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MULTI-KENO: A Monte Carlo Code for Criticality Safety Analysis

Yoshitaka NAITO, Masahiko YOKOTA and Koh NAKANGO*

Division of Nuclear Safety Evaluation,

Tokail Research Establishment, JAERI

(Received February 21, 1983)

Modifying the Monte Carlo code KENO-IV, the MULTI-KENO code was
developed for criticality safety analysis. The fellowing functions were
added to the code; (1) to divide a system into many sub-systems named
super boxes where the size of box types in each super box can be selected
independently, (2) to output graphical view of a system for examining
geometrical input data, (3) to solve fixed source problems, (4) to permit
intersection of core boundaries and inner gecmetries, (5) te output ANISN
type neutron balance table.

With the above function {1), many cases which had to be applied a
general geometry option of KENO-IV, became to be treated as box type
geometry. In such a case, input data became simpler and required computer
time became shorter than those of KENO-IV.

This code is now available for the FACOM-MZ00 computer and the CDC

6600 computer. This report is a computer code manual for MULTI-KENO.

Keyword: Monte Carlo Code, KENO-TV, MULTI-KENO, Criticality Safety,

Super Box, Computer Ccde Manual
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1. Introduction

The configuratibn of facilities treating fissionable materials
outside reactor is, in many cases, so complicated that criticality
safety evaluation for them is often performed by Monte Carlo codes,

One of the most popular Monte Carlo codes for criticality evaluation in
Japan is KENO—IVIJ developed at Oak Ridge Naticnal Laboratory (ORNL) .

In this code, built-in routines are prepared for calculation of a simple
rectangular lattice system named a box type system. With these routines,
input data become simpler and required computer time become shorter than
those with a general geometry option which is applied to non-rectangular
lattices. When stacking bex types, the adjacent faces of adjacent box
types must be the same size, So that, few systems are, in general,
composed of box types. Most are indeed not composed of box types but
many of them can be devided into several sub-systems named super box
types each of which is composed of box types. For such systems, KENO-IV
treats them as general geometry. Attaching the additional functions to
the code for combining each sub-system, the systems belonging to the

above cases become to be treated as box types with built-in routines.

Performing a few other improvements to KENO-IV as well as the above,
the MULTI-KENC code has been developed, which is now available for the
FACOM-M200 computer and the CDC-6600 computer. The code is now entered
into the criticality safety evaluation code system JACS2) developed at
Japan Atomic Energy Research Institute. In additioen to functions of

KENO-IV, MULTI-KENO has following functions.

(1) - A system is divided into sub systems (super boxes), each of which
may contain a different geometrycal configuration. Some super boxes are
divided into many boxes. When stacking boxes, the size of boxes in each
super box can be selected independently. By introducing several super
box types, it becomes easy to specify the geometrical region with the box

type identification.

(2) 1In order to examine geometrical data, arbitrary cross sectional view
of a system can be output. Two kinds of graphic outputs are available,
One may be in the form of a graph produced by a plotter, a trace omn a
cathode - ray tube like TEKTRONIX 4014, or a microfilm photographed by

G~-COM. Another may be in the form of a print by a line-printer.
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(3) MULTI-KENO can solve not only eigen value problems, but fixed
neutron source problems. Two kinds of fixed neutron scurce, point

source and distributed source are applicable.

(4) Intersecting geometrles are permitted. In KENO-1V, if core
boundaries intersect an inner geometry, calculation is stopped, but it
cccurrs frequently in calculation of transport casks. Then by introduc-
ing this function, transport casks can be treated easily without using

the general geometry option'of KENO-IV.

(5) 1In order to evaluated precision of a calculation result, the neutron
balance table is added to the output list. This table contains fixed
source, fission source, inscattering, outscattering, absorptions. leaKages,
killed neutron ratio, and borm meutron ratio in each energy group and

each geometry region. And the format of this table is similar to a out-

put list of the ANISN code3).
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2. Feature of MULTI-KENO
2.1 SUPER BOX

In geometrical definition of a system, KENO-IV is characterized
by existence of geometry key words and box type descriptions, The
geometry input for KENO-IV comnsists of geometry key words representing
simple types of three-dimensional configuratioms., A geometry shape
defines a region. These regions can be nested cone outside another to
construct a desired object. Each region must be completely enclosed by
the next larger region. This ﬁrocedure is used to describe box types,
each of which may contain a different geometry configuration. The box
types can then be stacked to form a three-dimensional array of units.
When stacking box types, the adjacent faces of adjacent box types must
be the same size. Therefore, a system shown in Fig. 2.1 can be not be
defined by using box types. A general geometry option must be used in
this case. Generally speaking, handling of this option is not easy and
needs more time for calculation.

SUPER BOX type is an extension of BOX TYPE, A system is divided
into any number of SUPER BOXes. A SUPER BOX is divided into many BOX TYPEs
similarly. A geometry defined by BOX TYPEs is the same as that of KENO-IV.
By introducing the SUPER BOX concept, the adjacent faces of adjacent box
types are not necessary to be the same size, if they are contained by
different SUPER BOX each other. Availability of the code is increased
by this extensiocn.

Examples of MULTI-KENO geometry are shown in Figs. 2.1 and 2.2,

The system shown in Fig. 2.1 is divided into two SUPER BOXes. The upper
SUPER BOX consists of four boxes. The lower one consists of twenty
boxes. The size of the BOX TYPE included in the upper SUPER BOX may be
determined independently of the box type included in the lower one.

Fach SUPER BOX is encliosed by CELL BOUNDARY similar tc the CORE BOUNDARY
of KENO-IV. An array of the SUPER BOXes is enclosed by CORE BOUNDARY.

A system shown in Fig. 2.2 is also divided into two SUPER BOXes. The
upper SUPER BOX consists of eight boxes. The lower one consists of four
boxes. The CELL BOUNDARY of each SUPER BOX is enclosed by cylinders
doubly, and each ocuter cylinder is enclosed by parallelepiped.

As shown in these examples, a geometry defined by a SUPER BOX is
gimilar to the inside of CORE BOUNDARY in KENO-IV. A CELL BOUNDARY
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defines outline of the array consisted by box types. A CORE BOUNDARY
devines outline of the array consisted by SUPER BOX similarly.

A SUPER BOX description is almost the same as the BOX TYPE, but must
be added a number of BOX TYPEs contained, and a number of units in the
x, v and z direction of the array. Usually a SUPER BOX is used together
with CELL BOUNDARY. If only single SUPER BOX is used, CELL BOUNDARY
card is not needed.

It is possible for MULTI-KENO to have a combination of BOX TYPEs and
a general geometry option. The general geometry cpticn is treated as one
of super box types. ‘

Table 2.1 and 2,2 are typical card input data of the gecmetries
shown in Figs. 2.1 and 2.2.

MULTI-KENO can define multiple array structure by using SUPER BOX.
This extension brings about decreasing computation time and input data
compared with the general geometry option of KENO-IV. The modified
parts of KENO-IV routines for this extension are essentially geometry
data treatment section in KENOG and neutron tracking section in BEGIN.
The simplified neutron tracking flow in BEGIN is shown in Fig. 2.3. A
characteristic computation time by MULTI-KENO and KENO-IV is shown in
Figs. 2.1 and 2.2, The average computation time decrease to about 1/3,
and the difference between MULTI-KENQ using SUPER BOX and KENO-IV using
BOX TYPE are a little.
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CARD 1 2 3 4 5 6 7 8
SEQ,----5~--=0-=-==-5--=-=0----5----0Q=r=r5-=---0----5----0---~5----0~-~--5----0----5----0
1 SUPER 1
2 x* PARAMETER CARD
3 2.3 103 300° 3 156 6 6 2 22 2 1 2
[ 3] 0 0 20 0 0 4} ¢ 0 0 0 0
5 =xMIXING TABLE
6 1 ~-92500 4£.48006-2
7 1 22800 2.65780-3
8 1 22400 4,.82700-4
g 1 92600 9.57000-53
10 2 1101 8.25810-2
11 2 &100 3.97020-2 .
172 *%x* GEOMETRY CARD AND WEIGHTS. *kkkkdxx k kAKX XX KX KK EXEERKX XX AT XXX B AT XL XX AR A KT XXX
13 SUPER BOX 1 2 4 2 1
14 BOX TYPE 1
15 IHEMICYL-X 1 5.748 5.38B25 -5.3825 1620.5
16 CUBOID o] 0.0 -5.748 5.748 -5.748 5.3825 -5.3825 14620.5
17 CUBOID 9] 0.0 -7.58% 7.585 -7.585 7.22 -7.22 16x0.5
18 BOX TYPE 2
19 IHEMICYL+X 1 5.748 5.3B25 =-5.3825 16%0.5
20 CUuBQID 0 5.748 0.0 S.748 -5.748 5.3825 -5.382% 16x0.5
21 CuB0lID g 7.585 0.0 7.585 -7.585 7.22 -7.22 1620.5
22 CELL BDY 0 15.17 -15.17 15.17 -15.17 7.22 -7.22 16+0.5
23 CYLINDER 0 23.3 7.22 -7.22 146x0.5
24 CYLINDER 2 24.0 7.22 -7.22 16x0.5
25 CUBOID ¢ 24.5 -24 .5 24.5 24,5 7.22 -7.22 16x0.5
26 FE YR X N R E TR E X E R XX R R E I I RN ET R LR EX K NER AR RO XXF R T R R R kb kX
27 SUPER BOX 2 2 2 2 1
28 BOX TYPE 1
29 CYLINDER 1 5.748 5.3825 -5.3825 16x0.5
X0 CUBOID 0 5.748 -5.748 5.748 -5,748 5.3825 -5.38¢25 16%0.5
31 CUBOID 0 7.585 -7.585 7.585. -7.585 7.22 -7.22 16*0.5
32 BOX TYPE 2
23 CYLINDER 1 5.748 $.3825 -5.3825 16%0.5
34 CUBOID 8} 5.748 -5.748 5.748 -5.748 5.3825 -5.3825 16x0.5
X5 CuBOlIb 0 7.585 -7.585 7.585 -7.585% 7.22 -7.22 160.5
36 CELL BDY 0 15.17 -15.17 15.17 -15.17 7.22 -7.22 16*0.5
37 CYLINDCER 0 23.5 7.22 -7.22 16*x0.5
38 CYLINDER 2 24.0 7.22 -7.22 16+0.5
3% CUBOLD 0 24.5 -24.5 24.5 -24.5 7.22 -7.22 16%x0.5
40 CORE BDY 0 49.0 -49.0 24.5 -24.5 14,44 14 44 16x0.5
41 CUBOLD 2 50.0C -50.0 25.0 -25.0 14.94 -14.94 16*0.5
L2 1 1 5 2 1 2 1 1 1 1 0 2 2 1 2 1 1 1 1 1
43 1 1 1 1 1 2 1 1 1 1 0 2 2 1 2 1 1 1 1 1
L4 1 1 1 1 1 1 1 1 2 1 0 2 2 1 1 1 1 2 1 1
45 0
46 1 8]
L7 -60.0 30.0 5.0 60.0 -30 5.0
48 1.0 0.0 a.0 0.0 1 0.0
4% 118 98 0.0 0.0 3
50 1 1
51 -60.0 30.0 5.0 650.0 =30 5.0
52 1.0 0.0 0.0 0.0 1 Q.0
$3 118 98 0.0 0.0 1
54 o] 0 .
S5 END KENO : '
mee=§e-—=0====5-c=-Q====§--—-0====§--=-0--~-5-—-~0====5~----0-==~5--==-0----5----0

Table 2.1 Typical card input data of the geometry shown in Fig. 2.1
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INPUT DATA IMAGE LIST




Table 2.2 Typical card input data of the geometry shown in Fig. 2.2

2

JAERI-M 83-049

INPUT DATA IMAGE LIST

8

CARD 1 3 4 5 4 7

SEQ@.w—-r-5-n==Q-n-=5c-nQe==-Gm=e=0==r=§=-==f---=5-==-0--=-5----0Qu~~=5-=---0----5-+~--0

1 SUPER 2

2 2.5 103 300 2 16 6 é 2 6 18 2 2 1 1

3 4 0 0 30 0 0 0 0 0 ¢ 0 0 0 0

4 1 -92500 4.4B006-2

s 1 92800 2.65780-3

& 1 92400 4.B2700-4

7 1 G2600 9.57000-5

8 2 1101 8.25810-2

9 2 6100 3.97020-2

10 SUPER BOX 1 2 4 5 1

11 BOX TYPE 1 S

12 CYLINDER 1 5.748 5.3825 ~-5.3825 16%0.5
13 CUBOID 0 5.748 -5.748 5.748 ~5.748 5.3825 -5.3825 16%0.5
14 CUBQILD c 7.585 -7.585 7.585 -7.585% 7.22 -7.22 1620,5
15 80% TYPE 2

16 CYLINDER 1 5.748 5.3825 -5.3825 16%0.5
17 CUBCID 0 5.748 -5.74B  5.748 ~-S5.748 5.38B25 -5.3825 16%0.5
18 CUBOID 0 7.585 -7.585 7.585 -7.585 7.22 -7.22 16%0.5
19 CELL BDY 0 30.34 -30.34 37.925 -37.925 7.22 -7.22 16%0.5
20 CUBOID 0 30.34 -30.34 37.925 -37.925 7.22 -7.22 16%0.5
21 SUPER BODX 2 2 2 2 1

22 BOX TYPE 1

23 CYLINDER 1 11.496 5.3825 -5.3825 16%0.5
24 CUBCID 0 11.496 -11.496 11.496 -11.496 5.3825 -5.3B25 16%0.5
25 CUBOID 0 15.17 -15.17 18.9625 -1B.9425 7.22 -7.22 16+0.5
26 BOX TYPE 2

27 CYLINDER 1 11.4%96 5.3825 -5.3825 16%0.5
28 CUBOID 0 11.496 -11.496 11.4%96 ~11.496 5.3825 -5.3825 1620.5
29 CUBOID 0 15.17 -15.17 18.9625 ~18.9625 7.22 -7.22 16%0.5
30 CELL BDY 0 30.34 -30.34 37.925 -37.925 7.22 -7.22 16%0.5
31 CUBAOID 0 30.34 -30.34 37.925 -37.925 7.22 -7.22 146x0.5
32 CCRE BDY D 60.68 -60.68 37.925 -37.925 7.22 -7.22 16=0.5
33 CUBOID 2 61.18 -61.18 38.425 -3B.425 7.72. -7.72 16%0.5
34 1 1 3 2 1 5 2 1 1 1 o0 1 *2 4 2 2 & 2 1 1 1 0

35 2 2 & 2 1 2 1. 1 1t o 2 1 3 2 2 4 2 1 1 1 1

& 1117 1 1 1 1 1 1 1 o0 1 2 2 1 2 2 1 1 1 1 0

37 2 2 2 1t 1 1 1 1 1 1 0 2 1 1 1 2 2 1 1 1 1 1

38 11 1 1 1 1 1 1 1 1 0 2 2 2 1 1 1 1 1 1 1 1
39 0
40 1 0
41 -61.18 38.425 5.0 61.18 ~-38.,425 5.0
42 1.0 0.0 c.0 0.0 1.0 0.0
43 96 100 0.0 0.0 1
44 101
45 -41.18 38.425 5.0 61.18 -3B8.425 5.0
L6 1.0 0.0 0.0 0.0 1.0 0.0
47 94 100 0.0 0.0 1

L8 0 0

49 END KENO

Q) e ~afe—eeeQ====5-===0--=-5--==0====5§==--0--=-5----0-===5----0----5-~--0



JAERI-M 83-049

PATH

INNERMOST
IN BOX

b
@]
m
= o =
Q < o
m @0
b
% a4 o o
[, (@] o (@]
2 > & %
i o ] G
m % o
%3 o w a4
5 = =
w By = o
o] E o]
z 5] 137}
=~ 5]
&) &)
o b= = Z
o = = Lo
B o B
wv = - 3]
5 & >
151 9] 25}
INWARD
CROSSING

TRANSX

b
Q
jan}
g IN
o, e
- 2 REGION
m
=1 5]
% 14
1 o] &3
o 53] Q
o
O = |6
XSEC = - E
— i
&
=
=%
I

LEAK FRCM SYSTEM OQUTSIDE

SYSTEM

STAY IN CORE

wExT )

. NEUTRON

Fig. 2.3 Neutron tracking flow



JAERI-M 83-048

2.2 Fixed Source Problem

The fixed source problem option is one of improvements in MULTI-KENQ.
It is possible to solve this-problem with three-dimensional geometry-
strictly, which is the same input geometry as one used for a criticality
prablem.

Two kinds of fixed neutron source problems are available. One is a
point source problem and another is a distributed source problem. It is
allowed that a number of point sources or distributed sources are
specified, and that both of them are used together. The energy spectrum
is given regionwise, whether in‘a point source problem or in a distributed
source problem. -

The fixed source problem option is excuted in each one generation
which is a period between neutron birth and death, In an execution of
one generation, a calculation may be stopped at any Nth fission points.
A specification for an order of fission points is the same way as the
outer iteration limit which is used in common neutron transport code
ANISN or DOT-3.5. A neutron flux distribution in a system is estimated
by an average value of the calculation results from several generations.
The initial fission neutrons must be specified at least over 10", other-
wise it may be obtained Insufficient results.

The flow of the fixed source problem option is shown in Fig. 2.4.

A sample problem of this option is executed with a simple Th metal
sphere model (see APPENDIX A). The results by MULTI-KENC shown in

Fig. 2.5 are obtained good agreements with those of ANISN.
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Fig. 2.5 Comparison of neutron flux distribution in Th sphere
between ANISN, MORSE and MULTI-KENQ
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2.3 Intersecting Geometry

A criticality analysis of a transport cask is an important problem
in the field of criticality safety analysis. In the analyses, particu-
larly large type PWR or BWR transport cask, it is often occurred that
the regional intersecting treatment are needed.

In KENO-IV 1f CORE BOUNDARY intersects with inner geometry, a cal-
culation is stopped due to error. Usually these geometries are used to
take several approximations or to take the general geometry option. If
the approximations for geometries are done, a precision of the calculation
results becomes worse. The treatment of the general geometry option is
ordinally difficult. Therefore, MULTI-KENO is permitted to define the
intersecting geometries.

In MULTI-KENO, it is available that outer regions of CELL BOUNDARY
intersect with outer regions of CORE BOUNDARY, but each previous outer
region must include an inner region without intersection.

This extension is accomplished by the following procedure;

(1) After crossing the CELL BOUNDARY outward, the region is checked

whether it is intersected with outer regions of CORE BOUNDARY.

(2) 1If an intersection does not occur, it continues a normal neutron
tracking procedure. If an intersection occurs, neutron coordinate
is transformed to an intersecting reglon from an intersected
region, then the tracking procedure continues the same treatment

as before.

An example of transport cask configuration is shown in Fig. 2.6,
This model consists of eleven SUPER BOZes and the corners of four SUPER
BOXes are intersected with the outer region of CORE BOUNDARY.

MULTI-KENO prints out intersected SUPER BOX numbers with negative

signs description of mixed box array.
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CORE BDY

|

] 17— CELL BDY

Fig. 2.6 Transport cask configuration
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2.4 Graphic Processing

It is possible for MULTI-KENO to define a complicated geometry
without using the general geometry option. A definition of a system
such problems as experimental analysis of triangular fuel lattice need
many input geometry data and much preparation time. These data are
complicated one naturally. Tt is difficult to prepare exact input
geometry data, and incorrect data are frequently made.

In order to check input geometry data, the graphic processing
option is added to MULTI-KENO. Two kinds of outputs are available., Omne
is in the form of a graph produced by a plotter, a graphic display or a
microfilm photographed by G-COM, Another is in the form of 2 print by
a lineprinter.

It draws arbitrary two-dimensional slice through the geometry with
arbitrary area of it. The graphic processing flew is shown in Fig. 2.7.
In this flow chart PLOTER routine draws oﬁ a plotter, a graphic display
or a G-COM, and PRINT routine prints out printer plot.

The sample outputs from PICTUR are shown in Fig. 2.8 and Fig. 2.9.
The former is drawn for sample problem GENRL-1 and the latter for sample
problem SUPER-2 (see APPENDIX A).

The addition of this function has raised availability of MULTI-KENO

code.
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( START

Set input/output devices to 5 and 6.
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I/0 : Picture coordinates upper left and

lower right corner.

II/O : Direction numbers for U and V axes.

I I/0 : Interval number and size.]

Where both upper left and lower

; ; : —— YES —¥ Calculate
right coordinates gilven . DELU given
NO NU or NV
NCK=1 given DELU
repeat for V

IUse input DELU or DELV values and NU, NVJ

l PRINT
<::>é—INCT>O -———~—{_Is there another geometry input ?

Fig. 2.7 Simplified graphic processing flow
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2.5 ©Neutron Balance Table

In order to evaluate a precision of calculation results, neutron
balance table editor is added to MULTI-KENO. The output format is the
same as the format uséd by neutron transport code ANISN.

In KENO-IV, the leakage, absorptions and fissions are printed by
energy group and may be further divided by geometry region, It is not
enough to evaluate a precision by these printouts. The followlng items

are printed by the editor;

(1) The fixed sources, scatterings, absorptions, leakages, current,

fissions, fluxes and balance by energy group and geometry region.

{(2) The fission sources are neutrons, which are caused by Russian-

roulette kill or splitting.

It is possible to determine neutron balance in every geometry region
by these informatioms. After a calculation, the following confirmation

is available;

{1) whether fission source distributions agree with input neutron

spectrum,

(2) whether the sum of total leakage and absorption cleose to 1.0 if

albedos are not utilized and severe weighting is not imposed,

{3) whether the ratio of a total killed neutron to a survived

neutron close to 1.0,

(4) whether all neutrons are traced throughout every geometry region

and energy group.

