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T

PDQ-5 and PDQ-6 are FORTRAN 
prograjns which solve the two- 
dimensional neutron diffusion- 
depletion problem with up to five 
lethargy groups. The geometry is 
rectangular or cylindrical in 
PDQ-5 and hexagonal in PDQ-6.
Both programs provide for variable 
mesh spacing. Problems in excess 
of 50>000 mesh points have been 
run successfully.

IHE PDQ-5 AND PDQ-6 PROGRAMS 
FOR THE SOLUTION OF THE TWO-DIMENSIONAL 
NEUTRON DIFFUSION-DEPLETION PROBLEM

W. R. Cadwell 
P. F. Buerger
C. J. Pfeifer

I. INTRODUCTION

The PDQ-5 and PDQ-6 programs solve the two-dimensional neutron diffu- 
sion-depletion problem with up to five lethargy groups. The gecanetry is rec­
tangular or cylindrical in PDQ-5 and hexagonal in PDQ-6, Zero flux, zero 
current, and rotational symmetry boundary conditions are available. Between 
300 and 500 mesh points are permitted in each coordinate direction, and both 
programs provide for variable mesh spacing. PDQ-5 problems in excess of 
50,000 points and PDQ-6 problems in excess of 30,000 points have been run 
successfully.

This report supersedes a previous report (Reference 1) which described 
the initial version of PDQ-5. The present report, however, includes only 
the information required for spatial calculations. The depletion capabilities 
of the programs, which include a flexible representation of time-dependent 
cross sections and the input specification of nuclide chains, are described 
in Reference 2.



The flux iterations of both programs utilize sin^e-line successive 
overrelaxation, and the source iterations are accelerated by Chebyshev 
extrapolation. The PDQ-5 difference equation derivations are standard and 
the PDQ-6 derivation is given in Reference 3. The iteration strategy is fully 
described in Reference 4*

The programs are written in FORTRAN II language and have been compiled 
and run only on the Philco-212 computer. They operate on this computer under 
control of the BKS monitor system (Reference 5) and also make use of the Bettis 
FORTRAN subroutine package (Reference 6). Conversion to another computer would 
require translation of the subroutine package and, for efficient operation, a 
rather extensive modification of the programs.
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II. GENERAL DESCRIPTION
Diffusion Equations

The neutron-diffusion equations solved by the programs are

|- V-[Dg(x)v9g(x)] + + Eg(x) + Dg(x)Bg(x)]9g(x)

„ '1 G
= ̂  ,|,(x) + Eg_^(x)9g_^(x)| (2,1)

Here (x) represents the spatial variables, either x-y or r-z; g is the lethargy 
group index; and G, the index of the thermal group, may be one, two, three, 
four, or five. In addition,

Lq(x ) e 0

and

= ^vLg(x)9g(x) . (2.2)

The physical interpretations of these symbols are 
D = the diffusion coefficient,
3.E = the macroscopic absorption cross section,
= the macroscopic removal cross section,2B = the geometric buckling,

V = the average nuniber of neutrons produced per fission,fE = the macroscopic fission cross section,
X = the fission source fraction,
9 = the neutron flux,
 ̂ = the fission source, and
X = the eigenvalue.

Diffusion coefficients and macroscopic cross sections may be input by composition 
or may be calculated by the,programs using spatially varying nuclide concentrations



and input cross section tables. The con5>osition input of these parameters is 
covered in the present report, while the use of cross section tables is described 
in Reference 2 .
Problem Types - Convergence

The programs may be used to solve three different types of problems—  
eigenvalue, one-iteration, and fixed-source. Equations (2.1) and (2.2) are the 
governing equations in eigenvalue and one-iteration problems. In fixed-source 
problems Equation (2.2) is not used and the term X i|r(*)A Equation (2.1) 
is replaced by the input source S^.

In an eigenvalue problem the flux iterations (inner iterations) in each 
group are terminated when

I S -  ' ' s ? t  I > ( 2 - 3 )

where is the flux calcvilated at point s,t during inner iteration n sind 
the parameter & is detennined by the program. The source iterations (outer iter­
ations) are terminated when

7(m) _ Am) 2 
 ^^Xm)—  ̂  ^

where is the eigenvalue calculated at the end of outer iteration m,
and X are the calculated bounds on the eigenvalue, and e is an input parameter.

A single outer iteration is performed in a one-iteration problem and the 
inner iterations in each group are terminated when

|(p(̂ ) _ <p I
m x    < e(2 - u) . (2.5)

Here e is the same input parameter as above and w, 1 < u) < 2, is an overrelax­
ation factor calculated by the program. Equation (2.5) is also used to terminate 
the iterations in each group of a fixed-source problem.



Eigenvalue problems are run to obtain the fission source distribution 
and criticality corresponding to a given reactor configuration, while fixed- 
source problems are run to obtain the flux distribution - corresponding to a 
known neutron source. One-iteration problems are generally used as successive 
generations in neutron importance calctilations. The method requires solving an 
eigenvalue problem in the first case of a job and one-iteration problems in 
all succeeding cases.
Ad.ioint Calculations

?y changing one of the input control numbers, the adjoint solution for 
any problem may be obtained in place of the normal solution. There is no pro­
vision in the programs, however, for performing perturbation edits. The output 
flux of a normal and an adjoint calc\ilation must be saved on a filetape and a 
separate program must be used to obtain these edits.
One-Dimensional Option

PDQ-5 may be used to run one-dimensionauL problems in rectangular or 
cylindrical geometry. No criticality search is provided. A one-dimensional 
problem is described in the input as a two-dimensional problem with only two 
rows, zero and one, along each of which a zero derivative boundary condition 
is applied. (A row boundary of one is not permitted in a true two-dimensional 
problem and hence this sets the one-dimensional option.) All of the two- 
dimensional features are available in one-dimensional problems, including 
depletion and the full use of filetapes.



III. GEOMETRY
PDQ-5

The PDQ-5 region of solution is a rectan^e in the x-y or f-z plane.
This rectangle is subdivided into a niiiiiber of material compositions, with the 
interfaces between these compositions parallel to the outer boundaries of the 
rectangleo Within a composition the input macroscopic data (or initial nuclide 
concentrations) are required to be constant. A nonuniform grid of mesh lines 
is Imposed on the region of solution. The mesh lines are parallel to the outer 
boundaries of the rectangle and each extends from one boundary to the opposite 
boundary. The mesh intervals must be chosen in such a way that the boundaries 
of the rectangle and the interfaces between compositions exactly coincide with 
mesh lines.

The axes of the coordinate system coincide with boimdary lines of the 
rectangle. As shown in Figure 1, the origin is placed in the upper left 
comer, column numbers increase to the right along the x axis (r axis), and 
row numbers increase downward along the y axis (z axis). The flux or the normal 
derivative of the flux may be set to zero along each boundary of the rectangle.
In addition, a 180° rotational symmetry condition may be applied along the top 
boundary. The program imposes this condition by forcing the flux values on this 
boundary to be symmetric about the midpoint and the current values to be 
symmetric in magnitude but opposite in sign. In contrast to previous versions of 
PDQ, each of the boxmdary conditions is applied along the boundary line itself. 
Hence, the number of solution points in a mesh depends both upon the nuniber of 
mesh lines in each direction and upon the boundary conditions imposed.

The placement of material compositions in the mesh is described in the 
input by means of a composition overlay. This consists of a series of overlay 
sets, each of which superimposes a particular composition number throughout a 
specified rectangle of the mesh. The sets are processed sequentially and any 
set may overlay regions of the mesh specified in previous sets. Every mesh 
rectangle must be included within at least one of the overlay sets and for each 
mesh rectangle, the last overlay set which includes the rectangle determines its 
composition number. If several different regions of the mesh have the same 
material properties, they may all be assigned the same composition number. As 
an example. Figure 2 may be described by overlaying composition 1 on the entire



mesh; ccanposition 3 between columns 1 and 3> rows 2 and 4; composition 2 between 
columns 2 and k> rows 0 and 3; and composition 3 between columns 3 and 4> rows 
0 and 1.

The ccanposition overlay describes the geometry of the problem to be 
solvedo This overlay is also used for integration editing purposes \inless an 
optional edit region overlay is provided. The two overlays have the same general 
format but it is not required that their interfaces coincide. An edit region 
overlay is normally used if editing is to be done for subregions of a composition 
or for regions Containing segments of several compositions.
PDQ-6

The PDQ-6 region of solution is a 120° chevron in the x-y plane. The 
chevron is oriented as in Figure 3> with colvunn numbers increasing to the 
right and row numbers increasing downward. The rows bend through a 60° angle 
at the diagonal column of the chevron. The first and last rows are considered 
the top and bottcan boundaries and the first and last columns are the left and 
right boiindaries. A zero flux or zero normal derivative condition may be 
applied along each boundary, and a 120° rotational symmetry condition may be 
applied along the top boundary. In the latter case the chevron must be 
symmetric, with an equal number of intervals on each side of the diagonal column.

The geometry of the chevron is described by overlaying it with basic 
figures, which are 60° parallelograms oriented as in Figure 4, Each basic 
figure is described as a separate mesh, by specifying its row and column 
boundaries, composition overlay, and mesh intervals. The basic figures are 
overlaid on the chevron by giving the row and column of the chevron at which the 
origin is to be placed and the multiple of 60° through which the basic figure 
is to be clockwise rotated. The basic figure also may be reflected, which im­
plies an interchange of rows and columns. The six rotational orientations of 
a basic figure are shown in Figure 5 and the reflections of these figures are 
shown in Figure 6. In both cases the origins are all at the center of the star. 
Note that both composition and edit region basic figures may be described and 
overlaid on the chevron. Since each edit region basic figure must have the 
same mesh as some composition basic figure, mesh intervals are given only for 
the composition figures.



