16 .
23 2 3 4 1 2 15 -16
24 2 ¢ & 1T 8 15 -16
25 2 5 & 13 10 -6 -12 15 -16
26 ~ 2 6 6 6 5 -9 -12 15 -1l6
27 2 7T 6 9 10 -11 -12 15 -16 *
28 2 8 6 6 10 -9 -3 15 -16
29 2 9 6 13 10 -11 -12 14 -15
30 2 10 & 13 10 -11 -12 16 -17
31 3 1 1 9
32 3 2 1 5
33 3 3 1 8
34 3 4 2 1 3
35 3 5 1 6

36 3 6 1 8
37 3 7 2 2 &
38 3 8 1 &
39 3 9 1 7
40 3 10 1 10
1 1o 1 6 & 2 1 1 2 9
42 1 1 1.0
43 2 2 0.2 0.01

b4 4 3 0.0 0.0 0.0
45 1 1 5 7.79 +6 6.07 . +6 4.72. +6 3.68 +6  2.87 +6
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TABLE XVII (Cont'd)

LISTING OF INPUT CARDS FOR SAMPLE PROBLEM II

2.23 +6  1.74 +6 1435 +6 1.05 +6 8.21

6 5

11 5 6439 +5 4.98 +5 3.88 +5 3.02 +5  2.35

16 5 1.83 45 1.43 . 45 1l.11 . +5 B8.65 4 A.T4
21 5 5.25 *4  4.09 +4 3,18 +4 2.48 +4 1.93
26 5 1.50 +4 117 +% 9,12 +3  7.10 +3 5,53
31 5 64,31 +3  3.36 +3 2.61 +3 Z.04 +3 1.59
36 5 1.23 +3 96l.1 748.5 . 582.9 454.0
41 5 353.6 275.4 214.5 167.0 130.1
46 5 101.3 78.9 bl.4 47.9 37.3
51 5 29.0 22.6 17.6 13.7 10.68
56 5 8.32 6.48 5.04 3.93 3.06
61 5 2.38 l.86 L.44 l.125 0.876
66 4 0.683 0.532 0.414 0.0

1 5 0.0 1.0 0.0 1.0 1.0

6 1 1.0 ;

1 S5 0.0 4.760 0.0 1.0 2.520

6 4 3,760 4.760 0.0 43760

1 5 0.0 3.443 0.0 3.443 0.0

6 5 1.0 2.443 3.443 0.0 1.0

Ll 5 2.443 3.443 0.0 3.443 0.0

16 1 3.443

1 4 0.0 1.0 ’ 1001.0 1002.0

1 2 1l.671 -2 1l.301 ~2 :

1 4 1.559 -2 5.801 -3 7.689 -4 4.518 -2

1 4 1.901 -2 2.901 =3 3,845 -4 4.528 -2

1 5 0071790 «0203770 « 0425630 -0698340 « 0947739
6 5 .1108400 « 1153600 .1096000 . 09697249 .0811549
11 5 .0650310 .0503760 +0380050 .0280890 .0204290
16 5 .0146730 + 0104730 .0073677 +0051703 +0036117
21 5 .0025138 0017448 .0012084 .0008355 .0005769
26 5 0003979 .0002743 .0001889 0001301 0000895
31 5 .0000616 0000424 .0000291 .0000200 .0000138
36 5 .0000095 .0000065 . 0000045 . 0000031 .0000021
41 2 .0000014 .0000010

124 0.0 Q.0 1.900 1.543

224 0.0 0.442 1.900 1.543

314 0.0 1.0 0.0 1.0

41 4 1.0 0.0 0.0 2.520

514 0.0 1.0 0.0 2.443

61 4 1.0 0.0 0.0 1.0

724 0.0 0.0 3.140 1.543

82 4 0.0 0.442 3.140 1.543

914 1.0 0.0 0.0 3.760

101 4 0.0 1.0 0.0 0.0

111 4 1.0 0.0 0.0 4.760
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CARD
NO.

91l

92

93

Ya

95

96

97

98

99
100
101
102
103
104
105
106
107
108
109
110
111
112
113
114
115
116
117
118
119
120
121

NN NN~

TABLE XVII (Cont'd)

LTSTTNG OF INPUT CARDS FOR SAMPLE PROBLEM II

121 4 0.0 1.0
131 4 1.0 0.0
14 1 « 0.0 0.0
151 4 0.0 0.0
16 1-4 0.0 0.0
171 4 0.0 0.0
27 2 Y
1.000E+07 6.0T0E+06
8.210E+05 4+980E+05
6.740E+04 4.090E404
5.530E¢03 3.360E403
4.540E+02 2.750E+02
5.040E+00 6.830£-01
15 1.5 1le5 2.0 3.0
1.0 1.0 1.0 1.0 0.7
2 0

1.01
5.806E~-06 2.,290€-05
L.797E-04 2.008E-04
1.023E-04 T7.249€E-05
7.280E-06 2.612E-06
5.051E-07 3.225€-07
T«991E-11 1.556E~-14

-2 '

2.433
3.478E-06 1.430E-05
1.225E-04 1.378€-04
8.541E-05 6.287E-05
T.2T6E-06 2.631E-06
6.962E-07 5.894E-07
6+293E-10 6.158E-14

3.680E406
3.020E+05
2.4B0E+04
2.040E+Q3
1.010E+02

4.98lE-05
2.034E-04
4,T70BE~-05
8.656E-06
2,723E-08

3.186E-05
1.493E-04%
4.,277E-05
8.823E-06
1.106E-07
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2.230E+06
1.830E+05
1. 500E+04
1.230E403
3.730E+01

T.574E-05
1.704E-04
3.144E-05
4+392E-06
1.983E-09

l.423
4.828€E-05
1.391€E-04
2.956E-05
4. 629E-06
1.468E-08

1.350€
1.110E
9.120E

" 7.480E

99.98

1.370E

1.5 1

1.061E .
1.403E
1.542E
1.939E
2.446E

6.778E
1.123E
1.502E
2.254E
3.252€



The integer entries that are not the same as those of Problem I are given in Table

XVIII. As a result of these changes, Prohlem II uses external planar surface sources, follows
TABLE XVIII
CHAN’GES IN INTEGER DATA FOR PROBLEM II

Index 1 Index 3 Name Problem I Préblem 11
- 14 IXTERN 1 3
- 22 NREGST 2 1
- 23 NEXCUT 1 2
- 29 NS@RCS 2 -
- 30 IVSPEC 1 -

- 31 TNNGEN 3 0
- 32 ICURR 0 1
- 34 ~ IVERGE 1 3
- 37 NEXGRP - 2
- 40 IBAT 0 1
6 1 | MAFIS - 4
6 2 IAFIS - 2
6 3 ITRAGG - | 0 1
6 4 IINGG : - 1
6 5 IELGG | - 2
6 6 NFGG - 9

fission daughters, and calculates macroscopic cross sections for the reactor cell. Since there
are few collisions per history, IBAT is set to 1 so that the tallies are batched to save
compufer time. For the calculation of cell cross sections all the real regions must be assigned
to the same region set, which is accomplished by setting NREGST to 1. In this case, data
type IREGST is not needed. These changes are reflected in Cards 2, 3, 4, 5, and 41 of Table
XVII. The placement of the current sources is shown in Figure 38 which illustrates the -
requirement that the current sources lie entirely within real regions. The use of the current
sources requires that the albedos for surfaces 3 and 5 be set to 0.0 as shown by Card 59.
Thus, the system consists of a slab of infinite extent in the x and z directions with current
sources on both sides of the slab. Floating point data types XTENS and DEL are not used
with surface sources. The input data for the surface sources are specified by Cards 97
through 121 of Table XVII. Detailed instructions for pré~paring the data for surface sources
are given in Section V.2.4. Card 97 shows two surface sources with 27 energy groups using
input importances and an isotropic distribution. Cards 98 through 103 specify the cutoff
energies that define the energy groups. Note that 28 values are given since the first value
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gives the upper energy limit of the first group, and the last value gives the lower energy limit
for the last group. The number of energy groups and the cutoff energies for a source need
not correspond to those used for the Monte Carlo calculations. The importances are listed
on Cards 104 and 105. Card 106 shows the first source to be planar and emitting in the
positive y direction without any exempt regions. Card 107 gives the origin and extent of the
first source. Cards 108 through 113 give the group source intensities. Cards 114 through 121
contain the data for the second source. Note that this data set does not have a “1” in
column 1 of the last card. The data for cylindrical surface sources are similar to that for
planar current sources (see Section V.2.4 for details). The computer output for this problem
is listed in Table XIX at the end of Section VI, starting on page 181.

4. SAMPLE PROBLEM II1

Sample Problem III demonstrates the use of multiple group thermal cross sections,
that is, more than one energy group in the thermal neutron energy range. The use of
multiple thermal groups is recommended for most thermal reactor calculations, particularly
since computer time is usually not increased and may be decreased. When multiple thermal
groups are used, two cross section libraries are required as described in Section VII. The
geometry for Problem III is identical to that for Problem I. However, in Problem III water is
used as the coolant since the use of multiple thermal groups is only appropriate for a
thermal system. The isotopic compositions of the materials for this problem are given in
Table XX.

The input data, other than the cross section lbraries, are listed in Table XXI; the
changes in control parameters from Problem I are listed in Table XXII. The change of NIC
from 18 to 15 reflects the use of a different cross section library for Problem III. Items
LABGRP and LSCAT are not required when multiple thermal groups are used. NTHRM
specifies 27 energy groups in the thermal cross section library. The upper two of these
groups overlap and replace the bottom two groups of the 69 group library. Thus there are
67 above thermal groups for a total of 94. MACRO=2 specifies that the thermal cross

sections are entered by isotope and read in on logical unit 11.

The identification numbers of the isotopes for the above thermal groups are entered
on Card 19, Table XXI and those for the thermal groups on Card 21. In order to represent
water in the thermal energy region as a molecule rather than as a mixture of hydrogen and

oxygen, the following procedure is used: Oxygen is included twice in the fast library, once
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TABLE XX
MATERIAL COMPOSITIONS FOR RAFFLE SAMPLE PROBLEM III

Material 1 Water

Fast Library

Identification Concentration
Isotope Number (Units of 102* atoms/cm3)
H 1 0.066

- 0] 601 0.033

Thermal Library

Identification Concentration )
Molecule Numbex (Units of 102% molequles/cm3)
H20 601 . : 0.033

Material 2 High Enrichment Fuel Pin

Identification Concentration
Isotope Number (Units of 102% atoms/cm3)
U-235 . 10 0.00217
" U-238 12 0.0195
Oxygen 23 0.0434

Material 3 Low Enrichment Pin

Identification Concentration .
Isotope Number (Units of 10%2% atoms/cm3)
U-235 10 0.00110
U-238 12 - 0.0206
Oxygen 23 0.0434

-with identification number 23 and once with identification number 601. Isotope 23 is used

in the fuel and isotope 601 in the water. In the thermal library “isotope” 601 contains data

for the water molecule, then-the “0” as the first data entry on Card 21 designates ‘that

isotope 1, hydrogen, is not used in the thermal library.
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TABLE XXI

RAFFLE MONTE CARLO PROGRAM
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in

601

10
10
10
10

9%

0
900
2
3

2
9
17
23
27
28
28
1
5

12
1
12

23
23
3

3
15
15
-6
-9
~-11
-9
=11
-11

4
1

3
3

2
10
17
23
27
28
28

1

6

23

23

-9
-16
=16
=12
-12
~12

-3
~12
-12

3
10
18
23
27
28
28

15
601

601

-5
-5

15
15
15
15
14
16

3
R

3
11
18
24
27
28
28

16

15
15

-16
=16
~16
-16
~15
=17
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12
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6
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CARD
NO.

46
47
48
49
50
51
92
53
54
55
56

ST

58
59
60
61

63
64
65
66
67
68
69
70
71
72
73
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75
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TABLE XXI (Cont{d)

LISTING OF INPUT CARDS FOR SAMPLE PROBLEM III
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0.00217
0.00110
1.900
1000.0
3.140
1000.0
«0071790

-+ 1108400

«0650310
«0146730
»0025138
» 0003979

+6

+*6

+5
+5
+4
+4
+3
+3

0.07
0.0
6.07
l.74
4.98
l.43
4.09
1.17
3.36
961.1
275.4
78.9
22.6
6.48
1.86
‘0,532
0.414
0.28
0.14
0.06
0.005
‘1e0

4,760
4. 760
3.443
2.443
3.443

1.0
1.0
0.033
0.0195
0.0206
1.543

1.543

+ 0203770
.1153600
«0503760
«0104730
+0017448
«0002743
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+6
+6

+5 .

+5
+4
+%
+3

«0425630
1096000
.0380050
.0073677
.0012084%
.0001889

+6
+6
+5
+5
+s
+3
+3

3.68
1.05
3.02
8.65
2.48
7.10
2.04
582.9
167.0
47.9
13.7
3.93
1.125
D.475
0.34
0.24
0.09
0.0253
0.0
1.0

1.0
4,760
3.443
0.0
34443

1002.0

0.0
0.0

« 0698340
+0969729
«0280890
.0051703
.0008355
.0001301

+6
+6
+5
4
+4
+3
+3

2.87
8.21
2.35
674
1.93
5.53
1.59
454.0
130.1
37.3
10.68
3.06
0.876
046
0.32
0.22
0.08
0.015

1.0

2.520

o=~0
. e ®
[N =N«

0.442
0.442

«0947739
«0811549
+0204290
«0036117
+0005769
» 0000895

+6
+5
+5
+4
%
*3
+3




[ABLE XX1 {Lont'd)

LISTING OF INPUT CARDS FOR SAMPLE PROBLEM III

CARD

- NU.

91 6 1 31 5 .0000616 .0000424 .0000291 0000200 0000138

92 6 1 36 5 .0000095 - 0000065 +0000045 -0000031 .0000021

93 61 41 2 .000001¢4 .0000010

94 7 L2 4 0.0 0.0 ~ 1.900 1.543

95 7 224 0.0 O.442 1.900 1.543

96 7 314 0.0 1.0 0.0 1.0

97 7 41 4 1.0 0.0 0.0 24520

98 7 51 4 0.0 1.0 0.0 24443

99 7 61 4 1.0 0.0 ° 0.0 1.0
100 1 72 4 0.0 0.0 3.140 1.543
101 7 8 2 4 0.0 0.442 3.140 1.543
102 7 91 4 1.0 0.0 0.0 3.760
103 7 101 4 0.0 1.0 0.0 0.0
104 7 111 4 1.0 0.0 0.0 4.760
105 1 121 4 0.0 1.0 0.0 3.443
106 7 131 64 1.0 0.0 0.0 0.0
107 7 14 1 4 0.0 0.0 1.0 0.0
108 7 15 1 ¢ 0.0 0.0 1.0 1.0
109 7 16 1 4 0.0 0.0 1.0 1001.0
110 17 171 ¢ 0.0 0.0 1.0 1002.0
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TABLE XXII
CHANGES IN CONTROL PARAMETERS FOR PROBLEM III

Index 3 - Name : Problem I Problem III
3 | w~ere 69 : 94

10 X NSCAT : 6 1 . 5
‘ 11 7 NIC ‘ 18 15 :

12 LABGRP 69 | -

13 LSCAT : 69 - — :
| 21 NGRPST 27 s 28, :
: 101 : NTHRM f - '» 27 i

102 | macre 1 - ; 2
|l 103 1 wmacor | — : 900
’ 104 NC@L2 : — ~ 0
f 105 | 1ERsT Q - 1

Card 20 reflects the different fissionable isotopes for .Problem III as compared to
Problem I. Other changes are the material compositions, Cards 22 through 24 and 78
" through 80; the assignment of groups to groupsets, Cards 13.through 15; and the extension

of the cutoff energies to 94 groups, Cards 62 through 67. Table XXIII lists the output data

for this problem.
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TABLE XXIII

LISTING OF OUTPUT FROM PROBLEM III

RAFFLE MONTE CARLO PROGRAM SAMPLE PROBLEM III MULTI-THERMAL GROUPS

EDIT OF INPUT DATA

EIGENVALUE PROBLEM

REACTION RATES AND FLUXES CALCULATED
VOLUME SOURCE PROBLEM

CONVERGENCE ON K

STANDARD CROSS SECTION LIBRARY USED
STANDARD PATH SCORING

BATCHING NOT USED

INPUT EDIT FLAG. IF INEDIT=1, THE INPUT IS ONLY PROCESSED AND EDITED.
IF INEDIT=2, THE ENTIRE PROGRAM 1S EXECUTED.

FOR THIS RUN INEDIT = 2

NO. HISTORIES TO PROCESS PER GENERATION--NIVOD= 16

MAXTMUM EXECUTION TIME (NO EFFECT IF =0.0)--RTIME= 1.00000
NO. OF GROUPS = 94

NO. OF REAL REGIONS = 4

NO. OF FICTITIOUS REGIONS = 6

NO. OF MATERIALS = 3

ZONE GEOMETRY TYPE = 1

NO. OF BOUNDARY EQUATIONS = 17

NO. OF FISSION TABLES = 1

NO. OF SCATTERING ISOTOPES = 5

OPTIONAL THERMAL XSECT INPUT USED--THERMAL XSECTS READ IN BY [SOTOPE

ISOTOPE 1 THERMAL ID= 0
ISOTOPE 2 THERMAL ID= 10
ISOTOPE 3 THEPMAL ID= 12
ISOTOPE 4 THERMAL ID= ~ 23
ISOTOPE 5 THERMAL ID= 601
1SOTOPE

NO. THERMAL GROUPS= 27

RUSSIAN ROULETTE PLAYED AFTER 900 THERMAL COLLISIONS AND AFTER O SUBSEQUENT COLLISIONS
THE FIRST THERMAL GROUP USED IN RAFFLE CORRESPONDS TO GROUP 1 AS PUNCHED ON THE THERMAL LIBRARY CARDS

ISOTOPE LIST USED IN THIS PROBLEM

I1SOTOPE 1 0= 1
ISOTOPE 2 1D= 10
ISOTOPE 3 1D= 12
ISOTOPE 4 ID= 23
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TABLE XXIII (Cont'd)
LISTING OF OUTPUT FROM PROBLEM III

ISOTOPE S ID= 601

EXTERNAL SOURCE FLAG (IXTERN).

IF IXTERN=1 THERE ARE NO EXTERNAL SOURCES (AN EIGENVALUE PROBLEM),

IF IXTERN=2 THERE ARE EXTERNAL SOURCES BUT FISSION DAUGHTERS ARE NOT FOLLOWED,
IF IXTERN=3 THERE ARE EXTERNAL SOURCES AND FISSION DAUGHTERS ARE FOLLOWED.

_FOR THIS PROBLEM IXTERN = 1

SCORING FLAG. IF ISCJIR=1 PATH SCORING IS USED,

IF ISCOR=2 THE BOUNDRY-—ELIMINATION METHOD IS USED,

IF ISCOR=3 THE COLLISION-CONTRIBUTION METHOD IS USED.
FOR THIS PROBLEM ISCOR = 1

TRANSFER COMPUTATION POINTERS
INELASTIC FLAG (=1. TO COMPUTE INELASTIC) = 0
ELASTIC FLAG (=1 TO COMPUTE ONCE, =2 TO COMPUTE N TIMES) = 0

LIBRARY FLAG( =0 [F READ FROM CARDSsy =2 IF READ FRDM LOGICAL UNIT 15) JTAPE = 2
NIC = 15 ISOTOPES IN LIBRARY

GROUP LOWER ENERGY CUTOFF (EV)
1 7.7900E 06
2 6.0700E 06
3 4.7200E 06
4 . 3.6800E 06
5 2.8700E 06
6 2.2300€ 06 : o
7 1.T400E 06 -
8 1.3500€ 06
9 1.0500€ 06
10 8.2100E 0%
11 . 6.3900E 05 ‘ .
12 4.9800E 05 . )
13 3.8800E 05 -
14 3.0200E 05 ’
15 . 2.3500E 05
16 1.8300E 05 : .
17 . 1.4300E 05 ’
18 1.1100E 05 .
19 8.6500€ 04
20 6.T400E 04
21 5.2500E 04
22 4.0900E 04
23 . 3.1800E 04
24 2.4800E 04
25 1.9300E 04
26 1.5000E 04
27 1.1700E 04
28 9.1200E 03
29 7.1000E 03
30 - 5.5300E 03 o
31 4.3100€E 03 .
32 3.3600E 03 ’

33 2.6100€E 03
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36

36
37
EY:]
39
40
41
42
43
44
45
46
47
48
49
50
51
52
53
54
55
56
57
58
59
60

-6l

62

-1
65
66
67
68
69
70
71
72
73
T4
15
16

77

78
19
80
8l
82
83
84
85
86
87
88
89

2.0400€E 03
1.5900E 03
1.2300€ 03
9.6110E 02
T.4850E 02
5.8290€ 02
4.5400E 02
3.5360E 02
2.7540€ 02
2.1450€ 02
1.6T00E 02
1.3010E 02
1.0130E 02
7.8900E 01
6.1400E Ol
4.7900E Ol
3.7300E 01
2.9000E 01
2.2600E 01
1.7600E 01
1.3700E 01
1.0680E 01
8.3200E 00
6.4800E 00
5.0400E 00
3.9300& 00
3.0600€ 00
2.3800E 00
1.8600E 00
1.4400E 00
1.1250€E 00
8.7600E-01
6.8300E-01
5.3200E-01
4.9000E-01
4.7500€-01
4.6000E-01
4.3000E-01
441400E-01
3.6000E-01
3.4000E-01
3.2000E-01
3.0000E-01
2.8000E-01
2.6000€-01
2.4000E-01
2.2000E-01
1.8000€E-01
1.4000E-01
1.0000E-01
9.0000E-02
8.0000E-02
7.0000E-02
6.0000E-02
4+0000E-02
2+5300E-02

TABLE XXIII (Cont'd)

LISTING OF OUTPUT FROM PROBLEM III
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90
91
92
93
94

NO CM T2 LAB TRANSFORMATION IS MADE FOR GROUP 94 AND LOWER GROUPS

1.5000E-02
8.0000E-03
5.0000E-03
2.0000E-03
0.0

TABLE XXIII (Cont'd)

LISTING OF OUTPUT FROM PROBLEM III

NO ENERGY CHANGE IS MADE FOR ELASTIC SCATTER EVENT FOR GROUP 94 AND LOWER GROUPS

GROUP SET INFORMATION -

ENERGY
1

ENERGY
3

ENERGY
5

ENERGY
7

ENERGY
9

ENERGY
11

ENERGY
13

ENERGY
15

ENERGY
17

ENERGY
19

ENERGY
21

ENER GY
23

ENERGY
25

ENERGY
27

ENERGY
29

GROUPS
2

GROUPS
4

GROUPS
[

GROUPS
8

GROUPS
10

GROUPS
12

GROUPS
14

GROUPS
16

GROUPS
18

GROUPS
20

GROUPS
22

GROUPS
24

GROUPS
26

GROUPS
28

GROUPS
30

IN. GROUP SET
IN GROUP SET
IN GROUP SET
IN GROUP SET
IN GROUP SET
IN GROUP SET
IN GROUP SET
IN GROUP SET
IN GROUP SET
IN GROUP SET
IN GRdup SET
IN GROUP SET
IN GROUP SET
IN GROUP SET -

IN GROUP SET

10

11

12

13

14

15
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ENERGY GROUPS
31 32

ENERGY GROUPS
33 34

ENERGY GROUPS
35 36

- ENERGY GROUPS

37 38

ENERGY GROUPS
39 40

ENERGY GROUPS
41 42

ENERGY GROUPS
43 44

ENERGY GROUPS
47 48

ENERGY GROUPS
51 52

ENERGY GROUPS
55 56

ENERGY GROUPS
59 60

ENERGY GROUPS
63 64

ENERGY GROUPS
68 69
83 84

IN GROUP SET

IN GROUP SET

IN GROUP SET

IN GROUP SET

IN GROUP SET

IN GROUP SET

1IN GROUP SET

ENERGY BREAKPOINTS FOR THE

1.00000€ 07
4.98000E 05
2.48000E 04
1.23000E 03
1.37000€ 01

MATERIAL
1
2
3

THE CUTOFF FLAG.
IF NEXCUT=2 THERE IS

NO. OF FIS

85 46
IN GROUP SET
49 50
IN GROUP SET
53 54
IN GROUP SET
57 58
IN GROUP SET
61 62
IN GROUP SET
65 66
IN GROUP SET
70 11
85 a6
6.07000€
3.02000E
1.50000E
7.485008
5.04000E

o]
1
1

16
17
18
19

" 20
21
22
23
24
25
26
27

67

‘28
72
87

GROUP

06
05
04
02
00

SION SPECTRA

13 T4
88 89

SETS

3.68000E
1.83000E
9.12000E
4. 54000E
1.86000E

"TABLE XXIII (Cont'd)

LISTING OF OUTPUT FROM PROBLEM III

06
05
03
02
00

NO.