If the general geometry option is used, neutron fluxes and leakages
are printed as a volume integrated value, The leakages and currents are
edited by surfaces in every geometry region. The items of neutron balance

table are the following;

(1) Fixed source :  FIXSUR(IG,K) = FIXSUR(IG,K) + WT
(2) Fission source : SOURCE(IG,K} = SOURCE(IG,K) + WT
(3) In-scattering : INSCT (IG,K) = INSCT (IG,K) + WT

{4) Self-scattering : SLFSCT(IG,K)
(5) Out-scattering : QUTSCT(IG,K)
(6} Leakage :  TLEAK (IG,K)

SLFSCT (IG,K) + WT
OUTSCT(IG,K) + WT
SLEAK (IG,K,7) + SLEAK(IG,K-1,7)

]

il
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(7) Balance :  BALNCE(IG,K)
(SOURCE(IG,K) + INSCT(TG,K) + WIBORN{IG,K))
/ (OUTSCT(IG,K) + FMABS(1G,K) + TLEAK (IG,K)} +
WIKIL (IG,K))
(8) Number of neutron kill :
IWTKIL(IG,X) = TWTKIL{TG,K)

+
=

(9) Total weight of neutron in kill :

WIKIL (IG,K) = WIKIL (IG,K) + WT
(10) Number of neutron split

TWTSPL(IG,K) = TWISPL(IG,K) + 1
(11) Tetal weight of neutron in split

WTSPL (IG,K) = WISPL (IG,K) + WT
(12) Number of neutron survive

IWTBRN(IG,K) = IWTBRN(IG,K) + 1.0
(13) Total weight of neutron in survive :

WIBORN(IG,K) WIBORN (IG,K) WTAVG(IG,K) - WT

+

il

{14) Number of neutron cellisien :

IWTSRV (1G,K)

il

IWTSRY (1G,K) + 1
(15) Total weight of neutron in cellision :

WISURV{IG,K) = WISURV(IG,X) + WT

IG : neutron energy group

K : geometry region

The neutron balance tables of sample problems are shown in APPENDIX C.
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3. Structure of Program

3.1 Alphabetical Subroutine Summary

ABC
This subroutine is called from BLINE and JOMBYE. It determines
coefficients of a gquadratic equation, and using these coefficients, a

point where a quadric surface and a straight line cross is calculated.

AJOINT
This subroutine is called from INPUT only if an adjoint problem
was specified. It inverts the cross-section data, the fission spectrum,

the energy bounds and the lethargy bounds in the proper manner.

ALBIN
1f albedo data is expected for a given problem, subroutine ALBIN is
called from KENO to read in the necessary data from cards or tape. It
then converts the data to usable probability tables.
ALBEDO is an entry point in ALBIN. ALBEDO returns the weight,
direction cosines and returning energy to subroutine BEGIN whenever a

neutron enters a face having an albedo reflector,

ALOCAT
This subroutine is called frem MAIN., It determines the maximum
storage available for a MULTI-KENO problem based on the amount of core

requested and passes this information to subroutine KENO.

ARAMOD
ARAMOD is the subroutine that calculates the new array size for an

array search problem. Tt is called from XXMOD.

AREAD
Subroutine AREAD is used to read card input data for MULTI-KENO.
AREAD reads alphanumeric character data. It is called from KENO, KENOG,
and MAKREF.
IREAD is an entry peint in AREAD. It reads free-form fixed point
(integer) data. IREAD is called from FILBOX, KENO, KENOG, MAIN, MAKREF,
START and XSTAPE.
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FREAD is an entry point in AREAD., It reads free-form floating
{decimal) data. FREAD is called from INPUT, KENO, KENOG, MAIN, MAKREF,
RDREF, START, and XSTAPE.

AZIRN
AZIRN randomly picks an azimuthal angle and returns the sine and
cosine of that angie to the calling program. AZIRN is called from

START, BEGIN and ALBIN.

BEGIN
Subroutine BEGIN is the main tracking routine for MULTI-KENO. It
consists of two concentric DO loops, the outer one running over the
number of generations and the inner one running over the number of

neutrons per generation BEGIN is called from KENO.

BLINE
This subroutine is called from GGLINE. It calculates an order of
surface, and determines a direction of processing in a calculating the

coordinates of crossing points.

BOX
This subroutine prints out the box type arrangement for each z-layer
in the box orientation array. It also checks the box orientation for
errors and prints out error messages for any errcrs it finds. BOX is

called from INPUT.

BOXLU
This subroutine is called from PLOTER. It stores a coordinate of

an origin and a geometry type for a fixed super box,

BOXLV
This subroutine is called from BOXLU. It stores a coordinate of an

origin and a geometry type for a bex type in a fixed super box.
CLEAR

Subroutine CLEAR is called from KENO. 1Its function is to zero an

array "A" that is of length "L",
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CLINE1
This subroutine is called from GGLINE. It defines maximumly 1000
straight lines on the two—dimensicnal slice of a geometry, stores the
coordinates, of the point where each slice and straight line cress, and

stores flags whether each crossing point will be pletted.

CRSCHK
This subroutine is called from INPUT. Tt checks whether a geometry

is intersected.

CORSIZ
Subroutine CORSIZ calculates the overall array dimensions and
checks to assure that the tangent faces of adjacent boxes are the same

size. CORSIZ is called from INPUT and XXMOD.

CROS
This subroutine is called from BEGIN and calculates all boundary
crossing information needed by BEGIN in tracking a neutorn. It does

both inward and outward boundary crossings.

DATIM
This subroutine determines the date and time, and returns them at
eight character alphanumeric data. DATIM is called from subroutine

MESAGE.

DTLIST
This subroutine is called from MESAGE. It prints a card input data

image after the header page,

DXX
This subroutine is called from CLINEl, GSIN and PLBOXZ. The co-

ordinate transformations are set up appropriate direction of axes.

EXPRN
EXPRN picks a randem number from an exponential distribution.

EXPRN is called from BEGIN.
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FHLPR
This subroutine is called from MESAGE to print eight block letter

characters acress a page.

FILBOX
Subroutine FILBOX reads the mixed box orientation data and stores
the three-dimensional arrangement of the box types used in a problem.

It is called from INPUT, KENOG, and MAKREF.

FINALE
This subroutine collects and prints fissions, absorptions and
leakages by region and energy group if so desired. It also prints the
matrix k-effective, cofactor k-effective, source vectors, the unit
interaction matrix and the interaction matrix by box type if requested.

Fluxes and fission densities are also calculated and printed. FINALE

is called from KENO.

FLTRN
FLTRN picks a random number between zerc and 1. FLTRN is called from

ALBIN, BEGIN, NSTART, and START.

FREAK
Subroutine FREAK is called by FINALE to print four frequency dis-
tributions for each problem. All k-effective, the last three-fourths,
the last one-half and the last one-fourth of the k-effective calculated
are used in the plots. The plots are scaled so they do not exceed the

page width,

FSIGN
This subroutine is called from PBLOC. It determines whether
boundary surface of BLOCK's and ZONE's are the boundaries of material

or regiomn.

GGLINE
This subroutine is called from PLBOX. It controls the plotting of

crossing lines for general geometry.
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GSIN
This subroutine is called from CLINELl, GSINCK, and PBLOC. It
determines whether each crossing point stored by CLINEL will be plotted
with calculation by LOOKZ about transition of MEDIA or REGION around

each crossing point.

GSINCK
This subroutine is called from CLINEL. It calculates a gradient
of a crossing line where a surface and a two-dimensional slice of a
geometry cross. If the gradient is less than 50 degrees, subroutine

GSIN is called.

GTISO
GTISO picks direction cosines from an isotropic distribution, and

is called from BEGIN and START.

IDPLUS
This subroutine is called from BLINE. It calculates an address

of the coefficients of equation for a surface.

IDSET
This subroutine is called from GGLINE. It stores the surface

number used for definiticon of MEDIA or REGION.

INPUT

This subroutine reads velocities from cards if they are expected.
It calls XSTAPE to read cross sections and AJOINT to invert cross
sections for an adjoint problem. INPUT creates and stores the macro-
scopic cross sections and probabilities used in the problem solution.
It sets the dimensions of the last general region equal to the outer
zone boundaries. It also checks to be sure the mixture numbers on the
geometry cards fall within the allowable range, and if a reflector is
present, it makes sure the core boundary exactly encloses the array.

INPUT is called from KENO,
IPSET

This subroutine is called from PLOTER. It prepares for the plotting

a region number at a divided area.
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ITIME
This subroutine is called from BEGIN and KENO. It gets execution

time measured in CPU.

JOMBYE
This subroutine is called from CLINEl. Tt calculates a crossing

point between a quadric surface and a straight line.

JOMCHK
Subroutine JOMCHK is called by KENO teo be sure that regions within
a given box type or the reflector do not contain intersecting surface.
Fach successive geometry region must completely enclose the one before
it except outter geometry than CELL BOUNDARY. They can have common faces
or be tangent, but they must not intersect except outter geometry than

CELL BOUNDARY.

KEDIT
Subroutine KEDIT is called from KENO after all the generations have
been calculated for a given pass. KEDIT calculates and prints the
average k-effectives and their associated deviation for the 67.95, and
99 ¥ confidence intervals, It also calculates and prints the number of

histories used in calculating each k-effective that is printed.

KENO
Subroutine KENO computes the starting indices for the data arrays,
prints the title and input parameters, calculates the amount of storage
locations required for the problem and the amount of storage left over.
It also directs the calling of the basic subroutines governing the flow

used in the solution of a prlblem.

KENOG
This subroutine reads and prints the geometry description of a
problem., If the automatic reflector option is invoked, it calls MAKREF.
It checks to be sure each geometry type encountered is a valied cone. It
also reads in the energy-dependent welght average for each geometry region
and calculates and stores the values of weight high and weight low. The
weights are printed out after all the geometry data has been printed.

KENOG is called from INPUT.
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LABL
Subroutine LABL is a printing subroutine. It prints from one to a
maximum of five sets of headings (two per set) across the page. Under
each heading is a column of up to 50 numbers. Each set of numbers
consists of an integer number and a fleating point number. LABL is
called from subroutine FINALE to print the source vector by unit and the

scurce vector by box type.

MATN
This routine prints the MULTI-KENO header page, reads title card
and parameters, sets up buffer space for the necessary input and output

units, and calls subroutine ALOCAT.

LEAK

This subroutine is called from BEGIN. It calculates current (J)

and scores leakage,

LOOKNZ
This subroutine is called from PREAD. It stores the sequence

numbers of ZONEs (NZ) which draw boundaries of BLOCKs.

MAKREF
Subroutine MAKREF is called from KENOG to calculate a reflector of
the desired material and thickness on the designated face. It supplies
the energy-dependent weights and weighting intervals, calculates all the
necessary regions in the reflector and applies the appropriate wieights

to each region.

MATK
MATK solves for the principal eigenvalue and eigenvector of a matrix
using an iterative technique. It is called from BEGIN to calculate
matrix k-effective and from FINALE to provide cofactor k-effective and

source vectors.

MESAGE
Subroutine MESAGE is called from MAIN to print the header page. It
is turn calls FHLPR, DATIM and DTLIST.
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MESH
This subroutine is called from PRINT and UNITS. It stores a

MEDIA number of a REGION number for general geometry type.

MESHU
This subroutine is called from IPSET and PRINT. It calculates a
position of a given coordinate on the two-dimensional slice in each
super box, and determines the super box type in which the given point

exists.

MESHV
This subroutine is called from MESHU. It calculates a position of
a given coordinate on the two-dimensional slice in each box type for
each super box, and determines the box type in which the given point

exists.

NSTART
NSTART is called from BEGIN at the end of each generation to provide
neutron starting positions for the next generation. This is accomplished
by adjusting the number of fission neutrons to be equal to the number per
generation by randomly repeating existing fission positions if too few

were stored in BEGIN.

PAXIS
This subroutine is called from PLOTER., It draws a frame, scales

and titles.

PBLOC
This subroutine is called from GGLINE. It determines a crossing
point where a straight line and a boundary surface of BLOCKs cross,

and stores a flag whether the crossing peint will be plotted.
PDYL

This subroutine is called from PLOTER. It calculates scaling

factors of the axes.
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PICTUR
This subroutine is called from KENQ. It controls flow of gecmet-

rical graphic processing.

PLBOX
This subroutine is called from BOXLU and BOXLV. It calculates a
size and coordinates of the origin for each box type and geometry type,

and draws a crossing line.

PLBOX1
This subroutine is called from PLBOX. It draws a crossing line of

a plane (lst order) except general geometry.

PLBOXZ
This subroutine is called from PLBOX. Tt draws a crossing line of

a surface (2nd order) except general geometry.

PLMSG
This subroutine is called from PLOTER. It draws the coordinate of
the input points which define the two-dimensional slice and mesh interval

used by CLINE-.

PLNO
This subroutine is called from IPSET. It draws material number of

region number in a divided area.

PLOTE
This subroutine is called from GGLINE and PBLOC. It draws lines
using the points stored by CLINE and PBLOC.

PLOTER
This subroutine is called from PICTUR. It controls graphic pro-

cessings by a plotter, a graphic display or a G-COM.

POSIT
Subroutine POSIT is called from START to determine which region in

a box a neutron at position x, y, z is in.
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PREAD
PREAD is called from GGLINE. It reads upper left corner and lower

right corner of a picture which defines two-dimensional slice.

PRINT
This subroutine is called from PICTUR. Tt prints out geometrical

picture on a line printer. PRINT controls these processings.

QUADRA
This subroutine is called from JOMBYE and PLBOXZ2Z. It calculates

solutions of a quadratic equation,

RDREF

Subroutine RDREF reads the reflector constants for an albedo problem,
stores the kind of albedo to be used on each face, and determines how
many different albedos are involved. It also checks to be certain that
the albedo key NXX is consistent with the reflector constants read in.
A message is printed starting how many differential albedos will be read,
whether albedos were used from the previous case, and the albedo 1D
number of the albedo that will be used on each face. RDREF is called

from KENO.

REA
Subroutine REA recorders the coefficients of the AMPX PO and Pl

transfer arrays to be compatible with KENO and is called from XSTAPE.

READSG
READSG is called from XSTAPE to read ANISN cross-section data from

cards.

RESTRT
Subroutine RESTRT is responsible for reading and writing restart
data. The restart data is read if the start type 1s negative, the start-
ing generation is incremented by 1 and control is returned to the calling
program, RESTRT is called from KENO.
WRTRST is an entry point in RESTRT. It is called from BEGIN to

write out and save restart data at given generation intervals so a
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problem can be restarted at the desired point without losing the
advantage of calculations that were already completed.

FINRST is an entry point in RESTRT. Tt is called from KENO if
restart data is to be read. It reads through the sets of saved restart
data until it finds the designated starting point, reads and stores that
data and checks to be sure the saved data is compatible with that
specified in the problem to be restarted. If discrepancies are en-

countered, error messages are written.

SAVE
This subroutine is used to write out data that may be used in a
subsequent case and to read in data from the previous case for use in

the current problem. It is called from INPUT and KENO.

SFLRAN
SFLRAN picks a random number between -1 and 1. SFLRAN is called
from AZIRN and GTISO.

SL.BABS
SLBABS is called from INPUT. It checks card input data of inter-

secting geometry and prints ocut error messages.

SOCINP
This subroutine is called from START. It reads card input data for

neutron source.

START

Subroutine START is called from KENO to provide the starting posi-
tions for the first genmeration of neutrons., Neutrons are allowed to
start only in fissionable material unless x, y, and z are gpecified, in
which case the neutron is started at that point. The starting positions
are chosen from the desired starting distribution, The allowable dis-
tributions include flat over the array, cosine over the array, an arbitrary
fraction started in unit N with the remainder started in a cosine dis-
tribution about unit N, all started at position x, y, z in unit N, all
started at position x, vy, z in box type M with a flat distribution over

units of box type M, a flat distribution in fissile material in units of
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box type M, and an arbitrary starting distribution in which alll start-

ing points are read from cards.

STORE
This subroutine is called from XSTAPE to store the ANISN one-
dimensiconal cross-section data.
STOREL is an entry point in STORE. It is called from XSTAPE to

store the ANISN two-dimensional cross-section data.

ST1D
This subroutine is called from XSTAPE to store the AMPX one-

dimensional cross-section data in the proper arrays.

BABLE
This subroutine is called from FINALE. It prints out the neutron

balance table.

TRANSX
This subroutine is called from BEGIN and START. It is a coordinate

transformation subroutine.

UNITS
UNITS is called from MESHU and MESHV. It determines a region number

where a given point exists.

VOLUME
Subroutine VOLUME is called from KENO to calculate and print the
incremental and cumulative volume for each region in each box type and
the reflector. It also calculates the total velume in the entire array
that is occupied by each region. VOLUME also makes simple checks to be
sure the input dimensions are not "wrong side out", that volumes do not
become negative, that each box type contain at least one region, and

that the last geometry region in every box type is a cube or cuboid.

WARR
This subroutine is called from INPUT and XSTAPE te print the two-
dimensional part of the input cross section data (microscopic cross

sections) and the two-dimensicnal probabilities for each mixture
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{(macroscopic cross sections that have been summed and normalized to

supply probabilities),

XSTAPE
Subroutine XSTAPE is called from INPUT to read and print the mixing
table and to read the appropriate microscopic cross—section data,
figsion spectra, energy levels and lethargies from disc, tape oxr cards

in the desired format (MULTI-KERO, AMPX, or ANISN).

XXMOD
Subroutine XXMOD is called from KENO. It calculates new dimensions

for specified geometry regions in a dimension search problem.

MULTI-KENO GENERALIZED GEOMETRY INTERFACES

The fellowing subroutines are called from KENO if a generalized

geometry region is encountered.

GEOM - determines track length and boundary crossing information

JOMIN - reads generalized geometry input data

TOKSET - initializes the generalized geometry routines with array
addresses.

LOOKZ - locates x, y, and z in generalized geometry.

3.2 Tree structure of program

Tree structure of MULTI-KENC program is shown in Fig. 3.1.

3.3 Subroutine reference table

Subroutine reference table is shown in Table 3.1.

3.4 Common area reference table

Common area reference table is shown in Table 3.2.

3.5 Overlay structure

MULTI-KENO is made intco overlay structure in order tc reduce main

memory required. Its structure is shown in Fig. 3.2,
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MAIN —— MESAGE PHLPR IAND
—[ IOR

DATIM -—— IOR

DTLIST

IOR

IAND

IOR

IAND

KENO —|--— TIMFAC

~— FREAD

—~— IREAD

— FINRST

— RDREF

— CLEAR

~— SAVE

— RESTRT

— FREAD

— IREAD

Enlulnms

— ALOCAT

— JOMCHK
— VOLUME
— ITIME

—— KEDIT

L— AREAD

Fig. 3.1 Tree structure of MULTI-KENQ

— INPUT —
— ALBIN —

—— START —-
— PICTUR —
— BEGIN —

— XXMOD —
— FINALE —

10
13

14
15
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1 —— INPUT —p— FREAD IOR
T IAND
| XSTAPE —— 2
-— AJOINT
- WARR
- KENOG ——— 3
— JOMIN —— 4
L FILBOX ——— IREAD
— BOX
| CRSCHK ——
+— SLBABS ——
L SAVE
L— CORSIZ
2 ——— XSTAPE —— IREAD IOR
_E IAND
— FREAD IOR
_—E IAND
— ST1D
-~ REA
L — WARR
I READSG
L STCRE
L— STOREL
3 -—— KENOG —— AREAD IOR
L

— IREAD —7:: ICR
IAND

—— FREAD IOR-
L
FILBCOX
MAKREF —r— FILBOX —— IREAD ——[: IOR

— AREAD —1:: IOR IAND
IAND

~-— IREAD -w[: IOR
IAND

N

IOR
IAND



4 ——— JOMIN : JOM13
"JOML6
JOM11
JOM12
5 —— CRSCHK -—— UNITS
§ —— SLBABS —— UNITS
7 —— LOOKZ JOM9

JOM6

JOMI13

8 —~-— ALBIN ——[ FLTRN
AZIRN

9 ———— START -—y— SCCINP

—— FLTRN
—— AZIRN

— GTISO
—— POSIT
— LOCKZ

— FREAD

— TRANSX
— UNITS
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L

|

A A A

|

10 —— PICTUR —]: PLOTER —E

PRINT —[

JOML3
JOM17
JOM13
JOM13

MESH
MESH

JOM13
LOOKZ
JICOMPL
JOM13

SFLRAN
FLTRN

FREAD

IREAD

SFLRAN
FLTRN

FLTRN
SFLRAN

IOR
IAND

MESH

BOXLU

IPSET
PLMSG
MESH

MESHU

—~——— JOM13

—— LOOKZ

LOOKZ

———— FLTRN

IOR
IAND
IOR
IAND

alie

——— FLTRN

—-— FLTRN

——— LOOKZ

—E PLBCX
BOXLV
——— MESHU

—— LOOKZ

a

11
PLBOX —— 1L
12,



11 —— PLBOX
12 —— MESHU
13 —— BEGIN

14 —— XXMOD ——[:

15 —— FINALE

-

L.
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GGLINE

-

UNITS
MESHV

START
FLTRN
GTISC

LOCKZ
EXPRN
LEAK
GEOM

CROCS
UNITS
TRANSX

ALBEDO ——E

NSTART ——
MATEK

ITIME
WRTRST

ARAMOD
CORSIZ

MATK
LABL
TABLE
FREAK

CLINEl ——
PLOTE
PBLCC

MESH
UNITS

n

FLTRN
SFLRAN

FLTRN

JOM4
JOM5S

]

JOM10

JOM6

MESH

FLTRN

AZIRN —I:

FLTRN

GSIN ——— LOOKZ
GSIN —[ DXX
LOORZ

FSIN —— LOQKZ

PLOTE

LOCKZ —— 7

MESH ——— LOOXZ

FLTRN

JOME —E JOM13
ICOMPL

JOM7

JOM9 -—-|: JOM13
LOOKZ

JOM13

ICOMPL

LOOKZ — 7

SFLRAN ——— FLTRN

FLTRN
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Table 3.1 Module cross reference table

Module name This module calls This module is called
following modules. by following modules.
ABC —_— BLINE
JOMBYE
AJOINT —_— INPUT
ALBIN FLTRN KENO
AZIRN
ALOCAT KENO MAIN
ARAMOD - XXMOD
AREAD IAND KENO
IOR KENOG
MAKREF
PICTUR
AZIRN SFLRAN ALBIN
FLTRN BEGIN
START
BEGIN START KENO
FLTRN
GTISO
LOOKZ
EXPRN
LEAK
GEOM
CROS
UNITS
TRANSX
ALBEDO
AZIRN
NSTART
MATK
ITTIME
WRTRST
BLINE IDPLUS GGLINE
ABC
BOX —_ INPUT
BOXLU PLBOX PLOTER
BOXLV
BOXLV PLBOX BOXLU
CLEAR _ KENO
CLEARS _— GGLINE
CLINE1 DXX GGLINE
JOMBYE
GSINCK

GSIN
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Module name This meodule calls This module is called
following modules. by following modules.
CORSIZ IAES INPUT
XXMOD
CROS _ BEGIN
CRSCHK UNITS ' INPUT
DATIM I0OR MESAGE
DATE
TIME
DTLIST —_— MESAGE
DXX _— CLINE1l
GSIN
PLBOX2
EXPRN FLTRN BEGIN
FHLPR IAND MESAGE
IOR
FILBOX IREAD INPUT
KENOG
MAKREF
FINALE MATK KENO
LABL
TABLE
FREAK
FLTRAN _— ALBIN
AZIRN
BEGIN
EXPRN
GTISO
NSTART
SFLRAN
START
FREAK _— FINALE
FSIGN LOOK?Z PBLOC
GEOM Jom4 BEGIN
JOMbB
JOM10
JOM6
GGLINE PREAD PLBOX
IDSET
BLINE
CLEARS
CLINEIL
PLOTE
PBLOC
GSIN DXX CLINEl
LOOKZ GSINCK

FBLOC
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Module name This module calls This module is called
following modules. by following modules.
GSINCK GSIN CLINE1
GTISO FLTRN BEGIN
SFLRAN START
IAND —_— AREAD
FHLPR
JOM5
JOM6E
ICOMPL _ JOM6
IPPLUS ———— BLINE
IDSET —_— GGLINE
INPUT FREAD KENO
XSTAPE
AJOINT
WARR
KENOG
JOMIN
FILBOX
BOX
CRSCHK
SLBABS
SAVE
CORSIZ
IOR _— AREAD
DATIM
FHLPR
JOMB6
IPSET MESHU PLOTER
PLNO
ITIME CLOCKM BEGIN
KENO
JOMBYE ABC CLINEl
QUADRA
JOMCHK _— KENO
JOMIN JOM13 INPUT
JOM16
JOM11
JOMI12
JOM10 JOMO GEOM
JoM11 JOM17 JOMIN
JOM13

JOM12 JOML3 JOMIN
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Module name This module calls This module is called
following modules. by following modules.
JOM13 _ JOMIN
JOM11
JOM12
JOM16
JOM17
JOMb6
JOM16 JOM13 JOMIN
JOM17 JOM13 JCMI11
JoM4 _ GEOM
JOM5 JOM6 GEOM
TAND
JOM7
JOMG6 TIOR GECOM
IAND JOM5
ICOMPL LOCKZ
JOM13
JOM7 _— JOM5
JOM9 JOM13 JOM10
LOOKZ LOCKZ
KEDIT —_— KENO
KENOQ TIMFAC ALOCAT
FREAD
IREAD
FINRST
RDREF
CLEAR
SAVE
RESTRT
INPUT
ALBIN
JOMCHK
VOLUME
ITIME
START
PICTUR
BEGIN
KEDIT
XXMOD
FINALE
AREAD
KENOG AREAD INPUT
IREAD
FREAD
FILBOX

MAKREF
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This module calls This module is called

following modules.