As in a composition overlay, the basic figure overlay is sequential 
and may overlay regions of the chevron that have been specified previously.
Any portion of a basic figiure which extends outside the chevron boundaries is 
ignored, and no region of the chevron may remain unspecified when the overlay 
is complete. The fvindamental restriction on the final overlay is that the mesh in 
the basic figures must be so chosen that mesh lines in adjoining basic figures 
meet at common boundary points. It is important to note that the rows and 
columns of Figure 3 are not necessarily mesh lines, since the network of mesh 
lines is determined entirely by the placement of basic figures. The rows and 
columns of the chevron are used only to locate basic figure origins and may 
actually be extended to locate origins outside the chevron. The top row is 
always a mesh line, however, and if there is rotational symmetry, the mfesh 
intervals in this row must be sjnnmetric about the diagonal coliunn.

In addition to the chevron, four types of figures must be csirefully 
distinguished. A basic figure is as described above, a 60° parallelogram 
for which mesh intervals and a composition overlay are specified. Basic 
figures are nvimbered sequentially from 01 to 99. An auxiliary figure is obtained 
by modifying the ccanposition overlay of a basic figure. If two or more 
parallelograms have the same mesh but different overlays, the use of auxiliary 
figures makes it unnecessary to repeat the mesh interval specification. The 
axixiliary figures for a particular basic figure are numbered sequentially from 
1 to 9, and the basic figure itself is assigned auxiliary figtire number 0. A 
basic figure number followed by an auxiliary figure number identifies an 
initial figure. Initial figure nunibers may range from 010 to 999 and it is 
initial figures, rather than basic figures, which are actually overlaid on 
the chevron, A final figure mmaber is associated with each initial figure 
overlay of the chevron. This permits the various overlays by a particular 
initial figure to be distinguished for editing purposes. Final figure nimabers 
may range from 01 to 99 but need not be sequential or distinct.

Figure 7 represents one-third of an hexagonal array. Mesh points 
have been added in Figure 8, and the dotted lines are present to aid in the 
overlay. Note that all mesh lines in adjoining figures meet at common boundary 
points. As a result, some of the figures contain more mesh lines than are
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required to describe their interfaces. All of the initial figures required 
for the overlay are shown in Figure 9, with (b), (c), and (d) representing 
the same geometry but different meshes. In order to locate the initial figure 
origins, it is convenient to construct Figure 10, in which all mesh intervals 
have been set to unity. This figure clearly displays the rows and columns of 
the chevron, which are obsciired in Figure 8 because of the variable mesh. The 
right half of Figure 8 may be described by positioning Figure 9(a) with its 
origin at row 0, column 10; Figure 9(b) with its origin at row 0, column 12, 
rotated through 120°; Figxire 9(c) with its origin at row 0, column 12, rotated 
through 60°; Figure 9(d) with its origin at row -3, column 15, rotated through 
60°; Figtire 9(d) with its origin at row 0, column 15, rotated through 60°; and 
Figure 9(e) with its origin at row 3> column 12, rotated through 60° and reflected. 
The left half of Figure 8 is described in a similar manner.
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IV„ EDITING
Integration Edits

The integration editing Includes flux inte^alsj, power fractions^
absorption rates, fission rates, average nuclide concentrations, group-dependent

00 effamd group-independent bucklings, k and k , and flux-weighted average 
macroscopic parameters,, As mentioned in Section III, this editing is done 
using the ccanposition overlay xmless an edit region overlay is provided, in 
which case this overlay is used instead. The following description is in terms 
of compositions but edit regions are implied if this overlay is present.

Each of the integral quantities is edited only for those individtial 
compositions and sets of compositions specified in the input. In PDQ-6, 
however, a set of composition numbers alone may not define the integrals 
required, since a single initial figure may appear several places in the mesh.
For this reason, a set of final figxxre numbers is specified with each set of 
composition numbers. The programs assigi a unique EDIT nxanber to each set of 
compositions (PDQ-5) or to each figure-composition set (PDQ-6), and all integral 
quantities are then listed by EDIT,' Note that, in PDQ-6, a mesh element 
is included in a particular EDIT only if it is within one of the specified 
final figures and also a part of one of the specified compositions.
Point-wise Edits

All pointwise editing is done over a single region of the mesh. This 
region is specified in the input by giving left-hand and right-hand colvmin 
numbers and top and bottcan row numbers. The region is thus a rectangle in
PDQ-5 and a parallelogram or a chevron in PDQ-6,

Editing of each pointwise quantity is optional, including the flux in 
each group, the point power, the quadrant power, and the initial and final 
concentrations for each nuclide. Point power may be edited either as the average 
of the nonzero quadrant values at a point or as the largest of these values. 
Quadrant power values are edited only for those points at which any two nonzero 
values differ by more than 5̂ » The quadrant values are actually triangle values 
in PDQ-6 and there are six at each point. Concentrations are edited by mesh
rectangle in PDQ-5 and by mesh triangle in PDQ-6,

14



Be-Editlng
If the output flux of a problem has been saved on a filetape, additional 

edits may be obtained by rerunning the problem under the re-edit option. The 
spatial and depletion calculations are automatically bypassed and all edits 
requested in the input are performed, with the exception of average and point- 
wise final nuclide concentrations.

The only input quantities that may not be changed between the original 
non and the re-edit are the number of groups and the number of mesh points in 
each direction. In particular, the changes may include altering the place­
ment of compositions or edit regions in the mesh and altering the specification 
of ccanposition or region sets for integration editing. Note that the group- 
dependent and group-independent buckling calculations are in error on a re-edit 
unless the input eigenvalue is replaced by the converged value.

15



V, FILETAPES
The input for a cou5)lete job may be preceded by cards giving the 

reel numbers of one or two input filetapes. These tapes, designated filetape 
12 and filetape 13, are mounted at the beginning of the job and are not removed 
until the job is finished. The filetapes are actually merge tapes, and selected 
quantities from any problem (case) may be added to either tape. An option 
permits a blank to be mounted as filetape 13 and the output of scane problem 
to be placed on this tape as the beginning of a new merge. The quantities 
that may be saved include pointwise flux, quadrant power, nuclide concentrations, 
cross-section tables, and integrals. An identification number provided in the 
input is placed on the filetape with the output quantities; this number should 
be different from all other identifications on the tape. Note that each problem 
on a filetape is completely independent of every other problem. Spatial and 
depletion problems for both PDQ-5 and PDQ-6 may be intei*min^ed on a single 
filetape in any manner.

The first case of any job may specify filetape input for the flux, 
concentrations, and tables. These may be taken from any problem or set of 
problems on either ,or both filetapes. The flux must be cong)atible with the 
ctirrent problem In number of groups, column boundary, and row boundary, and 
the concentrations must be compatible in nianber of time-varying nuclides and 
nvimber of depleting mesh elements. Beyond the first case of a job, the input 
flux and concentrations must be obtained either from cards or from the output of 
the previous case, Filetape tables iised in the first case, however, are auto­
matically retained by the programs and used as input to all subsequent cases.

A comment is included in the output after each quantity is read from 
or added to a filetape. The current number of data blocks is also indicated 
at the end of each problem which adds to a tape. If this number exceeds 15,000, 
no further additions may be made.

Care must be exercised if there is a failure during a problem which 
adds to a filetape. The faulty problem must generally be rerun before any 
other data can be added to the tape. The input deck need not be altered for 
a rerun, but the operator must be informed that it is a rerun and of which 
case. The operator must also know whether the flux was added to a filetape

16



(1)

• (2)

before the failure occurred, since the spatial calculation can be bypassed 
in this case. If the faulty problem is not to be rerun, its output identifi­
cation number must be repeated in the next problem which adds to the filetape, 
and the operator must be told that the new problem is a rerun.

A detailed description of the merge filetape is given below for use 
in programming auxiliary calculations which require this data. Asstuning all 
possible data is saved, files (2) through (20) are present for each problem 
in the order listed. File (l) precedes the first problem on the tape suid 
file (21) follows the last problem. The quantities N3» N4, N5, and N6 are as 
defined in the FTB program description (Reference 6).
Filetape Sentinel

N3 
N4 
N5 
N6
Word

-1111
122
1
128

Problem Sentinel
N3 = -2222 
N4 = 122 
N5 = 1 
N6 = 128
Word
1
2

4
5
6 

7

Data
Reel number

Data
Output ID
Number of blocks of data on tape throiigh this 
block
Problem type (1 = fixed-source, 2 = eigenvalue, 
3 = one-iteration)
Adjoint (0 = no, 1 = yes)
Geometry (1 = xy, 2 = rz, 4 = hexagonal)
Total number of groups 
Number of thermal groups

17



Word Data
8 Column boundary
9 Row boundary

10 Top boundary condition (O, +1)
11 Left boxmdary condition (Oj 1)
12 Bottom boundary condition (O, 1)
13 Right boundary condition (O, 1)
14 N4 )
15 N5 > for nuclide concentration file (12), if present
16 N6 j

101 1 if flux saved, 0 otherwise
102 1 if quadrant power saved, 0 otherwise
103 1 ii concentrations saved, 0 otherwise
104 1 ii tables saved, 0 otherwise
105 1 if integrals saved, 0 otherwise

Table Data Files
N3 = -6661 
N4 = 122 
N5 = 1 
N6 = 128
Words 1 through 4 of this file are N3 throiigh N6 for file (4). The 

constant values are N3 = -6662, N4 = 1> and N6 = 256.
N3 - N6 are given in file (3). This file contains the index for each 

table set as follows;
Word Data
1 Numeric ID

2 - 5  Alphanumeric ID (4A6 format)
6 - 7  T,u for table' o
8 Number of o(i,g) tables
9 Number of Interpolating tables

10 Four words for each o(i,g) table (if any) giving
° T,u,g,i. Followed by six words for each interpolating

table giving T,u,g,i,t,0.