15
90

T6 17
91 32

2.23000E 06
1.11000€E 05
5.53000E 03
2.75400E 02
5.32000E-01

OF 1S0TOPES
2

3

3

IF NEXCUT=3 BOUNDED DOUBLE VALUE ROULETTE IS PLAYED.

78 19
93 94

1.35000€
6.74000€
3.36000E
1.01300E
0.0

I[F NEXCUT=1 THE CONSTANT CUTOFF WEIGHT MEYHOD IS USED,
NO WEIGHT REDUCTION

06
04
03
02

80

8l

8.21000E
4.09000E
2.04000E
3.73000E

a2

05
04
03
ol
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TABLE XXIII (Cont'd)

LISTING OF OUTPUT FROM PROBLEM III

PAGE 0006
FOR THIS PROBLEM NEXCUT = 1

WNCUT = 5.0000E-02

SPLITTING FLAG. IF ISPLT =1 THERE IS NO SPLITTING, IF ISPLT =2 SPLITTING IS BY INTEGER MULTIPLES, IF ISPLT =3 SPLITTING
IS BY WEIGHT COMPARISON.

FOR THIS PROBLEM [SPLT =1
MATERIAL NO.= 1 NO. OF ISOTQPES = 2
ISOTOPE NO. DENSITY ISOTOPE NOe. DENSITY ISOTOPE NO. DENSITY ISOTOPE NO. DENSITY
1 6.6000E-02 601 3.3000E-02
MATERIAL NO.= 2 NO. OF ISQTOPES = 3
ISOTOPE NO. DENSITY ISOTOPE NO. DENSITY ISOTOPE NO. DENSITY ISOTOPE ND. DENSITY
10 2.1700€-03 12 1.9500E-02 23 4.3400E-02 .
MATERIAL NO.= 3 NO. OF ISOTOPES = 3
ISOTOPE ND. DENSITY [SOTOPE NO. DENSITY [SOTOPE NO. DENSITY [SOTOPE NO. DENSITY
10 1.1000E-03 12 - 2.0600E-02 23 4.3500E~-02

ALL MATERIALS(ISOTOPES) FOUND IN THERMAL XSECT INPUT

FISSION SPECTRUM NO. = 1

GROUP INTENSITY GROUP INTENSITY GROUP INTENSITY GROUP INTENSITY GROUP INTENSITY

1 7.1790€E-03. 2 2.037TE-02 3 4.2563E-02 4 6.9834E-02 5 9.4T774E-02

6 1.1084€E-01 T 1.1536E-01 8 1.0960E-01 9 9.6973E-02 10 8.1155€6-02

11 6.5031E-02 12 5.0376E-02 13 3.8005E-02 14 2.8089€E-02 15 2.,0429€E-02

16 1.4673E-0Q2 17 1.0473E-02 18 1.367T7€E-03 19 5.1703E-03 " 20 3.6117€-03

21 2.5138€E-03 22 1.7448E-03 23 1.2084E-03, 24 8.3550E-04 25 5.T690E-04

26 3.9790€E-0¢ 27 2.T7430E-04 28 1.8890E-~04 29 1.3010E-04 30 8.9500E-05

31 6.1600E~05 32 4.2400E-05 33 2.9100E-05 34 2.0000E-05 35 1.3800€-05

36 9.5000E-06 37 6.5000E-06 38 4+5000E~-06 39 3.1000£-06 40 2.1000€E-06

41 1.4000E-06 42 1.0000E-06 43 0.0 44 0.0 45 0.0

46 0.0 47 0.0 48 0.0 49 0.0 50 0.0

51 0.0 52 0.0 53 0.0 54 0.0 55 0.0

56 0.0 57 0.0 58 0.0 59 0.0 60 0.0

61 0.0 62 0.0 63 0.0 64 0.0 65 0.0

66 0.0 67 0.0 68 0.0 69 0.0 10 0.0

71 0.0 72 0.0 73 0.0 T4 0.0 75 0.0

T6 0.0 17 0.0 78 0.0 79 -0.0 80 0.0

81 0.0 82 0.0 83 0.0 84 0.0 85 0.0

86 0.0 87 0.0 88 0.0 89 0.0 90 0.0

91 0.0 92 0.0 93 0.0 94 0.0

BOUNDARY EQUATION PARAMETERS

ND. N TYPE A 8 4 D R X0 Yo 20
1 2 CYLINDER : 0.0 1.9000€ 00 1.5430E 00
2 2 CYLINDER 4.4200E-01 1.9000€ 00 1.5430€ 00
3 1 PLANE 0.0 1.0000E 00 0.0 1.0000€E 00

4 1 PLANE 1.0000E 00 0.0 0.0 2.5200€E 00
5 1 PLANE 0.0 1.0000E 00 0.0 2.4430€E 00

6. 1 PLANE 1.0000€E 00 0.0 0.0 1.0000E 00
7 2 CYLINDER 0.0 3.1400E 00 1.5430¢ 00
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TABLE XXIII (Cont'd)

LISTING OF OUTPUT FROM PROBLEM III

1.0000E 00
1.0000E 00
1.0000€ 00

'1.0000€ 00

8 2 CYLINDER
9 1 PLANE 1.0000€E 00 ©.0
10 1 PLANE 0.0 1.0000E 00
111 PLANE 1.0000€ 00 0.0
12 1 PLANE 0.0 1.0000E 00
13 1 PLANE 1.0000E 00 0.0
14 1 PLANE 0.0 0.0
15 1 PLANE 0.0 0.0
16 1 PLANE 0.0 0.0
17 1 PLANE 0.0 0.0
NO.OF EXTERNAL BOUNDARIES = 6
EXTERNAL BOUNDARY NO. ALBEDO
3 1.0000E 00
9 1.0000E 00
5 1.0000€ 00
6 1.0000E 00
15 1.0000E 00
16 1.0000€ 00
REGION DESCRIPTIONS
REGION NO. REGION TYPE MATERIAL NO.OF
SIGNED BOUNDARY NO.S---
1 2 1
2 & 3 -4 -5 15 -16
2 2 1
8 '3 3 -9 -5 15 -16
3 3 2
1 2 15 -16
4 3 3
7 8 15 -16
5 1 0
13 10 -6 -12 15 -16
6 1 0
6 5 -9 -12 15 -16
7 1 0
9 19 -11 -12 15 -16
8 1 0
6 10 -9 -3 15 -16
9 1 0
13 10 -11 -12 14 -15
10 1 0
13 10 -11 -12 16

-17

BOUNDARIES

3,7600€
0.0
4.7600€
3.4430€
0.0
0.0
1.0000E
1.0010€
1.0020€

00

00
00

00
03
03

4.4200£-01

3.1400€ 00

1.5430€ 00
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REGION SET INFORMATION -

REGIONS IN
3

REGIONS IN REGION SET

1

4

2

REGION SET

1

2

TABLE XXIII (Cont'd)

LISTING OF OUTPUT FROM PROBLEM III
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TABLE XXIII (Cont'd)

LISTING OF OUTPUT FROM PROBLEM III

ZONE GEOMETRY DESCRIPTION
STACKED RECTANGULAR ZONE GEOMETRY, IZONGE = 1

TOTAL NUMBER Of IONES = 10
NUMBER OF Z-LINES = 4

Z-LINES
0.0 1.00000 1001.00000 1002.00000

EXRERKGRRREEERGE R AR EERE AR R AR R RE SRR KRR KRR REE R R R RN RS R AT R AR R R R R R PR RS R R MR R R KRR LR RE PR R R K KRk kK

INFORMATIDN FOR I-20NE 1

XL INES
0.0 4476000

Y-LINES FOR X-ZONE 1
0.0 3.44300

AR EXEERRERER R RE RN AR AR R AR R KR E KRR AR AR R R AR R R RS AK AR E AR R RE R KRR KR RE R R AR AR B RS KR A SR ER R AR R E KR AR SRR SRR RREE R AR KKK
INFORMATION FOR Z-IDONE 2

XLINES
0.0 1.00000 2.52000 3.76000 4.76000

Y-LINES FOR X~ZONE 1
0.0 3.44300°

Y-LINES FOR X~-IONE 2
0.0 1.00000 2.44300 3.44300

Y-LINES FOR X-I0ONE 3
0.0 1.00000 2.44300 3.44300

Y-LINES FOR X-ZONE 4
0.0 3.44300

B P P P PP T TP T PP T T P T e e PP PR A PUFPE P P L e e P e P T e e P LTI e S T T
INFORMATION FOR Z-ZONE 3

XL INES
0.0 4.76000

Y-LINES FOR X-ZONZT 1
0.0 3.44300
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TABLE'XXIII‘(COht'd)

LISTING OF OUTPUT FROM PROBLEM III

PAGE 0010
NO. OF
IONE REGIONS REGION NO.S
1 1 9
2 1 5
3 1 8
4 2 1 3
S 1 6
6 1 8
7 2 2 4
8 1 6
9 1 7
0 1 ¢}

-
[

LEAKAGE FLAG. IF NEXCUR=1 NO LEAKAGE IS COMPUTED, IF NEXCUR=2 LEAKAGE IS COMPUTED.
NEXCUR = 1

CONVERGENCE FLAG. IF IVERGE=1 CONVERGENCE IS ON Ky IF IVERGE=2 CONVERGENCE IS ON REGION SET FLUXES
AND IF IVERGE=3 CONVERGENCE IS ON REGION AND GROUP SET FLUXES.

THE VALUE OF IVERGE FOR THIS PROBLEM IS 1

THE FRACTIONAL ERROR FOR CONVERGENCE IS 7.0000E~02

SCORING INITIALIZATION. .
THE NUMBER OF GENERATIONS TD PROCESS BEFDRE SCORING 1S BEGUN = 1

RANDOM VARIABLE TABLE INFORMATION
NO. OF ENTRIES IN EACH TABLE = 512 (EXPONENT OF 2

9 ) NO OF RANDOM NO.S INITEIALLY REJECTED = 5

INITIAL SOURCE INFORMATION
NO. OF SOURCES = 2 FISSION SPECTRUM NO. TO USE
VOLUME SOURCE PROBLEMs, ICURR = 0

n
—

SOURCE NO. SOURCE TYPE INTENSITY NO. OF EXEMPT REGIONS
LIST OF EXEMPT REGIONS-
CENTER PDINT (X,Y,2) AND SOURCE OIMENSIONS

1 1 1.0000E 00 0

1.9000E 00  1.5430E 00  1.0000E 00 0.0 4.4200E-01  1.0000E 03
2 1 1.0000E 00 0 -

3.1400E 00 1.5430E 00 1.0000€E 00 0.0 4.4200E-01 1.0000E 03

VARTABLE INPUT
NCHECK = 1 MAXCNT = 6 IBUMAX = 24 XKENO = 3.3000E-01 WSTOP = 1.0000€-06

7156 STORAGE LDCATIONS IN BULK USED BEFORE LOCATIONS RESERVED FOR OUTPUT TALLIES

8040 STORAGE LOCATIONS USED IN BULK
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RAFFLE MONTE CARLO PROGRAM SAMPLE PROBLEM I11

TABLE XXIII (Cont'd)

LISTING OF OUTPUT FROM PROBLEM III

A GENERAL PURPOSE MONTE CARLO PROGRAM

RAFFLE OUTPUT DATA

SOURCE DISTRIBUTION FOR THE NEXT GENERATION

1 0.0

2

0.0

3

5.0000E-01

4

'5.0000E-01

MULTI-THERMAL GROUPS

PAGE 0011
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ZTIME,RTIME=
LTIME RTIME=
ZTIME,RTIME=

0.2T7178664E-01

0.72938621E-01
0.72938621E-01

TABLE XXIII (Cont'd)

LISTING OF OUTPUT FROM PROBLEM III

0.100000000 01
0.100000000 01
0.100000000 01

PAGE 0012




91

TABLE XXIII (Cont'd)

LISTING OF OUTPUT FROM PROBLEM III

CONVERGED OUTPUT K& 4ka a6k R ak kR R b Sb 2R AR K SRR ERESEREREEEEAR KA KREXRESER AR CERRRE RATERE AR NRAR KSR KAK LKA R K KRR K RKKK

TOTAL DATA PROCESSED. 1 GENERATIONS 16 HISTORIES 867 COLLISIONS
ERROR TALLY-B80X COUNTS. 0 IN IRRBOL 0 IN IRRBO2 .0 IN IPRBO3
DATA FOR THE GENERATION JUST PROCESSED. 16 DAUGHTERS INITIALLY STORED 16 DAUGHTERS PROCESSED

EIGENVALUE (K) RESULTS. .
K FROM COLLISIONS = 1.4863FE 00 { 6.2023E-02 ) K FROM PATHS = 1,5552€ 00 { 1.4449E-01 )
BEST COMBINED K = 1.4904E 00 ( 6.1246E~02 )

LIFETIME AND GENERATION TIME (IN MICROSECONDS)}.
GENERATION TIME = 1.,29370 01 ( 2.1463E-01 ) LIFETIME = 1.,0892D0 01 ( 2.3063E-01 )

FLUX OF MAXIMUM FRACTIONAL ERROR. FLUX = 4.5217€E~-02 ( 6.5308E-0L } REGION SET = X GROUP SET = 14

CONVERGENCE ERRIR CHECK.
FRACTIONAL ERROR FOR BEST COMBINED K = 6.1246E-02 FRACTIONAL ERRDR DESIRED = 7.0000E~02

FLUXES BY REGION SET (REGSET) AND GROUP SET (GRSET)

GPSET REGSET 1 REGSET 2 REGSET
1 0.0 0.0
2 2.7018E~-01 645065E-01
3 4.3456E-01 1.0027E 00
4 6.8200E-01 1.3520E 00
5 9.5594E~-01 1.8548E 00
6 8.6791E-01 2.9990€ 00
T 5.8532E-01 1.1009E 00
8 2.3120E~01 9.4054E-01
9 3.6444E-02 4.6138E-01
10 3.3857E~-01 4.7834E-01
11 5. TLT6E-02 5.0132E-01
12 2.4648E-01 4.5521E-01
13 1.6759€E-01 3.4500€E-01
14 4,5217E~02 2.5694E-01
15 B.7462E-02 2.5941E-01
16 1.2106E-01 1. 4043E-01
17 2.3476E-01 4.0787E-01
18 1.6594€-01 4.2257E-01
19 2.6793E-02 3.9026E-01
20 1.9016E-01 2.9997€-01
21 1.0642E-01 5.07T73E-01
22 4.6525E-01 6.,6141E-01
23 5.1666E-01 6.9359E-01
24 2.3202E-01 T.1234E-01
25 2.0575€E-01 3.8364E-01
26 4.5964E-01 6.77T12E-01
27 2.0612E-01 7.1595€-01
28 1.1901E 00 3.7875€E 00
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TABLE XXIII (Cont'd)

LISTING OF OUTPUT FROM PROBLEM ITI

FLUXES BY REGION SET (REGSET)

REGSET

GRSET

—
COVE®~NOWVMHWN -

NNNRNNNNNRN P o o g b o e s
ONOVMPUWUNFOOONONPHWN -

1
2

REGSET FLUX

9.1268E 00

2.1558E U1

REGSET 1
0.0
6.5308E-01
4.4882E-01
3.6656E-01
2.9909€-01
2.2364E-01
2.2010E-01

4.0197E-01

6.5308E-01
3.6956E-01
4. 8663E-01
3.3188E-01
3.6473€E-01
6.5308E-01
6.5308E~-01
6.5308E-01
3.0998E-01
4.5662E-01
6.5308E-01
3.1338E-01
4, T7863E-01
2.7391E-01
3.2130E-01
2.5496E-01
3.0376E-01
3.4690€-01
3.2111E-01
1. 0865E-01

v

FRACTIONAL ERRORS FOR THE REGION AND GROUP

REGSET 2 REGSET
0.0
6.5308E~01
4.2088E~01
3.5383E-01
2.9437E-01
2.3498E~01
2.1519€~01 "
242627TE~01
3.5567€E~01
2.5847E~01
2.27T78E~-01
2.4906E~-01
1.8490E~01
2.7239€~01
2.8881E-01
3.9094E-01
2.3920€~01
3.0461€-01
2.7603E-01
2.4649E-01
2.2963E-01
1.8438E-01
2.4222E-01
2+4029E-01
2.2162E-01 -
1.8360E-01
1.785TE-01
1.6621€E-01

FRACTIONAL ERRURS FOR THE REGION SET FLUXES

REGSE

T

1
2

ERROR
4,8213E-02
4.2767E-02

SET FLUXES
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RES
Tov
RES
TOT

RES
TOT
RES
TOT

RES
TOT
RES
TOv

RES
TOT
RES
107

RES
TOv
RES
Tor

RES
TOT
RES
TOT

TOoT

10T

Tor

TABLE XXIII (Cont'd)

LISTING OF OUTPUT FROM PROBLEM III

ABSORPTION AND NU*FISSION RATES FOR EACH GROUP AND REGION SET

. PAGE 0015

AEEEEERXK R KRR A UREE R R AR R ER R R KT R R R KRR AR KRR AR E R AR R R KR E KRR R E R R E X F R KRR AR KRR A AR R KRR KR AR AR AR RS RS E SN &

ABSORPT ION
ABSORPTION
NU* FISS ION

NU*FISSION

ABSORPTION
ABSORPTION
NU*FISSION
NU*FISSION

ABSORPTIDN
ABSORPTION
NU*FISSION
NU*FISSION

ABSORPTION
ABSORPTION
NU*FISSION
MU*FISSION

ABSORPTION
ABSORPTION
NU*F1SS ION
NU*FISSION

ABSORPTION
ABSORPTION
NU*«FISSION
NU*FISSION

GROUP SET
0.0 (
0.0 (
0.0 {
0.0 {

GROUP SET
0.0 (
4.1116€E-03 (
0.0 (
3.644TE-03 (

GROUP SET
0.0 (
5.9793E-04 (
0.0 (
6.0504E-04 (

GROUP SET

2.5836E-03 (
3.2055€E-03 |

0.0 (
0.0 {
GRDUP SET

1.3740E-04 (

4.4757E-04 (
0.0 {
0.0 {

GROUP SET

9.3032€-03
1.8748E-02 (
1.3602E-02 (
2.2948E-02

- -

0.0 )
0.48661
0.0 )
0.48661

16
0.6531)
0.6531)
0.0 )
0.0 )

21
0.5757)
0.4474)
0.0 )
0.0 )

26
0.50651)
0.3563)
0.5064)
0.3720)

* REGION SET

1 =

L2 2222 Rt 2l

GROUP SET
(

GROUP SET
(
200E-03 (
(
580E~03 |

~o®Oo

GROUP SET
{
T3BE-03 (

NO O
s 8 8 e
cowno

(
265€-03 (

GROUP SET
8.2529E-04
2.4T82E-03 (

0.0 (
0.0 {
GROUP . SET

44 4284€E-02 (
4.4T09E-02 (

0.0 {
0.0 (
GROUP SET

5.1021€E-03 (
1.4665E-02 (
9.3597E-03 {(
2.4559E-02 (

2
0.0 )
0.6531)
0.0 )
0.6531)

7
0.0 )
0.2207)
0.0 )
0.2267)

12
0.0 )
0.3538)
0.0 }
0.3575)

17
0.5915)
0.3356)
0.0 )
0.0 )

22
0.6228)
0.6185)
0.0 )
0.0 )

27
0.4852)
0.3060}
0.4924)
0.3106)

GROUP SET
(

0 (

4

0 (

5122E-03 |{
GROUP SET

0.0 {

8.9806E-04 |

0.0 {
1.5271€-03 (

GROUP SET
4.28T6E-03
5.2959E-03 (
0.0 (
0.0 {

GROUP SET
2.7844E-02 (
3.0449€-02
4.4080E-02 {
4.T7906E-02 {

GROUP SET
{

0.0
6.7378E-01
0.0 (
1.3077€ 00 (

170€-03 (°

3
0.0 )
044460}
0.¢ ]
0.4476)

0.0 )
0.413Q)

18
0.5594)
0.5328)
0.0 )
0.0 }

23
0.3704)
0.3452)
0.44%55)
0.4143)

28

0.0 )
0.1107)
0.0 ]
0.11181}

GROUP SET
0.0 (
5.61156-03 (
0.0 t
1.39196-02 (

GROUP SET
0.0 T
2.2333E-06
0.0 {
1.5142€-04 {

GROUP SET
0.0 {
2.0221€-04 (
0.0 (
3.4967E-04 {

GROUP SET

1.3892E~05 (
1.7126E-04 (
0.0 (
0.0 {

GROUP SET
1.0429E-01 (
1.0317€-01 (
4.T60TE-02 (
4.6291E-02 {

TOTAL OVER ALL GROUPS

2.5080E-01 (
9.8174E-01 (
1.7006E-01 (
1.5587E 00 (

0.6531)

19
0.6531)
0.6531)
0.0 )
0.0 )

24
0.3662)
0.3687)
0.4057)
0.4072)

0.1906)
0.0581)
0.1791)
0.0893)

GROUP SET
0.0 (
5.2126E-03 |
0.0 (
6.2970E-03 (

GROUP SET
0.0 (
2.7628E-03
0.0 {
203205E-03 (

GROUP SET
0.0 {
1.9870E-07 {(
0.0 (
0.0 {

GROUP SET

1.7273€-02 {
1.8045€-02 {

0.0 {
0.0 (
GROUP SET

3.4859€E-02 |
3.0725€e~-02
5.5416€6-02 {
4.9051€E-02 {

0.0 )
0.3775)
0.0 )
0.4022)

15
0.0 )
0.6531)
0.0 }
0.0 }

20
0.6505)
0.6262)
0.0 }
0.0 )

25
0.3734)
0.3815)
0.3969)
0.4019)

KEEEREEERERREEEE R AR R RREKE AR KRR KRS AR R R RERREER KRR RN EER R RREREER RN EE R KRR EEE AR X KRR SRR KRR R KRR NG ERR AR R R
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ABSORPTION

ABSORPTION

ABSORPTION

GROUP SET 1
0.0 ( 0.0 )
GROUP SET [}
5.0468E~06 { 0.2340)
GROUP SET 11
5.3979E-06 ( 0.2255}

GROUP SET
1.0804E-03 {(

GROUP SET
3.1223E-06 (

GROUP SET
6+3838E-06

2
0.6531)

7
0.2202)

12
0.2461)

2 =

GROUP SET
4.7030E-06 (

GROUP SET
3.4986E-06

GROUP SET
7.1739E-06 ¢

3
0.4453]

8
0.2273)

13
0.1878)

GROUP SET
3.0843E-06 (

GROUP SET
245349E-06 (

GROUP SET
T.5506E~-06 {

4
0.3538)

9
0.3558)

16
0.2672)

GROUP SET
4.2240€E-06

GROUP SET
3.7969€E-06 |

GROUP SET
1.0024E-05 |

5
0.2942)

10
0.2773)

15
0.2868)
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- LISTING OF OUTPUT FROM PROBLEM III

PAGE 0016

GROUP SET 16 GROUP SET 17 GROUP SET 18 -~ GRQUP SET 19 GROUP SET 20
TOT ABSORPTION 7.5000€-06 ( 0.3909) 2.6283E-05 ( 0.2357) 3.5698€E-05 ( 0.2983) 4.3548E-05 ( 0.2809) 4.2250E-05 ( 0.2452)
. GROUP SET 21 GROUP SET 22 GROUP SET 23 GROQUP SET 26 GROUP SEY 25
TOT ABSORPTION 9.4737E-05 ( 0.2281) 1.7559€-04 ( 0.1817) 3.0555E-04 ( 0.2380) '5.%646E-04 ( 0.2308) 4o 9860E-04 | 0.2360)
GROUP SET 26 GROUP SET 27 GROUP SET 28 YOFAL OVER ALL GROUPS

TOT ABSORPTION  1.3683E-03 { 0.1781)  2.4841E-03 ( 0.1825). 4.8608E-02 | 0.1897)  5,5383E-02 ( 0.1719)

RRKEBEEEEEEEAEERE SRR R EERR AR AR ERRRREEEEE AR AR R IR S XS K& EEKEEEREREREREARRRERERRE SRR R K KA X EXRARRKKRERRRSRERRRKERARBRA R KRG FRE
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TABLE XVI
LISTING OF OUTPUT FROM PROBLEM

RAFFLE MONTE CARLO PRDOGRAM SAMPLE PROBLEM I AN ITERATION PRIBLEM

£DIT OF INPUT DATA

EIGENVALUE PROBLEM

REACTION RATES AND FLUXES CALCULATED
VOLUME SOURCE PROBLEM

CONVERGENCE. DN K

STANDARD CROSS SECTION LIBRARY USED
STANDARD PATH SCORING

BATCHING NOT USED

INPUT EDIT FLAG. IF INEDIT=1, THE INPUT IS ONLY PROCESSED AND EDITED.
IF INEDRIT=2y THE ENTIRE PROGRAM IS EXECUTED.