Module name

by following modules.

LABIL FINALE
LEAK BEGIN
LOORNZ PREAD
LOOKZ JOM9 BEGIN
JOMG6 FSIGN
JOM13 GSIN
JOM9
MAIN MESAGE
FREAD
IREAD
ALOCAT
MAKREF FILBOX KENOG
AREAD
IREAD
FREAD
MATK BEGIN
FINALE
MESAGE FHLEPR MATN
DATIM
DTLIST
MESH LOOKZ PRINT
UNITS
MESHU UNITS IPSET
MESHV PRINT
MESHV UNITS MESHU
NSTART FLTRN BEGIN
PAXIS PLOTER
PBLOC GSIN GGLINE
FSIGN
PLOTE
PDYL PLOTER
PICTUR IREAD KENO
AREAD
FREAD
PLOTER
PRINT
PLOT
PLBOX PLROX1 BOXLU
PLBOX2 BOXLV
GGLINE
PLBOX1 PLBOX |
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Module name This module calls This module is called
following modules. by following modules.
PLBOX?2 DXX PLBOX
QUADRA
PLMSG — PLOTER
PLNO _ IPSET
PLOTE —— GGLINE
PBLOC
PLOTER SECOND PICTUR
PDYL
PAXIS
BOXLU
IPSET
_ PLMSG
POSIT —_— START
PREAD LOOKNZ GGLINE
PRINT MESH PICTUR
MESHU
QUADRA —_— JOMBYE
PLBOX2
RDREF : FREAD KENO
REA _ XSTAPE
READSG —_— XSTAPE
RESTRT ' _ KENO
SAVE _ INPUT
KENO
SECOND _ PLOTER
SFLRAN —_— AZIRN
GTISO
SLBABS UNITS INPUT
SOCINFP IREAD START
FREAD
START SQOCINP BEGIN
FLTRN KENO
AZIRN
GTISO
POSIT
LOOK?Z
FREAD
TRANSX
UNITS
STORE _— XSTAPE
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Module name This module calls This module is called
following modules. by following modules.
ST1D —_— XSTAPE
TABLE —_ FINALE
TIMFAC —_— KENO
TRANSX _ ' BEGIN
START
UNITS MESH BEGIN
CRSCHK
MESHU
MESHV
SLBABS
START
VOLUME _ ' KENO
WARR —_— INPUT
XSTAPE
XSTAPE IREAD INPUT
FREAD
STID
REA
WARR
READSG
STORE
STORE]
XXMOD ARAMOD KENO

CORSIZ
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Common area reference table

Table 3,2
1 BLANK COMMON ABC ;, ALQOCAT,
GSIN , INPUT ,
PREAD, PRINT .,
JALBE / ALBIN , BEGIN ,
/DIMEN / AJOINT, ALBIN ,
CCRSIZ, FILBOX,
JOMCHK, XEDIT ,
MAKREF, MESHU ,
PRINT , RESTRT,
VOLUME, XSTAPE,
/FINAL / BEGIN , FINALE,
/FREEK / BEGIN , FINALE,
/GEOMA / GEOM , JOMIN ,
/GEOMC / BEGIN , CROS '
JOM5 , LOOKZ ,
PRINT
/GEOMD / JDUCT
*
/GEOMH / BLOCKD, JDUCT ,
JOoM17
/GEOMT / JOMIN , JOMI13 ,
%
/GEQM3%/ BLOCKD, JOMS9 ’
/GECM4 / GECM , JOM10 ,
/GEOM56/ JOMb , JOM6E
/GEOM7 / JOMS , JOM7T
NOTE * means BLOCK DATA

r

r

’

r

f

r

’

r

/

BEGIN , BLINE ,
JpucT , MAIN
START , UNITS
XKENO , RDREF
ARAMOD, BEGIN
FINALE, FREAK
KENO , KENOG
NSTART, PICTUR,
SCCINP, START
XXMOD

KEDIT , KENO
FREAK , KEDIT
JOM6 , LOOKZ
FSIGN , GEOM
MESH , NSTART,
JOMIN , JOM11l
RESTRT

LOOKZ

JOM4 , JOMS

FSIGN ,

GEOM

PLBCX ,PLOTER

rF

!

r

¥

!

7

RESTRT

BOX ; BOXLU
INPUT , IPSET
MAIN , LEAK
PLOTER, POSIT
STORE , TRANSX,
START , XXMOD
RESTRT

RESTRT

GSIN ,JOM13 ,
PICTUR,POSIT ,
JOM12 , JOMleé

r
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16

17

18

19

20

21

22

23

24

25

26

27

/GEOM77/

/GEOM9 /

/GPLCOM/

/JOMINC/

/JOMINX/

/JOMING/

/LETER /

/LIFETM/

/NRC /

./PICT /

/PL /

/EFLTCOM/

/POINT /

NOTE :

JoMs

GEQOM
JOM9

ABC '
GSIN ,
PLOTE ,
BEGIN ,
JOM1O0 ,
LOOKNZ,
PRIKT ,
JDUCT
JDUCT

*
BLOCXKD,
BEGIN ,

*
BLOCKD,
FSIGN ,
MESH ,
UNITS
PLNOL
BLINE ,
GEIN ,
rDYL |,
PLNO
BEGIN ,

KENO ,
START ,

* means BLOCK

JAERI-M 83—049
JOM6 , JOM7
JOM10 . JOML3
LOOKNZ, LOOKZ ,
BLINE , CLEARS,
IDPLUS, IDSET ,
PREAD

GEOM , IDPLUS,
JoMl2 , JoM4
LOOKZ , MESH ,
RESTRT, VOLUME
FHLPR

INPUT , KEDIT ,
JoMll , JOM5
GGLINE, GSIN ,
MESHU , PAXIS ,
CLEARS, CLINEL,
GSINCK, IPSET ,
PICTUR, PLBOX ,
PLOTE , PLOTER,
FSIGN , GEOM |,
KENOG , PLBOX ,
UNITS

DATA

’

r

I’

r

JOoMe

GGLINE,

PICTUR,

JOMIN ,
Jom7

PICTUR,PREAD ,

XSTAPE,

JOM13 ,
PRINT ,

GGLINE,
PBLOC ,

PLBOXZ,PLMSG ,

LCCKZ

JCM4 JOM5
PREAD

CLINEl, FSIGN
JOMBYE, PBLOC
IDSET , INPUT
JoM5 , JOMé6
PBLCC ,

KENO ,RESTRT,
JOME .

IDSET , IPSET,
PICTUR, PLBOX,
DXX r FSIGN,
JOMBYE, PAXIS,
PLBOX1,

PREAD

GSIN , IDPLUS
PLOTER, PREAD

r

r

INPUT,
PRINT,
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29

30

31

32

33

34

/PXYCOM/

/RESTAR/

/SRCH /

/STARTD/

/TITL /

JUNIT /

/UTABL /

NOTE
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BLINE , CLEARS,

JOMBYE, PAXIS , PBLOC

BEGIN , XKENO , MAIN

ARAMOD, FINALE, KEDIT
START , XXMOD

CLINEL,

r

r

r

INPUT , KENO , RESTRT,

ALBIN , AREAD , BEGIN
FINALE, FREAK , INPUT
KENOG , MAIN , MAKREF,
RDREF , SOCINP, START

r

!

r

AJOINT, ALBIN , ARAMOD,
BOX . CORSIZ, CROS
INPUT , JOMCHK, JOMIN
JOMl&e , JOM17 , KEDIT
LABL , MAKREF, MATK
READSG, RESTRT, SAVE
TABLE , VOLUME, WARR

*
BLOCKD, PICTUR

* means BLOCK DATA

r

r

r

r

!

r

DXX , GGLINE,
PLBOXZ, PLOTE

RESTRT, START

KENO , RESTRT,

SCCINFP, START ,

BOX , CORSIZ,
JCMCHK, KEDIT ,
PAXIS , PICTUR,
VOLUME, XSTAPE,

AREAD , BEGIN ,
FILBOX, FINALE,
Jomii , JoMlz
KENO , KENOG ,
NSTART, POSIT ,
SLBABS, SOCINP,
XSTAPE, XXMOD

GSIN ,

SOCINP,

XXMOD

FILBOX,
KENO
PCSIT .,
XXMOD

BLOCKDT
FREAK ,
JOM13 ,
MAIN
RDREF ,
START ,
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4,  MULTI-KENO frror Messages

MULTI-KENO prints error messages whenever an error is recognized.
If a severe error is encountered, an error flag, MFLAG, is incrémented
and data reading continues. When all the data has been read, MFLAG is
checked and if a severe error was enccuntered, the code will not execute
the problem. There are a few errors that will cause termination of the
data input at the time they occur rather than continuing on until all
jnput data has been read. The following table lists the subroutines

and the type of data they process.

Table 4.1 Directery of the type of data
processed by each subroutine

Subroutine Type of Data
KENO Parameters
AREAD All data

RDREF Parameters
INPUT Cross sections
XSTAPE Cross sections
KENOG Geometry
MAKREF Geometry
CORSIZ Geometry
FILBOX Geometry

BOX Geometry
ALBIN Albedo

VOLUME Geometry
RESTART Restart data
START Start

POSIT Start

BEGIN Execution
MATK Execution
CROSS Executicn
KEDIT Summarization
XXMOD Search execution
ARAMOD Search executicn
FINALE Summarization




JAERI—-M 83—-049

The error messages are more or less arranged in the order in which
the subroutines are called, and within each subroutine, in the order the
messages appear. Lrror messages for errors encountered in processing
the input parameters are printed by KENO, AREAD, and RDREF after printing
the parameters and before the following messages:

STORAGE LOCATIONS REQOIRED FOR THIS JOB = _

REMAINING AVAILABLE LOCATIONS = __ |

If the above messages are written but none of the geometry data is
printed, an error occurred in_ processing the input cross-section data
in ARFAD, INPUT, or XSTAPE,

If the heading GEOMETRY DESCRIPTION is printed but START TYPE =
has not been printed, an error occurred in processing the geometry data
in AREAD, KENOG, MAKREF, CORSIZ, FILBOX, BOX, or VOLUME.

If the above message is printed but  MINUTES WERE REQUIRED FOR
STARTING. was not printed, an error was encountered in using the start
data or search data in subroutines AREAD, START, or POSIT. If the problem
is a search problem, the heading READ SEARCH DATA is printed before an
attempt is made read the search data,

At this peint, all the input data has been read in. If the follow-
ing message 1s written, a careful search through the printecut prior to

this message will reveal at least one other error message.

FAREAIFFAK-EFFECTIVE WERE NOT CALCULATED FOR THIS PROBLEM BECAUSE
ERRORS WERE ENCOUNTERED IN THE INPUT DATA #*##%k¥&&k

Even if the input data has been read in without triggering a fatal
error flag, some error messages may be printed during execution if
certain conditions are violated., These messages will appear somewhere

after the following heading.

GENERATION, K~EFFECTIVE, ELAPSED TIME (MIN), AVG.K-EFF, DEVIATION,
MATRIX,K-EFF
These messages will originate in BEGIN, MATK or CROSS. At completion of

a prcblem a heading stating

LIFETIME = + generation time = +

is printed unless the following message is printed.
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NUMBER OF BATCHES RUN IS INSUFFICIENT TO EDIT
Any messages appearing after either of these messages originate in
KEDIT, XXMOD, ARAMOD, or FINALE.

Always check through the computer printout to make sure no error
messages were printed and the input data was entered correctly.

Error messages as printed by each subroutine are listed as follows:
The following error messages are found in subroutine KERNOQ.

1. THE SEARCH TYPE WAS INCORRECTLY SPECIFIED, NO SEARCH WILL BE MADE.

The search parameter NSCH was less than zero or greater than 3.

2. **WARNING***WARNING***WARNING***WARNING***WARNING***WARNING**
MATRIX CALCULATIONS CANNOT BE MADE FOR A SINGLE UNIT, A 1X1X1
ARRAY OR AN ARRAY SEARCH. THE MATRIX FLAG HAS BEEN SET TO ZERO.
*% WARNING***WARNING***WARNING***WARNING***WARNING***WARNING**
A matrix calculation was specified for a single-unit problem, a one-

unit array, or an array search problem.

3. #*%THIS PROBLEM SPECIFIED DATA FROM A PREVIOUS CASE WHICH CONTAINED
ERRORS, DID NOT EXIST, OR TERMINATED WITH AN END CASE CARD**

The error flag MFLAG is greater than 1, indicating that an "END CASE"
card was encountered when attempting to read input data or an errvor was
found in a case from which data was to be used for the present case.

Often this error simply indicates that the input parameters are not of

order.

4. F%%%*xALBEDOS CANNOT BE USED WITH A SINGLE UNIT PROBLEM. THIS
PROBLEM WILL NOT BE RUN¥#%#%
The parameter NXX was not zero and the input parameter SBOX was
zero. Lf albedo is trul§ desired for a single-unit problem, the last
geometry region must be a cube or cuboid, SBOX must be one, and SBXMAX=

SBYMAX=SBZMAX=1.

5. | &%%%kAN ARRAY SEARCH CANNOT BE SPECIFIED FOR A SINGLE UNIT PROBLEM.
THIS PROBLEM WILL NOT BE RUN,##%#%%
NSCH was 2 and SBOX was zero on the parameter card (Béware: SBOX
prints as one on the computer printout because the single unit
logical flag is set true if $BOX=0. Then SBOX is set to 1}. The

parameters are out of order or the problem was incorrectly specified.
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S$SNUMBER OF GEOMETRY CARD ( ) DOES NOT AGREE WITH THE NUMBER ()
SPECIFIED FOR THE PREVIOUS CASES$SS.

The problem specified geometry from the preceding case, but the
number of geometry regions, KREFM, specified on the parameter cards
of two cases does not agree. The parameters may be out of order or

the problem was incorrectly specified.

$SSTHE NUMBER OF BOX TYPES ( ) DOES NOT AGREE WITH THE NUMBER ()
SPECIFIED FOR THE PREVIOUS CASE$$S.

The problem specified geometry from the preceding case, but the
number of box types, SBOX, does not agree for the two cases. The

parameters are out of order or the problem was incorrectly specified,

$$SALBEDOS FROM THE PREVIOUS CASE WERE SPECIFIED BUT NO ALBEDOS WERE
USED IN THE PREVIOUS CASE$S$S
The parameters are out of order or the problem was incorrectly

specified.

$SSTHE NUMBER OF ENERGY GROUPS ( ) DOES NOT AGREE WITH THE NUMBER ( )
SPECIFIED FOR THE PREVIOUS CASE$S$S

The number of energy group, NGP, does not agree for the two cases,
The parameters are out of order or the problem was incorrectly
specified. The number of groups must always be rhe same as the

previous case when using data from the previous case.

$SSTHE NUMBER OF DOWNSCATTERS ( ) DOES NOT AGREE WITH THE NUMBER ( )
SPECIFIED FOR THE PREVIQUS CASES$S

The number of downscatters, NDS, does not agree for the two cases.
The parameters are out of order or the problem was incorrectly

specified.

*AWARN INGH* % *WARN ING** ¥ WARNING* * *WARNING** *WARNING** *WARNING**

DATA FROM THE PREVIOUS CASE WAS SPECIFIED BUT INCONSISTENCIES WERE
ENCOUNTERED. EXECUTION HAS BEEN CANCELED.

*AWARN ING* **WARN ING***WARNING** *WARNING* # *WARNING***WARNING#*

The necessary parameters did not agree between the two cases when

data from the preceding case was specified.

*%%%%CROSS SECTIONS FROM THE PREVIOUS CASE CANNOT BE USED UNLESS
BOTH PROBLEMS ARE FORWARD OR BOTH ARE ADJOINT#¥#¥%
The units digit of the parameter NADJ must agree if cross sections

from the preceding case are specified.
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*%%k%%D]FFERENTIAL ALBEDOS CANNOT BE USED IN AN ADJOINT PROBLEM#*¥*#*#%
The parameter NXX was incorrectly specified or the data was out of
order. Specular reflection (NXX=1) can be used in an adjoint problem

hut differential albedes ((NXX=2) cannot.

TOO MANY STORAGE LOCATIONS REQUIRED, THE PROBLEM IS TOO LARGE TO FIT
IN THE AVATLABLE SPACE.

Increase the region allocated for this step sufficiently to contain
the problem, For FACOM, HITACH or IBM users, increase the region
allocated for this step by four times the absolute value of the
REMAINING AVAILABLE LOCATIONé which is printed out immediately

preceding this message.

*WARNING** SWARNING* **WARNING# *# *WARNING** * *ARNTNG* * *WARNING™*
NUMBER OF GENERATIONS WAS REDUCED FROM TO TO FIT IN AVAILABLE

STORAGE.
IF THIS REDUCTION ALLOWS LESS THAN 25 GENERATIONS, THE EXECUTION

PHASE HAS BEEN CANCELED.
FWARNTNG* **WARNING#** SWARNING* % * *WARNTNG* * *#*WARNING***WARNING*
To eliminate this problem, increase the region allocated for this

step. See KENO core size requirements.

kA kEFEXKRAK-EFFECTIVE WERE NOT CALCULATED FOR THIS PROBLEM BECAUSE
ERRORS WERE ENCOUNTERED IN THE INPUT DATA,**#&%¥kisx

Check through the printout prior to this message. At least one other
error message will be printed. Correct the input errors and this

message will go away.

The following error messages are printed in subroutine AREAD.

*%%%%ERROR IN INPUT CARD IMAGE PRINTED ON NEXT LINE.####*%
An invalid character was encountered in the printed card. FEither a

key punch error was found or the data is out of order.

ON THE ABOVE CARD, CHARACTER NUMBER, ,(IMAGE= ) IS NOT VALID IN AN
INTEGER FIELD.

The card is mispunched or out of order.

ON THE ABOVE CARD, CHARACTER NUMBER, , (IMAGE= ) IS NOT VALID IN A
FLOATING FIELD.

The card is incorrectly punched or cut of order.
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Subroutine RDREF prints the following error message.

®EXEANKX DID NOT SPECIFY DIFFERENTIAL ALBEDOS BUT THE SURFACE DID.
THE PROBLFM WILL NOT BE EXCUTED.*##*#*%

The parameter NXX was one but at least one reflector constant,
REFCST, waspositive. The problem is incorrectly specified or the

cards are out of order.

The following error messages are printed in subroutine INPUT.

MIXTURE ( ) CONTAINS A FISSIONABLE MATERIAL BUT NO FISSTON SPECTRUM
WAS SPECIFIED THE PROBLEM WILL NOT BE EXECUTED.
A fission cross section existed for the mixture specified but no

material in that mixture was preceded by a minus sign.

THE MIXTURE NUMBER ON GEOMETRY CARD ( ) DOES NOT FALL IN THE
SPECTIFIED RANGE.

MAT(I), the entry following the geometry word on the specified
geometry card was negative or was larger than the number of mixtures

(MATT) specified in the parameters.

THE INSIDE REFLECTOR DIMENSION DOES NOT EQUAL THE NUMBER OF UNITS
TIMES THE UNIT DIMENSIONS.

The core boundary is calculated by summing the dimensions of each
unit in the array in each direction. If the dimensions thus computed
do not agree with those specified on the CORE card, this message is
printed. Either the array size (SBXMAX, SBYMAX, SBZMAX) was in-
correctly specified, a box dimension was incorrectly specified, the

mixed super box orientation is incorrect or the CORE card is incorrect.

The following error messages occur in subroutine XSTAPE.

#%%THE NUMBER OF NUCLIDES REGQUESTED FROM TAPE IS5 TNCONSISTENT WITH
THE TOTAL NUMBER SPECIFIED FQR THE PRGBLEM,*#%

The parameter NTAPE, the number of cross sections to be read from
tape, is larger than the parameter NMAT, the number of input nuclides.

The data is mispunched or cut of order.

THE MIXTURE NUMBER DOES NOT FALL IN THE SPECIFIED RANGE.

When reading mixing table, one of the mixtures, KAA(I), was zero or
negative or was larger than the number of mixtures, MATT, specified
in the parameters. Either the data is mispunched or is out of

order.
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CHECK INPUT DATA AND TAPE FOR CONSISTENCY. EITHER THE NUMBER OF
GROUPS OR THE NUMBER OF DOWNSCATTERS ARE IMPROPERLY STATED.