18



In the above, T = table number
u = 0 if no fission in or o(i,g), u = 1 if fission cross 

sections
u = 0 in interpolating tables for and o, u = 1 for G 
g = group
i = nuclide ID, except i = t for interpolating D^(t,g) 
t = type for interpolating o(i,g,t) or G(i,g,t)
t = 8 for D^(t,g) with t given as i
0 = order of interpolation

(5) N3 = -6663
N4 = 122 
N5 = 1
N6 = 128
Words 1 through 4 of this file are N3 throu^ N6 for file (6). The 

constant values are N3 = -6664> N4 = 1, and N6 = 256.
(6) N3 - N6 are given in file (5). This file contains tables, which may­

be o(i,g), mask, or function tables. For each table:
Word Data
1 Nuniber of words in table following word 3
2 Table number
3 ID of table set in which table is defined for

Ẑ , o(i,g), and fiuiction tables; zero for mask tables
a r f fFor Z^ tables words 4>... contain D , Z , Z , vf > and kZ for g =1,..., o f f g g  g g g ° '

number of groups. Values of vZ and <Z may be missing,
tr & I* fFor o(i,g) tables words 4,... contain o , o , o , o , and k for 

group g; the final three numbers may be omitted.
For function tables word 4 is the mask table number, word 5 is 0 or 1 

for normal or inverse interpolation, words 6 and on contain diagonal function 
■values followed by off-diagonal -values ordered according to the mask.

For mask tables words 4̂  5f and 6 are the nuclide ID's of -variables N^, 
and which are negative to signal that N(t)/N(0) is to be used.

ID2 = ID^ = 0 for one-dimensional tables; ID^ = 0 for two-dimensional tables.

19



(7)

(8)

(9)

(10)

Following are blank words for each negative ID (if any). Following the 
blanks (if any) are words containing dimension, niimber of diagonals, and 
number of off-diagonals. Next are values of (or N/N(0)) for each diagonal, 
then values of N2, and finally (if any). Following the diagonal values are 
off-diagonal values of N^, then Ng# and finally N^,

N3 = -6660 
N4 = 122 
N5 = 1 
N6 = 128
Word Data

Output ID
Flux Files

N3 == -3330 - g, Tidiere g = 1,2,..., number of groups 
N4 —  column boundary + 1 
N5 = row boundary + 1 
N6 = 768
These files contain the flux for each group by column within each 

row, including zero values on zero flux boundaries. The flux values are not 
normalized.

N3 = -3330 
N4 = 122 
N5 = 1 
N6 = 128
Word
1
2

Quadrant Power File

Data 
Output ID
Converged eigenvalue

PDQ-5

PDQ-6
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N3 = -4444
N4 = 4 * (coltumi boundary + 1)
N5 = row boundary + 1 
N6 = 3072
N4 = 6
N5 = (column boundary + 1) * (row boundary + 1) 
N6 = 256



This file contains quadrant (PDQ-5) or triangle (PDQ-6) power values 
by point for each row. In PDQ-5 the four values at each point represent the upper 
left, upper right, lower left, and lower right quadrants. In PDQ-6 the six
values at each point represent the upper left, upper, upper right, lower left,
lower, and lower right triangles. The power values are not normalized.

(11) N3 = -kkkO

N4 = 122 
N5 = 1
N6 = 128
Word Data
1 Output ID

Nuclide Concentration File
(12) N3 = -5555

N4 = number of nuclides
N5 = number of depletable mesh elements (in ri^t address)
N6 = 2 (least multiple of 128 which is > (N4 + 6))
This file contains nuclide concentrations for each depletable mesh 

element by column, then by row.
(13) N3 = -5550

N4 = 122 
N5 = 1
N6 = 128
Word Data
1 Output ID

Integral Files

(14) N3 = -7771
N4 = 122 
N5 = 1
N6 = 128
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Word Data
1 K1 = (total number of EDlTs)*(7Mnumber of groups) + 1)
2 Flux normalization factor, P, if problem is not

depletable, or fast flux normalization factor, if 
problem depletable, where

J* dV
p _ fuel

E  dVg g g
and

a = input power (in watts)%iower fraction 
•̂l

E  dVg 'J g g

and P “ “ l-O if ^he denominator is zero.

4 Total number of groups
5 Number of thermal groups
6 Total nvunber of EDITs
7 Number of EDITs actually performed

(15) N3 = -7772
N4 = 1
N5 = K1 (file (14), word 1)
N6 = 256
For each EDIT, this file contains

JdV,J<P̂ dV,j92dV,..,,J<P̂ dV
followed by

Tdjp dV, fz\ dV, fẑ cp dV, TkZ^T dV, fzS dVg g J g g J g g J g g J g g J g g

for each group g. The symbol 9 refers to un-normalized flux. If the numberO ^
of EDITS was reduced due to storage limitations (as noted in the output), the 
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number of words in this file does not reflect this; however, the amount of 
useful data does.

(16) N3 = -7773
N4 = 122 
N5 = 1
N6 = 128
Word Data
1 K2 = (total number of ,EDITb)*(number of groups)*

(number of power fraction + absorption rate + fission 
rate edit requests)

2 Elapsed time (in hours) at beginning of depletion 
calculation (T̂ )

3 Elapsed time (in hours) at end of depletion
calculation (T̂ )

4 Input power (in watts)^^ower fraction
5 Fast flux normalization factor
6 Thermal flux normalization factor (for last interval)
7 Number of thermal flux re-normalizations + 1
8 Number of power fraction edit requests
9 Number of absorption rate edit requests

10 Number of fission rate edit requests
11 Total number of EDIT.s
12 Nunber of EDIT s actually performed
13 Total nunber of groups
14 Number of thermal groups

If the problem is not depletable, words 1 through 14 are zero.
(17) N3 = -7774

N4 = 1
N5 = K2 (file (16), word 1)
N6 = 256
This file is present only if K2 ^ 0, It contains, for each EDIT, the 

power for all groups g, then all nuclides i in the order requested.
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followed by the absorption rate for all groups g, then all nuclides i in the 
order requested,

followed by the fission rate for all groups g, then all nuclides i in the 
order requested.

dV .

The flux V in the above integrals has been normalized by P̂ /lO'̂ ‘̂. The same 
S 'comments as in file (15) with respect to the number of EDITs performed are 

true here also.
(18) N3 = -7775 

N4 = 122 
N5 = 1 
N6 = 128
Word Data

4
5
6

7
8 
9
10

K3 — (total number of EDITS)■»•(number of average 
nuclide concentration edit requests + 1)
Elapsed time (in hours) at beginning of depletion 
calcvilation (Tq)
Elapsed time (in hours) at end of depletion 
calcialation (T̂ )
Input power (in watts)*power fraction 
Fast flux normalization factor
Thermal flux normalization factor (for last interval)
Number of thermal flux re-normalizations + 1
Number of average nuclide concentration edit requests
Total number of EDITS
Niiniber of EDITS actually performed

24



If the problem is not depletable, words 1 throu^ 10 are zero.
(19) N3 = -7776

N4 = 1
N5 = K3 (file (18), word 1)
N6 = 256
This file is present only if K3 ^ 0. It contains, for each EDIT,

JdV followed by jN^dV for each nuclide i in the order requested. The same 
comments as in file (15) with respect to the nxmaber of EDITs performed are 
true here also.

(20) N3 = -7770
N4 = 122 
N5 = 1
N6 = 128
Word Data
1 Output ID

End-of-Tape Sentinel
(21) N3 = -2222

N4 = 122 
N5 = 1
N6 = 128
This file is identical to the last file (2) on the tape except that word 

1 is zero and the block count in word 2 is updated.
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VIo INPUT PREPARATION
This section describes all of the input required for spatial problems 

in 'Which macroscopic cross sections are input by composition. Cross section 
tables aind the additional input required for depletion calculations are 
described in Reference 2,

Familiarity with the definitions and concepts developed in Reference 7 
is assumed in what follows. In particular the reader must be familiar with 
the makeup of an input deck^ the representation of fixed- and floating-point 
numbers on input forms, sequential expansions, and the use of job decks consisting 
of multiple cases. All of the input forms required are attached to this report. 
The phrase "complete set of values" as used below means that the final 
termination point must equal the total nus±»er of such items (compositions, edit 
regions) as specified in the control data. Note that every input restriction 
is checked by the programs 5 a problem that violates one or more restrictions 
will be rejected 'with suitable error comments. Note also that a PDQ-5 input 
deck may not contain more than 13,000 nun±»ers, card numbers included; the PDQ-6 
limitation is 14,500 ntmibers.
Control Data

All of the control data is specified on PDQ-5/6 Input Forms I and II,
(1) FILETAPE Cards

These cards precede the input for the first case of a job, Filetapes 
are generally identified by an "R" followed by the reel number. If a new 
merge is being started, the filetape 13 reel is identified as a blank by using 
the problem number followed by a "Z"„
(2) Title Card

The information on this card is used to title each page of problem 
output. There should be a different title card for each case of a job,
(3) Card 010001

The three problem types are described in Section II. The present 
version of PDQ-6 is restricted to eigenvalue problems.

Table input of cross sections may be used in aill except fixed-source 
problems and must be used in depletion problems,
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The adjoint solution may only be requested in eigenvalue or one- 
iteration problems with at least one nonthermal group.

The geometry option is omitted in PDQ-6.
Input areas, if present, must be in the same units as the mesh intervals 

and the input editing is done in these imits. If the mesh intervals are in
inches, however, they are converted to centimeters for all calculations,
including the integration edits.

The total number of groups must be > 1 and < 5 and may not change 
between cases of a job.

In the present versions the number of thermal groups is restricted to 1.
(4) Card 010002

The number of compositions (which is actually the largest composition 
number present in the input) must be ^ 1 and < 100 (PDQ-5) or < 99 (PDQ-6). It
is not necessary that every composition appear in the mesh.

The number of edit regions (largest edit region number present in the input)
must be ^ 0 and < 500 (PDQ-5) or < 99 (PDQ-6). If 0, integration editing is done
by composition rather than by edit region. It is not necessary that every edit 
region appear in the mesh.

The row and column boundaries may not change between cases of a job.
The nunber of solution columns is given by (coliimn boundary + left 

boundary condition + right boundary condition - 1) and the number of solution 
rows by (row boundary + |top boundary condition| + bottom boxmdary condition 
- 1), where the boundary conditions are - 1, 0 and + l for rotation, zero flux, 
and zero derivative, respectively.