FOR THIS RUN INEDIT = 2

NO. HISTORIES YO PROCESS PER GENERATION-—-NIVD= 16

MAXIMUM EXECJUTION TIME (NO EFFECT [F =0.,0)--RTIME= 1.30000 -

NO. OF GROUPS = 69

NO. OF REAL REGIONS = 4

NO. DF FICTITIOUS REGIONS = 6 ’ :
NO. OF MATERIALS = 3 ' :
ZONE GEOMETRY TYPE =1

NO. OF BOUNDARY EQUATIONS = 17

NO. OF FISSION TABLES = 1 '

NDO. OF SCATTERING ISOTOPES = 6

ISOTOPE LIST USED IN THIS PROBLEM

-1SOTOPE 1 ID= 12

1SOTOPE 2 1D= 14 o

1SOTOPE 3 [D= 15 : '
I1SOTOPE & [D= 23

ISOTOPE S ID= 29

1SOTOPE 6 ID= 141

1SOTOPE

EXTERNAL SOURCE FLAG (IXTERN).

IF IXTERN=1 THERE AFE ND EXTERNAL SOURCES (AN EIGENVALUZ PROBLEM),

IF IXTERN=2 THERE ARE EXTERNAL SOURCES BUT FISSION DAUGHTERS ARE NOT FOLLOWED.
IF IXTERN=3 THERE ARE EXTERNAL SODURCES AND FISSION DAUSATERS ARE FOLLOWED.

FOR THIS PFOBLEM IXTERN = 1

SCORING FLAG. IF ISCOR=1 PATH SCURING IS USED,

IF ISCOR=2 THE BOUNDRY-ELIMINATICN METHQOOD IS USED,

IF ISCOR=3 THE COLLISION-CONTRIBUTION METHOD IS USED.
FOR THIS PROBLEM ISCNR = 1

PAGE 0001



TABLE XVI-(Cont'd)

LISTING OF OUTPUT FROM PROBLEM I

PAGE 0002

TRANSFER COMPUTATION POINTERS
INELASTIC FLAG (=1 TO COMPUTE INELASTIC) = 0
ELASTIC FLAG (=1 TO COMPUTE ONCE, =2 TO COMPUTE N TIMES) = 0

LIBRARY FLAG( =0 IF READ FROM CARDS, =2 IF READ FROM LOGICAL UNIT 15) JTAPE = 2
NIC = 18 ISOTOPES IN LIBRARY

GROUP LOWER ENERGY CUTOFF (EV)
1 7.7900E 06
2 6.0700E 06
3 4.T200E 06
o . 3.6B00E 06
5 2.8700E 06
6 2.2300E 06
7 1.7400E 06
8 1.3500€ 06
9 1.0500€ 06

10 - 8.2100€ 05
11 6.3900E 05
12 4.9800€ 05
13 3.8800E 05
14 3.0200€ 05
, 15 2.3500€ 05
= 16 . 1.8300E 05
3 17 1.4300E 05
18 1.1100E 05
19 8.6500E 04
20 : 6.7400E 04
21 5.2500E 04
22 4.0900E 04
23 3.1800E 04
26 2.4B00E 04
25 1.9300€ 04
26 1.5000€ 04
27 1.1700E 04
28 9.1200E 03
29 © 7.1000€ 03
30 5.5300E 03
31 4.3100€ 03
32 3.3600E 03
33 2.6100E 03
34 2.0400E 03
35 1.5900E 03
36 1.2300E 03
37 9.6110E 02
38 7.4850€ 02
39 5.8290E 02
40 4.5400€ 02
41 3.5360E 02
42 2.7540E 02
43 2.1450E 02
44 1.6700E 02
45 1.3010E 02
46 1.0130€ 02
47 7.8900E 01

48 6.1400E 01
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49
50
51
52
53
54
55
56
57
58
59
60
61
62
63
64
65
66
67
68
69

4.7900E
3.7300E
2.9000E
2.2600E
1.7600E
1.3700E
1.0680E
8.3200€
6.4800E
5.0400E
3.9300E
3.0600E
2.3800E
1.8600E
1.4400€
1.1250E
8.76500E-01
6.8300E-01
5+3200E-01
4.1400€-01

0.0

olL.
0l

o1
ol
o1
o1
01
00
00
00
00
00
00
00
00
00

TABLE XVI (Cont'd)

.LISTING OF OUTPUT FROM PROBLEM I

N CM TO LAB TRANSFORMATION IS MADE FOR GROUP 69 AND .LIWER GROUPS
NO zNERGY CHANGE IS MADE FOR ELASTIC SCATTER EVENT FOR 3ROUP 59 AND LOWER GROUPS

GROUP SET INFDRMATION -

ENERGY GROUPS IN GROUP SET

1

ENERGY
-3

ENERGY
5

ENERGY
T

ENERGY
9

ENERGY
11

ENERGY
13

ENERGY
15

ENERGY
17

ENERGY

2

GROUPS
T e

GROUPS
6

GROUPS
8

GPOUPS
10

SROUPS
12

GROUPS
14

GROUPS
16

GROUPS
18

GROUPS

N

N

IN

IN

IN

IN

GROUP

GROUP

GROUP

GROUP

GROUP

GROUP

GROUP

GROUP

GROUP

SET

SET

SET

SET

SET

SET

SET

SET

10

PAGE 0003




TABLE XVI (Cont'd)

LISTING OF OUTPUT FROM PROBLEM I

PAGE 0004
19 20

ENERGY GROUPS IN GROUP SET 11
21 22

ENERGY GROUPS IN GROUP SET 12
23 24 ’

ENERGY GROUPS *IN GROUP SET 13
25 26

ENERGY GROUPS IN GROUP SET la
27 28

ENERGY GROUPS IN GROUP SET 15
29 30

ENERGY GROUPS IN GROUP SET 16
31 32

ENERGY GROUPS IN GROUP SET 17
33 34

ENERGY GRDUPS IN GROUP SET. 18
35 36

691

ENEhGY GROUPS IN GROUP SET 19
37 38

ENERGY GROUPS IN GROUP SET 20
39 40

ENERGY GROUPS IN GROUP SET 21
41 42

ENERGY GROUPS IN GRQUP SET 22
43 L 45 46

ENERGY 3ROUPS IN GROUP SET 23
47 48 49 50

ENERGY 'GROUPS IN GROUP: SET 24 ) .
51 52 53 54

ENERGY GROUPS IN GROUP SET 25.
55 56 57 58

ENERGY GROUPS IN GROUP SET 26
59 60 61 62

LENERGY GROUPS IN GROUP SET 27
63 64 65 66 67 68 69

ENERGY BREAKPOINTS FOR THE GRCOUP SETS

1.00000€ 07 6.07000€ 06 3.6£000E 06 2,23000E 06 1.35000E 06 8.210G0E 05
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"TABLE XVI (Cont'd)

LISTING OF OUTPUT FROM PROBLEM I

1.83000E 05
9.12000E 03 5.53000€ 03
4.54000E 02 2.75400€ 02
1.86000E 00 0.0

4.98000E 05 1.11000E 05
2.48000E 04
1.23000E 03"

1.37000€ 01

3.02000E 05
1.50000€ 04
T.48500E 02
5.04000E 00

MATERIAL ND. OF FISSION SPECTRA NO. OF [SOTOPES,
1 0 2
2 1 4
3 1 4

5.74000E
3.36000€
1.01300E

THE CUTOFF FLAG, IFf NEXCUT=1 THE CONSTANT CUTOFF WEIGHY METHOD IS USED,

IF 'NEXCUT=2 THERE IS NO WEIGHT REDUCTION
IF NEXCUT=3 BOUNDED DOUBLE VALUE ROULETTE IS PLAYED.
FOR THIS PROBLEM NEXCUT = 1

WNCUT = 2.0000E-01

SPLITTING.FLAG. IF ISPLY =1 THERE IS NO SPLITTING, IF ISPLY =2 SPLITTING IS BY INTEGER MULTIPLES,

IS BY WEIGHT COMPARISON.

04 4.09000E 04
03 2.04000E 03
02 3.73000E 01

FOR THIS PROBLEM ISPLT =1
MATERIAL NO.= 1 NO. OF ISOTOPES = 2
ISDTOPE NO. DENSITY ISOTOPE NO. DENSITY ISJITOPE NO. DENSITY 1SOTOPE NO.
29 1.6710E~02 161 1.3010E-02
MATERIAL NO.= 2 NO. OF ISOTOPES = 4
ISOTOPE NO. DENSITY ISOTOPE NO. DENSITY 1SJTOPE ND. DENSITY 1SDTIPE NO.
12 1.5590€E-02 le 5.8010E-03 15 T.6890E-04 23
MATERIAL NO.= 3 NO. OF ISOTOPES = 4 :
ISOTOPE ND. DENSITY ISOTOPE NO. DENS ITY ISOTOPE NO. DENSITY ISOTOPE NO.
12 1.9010E-02 14 2.9010E-03 15 3.8450E-04 23
FISSION SPECTRUM NO. =1
GROUP INTENSITY GROUP INTENSITY GROUP INTENSITY GROUP INTENSITY GROUP
1 T.1790E-03 2 2.0377€-02 3 4.2563E-02 4 6.9834E-02 5
6 1.1084E-01 T 1.1536E-01 8 1.0960E-01 9 9.6973E-02 10
11 6.5031E-02 12 5.0376E-02 13 3.8005E-02 14 2.8089€-02 15
16 1.4673E-02 17 1.0473E-02 18 T.3677E-03 19 5.1703E-03 20
21 2.5138E-03 22 1.7448E-03 23 1.2084E-03 24 B8.3550E-04 25
26 3.9790E-04 27 2.7430€~-06 28 1.8890E-0¢% 29 1.3010€-04 30
31 6.1600E-05 32 4.2400E-05 33 2.9100E-05 34 2.0000E-05 35
36 9.5000E-06 37 | 6.5000E-06 38 4,5000E-06 39 3.1000E-06 40
41 1.4000E-06 42 1.0000E-06 “3 0.0 44 0.0 45°
46 0.0 47 0.0 48 0.0 49 0.0 50
51 0.0 52 0.0 53 0.0 S& 0.0 55
56 0.0 57 0.0 58 0.0 59 0.0° 60
61 0.0 62 0.0 63 0.0 64 0.0 65
66 0.0 67 0.0 68 0.0 69 0.0
BOUNDARY EQUATION PARAMETERS
NO. N TYPE A 8 C D R
1 2 CYLINDER 0.0
2 2 CYLINDER 4+4200E-0L

CENSITY

DERSITY

" 4,5_BOE-02

DENSITY

4.5230E-02

INTENSITY
9.4T7T4E-02
B. 1L55€E-02
2.0429€E-02
3.6117€-03
5.T6RAE-04
8.95G0E~05
1.380CE-05
2.100CE-06

0
0
0
0
0

OO0

XQ
1.9000E 00
1.9000F 00

[F ISPLT =3 SPLITTING

Yo 20
1.5430E 00
1.5430E 00
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LISTING OF OUTPUT FROM PROBLEM I

. PAGE 0006
3 1 PLANE 0.0 1.0000E 00 0.0 1.0000€ 00 : ~

4 1 PLANE 1.0000E 00 0.0 0.0 2.5200E 00

5 1 PL ANE 0.0 1.0000 00 0.0 2.4430€ 00

6 1 PLANE 1.0000E 00 0.0 0.0 1.0000€ 00

T2 CYLINDER 0.0 3.1400E 00 1.5430F 00
8 2 CYLINDER 4.4200E-01  3.1400FE 00 1.5430F 00
9 1 PLANE 1.0000E 00 0.0 0.0 3.7600€ 00 .

100 1 PLANE © 0.0 1,0000E 00 0.0 . 0.0

11 PLANE 1.0000E 00 0.0 0.0 4. 7600 00

12 1 PLANE 0.0 1.0000E 00 0.0 3.4430E 00

131 PLANE 1.0000€E 00 0.0 0.0 0.0

14 1 PLANE 0.0 0.0 1:00006 00 0.0
15 1 PLANE 0.0 0.0 1.0000E 00 1.0060E 00
16 1 PLANE 0.0 0.0 1s0000E 00  1.0010€f 03

17 1 PLANE 0.0 0.0 1.0000€ 20  1.0020€ 03

NO.DF EXTERNAL BOUNDARIES = 6

EXTERNAL BOUNDARY NO. ALBEDO
3 1.0000E 00

9 1.0000€ 00

| s 1.0000E 00
| 6 , 1.0000€ 00
:3 15 1.0000E 00

— ‘16 1.0000E 00

REGION DESCRIPTIONS® .
REGION NO. REGION TYPE MATERIAL NO.OF BDUNDARIES
SIGNED BOUNDARY NO,S---

1 2 1 T
2 6 3 -4 -5 15 -156
2 .2 1 7
8 4 3 -9 -5 15 -16
3 3 2 4
1 2 15 -16
4 3 3 4
7 8 15 <16
5 . o1 0 6
13 10 -6 -12 15 -16
6 1 0 6
6 5 -9 ~12 15 -l6
1 1 0 6
9 10 -11 -12 15 -16
8 1 0 6
6 10 -9 -3 15 -16
9 1 0 6

13 10 -11 -12 14 =15




all

10 1
13 10 ~11

REGION SET INFORMATION -
REGIONS IN REGION SET 1

3 4
REGIDNS IN REGION SET 2

1 2

TABLE XVI (Cont'd)

LISTING OF QUTPUT FROM PROBLEM 1

4} [
-12 16 -17
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TABLE XVI (Cont'd)

LISTING OF OUTPUT FROM PROBLEM I

IONE GEOMETRY DESCRIPTION
STACKED RECTANGULAR ZONE GEOMETRY, IZONGE = 1

TOTAL NUMBER OF ZDNES = 10
NUMBER OF .Z-LINES = &

Z-LINES ,
0.0 1.00000 1001.00000 1002.00000

LA e L T T P P
INFORMATION FOR Z-ZONE 1

XLINES
0.0 4.76000

Y-LINES FOR X-ZDNE 1
0.0 3.44300

A A T L L T L L T T T T T T
INFODRMATION FOR Z-ZONE 2

0.0 .1.00000 2.52000 3.76000 - 4.76000

Y-LINES FOR X-ZONE 1
0.0 3.44300

Y-LINES FOR X-ZONE 2
0.0 1.00000 2.44300 3.44300

Y-LINES FOR X-ZONE 3
0.0 1.00000 2.44300 3.44300

Y-LINES FOR X-ZONE 4
0.0 3.44300

REREEETERERER KRR EERE AR EERER AR RS RS R AR VR R KO DRSS AR AR O KRB KRS AR E KRR P SR AR R SRR E E R R R AR R MR KRR R KRR K E R E R R kAR AR R
INFORMATION FOR Z-ZONE 3

XLINES
0.0 4.756000

Y-LINES FOR X-IONE 1
0.0 3.44300

PAGE 0008
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TABLE XVI (Cont'd) .

LISTING OF OUTPUT FROM PROBLEM I

ND. OF
ZONE REGIONS REGION NO.S
1 1 9 ,
2 1 5 ‘
3 1 8
“ 2 1 3
5 1 6
6 1 8
7 2 2 4
8 1 6
9 1 7
0 1 0

—
-

LEAKAGE FLAG. IF NEXCUR=1 NO LEAKAGE IS COMPUTED, IF NEXCUR=; LEAKAGE IS COMPUTED.

NEXCUR = 1

CONVERGENCE FLAG. IF IVERGE=1 CONVERGENCE IS ON K, IF IVERGE=2 CINVERGENCE IS ON RESION SET FLUXES

AND IF IVERGE=3 CONVERGENCE IS ON REGION AND GROUP SET FLUXES.
THE VALUE OF IVERGE FOR THIS PROBLEM IS 1

THE FRACTIONAL ERROR FOR CONVERGENCE IS 1.0000€E-01

SCORING INITIALIZATION.
THE NUMBER DF GENERATIONS TO PRDCESS BEFORE SCORING IS BEGUN =

RANDOM VARIABLE TABLE INFORMATION
ND. OF ENTRIES IN EACH TABLE = 512 {(EXPONENT OF 2 = 9 )

INITIAL SOURCE INFORMATION :
NO. OF SOURCES = 2 FISSION SPECTRUM NO. TO USE
VOLUME SOURCE PROBLEM, ICURR = 0

n
=

SOURCE NO. SOURCE TYPE INTENSITY NO. OF EXEMPT REGIDNS
LIST OF EXEMPT REGIONS-
CENTER POINT (X+Y,Z) AND SOURCE DIMENS!ONS

1 1 1.0000€ 00 o
1.9000E 00 1.5430€ 00 1.0000E 00

2 1 1.0000E 00 0
3.1400€ 00 1.5430E 00 1.0000E 0D

VARTABLE INPUT

NCHECK = 1 MAXCNT = 6 IBUMAX = 24 XKEND = 3.3000E-

0.0

0.0

ol

NO OF RANDOM NO.S INITIALLY RE.ECTED

WSTOP

4.4200E-01

4.4200E-01

1.0000E-06

12313 STORAGE LOCATIONS IN BULK USED BEFORE LOCATIONS RESERVED FOR QOUTPUT TALLIES

13334 STORAGE LOCATIONS USED IN BULK

1.0000E 13

1.000CE D3

PAGE 0009
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LISTING OF OUTPUT FROM PROBLEM I

(RAFFLE/OO5 R.S. MARSDEN 5/ 5/72 ) A GENERAL PURPISE MONTE CARLO PROGRAM

RAFFLE MONTE CARLO PROGRAM
RAFFLE OUTPUT DATA

SOURCE DISTRIBUTION FOR THE NEXT GENERATION

1 0.0 2 0.0 3 5.0000E-01

4

SAMPLE PROBLEM I

5.0000E-01:

AN ITERATION PROBLEM

PAGE 0010
12712772
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ITIME,RTIME=
ITIME,RTIME=
ZTIME,RTIME=
ITIME,RTIME=
ITIME JRTIME=
LTIME,RTIME=

0.18803197€
0.48311460E
0.48311460¢E
0.74075723E
0.75462389E
0.10461006E

00
00
00
00
[+]0]
o1

LISTING OF OUTPUT FROM PROBLEM 1

0.100000000
0. 100000000
0.100000000
0.100000000
0.100000000
0.10000000D

ol -

01
ol
01
ol
)

TABLE XVI (Cont'd)

PAGE 0011



LLT

TABLE XVI (Cont'd) N

LISTING OF QOUTPUT FROM PROBLEM I

v

PAGE

TONVERGID OUTPUTHES bt oua ks ms st hs s ashhhh AR m AR AR SRk e F R E R RN R R R C R E R K AR RN TN AR R KRR RN R R R R KR kRO &

.

TOTAL DATA PROCESSED. : 1 GENERATIONS 17 HISTORIES - 1543 COLLISIONS
ERPOR TALLY-BOX COUNTS. 0 IN IRRBO1 0 IN IRRBC2 "0 IN IRPBI3
DATA FOR THE GENERATION JUST PROCESSED. 16 DAUGHTERS IVI?IALLV STORED 17 DAUGHTERS PRDCESSED

EIGENVALUE (K) RESULTS.
K FROM COLLISIONS = 1.5022E 00 ( 4¢.0646E~02 ) K FRIM PATHS = 1.4712E 00 { 3.5259E-02 ) -
BEST COMBINED K = 1.4825E 00 ( 3.1575€E-02 ) .

LIFETIME AND GENERATION TIME (IN MICROSECONDS).
GENERATION TIME = 5.10040-01 ( 1.3926E-01 ) LIFETIME = 7.26850-01 { 1.9535€-01 }

FLUX OF MAXIMUM FRACTIONAL ERROR. FLUX = 8,738BlE-02 ( 6.5436E-01 ) FEGIIN SET = 1 GPOUP SETY = 21

CONVERGENCE ERPROR CHECK.
FRACTIONAL ERROR FOR BEST COMBINED K = 3.1575E-02 FRACTIONAL ERROR DESIRED = 1.02000E-01

FLUXES 8Y REGION SET (REGSET) AND GROUP SET (GRSET) f

GPSET REGSET 1 REGSET 2 REGSET
1 0.0 0.0 ¢
2 4.09556-01 1.1986E 00 ’ ’
3 1.3609E 00 2.6593E 00
4 1.6811E 00 4.7301E 00
5 3.3366E 00 8.0835E 00
6 5.06€63E 00 1. 2445E 01
17 - 4.7414E 00 9.0249E 00 A
8 4.9708E 00 1.0844E 01
9 6.9347E 00 1.3138E 01
10 649030 00 1.5066E 01
11 6.0413€E 00 1.2978E 01
12 3.3869E 00 7.8700€E 00
13 4.4077E 00 1.1009E 01
14 3.5527€ 00 8.7255E 00 i
15 1.9459E 00 4.8098E 00 .
16 8.3678E-01 1.7733€E 00 . , .
17 2.4296E-01. 5.5757€-01 ¢
18 8.6057€-01 1.8426E 00
i9 5.0828E-01 8.0768E-01
20 2.666BE-01 7.2155E-01
21 8.7381E-02 4.1470E~01
22 0.0 0.0
23 0.0 0.0
24 0.0 0.0
25 0.0 0.0
26 0.0 0.0
27 0.0 0.0

0012
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TABLE XVI

(Cont'd)

LISTING OF OUTPUT FROM PROBLEM I

FLUXES BY REGION SET (REGSET)

REGSET

1
2

GRSET

N e e s et gt P s P pe e |
OVOE~NTVMPWNFHOODNOWVMPUN -~

NN
WA -

NNNN
~ov p

REGSET FLUX
S« T7541E 01
1.2870€ 02

REGSEY 1
0.0
4.5219E-01
3.1223E-01
2.3859€E-01
1.8900E-01
2.1487E-01
1.6236E-01
1.2887€-01
1.6212E-01
1.0295€6-01
8.5857€E-02
1.0191E-01
1.1390E-01
1.4689E-01
1.3626E-01
1.6293€E-01
2.7584E-01
3.1900E-01
3.1898E-01
4.4256E-01
6.5436E-01
0.0
0.0
0.0
0.0
0.0
0.0

FRACTIONAL ERRORS FOR THE REGION

REGSET 2 REGSET
0.0
4.6181E-01
3.2600€-01
2.2551E-01
1.7456E-01
2.1688E-01
1.5516€-01
1.5639€-01
1.6206E-01
1.1681E~01
9.5556E-02
1.0395€~-01
1. 2519€-01
1.3105€-01
1.5336E-01
1.7814E-01
2.4106E-01
3.2151E-01
3.0525£-01 .
5.35T7E-01 :
6.5436E-01

FRACTIONAL ERRORS FOR THE REGION SET FLUXES

REGSET
1
2

ERROR
3.0290€E~02
3.36448E~02

AND GROUP SET FLUXES
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TABLE XVI (Cont'd)

'LISTING OF OUTPUT FROM PROBLEM I

ABSORPTION AND NU*FISSION RATES FDR EACH GROUP AND REGION SET

PAGE 0014

HEMEEEREERERKE KRR AR AR EBE B RR R R AR AR KRR R KRR AR R R L E KA K E S AR RN R EEH S R R CR AR AR R R R A AR R RA SRR R RO E R AR Er R AR RS kS kb k&

RES ABSORPTION
TOT ABSORPTION
RES NU*FISSION
TOT NU*FISSION

RES ABSORPTION
TOT ABSORPTION
RES NU®FISSION
TOT NUSFISSION

RES ABSORPTION
TOT ABSORPTION
RES NU*FISSION
TOT NU*FISSIDN

RES ABSORPTION
TOT ABSORPTION
RES NU*FISSION
TOT NU*FISSION

RES ABSORPTION
TOT ABSORPTION
RES NU*FISSION
TOT NUKFISSION

RES ABSORPTION
TOT ABSORPTION
RES NU¢FISSION
TOT NU*FISSION

GRIUP SET

0
0 {
0 (
0o - t
GROUP SET
0.0 (
%.8761€-02
0.0 t
1.0521E-01
GROUP SET
{
844E-02 (
(
304E-01 (

wWOoNOo

GROUP SET
2.9473E-03
3.4339E-02 (
3.9766E-07 (
2.8836E-02

GROUP SET
3.,7497€-03 |
9.6319E-03
6.0799E-04
9.1026E-03

GROUP SET
{

(
(
{

- -

0.0 }
0.0887)

16
0.5063)
0.1581)
0.4216)
0.1722)

21
0.6544)
0.6544)
0.6544)
0.6544)

)
)
)
}

« REGIJN SET

)

AEEEEE K RKEE TR KER

GROUP SET

0.0
8.2827E-03 {(
0.0 (
2.4108E-02 (
GROUP SET
0.0 (
4.5008E-02 .(
0.0 (
9.3985E-02 {

GROUP SET
0.0 (

6.06406-02 {

0.0 (
Ta5746E-02 {

‘GROUP SET
3.2548E-03 |
1le2647E-02 (
4.6842E-04 {
1. 1934E-02 (

GROUP SET
' (

{
{
(
GROUP SET

(
(
(
(

2.
t 0.0, )

0.4515])

0.0 )
0.1003)
0.0 )
J.1011)

17
J.4437)
0.2717)
0.6503)
0.2816)

-

[« N~ NN
- -

GROUP SET
5.0 {
2.6651E-02 (
0.0 (
7.7149€-02 {

GROUP SET
2.0 ¢
4.9900E-02 (
0.0 (
9.7821E-02 (

GROUP SET
0.0 (
9.34B0E-02 {
0.0 {
9.6991E-02 (

GROUP SET

1.8326E~02 |
542976E-02 (
6.3426E-05 (
409334E-02 (

GROUP SET
{

(
{
{

TOTAL OVER ALL GROUPS

4.5801E-02 {
9.8138E-01 (
1.1565E-03 {
1.4729E 00 (

3
0.0 )
002993}
0.C )
0.2933)

8
0
1273
0

1

-

0.
0.127
0.
0.1275
13
0.0 )
0.1149)
0.0 . )
0.1186)

18
0.2778)
0.2872)
0.3520)
0.31951)

3

0 }
[ |
0 }
+] )

0.2602)
0.0520)
0.4433)
0.0331)

GROUP SET
2.0 {
3.1266E-02 {
0.0 (
8.4991E-02 {

GROUP SET
0.0 {
7.3529€-02 (
0.0 {
1+3250E-01 {

GRDUP SET
0.0 {
9.2046€-02 {
0.0 (

8,9499E-02

GROUP SET
S 7849E-03 (
3.1384E-02
8. 5880E-06 (
3.8759E-02 {

GROUP SET
[s B) (
.o {
a.0 (
0.0 (

0.0 )
0.1456)
0.0 )
0.1460)

19
0.4278)
0.3234)
0.4251)
0.3153)

GROUP SET

(
048E~02 (

e o o o
~O~NO

{
430E-02

GROUP SET
(
290E-02 (

179€-02

GPOUP SET
1.1739E-02 {
3.1068E-02 (
T.6789€E-06 {
3.0196E-02 {

GROUP SET
{

- -

0.0 )
0.1384)
0.0 )
0.1413)

20
0.4820)
0.4403)
0.6368)
0.4272)

CoOOoOOoOw
— - - -

9*#ttt#‘t*ﬁ#t#‘tt‘tttttl..tt‘“#t‘tt‘“‘#t#"t‘.tttttt‘tt#t‘tt““#‘t““#.tit'##‘ﬁt‘ﬁttttt"ltl.l‘t*ttttt“‘t“ttl#t&t‘

RES ARSORPTION
TOT ABSORPTION

RES ABSORPTION
TOT ABSORPTION

GROUP SE

-———

0.0
0.0
GROUP SET

0.0 (
1.0886E-03 (

1
0.0 }
0.0 3
6
0.0 )
0.2168)

* REGIDN SET

2 %

EREERSER AR RRKE kK.