NDS= NDS= NGP= NGP1=

The wrong tape was mounted or the parameters are incorrectly
specified. NDS and NGF are parameters stated in the problem.

NDS1 and NGP1 are read from the tape.

AT LEAST ONE NUCLIDE WAS NOT FOUND ON THE LIBRARY TAPE. A LIST OF
THOSE REQUESTED FOLLOWS.

The number of nuclides found on the tape is less than the parameter
NTAPE (the number of nuclides to be read from tape). Either NTAPE
is incorrectly specified, one of the ID numbers was incorrectly
specified, the wrong tape was mounted, or one of the nuclides

requested was not on the tape.

THE MIXING TABLE CONTAINS MORE NUCLIDES THAN REQUESTED IN THE
PARAMETERS.

A LIST OF THOSE REQUESTED FOLLOWS.

The number of requested nuclides is more than NMAT (the number of
input nuclides). Either NMAT was incorrectly specified, or one more

of the input nuclide ID's were incorrectly specified.

The following error messages are found in subroutine KENOG.

*x%%%A STNGLE UNIT PROBLEM CANNOT HAVE A CORE BOUNDARY REGION####*%
If a reflector exists, simply include those regions in KREFM and
remove the core boundary card. An alternative is to change SBOX
from O te 1 and set SBXMAX = SBYMAX = SBZMAX = 1 and leave the core

boundary card in.

WARNING...A CORE BOUNDARY CARD 1S REQUIRED ONLY IF AN EXTERNAL
REFLECTOR IS PRESENT.

NOTE ... A CORE BOUNDARY CARD IS NOT REQUIRED FOR ALBEDO REFLECTION.
This is ju-~t a warning message and does not cause termination of the

problem. It does cause the problem to run less efficiently.

UNRECOGNIZABLE GE METRY WORD __ MATERIAL .
The geometry word is nct one of those specified in the data guide,
Either the card was mispunched or the data is out of order. Check
to be sure the proper number of dimensions, the mixture number and

the proper number of weights are on the preceding geometry region.
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AN ERRCR WAS FOUND IN THE HEMISPHERE DESIGNATION,
The geometry word did not correctly specify the direction in which

the hemisphere exists.

% KkARRARLAERROR. . . .NHCYL = Rddkdkhdkk

The hemicylinder geometry word was incorrectly specified.

MIXTURE IS NOT SPECIFIED IN THE MIXING TABLE,
The mixture number MAT(L) specified on the previous geometry card is
less than zero or greater than the parameter MATT (the number of

mixtures in the problem). . The data was mispunched or is out of order.

RAXARNFXANEGETIVE WEIGHIS ARE NOT ALLOWED. THE PROBLEM WILL
NOT BE RUN,®##&®xwsssk
Cne of the input value of weight average was negative. The data was

mispunched or out of order.
EREIREARARAHERARARE AR TR R ARA TR ARSI RA TR AR IRR AR AR AAF A LT ILEL

ALBEDOS CANNOT BE USED UNLESS THE OUTERMOST GEOMETRY REGION IS5

A CUBE, CUBOID, OR GENERAL REGION.

AR R AR AR EARTARARAIRAAR AR AR AARIALNRLAIAATASTA SR AR ARL bk dhhds

Either the albedo key NXX was incorrectly specified or the outermost

geometry region was not a cube, cuboid, or general region,

NUMBER OF BOXES ON PARAMETER CARD DOES NOT AGREE WITH BOX DATA READ

IN,

SBOX= ITp=

SBOX is the parameter starting how many super box types are in the
problem. ITP is the number of super box types that were encountered
when reading the geometry data. Either SBOX was incorrectly specified,
the geometry data was incorrectly entered, or the parameter KREFM

(the number of geometry cards to be read) was too small.

END OF CASE FLAG READ IN GEOMETRY DATA.

More geometry data was specified than was found. Either the parameter
KREFM (the number of geometry cards to be read) was too large, too

few geometry cards were included, or too few entries were made for

the material, dimensions, or weights. The data may be incorrectly

punched or improperly arranged.

END OF KENO FLAG READ IN GEOMETRY DATA.

The explanation is the same as 10 above.
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The following error messages appear in subroutine MAKREF.

*%%%5KREFM WAS NOT LARGE ENOUGH TO ALLOW ANY REFLECTOR REGIONS.

THE PROBLEM WILL NOT BE RUN,#*#%#%

The geometry word REFLECTOR has been encountered, invoking the
automatic reflector option. However the parameter KREFM, the number
of geometry cards to be read, is toc small. KREFM must include the
number of regions you wish to be made in the reflector, just as
though the cards were actually punched. See the data guilde for

full details.

ki%%kA WEIGHTTING ID OF __ WAS SPECIFIED USING __ ENERGY GROUPS BUT IT
WAS NOT FOUND ON TAPE, *##%%

The weighting ID, IDWT, was greater than 10 but was not found on the
tape with the specified energy group structure. Either IDWT or NGP

was incorrectly specified or the wrong tape was mounted.

#ER*%A WEIGHTING ID OF  WAS SPECIFIED USING __ ENERGY GROUPS
BUT IT WAS NOT FOUND ON CARDS.#*#**%*%

The weighting ID, IDWT, was less than 10 but was not found on the
input cards with the specified energy group structure. Either IDWT,
NGP or the weights from cards are incorrect. Check the data guide

for more details.

The followling error message appears in subroutine CORSIZ.

%%k * X THE DIMENSIONS OF BOX TYPE AT (_, _, ) DO NOT
MATCH THOSE OF BOX TYPE AT (_,  , _ ). &¥kk¥x
FOR BOX TYPE + = AND- = WHILE FOR BOX TYPE + =

AND- =

This message appears because the common faces of adjacent boxes or
super boxes are not the same size. One or more of the diemsnions of
one of the box types or super boxes specified in the message may be

incorrect or the mixed box oriemtation data may be incorrect.

The following error message appear in subroutine FILBOX.

ARRAY DESCRIPTION ERROR MESSAGES.
This message appears only if errors were encountered in the mixed
box orientation data. One of the following messages will also be

printed.
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MIXED BOX ORIENTATION CARD NUMBER  CONTAINS ERROR(S}.
This message can appear no more than 10 times. It tells which card
is in error, and occurs only if some of the conditions explained in

3., below, exist.

LTYPE= IX1= IX2= INCX= Iyl= iy2=
INCY= 1Z1= I1Z2= IZCZ=

This message appears in conjunction with error message 2., above, and
is written if

(a) LTYPE (the box type or super box type) is less than or equal to
zero or if LTYPE is greater than the parameter SBOX, the number of

super boxes, or NBOX, the number of box types ;

(b) if IX1, IYl, or IZl is less than one;

(¢) if IX2 is less than IXl or greater than SBXMAX or NExXMaX, if IY¥2
is less than IY1 or greater than SBYMAX or NBYMAX, or TZ2 is less
than IZ1 or greater than SBZMAX or NBZMAX. .
(d) if INCX, INCY, or INCZ is not positive,

Any of the above may result from data being mispunched or out of

order. TFurther clarification may be derived from the data gulde.

THE ABOVE MIXED BOX ORIENTATION CARD(S) CONTAIN(S) AT LEAST ONE OF
THE FOLLOWING ERRORS :

This message follows message 3., above, if any errcrs were found.

The messages listed in 5., below, then follows.

1. Ix1,IYL,IZ1,INCX,INCY,or INCZ IS LESS THAN OR EQUAL TGO ZERO.
X2 IS LESS THAN IX1,IY2 IS LESS THAN IYl, OR 1Z2 IS LESS THAN
IZ1.

3. 1XZ2 IS GREATER THAN SBXMAX, 1YZ IS GREATER THAN SBYMAX, OR IZ2
IS GREATER THAN SBZMAX.

4. LTYPE TS LESS THAN 1 OR GREATER THAN SBOX.
These error messages are printed if errors are found in the mixed
box orientation data. The parameters SBOX, SBXMAX, SBYMAX, or
SBZMAX may be incorrectly specified, but more than likely the

mixed box orientation cards are incorrectly punched.

The following error messages appear in subroutine BOX.

HREAN ERROR EXISTS IN THE ARRAY DESCRIPTION.***
X INDEX= Y INDEX= 7 INDEX=

This message occurs if the box type stored in the mixed box orienta-
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tion array, the array showing the position of each box type in the
array is less than or equal to zero, or greater than SBOX, the number
of super box types in the problem. This error usually results from
leaving some positions in the array unfilled or from mispunching the
mixed box orientation data. Check the mixed box oriemtation array |
print-out at the position indicated in the message and correct the

input data.

The following error messages appear in subroutine ALBIN,

KEFEFWARNING , ., THE NXX PARAMETER INDICATED DIFFERENTIAL ALBEDOS
BUT NONE WERE SPECIFIED ON THE REFLECTED FACES,#¥%#%%

This error occurs if NXX=2 cr 3 and the reflector constants are all
entered as zere or negative (i.e., none of the reflector constants

(card 4) are positive).

Sddedk DIFFERENTIAL ALBEDOS WERE SPECIFIED, BUT ONLY COULD
BE FOUND,#%%&%
THE ALBEDOS SPECIFIED WERE - , , , ,

One of the albedo ID's was incorrectly specified or too few sets of

albedo data were available,

*%%x%%DIFFERENTIAL ALBEDO  WAS SPECIFIED TO BE USED FROM THE
PREVIOUS CASE, BUT COULD NOT BE FOUND,**#%#%%

THE FOLLOWING DIFFERENTTAL ALBEDOS ARE SAVED FROM THE PREVIOUS CASE.
in= , ID= » 1D= » ID= , etc.

This message occurs if the specified albedo was not found in the

saved data.  The data is mispunched, incorrect or out of order.

The following error messages appear in subroutine VOLUME.

REGION NUMBER CONTAINS AN ERROR IN THE DIMENSIONS.

This message occurs if the positive x, y, or z dimension is smaller

than the negative x, y, or z dimension. The data is mispunched or

out of order. The positive dimension in a given direction must always

be more positive than the negative dimension in that direction.

THE VOLUME DEFINED BY GEOMETRY CARD IS NEGATIVE.
This message occurs if the volume of any region becomes negative.

This usually results from incorrect nesting of the regions.
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a box volume must be greater than zero.
This message occurs if the cumulative volume over a given box type
is negative, data is incorrectly punched, the data is cut of order,

or a box is specified with no geometry regions.

INVALID GEOMETRY ENCOUNTERED FOR THE LAST GEOMETRY REGION.
1G0= .
The last geometry card was not one of the allowed types. The data

was entered incorrectly or the storage arrays have been destroyed.

THE LAST GEOMETRY CARD IN .THE UNIT MUST BE A CUBE OR CUBOID.
This message occurs 1f the last region in a given box type is not a

cube or cubeid. The data is incorrectly punched er out of order.

The following error messages occur in subroutine RESTRT.

THE NUMBER OF GENERATIONS SPECIFIED IN THE RESTART PROBLEM ( ) IS
LESS THAN THE NUMBER OF GENERATIONS ALREADY CALCULATED ( ).
In order to run a restart problem, you must ask for more generations

(NBA) than were run when generating restart information.

INPUT SPECIFICATIONS OLD SPECIFICATIONS
RESTART COUNT
NUMBER PER GENERATION
NUMBER OF GROUPS
NUMBER OF DOWNSCATTERS
NUMBER OF MIXTURES
NUMBER OF GEOMETRY CARDS
NUMBER OF BOX TYPES
NUMBER OF X UNITS
NUMBER OF Y UNITS
NUMBER OF Z UNITS
ALBEDO TYPE
SEARCH TYPE
FLUX FLAG
FISSION DENSITY FLAG

ADJOINT FLAG
MATRIX FLAG
KMAX
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Check the input specifications and the old specifications. They do not

agree for one or more of the parameters listed.

1.

The fellowing error messages occur in subroutine START.

AN ERROR HAS BEEN DETECTED IN THE DATA FOR START TYPE .

An error was enccuntered when reading in the data for the specified
start type. JFor example, the box indices may fall outside the
allowable range, the point where the neutron is to be started may not

be within the specified box type, etc.

START TYPE IS NOT APPLICABLE FOR A SINGLE UNIT PROBLEM START TYPE

0 WILL BE USED.
Only start type 0, 3, or 6 can be used with a single unit problem.
If a start type 0 was not acceptable, resubmit the problem with a

start type 3 or 6.

A&RAATNVALID GEOMETRY TYPE IN START.IGO= kKR

An unrecognizable geometry type was encountered, The storage arrays

have been destroyved.

NO NEUTRON STARTING POSTTIONS WERE FOUND. YOU SHOULD SELECT ANOTHER
STARTING OPTION.

If after trying the allowed number of tries (maximum of (3 times the
number per generation volume fraction of fissionable material) or
(100 times the number per generation)), no starting pesitions were
found, this message is printed. Carefully check the input data to
be sure fissionable material exists where it is expected and to be

sure the starting information was correctly specified,

THE CHOSEN START TYPE MAY NOT BE ADEQUATE. TO MANY ATTEMPTS MAY BE
NEEDED TO START THE NEUTRONS.

This message appears for start type 0, 1, or 5 if (3 times the number
per generation)/(volume fraction of fissicnable material) is greater
than (100 times the number per generation). Lock at the problem

carefully and choose a better starting distribution.

NEUTRONS WERE INITIALLY STARTED. HOWEVER, ONLY WERE
STARTED FROM INDEPENDENT POSITIONS.
This message indicates that the code encountered some difficulty

starting the necessary number of neutrons and was forced to fill the
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remaining starting positions from those already found. ty to pick

a better starting distribution.

The following error messages occur in subroutine POSIT.

POSIT ERROR TILLEGAL GECMETRY TYPE
X= Y= Z= Kl= K2= IGEQO=

This message is printed if the geometry type, IGEQ, is outside the
allowable range. It indicates that some of the storage array has

been destroyed.

POSIT ERROR
X= Y= Z= Kl= K2=

An error has been encountered in processing the neutrons. Some of

the storage arrays have probably been destroyed.

The following error messages appear in subroutine begin.

SSSMARK= IS NOT ALLOWED, K= ,KOLD=__ ,KR=_ $3$

X= Y= = Xl= Y1= Zl=

This message is printed only if the generalized geometry portion of
problem returns an Iinvalid value for MARK. This message indicates
that the program centalins error.

SPLITTING BINS FULL
This message indlcates that a neutrons that a neutron was more than
25 times. After printing the message 10 times, execution will be

terminated. Check the weighting values associlated with the geometry

regions.

5$$SERROR TN DOWNSCATTERS, KR= IG= IGKR=

NDS= FSP= R=

This error occurs conly if the steorage arrays have beer destroyed.

FSP should be 1.

JOB PULLED. BATCH=  NEUTRON=__

This message is printed when subtoutine PULL has determined that the
time interval for a generation has been exceeded. It usually means
the program has gone into a loop. Check the printed time intervals
to determine whether this time interval is out of range. If it is

not, increase TMAX and resubmit the problem, If it is looping, put

in diagnestic print to locate the error is it cannot be found by
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checking the input data.

EXECUTION TERMINATED DUE TO EXCESSIVE SPLITTING.
This message is printed if the SPLITTING BINS FULL message was

encountered more than 10 times.

The following error messages are printed in subroutine NSTART.

NO FISSIONS.
This message occurs if an entire generation was tracked without
causing fission. Check to be sure fissionable materials exist

where they are supposed to be.

WARNING- ONLY  INDEPENDENT FISSION POINTS WERE GENERATED.

This message indicates that less than NPB (number per generation)
fission points were generated. It may become necessary to lower the
value of RAKBAR in subroutine BEGIN if this message occurs frequently
and the number of independent fission points is very different from

NPB.

The following error message may originate from subroutine MATK.

The calculations done in subroutine MATK may result in exponent
underflows for large unit matrices. These are considered to be of

no significance and may be ignored.

The following error messages are printed in subroutine CROS.

*x%XXCROSS ERROR

160,K,X,Y,2,81,Y1,21, are printed in that order. This error
indicates that the geometry type, 1GO, has been destroyed in the

storage array.

khkk%hxAkRXERROR., ... . NHCYL= EITTEI LI
This message is printed if NHCYL is outside the allowable range.
Zither the input data for hemicylinders was incorrect or the storage

array has been destroyed.

The following error messages are printed in subroutine KEDIT.

KA EXYARNING#** NO VELOCITIES WERE READ. VELOCITIES WERE SET TO

1. Qkskedeksk
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The lifetime and generation time were calculated using velocities of
1.0 because the input data specified cross secticns from cards but
did not specify velocities from card. See the units digit of
Parameter 26 of card 2 in the data guide.
AEEARARRAREERRRAAREREARAAARAARR T IR AT AR AARATRTRAA AR IRk R A xR

THE START TYPE WAS NOT ADEQUATE FOR THIS PROBLEM. CHOOSE A

BETTER STARTING DISTRIBUTION FOR ANY SIMILAR PROBLEM.

R SRR R R PP T P T TR P PR T e P P T L e

This message indicates that subroutine START was unable to provide
NPB, number per generation, independent starting positions, TFor any
similar problem, a different choice of start type, NIYPST, or a dif-
ferent choice of starting positions for the specified start type is

recommended.

NUMBER OF BATCHES RUN WAS INSUFFICIENT TO EDET.

This message is printed if number of generations run was less than or
equal to the parameter NSKIP+1. Either increase the allowed time,
TMAX, increase the parameter NBA, the number of generations to bhe run,

or decrease the number of. generation to be skipped, NSKIP.

The following error messages occur in subroutine XXMOD.

%#%%A SHARCH WILL NOT BE PERFORMED BECAUSE LESS THAN 10 + NSKIP
GENERATIONS WERE CALCULATED,**%

In the calculation just completed, too few generations were calculated
so the search option has been canceled. TIf the parameter NBA is less
than to the equal to the parameter NSKIP+10, increase the value of

NBA. Otherwise, increase the value of TMAX.

UNRECOGNIZABLE GEOMETRY WORD

This error occurs if the storage array was destroyed.

HHAARKAANANYERROR .. .. . . NHCYL= RhkikfRhhikd

This error cccurs if the storage array has been destroyed.

THE SEARCH TYPE HAS BEEN TNCORRECTLY SPECIFIED AS
The search type parameter, NSCH, was not 1, 2, or 3. Correct the data

and resubmit.

GCEOMETRY ERROR IN SEARCH PACKAGE.

This error occurs if the geometry type, LGEO, is cutside the allowable

range. It indicates that some of the storage array has been destroyved.
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A GENERALIZED REGION CAN NOT BE ALTERED.

Nonzero search constants have been supplied for a generalized
geometry region. This is not allowed. Either the problem was
incorrectly specified, the data was mispunched, or cards are out of

order.

THIS DIMENSION HAS ALREADY BEEN CALCULATED FOR REGION

1f this message occurs, the search has returned to a point it has
already calculated and the problem is terminated. Check input data
and if it is correct, the search may be restarted with a different

first guess or different search constants.

THE GEOMETRY TYPE IS UNDEFINED OR A SEARCH WAS ATTEMPTED CN A GENERAL
REGION.

This error if the geometry type, IGEO, is outside the allowable range,
some of the storage array has been destroyed. If the search constants

are nonzero for a generalized geometry region, set them to zero.

xx%**TLLEGAL GEOMETRY TYPE FOR REFLECTOR REGION  IN THE SEARCH
PACKAGE , k#hkk

The geometry type, IGEO, is outside the allowable range or a generalized

geometry region was specified in the reflector. Either a general card

was out of order or some of the storage array was destroyed.

The following error messages occur in subroutine ARAMOD.

THE SEARCH PACKAGE DOES NOT APPLY TO MIXED BOXES.
This message is self-explanatory. An array search cannot be made for

a problem where SBOX is not 1.

THE SEARCH TYPE FOR AN ARRAY SEARCH IS INCORRECT. SEARCH TYPE
WAS SPECIFIED.

Tither the search parameter NSCH was incorrectly entered or some of

the storage array has been destroyed.

ALL SEARCH CONSTANTS ARE ZERO. NO SFARCH WILL BE MADE.
All the search constants were entered as zero. The data was incorrect

or out of order.

TEIS CASE HAS ALREADY BEEN CALCULATED.
If this message occurs, the search has returned to a point that has

already been calculated and the problem is terminated. If the input
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data is correct, the search may be restarted with a different initial

guess or different search constants if desired.

#EFXXXAFURTHER CONVERGENCE 1S IMPOSSIBLE USING THE SEARCH CONSTANTS
SPECTFIED IN THIS PROBLEM.*#¥%¥%kk%

THE NUMBER OF UNITS IN THE X DIRECTION WERE  , IN THE Y DIRECTION
WERE __ , AND IN THE Z DIRECTION WERE __ FOR THE LAST SEARCH.
The search cannot be converged with the data specified. TIf the data

is correct, nothing more can be accomplished.

THERE IS NO FEASIBLE SOLUTION TO THE QUADRATIC EQUATION.
Using the data supplied for this problem resulted in a negative
discriminant when solving the guadratic equation. Check input data

carefully.

The following error messages occur in subroutine FINALE.

A kR AR AYARNINGEHH A Ak A JARNINGE A AR &R JARNTI NG % & %% R AJARN T NCR & *kkkx
THE FISSION DENSITY AND FLUX WERE COMPUTED USING ARBITRARY VOLUMES
(LISTED UNDER-TOTAL VOLUMES-) TN THE REGIONS DESCRIBED BY GENERALIZED
GEOM, THEY MUST BE MULTTPLIED BY THE TRUE VOLUME OVER THE ARBITRARY
VOLUME TO OBTAIN THE CORRECT VALUES.

This is a warning message. It appears because KENO dees not know

the volumes of regions internal to the generallized geometry portion.
If fluxes the fission densities are tb be used, they must be multi-

plied as indicated in the message.

Following error messages are added for MULTI-KENO.

#%&%k%k ERROR #*%%%% AFTER CELL BOUNDARY CARD NEED DUMMY CARD ##dks®
This error occurs if the geometry card encounteres SUPER BOX, BOX
TYPE, CORE BDY or REFLECTER after CELL BDY. In description of
SUPER BOX type, the last geometry card must be a CUBE cor CUBQID
except single SUPER BOX prlblems.

*kkkk FRROR *#*%#%% SUPER BOX NEED CALL BOUNDARY CARD ###dk
This error occurs if the CELL BDY cards is not specified in SUPER BOX.
SUPER BOX must be used with CELL BOUNDARY in pairs.