In PDQ-5 the number of solution columns must be > 3 and < 376. The 
number of solution rows must be exactly 2 in one-dimensional problems and must
be > 3 and < 501 in all other problems.

In PDQ-6 the column boundary must be < 299 and the row boundary must be 
> 3 and < 499. The column boundary must be divisible by 2 if the top boundary 
condition is rotation.
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The diagonal column is omitted in PDQ-5 o In PDQ-6 it must be > 2 
and < (column botuidary - 2), The diagonal column must equal half the column 
boundary if the top boundary condition is rotation,.

In r-z geometry the top boundary condition may not be rotation and the 
left boundary condition must be zero derivative„

The left and right boundary conditions must be the same if the top 
boundary condition is rotation„

The top and bottom boundary conditions must be zero derivative in 
one-dimensional problems,
(5) Card 010003

is actually used only in the first case of a Job, In all succeeding 
cases the output eigenvalue of the previous case is used automatically,

is used as indicated in Equations (2.4) and (2.5),
^2 is not used in the present versions and should be zero.
If table input is used, the macroscopic edit calculates average 

macroscopic parameters for each edit region (or set of regions) specified in 
the edit control data, Othervrise, this edit lists the input macroscopic 
parameters by composition.

The absorption rate edit calculates, for each edit region (or set of 
regions) specified in the edit control data, the fraction of the total 
absorption contributed by the region together with the fraction of the total 
absorption auid the fraction of the region absorption contributed by each group.

An edit region picture may not be requested if edit regions are not 
used in the problem.

If certain errors are found in the geometry description or in the 
input areas, the corresponding picture edit is performed even if not requested,
(6) Card 010004

The number of X values specified must exactly equal the total number 
of groups. This card must be present in eigenvalue and one-iteration problems 
and may not be present in fixed-source problems.
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(7) Card 010005
The boTindaries for pointwise editing must satisfy the inequalities

(0 £ left boundary < right boundary < column boundary) and (O < top boundary <
bottom boundary ̂  row boundary).

The number of flux options specified must exactly equal the total number
of groups, and the special thennal fltix option may not be used in the present
versions.

The quadrant power edit lists the four quadrant values (PDQ-5) or 
six triangle values (PDQ-6) at each point in the pointwise edit region at which 
any two nonzero values differ by more than 5̂ .

The pointwise average power is the arithmetic average of the nonzero 
quadrant (triangle) values at a pointj the pointwise peak power is the largest 
of these values.
(8) Card 010006

This card must appear in the input deck for each case of a job.
A source of input concentrations must be specified in depletion problems, 

and the concentrations must be specified as not used in all other problems. 
Similarly, a source of input tables must be specified if table input has been 
indicated, and the tables must be specified as not used otherwise.

Filetape data may be used as input only in the first case of a job, and 
previous case output may be used as input only beyond the first case. Card
input may be used in any case. If input tables are from both cards and
filetape, the filetape source is indicated.

The input tables specification is ignored beyond case one and may be 
zero. If the case one tables are from a filetape, this data is automatically 
retained and used as input to all subsequent cases. Otherwise, card input is 
used in every case.

The ID'S must be nonzero if the corresponding input is from a filetape;
they are ignored and may be zero otherwise.

(9) Card 010007
This card must appear in the input deck for each case of a job.
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A new merge may not be specified in some case if filetape 13 has been 
used for input or output in a previous case. On the other hand> if a new merge 
has been started in some case^ a subsequent case may use the filetape 13 option 
to add to the new merge.

The output H) .must be nonzero if output is saved; it is ignored and 
may be zero otherwise. The ID should never exceed 3276? in absolute value.

Concentrations may be saved only in depletion problems and tables 
may be saved only if table input is indicated.

The output save option and quantities to be saved must be compatible. 
Either an output tape is not specified and nothing is saved or an output 
tape is specified and at least one quantity is saved,
(10) Card 010008

A depletion problem is one for which this card is present in the input
deck.

The initial and final times are the total elapsed times (in hours) at 
the beginning and end of the depletion calcvilation. The initial time must be 
nonnegative and may not exceed the final time. If the two times are equal, the 
depletion calculation is bypassed but depletion editing is performed,

^^max maximum elapsed time (in hours) for a flux renormalization.
It may be zero if the initial and final times are equal but must be strictly 
positive otherwise.

The power (in watts) and power fraction must both be nonnegative.
The maximum xenon option is used to bypass the flux calculation and use 

the input flux in the depletion calculation. In this case the input may not 
specify that the output flux is to be saved on a filetape.

The replacement option refers to the replacement of spatially-varying 
concentrations in specified compositions with homogeneous concentrations in the 
input deck. When this option is used, the input concentrations option must 
speciiy’ a filetape or the output of the previous case.
(11) Card 010009

This card may be used to re-edit a problem which has been successfvdJy 
completed. It may only be used in a single-case Job, The input flux option
30



must specify a filetape, the output ID used vfhen the problem was originally 
rxm must be made the input flux ID, and the output eigenvalue should be 
provided in place of Xq , The programs bypass the flux calculation, set the final 
time equal to the initial time to bypass the depletion calculation (except for 
editing), ignore the output save option, and delete any requests for average 
concentration edits and pointwise final concentration edits,
(12) Card 010010

This card may be used to check an input deck without running the 
problem. The standard input check processes all of the cases in a job, 
even if errors are found, FILETAPE cards should be omitted from the deck, but 
cards 010006 and 010007 need not be changed since all filetape usage is 
automatically bypassed. All input editing is done except for the macroscopic 
edit when there is table input.

To obtain this edit, the macro input check must be used. This is 
available only in the first case of a job and only this case is processed.
Output filetape usage is automatically bypassed but FILETAPE cards must be 
present for any input filetapes. Note that the macroscopic edit is actually 
performed only if no input errors are detected.
Integration Sets

Those individual edit regions and sets of edit regions for vdiich integrals 
are required are specified on PDQ-5/6 Input Form III, The subseries nuaibers 
range from 100 to 999 for PDQ-5 and from 100 to 499 for PDQ-6. There must 
always be at least one subseries present. If an edit region overlay is not 
used, composition nuidsers are specified in place of edit region numbers,
(1) PDQ-5

The data for each subseries is of the general form

ri, jTgj Ir^j ,,,, +r^

A negative nunber indicates all regions from the previous region number through 
the negative region number. The region numbers must be strictly increasing in
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absolute value^ there m y  not be two consecutive negative numbers, and the 
first number must be positive. As an example, the sequence 2, 5s - 7 s  9s 14 
specifies regions 2, 5s 6, 7, 9s and 14.

Subseries ICX) specifies individxial edit regions and each of subseries 
101 - 999 specifies a single set of edit regions. Subseries 100 may be omitted 
but then subseries 101 must be present. The first missing subseries (other 
than 100) terminates the data,
(2) PDQ-6

The data for each subseries is of the general form

fĵs '>'><’ ) — 2̂.* "^2^ o»o> -^n

vdiere the zero is used to separate a set of final figure numbers from a set of 
edit region numbers, A negative figure number indicates all figures from the 
previous figure number through the negative figure number, and similarly for 
a negative region number. For each set, the numbers must be strictly increasing
in absolute value, there may not be two consecutive negative numbers, and the
first number must be positive. As an example, the sequence 3» 5, -1> 0, 2, -4, 9 
specifies figure nimibers 3> 6, and 7 and region numbers 2, 3> 4> and 9.

The subseries are separated into four ranges: 100 - 199> 200 - 299,
300 - 399> and 400 - 499» Any (but not all) of the ranges msQr be omitted
and the first missing subseries in each range terminates the range. Each 
of subseries 100 - 199 specifies a sin^e figure-region set. In each of subseries 
200 - 299, the figure numbers are expanded to remove negative signs and a figure- 
region set of the form

0, r ,̂ trg* ..., +r^

is constructed for each figure nxmaber. Similarly, in each of subseries 
300 - 399> the region numbers are expanded and a set of the form
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is constructed for each region number. Finally, in each of subseries 400 - 499» 
both the figure and region numbers are expanded and a set of the form

fi, 0, rj

is constructed for each figure-region pair.
Macroscopic Data

a r f fValues of D, E , IT, vE , and k Z are specified by group and composition 
on PDQ-5/6 Input Form IV. The series nvunber is 02 and the subseries number is 
the group number. There must be subseries for each group and a complete set offvalues for each subseries. If every value of k Z in the entire series is zero,
f fkE is set equal to vE .