GROUP SET
0.0 {
5.5335€-04

GROUP SET
0.0 (
T.4876E-04 (

2
0.0
0.4511)
7 -
0.0 - ¥
0.1557)

GROUP SET
0.0 (
3.5669E-04

GROUP SET
0.0 (
1.1727E-C3 (

3
0.0 )
0.2978)
8
0.0 )
0.1565)

GPOUP SET
%0 (
2.1988E-04 (

GROUP SET
5«5T11E-07 {
L.4900E~-03 (

4
0.0 )
G.2381)

9
0.3815)
0.1618)

GPOUP SET
0.0 {
4.T326E-06 |

GROUP SET
1.7908E-07
4.8517E~03 (

S
0.0 )
0.1792)

10
0.1195)
0.1179)
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RES

ToT

RES
Tarv

RES
TOoT

RES
Tov

ABSORPTION
ABSORPTION

ABSORPTION
ABSORPTIDN

ABSORPTION
ABSORPTION

ABSORPTION
ABSORPTIDN

3.2
Sets

1.7
7.2

0.0
1.6

0.0
0.0

GROUP SET
386E-07 (
390E-03 (

GROUP SET
Ta4E-04 {
985€-04 {

GROUP SET
(
441E-04 {

GROUP SET
(

(.

11
0.096¢)
0.0973)

16
0.2009}
0.1804)

21
0.0 )
0.65%4)

TABLE XVI (Cont'd)

LISTING OF OUTPUT FROM PROBLEM 1 '

GROUP SET

5.T693F-07 |
4.5303E-03 (

GROUP SET

6,550TE-04 |
T.3500E-04 ({

.0
-0

-0
-0

GRNUP SET
(
(

GROUP SET
{
(

12

0.1018)

0.104%)
17

0.2172)

0.2202)

2

ocuUN
-

0
0

)

2
B )

(=R}

0
0

GROUP SET -13
3.86076-06 ( 0.1267)
3.5518E-03 ( G.123¢4)

GROUP SET 18
3.7195E-0%4 ( 0.3213)
6.8601E-D4 ( 0.3191)

“GROUP SET 23
9.0 0.0 )
0.0 ( 0.0 )

TOTAL OVER -ALL GROUPS
1.3950€-03 ( 0.2290)
3.8470E-02- { 0.0583)

. 0.0
0.0 (

GROLF SET
1.3243E-05 (
3.6080E-03 (

GROUF SET
8.7925E-05 {
2.6612E-03 (

GROUP SET
(

14
0.1236)
0.1293)

19
0,3029)
043524)

24
0.0 )
0.0

GROUP SET

4+ 8906E-05 |
5.1784E-03 {

GROUP SET

3.4851E-05
2.3351E-04 {

.0
.0

GRAOUP SET
{

(

PAGE 0015

15
0.1819)
0,1509)

20
0.6059)
0.5321)
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TABLE XIX
. LISTING OF OUTPUT FROM PROBLEM II

RAFFLE MONTE CARLD PROGRAM SAMPLE PROBLEM Il 'A .CURRENT SOURCE PROBLEM

EDIT OF INPUT OATA

EXTERNAL SOURCE PROBLEM, FISSION DAUGHTERS FDLLOWED
TRANSFER CROSS SECTIONS AND FLUXES CALCULATED
PLANAR SURFACE SOURCE PROBLEM

CONVERGENCE ON A REGION AND GRQUP FLUX

STANDARD CROSS SECTION L IBRARY USED

STANDARD PATH SCORING :

BATCHING USEOD

INPUT EOIT FLAG. IFf INEOIT=1, THE INPUT IS ONLY PROCESSED AND EDITED.
IF INEDIT=2, THE ENTIRE PROGRAM IS EXECUTED.

FOR THIS RUN INEDIT = 2

NO, HISTORIES TO PROCESS PER GENERATION--NIVO= 16

MAXIMUM EXECUTION TIME (NO EFFECY IF =0,0)-~RTIME= 100000

NQ. OF GROUPS = 69

NO. OF REAL REGIONS = 4

NO. OF FICTITIOUS REGIONS = 6

NO., OF MATERIALS = 3

ZONE GEOMETRY TYPE = )

NO. OF BOUNDARY EQUATIONS = 17
NO. OF FISSION TABLES = 1

NO. OF SCATTERING ISOTOPES = -6

fSOTOPE LIST USED IN THIS PROBLEM

ISOTOPE 1 ID= 12
ISOTOPE 2 ID= - 14
ISOTOPE 3 10= 15
1SOTOPE 4 ICs 23
ISOTOPE 5 ID= 29
ISQTOPE 6 10= 141
1SOTOPE .

EXTERNAL SOURCE FLAG (IXTERN).
IF IXTERN=1 THERE ARE NO EXTERNAL SOURCES (AN EIL-GENVALUE PROBLEM),

IF IXTERN=2 THERE ARE EXTERNAL SQURCES BUT FISSION DAUGHTERS ARE NOT FOLLOWED,
IF IXTERN=3 THERE ARE EXTERNAL SOQURCES AND FISSION DAUGHTERS ARE FOLLOWED.

FOR THIS PROBLEM IXTERN = 3

SCORING FLAG. IF ISCOR=1 PATH SCORING I'S USED, '

If ISCOR=2 THE BOUNDRY-ELIMINATION-METHOD IS USED,

IF ISCOR=3 THE COLLISICN-CONTRIBUTION METHOD IS USED.
FOR THIS PROBLEM ISCOR = 1

PAGE 0001
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TABLE XIX (Cont'd)

"LISTING OF OUTPUT FROM PROBLEM II

TRANSFER COMPUTATICN POINTERS

INELASTIC FLAG (=1 TO COMPUTE INELASTIC) =1

ELASTIC FLAG (=1 TO COMPUTE ONCE, =2 TO COMPUTE N TIMES) = 2
NUMBER OF COMPUTE TIMES (FOR ELASTIC FLAG =2} = 9

LIBRARY FLAG( =0 IF READ FROM CARDS, =2 IF READ FROM LOGICAL UNIT 15) JTAPE =
NIC = 18 ISOTOPES IN LIBRARY

GROUP LONER ENERGY CUTOFF (EV)
1 7.7900€ 06
2 6.0700E 06 -
3 4.7200E 06
4 3.6800¢ 06
5 2.8700E 06
6 2.2300E 06
7 1. 7400E 06
3 1.3500F 06
9 1.0500E 06

10 8.2100€ 05
11 6.3900F 05
12 4.9800E 05
13 . 3.8800F 05
14 3.0200€ 05
15 - 2.3500E 05
16 1.8300€ 05
17 1.4300F 05
18 1.1100€ 0S
19 8.6500E 04
20 6.7400€ 04
21 5.2500F 04
22 4.0900F 04
23 3.1800€ 04
24 2.4800F 04
25 1.9300E 04
26 1.5000€ 04
27 1.1700€ 04
28 9.1200€ 03
29 7.1000€ 03
30 5.5300F 03
31 4.3100E 03
32 3.3600F 03
33 " 2.6100E 03
34 2.0400E 03
35 1.5900E 03
36 1.2300E 03
37 9.6110F 02
.38 7.4850€ 02
39 5.8290E 02
40 4.5400E 02
41 3.5360F 02
42 2.7540% 02
43 2.1450E 02
44 1.6700F 02
45 1.3010€ 02
46 1.0130E 02

47 " 7.83900E 01

2

PAGE 0002
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TABLE XIX (Cont'd)
LISTING OF OUTPUT FROM PROBLEM IL

48 6.1400E 01
49 . , 4.7900% 01
50 3.7300F 01
51 : 2.9000F 01
52 2.2600F 01
53 1.7600€E 01 z
54 1.3700F 01
55 1.0680% 01
56 8.3200% 00
57 6.4800F 00
58 5.04005 00
59 3.9300€ 00
60 3.0600€ 00
61 2.3800€ 00
62 1.8600E 00
63 1.44C0E 00
64, 1.12508 00
65 8.7600E-01
66 6.8300F=01
67 5.3200£-01
68. 4.1400E-01
69 0.0

NO CM TO LAB TRANSFORMATfON IS MADE FOR GRQUP 69 AND LOWER GROUPS,

NO ENERGY CHANGE IS MADE FIR ELASTIC SCATTER EVENT FOR GﬁOUH-69vAND'LOHER:GROQPSv

GROUP SET INFORMATION —

ENERGY GROUPS IN GROUP SET 1
1 2

ENERGY GROUPS TN GROUP SET 2
3 4

ENERGY GROUPS IN GROUP. SET 3
5 6

ENERGY GROUPS IN GROUP SET 4
7 8

ENERGY GROUPS IN GROUP SET. 'S5
9 10

ENERGY GROUPS. IN GROUP SET 6
11 12

ENERGY GROUPS IN GROUP SEY 7
13 14

ENERGY GROUPS IN GROUP SET 8
- 15 16

ENERGY GROUPS IN GROUP SET 9 .
17 18 e

PAGE 0003
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ENERGY
19

ENERGY
21

ENERGY
23

ENERGY
25

ENERGY
27

ENERGY
29

ENERGY
31

ENERGY
33

ENERGY
35

ENERGY
37

ENERGY
39

ENERGY
41

ENERGY
43

ENERGY
47

ENERGY
51

ENERGY
55

ENERGY
59

ENERGY
63

ENERGY

GROUPS
20

GROUPS
22

GROUPS
24

GROUPS
26

GROUPS
28

GROUPS
30

GROUPS
32

GROUPS
34

GROUPS
36

GROUPS
38

GROUPS
40

GROUPS
42’

GROUPS
44

GROUPS
48

GROUPS
52

GROUPS
56 -

GROUPS
60

GRQUPS
64

BREAKPOINTS FOR THE GROUP

IN GROUP SET

IN GROUP SET

IN GROUP SET

IN GROUP SET

IN GROUP SET

1IN GROUP SET

IN GROUP SET
IN GROUP SET
IN GROUP SET
IN GROUP gET
IN GROUP SET
IN GROUP SET
IN GROUP SET

45 46

IN GROUP SET
49 50

IN GROUP SET,

53 54

IN GROUP SET
57 58

IN GROUP SET
&1 62

IN GROUP SET
65 66

10

11

12

13

14

15

16

17

18
19
20
21
22
23
24
25
26

27

TABLE XIX (Cont'd)

LISTING OF OUTPUT FROM PROBLEM II

69
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TABLE XIX (Cont'd)

LISTING OF OUTPUT FROM PROBLEM 11

1. 00000 07 6.07000E 06 3.68000E 06 2.23000E 06 1.35000€ 06 8. 21000€ 05
4.98000E 05 3.02000E 05 1. 83000€ 05 1.11000€ 05 6.74000€ 04 4.09000E 0%
2.48000€ 04 1.50000€ 04 9. 12000E 03 5.53000€ 03 3.36000€ 03 2.04000€ 03
1.23000F 03 7.48500E 02 4.54000€ 02 2,75400€ 02 1.01300E 02 3, 73000€ Ot
1.37000€ 01 5.04000E 00  1.86000E 00 0.0
MATERIAL NO. OF FISSION SPECTRA NO. OF ISOTOPES

1 0 2

2 1 4

3 1 4

THE CUTOFF FLAG, IF NEXCUT=1 THE CONSTANY CUTOFF WEIGHT METHOD IS USED,
IF NEXCUT=2 THERE IS NO WEIGHT REDQUCTION

IF NEXCUT=3 SOUNDED DOUBLE VALUE ROULETTE IS PLAYED.

FOR THIS PROBLEM NEXCUT = 2 i

SPLITTING FLAG. IF ISPLY =1 THERE IS NO SPLITTING, IF ISPLT =2 SPLITTING IS BY INTEGER MULTIPLES, IF ISPLT =3 SPLITTING
1S BY WEIGHT COMPARISCN. : c '
FOR THIS PROBLEM ISPLT =1

MATERIAL NO.= 1 NO. OF ISOTOPES = 2 ’ ;

1SOTOPE NO. DENSITY ISOTQPE NO. DENSITY 1SOTOPE NO, DENSITY I1SOTOPE HO.' DENSITY

29 1.6710€E-02 141 1.3010E-02 ’

MATERIAL NO.= 2 ND. OF TSOTOPES = 4

ISOTOPE NO. ° DENSITY 1SOTOPE NO. DENSITY ISOTOPE NO. DENSITY ISOTOPE fNO. DENSTTY

' 12 1.5590E-02 14 5.8010€-03 15 T.6890E-04 23 4.51808-02
MATERIAL NO.= 3 NO. OF ISQTOPES = 4

ISOTOPE NO. DENSITY -1 SOTOPE NO. DENSITY ISOTOPE NO. DENSITY I1S0TOPE RO, DENSITY

12 1.9010€-02 14 2.9010E-03 15 3.8450E-04 23 4+52805-02

FISSION SPECTRUM NC. =1

GRQUP INTENSITY GROUP INTENSITY GROUP INTENSITY GROUP INTENSITY GROGP INTENSITY

1 7.1790€-03 2 2.0377€-02 3 4,2563E-02 4 6.9834E-02 5 9.4TT4E-02
[ 1.1084E-01 7 1.1536€-01 8 . 1.0960E-01 9. 9.6973E-02 10 8.1155€E~-02
11 6.5031E-02 12 5.0376E~02 13 3.8005E-02 14 2.8089E-02 15 2.0429F-02
16 1.4673€-02 17 1.0473E-02 18 7.3677€E-03 19 5.1703F-03 20 3.6117E-03
21 - 2.513%6-03 22 1. 7448E~03 23 1.2084E-03 24 8.3550€E-04 25 5.7690E-04
26 3.9790E-04 27 2.7430E-04 28 1.8890E-04 29 1.3010€-04 30 8.9500E-05
31 6.1600E~05 32 4.2400E-05 33 2.9100€E-05 34 2+0000E~-D5 . 35 1.3800F-05
36 9.5000F~06 37 6.5000E-06 38 4.5000E-06 39 3.1000E-06 - 40 "2.1000E-06
4l 1.40005-06 42 1.0000€-06 43 0.0 44 0.0 45 ‘0.0 -
46 0.0 . 47 0.0 48 0.0 49 0.0 50 0.0
51 0.0 52 0.0 53 0.0 .. 54 0.0 55 0.0
56 0.0 57 0.0 58 0.0 59 ‘0.0 60 | 0.0
61 0.0 62 0.0 63 0.0 64 0.0 65 0.0
66 0.0 67 0.0 68 0.0 69 0.0
BOUNDARY EQUATION PARAMETERS : " . ] N
NO. N TYPE A 8 C D R - X0 Yo -~ 10

1 2 CYLINDER ) i 0.0 1.9000€ 00 1.5430F 00
2 2 CYL INDER ’ IR C 4.4200E-01 1.9000F 00 1.5430E 00
3 1 PLANE 0.0 1.0000E 00 0.0 ’ " 1.0000E 00
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4 1
5 1
6 1
7 2
8 2
9 1
10 1
11 1
12 1
13 1
14 1
15 1
1

1

NO.OF EXTERNAL BOUNDARIES =

PLANE
PLANE
PLANE
CYLINDER
CYLINDER
PLANE -
PLANE
PLANE
PLANF
PLANE
PLANE
PLANE
PLANE
PLANE

EXTERNAL BOUNDARY NO.
3

q
5
6

15

16

REGION DESCRIPTIONS

REGION NO.

REGION TYPE

SIGNED BOUNDARY NOoS—--—

2

2
8

3
1

4
7

S
13

6
6

7
9

8
6

9
13

10

10

10

10

2

15

15

-6

-9

-11

-9

~11

TABLE XIX (Cont'd)

. LISTING OF OUPTUT FROM PROBLEM'II

1.0000& 00 0.0 ’
0.0 1.0000E€ 00
1.0000E 00 0.0
1.0000€ 00 0.0
0.0 1.0000€E 00
1.0000€ 00 0.0
0.0 1.0000E 00
1 .0000€ 00 0.0
0.0 0.0
0.0 0.0
0.0 0.0
0.0 0.0
6
ALBEODO
0.0
1.0000& 00
0.0
1.0000€ 00
1.0000€ 00
1.0000€ 00
MATERIAL NO. OF
1
~4 . -5 15 -16
1
-9 -S 15 -16
2
=16
3
~-16
0
-12 15 -16
0
=12 15 -16
0
=12 15 -16
[
-3 15 -16
0
-12 14 -15

1.0000E 00

1.0000E 00.

1.0000E 00
1.0000E 00

BOUNDARIES

2.5200€
2.4430¢E
1.0000€

3.7600E
0.0
4.T7600E
3.4430E
0.0
0.0
1.0000€
1.0010E
1.0020F

00
00
00

00
00
00

00
03
03

0.0
4.4200E-01

3.1400€ :00
3.1400€E 0O

1.5430€E 00
1.5430E 00
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10 1
13 10 =11
REGION SET INFORMATION -

REGIONS IN REGION SET
1 2 3 4

1

-12

TABLE XIX (Cont'd)

LISTING OF OUTPUT FROM PROBLEM I1I
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TABLE XIX (Cont'd)

LISTING OF OUTPUT FROM PROBLEM II

IONE GEDMETRY DESCRIPTION
STACKED RECTANGULAR ZONE GEOMETRY, IZONGE = 1

TOTAL NUMBER QF IONES = 10
NUMBER OF Z-LINES = 4

Z-LINES
0.0 1.00000 1001.00000 1002.00000

RESRRRARRRRRERRRRARRE AXRARREXERRRRKSREREERIRRER SRR RKEEFERREERRERDTERR KRR AR XX KA ARSI BAKEE R AKBE KRR R ERR AR RRRRKKKARK KRR
INFORMATION FOR Z-IONE 1 :

XLINES
0.0 4.76000

Y-LINES FOR X-I0ONE 1
0.0 3.44300

FERPRERXAAERAEEXAR PR RREERKE R R AR EAE R EREERERRE B KRR AR EE KRR ERAAKRXEEER AR RN RRRR KR ERA SR KA AL AR RS S K RS A RA AR ER SRR ERE RS KR KRS
INFORMATION FOR Z~-IONE 2

XLINES
0.0 1.00000 2.52000 3.76000 4.76000

Y=-LINES FOR X-LONE 1
0.0 3.44300

Y-LINES FOR X-ZONE 2
0.0 1.00000 2.44300 3.44300

Y=-LINES FOR X=~ZONE 3
0.0 1.00000 2.44300 3.44300

Y-LINES FOR X-IONE &
0.0 3.44300

EEEFAEAREEAKARRIARRRR R EAREERE SRS IR R IRNRRRR IR ERRR KSR E XA R R R RN RS RS R R AE R SR RE R R AR AR A RR R R A DR m DRI R KR AR AR KRR DI Rk #
INFORMATION FOR I-ZONE 3 ' :

XLINES
0.0 4.,76000

Y-LINES FCR X~-ZONE 1
0.0 3.44300
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PAGE 0009
NO. OF
IONE REGIONS REGICN NO.S
1 1 9
2 1 5
3 1 8
4 2 1 3
5 1 6
6 1 8 -
7 2 2 4
8 1 6
9 1 7
10 1 10

LEAKAGE FLAG. IF NEXCUR=1 NO LEAKAGE 1S COMPUTED' IF NEXCUR=2 LEAKAGE IS COMPUTED.
NEXCUR = 1

CONVERGENCE FLAG. IFf IVERGE=1 CONVERGENCE IS ON K, IF IVERGE=2 CONVERGENCE IS ON REGIGN SET FLUXES
ANO IF IVERGE=3 CONVERGENCE IS.ON REGION AND GROUP SET FLUXES.
THE VALUE OF IVERGE FOR THIS.PROBLEM IS 3

THE FRACTIONAL ERROR FOR CONVERGENCE IS 1.0000E-02 ]
FLAGS FOR IVERGE = 3. IF NEXREG = 0 ALL REGION SETS ARE TO BE CHECKED. IF NEXGRP = 0, ALL GROUP SFTS ARE TO BE CHECKED

FOR NEXREG = N AND/OR NEXGRP = M, THE N REGION AND/OR M GROUP SETS SPECIFIED BELOW ARE TO ‘BE CHECKED
FOR THIS PROBLEM NEXREG = O AND NEXGRP = 2

681

GROUP SET NO.S TO CHECK ARE -
7 8

RANDOM VARTABLE TABLE INFORMATION i
NQ. OF ENTRIES IN EACH TABLE = 512 (EXPONENT OF 2 = 9 ) NO OF PANDOM NO.S INITTALLY REJECTYED = 5

CURRENT SOURCE INFORMATION

NO. OF CURRENT SOURCES = 2

‘NO. OF CURRENT GROUPS = 27

GROUP BIASING FLAG (=1 FOR EQUAL PROBABILITIES, =2 FOR INPUT I[MPORTANCES) = 2
NON-ISOTROPIC FLAG (=1 FOR NON-ISOTROPIC ANGULAR FLUX) = 0O

| ENERGY CUTOFFS FOR THE CURRENT GROUPS (IN GRDER OF INCREASING GROUP AND DECREASING ENERGY)

1.0000€ 07 6.0700E 06 3.6800E 06 2.2300E 06 1.3500€ 06 - 8.2100E 05 4.9800€ 05 3.0200E 05
1.8300E 05 1.1100€ 05 6.7400E 04 4.0900E 04 2. 4800E ‘04 1.5000E 04 9.,1200€ 03 5.5300€ 03
3.3600€ 03 2.0400E 03 1.2300€ 03 7.4800E 02 4.5400€ 02 2.7500€ 02 1.0100E 02 3.7300€ 01
1.3700€ O1 5.0400E 00 6. 8300E-01 0.0 ' )

GROUP IMPORTANCES FOR ICURBS=2 (IN ORDER OF INCREASING GROUP)
1. 0000E 00 1.5000E 00 '1.5000E 00 ° 1.5000E 00 . 2.0000€ 00 3.0000E 00 ‘3.0000€ 00 3.0000E 00
3.0000€ 00 3.0000€ 00 2.0000E 00 1.5000€ 00 1.5000E 00 1.5000E 00 1.5000F 00 1.0000E 00
1. 0000E 00 1.0000E 00 1.0000E 00 1.0000F 00O 7.0000E-01 7.0000E-01 5.0000F-01 5.0000E-01
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5.0000E~01

5.0000E-01

5.0000E-01

INFORMATION FOR CURRENT SOURCE NO. 1

SOURCE TYPE = 0

SOURCE DIMENSIONS (X,YyZ AND NON=-Z2ERO DX4DY,0Z) —

SQURCE DIRECTIGN = 2

~ TABLE XIX (Cont'd)

LISTING OF OUTPUT FROM PROBLEM 11

NO. OF EXEMPT REGIONS =

1.0100E 00

HEMISPHERTCAL GROUP-WISE CURRENTS [IN ORDER OF INCREASING GROUP NO.}

5. 8060E-06
1.7040€-04
2.6120€E-06
2.4460€E-10

2.2900€-05
1.4030E-04
8.6560E-06
7.9910€-11

4.9810€E-05
1.0230E~04
4.3920E-06
1.5560E-14

INFORMATION FOR CURRENT SOURCE NQ. 2

SOURCE TYPE = O

SOURCE DIMENSIONS (XyY,Z AND NON-ZERO DX,0Y,DZ) -

SOURCE DIRECTION = =2

T.5740E-05
T« 2490E-05
1.9390€-06

NO. OF EXEMPT REGIONS =

1.0100€E 00O

HEMISPHERICAL GROUP-WISE CURRENTS (IN ORDER OF INCREASING GROUP NO.)