JAERI-M 83—049

5. MULTI-KENO Input Data Preparation

5.1 Free form input data program

MULTI-KENO allows data to be entered in an unformatted manner by
separating each data item by one or more blanks. All 80 columns of any
card may be used, and data, with certain exceptions noted below, can
start or end in any column. Decimal data may be entered as in FORTRAN
input. e.g., 1.733-4, 1.733E-4 or 0.0G001733, is the same as 1.733x107"%,
Note that ne imbedded blanks are allowed within a given number representa-
tion. $Since blank are ignored, all zeros are must be entered.

Geometry description words, such as SUPER BOX, CYLINDER, SPHERE,
etc., must begin in column 1 of a card and be separated by two or more
blanks from the rest of the free-form data on the card. Additional card(s)
following the geometry description word may be used, with the data in any
columns 1-80 9nclusive. Each new geometry description word must start in
column 1 of a new card.

MULTI-KENQ has provisions for multiple entries of the same data value.
This is done by entering the number of repeats, following by either R, *,
or $, followed by the data value to be repeated. For example, 5R2 or 5%2
enters five successive 2's in the input data. There should be no blanks
between the number of repeats and the repeat flag (R, *, or $), but each
multiple entry must be separated from the rest of the data by 1 or more
blanks. Multiple zercs may be specified as NZ where N is the number of
zeros to be repeated. There should not be any blanks between the N and Z
but the NZ must be separated from the rest of the data by one or more
blanks.

Certain data items such as cross-section decks, fission spectra, and
albedoes are entered in free form. Proper formats for these items are
given in the data guide. The title card contains identification informa-
tion only and no data. The END CASE and END KENO cards must be start in
column 1 and can nct contain any data.

An END CASE card is really a flag to signal the end of data for a
given problem. This is particularly useful if one problem in set of
stacked cases contains an error, because it helps prevent the code from
reading into the next problem. Once the END CASE card is encountered,
the program knows it has finished with the problem, whether or not it

encountered all the expected data, and it immediately prepares to read
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the data for a new problem., It should be noted that, if one preblem
expects to utilize data from the preceding priblem, they MUST NOT be
separated by an END CASE card. MOST errors encountered during the track-
ing procedure are presumed to be programming errors and result in termina-
tion of execution rather than continuing on to the next problem.

The END KENO card causes the program to cease excution.

5.2 MULTI-KENO logical unit numbers

The logical unit numbers used for MULTT-KENO are shown in Table 5.1.

Table 5.1 MULTI-KENO logical unit numbers

Unit Number Function
4 or NXCUTE AMPX working library
5 Input from cards
6 " Printed output
10 Scratch unit
18 Scratch unit ‘
41 or NXCUTE Cross-section library
42 Albede library if Hansen-Roach
library is used.
43 WTAVG library for automatic
reflector option.
44 Read restart data for MULTI-KENO
45 Write restart data for MULTI-KENO
51 Scratch unit
GDFILE | Output file for graphic processing.

NOTE : The name of this file is

determined for each computing system.
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5.3 MULTI-KENO Data Guide

Card 1 Title card. TFORMAT(20A4) Contains title only.

Card(s) 2 Parameter card. (Parameters are separated by one or mere

blanks. A new card may be started after any parameter.)

1 TMAX Maximum computer time (in minutes) to be allowed for problem,

or for each iteration if a search is to be made,.

2 NEA Number of generations.
3 NPB Number of neutrons per generation.
4 NSKIP Number of generations to be skipped. Tf fixed source

problem option is used, NSKIP is ignored.

5 NGP Number of energy group.
6 NDS Number of downscatters or energy transfers (includes inscatter).
7 NMAT Number of input cross-sectlon set.
8§ MAIT Number of mixtures.
9 NMIX Number of mixing éable entries. (see card(s) 6)
10 KREFM Total number of geometry cards. This includes the regions

generated by the automatic reflector option, the CELL
BOUNDARY card, and the CORE BOUNDARY card, whether calculated
by the automatic reflector option, or entered separately.

Do not count the REFLECTOR card from the automatic reflector
option and do not count SUPER BOX card and BOX TYPE cards.

All other geometry cards must be included.

11  SBOX The number of SUPER BOX types.
NOTE : SBOX must be zero for a single unit. A single unit is
a configuration that does not have to be enclosed in a cube

or cubodd and can net be stacked intoe array.

12 SBXMAX  Number of units in the x direction of the super box array.
A value must be entered for a single unit problem, but it

is mot used.

13 SBYMAX Number of units in the y direction of the super box array.
A value must be entered for a single unit preblem, but it is

not used.
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14 SBZMAX  Number of units in the z direction of the super box array.
A value must be entered for a single unit problem, but it

is not used.

15 NTAPE NTAPE is the number of input cross-section set to be read
from a library. If NTAPE>0, read a MULTI-KENO cross-section
library on logical unit 41. If NTAPE<Q, read an AMPX working

format cross-section library on legical unit 4.

16 NXX Specified albedo-k, OPTIONS.

NOTE : Albedo camr not be used for a single unit problem.

=0 No albedo or ke Lo be used.

=] Uses specular reflection (ky). Note that this consist of
mirror image reflection, multiplying the weight (WI) by the
absolute value of the reflector constant (card 4) for that
face, and leaving the energy unchanged. NXX=1 can not be
used for a problem that utilize both specular reflection and
differential albedos.

=2 Read differential albedos from cards or page. If a combina-
tion of differential albedos and specular reflection are to
be used, NXX must be 2.

=3 Use differential albedos from the previous case, Can not be
used in the first case following an "END CASE" card.
NOTE : Differential albedes can not be used for an adjoint

problems.

17 NSCH Search type.

=0) If no search.

=1 Search on dimensions.

=2 Search on the number of units {array search). Use only if
SBOX=1 (parameter 11 or card 2)}.

=3 Search on dimensions using a small number of generations,
NBALl (given as parameter 4 of card 3). Once convergence has
been achieved, an additional search is made using the number
of generations read in as NBA (parameter 2 of card 3)
interations. This option enables the user to minimize the
hazards of a poor starting guess and yet still obtain a
significant number of histories in a relatively shorter time

interval than required if run using NSCH=].
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18 LIST Supplies print flags to MULTI-KENO (four-digit number) .
THOUSAND
DIGIT
=0 PRINT ALL macroscopic cross sections.
=1  PRINT ONLY macroscopic 1-D cross sections.
=2 DO NOT PRINT any macroscopic cross sections.
HUNDREDS
DIGIT
=0 DO NOT PRINT ARRAY UNIT INTERACTION MATRIX. (Fission
probability matrix by unit).
=]  PRINT array unit interaction matrix. Use only if MATRIX

(parameter 26 of card 2) is 1 or 3.

=0 EDIT neutron balance table for each super box and summary.

=1 EDIT neutron balance table for each outer CELL BOUNDARY plug
option 0.

=7 EDIT neutron balance table for each box type plus option 1.

=3 EDIT neutron balance table for all regions and summary.

=0 read new cross sectiomn.

=1 use cross sections from the preceding case. If using cross
sections from the preceding case, the units digit of NADJ
(parameter 23, card 2) must be the same for both cases.
NOTE : For example, to use cross sections. from the preceding
case and new geometry NOX=01. To read new cross sections and

to use the geometry from the preceding case, NOX=10.

19 NOXS Specifies whether to reuse macro cross sections and/or the
geometry description from the preceding case (two-digit
number) .
NOTE : NOXS must always be zero for the first case following
and END CASE card.
TENS DIGIT

=(} read new geometry.

=1 use geometry from the preceding case. However, the mixed box
orientation data must be read in again if NBOX (parameter 11,

card 2) is greater than 1.
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UNIT DIGIT

=0
=1

20 NTYPST

read new cross sections.

use cross sections from the preceding case. If using cross
sectlons from the preceding case, the units digit of NADJ
(parameter 23, card 2) must be the sare for both cases.

NOTE : For example, to use cross sectiens from the preceding
case and new geometry, NOXS=01l. To read new cross sections

and to use the geometry from the preceding case, NOXS=10,

The type of starting distribution to be used. NIYPST must

be negative to read restart data. If NIYPST is negative,

the absolute value of it specifies which set of restart data
is to be used. The restart data.is written sequentially on
tape as described in NRSTRT, (parameter 25, card 2). Note
that a problem that reads restart data consists only of a
title card and parameter cares. All other data is read in
from the restart units. Restart data is written on unit 45
and is read in from unit 44. Note that, whenever X, Y, and

Z are used in the start information, they are actually
integer position indicators that define the position of the
specified init in the array.

1<X<SBXMAX, 1gY<SBYMAX and 1£Z<SBZMAX.

flat over the overall dimensions, in fissile material only.
cosine over the overall array dimensions, in fissile material
only.

Not applicable for single-unit problems,

arbitrary fraction started in fissile material in unit (X,Y,Z),
the rest started in fissile material with cosine distribution,
over the array, about unit (X,Y,Z). Not applicable for
single-~unit problems.,

all are started at position (xX,y,z) in cm, in unit (X,Y,Z).
all are started at position (x,y,z) in cim, with all units

of super box NBOXST (card 13) being equally probable. Not
applicable for single-unit problems.

flat distirbution in fissile material in units of super box
type NBOXST (card 13). Not applicable for single-unit
problems.

starting distribution is arbitrarily input. This is the only

way neutrons can be started in the reflector of an array.



21

22

23

24

25

26

NFIX
<0

>0

NFDEN

NXCUTE

NRSTRT

MATRIX
TENS
DIGIT
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applicable for fixed source problem, using distributed
source. If this option is used, card 14 is needed.
applicable for fixed source prlblem, using pelnt source.

if this option is used, card 14 is needed.

NOTE : NTYPST must b3 0, 3, or 6 for a signel-unit problem.
If any other value is specified, it will be run as a start

type zero.

Neutron trace flag.
neutron are traced to. NFIXth fissicn neutrons.
only initial generated neutromns are treated.

neutrons are traced to disappearance.

Fission density flag.
fission densities will be calculated.

figsion densities will not be calcualted.

Calculation flag
a forward calculation will be done.

an adjoint calculation will be done.

=0, the logical device number, XSEC, is set to 41 for the
MULTI-KENO cross—-section library and 4 for AMPX cross-section
library.

#0, the logical device number for the input cross—~section

library, XSEC, is set equal to the absolute value of NXCUTE.

Specifies the number of generations between writing of
restart data. The sets of restart data for each problem
are numbered sequentially starting with 1, TIf NRSTRT = O,

no restart data will be generated.

Flag for input velocities and matrix calculations.

=0, read energy and lethargy from tape and calculate
velocities.

=1, read velocities from cares.

=2, use velocities from the previous case. Note that NADJ
(parameter 23, card 2) must be the same for both cases.

Note that velocities are used to calculate lifetimes and
generation times. Lifetime and generation time are incorrect

if a differential albedo reflector is used.
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DIGIT
27 NPST
28 NPSGG
Card 3
1 CONSTK
2 NSIG
3 NUMBR
4 NBXMA
4(a) NBAIL
5 NBYMA
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=0, no matrix keff will be calculated.

=1, matrix k,p¢ by array unit will be calculated.

=2, matrix k,s¢ by super box type will be calculated.

=3, matrix k,ff by both array unit and super box type will
be calculated.

NOTE : The kegg and co-factor k gy will be printed. If the
unit interactiocn matrix is to be printed, LIST (parameter

18, card 2) must include a 1 in the hundreds digit.

Position of J¢ if ANISN format cross section are read from
cards.
NPST=0 if cross sections other than ANISN format are to be

used.

Position of Ugg if ANISN format cross sections are read from
cards.
NPSCC=0 if cross sections other than ANISN format are to be

used.

Search parameters. Enter only if NSCH>0. (parameter 17, card 2).

The desired koff for a search prlbliem,

The maximum number of standard deviations kgff may be from

CONSTK for search completion.

If NSCH=1 or 2 (parameter 17, card 2), NUMBER is the maximum
number of iterations the search will run. If NSCH=3,
NUMBER is the number of iterations allowed for coarse

convergence.

Enter only if NSCH=2 (larameter 17, card 2), The maximum
number of units that will be allowed in the X direction

during an array search.

Enter if NSCH-3 (parameter 17, card 2). The number of batches
to be run to achieve coarse convergence.

(See explanation for NSCH=3.)

Enter only if NSCH-2 (parameter 17, card 2). Maximunm number
of units that will be allowed in the Y direction during an

array search.
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5(a) NUMBRF Enter only if NSCH-3 (parameter 17, card 2). The number of

6 NBZMA
Card &
NOTE

1

2

3

A

5

5

Card{(s) 5

Card(s) 6

1 KFA

iterations to be run to achieve fine convergence.
(See explanation for NSCH=3.) If cearse convergence was

not achieved, fine convergence will not be attempted.

Enter only if NSCH=2 (parameter 17, card 2). Maximum number
of units that will be allowed in the 7 direction during an

array search,

Reflector Constants. Enter only if NXX#0 (parameter 16, card 2).

Reflector constants should be the POSITIVE albedo ID for the
faces using DIFFERENTIAL ALBEDOS, the NEGATIVE albedo ID for
faces using SPECULAR ALBEDOS, and zero for faces having no
albedo treatment. SPECULAR ALBEDOS may he used on some faces
and DIFFERENTIAL ALBEDOS on others in problems where the use

of DIFFERENTIAL ALBEDOS has been indicated in NXX (parameter 26,
card 2). The absolute value of :the reflector constant entered
for specular albedo is the fractional return for that face.

The value of the reflector constant is the albedo ID for

differential albedo.

REFCST (1) Reflector constant for +x face of the array.
REFCST(2) Reflector constant for -X face of the array.
REFCST(3) Reflector constant for +y face of the array.
REFCST(4) Reflector constant for -y face of the array.
REFCST(5) Reflector comstant for +z face of the array.
REFCST(6) Reflector coanstant for -z face of the array.

Velociites. Enter only if the TENS DIGCIT of MATRIX is equal
to 1. NGP (parameter 5, card 2) entries will be read. A
velocity must be entered for each energy group. The units on

the velocity is cm/sec.

Mixing Table. Enter only if the units digit of NOXS=0

(parameter 19, card 2y,

Mixture number. It must lie between 1 and MATT (parameter

8, card 2).



2 NMA

3 RHOA
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Nuclide TD number. A negative nuclide ID number indicates
that the fission spectrum for that nuclide will be used for
mixture XKKA. A negative nuclide ID MUST be specified in each

mixture that contains fissicnable material.

Number density (atoms/barn-cm); must be greater than zero.

Repeat, starting with KKA, for each nuclide. Each set of KKA, NMA, RHOA

is mixing table entry.

NOTE : There must be NMIX (parameter 9, card 2) sets of entries.

Card(s) 7

NOTE :

Card(s) 7-a

Card(s) 7-b

NOTE

Card(s)} 7-c

Cross Sections from Cards. Enter only if units digit of NOXS=0
(parameter 19, card 2) and NTAPE <NMAT (parameter 15 and 7,

card 2}. There will be Nmat— NTAPE cross-section decks entered.
Fach cross—-section deck consists of the card sequence 7(a),
7(b), and 7(c) described below.

Cross sections must be formatted.

Title Card. Format {17A4, A3, Il).
Cols. 1-71 XS8T Nuclide identification.
Cols. 72 IORDER Enter 0 if PO component only; enter 1 if P1

is present.

PO and Pl cross—-section sets.

First enter the PO component for all energy groups.

Next, if TORDER=1 (Card 7-2), enter the Pl component for all
energy groups.

Both the PO and Pl components must be entered in entered in
either MULTI-KENO, KENO IV or ANISN format described under A
and B below. All cross-section sets from cards must be
entered in the same format for a given problem.

A. MULTI-KENO or KENO FORMAT, see next page.

B. ANISN FORMAT, enter only if NPST#0 (parameter 27, card 2).

Fission Spectrum. FORMAT (6E12.5) Enter only if vcf#O for
at least one energy group. There must be NGP entries.
WARNING: Cross sections and fission spectrum cannot be read

in free-form format.
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Geometry Cards and Weights. Enter only if the tens digit on
NOX=0 (parameter 19, card 2}. Starting in column 1 on a new
card, enter the geometry word, followed by at least two blanks.
Then the mixture number, dimensions and weights are entered,
separated by one or more blanks. This information may be
carried over to a new card after any entry. Note that the
geometry type must ALWAYS start in column. 1. A weight for
each energy group must follow each geometry card (expect SUPER
BOX, BOX TYPE or REFLECTOR cards, which are not counted as
geometry cares). If SBOX z 1 (parameter 11, card 2), SUPER BOX
cards are needed, and start in column 1 and punch SUPER BOX,
followed by two or more blanks. Then enter the super box type.
If NBOX > 1 (See card(s) 8-a) BOX TYPE cards are needed, and
start in column 1 and punch BOX or BOX TYPE, followed by two

or more blanks ; if NBOX < 1, BOX TYPE cards may not be ertered.
This card is followed by as many geometry cards and weights as
are necessary to describe the box type. Repeat this process
until all box types have been described. If SBOX z 1 {parameter
11, card 2), enter a CELL BOUNDARY card next. The CELL BOUNDARY
cards start in column 1 and punch CELL BDY, followed by two or
more blanks. The mixture field contains a zero and the
remainder of the field is punched with cuboid dimensions that
fit tightly around the array of box types. Following the CELL
BDY card are weights for each energy group. The remaining
super box regioms are described as any appropriate geometry
type, in the manner illustrated under Card(s) 8-c. Repeat

this process until all super box types have been described.
NOTE : ALL REGIONS WITHIN A GIVEN BOX TYPE MUST BE DESCRiBED S50
THAT EACH SUCCESSIVE REGION COMPLETELY ENCLOSES THE PREVIOUS
REGION. THE ADJACENT FACES OF BOXES, WHICH ARE CONTAINED BY
SAME SUPER BOX, IN CONTACT WITH EACH OTHER MUST BE THE SAME
SIZE.

If an external reflector to an array is present, enter a CORE
BOUNDARY card. The CORE BOUNDARY card starts in column 1 and
the first four characters must be CORE followed by two or more
blanks. The word CORE may be fellowed by a blank and the word
BDY or BOUND, which then must be followed by two or more blanks,
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The mixture field contains a zero and the remainder of the
field is punched with cuboid dimensions that fit tightly

around the array. Following the CORE card are weights for each
energy group. The remaining reflector regions are described

as any appropriate geometry type, in the manner illustrated
under Card(s) 8-b. NOTE : EACH SUCCESSIVE REFLECTOR REGION
MUST COMPLETELY ENCLOSE THE PREVIOUS REGION. A weight for each

energy group must follow each reflector region card.

The REFLEGTOR card starts in column 1 and says REFLECTOR;
followed by twec or more blanks followed by a mixture number.

The next six entries indicate the desired reflector thickness
on each face {(4x, -x, +y, -v, +z, and -z, respectively). The
reflector thickness must be either zero or positive., They cannot
be negative. Following the thickness is the ID number of the
weights to be read from tape. If the ID is less than lO,.tbe
weights will be read from cards as given in card(s) type 10.

The REFLECTOR card may be replace the CORE BOUNDARY card or be
placed at any peint-external teo it. If it replaces the CORE
BOUNDARY card, it calculates the core boundary, supplies the
weights for it, and fills in the reflector regions and their
associated weights until KREFM-1 (parameter 10, card 2) regions
contain data., It then fills the last region with the remaining
réflector thickness and supplies the weights associated with it.
The thickness of each region is governed by data associated
with the weights read from tape or cards (3 cm for water and
paraffin, 5 ch for concrete, etc,). If KREFM (parameter 10,
card 2) is too large so the maximum reflector thickness 1s used
up before reaching KREFM regions, it simply pads with zero
thickness regions until it accumulates KREFM regions. If the
REFLECTOR card is external to the CORE BQUNDARY card, it fellows
the same procedure except it does not calculate the core
boundary but starts creating regions at the point where the
REFLECTOR card was read, NOTE: The first automatic reflector
region always uses the weights for the first increment (i.e.,
0-3 cm for water and paraffin, 0-5 cm for concrete, etc.).
Therefore, exercise caution in choosing weights for any regions

that occur between the CORE BOUNDARY card and the REFLECTOR card.
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If the REFLECTOR card replaces the CORE BOUNDARY card, you need

not be concerned.

Card(s) 8-a Super Box Type Card. If SBOX = 0, (parameter 11, card 2),
do not enter a SUPER BCOX TYPE Card.

Start in Col. 1 'SUPER BOX" (left adjusted).

1 I Super box number (between I and SBOX), starting two or more

spaces after the geometry card.
2 NBOX Numwber of box types contained by SUPER BOX 1.

3 NBXMAX  Number of units in the x direction of the array made by box

types.

4 NBYMAX Number of units in the y direction of the array made by box

types.

5  NBZMAX  Number of units in the z direction of the array made by box

types.

Card(s) 8-b Box Type Card. If NBOX = 0, (parameter 11, card 2), do not
enter a Box Type Card. If NBOX = 1, a Box Type Card may be

entered but is not necessary.

Start in Col. 1 "BOX TYPE" (isft adjusted).
Starting two or more spaces after the geometry word, enter

the box number (between 1 and NBOX).

Card(s) 8-c Geometry Cards. NOTE : All geometry words start in Col. 1.

FGEOM FGEOM may be one of the following and must be left adjusted:
CUBE, CUBOID, SPEERE, CYLINDER, XCYLINDER, YCYLINDER,
HEMISPHERE, HEMISPHE+Z, HEMISPHE-Z, HEMISPHE+X, HEMISPHE-X,
GENERAL, XHEMICYL+Y, XHEMICYL-Y, HEMISPHE+Y, HEMISPHE-Y,
XEEMICYL+Z, XHEMICYL-Z, YHEMICYL+X, YHEMICYL-X, YHEMICYL+Z,
YHEMICYL~Z, ZHEMICYL+X, ZHEMICYL-X, ZHEMICYLA+Y, ZHEMICYL-Y,
CORE BDY, CELL BDY, REFLECTOCR.
NOTE : FGEOM may be no more than 12 characters long.

CUBE has +X = +Y = +Z and =X = -Y = =Z, Note that the +X
dimension need not equal the -X dimension of the cube;
the origin need not be at the center of the cube.

i.e.,
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CUBOID is a rectangular parallel epiped and may be described

anywhere relative to the origin.
SPHERE must be centered about the origin.

CYLINDER has its length described along the Z axis and its

center line must Iie on the Z axis.

XCYLINDER has its length described along the X axis and its

center line must lie on the X axis.