An internal symmetry boundary condition may be obtained by setting all 
the cross sections in a composition to zero. The flux is then not defined 
interior to the composition and the flux derivative is set to zero on its 
boundary. It is extremely important that the input flux be zero for such 
a composition since the programs do not check this and a nonzero value may 
cause failxire after several iterations.
Buckling Values

Buckling values are optional in all problems. They are specified by 
group and composition on PDQ-5/6 Input Form V. The series number is 08 and the 
subseries number is the group number. There need not be a subseries for each 
group but there must be a complete set of values for each subseries present. 
Subseries 0 may be used to specify values for all groups in vdiich group-dependent 
values are not provided.
Source Values

Source values are present only in fixed-source problems. They,are 
specified by group and composition on PDQ-5/6 Input Form V. The series number 
is 04 and the subseries niomber is the group number. There must be a;,6ubseries 
for each group and a complete set of values for each subseries.
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Areas
Composition and edit region areas are optional. They are specified 

on-PDQ-5/6 Input Form V using series number 18, The subseries number is 1 
for composition areas and 2 for edit region areas, and there must be a complete 
set of values for each subseries present. The true composition and edit 
region areas are calculated, and if any input value is incorrect by more than 
1̂ , the calcvilated values are printed and the problem is rejected. Note that 
the true areas may be obtained during an input check by inputting zero areas.
Input Flux

If the input flux is from cards, flux values are specified by group and 
composition on PDQ-5/6 Input Form V, The series nunber is 21 and the subseries 
nimber is the group number. There must be a subseries for each group and a 
complete set of values for each subseries. If this series is present but not 
required, the cards are processed and checked for errors but the data is not used.
Geometry
(1) PDQ-5 Mesh Intervals

Mesh intervals for each coordinate direction are specified on PDQ-5/6 
Input Form V, The series niomber for the column intervals is 05 and for the row 
intervals is 06, the subseries number is 0, and the final termination points 
are the coliimn boundary and row boundary. If the two sets of mesh intervals 
are identical, the 06 series •nay be omitted. If there is 180° rotational 
symmetry, the column intervals must be symmetric about the midpoint. In a one­
dimensional problem, if the row interveil is not unity, it is set to vinity by 
the program,
(2) PDQ-5 Composition and Edit Region Overlay

The placement of compositions and edit regions in the mesh is specified 
on PDQ-5/6 Input Form VI, The series nunber is 17 and the subseries nunber is 
1 for the composition overlay and 2 for the edit region overlay. The total 
nunber of overlay sets in either subseries may not exceed 1000, Note that no 
portion of the mesh may remain unspecified after either overlay is complete.
Note also that the edit region overlay is present only if edit regions are being 
used.
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(3) PDQ-6 Mesh Intervals
Mesh intervals are specified for each composition basic figure on 

PDQ-5/6 Input Form V. The series number is 05 for the colvimn intervals 
and 06 for the row intervals^ the subseries number is the composition basic 
figure nimiber, and the final termination points are the basic figure column 
and row boundaries„ If the two sets of mesh intervals are identical for some 
basic figurej the 06 subseries may be omitted,
(4) PDQ-6 Composition and Edit Region Overlay

The overlays for the composition and edit region basic figures are 
specified on PDQ-5/6 Input Form VI, The series number is 8 for the composition 
overlays and 9 for the edit region overlays. The siibseries number is the initial 
figure number, which consists of a two-digit basic figure number followed by a 
one-digit axixiliary figure number.

Each basic figure is described using auxiliary figure nimjber 0. The 
description consists of a control card (sequence number 00) giving the column 
and row boundaries of the basic figure, followed by a complete overlay begin­
ning with sequence number 01, Composition and edit region basic figures are 
each numbered consecutively beginning at 01, but the basic figures of each 
type may be numbered in apy order.

If there are several figures with the same mesh but with different 
overlays, one of these may be described as a basic figure and the rest may be 
described as auxiliary figures. In this way only one set of mesh intervals 
is required. The auxiliary figures of a basic figure are numbered consecutively 
beginning at 1, An overlay is provided for each auxiliary figure, beginning 
with sequence number 01, The axuciliary figure overlay need not be complete, 
however, since it is appended to the basic figure overlay and thus represents 
a modification in this overlay.
(5) PDQ-6 Initial Figure Overlay

The initial figure overlay is specified on PDQ-5/6 Input Form VI. The 
series number is 17 and the subseries number is 0. Each overlay set includes 
a final figure number (j. 1, < 99) > the composition initial figure number, the 
edit region initial figure nunber, the column and row at which the origins are 
to be placed, the multiple (^ 0, ^ 5) of 60° through which the figures are to

35



be clockwise rotated, and the reflection indicator (O = no, 1 = yes). The 
composition and edit region initial figures must have the same colximn and row 
boundaries, and the mesh intervals associated with the composition figure are 
also used for the edit region figure. If there are no edit regions, the edit 
region initial figure number is ignored and may be zero. The final figure 
numbers are arbitrary and need not be distinct; they are used only for integration 
editing.
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VII. OUTPUT
This section describes all of the output that may be obtained from a 

spatial problem. The additional output available from a depletion problem is 
described in Reference 2.
Input Edit

The input edit includes a listing of each control parameter that 
cannot be deduced from the remainder of the output. It also includes the 
set of edit regions (compositions) corresponding to each EDIT,; the ’ 
sequence of mesh intervals in each coordinate direction, the distance from 
column 0 to each succeeding column and from row 0 to each succeeding row, 
and, optionally, macroscopic parameters and pictures of the placement of 
compositions and edit regions in the mesh. In addition, the reel number and 
identification number are given for each input quantity taken from a filetape. 
There is also an indication when the output of the previous case is used as 
input.
Iteration Edit

Values of u, u, and w are edited for each group, together with the 
number of omega iterations performed. For each outer iteration the initial 
residual (Equation (2.3)), ratio of final to initial residual, and number of 
iterations performed are edited for each group. In fixed-source and one- 
iteration problems the final maximum percentage change (Equation (2.5)) is 
edited in place of the residuals. Values of } ,̂ x , x, and the convergence 
ratio (Equation (2.4)) are also edited, together with the parameters used to 
accelerate the outer iterations. A complete description of the iteration 
output is given in Reference 4„
Integration Edit

As described in Section IV, integrals are calculated only for those 
individual edit regions (compositions) and sets of edit regions specified 
in the input. The first integration section edits the area and the integrated 
and averaged flux for each group. All of the flux integrals and averages are 
multiplied by the normalization factor
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JdA
N - — 37-------  , (7.1)

f t

the integrals in this equation being taken over those segments of the mesh 
in which the power is nonzero.

The second integration section edits the fraction of the total power 
contributed by the region being integrated and the fraction of the region power 
contributed by each group.

The third integration section is the only one which is optional. It 
edits the fraction of the total absorption contributed by the region being 
integrated together with the fraction of the total absorption and the fraction 
of the region absorption contributed by each group.

The fourth integration section edits the group-independent buckling,
00 ©f fK by group and the sum over groups, and K by group and the sum over groups.

The group-independent buckling is obtained by eliminating the flux and solving 2for B in the set of equations

Here + D B̂ , where B^ is the input buckling, andO & O o 3 &

ri<PdA
2 = 7 ---- (7.3)j9dA

effIS the flux-weighted average value for any macroscopic parameter Z. K' is
the contribution of group g to the total criticality, calculated by

.r ..eff „f

\ Z^ + D B^
(7.4)

g-1 g g g
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where

“ f

+ D, b:1 1

Kg is calculated in the same manner but with leakage ignored, that is, with

+ D replaced by E^ + E^ . g g g ^ g g
The fifth and final integration section edits the flux-weighted average

3, r fmacroscopic parameters D , E , E , vE , and

V g \  3=
• (7.6)

where 9 designates the integral of the flux.
effThe calc\ilations of k and K and of the group-dependent and group- 

independent buckling all reqxiire knowledge of the source integral. Since the 
integral of the input source is not available in fixed-source problems, these 
calculations are bypassed in such problems. Except for the group-dependent 
buckling, these calculations are also bypassed in any region in which the 
source integral is zero.

The integral of any quantity over a region of the mesh is calculated 
by summing the integrals for the individual mesh figures comprising the region. 
Further, since all macroscopic parameters are constant within a mesh figure, 
the mesh figure integral of E9 is simply E9 . Given mesh rectangle r, bounded 
by columns s-1 and s, rows t-1 and t.

in x-y geometry and
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'<PdV =
2nh h, s t

(7.8)

in r-z geometry. Here h is the interval between columns s-1 and s, h, theS "D
interval between rows t-1 and t, and r^ the distance from colimm 0 to a point 
midway between columns s-1 and s. Similarly, given mesh triangle t.

(9dA ^  (9 .  
4 V3 ■

+ 9, + 9„) (7o9)

in hexagonal geometry, where the fluxes are those at the vertices of the 
triangle and h^ and h.2 are the lengths of the sides which form a 60° angle.
Pointwise Edit

Pointwise editing is done over a single region of the mesh specified 
in the input. Edits of the pointwise flvix in each group and of the pointwise 
and quadrant (triangle) power values may be obtained. All quantities edited 
are normalized to unit power in a spatial problem and to the input power in 
a depletion problem.

The quadrant power values at point s,t are

3 = y  (pSjt,q g,s,t,q g,s,t (7.10)

for q - 1,2,3,4? where kE . is the value associated with the meshg, s, z , q
rectangle in quadrant q at point s,t. Quadrant values are edited only at 
those points at which any two nonzero values differ by more than 5'̂. The 
pointwise average power at point s,t is the arithmetic average of the nonzero 
quadrant values at the point and the pointwise peak power is the largest of 
these values.
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VIII. OPERATING INSTRUCTIONS
On-Line Output

The case ntamber is typed at the beginning of each case. If negative, this 
is the last case of the current job.

If the monitor toggle is set, the name of each segment of the program 
is typed when the segment is loaded. In addition, the omega segment types the 
overrelaxation factor for each group, the iteration segment types the convergence 
criterion and the iteration number, eigenvalue, and convergence achieved at the 
end of each outer iteration, and the depletion segment types the interval 
number at the beginning of each thermal flux renormalization.
Dynamic Monitor

During the coefficient segment the monitor memory location contains the
current group number. During the omega and iteration segments this location
contains the current group and number of inner iterations.
Force - Removal

The status of the force toggle is checked at the end of each outer 
iteration and if set, the iterations are terminated and the problem is edited. 
Similarly, the status of the removal toggle is checked at the end of each case 
and if set, no further cases are done.
Restart - Recovery

Initiation of a restart is not effective in the input segments and
results in termination of the problem. In all other segments a restart causes
the segment to be reloaded and execution to begin at the most recent restart 
point. In the iteration segment this is at the beginning of the current group 
or current fission source calciilation. If an iteration restart fails, a 
second restart will return to the beginning of the current outer iteration. If 
the iteration cannot be restarted successfully, a restart with the force toggle 
set will edit the flux of the last complete iteration.

The job-case recovery option may be used with both programs. If a 
recovery is done at other than case one and if the output of the previous case 
is required as input, the recovery will terminate unless this output was saved 
on a filetape.
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Filetapes
One or two input filetapes may be mounted at the beginning of a job.

Input for the first case may be taken from one or both of these tapes and 
output of any case may be added to either tape.