3.4780E-06
1.3910€E-04
2.6310E-06
3.2520£-09

STONE DEBUG

ENERGY CUTOFFS

1.0000€ 07
1.8300€ 05
3.3600€ 03
1.3700E 01

1.4300€E-05
1.1230€E-04
8.8230E-06
6.2930€-10

6.0T00E 06
1.1100€ 05
2.0400€ 03
5.0400E 00

NCRMALIZED IMPORTANCES

2.5381E-02
T.6142E-02
2.5381E-02
1l.2690E-02
. 25381€E-02

3.8071€-02
T.6142E-02
2.5381€-02
1.2690€E-02
6.3452E-02

3.1860E-05
8.5410E-05
4.6290E~06
6.1580E~14

3.6800E 06
6.7400€ 04
1.2300E 03
6.8300E-01

3.8071€E~-02
5.0761€-02
2.5381E-02

4.8280E-05
6.28T0E-05
2.2540E-06

2.2300E 06
4.0900E 04
7.4800E 02
0.0

3,8071E-02
3.8071E~-02
2.5381€-02

1.2690E-02

1.0152€E-01

1.3959€-01

PAGE 0010
o
1.0100€E 00 1.0100€ 00 2.7400E 00 9.9998E 02
1.0610E-04 1l.7970E-04 2.0080E-04 2.0340E-04
4. T7080E-05 3.1440E~05 1.5420E-05 7.2R00E-06
5.0510E-07 3.2250E-07 2.7230E-08 1.9830%-09
o
2.4330E 00 1.0100€ 00 1.4230E 00 9.9980E 01
6.7780E-05 1.2250E-04 >1031336-04 1.4930E-04
4.2770E-05 2.9560€E-05 1.502J0E-05 T.2T760€E~06
6.9620E-07 5.8940E-07 1.1060F-07 1.4680€E-08
1.3500E 06 8.2100E 05 4.9800E 05 3.0200€ 05
2.4800€ 04 1.5000E 04 9.1200F 03 5.5300E 03
4.5400E 02 2.7500E 02 1.0190€ 02 3.7300E 01
5.,0761E-02 T.6142E~-02 T7.6142E-02 T.6142E~-02
3.8071€E-02 3.8071E-02 3.8071E-D2 2.5381€-02
1. 7766E-02 1. 77T66E-02 1.2690€E-02 1.2690E-02
1.9036E-01 2.6650€E-01 3.4264F-01 _4.1878E-01
N v -
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TABLE XIX (Cont'd)

LISTING OF OUTPUT FROM PROBLEM I1

4.9492€E-01 S.7107€-01 6.2183€-01 6.5990€E-01 6.9i97€-01 T7.3604€-01
B8.2487E-01 8.5025€~01 8.7563E-01 9.0101€-01 '9.1878E~01 9.3655E-01
9. 7462E-01 9.8731€E-01 1.0000€ 00

INDIVIDUAL SOURCE INFORMATION WITH THE FOLLOWING FORMAT
TYPE, INTENSITY,DIRECTION,EXEMPT REG.

LIST OF EXEMPT REG.

XY yZy0OX,y0Y,02

CUM. GP PROBABILITIES (OR WEIGHTS IF I1CBS=1,2)

AND IF ICURIS=1, GPWISE JOyFlyJlyeeeFNyJIN WHERE N=NCURMU-1

INFC FOR SOQURCE NO. 1

0 3.9713€E 00 2 . 0
1.0100E 00 1.0100€ 00 1.0100E 00 2. 7400E 00 9.9998E 02
1.5783E-01 4.1500E-01 . 9.0267E-01 1.3726€E 00 - 1.4421E 00 1.6283E ‘00
1.5440€ 00 1.2713€ 00 1.3904E 00 1.3137€ 00 8.5319E-01 5.6976E~01
7.1003€-02 2.3530E-01 1.1939€-01 5.27T08E-02 149615E-02 1.2524€E-02

1.3298E-05 4.3444€-06 8.4594E-10

INFQ FCR SOURCE NO. 2

0 1.5498E-01 -2 0
1.0100E 00 2.4330E 00 1.0100€E 00 1.4230€ 00 9.9980€E 01
1.2579E-01 3.4480€-01 7.6821E-01 1.1641E 00 1-22575.00 1.4769E 00
1.6770E 00 1.3539€ 00 l.5446F 00 1.5159€ 00 1.0313E 00 7.1276€-01
9.5159€-02 3.1911&E-~01 1.6742E-01 8.1523€~02 3.5972E-02 3.0454€E~-02
2. 3524E~04 4.5521E-05 4.4545€E-09

VARIABLE INPUT R
NCHECK = 1 MAXCNT = 0 IBUMAX = 24 XKENO = 3.3000E-01 WSTOP = 1.0000E-06

12313 STORAGE LOCATIONS IN BULK USED BEFORE LOCATIONS RESERVED FOR OUTPUT TALLIES
12992 STORAGE LCCATIONS USED IN BULK

T.7411€-01
9.4924E-01 "

1.8195€ 00
2.7944€-01 -
1.4804E-03

1.6613E 00
3.6216€E-01"
8.0004F-03

T.9949E-01
9.6193F-01

1.8430E 00
1.9789€-01
1.0781E-04

1.8000€ 00
2.6316E-01
1.0619E-03

PAGE 0011 .
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" TABLE XIX (Cont'd)

LISTING OF OUTPUT FROM PROBLEM II

(RAFFLE/005 R.S. MARSDEN S/ 5/72 ) A GENERAL PURPOSE MONTE CARLO PROGRAM

RAFFLE MONTE CARLO PROGRAM SAMPLE PROBLEM 1Y A CURRENT SDURCE PRO3_EM’

RAFFLE DUTPUT DATA

PAGE 0012

12/14/72
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REGION. NO.

ITIME,RTINE=
IV IME,RTINE=
ITIME,RY INE=
ITIME,RTIME=
ZTIME,RTIME=
LTIME,RTINE=
ITIME,RTINE=
ZTIME,RTINE=
ITIME,RTINE=
ZTIME,RTIME=
ZTIME,RTINE=
ITIME,RTINE=
ZVIME,RYIME=
ZTIME,RTINE=
ITIME,RTIME=
ITIME,RTINE=
ZTIME,RTINE=

LT IME,RTIMES

ITIME RTIME=
ITIMERTIME=
ZTIME,RT I ME=
ITIME,RTINE=
LYIME+RTIME=
ITIME,RTIME=
ITIMEZRTINME=

© ITIMERTIME=

ITIME RTIME=
ITIME, RTIME=
ITIME,RTINME=
ITIMEsRTIME=
LTIME,RTINME=
ZTIME RY IME=
LTIME,RTIME=
LTIME,RTIME=
ITIME,RTIMES=
ITIME,RTIME=
ITIMEZRTINME=
LTIMELRTIME=
ITIME,RTIME=
IV IME,RT IME=
ITIME,RTIME=
LTIME,RYIME=
ZTIME,RTIME=
ITIME,RTINME=
ITIME,RT I ME=
ITIME,RTIME=
ITIME,RTIME=
ITIME RT IME=
ITIME,RTIME=
ITIME,RTIME=

LTIME,RTINE=

. 0.5546663 0E-02
0.1053866 0E-01

0.18303990€E-01
0.23850653E~-01
0.33834651€E-01

0.4492798 1E-

o1

0.5657598 0E~01
0.65450609€-01
0.70719898€E-01

0.75711846E—

0l

0.79594493E~-01
0.85141122€-01

0.9041041 1€~
0.96234381E~

0.1003943 TE
0.1095463 6E
0.11842102€E
0.12396765€
0.12923694E
0.13755691F

'0.14338088E

0.15031421E
0.15586084E
0.1644581 6E
0.17361015€
0.1802661 4E
0.18636745E
0.19635141€
0.20383936€
0.21077269E
0.21521002€
0.2260260 OE
0.23157263E

'0624349T791E

0.24765790¢
0.25986052¢€
0.26512980€
0.27483642€E
0.28038305¢
0.28870302¢E
0.29314035E
0.29868698E
0.30367893¢
0.31310821¢E
0.32475621E
0.33363086E
0.3397321 TE
0.34832948E
0.35637212¢
0.364969 3E

0.37218004€

01
[} §
00
00
00
00
00
00
00
00
00
00
00
00
00
00
00
00
00
00
00
00
00
00
00
00
00
00
00
00
00
00
00
00
00
00
00
00

SRS E R LS SN ERRERERE RSB RRERE SRR R R R KF

00

TABLE XIX (Cont'd)

LISTING OF OUTPUT FROM PROBLEM II

0.10000000D
0.10000000D
0. 100000000
0.100000000

0.10000000D.

0.100000000
0.100000000
0.10000000D
0.100000000
0.10000000D
0.100000000
0.100000000
0.100000000
0.100000000
0. 100000000
0.10000000D
0.100000000D
0.100000000
0.100000000D
0. 100000000
0. 100000000
0.100000000
0.10000000D
0.10000000D0
0.10000000D
0.100000000
0.10000000D0
0.10000000D0
0. 100000000
0.100000000
0.100000000
0.10000000D
0.10000000D
0.100000000
0.100000000
0.100000000
0. 100000000
0.100000000
0.100000000
0.100000000D
0.10000000D
0. 100000000
0.100000000
0.10000000D
0.100000000
0.10000000D
0.10000000D
0.1000000Q0
0.100000000
0.100000000

01
o1
o1
01
ol
o1
o1
01
o1
ol
01
01
ol
01
o1
o1
01
o1
o1
01
ol
01
ol
o1
01
o1
o1
o1
o1
o1
01
o1

01

o1
o1
o1
ol
o1
o1
o1
o1
o1
01
01
o1
0l
01
ol
o1
o1

PAGE 0013

SRE R
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LOST NEUTRON (COUNTED IN IRRBO1)

IN WHICH NEUTRON WAS LOCATED = 8
‘#ttttt‘t.“tt#lttttt#tttttttttttt‘lt#n‘tt‘ttttl‘ttt.tttt.‘ttttttttt.ttt.tttt““‘ttttttl‘tttttttt‘ttt‘tttttttttttttttt‘

0.100000000

o1

A FICTITIOUS REGION WAS ENTERED BUT ND EXTERNAL BOUNDARY WAS FOUND



TABLE XIX (COnt 'd)

LISTING OF OUTPUT FROM PROBLEM 11

PAGE 0014
ITIME,RTIME=  0.3T717199€ 00  0.10000000D0 O1
ITIME,RTIME=  0.38687861S 00  0.10000000D0 01
ITIME,RTIME=  0.39048392E 00 0.100000000 01
(X,¥,2)= 1.90187€ 00 1.54665€ 00 4.75433€ O1 ZONE= 4 REGIONS IN ZONE= 1 3 0 0 o 0 0 2

CERREEBRREERAREERAERKEERARKK KRR R AR AR AREREHE R R RERR SRR RR KRR AR R KA KRR R KRERRE RN R KRR R RR R R KA ERARIR KRR KRR R KR RK RS
LOST NEUTRON (COUNTED IN IRRBO1) )

REGION NO. IN WHICH NEUTRON WAS LOCATED = 3 THE NEUTRON WAS LOST IN TRYING TO CRGSS TO AN ADJACENT REGION
BARRKKARARRIAIRRKRRRA SR ERKRRRASERRRKA KRR SRRERRRRRRREREERE SRR XK KRARACRE SR AR ERRRRRE XA RRIESRREE B EA ARE SRR SR RA KRR SRR KR KK S

P61

ITIME RTIME= 0.36547586E 00 G.100000000 01 -
LT IME,RT IME= 0.40490514E 00 0.100000000 01
LTIME ,RTIME= 0.41350245€E 00 0.10000000D0 O1
ITIMERTIME= 0.42265445€ 00 0.100000000 01
LT IME,RTIME= 0.4287557T6F 00 0.100000000 01
ITIME,RTINE= 0.43624371€ 0C 0.100000000 01
ITIME,RTIME= 0.44179034E€ 00 0.100000000 01
LTIME,RTIME= 0.44567299E 00 0.100000000 01
ITIME,RYIME= 0.45177430E 00 0.100000000 01
LT IME,RT IME= 0.45759827€ 00 0.100000000 01
LTIME,RTINME= 0.46120358F 00 0.10000000D0 01
LT IME,RT I ME= 0.47007823E 00 0.100000000 01
LT IME,RTIME= 0.48533154E 0C 0.100000000 01
LTIME,RTIME= 0.49254215€ 00 0.100000000 O1
ITIME,RT IME= 0.50058478E 00 9. 100000000 01
ITIME,RTINE= 0.50696343% 00 0.100000000 01
LTIME,RTINE= 0.51251006€ 00 0.100000000 O1
ZTIME,RTIME= 0.51833403% 00 0.100000000 .01
LYIME,RTIME= 0.52471268E 00 2.100000000 01
LTIME,RTINME= 0.53802466E 00 0.100000000 01
LY IME,RTIME= 0.54384863E 00 0.100000000 01
ITIME,RTIME= 0.55105925% 00 0.100000000 01
LT IME RTIME= 0.5554965 7€ 00 0.100000000 01
ITIME,RTIME= 0.56298453% 00 0.100000000 01
ITIME,RTIME= 0.57074982€ 00 - 0.100000000 01
ITIME,RT IME= 0.57906979€ 00 0.100000000 01
ITIMELRTINME= 0.59016311€E 00 0.100000000 01
LT [ME,RTINE= 0.599037775 00 0.100000000 01
LT IMERT [ME= 0.60680306E 00 0.100000000 O1
ITIME,RTINME= 0.61512303€ 00 0.120000000 O1
ZTIME, RY [ME= 0.61983764E 00 0.120000000 01
LT IME,RT[ME= 0.62482959€ 00 0.190000000 01
LYIME,RTIME= 0.62954420E 00 0.100000000 01
IT TME,RT IME= 0.63758683E 00 0.100000000 Ot
ITIMERTIVME= 0.64424282€ 00 0.10000000D0 01
ITIME,RYINE= 0.65145344€ 0C 0.100000000 01
ITIME,RTINE= 0.66005075E 00 0.100000000 01!
ITIME,RTINME= 0.66920274E 00 0.100000000 01
ITIME, RTY IME= 0.67474937E 00 0.100000000 01
ITIME RTIME= 0.67890936F 00 0.100000000 01
IVYIME,RTIME= 0.68584269€ 00 0.100000000 01
LT IME,RT [ ME= 0.69249868E 00 0. 100000000 01
LTUMERTINME= 0.70220530E 0C 0.100000000 01
LTIME,RTINME= 0.7105252 7 0C 0.10000000D0 01
LTIME,RT IME= 0.71579456E 00 0.100000000 01
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ITIME,RTINE=
LTIMERTIME=
ITIME,RT IME=
LTIMERTINME=
LTIME,RTIME=
ITIME,RY [ME=
IT[ME,RT{ME=
LT IMERTINME=

ITIME,RTIME=
LTIME,RTINME=

LT IME,RTIME=
LYTME RTIME=
LTIME,RTIME=
ITIME,RT [ME=
ITIME,RTIME=
LTIMERTIME=
LT IME,RTIME=
LTIME,RTIME=
LTIME,RTIME=
LT IME,RTINME=
LTIME,RTIME=
ZTIME,RTIME=
ITIMEyRTIME=
LY IME,RTIVE=
LT IME,RTIME=
LTIMERTIME=
LT IME,RTIME=
LT IMERTIME=
LTIME,RTIME=
LT IME,RTIME=
LTIME,RTIME=
LTIME,RTIME=
ZT IME,RTIME=
LT[ ME,RY[MES=
LT IMEyRTIME=
LTIMEJRTIME=
ITIME,RTIME=
ITIME,RT IME=
LTIMEsRTIME=

BEST COMBINED K

0.72217321E
0.73160264 9E
0.73520780F
0.743527T 7€
0.7510157 2E
0.7568396 9
0. 7604450 OF
0.76821029¢
0.77403426E
0.78429556F
0.79372483E
0.80093545€
0.8123061 1€
0.82145810F
0.8364340 TE
0.83976203¢
0.85057801E
0.85723400F
0.8666632 8F
0.87193257E
0.8755378 7€
0.8794205 26
0.8882951 7€
0.89356446E
0.9007750 7€
0.90881771€
0.91741502€
0.92434835E
0.93239099€
0.93876964E
0.9490309 4E
0.9548549 1€
0.96040154E
0.96705753E
0.97232682E
0.9809241 3E
0.9875801 2€
0.99451345¢
0.10072699E

TOTAL DATA PROCESSED.

ERROR TALLY-BOX COUNTS.

EIGENVALUE (K) RESULTS.
K FROM COLLISIONS

00
00
00
00
00
00
00
[o]¢]
00
00
00
00
00
00
00
00
00
00
00
00
00
00
00
00
00
00
00
00
00
00
00
00
00
00
00
00
00
00
01

LISTING OF OUTPUT FROM PROBLEM I1I

0. 100000000
0.100000000
0.10000000D
0.100000000
0. 100000000
0.100000000
0.100000G00
0.100000000
0.100000000
0.10000000D
0.100000000
0.10000000D
0.100000000
0.100000000
0.100000000
0.100000000
0.100000000
0.100000000D
0.10000000D
0.10000000D
0.100000000
0.10000000D
0.100000000
0.100000000
0.100000000
0.100000000D
0.10000000D
0.100000000
0.100000000
0.100000000

. 0.100000000D

0.100000000
0.100000000
0.10000000D
0.100000000D
0. 100000000
0.100000000
0.100000000
0.10000000D

2 IN IRRBO1

DATA FOR THE GENERATION JUST PROCESSED. .

= 2.3877E-02 ( 3.6708€E-02 )
2.36026-02 ( 2.0600E-02 )}

LIFETIME ANC GENERATION TIME (IN MICROSECONDS).
GENERATION TIME

5.7044D-03 { 7.4962E-02 )

FLUX OF MAXIMUM FRACTIONAL ERROR.

ol
01
[+) 3
o1
o1
ol
¢33
ol
01
01
o1
01
o1
01
o1
ol
o1
01
0l
o1
01
01
o1
01
o1l
0l
01
o1
o1
o1
o1
01
ol
ot
o1
o1
01
ol
01

'138 GENERATIONS

16 DAUGHTERS INITIALLY STORED

FLUX =

TABLE XIX (Cont‘d)

3387 HISTORIES

0 IN TRRBO2

K FROM PATHS = 2,3606E~02 ( 2.0601E-02 )

LIFETIME = 6.2775D-03 { 2.1753E-02 )
3.34026-08 ( 2.5S512E-01 )

2191 COLLISIONS
G IN TRRBO3

37 DAUGHTERS

REGION SEY = GROUP SET =

PAGE 0015



TABLE XIX (Cont'd)
LISTING OF OUTPUT FROM PROBLEM IT

PAGE 0016
CONVERGENCE ERROR CHECK. .
REGION AND GROUP SET FLUX OF MAXIMUM: FRACTIONAL ERROR = 4.1126E-01 REGION SET = 1 GROJ> SET = 8 -

FRACTIONAL ERROR = 5,9682E-02 FRACTIONAL ERROR DESIRED = 1.0000E-02

FLUXES B8Y REGION SET (REGSET) AND GROUP SET (GRSET)
GPSET REGSET 1 'REGSET

1 1.5887E-02
2 4.9519€-02
3 1:0917€-01
4 1.2503€-01
5 1.9819E£~01
6 3.4539€-01
7 3.8857€~01
8 4.1126E-01
9 3.1644%E~-01
10 2.8030€-01
11 1.7086E-01
12 1.7956E-01
13 1.0363E-01
14 6.8911E-02
15 2.8584E-02
16 1.0863€~02
17 4.7218€E-03
= 18 1.8022€-02
8 19 T.6890E-03
20 3.5086€E-03
21 9.9254E-04
22 4.5586E-04
23 5+9430E-05
24 4.4892E-06
25 3.1186€-07
26 5.7600€~08
27 3.34026-08

'FLUXES BY REGION SET (REGSET)

REGSET REGSET FLUX
1 2.8376E 00

FRACTIONAL ERRORS FOR THE REGION AND GROUP SET FLUXES

GRSET REGSET 1 REGSET
1. C483E-01
8.5399€-02
8.1910€E-02
T.3376E-02
6.4355E-02
6.T7970€E-02
5.0239€-02

|

|

|
1
2
3
4
5
6
7

‘. - * kR 2
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8

9
10
11
12
13
14
15
16
17
18
19
20
21
22
23
24
25
26
27

5.9682E~-02
6.8761F-02
5.6039E-02
7.1702€-02
8.2948E-02

1.3658E-01

8.1022€-02
8.7881€~02
1.0573E-01
1.0755€~-01
1.2780€-01
1.5929E-01
1.1395¢€-01
1.4201E-01
1.46108-01"
2.1604€-01
1.9137€-01
1.5940E-01
2.0163€-01
245512€-01

‘TABLE XIX (Cont'd)

LISTING OF QUTPUT FROM PROBLEM II

FRACTIONAL ERRORS FOR THE REGION SET FLUXES

REGSET

1

ERROR
1.3901€E-02

1

PAGE 0017
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LISTING OF OUTPUT FROM PROBLEM II

TABLE XIX (Cont'd)

ABSORPTION AND NUXFISSION CROSS SECTIONS FOR EACH GROUP (REGSET=1)

PAGE 0018

REPEXERBRERRRKERE RN RRRE AR KRR R RKERK KRS KRR IR R AR RRKERE R AR R KKK EEEERE R RAERE KRR R ER KK RR AR KRR D SR EA R R A E R AE R RN R kR KE R E &

* REGION SET
EERERRREREKRERRER

RES
107
RES
107

RES
Ta7
RES
Tar

RES
TO7
RES
T07

RES
Torv
RES
ToTr

RES
ToTv
RES
TOTv

RES
TOT
RES
T07

ABSORPTION
ABSORPTION
NU*FISSION
NU*FISSION

ABSORPTION
ABSORPTION
NU*FISSION
NUXFISSION

ABSCRPTION
ABSORPTION
NU*FISSION
NU*FISSION

ABSORPTION
ABSORPTION
NU*FISSION
NU*FISSION

ABSORPTION
ABSORPTION
NU*FISSION
NU*FISSION

ABSORPTION
ABSORPTION
NU*FISSION
NU*FISSION

GRQUP SET
0.0 (
6.17TT72E~03
0.0 (
3.3351E~02 |

GROUP SET
0.0 (
3.4765E-03 (
0.0 (
T7.5133E~03 (
GROUP SET
1.3958E~08 (
5.2562E-03 (
0.0 {
6.9108E-03 (

GROUP SET
5.7341€E~04
1.35856~02 (
3.8243€-06
1.2094E-02 (

GROUP SET
1.84T7€E-02 (
4.4923€E-02 (
9.723T7E-03
5.2587€-02 (

GROUP SET
3.7418E-03 (
2.6629E=-02 (
2.6916€E-03 (
4.3874E-02"(

6
0.0
0.0270)
0.0 )
0.0296)

0.0291)
0.0364)
0.0 )
0.0430)

16
0.4065)
0.0616)
0.3851)
0.0653}

21
0.3627)
0.1635)
0.4515)
0.0968)

26
0.2287)
0.1467)
0.1271)
0.1781)

GROUP SET
0.0 {
6.5628E~03 (
0.0 (
1.7980E-~02 {
GROUP SET

{

957E~03 |
(

S O0Q0

209€~03 (

GROUP SET
5.7372E~08 (
6.6570E~03 (
0.0 (
7.657TTE~03 {

GROUP SET
5.0218E~03 (
1.6668E~-02 (
T«61T74E~06 {
1.3699€E-02 |

GROUP SET
4.6T54E-02 (
5.2605€~02 (
4.2198€E-02 (
5.4327E-02 (

GROUP SET
1.4864E-01 (
1.946TE-01 (
9.5131€E-04 {
8.1722E-02 (

0.0304)
0.0360)
0.0 )
0.0421)

17
0.2039)
0.0888)
0.1827)
0.0747}

22
0.2643)
0.2375)
0.3672)
0.2903)

27
0.3679)
0.2870)
0.1891)
0.1665)

1 *

GROUP SET
-0 (
.1082E-03
-0 {
«1551E~02 (
GROUP SET
0.0
3.3154€-03 (
0.0 {
6.2704E-03

GROUP SET
2.3482E-07 (
5.7651€E-03 (
0.0 (
6.1345E-03 (

GROUP SET
5.9136E-03 (
1.7970E-02 (
249243E-05 (
1.6902€-02 (

GROUP SET
'4.41T2E-02 (
4.T427E-02
8.0892€-02 {
8.7321E-02 {

TOTAL OVER
9.1709E-05 (
4.6843E-03 (
1.2247E~05
8.3752E-03

13
0.0430)
0.0703)
0.0 }
0.0809)

18
0.302¢4)
0.1106)
0.2521)
0.06991)

23
0.2900)
0.2700)
0.3796)
0.3515)

ALL GROUPS

0.1332)
0.0128)
0.1710)
0.0140)

GROUP SEY
0.0 '
5.9444E~-01
0.0 U
1.5997€-02

.