YCYLINDER has its length described along the Y axis and its

center line must lie on the Y axis.

HEMISPHERE must have its flat portion centered about the

origin at Z = 0.0 and exists only in the positive Z direction,

HEMISPHERE{(B) (C) must have its flat portion ceantered about the
orogin at (¢} = 0.0 and exists only in the BC direction .

(B= or -, C=X,Y, or Z). For example, HEMISPHE+Z is the

same as the previcusly described HEMISPHERE and HEMISPHE-Z is

the mirror image of HEMISPHE+Z, therefore existing only in

the negative Z directiomn.

(B)HEMICYL{C)}(D} is a half cylinder whose axis is the B dxis
(B + X, Y, or Z) and exists only In the CD direction (C = +
or -, D =X, ¥, or ). (Examples: ZHEMICYL4+X, YHEMICYL-Z,
XHEMICYLAY) .

GENERAL refers to generalized geometry. A GENERAL card must
be entered for each generalized geometry media. The purpose
of the GENERAL card is to set up a correspondence between
each medium number and a mixture. The first GENERAL card
should ceontain the MULTI-KENO mixture number corresponding
to medium 1 as defined in GEOM, the second should contain
the MULTI-KENO mixture number for medium 2, etc. The dimen-
sion specification portion of the GENERAL cards may be set
to zero. MULTI-KENO automatically inserts the outer ZONE
boundaries from the generalized geometry data for the dimen-
sions of the last GENERAL card. Note that for a single-unit
problem (SBOX = 0, parameter 11, card 2) a GENERAL card cen
be the last card entered. However, for an array problem the

last card must be a cube or cubeid whose dimensions are as
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large or large than the zone dimensions of the generalized

geometry region.

Starting two or more spaces after the geometry word, the

following data is entered, separated by one or more blanks.

A new card may be started after any entry.

MAT
XKL

XX(2)

XX(3)

XX (4)

XX{(3)

XH(6)

WTAGB

Mixture number. f{enter a zero for a void)

Radius for sphere, cylinders, hemispheres,
hemicylinders,

+x dimensi&n for cube, cubeid, or general region.
—x dimension for cube cuboid, or general region,

+z for cylinder,

+x for x cylinder, +4y for y cylinder, + length for
hemicylinder, omit XX(2) for a sphere or hemisphere.
+y dimension for cuboid or general region, -z for
cylinder, -x for x cylinder, -y for y cylinder,

- length for hemicylinder, omit XX(3) for a sphere,
hemisphere, or cube.

-y dimension for cuboid or general region, omit for
all other geometry types except CORE BDY.

+z dimension for cuboid or general region, omgt

for all other geometry types except CORE BDY.

-z dimension for cubeid or general region, omit

for all other geometry types except CORE BDY and
CELL BDY.

The weight which is given a neutron that survices
Russian roulette.

Enter a value for each energy group. Enter a
weight of 0.5 or 0.0 for all regions within the
core. If a value of 0.0 is entered it is defaulted
toe 0.5 within the code.

Weights for some commonly used reflector materials

are given in ORNL-TM-4660.

Repeat the card{s) 8-a, 8-b, 8—c sequence until SBOX super

box types, each super box contains NBOX hox types, have been
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The last geometry card for each box type must be a

Card(s) 8-cl Core Boundary Card (must be cuboid) .

are addltional vregiomns external to the core.

Enter only if there

needed only if one more of cards 8-c2 are used.

Starting in Col., 1.

CORE BDY (left adjusted).

MAT

XX (1)
XX(2)
XX(3)
XK (4)
XX (5)
XX (6)

WTAVG

Card(s) 8-c2 Reflector Geometry Cards.

Card(s) 8-c3

Fnter a mixture number (usually zero)

more blanks between CORE BDY and MAT.

+x
—X
+y
-y
+z

ht’

dimension
dimension
dimension
dimension
dimension

dimension

NOTE : These

for
for
for
for
for

for

a

a

a

a

a

a

cuboid or cube.
cuboid or cube.
cuboid, zero for
cuboid, zero for
cuboid, zero for

cuboid, zero for

a

; leave two or

cube,
cube.
cube.

cube.

dimensions must fit tightly arround the

This card is

array.

Enter a value for each energy group even through are not

used.

FGEOM

MAT

XX(1)eos. XX(6)

Weights

See card(s) 8-c.

Repeat the above card sequence until all reflector regions

have been described.

Automatic Reflector Card (must be cuboid).

This card can be

entered in the place of a core boundary card (in which case

it calculates the core boundary and fills in any remaining

regions) or it may be entered at any point external to the

core boundary card (it then just fills in any remaining

cuboidal regions}.

geometry type.

problem.

It must mever be intermal to any cther

Use only one Automatic Reflecfor card per
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NOTE : All regions generated by the automatic reflector

option must be counted in KREFM (card 2, parameter 10).

Starting in Col. 1.

REFLECTOR (left adjusted) Enter only if the automatic reflector
option is to be exercised for putting an external reflector
around an array.

MAT Enter the mixture number of the material comprising the
reflector ; leave two or more blanks between REFLECTOR
and MAT.

(D) The reflector thickness in the +x direction.
Non-negative numbers only.

X(2) The reflector thickness in the -x direction.
Non-negative numbers only.

XX(3) The reflector thickness in the +y direction.

Non-negative numbers only.

XX (4) The reflector thickness in the -y direction.
Non-negative numbers only. .
XX(5) The reflector thickness in the +z direction.

Non-negative numbers only.

XX(6) The reflector thickness in the -z direction.
Non-negative numbers only.

IDWT The ID of the appropriate set of WIs to be read from
library. If IDWT is less than 10, the weights will be
read from cards. (See card(s) 10.)
NOTE : Do NOT enter weights for the REFLECTOR card.
They are automatically provided through reading IDWT.

Card(s) 9-a Mixed Box Orientation Card. Enter only if NBOX > 1.
(parameter 2, card 8-a).
The first field contains the box type, followed by three sets
of three fields that are treated like FORTRAN DO loops,
followed by a field that indicates whether another set of
mixed box data is to be read. The arrangement of boxes may
be considered as consisting of a three-dimensional matrix of
box type numbers, with the box position increasing in the
positive X, Y, and Z directions, respectively. Each set of

mixed box orientation data consists of the following parameters,
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separated by one or more blanks.

LTYPE The box type. LTYPE must be greater than zero and less
than or equal to NBOX (parameter 2, card 8-a),.

IX1 The starting point in the x direction. IXl must be at
least 1 and less than or equal to NBXMAX (parameter 3,
card 8-a).

X2 The ending point in the x direction. IX2 must be at least
1 and less than or equal to NBXMAX.

INCX The number of boxes by which increments are made in the
positive x direction. INCX must be greater tham zero and
less than or equal to NBXMAX.

IYl The starting point in the vy direction. IY1l must be at
least 1 and less than or equal to NBYMAX (parameter 4,
card 8-a)}.

IY2 The ending point in the y direction. IY2 must be at least
1 and less than or equal to NBYMAX.

INCY The number of boxes by which increments are made in the
positive y direction. INCY must be greater than zero and
less than or equal to NBYMAX.

IZ1 The starting peint in the z direction. IZ 1 must be at
least 1 and less than or equal to NBZMAX (parameter 5,
card 8-a).

IZ2 The ending peint in the =z direction. IZ2Z must be at least
1 and less than or equal to NBZMAX.

INCZ The number of boxes by which increments are made in the
positive z direction. INCZ must be greater than zero and
less than or equal to NBZMAX.

ISTP Indicates whether to reac another set of mixed box orienta-
tion data.
=0, read ancther set of data.

#0, do not read any more mixed box orientation data.

An important feature of this type of data description is that
if any portion of an array is defined in a conflicting manner,
the last card to define that portion will be the one that
determines the array's box type configuration. To utilize

this feature, one can fill an entire array with the most



Card(s) 9-b

LTYPE

IX1

1X2

INCX

Iyl

IYZ

INCY

IZ1

172

INCZ
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prevalent box type and then superimpose the other box types

in their proper places to accurately describe the array.

The last set of mixed box orientation data must have a non-

zero entry in the last field.

Repeat this card until box orientation of all super box have
been described. This card must be entered in super box type

sequence.

Mixed Super Box Orientation Cards. Enter only if SBOX > 1
{parameter 11, card 2).

This card must be entered in the same manner as card 9-a.

The super box type. LTYPE must be greater than zero and
less than or equal to SBOX (parameter 11, card 2).

The starting point in the x directicn. IXI must be at
least 1 and less than or equal to SBXMAX (parameter 12,
card 2).

The ending point in the x direction. IX2 must be at least
1 and less than or equal ro SBXMAX.

The number of super boxes hy which increments are made in
the positive x direction. TINCX must be greater than zero
and less than or equal to SBXMAX.

The starting point in the y direction. IY1 must be at
least 1 and less than or equal to SBYMAX (parameter 13,
card 2).

The ending point in the y direction. IYZ must be at least
1 and less than or equal to SBYMAX.

The number of super boxes by which increments are made in
the positive y direction. INCY must be greater than zero
and less than or equal to SBYMAX.

The starting point in the z direction. IZ1 must be at least
1 and less than or equal to SBZMAX (parameter 14, card 2),
The ending point in the z direction. IZZ must be at least
1 and less than or equal to SBZMAX.

The number of super boxes by which increments are made in
the positive z direction. INCZ must be greater than zero

and less than or equal to SBZMAX.



ISTP

Card(s) 10

WITITL
IDWIT
ISUBST
THICK

NUMINC

NGPWT

WIAVG(L,J)

Card(s) 11

Card(s) 12
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Indicates whether to read another set of mixed super box
orientatien data.
=0, read another set of data.

#0, do not read any more mixed super box orientation data.

The data of this card have same features as card 9-a. The
last set of mixed super box orientation data must have a

nonzero entry in the last field.

Reflector Weights from Cards. Enter only if IDWT {(card 8-c3)

is less than 10.

Name of material being used for the reflector weights.
Enter in Cols. 1-12,

Weight ID number (usually the ID number that will be put

on the library, but may be anything. The code automatically

sets equal to the value of IDWT (card 8-c3)).

Number of sets of weights associated with this IDWTT.
Usually one since you need read in only 1 set of weights,
The thickness in cm of each weighting region or interval.
The number of intervals in the set of weights.
{(NUMINC*THICK=maximum thickness for which weights are
given.)

The number of energy groups for this set of weights. It
must be equal to NGP,.

The weight average for each interval and energy group.
I=1 to NUMINC and J=1 to NGPWI. There are NUMINC*NGPWT
entries.

NOTE : If SUBST is greater than 1, the data "THICK" through
"WIAVG(I,J)" must be repeated ISURST times.

Generalized Geometry Description, if any, as described in

section 5.4.

Albedo Deck. Enter enly if NXX=2 (parameter 16, card 2).
NOTE : ALBEDO data must be formatted. It consists of the
following data :

(1) ATITLE format (18a4) Title card for the albedo deck.



Card 13

if NTYPST =

NBXS
NBYS
NBZS
X

if NTYPST =

NBXS
NBYS
NBZS
TFX
TFY
TFZ
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(2)  (Wrcos(r),I=1,NANG) fcrmat (6E12.5). WTICOS is the
product of the fractional solid angle and the cosine of the
polar angle for each polar angle. NANG 1is the number of
polar angles and for the existing KENO Albedos is 4.

(3) (PLIM(I),I=1,NANG) format (6E12.5). PLIM is the
cosines of the angular bounds for each cf the polar angles.
(4) (CPOL(L),I=1,NANG) format (6Ei2.5)}. CPOL is the
cosines of the polar angles.

(5) (SPOL(L),T=1,NANG) format {6E12.5). SPOL is the sines
of the polar angles;

(6) ((((A(I,J,K,L),L=1,NANG),J=1,NGP),K=1,NANG),I=1,NGP)
format (18a4). A(I,J,K,L) is the albedo data in hexidecimal
form and represents the relative angular return tables for

each input angle and energy.

Data for special start options. Input if NTYPST = 2

(parameter 20, card 2).

(Entered in free form.)

2 (parameter 20, card 2) Enter the X, Y, and 7Z coordinates
(in terms of boxes) of the box about which the starting
distribution is given.

The X index of the box.

The Y index of the box.

The Z index cof the box.

The fraction of neutrons to be started as spike in box
(NBXS,NBYS,NBZS) of the array.

3 (parameter 20, card 2) Enter the X, Y, and Z indices
(in terms of boxes) of the box where the neutrons will
be started as a spike at the coordinates x, y, and z in
that box.

The X index of the hox.
The Y index of the box.
The Z index of the box.
The x coordinate of the spike in box (X, Y, and 2).
The y coordinate of the spike in box (X, Y, and Z).

The z coordinate of the spike in box (X, Y, and zZ).
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if NTYPST = 4 (parameter 20, card 2) Enter the bex type in which the
neutrons will be started at the point (x, y, and z).

NBOXST The bex type in which the neutrons will be started.

TFX The x coordinate of the point at which the neutrons
wlll be started in the box type NBOXST.

TFY The y coordinate of the point at which the neutrons
will be started in box type NBOXST.

TFZ The z cecordinate of the point at which the neutrons

will be started in box type NBOXST.

if NTYPST = 5 (parameter 20, card 2) Enter the box type in which the
neutrons will be started.

NBOXST The box type in which the neutrons will be started.

if NTYPST = 6 (parameter 20, card 2)

LFIN The final neutron to be started at this pecint,
The first LFIN must be z 1. (The first neutron at this
point is the one following the previous LFIN.) Points
are read until LFIN = NPB (parameter 3, card 2), the

number of neutrons per batch.

NBXS The X index of the super box.
NBYS The Y index of the super box.
NBZS The Z index of the super box.
TFX The x coordinate of the peoint.
TFY The vy coordinate of the point.
TRZ The z coordinate of the point.

For example, assume there are 50 neutrons in & generation,
and you wish to start the first filve neutrons in super box
(1,1,1) at x=1.0, y=0.0, z=0.0; the next 25 neutrons in hox
(1,2,1) at x=1.0, y=0.0, 2z=2.0; and the remaining neutrons
in super box (1,2,2) at x=1.5, y=1.3, z=1,5. Then the input
card could be entered as follows:

51111.00.00.0301211,00.02.050121712

1.5 1.5 1.5

Card(s) 14 Search Constants. Enter only if NSCH = 1, 2, or 3.

The physical significance of a search constant may best be

described as a proportionality constant. For a dimension
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search, the search constant (CONS) is proportional to the
relative change in dimension (XX pew—EXp1d) /XXp1q divided by
the k-effective (knew—kold) where X 14 is the dimensicn that
yielded a k-effective of k,1q and XX .. is the dimension that
yielded a k-effective of kpey. The search constants is
positive if k=effective increases as the dimension increases
and negative if k-effective decreadses as the dimension

increases,

if NSCH = or 3 (parameter 17, card 2) Enter one set for each geometry

CONS (1)

CONS(2)

CONS (3)

CONS(4)
CONS(5)
CONS(6)

region, and in corresponding order. There will be omne
entry on a card for a sphere or hemisphere, three entries
for a cylinder, xcylinder, or ycylinder, and six entries
for a cube, cuboid or general region.

Fach entry corresponds to a dimension and tells how that
dimension will be altered. A value of zero means that
dimension will be unchanged.

NOTE : Zeros should ALWAYS be entered for a general region
because a search cannot be made for a general region.
Search constant for the radius of a sphere, hemisphere,
cylinder, xcylinder, ycylinder, hemicylinder, +x dimension
of cube or cubeid.

Search constant for +z of cylinder, +x of xcylinder, +y

of ycylinder, +x of xhemicylinder, +y of yhemicylinder,

+7 of zhemicylinder, -x dimension of cube or cuboid.
Search constant for -z of cylinder, -x of ycylinder, -y

of yeylinder, -x of xhemicylinder, -y of vhemicylinder,

-~z of zhemicylinder, +y dimension cf cube or cuboid.
Search constant for -y dimension of cube or cuboid.

Search constant for +z dimension of cube or cuboid.

Search constant for -z dimension of cube or cubeid.

NOTE : If NSCH=1 or 3 and the problem centains a reflector
that is to maintain its thickness even 1f the unit

spacing changes, simply enter zero for all six search
constant for each of the core boundary and reflector
regions. The code will automatically calculate the new
core boundary and maintain proper reflector thickness and

weightings.



if NHCH = 2

CONS(1)
CONS (2)

CONS (3)

Card 15
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(parameter 17, card 2) Enter only one set. There will

be three entries; one for each coordinate direction of

the array. The number of units in a given directien will
be changed by an integer multiple of the search constant
specified. For any array search, the search constant

for a given direction represents the minimum number of
units by which the array size can be changed in that
direction. The change in the number of units in each
direction maintains the proportionality of the search
constants stafed for those directioms. The search
constant is positive if k-effective increases as the array
size. increases and negative if k-effective decreases as the
array size Increases.

Search constant fér changing the number of units in the

X direction,

Search constant forichanging the number of units in the

Y direction,

Search constant for changing the number of units in the

Z direction.

Parameters for fixed source prcbhlem., Enter only if NTYPST = 7,

or 8 (parameter 20, card 2).

Card(s) 15-a Fixed source spectrum data.

1

KR

The region number. If KR is equal to zero, enter next

card.

2 TFIX(KR,NGP) The fixed source spectrum at region KR for each energy

group.

Card(s) 15-b Parameters for point source. Enter only if NTYPST is equal

P~ N

Xs
Ys
s

to 8 (parameter 20, card 2).
Source ratio (%) at the point (Xs, Ys, Zs).
The x coordinate of the point.
The y coordinate of the point.

The z ccordinate of the point.

Repeat this card (card l4~b) until sum of Fx have been equal

to 100.



Card 16

Card(s) 16-a
NUSE

Data for graphic processing.
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< 0, graphic cutput will not be done.

> 0, graphic output will be deone. If NUSE greater than

zero, NUSE characters, which is used for region (material)

number in the graphic output, must be entered (card 15-b).

If NUSE is equal tc zero, default character will be used.

Card(s) 16-b This card{(s) must be ‘entered only if NUSE greater than

ATABLE (NUSE)

Zero.

numbers from 0 to NUSE-1.

Enter NUSE characters which is used for region (material)

Card(s) 16-c This card(s) must be entered only 1f NUSE is greater than

ITP

IRG

Card(s) 16-d Plotted area definition data.

XUL

YUL

AUL

XLR

YLR

ZLR

ZeTo .

-

>

-

o O o QO

>

graphic processing will be ended with above data.

graphic processing will be started with following data.

graphic output will be dome on material.

graphic output will be done on region.

Enter only if NUSE is greater

than or equal to zero, and ITP is greater than zero.

The % coordinate of the upper

area.
The ¥
area.
The z
area.
The x
area.
The y
area.
The =z

area.

coordinate

coordinate

coordinate

coordinate

coordinate

of

of

of

of

of

the

the

the

the

the

upper

upper

lower

lower

lower

left corner for a plotted

left corner for a plotted

left corner for a plotted

right corner for a plotted

right corner for a plotted

right corner for a plotted
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Card(s) 16-e Plotted axis definition data. Enter only if NUSE is greater

UX

UZ

VX

VZ

Card 17

Card 18

than or equal to zero, and ITP is greater than zero.
The direction cosine of plotted vertical axis with
respect to the x axis.
The direction cosine of plotted vertical axis with
respect to the y axis.
The direction cosine of plotted vertical axis with
respect the the z axis.
The direction cosine of plotted horizontal axis with
respect to the x axis.
The direction cosine of plotted horizontal axis with
respect to the y axis.
The direction cosine of plotted horizontal axis with

respect to the z axis.

END CASE. This card is optional. It enables MULTI-KENO to
read to the end of a case that contains an error and to

stdart on a new case.

END KENO. This card is opticnal and comes after the last
card of the last case. No more data will be read after this

card has been encountered.
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5.4 MULTI-KENO General Geometry Input Data

T1f a GENERAL card is present in the input, then generalized GEOM
data must be entered, The following GEOM input description is
essentially the same as that found in ORNL-3622.

The outstanding feature of GEOM is its ability to describe multiple
media may be included, while the permissible boundaries may be of any
shape which can be described by quadric surfaces used singly or in
combination.

The initial step in the geomefric description of a system for GECM
is to enclose the entire system in a cuboid whose faces are parallel with
the xy, yx, and xz coordinate planes.. This cuboid is then divided into
several smaller cuboids, called zones, by planes parallel to the co-
ordinate planes and extending entirely across the systen.

The zones, in turn, are then divided into smaller cuboids, called
blocks, by planes again parallel to the coordinate axes but extending
only across individual zones. The planes used as zone and block boundaries
need not necessarily be boundaries between media; however, if a boundary
between two media is a plane parallel to a coordinate plane, it is
advantageous to make it a block or zome boundary. The use of the zone-
block scheme allows complicated parts of the system under study to be
divided into smaller blocks than may be needed for simpler regions. If
the whole system is relatively simple or requires a similar description
throughout, the system should be composed of one zone divided into many
blocks rather than many zones of one block each,

Boundaries between media which are not also block boundaries may be
any quadric surface. A quadric surface is defined by the zeros of a
gquadratic function, and divides all space Intec two regions. In one
region, the function defining the surface will be positive; in the other
it will be negative. Each bleck may contain a maximum of 32 such surfaces
as medium boundaries. The surfaces will divide the block into sectors.

A sector is defined as a volume positive to one set of quadric surfaces
but negative to another set. FEach sector must contain only one medium
which may be the same as the medium in another sector. Spatial volumes
containing a single medium which cannot be described by a single sector
definition must be divided intc two or more sectors. It is not necessary
to mention every surface in the block in defining a sector. It is, in

fact, more efficient to include in a sector definitionly those surifaces
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which actually form the boundary of the sector. In addition sectors
containing the same medium may coverlap without error.

Care must be taken in the use of cones as guadric surfaces, since
the quadratic equation describes a surface of two nappes. If, as is
usual, the described surface is but one napper of the cone, a block

boundary through the vertex must be used to cut off the surface.

Inpub Lo GEOM. (All alphabetic input must be left-adjusted.)

Card A : Format (I5)

a. An index which is not used in KENO but must be specified as a 2,

Card B : Format [ALl,5(EL10.5,Al}]

This card lists the zone boundaries in increasing order along the
X axis, including the boundaries of the parallelpiped enclosing the
entire system., Since the number of boundaries depends upon the problem,
commas in the Al fields separating the boundaries are used to indicate
that the list continues, while the absence of a comma follewing the last
boundary indicates that the list has ended. The all field is for the

programmer's convenience and will be ignored by the code.