One of the input filetapes may be designated a blank. The tape will 
then be labeled during some case of the job and does not contain useful 
information until that time. Care must be taken in doing a job-case recovery 
where there is a blank input filetape. If a tape has been labeled in a case 
preceding the one being recovered, it is this labeled tape and not a blank 
that must be, mounted when the recovery is done.

At the beginning of each case in which output is to be saved, the 
programs search the proper filetape for the end-of-tape sentinel, erase this 
sentinel, and write a problem sentinel which contains the output identification 
for this case. Several program segments may add output to the tape and the 
end-of-tape sentinel is rewritten at the end of the case.

While searching for the end-of-tape sentinel, the programs also 
examine each problem sentinel. If a problem sentinel is found which contains 
the same output identification as that for the current case, the programs stop 
after typing the comment "Current output ID found on input filetape. Advance 
only if certain that this case is being recovered after failure during previous 
run. Terminate othei*wise," Normally, this indicates that the problem origin­
ator has chosen a duplicate identification, and if the problem is not terminated, 
a part of the filetape will be destroyed. If the current case did fail on 
a previous run, however, it may safely be continued because its output is the 
last information on the tape. In fact, it must be continued and completed 
successfully before other output may be added to the tape, since this is the 
only way the required end-of-tape sentinel will be rewritten. If the case is 
continued, the programs may also type the comment "Set force toggle on if 
failure was after flux filing routine, off otherwise, and advance." If the 
toggle is set on, the programs will obtain the converged flux and eigenvalue 
from the proper filetape and bypass the spatial calcxilation.
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P D Q - 5 /6  INPUT FORM I

PROBLEM

TITLE

8 9 11
$ POO

14
05
06

17 21 25 29 33PR0DN
REQ. NAME CHARGE

FILETAPE 12
FILETAPE 13

43 45
AUTHOR.NO.

problem:PAGE___ OF.

OlOOOl
PROB.TYPE

FIXED-SOURCE 
EIGENVALUE 
O N E - I T E R A T I O N

TABLEINPUT ADJOI NT
GEOMETRY (PDQ-5 ONLY) MESHINT.

NO
YES

0 NO 0 X-Y 1 CENT. 1
1 YES 1 R-Z 2 INCHES 2

TOTALGROUPS THERMALGROUPS

01000 2

010003

COMPS
EDITREGIONS COLUMNBOUNDARY ROWBOUNDARY DIAG. COLUMN (PDQ-6 ONLY) BOUNDARY CONDITIONS TOP LEFT BTM. RIGHT

ZERO FLUX 
ZERO DERIV. 
ROT. SYMTRY.

NO
YES

MACROEDIT ABSORP. RATE EDIT COMP.PICTURE EDIT REG. PICTURE
0 NO 0 NO 0 NO 0
1 YES 1 YES 1 YES 1

010004

010005
.p-VO

LEFT
1.

POINTWISE EDIT REGION RIGHT TOP BOTTOM

X 4

POINTWISE EDITS 
0| 02 03 04 <21,

NO
YES

0TH

0
I

QUAD.POWER POINTPOWER
NO
AVG.
PEAK



-F-
P D Q -5 /6  INPUT FORM U P R O B L E M ______

PAGE________OF.

010006

010007

INPUT FLUX

OUTPUT
DO NOT SAVE 
FILETAPE 12 
FILETAPE 13 
NEW MERGE

ID

INPUT CONCENTRATIONS ID INPUT TABLES
CARDS 1 NOT USED 0 NOT USED 0
FILETAPE 12 2 CARDS 1 CARDS ONLY 1

—FILETAPE 13 3 FILETAPE 12 2 FILETAPE 12 2
--- --- — I.PREV. CASE 4 FILETAPE 13 3 FILETAPE 13 3--- PREV. CASE 4

NO
YES

FLUX 
0

QUANTITIES TO BE SAVED POWER CONC. TABLES INTEGRALS
I

ID

010008

010009

INITIALTIME

R E - E D I T

FINALTIME

□

AT MAX. POWER POWERFRACTION MAX.XENON REPL.
NO
YES

0 NO 0
1 YES 1

O l OO lO

I NPUT  CHECK 

STANDARD I

MACRO Z



0 I
0 I
0 I

0 I

0 I
0 I
0 I

0 I
0 I

0 I

SUB­SERIES SEQ.
P D Q -5 /6  INPUT FORM H I

I N T E G R A T I O N  SETS

P R O B L E M ______
PAGE O F .

BEGIN EACH SUBSERIES WITH SEQUENCE NUMBER I PDQ-5; SUBSERIES 100; EACH REGION AN EDITSUBSERIES 101 - 999 : EACH SUBSERIES AN EDITPDQ-6: SUBSERIES 100 -199: EACH SUBSERIES AN EDITSUBSERIES 200 - 2a9 : EACH FIGURE AN EDITSUBSERIES 300 - 399 : EACH REGION AN EDITSUBSERIES 400 - 499: EACH FIGURE-REGION PAIR AN EDIT
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■p-o- P D Q -5 /6  INPUT FORM 12
MACROSCOPIC DATA

PROBLEM,
PAGE_____ .0F_

SUB­SERIES SEC. K. NOT USED COMP.
02
02
02
02
02
02
02
02
02
02
02
02
02
02
02
02
02
02
02
02

□ ' 0“̂ SUBSERIES NUMBER IS THE GROUP NUMBER BEGIN EACH SUBSERIES WITH SEQUENCE NUMBER 001
COMP.



P D Q -5 /6  INPUT FORM 2  
MISCELLANEOUS PARAMETERS

PROBLEM_______
PAGE________ OF-

SUB- SER. SERIES SEQ. VALUE TO VALUE TO VALUE TO VALUE TO

PARAMETERREMOVAL FACTORS SOURCE PDQ-5 MESH INT. POO-6 MESH INT.

SERIES NUMBER030405.0605.06

SUBSERIES NUMBERGROUP NO. (I DIGIT) GROUP NO. (I DIGIT)
0BASIC FIG. NO. (2 DIGITS)

PARAMETERBUCKLING COMR AREAS EDIT REG.AREAS FLUX

SERIES NUMBER081818
21

SUBSERIES NUMBER 
GROUP NO. (I DIGIT)
GROUP NO. (I DIGIT)

BEGIN EACH SUBSERIES WITH SEQUENCE NUMBER I SEQUENCE NUMBER HAS TWO OR THREE DIGITS TO
5

BRING CARD NUMBER TO SIX DIGITS



P D Q - 5 /6  INPUT FORM 21
OVERLAY DESCRIPTION

PROBLEM.
PAGE_____ -0F_

SUB- SER. SERIES SEQ. REG. LEFT RIGHT TOP BOTTOM REG. LEFT RIGHT TOP BOTTOM REG. LEFT RIGHT TOP BOTTOM

FINAL COMP. REG. COL. ROW ROT. REFL. FINAL COMP REG. COL. ROW ROT. REFL. NOTFIG. FIG. FIG. FIG. FIG. FIG. USED
OVERLAY PDO-5 COMR PDQ-5 EDIT REG.

SERIES NUMBER 17 17
SUBSERIES NUMBER

1
2

OVERLAY PDQ-6 COMP. PDQ-6 EDIT REG. PDQ-6 FIGURE
SERIES NUMBER 

8 9 17
SUBSERIES NUMBER INIT. FIG. NO. (3 DIGITS) INIT. FIG. NO. (3 DIGITS) 

0

BEGIN EACH SUBSERIES WITH SEQUENCE NUMBER ISEQUENCE NUMBER HAS TWO OR THREE DIGITS TO BRING CARD NUMBER TO SIX DIGITS
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« PD0*5 SAMptr PROBLEM PQR UAPD-TM.477 19004Q00S P0009 CADUL 10-21*64 10l70Bl

INTPRVAL COL
{00000*000 21

niRTANre from column o to RuccrpniNo columms
100000*000. 200000*000 300000*000 
110000*001 1?0000*001 130000*001 
210000*601

400000*000
140100*001

900000*000
190000*001

6nonQO*non Tnon»o*ooni?ono()*')Oi soo(igo*oooigooBô ooi «ODOQO*gilOi9onoe»rgi inoOOBtOOl
?BBflBS*601

INTfRvAL ROW

100000*000 14

distance erom row 0 TO ruccecoinu rows
100000*000 200000*000 300000*000 400000*000 900000*000 400000*000 900000*000 100000*000 900000*000 100000-:B01 
110000*001 120000*001 130000*001 1400(10*001

SRnUR COmP D SI6WA 1 STQHA R Nu STO«A r K siawA f 8UCWLIN8

t 1 110000*001 110000*000 110000.001 000000*000 000000*800 100000.002
c 2 l?0000*O01 120000*000 120000.001 120000*000 190000*000 100000.002
i 3 130000*001 130000*000 130O0O.O01 110000*000 110000*000 100000.002
{ 4 140000*001 140000*000 140000.001 140000*000 140000*000 100000.002

OROUP OOmP n SI8M4 A STQMA R Nu STONA r w SI8WA F RUCWLINS

» 1 210000*001 210000*000 000000*000 0000o0*0O0 000000*800 100000.002
$ 2 220000*001 220000*000 000000*000 220000*001 290000.001 100000^002
« 3 230000*001 230000*000 000000*000 210000*001 210000.001 100000.802
9 4 240000*001 240000*000 000000*000 240000*001 2*0000.801 180000^002
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RRPUR 1 
BRPUP ? 

o u t e r  TTPRATTOM 1

O MEGAKSO) T 1 .930018 

OMERAl(JO) • 1.930493

OMEG42(0> • 1.930418 
0MES42(0) ■ <.930493

1»(' 040I109 PD008 OAOWL lfl-21-84 lO'.TlPO

E.R.8.(055,.8T9) 9 9?533niOnl

F.R.9.<088..0?S> 1 909210.001
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« PDQ-5 SAMPUr PSOBLEM POP WAPD-TM-A7P IpnOAOIlO* PD0B9 OAOWL IB-fl-SA lt!;r*30

t o t a l QROUP.IMDPPPNDENT BUCKLTNQ. K INPINTTV. A^O K EPPECTIWE EDITS 
K INPINITV rOLLOWFD Bv K PPFEOfTVF
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* PDO-5 S*MPLr PSOBLEM POR W*PD-TM.4?y iaB04()00* PDO05 840ml 10;7a38 13