GROUP SE~
1.4557€-05 |
3.5509€-03 [
0.0 |
6.244TE-03 [

GROUP SEF
1.0315E-06 «
8.8954E-03
0.0 o
B.4148E-03 (

GROUP SFET
4.1618E-03 (
2.4365€E-02 (
2.1968E-05 (
2.4744E-02

GROUP SEY
8.1343E-02
8.5373E-02 |
4.1948E=02 1
4.8986E-02 1

0.6192)
0.0333)
0.0 )
0.0364)

14
0.0354)
0.0390)
0.0 }
0.0427)

19
0.1993)
0.0620)
0.4124)
0.0763)

24
0.4114)
0.3924)
0.2757)
0.2450)

GROUP SET
0.0 (
3.9575€-03 {
0.0 {

9.4716E-03 (

GROUP SET
8.4080€-09 (
4.29408-03 (
0.0 (
6.8963E-~03 (

GROUP SET
5.3975€-06 (
1.1224E-02 ¢
0.0 (
9.2475E-03 |(

GROUP SET
1.2590€-02 (
4.1699€E-02 (
2.0633E~-05 (
4. 7007E-02 (

GROUP SET
6.2095€-02
6.8302E-02 {
6.9025E-02 (
7.9700E-02 (

5
0.0 )
0.0281)
0.0 }
0.0300)

10 .
0.0393)
0.0293}
0.0 )
0.0341)

15
0.0534)
0.0439)
0.0 )
0.0563)

20
0.2555)
0.0896)
0.2011)
0.0779)

25
0.5122)
0.4674)
0.5121)
0.4468)

EEXEEZEIBEREERRERENRRIERIERRFERSRARARREEREE AL RNEERR ARBEREAERE R SRS B RE R EEEEE AR AR B ER KRR A AR L S EEREARAREER XSS SRS SR SR EE S E &

TOTAL SCATTERING CROSS~SECT IONS

GROUP

N W

X=SECT

1.0944E-01
1.3064E-01
1.3295€-01
1.3456E-01
1.867T0E-01

FRACTIONAL

ERROR

1.2406€-02
1.2543€-02
9.4T 06E-03
1.17T72€-02
1.2799E~-02




66T

(1)
{9
(17)
(25)

t2)
(10}
(18)
(26)

.3)
(11)
(19)
127)

t4)
(12)
(20)

1.9865E-01
2.5151€-01
2.11415-01
2.0844E-Cl
2.3461F-01
2.5595€-01
4.06414E-01
1.7855€E-01
2.4816E~C1
3.4942€E~-01
3.8864E-01
8,8829F-01
2.9864F-01
2.9630E-01
3.0573E-01
3.1465€E-01
3.1256F-C1
2.84756-01
3.1227€-01
2.7545E~01
2.9041F~-01
3.0182€e~C1

T.T574E-02 ( 2)
543351E-04 (10)
0.0 (18}
0.0 (26)

9.6663E-02 ( 3)
2.6524E-04 (11)
0.0 (19)
0.0 127

9.6040E-02 ( 4)
1.3342€-04 (12)
0.0 : (20)
0.0 (

8.9522E-02 ( 5)
l.7TT7TE-05 (13)
0.0 (21)

7.7227E-03
1.5977E-02
1.3480€-02
1.4535€-02
1.3148E-02
1.3371€E-02
2.1558E-02
3.6808E~-02
1.9097€-02
1.1533E-02
3.1029€-02
4.8847E-02
2.11 76E-02
2.8751E-02
2.1061E-02
3.5549€-02
7.4323E-02
2.5385€E-02
1.1453€-01
1.7181€-02
2.0293E-02
3.1126€-02

LISTING OF OUTPUT FROM PROBLEM IT

TABLE XIX (Cont'd)

PO SCATTERING MATRIX (THE INTEGERS IN PARENTHESES ARE THE GROUPS SCATTERED

8.3894E-03 ( 3)
2.1465E-04 (11)
0.0 (19}
0.0, (27)

1.3886E-02 ( 4)
1.0515€6~04 (12}
0.0 (20)
0.0 {

1.4801€=02 ( 5)
5.1932€6-05 (13)
0.0 (21)

2.0425€-02 ( 6)
T.1614E-06 (14)
0.0 (22)

8.9841E-03
8.3717€-05
0.0 -

2.6561E-04

8.9431E-03
4.0494E-05
0.0

5.3909€-03
1.9816E-05
0.0

8.1706E-03

2.3380€E-06
0.0

PO FROM GROUP 1
( 4) 9.3416E-03 ( 5),
(12) 3.1915€-05 (13)
(20) 0.0 21)
(

PO FROM GROUP 2
{ 5) 8.4565E-03 ( 6)
113) 1.5336E£-05 (14)
(21) 0.0 | (22).

PO FROM. GROUP 3

.0 6) 5.,2725€~03 ( T)
(14) 7.3562E-06 (15)
122) 0.0 (23)

PO FROM GROUP 4
( 7) 4.5907E~-03 ( 8)
(15) 4.3841E-07 (16)
(23) 0.0 .{24)

T7.6557€-03
1.1986E-05
0.0

5.6686E-03
5.6475€-06
0.0

3.95556-03
2.7618E-06
0.0

1.6183E-03
1.6143E-07
0.0

( 6)
(14)
(22)

«7)
(15}
(23)

( 8)
(16)
(24)

t 9)
{17)
(25)

5.0756E-03
3.T026E-06
«0 :

3.1277€-03
1,908 8E~C6
0.0

2.0229€-03
5.9049€E~07
0.0

4.9808E-0%
0.0
0.0

™m)

«7)
(15)
(23)

{8
(16)
(24)

(9
17)
(25}

(10}
(18}
{26)

2.6
1.2
0.0

l.4
0.0
0.0
9.4

0.0
0.0

1.4
0.0
0.0

886E-03
379€-06

898E~-03

758E-04

864E-04

( 8)
(16)
(24)

9
(7
(25)

{10)
(18)
(26)

(1)
(19)
(27}

PAGE 0019
1.2535€-03
0.0
0.0
6.4335E-0¢
0.0
0.0
3.4743E-04
0.0
0.0
4.8371E-05
0.0

0.0



00¢

{ 5)
(13)
(21)

{ 6)
(14)

t22)

(7
t15)

(23)

( 8}
{16)
(24)

{ 9)
(17
(25)

(10)
(18)
126)

)
{19)
(27)

(12)
(20}

(13)
(21)

(14)
122)

1.5400€E-01
3.8435E-05
0.0

1.8742€E~01
2.8321€~06
0.0

2.2372E-01
2.9774E-07
0.0

1.8917€-01
6.4704E-08
0.0

1.8377€-01
2.6625€E-07
0.0

1.9509€-01
4+.4991€-09
0.0

2+3524€-01
2.1917€~08
0.0

3.9518€-01
0.0

1.5957€-01
0.0

2.7287€-01
0.0

{ 6)
(14}
(22)

tmn
(15)
(23)

( 8)
(16)
(24)

(9}
(17)
125)

(10}
(18)
(26)

(11)
(19)
(27)

(12)
(20)

(13)
(21)

(14)
(22)

(15)
(23)

2.46T6E-02
6. 5444E-06
0.0

2.7211E-02
9.5632E-07
0.0

2.9522E-02
1.3165€-07
0.0

2.2412€-02
2.7159€~08
0.0

2.4723€-02
7.3263%-08
0.0

2.8653E-02
3.0497T€E-09
0.0

1.88656€-02
5.3247€-07

3.9338E-02
0.0

8.7545E-03
0.0

3.0921 E-02
0.0

«n
(15}
(23)

{8
(16}
{24)

t9)

(17)
(25)

(101}
(18)
(26)

(11)
(19)
(27)

112)
(20)

(13)
(21)

(l4])
(221

(15)
(23)

(161
(24)

TABLE XIX (Cont'd)

LISTING OF OUTPUT FROM PROBLEM II

6.5407E~03
7. 7990E-07
J3.0

1.3309E-03
8.6151€-08
0.0

1.9382€E-04
4.5211E~08
0.0

1.6273E-04%
9.8289E-09
0.0

9.4258E-05
0.0
0.0

6.B020E-04
2.1221€E-10

3.1237€-04
1. 4329€E-07

243160E-05
0.0

3.9833E-05
0.0

PO FROM GROUP 5
{ 8) 4.4608E-03 ( 9)
116) 5.5241E-08 {17)
(24) 0.0 (25)

PO FROM GROUP 6
{ 9) 5.9240€E-04 (10}
(17} 2.6574E-10 (18)
(25) 0.0 s (26)

PO FROM GROUP 7
{10} 4.2591€-05 (11)
(18) 3.0816E-09 (19)
(26} 9.0 (27

PO FROM GROUP 8

{11} 6.0977E-05 (12)
(19) 0.0 (20
(27) 0.0 (

PO FROM GROUP 9
(12) 1.4753€E-05 (13)
(20) 0.0 (21)
(

PO FROM GRQUP 10
(13) 6.1895E-05 (14)
(21) 0.0 (22)

PG FROM GROUP 11
(14) 1.3939E~04 (15)
(22) 0.0 (23)

PO FROM GROUP 12
(15) 0.0 (16)
(23) 0.0. (24)

PO FROM GROUP 13
(16) 0.0 (17)
(24) 0.0 (25}

PO FROM GROUP 14
(17) 1.4054E-05 (18}
(25) 0.0 (26}

2.0654E=-03
0.0
0.0

3.1416E-04
0.0
0.0

5.0187TE-05
0.0
0.0

T.8906E-06

0.0

1.1583E-05
0.0

4.3856E-06
0.0

6.3815E-05
0.0

-110)
(18)
(26)

(1)
(19}
(27)

(12)
(2

(13)
(21)

(14)
(22)

(15)
(23)

{16)
(24)

(1mn
(25)

(18}
(26}

(191}

.27

9.0985E-04 (119
0.0 (19)
0.0 127)

1.0362E-04 112
0.0 2k
0.0

1.1812E-05 (12
0.0 (2l

Be 6416E-D8 fla:
0.0 - €22i

3.6950€-06 (15}
0.0 (232

9.9227E-08 (16)

0.0 (24)
2.2914E-05 (17)
0.0 (zg)
0.0 (.8)
0.0 (20}
0.0 (:3)
0.0 {27)
7. 29TLE-QT (2D)

0.0 (

4.1930€E-04
0.0
0.0

2.7650E~05
0.0

4.6289E-06
0.0

5.5239E~07
0.0

1.4081€E-06
0.0

5.2114€E-08
0.D

4.1920E-06
0.0

0.0

(12)
(20)
{

(13)
(21}

an
(25)

(18)
(26)

(19)
(27)

(20)

(211

PAGE 0020

2.3321E-04

0.0

B8.44934E-06

0.0

1.0765E-06

0.0

2.5325E-07

0.0

0.0

0.0

T.55TTE-07

2.7787E-08

5.1982€E-07

0.0

0.0

0.0

0.0

0.0




102

(15)
(23)

(16)
(24)

(17)
(25)

(18)
{26)

(19)
(27)

(20)
21)
€22)
(23?
(24)
t2s)
(26)

(27)

3.0073E-01
9.5350€E-09

3.4087€-01
0.0

8.1702E~01
0.0

2.5488€-01
0.0

2.8937e~-01
0.0

2.7083€-01
3.3105€-01
3.2654€~01
z.s?zoe-ox
3.22926-01
1.6352€-01
2.9298E-01

2.9158€E~-01

(16}
(24)

(17)
(25)

(18)
(26)

(19)
(27)

(20}
(

zn
(22
123
124)
125)
(26)

27)

1.5093€E-02
0.0

Se4436E~02
0.0

9.5855E~02
0.0

3.1406E~02
0.0

2.3198€-02

1.8703€-02
5.314SE-02

5.4727E~03

3.7216E-03

0.0

8.4943E-03

1.1269€-02

(17)
(25)

(18)
(26}

(19)
(27)

(20}

(21

(22)

(23}

(24)

(25)

(26)

27)

TABLE XIX (Cont'd)

LISTING OF OUTPUT FROM PROBLEM II

0.0

0.0

0.0

0.0

0.0

0.0

0.0°

’

PO FROM GROUP 15
(18) 0.0 (19)
(26) 0.0 (27)

PO FROM GROUP 16
(19) 0.0 (20)
27y 0.0 (

PO FROM GROUP 17
(20) 0.0 . (21)
(

P0 FROM GROUP 18
(21) 0.0 (22)

. PO FROM GROUP 19
(22) 0.0 (23)

PO FROM GROUP 20
(23) 0.0 (24)

PO FROM GROUP 21
(24) 0.0 (25)

PO FROM GROUP 22
(25) 0.0 (26)

PO FROM .GROUP 23
(26) 0.0 (27}

PO FROM GROUP 24
{27 0.0 . (
PO FROM GROUP 25

PO FROM GROUP 26

PO FROM GROUP 27

4.6890E-06 (20)

0.0

.0.0

0.0

0.0

0.0

0.0

0.0

0.0

(

121)

(22)

(23}
(24)

(25)
(26)

(27)

1. 298:5E-06 (21}

0.0

0.0

0.0

0.0

0.0

0.0

(22)

(23)

(24)

(25}

(26)

(27)

5.0864€E-07

0.0

0.0

0.0

0.0

0.0

0.0

(22)

(23)

124)

(25)

(26)

¥32)

PAGE 0021

1.0404E-07

0.0

0.0

0.0

0.0

0.0
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TABLE XIX (Cont'd)

LISTING OF OUTPUT FROM PROBLEM II

PAGE 0022
Pl SCATTERING MATRIX (THE INTEGERS IN PARENTHESES ARE THE GROUPS SCATTERED TO)

. Pl FROM GROUP 1
434E-02 ( 2)—1.4883E-04 ( 3)

{ 1) 5.3 0.0 1 4) 0.0 ( 5) 0.0 { 6) 0.0 ( 7) 0.0 t 8) 0.0
{ 9) 0.0 (10) 0.0 (11) 0.0 (12) 0.0 (13) 0.0 (14) 0.0 (15) 0.0 (16) 0.0
(17) 0.0 (18) 0.0 (19) 0.0 (20) 0.0 (21) 0.0 (22) 0.0 (23) 0.0 (24) 0.0
(25) 0.0 (26) 0.0 (27) 0.0 (
P1 FROM GROUP 2
{ 2) 6.4707E6-02 ( 3)—-2.1140€-03 ( 4) 0.0 { 5) 0.0 ( 6) 0.0 (7) 0.0 ( B} 0.0 { 9) 0.0
(10) 0.0 (11) 0.0 (12) 0.0 (13) 0.0 . (14) 0.0 (15} 0.0 (16) 0.0 (17) 0.0
(18) 0.0 (19) 0.0 (20) 0.0 (21) 0.0 (22) 0.0 (23) 0.0 (24) 0.0 (25} 0.0
(26) 0.0 (27) 0.0 (
P1 FROM GROUP 3
( 3) 4.3323E-02 { 4)-7.2514E-04 ( S) 0.0 ( 6) 0.0 { 7) 0.0 { 8) 0.0 t 9) 0.0 (10) 0.0
(11) 0.0 (12) 0.0 (13) 0.0 (14) 0.0 (15) 0.0 (16) 0.0 (17) 0.0 (18) 0.0
(19) 0.0 (20} 0.0 {21) 0.0 (22) 0.0 (23) 0.0 (24) 0.0 © (25) 0.0 (26) 0.0
(27) 0.0 (
. P1 FROM GRGOUP 4
( 4) 4.0011€-02 { 5)-5.0431E-03 ( 6) 0.0 (7)) 0.0 ( 8) 0.0 ( 9 0.0 (10) 0.0 {11) 0.0
(12) 0.0 (13) 0.0 (14) 0.0 (15) 0.0 (16) 0.0 (17) 0.0 (18) 0.0 {19) 0.0
(20) 0.0 (21) 0.0 (22) 0.0 (23) 0.0 (24) 0.0 (25) 0.0 (26) 0.0 (27) 0.0
Pl FROM GROUP 5
{ 5) 5.0143€=02 ( 6)-T7.2174E-03 ( 7} 0.0 ( 8) 0.0 { 9) 0.0 (10) 0.0 (11) 0.0 (12) 0.0
(13) 0.0 (14) 0.0 (15) 0.0 (16) 0.0 (17) 0.0 (18) 0.Q (19) 0.0 (20) 0.0
21) 0.0 (22) 0.0 (23) 0.0 (24) 0.0 (25) 0.0 (26) 0.0 (27) 0.0 (
Pl FROM GROuP [}
( 6) 5.1811€-02 ( 7)-6.5925€-04 ( 8) 0.0 { 9 0.0 {10) 0.0 (11) 0.0 (12) 0.0 {13) 0.0
-(14) 0.0 (15) 0.0 (16) 0.0 (17) 0.0 (18) 0.0 (19) 0.0 (20) 0.0 (21) 0.0
(22) 0.0 (23) 0.0 (24) 0.0 (25) 0.0 (26) 0.0 (27} 0.0 (
Pl FROM GROUP 7
{ 7) 4.8999€-02 ( 8)-9.7826€-03 ( 9) 0.0 (10) 0.0 (11) 0.0 (12} 0.0 (13) 0.0 (14) 0.0
(15) 0.0 (16) 0.0 (17) 0.0 .(18) 0.0 (19) 0.0 (20) 0.0 (21) 0.0 (22) 0.0
(23) 0.0 (24) 0.0 (25) 0.0 (26) 0.0 . (27) 0.0 (
Pl FROM GROUP 8
( 8) 2.267T9E-02 ( 9)-5.1410€-03 (10) 0.0 - {11) 0.0 (12) 0.0 (13) 0.0 (14) 0.0 (15) 0.0
(16} 0.0 (17) 0.0 (13) 0.0 (19} 0.0 (20) 0.0 (21) 0.0 (22) 0.0 (23) 0.0
(24) 0.0 (25) 0.0 (26) 0.0 (27) 0.0 (
P1 FROM GROUP 9 :
{ 9) 3.1944E-02 (10)-5.1976€E-03 (11) 0.0 (12) 0.0 (13) 0.0 (14) 0.0 (15) 0.0 (16) 0.0




€03

(17)
125)

(10)
(18)
(26)

(1)
(19)
(21)

(12)
€20)

(13)
(21)

(14)
(22)

(15)
(23)

(16}

(24)

(17)

" 12%)

(18)
(26)

(19
(27)

3.1051£-02
0.0

9.9706E-03
0.0

5.8149€E-03
0.0

1.1236€E-02
0.0

3.0649€-02
0.0

4.6549E€-02
0.0

1.6036€E-02
0.0

5.9580E-03
0.0

(18) 0.0
(26) 0.0

(11)-8,9501€~03
(19) 0.0
(27) 0.0

(12)-6.1646E-03
(20) 0.0
{

(13)-1,6395E-02
(21) 0.0

(14)-1.8191€E-03
(22) 0.0

(15)-9.9896E-03
(23) 0.0

(161-5,1640E~03
(24) 0.0

(17)-8.517T7TE~03
(25) 0.0

(18)-3,.0085€E-02
(26) 0.0

(19)-9.7875E-03
(27) 0.0

(20)~1.0654€-02
{

(19)
(27)

(12)
(20)

(13)
(21)

(1l4)
(22)

(15)
(23)

(16)
(24)

(17)

- 125)

(18)
(26)

(19)
(27)

(20)

(21)

0.0

0.0

TABLE XIX (Cont'd)

LISTING OF OUTPUT FROM PROBLEM II

(20) 0.0
(

Pl FROM
(13) 0.0
(21) 0.0

Pl FROM
(14) 0.0
(22) 0.0°

Pl FROM
©15) 0.0
123) 0.0

Pl FROM
116) 0.0
(24) 0.0

P1 FROM
{17) 0.0
(25) 0.0

Pl FROM
(18) 0.0
(26) 0.0

Pl FROM
(19) 0.0
(27) 0.0

Pl FROM
(20) 0.0
(

_ PL FROM
(211 0.0

Pl FROM
(22) 0.0

1)

GROUP 10
(14)
(22)

GROUP 11
(15}
(23)

GROUP 12
(le)
(24)

GROUP 13
(17)
(25)

GROUP 14
(18)
(26)

GROUP 15
119)
(27

GROUP 16
(20)
(

GROUP 17
(21)

GROUP . 18
(22)

GROUP 19

©(23)

0.0

0.0

0.0

0.0

0.0

(22}

(15)
(23)

(16)
(24)

(17)
(25)

(18)
(26)

[\A ]

[~ 3=}
o

0.0
0.0

(19) 0.0

(27}

(20)

(21)

(22)

(23)

(24)

0.0

0.0

0.0

0.0

0.0

(23)

(l6)
{24)

(17)
(25}

(18)

(26}
(19)
(27)
(201}
(21)
(22)
(23)

(24)

(25}

0.0

0.0

0.0

0.0

0.0

(24)

(17)
(25)

(18)
(26)

(19)

(27)

(20)

(21)

(22)

(23)

(24)

(25)

(26)

0.0

0.0

0.0

0.0

0.0

0.0

0.0

PAGE 0023
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(20) 1.4569€E-02

(21)-2.4499E-03

(22) 2.2840€-02

(23) 6.9270E-03

{24)-1.1330€-03

(25) 1.0295€-02

(26) 1.8196€-02

(27)-4.T7446E-02

{ 1} 1.4393€E-01
( 9) 2.9967€-02
(17) 0.0
(25) 0.0

( 2) 6.8376E-02
(10) 3.0326E~02
(18) 0.0
(26) 0.0

( 3) 7.9248E-02
(11} 2.7706E-02
(19) 0.0

(21)-8.9557€-03
(22)-8.6467E=03
123) 2.1387€-04
(24)-3.3141 €03
(25) 0.0

126)

1.5014€-03

{27)-7.8691E-03

PO FRACTIONAL

( 2) T7.9901E-02
(10) 2.0435E-02
(18) 0.0
(26) 0.0

{ 31 6,8769E-02

(11) 3,0559E-02
(19) 0.0
(27} 0.0

( 4) 6.6000E-02
(12) 2.7734F-02
(20) 0.0

(22)

(23)

(24)

(25)

(26)

(27)

ERROR MATRI* (THE INTEGERS

{ 3)
(L)
(19)
(27}

( 4)
(12)
(20)

€s)
(13)
(z1)

TABLE XIX (Cont'd)

LISTING OF OUTPUT FROM PROBLEM II

0.0

0.0

0.0

0.0

1.6850E-02
3.0707€-02
0.0

7.8410E-02

5.8975€-03
3.0692€E-02
0.0

2.1342E-02
2.7T746E-02
0.0

Pl FROM GROUP 20
(23) 0.0 (24)
Pl FROM GROUP 21
{24) 0.0 (25)
Pl FROM GROUP 22
(25) 0.0 (26}
P1 FROM GROUP 23
(26} 0.0 (2zn
Pl FROM GROUP 24
t27) 0.0 (
PL FROM GROUP 25
(
PL FROM GROUP 26
Pl FROM GROUP 27

PO ERRORS FROM GROUP
( 4) 1.6632E-02 ( 5)
(12) 3.0869E-02 (13)
(20) 0.0 (21
(

PO ERRORS FROM GROUP
( 5) 1.3057E-02 ( 6)
(13) 3.0775E-02 (14)
(21) 0.0 (22.)