Card(s) B' : Format [6(E10.5,Al1)]
If the number of boundaries exceeds the five allowed by the format

of card B, the list is continued on as many cards B' as are required.

Card C : Format {A1l1,5(E10.5,Al)]
Identical with card B except that the listing is of the zone

boundaries in order along the Y axis.

Card C' : Format [6(E10.5,A11)]

Identical with card B' but continues the Y axis zone boundaries.
Card D : Format [All,5(E10.5,A1)]

Tdentical with card B except that the listing is of the zone boundaries

in order alecng the Z axis.
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Card D' : Format [6(E10.5,Al)]

Identical with card B' but continues the Z axis zone boundaries.

Cards E through P : Constitute a complete zone description. This set

so cards must be included once for each zone.

a 1 m n
Card E : Format (A6,T15,T15,I5)

a. The word ZONE.

1,m,n: Each zone is located in the system by three integers:
1, m, and n. These specify the zone as being the 1th in the X direction,
the mth in the Y direction, and the nth in the Z direction, The integers

i, m, and n run from 1 to the maximum number of zones in each direction.

Card F : Format [Al1l,5(F10.5,A1)]
This card lists the block boundaries in this zene in increasing

order along the X axis, including the boundaries of the zone.

Card(s) F' : Format [A1l,5(E10.5,A1)]
This is a block list continuation card similar to card B' of the

zone listing.

Cards G, G'

The same as cards F and F' except that the block boundaries along

the Y axis are listed.

Cards H, H'

The same as cards F and F' except that the block boundaries along

the 7 axis are listed.

Cards J through P : Constitute a complete block description. Thils set
of cards must be included once for each block in the zone.
a 1 m n

Card J : Format (A6,15,15,15)

a. The word BLOCK.

1,m,n : Each block is located in the zone by three integers:

1, m, and n. These specify the block as being the lth in the
direction, the mth in the Y direction, and the nth in the 7 direction,
within the given zone. The integers 1, m, and n run from 1 to the maximum

number of blocks in each direction.



Card K
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a b
Format [Al2,10(15,Al1)]
The word MEDIA,
A list of the media, sector by sector, in the bleck. As with
other lists, a comma in the Al field indicates that the list
continues; its termination is indicated by the absence of the
comma. A media number of 1000 signifies an intermnal wvoid, while

a media number of 0 signifies an external void.

Card(s) K' : Format [12(I15,Al)]

The continuation, if required, of the medium list.

Card L

Card L'
The

Card M :

a b

: Format [Al2,10(I5,Al1)]

The word SURFACES.

A list of the quadric surfaces appearing in the block.

Commas in the Al field indicate that the list continues; a
blank indicates the end of the list. The ﬁumber appearing in
this list derive from the order im which the surfaces are
mathematically described on card R, which will be described

later in the input.

Format [8(T5,Al)]
continuation, if needed, of the list begun on card L.
a b
Format [A6,1813)
The word SECTOR.
The designation of each sector with reference to its positicn
relative to the quadric surfaces. For every sector in the
block there must be a card M, which will have as many references
as there are surfaces in the block. The status of the sector
is listed according to the following key:
+1 : The sector 1s on the positive side of the surface.
-1 : The sector is on the negative side of the surface,.
0 : The surface is not needed in the definition of the sector.
The order in which each reference toc a quadric surface
appears on each card M must correspond to the order in

which the quadric surfaces are listed on card L.

If there is only one sector in a bleck, cards L and M should be

omitted.
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a
Card Q : Format (I5,11A6)

a., The total number of quadric surfaces in the entire system.
The alﬁhabetic data in the A6 fields is lgnored by the code.
a b ¢
Card R : Format [4{E10.5,A5,Al1)]

Fach quadric surface is described by writing the gquadratic functien
whose zeros define the surface, in a fixed field format resembling the
normal manner of writing functioms. Each term in the function is
specified by

a. The coefficient of the term.

b. May be XSQ, YSQ, 28Q (used for x2, y2, and z?)

XZ, YX, YZ, XY, ZX, YZ, X, ¥, Z, or blank,
c. A nonblank character in this field indicates the end of the

function. The next function must start on a new card.
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a
Card Q : Format (I5,11A6)

a. The total number of quadric surfaces in the entire system.
The alphabetic data in thé A6 fields is ignored by the code.
a b ¢
Card R : Format [4(EL0.5,A5,A1)]

Each quadric surface is described by writing the quadratic function
whose zeros define the surface, in a fixed field format resembling the
normal manner of writing functions. Each term in the functien is
specified by

a. The coefficient of the term.

b. May be XSQ, YSQ, ZSQ (used for x%, y?, and z2)

XZ, ¥X, YZ, XY, ZX, YZ, X, Y, Z, or blank,
c. A nonblank character in this field indicates the end of the

function. The next function must start on a new card.
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a
Card @ : Format (I5,11A6)

a. The total number of quadric surfaces in the entire system.
The alﬁhabetic data in the A6 fields is ignored by the code.
a b ¢
Card R : Format [4(EL10.5,A5,Al1)]

Each quadric surface is described by writing the gquadratic function
whose zeros define the surface, in a fixed field format resembling the
normal manner of writing functions. Each term in the function is
specified by

a, The coefficient of the term.

May be XSQ, YSQ, ZSQ (used for x2, y?, and z2)
XZ, YX, YZ, XY, ZX, YZ, X, Y, Z, or blank.
€. A nonblank character in this field indicates the end of the

function. The next function must start on a new card,
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APPENDIX A : Sample problem input

This appendix contains a set of 6 sample problems that demonstrate
some of the options available in MULTI-KENO. Included for each sample
problem is a brief prcblem description followed by the card input

data necessary to excute the problem.
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SAMPLE PROBLEM 1 : SUPER 1

This sample is consisted of two super boxes, each of which contains

2x2x1 array of cylinders. The graphic output cf this sample is shown
in Fig. A-1 and A-2.

SUPER .
%30|u [ .1 L_Ql EZ (MEDTUM)

-50.00 r I |
-40.C0
-30.00
-20.00
-10.00
=
(6]
> -0.00 X1 =Y50.00
Y1 =Z25.0C
71 =¥5.00
¥2 =Y50.00
10.00 Y2 =Z-25.00
72 =x5.00
¥3 =Y-%0.00
Y3 =225.00
20.00 73 = %.00
W
NOYLe354.00
30.00
40.00
-9999891385.00
30.00 i I T T T
25.00 15.70 5.00 -5.00 -15.00
-25.00
Yy CM

Fig. A-1 SUPER 1

m

[



CM

-50.00

-40.00

-30.00

-20.00

-10.00

10.00

20.00

30.00

40.00

$0.00
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SUPER 1

NO Y P_QNF[mmw

X1 =Y50.00

Y1 =725.0C
71 =x5.00
¥Z2 =YS0.00
Yz =2-25.00
72 =¥5.00
X3 =Y-50.00
Y3 =225.00
73 = 5.00
N
MDYL5354.00

95999993¢.00

Z T T
25.00 15.00 5.00C -5.00 -15.00

Fig. A~2 SUPER 1

-25.00

SEC



CARD 1 2 3 [ 7
SEQ.----5-==--0=-=-=-§--=-0=-=-=-=-5-==-=0-=~~5----0---=5----0----5----0----5----Q~=-~-5----0
1 SUPER 1
2 *x PARAMETER CARD
3 2.3 103 3007 3 & 6 2 <] 2
4 6 ¢} o} 30 0 4] 0 o] 0
S xxMIXING TABLE
& 1 -92500 4.48006-2
7 1 2800 2.465780-3
8 1 2400 4L.82700-4
g i 92600 9.,57000-5
10 2 1101 8.25810~2
il t 2 6100 3.97020-2
12 %%k GEOMETRY CARD AND WEIGHTS., XAk kkkkx Ak kAXK AR SERRKRREERRX KKK K XL KRRA K KA KKK E X KX
13 SUPER BOX 1 2 4 2 1 :
14 BOX TYPE 1
15 ZHEMICYL-X 1 S5.748 5.3825 -5.3825 16%0.5
16 CUBQOID o0 0.0 -5.748 5.748 -5.748 16%0.5
17 CUBOID 0 €.0 -7.585 7.585 -7.585 16*0.5
18 BOX TYPE 2 )
19 ZHEMICYL+X 1 5.748 5.3825 -5.3825 16%0.5
20 CUBOID 0 5.748 c.0 5.748 ~5.748 16%0.5
21 CUBOID 0 7.58% 0.0 7.585 -7.585 16%0.5
2 CELL BDY 0 15.17 -15.17 15,17 -15.17 16*0.5
23 CYLINDER 0 23.53 7.22 -7.22 16*x0.5
24 CYLINDER 2 24.0 7.22 -7.22° 146%0.5
25 CuUuBCID 0 24.5 -24.5 24 .5 -24.5 16x0.5
26 KEKEXAEFTREEE LXK E R EERA KKK KK R KX X KKK LA L LR KKK XKLL L AR
27 SUPER BODX 2 Z 2 ¢ 1
28 BOX TYPE 1
29 CYLINDER 1 S.748 5.3825 -5.3825 16x0.5
20 CUBOCID 0 S5.748 -5.748 5.748 -5.748 16%0.5
31 CUBOQID 0 7.585 ~7.585 7.585. -7.585 16x0.5
32 BOX TYPE 2
33 CYLINDER 1 5.748 5.3825 -5.3825 16%0.5
34 CUBOIDR 0 S5.748 -5.748 5.748 -5.748 16%0.5
35 CUBOID 0 7.585 -7.585 7.585 -7.585 16*0.5
36 CELL BDY 0 15.17 -15.17 15.17 -15.17 16%0.5
37 CYLINDER 0 23.5 7.22 -7.22 16x0.5
38 CYLINDER 2 24.0 7.22 -7.22 16*%0.5
39 CUBQID 0 24.5 -24.5 24.5 -24.5 16*%0.5
40 CORE BDY 0 49.0 ~49 .0 24 .5 -24.5 16%0.5
41 CUBO1D 2 50.0C -50.0 25.0 -25.0 16*%0.5
42 1 i 3 12 1 1t 1 1 O 2 2 & 2 1
43 1 1 1 12 1 1 1 1 0 2 2 2 1 1
44 1 1 1 1 1 1 1 2 1 0 2 2 2 1 1
45 0
L6 1 0
47 -60.0 5.0 60.0 -30.0
48 1.0 0.0 0.0 1.0
4% 118 98 0.0 3
50 1 1
51 -60.0 5.0 60.0 ~-30.0
52 1.0 0.0 0.0 1.0
53 118 98 0.0 0.0 1
54 o 0 -
55 END KENO
e ee§ e Qmw=Go—=—(—===S-—nufm===5-m=w{}——==5er==Q-===5---=0----5--~-Q----5----0

JAERI~-M 83049

INPUT DATA IMAGE LIST
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JAERI-M 83—049

SAMPLE PROBLEM 2 : GENRL 1

This sample is the same as sample problem 1 except it is used

general geometry option. The graphic output of this sample is shown

in Fig. A-3.
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. 00
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GENRL I
NO. 1. PLANE MED]UM

-25 00

Fig. A-3 GENRL 1
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X2
Y2
2
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=X5 00
~¥50 00
=I-25 00
=¥5 00
=¥-50. 00
=725 00
= 6 00

N

NDYL7238 00

—9599999339 00

SEC



CARD 1 2 3 4 5 6 7
SEQ.---=5--=-0==--5-c--Q-~--5-wwsQuo==5=c-a=-==c5m==nrmm=fmmm == =5 -———Q-—==5-=—=0
1 GENRL 1
2 0.3 103 300 3 16 6 & 3 7 7 1 1 1
3 6 0 0 30 0 0 0 0 4] o 0 0 0
4 1 ~92500 4.4B006-2
5 1 92800 2.55780-3
& 1 92400 4.B2700-4
7 1 92600 9.57000-5
8 2 1101 8.25810-2
9 2 6100 3.97020-2
10 3 6100 3.97020-20
11 SUPER BOX 1 1 1 1 1
12 BOX TYPE 1
13 GENERAL 1 0.0 0.0 0.0 0.0 0.0 0.0 16%0.5
14 GENERAL 2 0.0 0.0 0.0 0.0 6.0 0.0 16%0.5
15 GENERAL 0 49.0 -49.0 24.5 ~24.5 14,44 =-14.44 16%0.5
16 GENERAL 3 49.0 -49.0 24.5 -26.,5 14,446 =-14.44 16%0.5
17 CUBQOID 0 49.0 ~49.0 24.5 -24.5 14,44 =14.44 16%0.5
18 CORE BDY 0 49.0 -49.0 24.5 -24.5 14.44 —14.44 16%0.5
19 CUBCID 2 50.0 -50.0 25.0 -25.0 14.94 -14.94 16%0.5
20 2 FEMALE SINGLE
21 X-ZIONE ~49.0 , 0.0 ;, 49,0
22 Y-Z0NE -24.5 ; 24.5
23 Z-10NE -14 .44 ,-12.6025 , -1.8375 , 1.B375 , 12.6025 , 14.44
24 14 .44
25 IONE 1 1 1
26 X-BLOCK -49.0 , 0.0
27 Y-3LOCK -24.5 , 24.5
28 1-BLOCK ~14 .44 ,—-12.6025
29 BLOCK 1 1 1
30 MEDIA 4, 2, 4
31 SURFACES S, 6
32 SECTOR -1
33 SECTOR +1 -1
34 SECTOR +1
35 ZONE 1 1 2
316 X-BLOCK -49.0 , 0.0
37 ¥-BLOCK -24.5 s 24.5
38 1-8LOCK -12.6025 , -1.8375
39 BLOCK 1 1 1
40 MEDIA 1, 1, 1, 1, 4, 2, 4
41 SURFACES 1, 2, 3, 4, 5. 6
42 SECTOR -1
43 SECTOR -1
44 SECTOR -1
45 SECTOR -1
446 SECTOR +1 +1 +1 +1 -1
47 SECTOR +1 -1
48 SECTOR +1
49 I10NE 1 1 3
50 X-BLOCK -49.0 , 0.0
——-—§-———Q=---5--—=Q=~==5-=—=0====§=ce=f=-=-==5-——-0-=-=5unuusfou--F-——-0-=-==-5----0

JAERI-M 83049

INPUT DATA IMAGE LIST
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CARD

SEQ,--=+5----0==-==5-=--0=v~=5-==-0---=5----Q0----5-=--0---~5=mm==Qmm=n5omuun-nn-n

51
52
53
54

¥Y~BLOCK
Z~BLOCK
BLOCK
MEDIA
SURFACES
SECTOR -1
SECTOR +1
SECTOR
ZONE
X-BLOCK
Y-BLOCK
I-BLOCK
BLOCK
MEDIA
SURFACES
SECTOR -1
SECTOR
SECTOR
SECTOR
SECTOR +1
SECTCR
SECTOR
I0ONE
X-BLOCK
Y-BLOCK
Z-BLOCK
BLOCK
MEDIA
SURFACES
SECTOR -1
SECTOR +1
SECTOR
IONE
X-BLOCK
Y-BLOCK
Z=BLOCK
BLCCK
MEDIA
SURFACES
SECTOR -1
SECTOR +1
SECTOR
ZONE
X-BLOCK
Y-BLOCK
I-BLOCK
BLOCK
MEDIA
SURFACES
SECTCR -1

1

-24.5

-1.8375

1 1
A,
5,

-1
+1
1 1
-49.0
-24.5

1.8373

1 1
1,
1,

-1
+1
2 1
0.0
-24.5
—14.44
1 1
b,
11,

-1

+1

2 1
0.0
-24.5

-12.6025

1 1
1,
7,

JAERI—M 83-049

INPUT DATA IMAGE LIST
2 3 4 5

s 24.5
r 1.8375
1
2, 4
<]

&
, 0.0
s 26.5
, 12.6025
1
1, 1, 1, 4, 2,
2’ 3, l"’ S’ 6

s 49.0

s 24.5

,-12.6025
1

2, &

12

2
s 49.0
s, 24.5
» ~1.8375
1
1, 1, 1., 4, 2,
8, 2, 10. 11, 12

&

7

mmm=5=-=20ew-~§-===0-===5--==0-===5-===0=-==5-==-0--~-5-==-0-===5=m==0-=-=5--==0
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JAERI-M 83049

INPUT DATA IMAGE LIST

CARD 1 2 3 & 5 & 7 8
SEQ.----5--—-0-—==5msuaf==-=5-===0==--5-=--0-===Sr--—0---=5---=0---~5-—-—~0~---=5----0
101 SECTYCR -1
102 SECTCR -1
103 SECTOR -1
104 SECTOR +1 +1 +1 +1 -1
105 SECTOR +1 -1
106 SECTOR +1
107 IONE 2 1 3
108 X-BLOCK 0.0 s 49.0
109 Y-BLOCK -24.5 s 2425
110 Z-BLOCK -1.8375 , 1.8B375
111 BLOCK 1 1 1
112 MEDIA 4, 2, 4
113 SURFACES 11, 12
114 SECTOR -1
115 SECTOR +1 -1

116 SECTOR +1
117 Z0NE 2 1 &

118 X-BLOCK 0.0 , 49.0

119 ¥-BLOCK -24.5 T, 24.5

120 1-8LOCK 1.8375 , 12.6025

121 BLOCK 1 1 1

122 MEDIA 1, 1, 1. 1, 4, 2, 4
123 SURFACES r 8, 9, 10, 11, 12
124 SECTOR -1 ’
125 SECTOR -1

126 SECTOR -1

127 SECTOR -1

128 SECTOR +1 +1 +1 +1 =1

129 SECTOR +1 -1

130 SECTOR +1

131 ZONE 2 1 5

132 X-BLOCK 0.0 , 49.0

133 Y-BLOCK -24.5 , 24.5

134 Z-BLOCK 12.6025 , 14.44

135 BLOCK 1 1 1

136 MEDIA 4, 2, 4

137 SURFACES 11, 12

138 SECTCR -1
139 SECTQR +1 -1

140 SECTOR +1

141 12

142 1.0 xsa 1.0 Ysa 64.17 X 15.17 ¥

143 1053.93995 ¥

144 1.0 xsa 1.0 YSQ 33.83 X 15.17 Y

145 310.609946 ¥

146 1.0 Xsaq 1.0 Ysa 64.17 X -15.17 Y

147 1053.93995 ¥

148 1.0 XsaQ 1.0 Y5 33.83 X -15.17 Y

149 310.609946 ¥

150 1.0 xsa 1.0 ¥sQ 49.0 X 48.0 ¥

151 1.0 XsQ 1.0 ¥saQ 49.0 X 24.25 ¥

152 1.0 XsQ 1.0 Yse  -64.17 X 15.17 \

153 1053.93995 ¥

154 1.0 XsQ 1.0 yse  -33.83 X 15.17 ¥

155 310.609946 ¥ 7

156 1.0 xsaQ 1.0 Y56  -64.17 X -15.17 ¥

157 1053.93995 - ¥

158 1.0 Xse 1.0 ¥Yse  -33.83 X -15.17 Y

159 310.609946 ¥

160 1.0 xse 1.0 YSQ  -49.0 X 48.0 ¥

161 1.0 Xs@Q 1.0 Y50  -49.0 X 24.25 ¥

162 0

163 1 0

164 -50.0 25.0 5.0 50.0 -25.0 5.0

165 1.0 0.0 6.0 0.0 1.0 0.0

166 118 98 0.0 0.0 2

167 0 0

168 END KENO
cmeeS§—me—Qem—=§m———Q=—==5—=o-f-===§-—==0-===5-===0=-==§=--—0---=5==-~0=---5~-"- 0
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SAMPLE PROBLEM 3

Bl
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-36.

-24.

24

36
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5t

JAERI-M 83—048

SUPER 2

This sample is consisted of two super boxes. One contains 5x4xl
array of cylinders. Another contains 2x2x1 array of cylinders. The
graphic output of this sample is shown in Fig. A-4 and A-53.
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JAERI-M 83-049

SUPER 2
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JAERI-M 83-046

SAMPLE PRCBLEM 4 GENRL 2

This sample is the same as sample problem 3 except it is used
general geometry option. The graphic output of this sample is shown

in Fig. A-6.

GENRL 2
-81 18 NO 1' PLA—NE MED [ UM)
S oroleolole;
1 l 1 i 1

12 24 18 /-\ m m 4

BRI Ia
| _ : 1 ¥1 =238 42
Il =X%. Q0
X2 =¥81 18
12, 24: - - Y2 =2-38. 42
22 -xs 00
. ) A3 =¥-B61. 18
W 1 T3 =238 42
24 47 L : il 23 = 5 00
‘ NOYLY98 00

16 T I8 /‘—\ .

48 34 L \ 1 1 R

\V V . -999999999. 6!
Bl 18 : i - t
38 a2 28 1§ 13 9% 172 -0 92 -22. 76
=38 42
Y CM
Fig. A~6 GENRL 2
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CARD
SEQ

1 2 3 4 5 é 7 8
.----5----0----5----0----5----0----5----0----5----0----5---=-0----5--—-0----5----0
GENRL 2
10.0 103 300 3 16 & 6 2 6 é 1 1 1 1
6 0 0 20 0 0 0 0 0 C c 0 Q a
1 -92500 4.4B00&-2
1 - 92800 2.65780-3
1 92400 4.B2700-~4
1 92600 9.57000-5
2 1101 8.25810-2
2 6100 3.97020-2
SUPER BOX 1 1 1 1 1
GENERAL 1 0.0 0.0 0.0 0.0 0.0 0.0 16%0.5
GENERAL 2 0.0 0.0 0.0 0.0 ¢.0 0.0 16%0.5
GENERAL 0 60.68 -60.68 37.925 -37.925 7.22 ~7.22 16%0.5
CuBOID 0 60.69 -60.69  37.926 -37.926 7.23 -7.23 16x0.5
CORE BDY 0 60.69 -60.69 37.926 -37.926 7.23 ~7.23 16x0.5
CuUBOID 2 61.18 -61_18 38.425 -3B.425 7.23 -7.23 16x0.,5
4 FEMALE SINGLE
X-Z0ONE -60.68 s 60.68
Y-Z0ONE -37.925 , 37.925
Z-2Z0NE -7.22 , -5.3825% . 5.3825 7.22
LONE 1 1 1 .
X-BLOCK -60.68 s 60.68
Y-BLOCK -37.925 » 37.925
X-BLOCK -7.22 » -5.3825
BLOCK 1 1 1
MEDIA 3
ZONE 1 1 2
X-BLOCK -60.68 s 60.68
Y-BLOCK -37.925 » 37.925
I-BLOCK -5.3825 ., 5.3825
8L 0CK 1 1 1
MEDIA 1, 1, 1. 1, 1, 1, 1, 1. 1., 1,
1I 1’ 1} 1/ 1’ 1! . 1I 1! 1! 1/ 1/ II
1., 1. 3
SURFACES 1. 2 3, &L, S, 6 7 8, 9, 10,
11, 12~ 13, 14 - 15, 16, 17, 18, 19, 20, 21, 22,
23, 24
SECTOR -1
SECTOR -1
SECTOR -1
SECTOR -1
SECTOR -1
SECTOR -1
SECTOR -1
-———-5--=-0----5----0----5----0----5----0---—-5---~0----5----0----5----0-=~=5----0

JAERI-M 83-049

INPUT DATA IMAGE LIST
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CARD

1 2

3

JAERI-M 83—-048

INPUT DATA IMAGE LIST

4

5

&

7

8

SEQ,--=-5-==~0====-5-===0====§-==-Qu==-5=-=-0---=5-==-0--==5----0-===5-==-0----5----0

51
52
53
54
55
56
57
58
59
60
61
&2
63
64
65
66
67
68
&9
70
71
72
73
74
75
76
77
78
79
8¢
81
82
83
84
85
86
87
88
89
g0
91
?2
g3
G4
g5
g6
97
g8
99
100

SECTOR
SECTCR
SECTOR
SECTOR
SECTOR
SECTOR
SECTOR
SECTOR
SECTOR
SECTQR
SECTOR
SECTDR
SECTOR
SECTOR
SECTOR
SECTCOR
-1

SECTOR
-1

SECTOR +1 +1 +1 +1 +1 +1 +1 +1 +1 +1 +1 +1 +1 +1

+1 +1

I0ONE 1 1
X-BLOCK ~60.68
Y-B8LOCK -37.925
X-BLOCK 5,3825
BLOCK 1 1
MEDIA 3

24

1.0 Xsa 1.0
3706.55512 ¥

1.C Xsa 1.0
2325.78172 ¥

1.0 XSQ 1.0
1405.26612 ¥

fmm=S—m—Q====5-==-0--==5--=-0==~-5----0---=5-==-0-==-5--—=Q0~-==5-===0-==~5-~--0

3

rd

s

60.
37
7.