POINTMISE 4VE940E PnwPS
!0

0 . p,0 000P*00t)
V" oooor-ooo

99*38*000
10009*0011
10023*001

10029*001
1002**001
10024*001
10019*001
10009*001
99959*000
99752*000
99490*000
00000*000
00000*000

11
00000*000
00000*000
99743*000
99992*000
1001**001

10028*001
10030*001
10028*001
10022*001
10014*001

99994*000
99784*000
99492*000
00000*000
00000*000

12
00000*00000000*000
00000*000
99847*000
10009*001

10024*001 
10031*001 
10032*001 
10028*001 
10015*001
99964*000
99700*000
00000*000
00000*000
00000*000

IS
00000*00000000*000
00000*00000000*000
99955*000

10014*001
10023*001
10025*001
10021*001
10009*001

99891*000
00000*000
00000*000
00000*000
00000*000

14
00000*000
00000*000
00000*00000000*000
10739*001

10779*001
10788*001
10789*001
10788*001
10774*001

10754*00100000*00000000*00000000*00000000*000

1500000*00000000*000oooon*ooo
10727*001
10793*001

10779*001
107*9*001
107*9*001
10788*001
10777*001
10780*001
10734*00100000*00000000*00000000*000

18O0000*000 "0000*000 
10898*001 
10727*001 
10792*001

10787*001 
10779*001 
10778*001 
10777*001 
10772*001

10760*001 
10740*001 
10717*001 
10700*001 "0000*000

1700000*000 00000*000 
10889*001 
10718*001 
10741*001

10795*001 
10782*001 
10788*001 
10789*001 
10782*001
10792*001 
10734*001 
10719*001 
10700*001 00000*000

IS
00000*00000000*00000000*00"
10898*001
10724*"01

10741*001 
1075l*"01 
10758*"01 
10759*001 
10749*001

10738*001 
10718*001 
10899*001 
1 0887*001 00000*000

19
00000*000
00000*000
00000*00000000*000
10700*001

10719*001
i073o*001
10734*001
10734*001
10727*001

10712*00100000*00000000*00000000*00000000*000

O'H



O'

* PDO-5 SiMpur PROBLCM POP WAPD-TM-477 tjn04snst PD009 DAOWL 10-21-«4 in;7238 14

POIWTWISE AWERAnr PnwPR
10 21

0 00000*000 00000*000
1 00000*000 00000*000
2 00000*000 00000*000
3 00000*000 00000*000
4 00000*000 00000*000

5 00000*000 00000*000
« 00000*000 00000*000
7 00000*000 00000*000
II 00000*000 08000*000
« 00000*000 00000*000

10 00000*000 00000*000
11 00000*000 00000*000
13 00000*000 08000*000
13 00000*000 00080*000
14 00000*000 00000*080

tND nr OUTPUT



t I'lSTTNd or IWPUT DAT* rOR CASE 1
* PD0*6 9*MPUP PR80LEP POP WAPDiTM.477
Binooi,2.o;o,i.2,i
010003.A>0il5i8>10>lil>l.l 
010003.1*1.2>1.0*0.1.1>1.0 
010004,1*1,0*0
010009.0.19.0.8.0.0.0.1
010008.1.0.0.0.0.0
010087.0.0;0.0.0.0.0
011001.1.0.3.*4
013001.1.0.1.*4021001,11*1.11*0.11-1.0*0,0*0.1 0310 02,12*1.12*0.12«1.12*0.0*0,2 
0210 03.1S*1.13*0.13>1.13*0.0*0,3 
0210 04,14*1.14*0.14-1.14*0.0*0.4 022 001.21*1.21*0.0*0.0*0.0*0.1 0220 02.22*1.22*0.0*0.22-1.0*0,2 
022003,23*1.23*0.0*0,23-1,0*0.8 
022004,24*1.24*0.0*0.24-1.0*0,4 
090101.1*0.9 
090201.1*0.8 
050301.1*0.2 
060101.1*0.8 
060301.1*0.10 
060301.1*0.1 
080001,1*2.4 
P11001,l*1.4 
212001,1*1.4 
*01000,9.8
8 0100l,1.0.9,0,8,4,0.3,2,7.1.1,2.3;9,1.0.1.6,7 
*02000,8.10
8 02001,1.0,8.0.10.2.2,6.2,9.1,2,3,8.9.1,4.9.3.4
*02002,3.2.6.6,9.1.3.9.7.8
*03000.3,1
803001.1.0.2.0.1
170001.1.10.0.10.0.0.0
170002.1.20.0.0.8.4.0
170003.1.30.0.12.6.5.0
170004.1.30.0.11.2.2.0
170009.1.30.0.9.3.3.0

12004000* PD006 BADWl. 10-21-64 10|7262

O-VjO



O'■p-

* Pn0*6 SAMPtr PRCBLEH POP WAPD-TM-477 ipnoiono* POOD* Saowl ia-2i*»4 inl7j«3

PRPBLEk type • EIOFNVALUr 
lOJOINT ; MO
MEfM IMPRVAL* • CtNTlMETEPS
total AUhBER op OPOUPS . 2

NUHBEP OP thermal croups ■ 1
muhBER or material COMPOSITIONS • A
NUMBER OP EDIT REGIONS • 0
col'Uhn Boundary • is
ROM boundary • 8

BItGONAL COLUMN ■ 10
ROM 0 ROimOAPY CONDITION ■ SYMMETRY
eOL’UMN 0 BOUNDARY CONDITION • SYMMETRY
ROW R ROUNDARY condition • SYMMETRY
eoL'UMN AS Boundary condition . symmptpy

Input eirenvalue ■ 100000*001
EPSlLON i and I  • 100000*001 000000*000
CMI VAI UPS • 10 0000*001 000000*080
REJEDIT : NO
Input dhpck • no

EDIT 1 PIGURES 01
RESIONS 02 03 04

EDIT 2 PIGURES 01
REGIONS 01

EDIT 3 PIGURES 01
REGIONS 02

EDIT 4 PIGURES 01 
REGIONS 03



* PDQ-6 SiMpLt PPOBLEm FOR WAPD-TH-47T

FDTT 5 FIQLiPrS 01 
REQTOFS 04

1P00400CIS POQOt e*DWL 10-21-64 lO^TjOS

BASIC FIRUPC 
INTFRUAL 

{00000*000 
INTFRuAL 

100000*000

COL

s
ROM

SASIC risURE 
INTFRVAL 

100000*000 

Interval 
{00000*000

COL
8

ROW

10

BASIC FISURE
Interval
{00000*000
INTERVAL
{00000*000

COL
2

ROW

1

final initial INITIAL ORIGIN ANGLE Or REFLECTED
FlOliRP COMP FI8URE edit PIOIIRF * . V ROTATTOm 0 n OI 1 YES

1 10 0 10 0 0 0
1 20 0 0 8 240 s
1 30 0 12 6 300 «1 30 0 11 2 120 0
1 30 0 9 3 180 0

O'Ui



O'O'

PDO-6 S*HPLt PROBLIM POP WAPD-TM-47T 1P0040I)0$ POOD* etOML 10>21>44 1017284
COMPOSITinn OVERUY

010 Oil 
000 008

012
000

013
000

014
000

on
000

000

OOP
000

008
000

007
000 01

006 4 01
OPD •

• 01
no9 * 01
noo • «

• 01
004 • 01 01
000 • •

• 01 01
003 « 01 01
000 • • •

* 01 01
002 • 01 01 
000 • * y*— 4

01r—♦-
• 01 OJj 02

« 01 01 01 01 01 4
* 01 01 01 01 01 014

« • • « 4 4 4 001
01 01 01 01 01 01 4

01 01 01 01 01 01 014
• »— r -4— 4 4 4

01 01 04 04 01 01 4
01 01 04 04 Di\ 01 014

• ' « 4-4- 4
01 01 04 01 04 01 01

01 01 04̂ o u 04^ 0!
4

o M o:̂ 01 04 01 04 01

001
000

* 01
000
000

* 01 
• 01 01

004

01
01

* 01 01 \ 02 \ 01/ 0»/• 01 Ol\ 02// 02 / 01
0 0 1 4  •

• 01 01 V 02 02/ 01
* 01 Ol\ 02 /  01 01

002 4
4 01 01 V 02 V 01 01
4 01 01/ 02/ 01

003 4 4 /  / 4 4
4 01 01 \  02/ 01 01*

01 4 0
4 4 g

01 4 
01 4 003

oga
014 
4 002 
4 008

008

4 01 oil 
004 4 4 \ /

4 01 01 01
4 01 01

009 4 4 4
4 01 PI
4 01 01

006 4 •
4 01 014
4 01 4

007 4 «
4 014
«1 4 OOQ

006 4 ooa

01 014
4 005

01 4
01 4

4 • 006
01 4

01 Ol 4
4 4 007

01 Ol 4
01 Ol4

008
Oil
008

0 1 2
008

014
n08

on
008



* PBQ-6 SAMpUt PROBLEM FOR WAPD-TM-477 lp«a40''0« "0Q06 C*nwL in -2 1 -64  m.7?S6

RROUP eoMP n RI«M4 4 SI8MA R MU St QMa F M SIGM* F BUCKLIMS

1 1 110000*001 110000*000 110000*001 000000*0"0 000000*000 100000*002
i 2 120000*001 120000*000 120000*001 12"0»0*0"0 170000*000 100000*002

3 130000*001 130000*000 130000*001 1 3O0o0*0''O lT0O0n*O0O 100000*002
t 4 140000*001 140000*000 140000*001 1 40 0’'0*0''0 140000*000 100000*002