PO ERRORS FROM GROUP
( 6) 2.0114E-02 ( 7)
(14) 2.7748E-02 (15)
(22) 0.0 (23)

0.0
0.0

0.0

0.0

1
2.0019€-02
3.1112€E-02
0.0

2
2.0089E-02
3.1176E-02
0.0

3
2.2239E-02
2.7766E-02
0.0

(:25)

(26)

(27)

€ 6)
(14)
(22)

7
(15)
(23)

( 8)
(16)
(24)

0.0

0.0

0.0

2.4T63E-02
4. 07TTTE-02
0.0

2.8231€-02
3.6333£-02
0.0

2.7071E-02

5.5391E-02

0.0

(26)

27

tn
(15)
123)

t 8)
(16)
(24)

( 9)
(17
(25)

0.2

0.0

IN PARENTHESES ARE THET GROUPS SCATTERED Tn)

2.7644E-02
5.0911£-02
0.0

572€E-02

(27)

( 8)
(16)
(24)

( 9)
(17}
(25)

(10)
(18)
(26)

0.0

s o0
o Ov

" PAGE 0024

191€-02

2.9902E~-02

0.0
0.0

2.9623€E-02

0.0
0.0

-y



S0¢

{27)

« 4)
(12)
(20)

{ 5)
(13)
21)

¢ 6)
(14)
(22)

« 7y
(15)
(23)

(¢ 8)
(16)
(24)

« 9
(17)
(25)

(10)
(18)
(26}

(11)
(19
27)

(12)
(20)

0.0

8.7898E-02
8.7270E-02
0.0

6.6650E-02
2.9685€-01
0.0

6.2612E-02
2.5815€-01
0.0

5.3548E-02
1.8271€-01
0.0

5.7327€-02
4.1718€E-01
0.0

6.2605E-02
2.6129€-01
0.0

5. 7984E-02
4.5918€E~01
0.0

T.6159€-02
6.7869E-01
0.0

5.0854E-02
0.0

( 5)
(13)
(21)

{6)
(14)
(22)

{7
(15)
(23)

t8)
(1e6)
(24)

t 9
(mn
25}

(10}
(18)
(26)

(11}
{19)
27

(12)
(20)

(13)
211

8.0755E-02
1.0227E-01
0.0

1.2854E-01
1.4822€-01

-0.0

1.3801€E-01
3.1369£-01
0.0

1.3072€~01
2.3836E-01
0.0

1.2830€E-01
3.2492£-01
0.0

2.4370€-01
4.1368€-01
0.0

1.2425€E-01
3.0525E-01
0.0 '

2.3535€E-01
3.1289€E-01

1.4954E-01
0.0

{6)
(14}
(22)

«7)
(15)
(23)

( 8)
(16)
(24)

«9)
anmn
(25)

(10)
(18)
(26)

(11}

(19)

(27)

(12}
(20)

(13)
(21)

(14)
(22)

TABLE XIX (Cont"d)

LISTING OF QUTPUT FROM PROBLEM

3.2940€-02
1.3596E-01
0.0

3.6748E-02
2.0429€-01
0.0

5.3869E-02
4.5666E-01
0.0

T«T214E-02
2.3164E-01
0.0

T.6918E-02
4.3209€-01
0.0

2.7891E-01
0.0
0.0

6.9688E-02

T7.2540€-01

9.5321€-02
4.3310€E-01

PO ERRORS FRQOM GROUP
( 7) 4.0833€E-02 ( 8)
(15) 4.7724E-02 (16)
(23) 0.0 (24)

PO ERRORS FROM GROUP
{ 8) 4.1463E-02 ( 9)
(16) 8.4750€E-02 (17)
(24) 0.0 (25)

PO EPRORS FROM GROUP
[ 9) 5.2163€-02 (10)
[17) 4.9059E-01 (18)
{25) 0.0 126)

PO ERRORS FROM GROUP
(10) S5.5828E-02 (11)
(18) 3.6416E-01 (19)
(26) 0.0 (27)

PO ERRORS FROM GROUP

(11} 9.8655E-02 (12)
{19) 0.0 (20)
(27) 0.0 (

PO ERRORS FROM GROUP
(12) 1.7558E-01 (13)
(20) 0.0 21

(

PO ERRORS FROM GROUP
{13) 2.2954E-01 (14)
{21) 0.9 (22)

P0 ERRORS FROM GROUP
(14) 1.5597E-01 (15)
t22) 0.0 (23)

PO ERRORS FROM GROUP
(15) 0.0 (16)
(23) 0.0 (24)

4
5.4258E-02
447913E-02
0.0

5.8453E-02
0.0
0.0

7
8.5715€-02
0.0
0.0

8 .
2.5942E-01
0.0

9
1.3837€-01

0.0

.
1.35296-01
0.0

1’
1.2165E-01
0.0

[~%=]
.
QON

(9
(17}
{25)

(10)
(18)
(26)

(11}
(19)
(27)

(12)
(20}

{14)
(22)

{15)
(23)

(16)
(24)

(17}
(25}

5. aB41E~-02
0.0
0.0

1.0027€-01
0.0
0.0

9.0#61E~-02
0.0
0.0

6.9326E-02
0.0

3.63538E-01

2.57129E-01
0.0

2.1892€-01
0.0

0.0
0.0

(10) 5.3159E-02
(18) 0.0
(26) 0.0

(11) i.l#6BE-01
(19) 0.0
(27) 0.0

{13) 1.0013E-01
(21) 0.0

®

(14) '2.2824E-01
(22) 0.0

¢

{15) 1.9864E-01
(231 0.0

(16) 2.3583E-01
124) 0.0

(17) 2.8954E-01
(25) 0.0

(18) 0.0
(261 0.0

¥

PAGE 0025
(11) 7.6084E-02
(19) 0.0 ,
{27) 0.0

(12) 1.5532€-01
(20) 0.0

{

(13) 1.9646E-01
(21) 0.0

(14) 1.4201E-01
(22) 0.0

(15) 2.6442E-01
(23} 0.0

(16) 2.2554E-01
{24) 0.0

(17) 2.1370E-01
125) 0.0

(18) 3.1789E-01
126) 0.0

(19) 0.0

(27) 0.0




90g

(13)
(211

(14)
22)

(15)
{23)

(16)
(24)

(17)
(25)

(18)
(26)

(19)
12n

(20)

(21)

(22)

(23)

(24)

1.0511E-01
0.0

7.5966E-02
0.0

7.30128-02
6.2114E-01

9.4868E-02
0.0

9.0646€E-02
0.0

8.8236E~-02
0.0

9.4261E-02
0.0

1.0076E-01

1.0593E-01

1.4701€-01

1.3437E-01

1.8911€-01

(14)
(22)

(15}
(23)

(16)
(24)

(17)
(25)

(18)
126)

(19}
(27)

(20)

(21)

(22)

23)

(24)

(25)

4.9517€E-01 (15)
0.0 *{23)

3.0861E-01 (16)
0.0 (24)

2.6284E~01 (171
0.0 (251}

2.8103E-01 (18)
0.0 (26)

1.3853€E-01 (19)
0.0 (27)

1.9442€~-01 (20)
0.0 t

2.7422€E-01 (21)

2.2811E~01 (22)
5.1362€-01 (25)
8.0032E-01 (24)
4.6893F-01 (25)

0.0 (261)

- TABLE XIX (Cont'd)

LISTING OF OUTPUT FROM PROBLEM 11

2.9292€-01
0.0

"

1.0080&~01
0.0

0.0

0.0

0.0

0.0
0.0

0.0

PO ERRORS FROM GROUP

(16) 0.0
(24) 0.0

(17)
(25)

PO ERRORS FROM GROUP
(17) 1.3442E-01 (18)

(25) 0.0

PO ERRORS
(18) 0.0
{26) 0.0

PO ERRORS
(19) 0.0
(27) 0.0

PO ERRORS
(20) 0.0
( -

PO ERRORS
(21) 0.0

PO ERRORS
(22) 0.0

PO ERRORS
(23) 0.0

PO ERRORS
(24) 0.0

PO ERRORS
(25) 0.0

PO ERRORS
(26) 0.0

PO ERRQORS
t27) 0.0

PO ERRORS

FROM

FROM

FROM

FROM

FROM

FROM

FROM

FROM

FROM

FROM

FROM

(26)

GRQOUP
(19)
27)

GROUP
(20)
(

GROUP -

(21)

GROUP
(22)

GROUP
(23)

GROUP
(24)

GROUP
(25)

GROUP
(26)

GROUP
(27)

GROUP
{

GROUP

2.1557E-01
0.0

15
1.7282E-01
C.0

16
0.0

17
0.0

18
0.0

19

0.0

0.0

21
0.0

22
0.0

23
0.0

24

25

(18)

(26)

(19)
(27

(20)
(

21)

(22)

(23)

(24}

(25)

1 26)

(27)

0.0

6.4082E-0L

0.0

1.7894E-01

0.0

0.0

0.0

0.0

0.0

0.0

(19}
(27

(20}
(

(211
(22)
(23)
(24)

(25)

(26)

27

o0
. o
oo

0.0

3.2361E-01

0.0

0.0

0.0

0.0

(20)

(21)

(22)

(23)

(24)

(25}

(26)

(27)

PAGE 0026

5.0250E-01

0.0

0.0

0.0

0.0

0.0
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TABLE XIX (Cont'd)

LISTING OF OUTPUT FROM PROBLEM II

PAGE 0027
(25) 1.6598E~-01 (26) 5.7669€~01 (27) 0.0 (

PO ERRORS FROM GROUP 26
{26) 2.0679E-01 (27) 4.8903E-01 (

PO ERRORS FROM GROUP 27
(271 1.1500E-01 (

P1 FRACTIONAL ERROR MATRIX (THE INTEGERS IN PARENTHESES ARE THE GROUPS SCATTERED T0)

: P1 ERRORS FROM GROUP 1
€ 1) 1.4358€-01 ( 2) 1.8247E 00 ( 3) 0.0 " 4) 0.0 [ 5) 0.0 ("6) 0.0 { 7! 0.0 { 8) 0.0
( 9) 0.0 (10} 0.0 (11) 0.0 (12) 0.0 . {13) 0.0 (14) 0.0 (15) 0.0° {16) 0.0
(17) 0.0 {18) 0.0 (19) 0.0 {20) 0.0 {21) 0.0 (22) 0.0 (23) 0.0 (24) 0.0
(25) 0.0 (26) 0.0 (27) 0.0 ( ,
P1 ERRORS FROM GROUP. 2 :
( 2) 6.9239E-02 ( 3) 2.9630E-01 ( 4) 0.0 { 5) 0.0 ( 6) 0.0 t 7) 0.0 { 8) 0.0 { 9) 0.0
(10) 0.0 (11) 0.0 “(12) 0.0 (13) 0.0 : (14) 0.0 (15) 0.0 {16) 0.0 (17) 0.0
(18) 0.0 (19) 0.0 (20) 0.0 (21) 0.0 {22) 0.0 (23) 0.0 (24} 0.0 125) 0.0
(26) 0.0 (27) 0.0 « '
. P1 ERRORS FROM GROUP 3 )
{ 3) 8.4613E-02 ( 4) 5.8046E-01 ( S) 0.0 { 6) 0.0 { 7) 0.0 ( 8) 0.0 { 9) 0.0 (10) 0.0
(11) 0.0 (12) 0.0 (13) 0.0 {14) 0.0 (15) 0.0 (16) 0.0 (17) 0.0 (18) 0.0
(19) 0.0 {20) 0.0 {21) 0.0 (22) 0.0 (23) 0.0 t{24) 0.0 (25) 0.0 (26) 0.0
(27) 0.0 (
. Pl ERRORS FROM GROUP 4
{ 4) 1.0978E-01. | 5} 2.2438E-01 { 6) 0.0 ( 7) 0.0 ( 8} 0.0 { 9) 0.0 (10) 0.0 {11) 0.0
(12) 0.0 (13) 0.0 (14) 0.0 (15) 0.0 (16) 0.0 (17) 0.0 {18) 0.0 (19) 0.0
(20) 0.0 (21) 0.0 (22) 0.0 (23) 0.0 (24} 0.0 {25) 0.0 {26) 0.0 {27) 0.0
Pl ERRORS FROM GROUP 5
(€ 5) 9.T111E=-02 { &) 1.T680€E-01 { 7) 0.0 { 8) 0.0 { 9) 0.0 (10) 0.0 t11) 0.0 {12) 0.0
(13) 0.0 (14) 0.0 (15) 0.0 {16) 0.0 (17) 0.0 (18) 0.0 (19} 0.0 {20) 0.0
(21) 0.0 (22) 0.0 (23) 0.0 (24) 0.0 (25) 0.0 (26) 0.0 (27). 0.0 ( .
Pl ERRORS FROM GROUP 6
{ 6) 6.50256-02 ( 7) 2.2156E 00 { 8) 0.0 { 9) 0.0 (10) 0.0 (11) 0.0 (12) 0.0 {13) 0.0
(14) 0.0 (15} 0.0 - {16} 0.0. {17) 0.0 . (18) 0.0 (19) 0.0 (201 0.0 121) 0.0
(22) 0.0 (23) 0.0 (24) 0.0 0.0 {27) 0.0 (

(25) 0.0 {26)



80¢

-TABLE XIX (Cont'd)

LISTING OF OUTPUT FROM PROBLEM II

PAGE 0028

P1 ERRORS FROM GROUP 7
{ 7) 6.8553E-02 ( 8) 1.3242E-01 ( 9} 0.0 (10) 0.0 (11) 0.0 (12) 0.0 (13) 0.0 (14) 0.0
(15) 0.0 t16) 0.0 (17) 0.0 (18) 0.0 (19} 0.0 (20) 0.0 (21) 0.0 (22) 0.0
(23) 0.0 (24) 0.0 (25) 0.0 (26) 0.0 (27) 0.0 [

©1 ERRORS FROM GROUP 8
( 8) 1.4090E-01 ( 9) 1.8265E-01 (10) 0.0 (11) 0.0 (12) 0.0 (13) 0.0 (1%} 0.0 (15) 0.0
{16) 0.0 (17) 0.0 (18) 0.0 (19) 0.0 (20) 0.0 (21) 0.0 (22) 0.0 (23) 0.0
(24) 0.0 (25) 0.0 (26) 0.0 (27) 0.0 (

: P1 ERRORS FROM GROUP 9
( 9) 8.9065€E~02 (10) 3.376T7TE-01 (11} 0.0 (12) 0.0 (13) 0.0 (14) 0.0 (1) 0.0 (16) 0.0
(17} 0.0 [18) 0.0 (19) 0.0 (20) 0.0 (21) 0.0 (22) 0.0 (Z3) 0.0 (24) 0.0
(25) 0.0 {26) 0.0 (27) 0.0 (
) Pl ERRORS FROM GROUP 10 ’

(10) 1.6217€-01 (11) 1.1811E-01 (12} 0.0 (13) 0.0 (14) 0.0 {15 0.0 (B6) 0.0 (17) 0.0
(18) 0.0 (19) 0.0 (20) 0.0 (21} 0.0 (22) 0.0 (23) 0.0 (Z4) 0.0 {25) 0.0
(26) 0.0 (27) 0.0 (

P1 ERRORS FROM GROUP 11
(11) 1.9967E-01 (12) 2.2770E-01 (13) 0.0 (14) 0.0 (15) 0.0 (161 0.0 117} 0.0 (18) 0.0
(19) 0.0 (20) 0.0 (21) 0.0 (22) 0.0 (23) 0.0 (24) 0.0 1z25) 0.0 (26) 0.0
(27) 0.0 (

PL ERRORS FROM GROUP 12 :

(12) 1.5301E-01 (13) 1.4576€-01 (14) 0.0 (15) 0.0 (16) 0.0 (17) 0.0 118) 0.0 (19) 0.0
(20) 0.0 (21) 0.0 (22) 0.0 (23) 0.0 (24) 0.0 (25) 0.0 126) 0.0 (27) 0.0
P1 ERRORS FROM GROUP 13
(13) 3.6419-01 (14) 6.4633E-01 (15) 0.0 (16) 0.0 (17} 0.0 (18) 0.0 1.9) ¢.0 (20) 0.0

(21) 0.0 (22) 0.0 {22) 0.0 (24) 0.0 (25) 0.0 (26) 0.0 *27) 0.0 (

P1 ERRORS FROM GROUP 14
{14) 7.5659E-01 (15) 3.5695€-01 (16) 0.0 (17) 0.0 (18) 0.0 t19) 0.0 + 20) 0.0 (21) 0.0
(22) 0.0 (23) 0.0 (24) 0.0 (25) 0.0 (26) 0.0 (27} 0.0

Pl ERRORS FROM GROUP 15
(15) 4.6297E~01 (16) 2.826TE-01 (17) 0.0 (18} 0.0 (19) 0.0 120) 0.0 I21) 0.0 (22) 0.0
(23) 0.0 (24) 0.0 (25) 0.0 (26) 0.0 (27) 0.0 {

Pl ERRORS FROM GROUP 16

(19) 0.0 (20} 0.0 121) 0.0 i22) 0.0 (23) 0.0
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0.0

TABLE XIX (Cont'd)

LISTING OF OUTPUT FROM PROBLEM II
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(
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(24) 0.0

Pl ERRORS FROM
(25) 0.0
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(27) 0.0 '
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(
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0.0

0.0

(24)
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0.0

0.0

0.0
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VII. RAFFLE CROSS SECTION DATA

The use of cross section data by RAFFLE is discussed in Section VIL.1, the formal
rules for the preparation of the cross section in Section VIL.2, and the procedures for
processing ENDF data into the formats required by RAFFLE in Section VIL.3. RAFFLE
can optionally use two cross section libraries. The first of these is always required, and il is
designated the fast library even though it can contain data for one thermal group. The
second Lbrary, designated thermal, is optional and contains data for multiple thermal
groups. RAFFLE reads from the libraries into main storage the data for only those isotopes
requested for a problem. -

While a problem may require a large amount of cross section data, often only a few
changes are required from problem to problem. Master eross section libraries for RAFFLE
are kept in files that can be readily copied with insertious, deletions, and changes to provide
user’s libraries. In addition, temporary changes that are in effect for only one problem can

be read in on cards as described in Section VII.4.
1. THE USE OF CROSS SECTION DATA BY RAFFLE

Four major types of cross section data can be provided for each isotope in the
RAFFLE fast cross section library. The first type consists of the broad group cross sections
and is used for every isotope. The broad group data must be consistent with the group
. energy structure that is input in the integer data of Table V as data type GV. A maximum of
100 groups, including both fast and thermal groups, can be used. For each isotope, the
complete set of data for a broad group consists of:

" (1) The microscopic absorption cross section including the n-2n contribution

(2) Nu times the microscopic fission section

(3) The microscopic elastic scattering cross section

(4) The microscopic inelastic scattering cross section

(5) The microscopic n,2n cross section

(6) The data specifying the histogram that describes the angular
distribution of the scattered neutrons
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(7)  The microscopic Py elastic scattering cross section.

Any of these that are not appropriate may be omitted. For instance (2) is included only for
fissionable isotopes, and then values need be entered only for groups having a nonzero

fission cross section.

RAFFLE contains an option to calculate the total elastic scattering cross sections
from the histograms rather than entering them separately. Alternatively, an option permits
calculation of the angular scattering distribution from the total and Py elastic cross sections.

This option may be selected independently for each isotope on a groupwise basis.

When the ‘‘histogram™ option is used, RAFFLE requires the data needed to
approximate the spectrum averaged groupwise angular scattering distribution, fg(u), by a-
straight line and a number of histograms as shown in Figure 40. Here u is the scattered
cosine in the center of mass system. This option permits treatment of elastic scattering with

any degree of anisotropic scattering.
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Fig. 40 Histogram fit to angular scattering distribution.
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The second major data type uses a fine group structure to provide a more detailed
description of a scattering event in the energy range where nonelastic scattering occurs.
These fine group data are optional and are not used to determine path lengths, but only the
mode of scatter and the secondary energy for nonelastic scatter. Pointwise values of the
elastic, n-2n, the inelastic at each discrete level, and the evaporation model cross sections are
read in at each fine group break point, and linearity is assumed between points. For scatter
off an individual level, a definite energy loss is assigned. In the region where the levels are
not resolved, the evaporation model is used to determine the scattered ncutron energy.
Figure 41 shows the fit to an inelastic scheme with two discrete levels up to a cutoff above

which an evaporation model is assumed.

The third major type of cross section data consists of the resonance parameters and
the auxiliary data needed to calculate the resonance cross sections from the parameters. This

type is optional by isotope.

The fourth type, which is optional by isotope, consists of pointwise data. For each
isotope pointwise data for the absorption, elastic scattering, and nu-fission, cross sections
may bé input over an energy range specified for that isotope. One of five available
interpolation schemes is used to determine the cross sections at the energy of a collision
event, and these interpolated cross sections are added to the appropriate broad group cross
sections. The energy range can be broken into not more than five interpolation regions and

any one of the available interpolation schemes used over a region.

The fast library is limited to one thermal group, does not allow upscattering, and
contains microscopic cross sections. The thermal library can have the data entered as
microscopic cross sections by isotope or as macroscopic cross sections by material. The
energy ranges of the two libraries can overlap, and in this overlapping range the data from
the thermal library replaces that from the fast library. When a thermal library is used, the
change of energy for a scattering event in the thermal range is determined by a transfer

matrix, and upscattering is permitted.

Before proceeding with the Monte Carlo calculations, RAFFLE calculates the broad
group macroscopic cross sections for each material in the problem. A somewhat simplified
version of how RAFFLE uses cross section data in evaluating a collision event is shown in
Figure 42. When a collision occurs, it is characterized by the energy of the incomihg neutron
and by the material in which the collision occurs, in addition to its spatial location. If the

material contains no isotopes with a resonance or pointwise contribution at energy E, the
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broad group cross sections are used without modification. If the material does contain one

" or more such isotopes, the broad group cross sections must be modified. For an isotope with

resolved resonance data in the applicable energy range, the resonance nearest in energy to E
is found along with a specified number of the nearest adjacent resonances. The contribution
to the Doppler broadened capture, fission, and scattering cross sections for a resonance at

energy E is given for a neutron at energy, E, by

_ 42 g [A+1
°c®) = n TEx <A> ¥(x,8)

- T'p
oF(E) = g.(E) T

2
_4mh2 g (A+1) Tn . lmh op Tn
cS(E) —. 2 By (——A> T2 v(X,08) + 2g “on o x(X 8) + op

where

}

N | =
I
H|&
+ |+
==
~————
[

f
i
+
N

The Doppler line functions ¥(X,0) and x(X,0) are given by

1 —(x-Y)2/49
V(X,8) = 7= '——2—' ay

o —(X-Y)2/48
_ 1 Ye
X(X,0) = 5= f 1+Y2 d¥

6 4EKT
ATZ
E-Eo

X = _——I'/Z .

'K is Boltzmann’s constant and the temperature T is input in degrees Kelvin. This
process is repeated for each resonant isotope in the material. The results are then used to
modify the broad group cross sections so that they include the contributions from the
appropriate resonances. This process is carried out every time a collision involving

resonances occurs.

H
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Using the broad group cross sections, modified by the contributions from resonance
reactions and the pointwise cross sections if necessary, a random number selection is made
to determine the isotope with which the neutron collides. The program then determines
whether the cross section data for this isotope contains fine group constants in the
appropriate energy range. If not, the collision is assumed to be elastic. If so, an analog
determination of the type of collision, elastic or inelastic, is made by the procedure
described in Section II.2. When an inelastic collision occurs, an analog procedure is used to
select the level from which the scattering occurs or to specify use of the evaporation model,
again as described in Section II.2. When this choice has been made, the energy loss can be
found from the input data or calculated if the evaporation model is used. The direction of
the scattered neutron is found assuming isotropic scattering in the center of mass system. If
the scattering is elastic, the direction of the scattered neutron is found from the histogram
for the proper isotope and energy group. The angle of scattering having been found, the
energy loss is then calculated by the program.

2. PREPARATION OF CROSS SECTION DATA

RAFFLE searches through the fast cross section library and reads into the core only
the data for those isotopes requested by the problem. For each isotope in this library a title
card, an integer data set, and a floating data set are required, in that order. These data may
be updated at execution time by additional input cards as described in Section VIL.4. The
data must be arranged in order of increasing isotope identification number. The formats for
the integer and for the floating point data are the same as those described in Sections V.2.2
and V.2.3. The description of the title card is given in Table XXIV; the descriptions of the
integer and floating point data for an isotope in the fast library are given in Tables XXV and
XXVI.