&8

.925

22

¥s@

YsS@

YS@Q

106.19 X
75.85 X

45.51 X

— 109 -

+#1 +1 +1 +1 +1 +1 +1 +1

60.68

60.68

60.68

Y

Y



INPUT DATA IMAGE LIST
CARD 1 2 3 4 5 6 7 8
SEQ.-=-=5-m—-Qo—=u5--=—0===-§-==—Q=r==§====0-=-=5---=0-===5--«=0---=5----0----5----0
101 1.0 XS0 1.0 ¥saQ 15.17 X 60.68 Y
102 945,008321 ¥
103 1.0 XsaQ 1.0 Ys5Q 106.19 X 30.34 ¥
104 3016.16842 ¥
105 1.0 XsQ 1.0 Y5Q 75.85 X 30.34 ¥
106 1635.39502 ¥
107 1.0 5@ 1.0 YsQ 45.51 X 30.34 Y
108 714.879421 ¥
109 1.0 Xsa 1.0 ¥5Q 15.17 X 30.34 Y
110 254.621621 ¥
111 1.0 Xsa 1.0 YS5Q 106.19 X 2786.03952 ¥
112 1.0 Xsa 1.0 ¥sQ 75.85 X 1405.26612 ¥
113 1.0 XS@ 1.0 ¥sQ 45.51 X 484 .750521 ¥
114 1.0 XsQ 1.0 ¥YSQ 15.17 X 24.4927210 ¥
115 1.0 Xsa 1.0 YsaQ 106.19 X -30.34 ¥
116 3016.146842 ¥
117 1.0 Xsa 1.0 Ysa 75.85 X -30.34 ¥
118 1635.39502 ¥
119 1.0 Xsa 1.0 Ysa 45.51 X -30.34 ¥
120 714.879421 ¥
121 1.0 XsQ 1.0 Y54 15.17 X -30.34 ¥
122 254.621621 ¥
123 1.0 XsaQ 1.0 YsQ 106.19 X -60.68 ¥
124 3706.55512 ¥
125 1.0 Xsa 1.0 YSQ 75.85 X -60.68 ¥
126 2325.78172 ¥
127 1.0 XsQ 1.0 ¥5Q 45.51 X -60.68 Y
128 1405.26612 ¥
129 1.0 XsQ 1.0 ¥YSQ 15.17 X -60.68 ¥
130 945.008321 ¥
131 1.0 Xsa 1.0 ¥YsQ -30.34 X 37.925 ¥
132 4L57.547290 ¥
133 1.0 xsQ 1.0 ¥SQ -91.02 . X 37.925 ¥
134 2298.57849 ¥
1355 1.0 XsQ 1.0 YsQ -30.34 X -37.925 ¥
136 457.547290 ¥
137 1.0 XsQ 1.0 ¥5Q -91.02 X -37.925 ¥
138 2298.57849 ¥
139 0
140 1 0
141 -61.18 38.425 61.18 -38.425 5.0
142 1.0 0.0 0.0 1.0 0.0
143 96 100 0.0 0.0 1
144 0o 0
1645 END KENQ
-w-—S————0-~~—5————0-*--S—-——O——-wS————O——*—S——-—0——--S—-——O——~-5————0——--5————0

JAERI-M 83—0(49
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1 2 3 _ 4 5 6 7 8
wm==5-—=-0--~-5----0----5----0----5----0----5----0----5----Qrr~+wGovnnel----5-——-0
INTRSCT .

4.5 103 300 3 16 6 14 7 22 38 I3 8 3 1
14 0 o} 20 0 0 0 0 0 0 o 0 0 0

1 ~92500 7.90446-4

1 Q2800 2.21742~2

1 8100 4.59294-2

2. 40100 4.24660-2

3 1101 6.67593-2

3 B100 3.33797-2

A 12100 6.6%031-4

4 13100 4.90267-2

4 14100 6.94757-3

4 26100 3,.49400-4

4 28100 6.92420-4

5 24100 1.77161-2

s 25100 1.25574-3

5 26100 5.85278-2

5 2810C 8§.50907-3

6 25100 1.07568-3

6 26100 B.35959-2

7 1101 4.09866-2

7 S100 7.73088-4

7 6100 2.49906-2

7 8100 2.22465-2

7 13100 2.28119-3
SUPER BOX 1 2 17 17 1
BOX TYPE 1 ’
IHEMICYL-X 1 0.4095 183.0 -183.0 16%0.5
IHEMICYL-X 0 0.571 183.0 -183.0 16*0.5
IHEMICYL-X 2 0.612 183.0 -183.0 16+0.5
CuUBOID 3 0.0 -0.63 0.63 -0.63 183%.0 -183.0 146=x0.5
BOX TYPE 2
IHEMICYL+X 1 0.4095 183.0 -183.0 16%0.5
IHEMICYL +X 0 0.571 183.0 ~-183.0 16%0.5
IHEMICYL+X 2 ¢.612 183.0 -183.0 16%0.5
CUBOID 3 0.63 0.0 0.63 -0.43 183.0 -183.0 14x0.5
CELL BDY o 0.0 -10.71 10.71 -10.71 183.0 -183.0 16x0.5
CUBO1D 3 0.0 -11.3 11.3 -11.3 183.0 -183.0 16%0.5
CUBOID 4 0.0 -13_5 13.5 -13.5 183.0 -183.0 16x0.5
SUPER BOX 2 2 17 17 1
BOX TYPE 1
ZHEMICYL-X 1 £.4095 1B3.0 -183.0 16%0.5
IHEMICYL-X 0 0.571 183.0 -18B3.0 16%0.5
ZHEMICYL-X 2 0.612 183.0 -183.0 16*x0.5
CUBOID 3 0.0 -0.63 0.63 -0.63 183.0 -1B3.0 16%0.5
BOX TYPE 2
ZHEMICYL+X 1 0.40%5 183.0 -183.0 16505
ZHEMICYL+X o 0.571 183.0 ~183.0 16%0.5
ZHEMICYL+X 2 0.412 183.0 -183.0 16*0.5
CLBOID 3 0.63 0.0 0.63 -0.63 183.0 -183.0 16%0.5
-—=-5----0----5----0----5-+~+Quwe-=5c-cu---afucenfmmm=GenncufmmnGmre e eunGaaa ()

JAERI-M 83-049

INPUT DATA IMAGE LIST
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CARD
SEG
51
52
53
54
55
56
57
58
59
60
61
&2
63
64
65
66
67
68
69
70
71
72
73

JAERI-M 83049

INPUT DATA IMAGE LIST

1 2 3 I 5 8 7 8
sm=m=§e=m0mm==5--—=0====5weee0-m==5c=-Q-===5-===0-===5-===0-===5-——=0-=~=5-===0
CELL BDY 0 10.71 0.0 10.71 -10.71 183.0 =-183.0 1620.5
CUBOID 3011.3 0.0 11.3  -11.3  183.0 -183.0 16%0.5
CUBOID 4 13,5 0.0 13.5  -13.5  183.0 -183.0 16%0.5
SUPER BOX 3 1 1 1 1
BOX TYPE 1
CUBOID 3 1.0 -1.0 1.0 ~1.0 183.0 ~183.0 16%0.5
CELL BDY o] 1.0 -1.0 1.0 -1.0 183.0 -183.0 16x0.5
CYLINDER 3 3.5 183.0 -183.0 16%0.5
CYLINDER 5 5.0 183.0 -183.0 16«x0.5
CUBOLD 4 6.75 -6.75 20.25 -6.75 183.0 -183.0 16%0.5
SUPER BOX 4 1 1 1 1
BOX TYPE 1 _
CuUBOID 3 1.0 -1.0 1.0 -1.0 183.0 -183.0 16%0.5
CELL BDY 0 1.0 -1.0 1.0 -1.0  183.0 -183.0 16x0.5
CYLINDER 3 3.5 183.0 - ~183.0 16%0.5
CYLINDER 5 5.0 183.0 -183.0 16+0.5
CUBOID & 6.75 -6.75 6.75 -20.25 183.0 -183.0 16%0.5
CORE BDY 0 40.5 -40.5 40.5 -40.5 183.0 -183.0 16%0.5
CYLINDER 4 50.0 183.0 -183.0 16%0.5
CYLINDER 5 57.0 183.0 -183.0 16%0.5
CYLINDER 6 60.0 183.0 ~183.0 1640.5
CYLINDER 7 89.5 183.0 -183.0 16%0.5
CUBOID 0 200.0 -200.0 200.0 =-200.0 203.0 -203.0 16%0.5
1117 2 117 t 1 1 1 0 2 216 2 117 1 1 1 1 1
1 216 2 117 1 1 1 1 0 2 117 2 117 1 1 1 t 1
1 2 4 2 1 3 2 1 1 1 06 1 1 S 2 2 2 1 1 1°1 0
Z 3 5 Z 1 3 2 1 1 1 0 2 2 6 2 2 2 1 1 1 1 0
3 16 5 3 3 1 1 1 i 0 4 1 &6 5 1 1 1 1 1 1 1
0
10
0.0 6 0.0 60.0 0.0 0.0
1.0 0.0 0.0 1.0 0.0
59 98 0.0 0.0 2
1 0
-1.5 - c.0 1.5 -1.%5 0.0
1.0 0.0 0.0 1.0 0.0
59 98 0.0 0.0 2
o 0
END KENO
1 0
-100.0 100.0 0.0 100.0 ~-100.0 0.0
1.0 . 0.0 0.0 1.0 0.0
59 98 0.0 0.0 2
101
-60.0  60.0 0.0 60.0 -60.0 0.0
1.0 .0 0.0 0.0 1.0 0.0
55 98 0.0 0.0 2
1 0
25.0 2 0.0 41.0 13.0 0.0
1.0 0.0 0.0 1.0 0.0
59 98 0.0 0.0 2
101 -
25.0  29.0 0.0 41.0 13.0 0.0
1.0 0.0 0.C 0.0 1.0 0.0
59 98 0.0 0.0 2
meenSemmo0-—-=§mmm=0====5-===0====5-===0--—=5----0==--5---=0---=5-~~~0---=5--=-0
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INPUT DATA IMAGE LIST

CARD 1 2 3 4 5 6 7 8
R S et Rt et T R SR+ IR STy SRS JUpUpuyuy; PRy JURys; SURNY: SO
1 TH SPHERE WITH POINT SCURCE AT CENTER (27 GROUP., P3, S12, 1 M RADIUS)
2 0.5 103 1000 o 26 10 1 1 113 0 1 1 1
3 0 0 o 30 0 8 -1 0 0 0 0 0 4 5
4 1 -1 2.9300-2
5  CROSS SECTION _ 0
6 1.0 0.33 0.9696 6.30 3.475 0.0
7 0.0 0.0 0.0 0.0 0.0 0.0
8 0.0 0.0
9 1.0 0.17 0.396 7.5 4.095 0.045
10 0.0 0.0 0.0 0.0 0.0 0.0
11 0.0 0.0
12 1.0 0.17 0.3159 7.7 4.532 0.135
13 0.14 0.0 0.0 0.0 ¢.0 0.0
14 0.0 c.0
15 1.0 0.16 0.1768 6.7 4.062 0.3¢8
16 0.47 0.57 0.0 0.0 0.0 0.0
17 0.0 0.0
18 1.0 0.14 0.0 6.9 5.56 0.928
19 0.77 0.83 0.91 0.0 0.0 0.0
20 0.0 0.0
21 1.0 0.17 0.0 7.6 7.031 0.74
2z 1.02 0.99 0.85 1.03 © 0.0 0
23 0.0 0.0
264 1.0 0-19 0.0 9.7 9.106 0.379
25 0.31 0.36 0.55 0.45 0.0% 0.0
26 ©€.0 0.0
27 1.0 0.27 0.0 11.5 10.852 0.384
28  0.02 0.11 0.12 0.23 0.14 0.22
29 0.0 0.0
30 1.0 0.41 0.0 12.7 12.084 0.348
31 ©.02 0.0 0.03 0.04 0.07 0.05
32 0.06 0.0 )
33 1.0 0.52 0.0 13.33 12.67 0.206
34 0.0 0.0 0.0 0.01 0.0 0.02
35 0.01 0.02
36 1.0 0.59 0.0 13.34 12.607 0.14
37 0.0% ¢.0 0.0 0.0 0.0 0.0
38 0.0 0.0
39 1.0 0.82 0.0 11.4 10.463 0.149
40 0.0 0.0 0.0 0.0 0.0 0.0
1 0.0 0.0
42 1.0 0.9 0.0 10.4 9.391 0.117
43 0.0 0.0 0.0 0.0 0.0 c.0
44 0.0 0.0
45 1.0 0.89 0.0 10.44 9.443 0.109
L6 0.0 0.0 c.0 0.0 0.0 0.0
47 0.0 c.o
48 1.0 0.7 0.0 10.58 9.759 0.107
49 0.0 0.0 0.0 0.0 0.0 c.0
50 0.0 0.0
“oeo5omm=0r===5==-0-===5~ - -0--=-5-=-=0===-§===-0-===55-—-0--~=5----Q--m-5--~-Q
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INPUT DATA IMAGE LIST

1 2 3 4 S & 7 8

=== m =5 =0 -~ - =5 ===~ =5-~= -0~~~ 5= -0--=-5----0----5--=-03----5-~--=0
1.0 0.94 0.0 7.92 6.879 0.121
0.0 0.0 0.0 6.0 0.0 0.0
0.0 0.0
1.0 1.12 0.0 9.02 7.789 0.101
0.0 0.0 0.0 0.0 0.0 0.0
0.0 0.0
1.0 1.06 c.0 9.0 7.826 0.111
0.0 0.0 0.9 0.0 0.0 0.0
0.0 0.0
1.0 1.79 0.0 12.8 10.892 0.114
0.0 0.0 0.0 .0 0.0 0.0
0.0 0.0
1.0 0.48 0.0 10.58 9.972 0.118
0.0 0.0 0.0 0.9 0.0 0.0
0.0 0.0
1.0 0.46 .0 12.5 11.906 0.128
0.0 .0 0.0 0.0 0.0 0.0
0.0 C.0
1.0 0.67 0.0 12.7 11.866 0.134
C.0 0.0 0.0 c.0 0.0 €.0
0.0 0.0
1.0 0.99 0.0 13.0 11.866 0.134
0.0 0.0 0.0 0.0 . Q.0 0.0
0.0 0.0
1.0 1.45 0.0 13.5 11.886 0.134
0.0 ¢.0 0. 0.0 0.0 0.0
0.0 0.0
1.0 2.11 0.0 14 .1 11.8646 0.134
0.0 0.0 0.0 0.0 0.0 .0
0.0 0.0
1.0 7.56 0.0 19.56 12.0 0.134
0.0 0.0 0.0 0.0 ¢.0 0.0
0.0 0.0 .
0.C1é 0.C88 0.184 0.270¢ 0.202 0.141
0.C061 0.024 0.010 0.003 0.001 0.0
0.0 .0 0.0 0.0 0.0 0.0
0.0 0.0 0.0 0.0 0.0 0.0
0. 0.0

SUPER BOX 1 1 1 1 1

BOX TYPE 1

SPHERE 1 1.0 26%0.5

SPHERE 1 10.0 26%0.5

SPHERE 1 20.0 26%0.5

SPHERE 1 30.0 26%0.5

SPHERE 1 40.0 26%0.5

SPHERE 1 50.0 246%0.5

SPHERE 1 60.0 26%0.5

SPHERE 1 80.0 26%0.5

SPHERE 1 99.0 26%x0.5

SPHERE 1 100.0 26%0.5

CUBE 0 100.0 -100.0 26%0.5 - - -
CELL BDY 0 100.0 -100.0 100.C -10C.0 100.0 -100.0 26*0.5
CusclID o 100.0 -100.0 100.C -100.0 100.0 -100.0 26x0.5

1 0.016 O0.088 C.184 0.270 0.202 0.141 0.061 0.024 0.010 0.003

0.001 15x0.0 0
100 0.0 0.0 0.0
0
1 0
-100.0 100.0 0.0 100.0 ~-100.0 0.0
0.0 1.¢ 0.0 1.0 0.0 0.0
59 98 0©¢.0 0.0 2
101
-100.0 100.C 0.0 100.0 -100.0 0.0
0.0 1.¢ 0.0 1.0 0.0 0.0
59 g8 0.0 0.0 2
0o 0
END KENO
----5--—-0--+-5----Q0--—-5----0----5--~--0----5----0----5----0----5----0----5----0
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AAPENDIX B : Sample JCL

This appendix contains a set of 2 sample JCL's. Sample 1 is
available if the size of common area 'D' can be used with no extension.

Sample 2 is available if the size of common area 'D' is extended.

SAMPLE JCL 1
S, DI ST PR, BRSETE EE
//JCLG JOB
// EXEC JCLG
//SYSIN DD DATA,DLM="++'
// JUSER 70519246 ,MA.YCKCTA,0951.200,KENO
C.5 T.6 I.3 W.4 P.0Q GRP
OPTP MSGLEVEL=(1l,1l),PASSWORD=3804
//STEP1 EXEC PGM=V5 ,
//STEPLIB DD DSN=J9246,MKENOV6.LOAD,DISP=SHR
//FTOSF001 DD DSN=J9246.MKENOV6.DATA (SUPER1) ,DISP=SHR
//FTO6F001 DD SYSOUT=x
//FT10FC0l DD SPACE=(TRK, (20,20))+UNIT=WK10
//FT18F001 DD SPACE=(TRK, (20,20}),UNIT=WK1Q
//FT41F001 DD DSN=J3375,KENO4LIB.DATA (XSEC) ,DISP=SHR,LABEL={,,,IN)
//FT51F001 DD SPACE=(TRK, {20,20]) ,UNIT=WKLQ '
//MPTMST DD DSN=SYS10.,KPATNLIB,DISP=SHR
//GDFILE DD SYSOUT={H,KNGWTR]

++

s

----+_-quld--—+-__n2ﬂ—__+--_-3_~—_+____4__-_+__,-5n_‘-+_—__6___y+
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2
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R PRI RIS T R———" SRR S SR R

//JCLG JOB

// EXEC JCLG

// JUSER 70519246 ,MA.YOKOTA,0951.200,XENO

C.5 T.6 I.3 W.4 P.0 GRP

OPTP MSGLEVEL=(1l,1) ,PASSWORD=3804
//FORT EXEC FORTHE
//SYSLIN DD DSN=&&OBJ,DISP=(,PA§S),SPACE=(TRK,(10,10),RLSE),
DCB=BLKSIZE=3200,UNIT=WK10

//

//S8¥SIN DD

/*

*

SUBRGUTINE ALOCAT ( PROGM )
COMMOK D{ 50000C )

CALL PROGM( D,500000 )}
RETURN

END

//LINK EXEC LXED,A=QVLY
//SYSLMOD DD

/7
//SYSLIN
/’
//MKENO4
//GQ EXEC
//STEPLIB
//FTO5F001
//FTO6F001
//FTL0FQ01
//FT18F001
//FT41F001
//FT51FQQ1
//MPTMST
//GDFILE
++

DD
DD
DD

CD
DD
DD
DD
DD
DD
pD
DD

DSN=&&ILM,DISP={,PASS) ,UNIT=WK10,
SPACE=(TRK, (60,10,1) ,RLSE)
DSN=&&0BJ,DISP={(OLD,DELETE,DELETE)
DSN=J9246 .MKENCV4 .DATA (OVLY) ,DISP=SHR
DSN=J9246 .MKENCV6 . LOAD,DISP=SHR
PGM=TEMPNAME

DD DSN=&&lm,DISP={CLD,DELETE,DELETE)

DSN=J9246 .MKENOV4 .DATA (SUPER]) ,DISP=SHR

SYSQUT=*

SPACE=(TRK, (20,10) ) ,UNIT=WK1O

SPACE= (TRX, (20,10]),UNIT=WKLQ
DSN=J3375.KENO4LIB.DATA (XSEC) ,DISP=SHR,LABEL=(, ,,IN)
SPACE= (TRK, (20,10Q)) ,UNIT=WK10
DSN=8YS10,KPATNLIB,DISP=SHR

SYSOUT= (H, KNGWTR)

ey e e B B R
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APPENDIX C : Sample output list
This appendix contains a set of 2 sample output lists, whose

input data is shown in APPENDIX A. One is the 'SUPER 1l', another
is the 'GENRL 1'. In these cases, HANSEN-ROACH libraly is used.
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SAMPLE OUTPUT LIST 1 : SUPER 1
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