ORflUP OOm P n RIRM4 A STGMA R MlJ STQMA F M SI8MA F R'IC41,IM9

t 1 210000*001 210000*000 000000*000 00OQn0*0O0 000000*000 100000*002
2 220000*001 220000*000 000000*000 220000*001 270O0O.O01 100000*002

» 3 230000*001 230000*000 000O0O*O00 730000*001 230O0O.O01 100000*002
f 4 200000*001 240000*000 000000*000 74o0oo*0oi 240O00.001 100000*002

O'
-<3



uoot«iisgszaVQIHtlfiOe*gt»8k a •Sd3 oogaiictosz a 'nIwggga9£iBfiza•x*wX0ga986£g aAytXa

tOU«»at*Z£a«W8IS0 > 32bS3a eoO'TKgyg » 'iB3 *MOItgggaggogotaWbONxggaggggx aoixy«

«ug>bfuoe£ a (bOB'toaiTiiia9gga9axbO£a(X)b1 anobb

(UB*a»ateT a (£03*;oo)»ii3aggo-ggzggfa(X)bX anoub

9 ivoxxybaxxaagnu

ggufiiSQsea»a»b»i£OB-»Zl£^ a 'Sdi gggag^TOSZ a 'NlHgggaaagusza*XyNXggaX9XX8 aAyxxa

200*^glS£ZafWBIS0 a JdbbJa loo-tljiai d 'iSd yMGISggg«6a666taMbONxggaggggx aoixy«

zugahiaonz a (£zi'iog)*xiia£gO*XZB£SIa(X)b« anobb

ZUg*XO&0«Z a CXTt'tOO)yl13U£gQa£Zfi9»fa(X)bX angibb

£ iXOlXTbaXXaaxng

gob'ZbCisea*abb»i00U*£0g8B a 'Sa3 aOuagSibit » *NlMgggvzzzesza•x»wXggaX68X9 aAy^xa

iog-*«fizz6afHBIS0 a jjbujd OgOaE^uiT a *M01ggggaggg^^taHbUNxggaggggx aoixy«

z.ggarggz^z a (£Zi'iog)fiiaaxgg*6f6b8ga(X)b1 andbb

zggavtb6£E a (xta'tDoiyiiaatggaS9X8Saa(X)bX anixbb

z ixoxxrbaxxb3xna

uou*8bZzseafOthyigggag9x£> a 'taz zggaiT£a(9 * 'mhxggazzxa9xa• x*wxgg«i>8699 ■Ayyxa

OOOtDUOOOOaTHBIBg a 23bb3a oggauggjg a 'asJ vHbisggg*£389xzaNbONxggaggggx aoixyb

gggariyazt a (£Zl'tO0)«i 13ugggaTbgggga(X)bi ancibb

gggatgvtoT a (zt3'Tgg)*n3ugggaagggEaa(X)bI anobb

X Noxxtbaxibjxng

SiyOiiybJiX gz zrsgyg'x a igin tZ99a6X « V93h0£6XX»6X a xfb tanwbb

SNBlXybZiX gz 9k££ab‘> a nIm 9t6£>6X a yejHOX698V6X a xva Xanubb

1MUT3 »OOQ« »ObOrOue>bOi H21eObb llbNfS 9*0Qd *

tovO



* PnO-6 SAMPUr PRf'SLEM FOR WAPD-TM*477

ICI AREA

25)14757*000

78808312*000

73812159*001

82*72413-001

99*62794*001

QROUP 1

1-70 040005 ROOOA CAOWL

TNTE0R4TT0N FOlT 

NORMALIZATION FACTOR * 25927148*002 

flux INTEQPALS FOlLOWFO PY *! Uv AVFRAQES

10-21'*4 10.7437

001
001

10049276*000 
40013464*000

001
001

31931219*000
40010017*000

000
001

29449911*001
40001423*000

ODO
001

32920602*001
40014144*000

OQO
001

38126249*001
40022182*000

O'NO



ZuO*6&S6C«6U
Zotl*00ii0i96
ZU0«g6S«̂£Z6

tijhvd hoj jcj Nyiiovdj dnudb 
xiu3 dJdUd QiiTdU3iNl

IdUTS 9U0Qd SOuOl'Ouei

UOU*»0«£gT66 j 0 u * d Q ̂ ̂ ̂ 0 6 6 
U0u'>£Z69£066 
OOU«»£Z9^066

0u0*9g6t>»90^
0u0*̂g02̂gZ£ 000*^Z6ZS49Z
TU0*0UOu09OT

T d'lOdS NOlXSVdJ HidOd iIU3

^ZVNl-adVd bOJ w31SJbd Jldwrs 9*0Ud f

O



< PnO-6 SAMPLt PRfBLEM fOR UAPD.TM.47T T>"(14n«01i P0OB» CADUU 18.Z1*«4 tn;7437 
INTrUBATEn abs or p t i o n E"IT 

BROUP PRACTION or total abs o r p t i o n rOLI.OWEO BY 9°0”P rRAOTTON or EBIT ABSORPTION
EBIT

i
ABSPRP, rRABT, 

Z740T914.000

72B9ZO(>6*Ono

73»4»19Z.oni

89136849.081

11114608*000

OROUP 1

2B07040Z.OOO
91471399*000
6S9?0S90*n0O
90809610*000

67119234.001 
91137412*000
81688024.001 
91455804*000
10192676*000
91705230*000

23375115.001
85286007.001

66714961.001 
91903903i001
65269587.002
88625881.001

76288449.002
85441989.001
92193117.002 
82947703.001



iti)' V6U6U6U6

ceo*VZb6»Ti'Z cOO* k6>«6u6U6
ceu*k9h8ZTrZ cOu* k6u6tf6il6
cOb* >e*£»Xk:Z eOo* k6u6U6u6

OuO«080tZ88e 0U0*t60606l)6
OUO«8£Z1Z88Z 000*16060606
Ouo*6eceio6£ 0u0*l6060o06
000*Co1ZZ6»Z
000*16060606

000*0Zy£806Z
000*ZRl8iei6
ooo*oZy£yORZ
000*Zg19(S16
uoo*ozy£80bz 000*2918(816
000*OZy£909Z
000*29(91916

HOb

000*10£2020I>

000*10£20201*

000*10£2020t-

0o0*10£20201*

•XSHb *aNl ‘<(8

1
6t0]

012£*2;o1 »»*1Z*01

Z 1 bnobu

JAiiilJbJj X *6 QjXoHOi A11N12M X 

tllUi 3Aii32Jj] X a^f 'AilNliM X 'UNIIXSna it«3UNJd3QM*dllOaU 1»iUi 
nMb«a yooQd lOoOroozi Azy-Hi-advn «0i diieotid zidwos 9*ou2

Oi



* Pno.6 StMPLf PRTBLEM FOP WAPD*TM.47» l»"040no* PBOOP CAOWL 10*21*«4 10;7«S7 11

triT
9
9
A
P

1308P0P2*0ni
ll{)0('(ini)*oni 12PO"Ono*OCl 
ISOOPOnOAOOl 14 0 0 n 0 n 0 p 0 01

SinMA A

l30«8nB2*noniionopon̂ noni?ppopon»f'OP
i3ooopon*oo"
14000000*000

FLUX KF18HT FDIT
opnup 1

ST8«* P

1308*082.0''! 11 n 0''0 0 0 - 0 •'1 1 ? n 0''0 0 0 - 0 " 1 
1 3 0 0 n 0 0 0 • 0''1 14 0 0 0 0 0 - 0''1

MU STSMA F

13088082*000
o''oonooo*ooo
12000000*000
13000000*000
14000000*000

BUCkLTMS

29i8684(*o00 
• 1 1 ' 0 0 0 0 0 * 0 0 0  
29202837*000 
29* 87790*000 
?9i75419*000

\jO



iQ0’9699H6t
e00>«fi'[S8t:0y ega*ŷii8E>.lT eoo*SK&9a6i£- Z0U«C8Z&ZiiZ9
ONilMsns

Toa*eogoooy2 ;00*0000g0£2 t0g«uoy00022 (iogiuououogo
1;OO>82£«b0CZ
J VhSlS HN

guO*ogOuOuOfi 0 u fi * 0 Q 0 g 0 u 0 a 0w0*0gQg0g0g 0 g 0 * 0 g 0 u 0 g 0 g 
ggO'rggogouog

tl VhOIS

000*00000092
gOg*OOuOOOE2
000*00000022 000*000000̂2 O0U*B2S9«O£2

1 VHSIB

100*00000092
100*00000012 100*00000022
100*00000012
100*82£«e0£2

2 dnuue 
iiQd iHoiJh xnii

21<6£y2to^ »9*ie*oi inava 90000 100090021

iIU3

A, 229*Hi*adVM dOi H31808d lldwTS 9-OOd 9



* PDO-6 SAMpur PSC8UEM fOR WAPD.TW.A77 U A O AOOO* PDOOA flADWL 10-21.*4 10’.7A4? IS

POTNTWISE AVPRAQP RQWEO 
2 3 4 A

<91294*00 0 91427*000 91494*000 99274*000 99391*000 99333*000
91289*000 91492*000 91980*000 91432*000 99360*000 99497*000 99910*000 99494*000
91192*000 91392*000 91529*000 91431*000 99349*000 99474*000 99953*000 99979*000
91038*0 0 0 91228*00 0 91370*0 00 91499*000 99279*0 00 994 42*000 99539*0 0 0 99584*0 0 0
90840*000 91013*000 99097*000 99246*000 99408*000 99493*000

vn



O'

I PDO-6 8*MPUf PRCBUEM FOR WAPD-TM-47F l»n04B00» PBQ06 OADWt lO-Jl-64 11)17445 14

POINTHISE 4VFR40P PQWfU 

10 11 18 13 14 io
0
1
9 10696*001 10704*001 10701*001
3 10705*001 10717*001 10717*001 10711*001
4 10720*001 10729*001 10728*001 10713*001
9 10726*001 10729*001 10729*001 10708*001
« 10722*001 10724*001 10718*001 10699*001
7 10710*001 10704*001 10686*001
8

END DF OUTPUT
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