TABLE XXIV

PREPARATION OF TITLE CARD FOR CROSS SECTION DATA
FOR EACH ISOTOPE OR MATERIAL

Word Card Columns Description
MATLNZ 6-8 Identification Number
TITLE 9-80 Any Alphanumeric Information
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TABLE XXV N

INTEGER DATA FOR RAFFLE FAST CROSS SECTION LIBRARY f
Index 1| Index 2| Index 3| Index 4 “
Card Card Card Card . ’
Cols. Cols. Cols. Cols. Mnemonic
2-3 4-5 6-8 9-10 Name
Format Format Format Format of .
12 12 I3 12 Data Notes on Application of Data
1 J JELAS (J) Elastic scattering cross section fiag
0-The elastic scattering cross section for group J,
SIGP0O(J), is read im
1-SIGPO(J) is set equzl to 2w times the area under the
histogram curve
2-SIGPO(J) and SIGPI(J) as read 1n are used to determlne
the histogram for group J
2 J NHIS(J) The number of lower p cutoff points determining the hist-
ogram for group J
14 1 JGRP The number of fine groups
14 2 LEVEL The number of inelastic levels
14 3 IEVAPT Nuclear temperature for evaporatlon model
0-Computed as CVE
1-Read in as a functioa of E
15 1 NER Flag for pointwise data

0-No pointwise range
1-Pointwise data input
(Data with Index 1=16)
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TABLE XXV (Cont'd)

INTEGER DATA FOR RAFFLE FAST CROSS SECTION LIBRARY

Index 1| Index 2| Index 3| Index 4
Card Card Card Card
Cols. Cols. Cols. Cols. | Mnemonic
2-3 4-5 6-8 9-10 Name
Format Format | Format | Format of
12 I2 I3 ‘I2 Data Notes on Application of Data
15 2 IR Overlap flag
0-Pointwise and resonance parameter ranges do not over-
lap in energy -
1-Ranges overlap
15 3 NEIGH Number of neighboring resonances used in resolved calcu-
lation. In addition to the nearest resonance, NEIGH upper
and NELGH lower resonances contribute to the cross sec-—
tion at each energy point
15 4 LIS Resolved scattering cross seztion
0-Calculate from resonance parameters
1-Set to 0.0
15 5 LAG Resonance Calculation
0-No effect .
1-Store precomputed values for use in resonance calcu- .
lation (Default value is LAG=1)
15 6 NRS Number of resolved resonancss
15 7 LGW Statistical factor

0-A constant statistical factor is used

1-A value of the statisticzl factor is input for each
resonance
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TABLE XXV (Cont'd)

INTEGER DATA FOR RAFFLE FAST CROSS SECTION LIBRARY

Index 1 |Index 2 | Index 3 | Index 4
Card Card Card - Card
Cols. Cols. Cols. Cols. Mnemonic
2-3 4-5 6-8 9-10 Name
Format |Format | Format |Format of
12 12 I3 I2 Data Notes on Application of Data
15 8 LCW Capture width
0-A constant value is used
1-Input by resonance
15 9 LFW Fissionable isotope flag
0-No fission
1-Input fission width by resonance
16 1 LEW Energy spacing for pointwise data
' 0-Equal energy spacing (read in endpoints of pointwise
range 4
1-Tabulated energy spacing (Read in energy points)
16 3 LAW Type of pointwise data for absorption cross sections
0-No pointwise absorption cross section
1-Tabulated absorption cross section
2-0,=CA
3—Oa=CA//ET
16 4 LSW Type of pointwise data for scattering cross sections

0-No pointwise scattering cross sections
1-Tabulated scattering cross sections
2._OS=CS
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TABLE XXV (Cont'd)

INTEGER DATA FOR RAFFLE FAST CROSS SECTION LIBRARY

Index 1 [ Index 2 | Index 3 | Index 4
Card Card Card Card
Cols. Cols. Cols. Cols. Mnemonic
2-3 4-5 6-8 9-10 Name
Format Format Format Fermat of
12 12 I3 I2 Data Notes on Application of Data
16 5 LFW Type of pointwise data for ru*fission cross sections
' 0-No pointwise nu*fission cross sections
1-Tabulated vof
2-vLf=CF
3-vIf=CF/VE
16 6 NE Number of energy points in range
16 7 NR Number of interpolation regions spanning pointwise range
(5 maximum, default value is 1)
16 JR NBT (JR) Index of upper energy point for interpolation region JR
(Default value is NE, which is for NR=1)
(Indices run from 1 to NE)
16 JR INT (JR) Interpolation scheme for region JR

1-0 is constant in E

2-0 is linear in E

3-0 is linear in 1ln E
4-1n o is linear in E
5-1n ¢ is linear in 1ln E

‘constant)

{linear-linear)

Ylinear-log)

‘log-linear)

{log-log)

These are the ENDF interpolation schemes. Reference:

M. K. Drake, Data Forma:ts and Procedures for the ENDF
Neutron Cross Section Library, Section 4.3, BNL 50274
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TABLE XXVI

FLOATING POINT DATA FOR RAFFLE FAST CROSS SECTION LIBRARY .

Index 1 | Index 2 | Index 3 |Index 4
Card Card Card Card B
Cols. Cols. Cols. Cols. Mnemonic
2-3 4-5 6-8 9-10 Name
Format Format Format Format of
12 12 13 12 Data Notes on Application of Data
1 AMI Atomic mass

1 J 2 SIGA(J) Absorption cross section for group J

1 J 3 SIGNU(J) Nu times fission cross section for group J

1 J 6 SIGPO(J) Elastic scatter cross szaction for-group J (Used if
JELAS(J)=0 or 2) '

1 J 7 SIGP1(J) P component of elastic scatter cross section (Used to
generate the histogram if JELAS(J)=2)

7 J I F(I,J) The differential scattering values determining the hist-

: ogram for group J (Not used if JELAS(J)=2)

8 J I U(1,J) The lower breakpoint values of mu of the histogram for
group J (Not used if JELAS(J)=2): (Not necessary to
input the mu=-1.0 point)

9 J SIGIN(J) Inelastic scattering cross section for group J

10 J SIGN2n(J) N-2N scattéring cross section for ‘group J
14 JF 1 EFINE(JF) | Energy breakpoints (eV) in deéreasing order for the fine

groups

-3 ——
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" TABLE XXVI (Cont'd)

FLOATING POINT DATA FOR RAFFLE FAST CROSS SECTION LIBRARY .

Index 1 |Index 2 |Index 3 |Index 4
Card Card Card Card
Cols. Cols. Cols. Cols. Mnemonic
2-3 4=5 6-8 9-10 Name
Format Format Format Format of .
12 12 I3 12 Data Notes on Application of Data
14 JF 2 SIGEL(JF) Pointwise value of the elastic scattering cross section
at point JF
14 JF 3 SIGINL (JF) Pointwise value of the total inelastic cross section at
point JF
14 JF 4 SIG2N(JF) Pointwise value of the n-2n cross section at point JF
‘ (Only the non-zero values need be entered)
14 L 5 QL) Value in eV of the discrete energy loss for inelastic
level L
14 L JF SIGL(JF,L) Pointwise value of the inelastic scatter cross section
for level L at point JF
14 LEVEL JF SIGEVP (JF) Pointwise value of the inelastic cross section for the
+1 evaporation model at point J=
14 JF 6 TVAP (JF) Pointwise value of the nuclear temperature for the
: evaporation model (Used only if IEVAPT=1)
15 1 TEMP Temperature (°K) for the resalved resonance calculation
15 2 ELOW Lower energy of the resolved resonance range

sy
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TABLE XXVI (Cont'd)

FLOATING POINT DATA FOR RAFFLE FAST CROSS SECTION LIBRARY

Index 1 |Index 2 | Index 3 | Index 4}.
Card | Card Card Card
Cols. Cols. Cols. Cols. | Mnemonic
2-3 4-5 6-8 9-10 Name
Format |Format |Format |Format of
12 12 13 - 12 Data " Notes on Application of Data
15 3 EUP Upper energy of the resolved resonance range .
15 4 Al Atomic mass (AI repeats AMI but must be entered)
15 5 Cl S
‘ Constants used to compute number of neutrons per fission
i u= + *EI\
15 6 c2 in the resolved range v=Cl Cc2 |
15 7 -EL’ Lower energy of the resolved resonance range
15 8 EH Upper energy of the resolved resonance range
15 9 G Statistical factor (Used only if LGW=0)
15 10 - GAMG Capture width (Used only if LCW=05
15 11 SPQ The potential scattering cross section
15 1 -IRR ER(IRR) Energy of resonance IRR in eV
15 2 IRR AG(IRR) Statistical factor for resonance IRR (Used only if LGW=1)
15 3 IRR GN(IRR) Neutron width for resonance IRR in eV
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TABLE XXVI (Cont'd)

FLOATING PCINT DATA FOR RAFFLE FAST CROSS SECTION LIBRARY

Index 3

Index 1 | Index 2 Index 4]
Card Card Card Card
Cols. Cols. Cols. ,Cols. | Mnemonic
2-3 4=5 6-8 9-10 Name
Format | Format |Format |Format of ;

12 12 13 12 Data Notes on Applicetion of Data

15 4 IRR GG(IRR) Capture width for resonance IER in eV (Used only if LCW=1)

15 5 IRR GF (IRR) Fission width for resonance IRR in eV (Used only if LFW=1)

16 2 CA Constant defining pointwise absorption cross section
(See LAW in Table 25)

16 3 CS Constant defining pointwise s:cattering cross section
(See LSW in Table 25)

16 4 CF 'Constant‘defining pointwise nu*fission cross section
(See LFW in Table 25)

16 JF . 1 EPT (JF) Energy (eV) of point JF in pointwise range if LEW=1.
If LEW=0, EPT(1) is the lower cutoff energy and EPT(2)
the upper cutoff energy in eV of the pointwise range.

' (LEW is described in Table 2Z) (Energy points must be
in order of increasing energy)

16 JF. 2 SIGAP (JF) Absorption cross section for point JF (Used if LAW=1,

. Table 25)
16 JF -3 SIGS(JF) Scattering cross section for point JF (Used if LSW=L1,

Table 25)

Ca
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TABLE XXVI (Cont'd)

FLOATING_POINT DATA FOR RAFFLE FAST CROSS SECTION LIBRARY

Index 1| Index 2 | Index 3 | Index 4

Card Card Card Card

Cols. Cols. | Cols. Cols. Mnemonic
2-3 4-5 6-8 9-10 . Name

Format Format Format Format of
12 12 13 12 Data "Notes on Application of Data
16 JF 4 SIGNUP(JF) | Nu*fission cross secticn for point JF

(Used if LFW=1, Table 25).




The data for the thermal library can be entered by isotope as microscopic cross
sections or by material as macroscopic cross sections, and no ordering of data sets by
isotope, with respect to identification number, is required. The format of the title card is
given in Table XXIV. No integer data are used in the thermal library, and the description of
the floating point data is given in Table XX VIIL.

3. PROCESSING ENDF DATA FOR RAFFLE CROSS SECTION LIBRARIES

With only a few exceptions, the dala in the RAFFLE cross scetion libraries are derived

from the ENDF filesl5]. The processing into the RAFFLE formats of all the ENDF data

required for a problem can require considerable effort and computer time. However, for a
particular sequence of problems often only a few changes in cross section data arc needed
from problem to problem. The following procedures are used to reduce the effort needed to
prepare cross section libraries for RAFFLE problems. Master fast and thermal libraries are
kept on easily modified tape files created by the UPD program[6]. For a sequence of
problems, user libraries, with the data for only the isotopes actually used and with any
needed modifications, are created from the master libraries and stored on tape or -disk.
Changes in the cross section data from problem to problem are read in on cards along with
the problem data as described in Section VII.4. The up-to-date status of the master libraries

is reported in Aerojet Nuclear Company internal documents.

The types of data in the RAFFLE cross section libraries are described in Section
VIL.1. Much of the broad group data for the fast library is obtained directly from the
PHROGI?] library. As a result, the broad group energy structure of the RAFFLE master
fast library, as given in Table XXVII, is the same as that of the PHROG fine group energy
structure. In the PHROG library a distinction is made between isotopes for which resonance
data are provided and isotopes for which such data are not included. In either case the
groupwise microscopic total inelastic and n-2n cross sections are read from the PHROG
library and output in RAFFLE format by the RAFSIG3 program[8] .

If the PHROG library includes resonance data for an isotope, the only resonance
contributions to the absorption and nu-fission cross sections are the flat or background cross
sections. In the RAFFLE master fast library, isotopes with resonance data are handled as
follows. The resolved and unresolved resonance ranges are treated separately. Over the
energy range of the resolved cross sections, the broad group absorption and nu-fission cross

sections are used without modification as read from the PHROG library. The resolved
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resonance parameters are read from the ENDF files by the RAFSIGS program[g] and
output in RAFFLE format. “Infinite dilute” unresolved resonance contributions are
obtained by a PHROG calculation. These contributions are added to the background group
cross sections from the PHROG library and output in RAFFLE format by the RAFSIG4
program[IO]. Since incorporafing the unresolved contributions into the RAFFLE broad
group cross sections makes them problem dependent, it is expected that the user will use
PHROG and RAFSIG4 to modify the group cross sections when creating a user’s library.
RAFFLE can optionally calculate the contributions to the scattering cross sections from the
resolved resonance parameters. When this option is used only the background resonance
contributions must be included with the RAFFLE broad group elastic scattering cross

sections.

For some RAFFLE problems, the CPU time can be substantially reduced by
incorporating averaged resolved resonance cross sections into the broad group cross sections.
In particular, this procedure must be used when the KENO scoring technique is used. To use
this option, the user obtains the groupwise resolved resonance cross sections from a PHROG
calculation and adds the results to the background using RAFSIG4.

A user’s library can use pointwise data obtained from the C-SURE program[H] to
describe the unresolved resonance contributions to the cross sections. However, in the form

provided by C-SURE, these pointwise data are problem dependent.

In the master fast library, the “histogram” option is used to describe the angular
distribution of neutrons undergoing elastic scattering. The ASED program[12] reads the
differential scattering cross sections from the ENDF files, averages them over a spetified
spectrum, fits the spectral averaged data to the required histogram form, and outputs the -
data in the formats required for the RAFFLE library. It is expected that only a few unusual

problems will require changes from the histogram data in the master library.

The master fast library contains “fine group” data for all isotopes having inelastic
scattering data in the ENDF files. The RAFSIG1 program[13] reads the data from the
ENDF files and fits the inelastic scattering data to the same pointwise energy structure as
that used for the elastic scattering data. The RAFSIG2 program[14‘] then fits the data from
RAFSIGI1 to a representation using fewer points and in the form required for the RAFFLE

fine group data. Again, it is expected only a few unusual problems will require changes from

the fine group data in the master library.




By putting the appropriate thermal cross sections into group 69, thermal reactor
calculations can be made using only the fast library. However, it is recommended that a
separate multigroup thermal library be used whenever events at thermal energies warrant it.
The use of multiple thermal groups usually does not increase the CPU time for a RAFFLE
problem. A multigroup library is created by using INCITE[15] which outputs the library in
RAFFLE format and can store it on disk, tape, or cards.

4. TEMPORARY CHANGES TO THE FAST LIBRARY

Data type IMORE(ID) in the general integer data, Table V, can be used to indicate
temporary changes in the fast cross section data if the library is read from FORTRAN
logical unit 15. These changes are effective only for the problem being run, and the data in
the library are not changed. ID is the sequence number of the isotope. Consider a library
containing isotopes with identification numbers 1, 10, 12, and ‘23; the sequence numbers are
then 1, 2, 3, 4. An example of the input for IMORE to indicate that temporary changes will

be made to the data for the isotopes with identification numbers 10 and 23 is shown below.

col. | col.| col. | col.} col.| col.| col.| col.| col.
2-3 4-5 6-8 9-1011-12{13-16{17-20{21-24[25-28
sl e o|t]o]s

The changes are input on change cards that immediately follow the general floating point
data (Table VI). The data on the change cards override the corresponding data in the fast
library. For each isotope with changed data, a title card, at least one fixed point card, and at
least one floating point card must be included in that order. The last fixed point card and
the last floating point card must each have a “1” in column 1. The formats for the change
cards are the same as those for the permanent library and are given in Tables XXI1v, XXV,
and XXVI. The change cards must be entered in order of increasing isotope identification

number.
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BROAD GROUP ENERGY STRUCTURE FOR RAFFLE

TABLE XXVII

MASTER FAST CROSS SECTION LIBRARY

Group Lower Loyer (eV Group Lower Loﬁe; (eV)
Number Lethargy Energy Number Lethargy Energy
1 0.25 7.79 x 106 23 5.75 3.18 x 10"
2 0.50 6.07 x 108 24 6.00  2.48 x 10
3 0.75 4.72 x 108 25 6.25 1.93 x 10"
4 1.00 3.68 x 106 ‘26. 6.50 1.50 x 10"
5 1.25 7,87 x 106 27 6.75 1.17 = 10"
6 1.50 2.23 x 106 28 7.00 9.12 x 103
7 1.75 1.74 x 108 29 7.25 7.10 x 103
8 2.00 1.35 x 108 30 7.50 5.53 x 103
9 2.25 1.05 x 106 31 7.75 4.31 x 103
10 12.50 8.21 x 10° 32 8.00 3.36 x 103
11 2.75 6.39 x 10° 33 8.25 2.61 x 103
12 3.00 4.98 x 105 34 8.50 2.04 x 103
13 3.25 3.88 x 10° 35 8.75 1.59 x 103
14 3.50 3.02 x 10° 36 9.00 1.23 x 103
15 3.75 2.35 x 10° 37 9.25 961.1
16 4.00 1.83 x 103 38 9.50 748.5
17 4.25° ‘1.43 x 10° 39 9.75 582.9
18 4.50 ‘1.11 x 105 40  10.00 454.0
19 4,75 8.65 x 10" 41 10.25 353.6
20 5.00 6.74 x 10% 42 10.50 275.4
21 5.25 5.25 x 10" 43 10.75 214.5
22 5.50 4.09 x 10% 44 11.00 167.0

Continued on next page
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TABLE XXVII (Cont'd)

BROAD GROUP ENERGY STRUCTURE FOR RAFFLE
MASTER FAST CROSS SECTION LIBRARY

‘group Lower Lower (eV) Group Lower Lower (eV) 5
. umber Lethargy Energy Number Lethargy » Energy
45 11.25 130.1 57 - 14.25 6.48
46 11.50 101.3 | ss 1430 o 5.04 ".
47 11.75 © 78.9 59 14.75 393
48 112.00 61.4 60 15.00 _ | 3.06
49 12.25 47.9 61  15.25 .38
" 50 '12.50 ©37.3 62 15.50 1.86
51 12.75 29.0 63 15.75 1.44
.52 13.00 22.6 64 16.00 1.125 2
53 13.25 17.6 65 16.25 0.876 )
54 '13.50 13.7 66 16.50 0.683
55 13.75 ° 10.68 67 16.75
56 14.00 8.32 68  17.00
69 @
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TABLE XXVIII

FLOATING POINT DATA FOR RAFFLE THERMAL LIBRARY

Index l'

Index 2 | Index 3 | Index 4
Card Card Card Card ‘
Cols. Cols. Cols. Cols. Mnemonic
2-3 4-5 6-8 9-10 Name
Format Format Format Format of
I2 I2 13 12 Data Notes on Application of Data
1 J 2 SIGA(J) Absorption cross section for thermal group J
-1 J 3 SIGNU(J) Nu times fission cross section for thermal group J
2 J N TRMAT (J,J+N)| Optional specification of the isotropic scattering cross

sections If, j>3'=TRMAT(J,J+N) for the isotropic scatter-
ing of neutrons from thermal energy group j=J to group
j'=J+N. For specifying the scattering cross sections
from group J to a group J+1, for example, the optional
format corresponding to INDEX 1=2 may be much more con-
venient than the format of INDEX 1=3, below.

(This format is particularly convenient when there is
ingroup scattering and scattering from a given group to
the next group only.) The first data word on the card

is the value of the crcss section L%, 4»i' for scattering
neutrons from energy group j=J to group j'=J+N, the next

word on the card is the cross section for scattering from

group j=J+1 to group j'=J+N+L, etc. N may be zero or
negative to accommodate ingroup scatter terms and up-
scatter terms. C
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TABLE XXVIII (Cont'd) Y

FLOATING POINT DATA FOR RAFFLE THERMAL LIBRARY

Index 1 |Index 2 |Index 3 |Index 4
Card Card Card Card
Cols. Cols. Cols. Cols. Mnemonic
2-3 4-5 6-8 9-10 Name
Format Format Format Format of
12 12 I3 12 Data Notes on Applicztion of Data
3 J K TRMAT (J,K) Specification of the isotropic scattering cross sections
Z4o j+j'=TRMAT(J,K) for scattering neutrons from thermal
energy group j J to group j'=K. The first data word on a
card is the value of the cross section Zéo j»j' for scat-
tering neutrons from energy group j=J (Index 3) to group
j'=K+1, the next is value is for scattering from group
4=J to group J' K+1, the next is for scattering from
group j=J to group j'=K+2, etc. K may be equal to or
less than J to accommodate ingroup scatter terms and up-
scatter terms.
5 J N TRMAT1(J,J+N){ Optional specification of the first moment scattering

cross sections Z%l -+jv=TRMATl(J,J+N) for the linear
anisotropic scattering of neutrons from thermal energy
group j=J to group j'=J#N. The first data word on the
card is the value for the first moment cross section

Zs1 j»j' for the linear anisdtropic transfer of neutronms

from group j=J to group j'=J+N, the next word is for
group j=J+1 to group j'=J+1+N, etc. N may be zero or

negative to accomodate linear anisotropic transfer with-
in group and to higher energies.
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TABLE XXVIII~(Cont'd)

FLOATING POINT DATA FOR RAFFLE THERMAL LIBRARY

Index 1

Ihdex 3

Index 2 Index 4
Card Card Card Card
Cols. Cols. Cols. Cols. | Mnemcnic
2-3 4-5 6-8 9-10 Name
Format Format Format Format of .
12 12 13 12 Data Notes on Application of Data
6 J K TRMAT1(J,K) | Specification of the first moment scattering cross sec-

tions Ig) j+j'=TRMATl(J.K) for the linear anisotropic
scattering of neutrons from thermal energy group j=J to
group j'=K. The first data word on a card is the value
of the first moment cross section Ig; j>j' for the linear
anisotropic transfer of neutrons from group j=J to group
j'=K, the next word is for group j=J to group j'=K+1,
etc. K may be equal to or less than J to accomodate
linear anisotropic transfer within group to higher
energies.



jjohnson
Rectangle


10.

11.

12.

VIII. REFERENCES
R. A. Grimesey, C. W. Berner, S. Tong, PMC: A General Purpose Three-Dimensional
Monte Carlo Code for the IBM 7040 Computer, IN-1109 (April 1968).

E. D. Cashwell and C. J. Everett, The Monte Carlo Method for Random Walk
Problems, New York; Pergamon Press, 1959.

Jerome Spanier and Ely M. Gelbard, Monte Carlo Principles and Neutron Transport
Problems, Reading, Massachusetts; Addison-Wesley, 196Y.

S. S. Wilks, Mathematical Statistics, New York; John Wiley and Sons, 1962.

M. K. Drake, Data Formats and Procedures for the ENDF Neutron Cross Section
Library, BNL 50274(T-601) (October 1970).

W. H. Rettig, UPD-A FORTRAN-IV Program to Update Source Tapes, NRTS
Program Library P01750. ‘

R. L. Curtis et al, PHROG-A FORTRAN-IV Program to Generate Fast Neutron
Spectra and Average Multigroup Constants, IN-1435 (April 1971).

RAFSIG3-A Program to Punch RAFFLE Broad Group Cross Sections from the
PHROG Library Tape, Undocumented NRTS Computer Program.

RAFSIG5-A Program to Punch ENDF Resonance Parameters in RAFFLE Format,
Undocumented NRTS Computer Program.

RAFSIG4-A Program to Add Unresolved Resonances to the RAFFLE Broad Group
Sections, Undocumented NRTS Computer Program.

G. L. Singer and R. A. Grimesey, C-SURE Cross Sections for Unresolved Resonances
from ENDF/B, ANCR-1068 (May 1972).

FJ Wheeler, Private Communication (November 1969).

234



jjohnson
Rectangle


13.

14

15.

RAFSIG1-A Program to Fit ENDF Inelastic Scattering Data, Undocumented NRTS
Computer Program.

RAFSIG2-A Program to Process Inelastic Scattering Data for RAFFLE, Undoc-
umented NRTS Computer Program.

R. L. Curtis and R. A. Grimesey, INCITE~-A FORTRAN-IV Program to Generate
Thermal Neutron Spectra. and -Multigroup Constants Using Arbitrary Scattering
Kernels, IN-1062 (November 1967). '

235





