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ABSTRACT

The STARTER computer code is used to prepare a starting source distribution for the
criticality computer code, KENO V.a. The input description and theoretical basis of the STARTER

code are described in this user’s guide.






1. INTRODUCTION

The STARTER code is a computer program that prepares an initial estimate of the fission
density distribution for use as input to the Monte Carlo criticality program, KENO V.a.! This
capability is needed in complicated geometries where the initial source selection methods, ordinarily
used with KENO V.a, are likely to result in undersampling of important spatial regions. In this
methodology, one or more simpler portions (e.g., vessels) of a complicated geometry (e.g., process
cell containing many vessels) are analyzed using KENO V.a, and a restart file is generated.
STARTER then reads the restart file or files and creates an output file containing the coordinates
of starting locations of fission neutrons to be used as input to a subsequent KENO V.a calculation.
For very complicated problems, the procedure can be repeated several times to gradually combine
more and more parts of the problem into a single calculation.

In the special case where only one restart file is input, STARTER can be used to increase
or decrease the number of neutrons per generation. The origin of the coordinate system can also
be changed in order to be consistent with the way the geometry for the restart case is specified.

The method used to combine the fission sources from multiple geometries was adapted from
the eatlier work of Bucholz.? Bucholz’s method uses the solid-angle matrix k., method to calculate
k. for a large system of loosely coupled components after a KENO calculation is performed for each
component. The method results in a matrix eigenvalue problem in which kg is the eigenvalue and
the sources in the components are the eigenvector. STARTER uses the eigenvector source
distribution obtained by solving the eigenvalue problem to distribute the neutron source among the
components. These equations are very simple and approximate. However, the starting guess for
KENO V.a does not need to be extremely good, because the KENO V.a calculation can correct for
shortcomings in the initial source guess if the guess is roughly correct. The use of several steps to
gradually calculate more complicated geometries also makes these limitations less severe.

The development of the STARTER code was funded by the U.S. Department of Energy,
Office of Defense Programs. Documentation of the code is funded by a U.S. Department of Energy
and Power Reactor and Nuclear Fuel Development Corporation (PNC) of Japan Joint Collaboration
Program in the Field of Nuclear Fuel Cycle: Liquid Metal Reactor Reprocessing Technology. In
the United States, this collaboration program is managed by the Consolidated Fuel Reprocessing

Program, Robotics and Process Systems Division of Oak Ridge National Laboratory.



2. GENERAL COMMENTS ON MONTE CARLO CRITICALITY CALCULATIONS

One way to define the criticality factor, k., is in terms of generations of neutrons where the
fission process is the event which separates the generations. This results in an iterative procedure
in which an initial guess for the fission neutron source is used to obtain the solution to the neutron
transport equation corresponding to this source. The resulting neutron flux is then used to obtain
the next generation neutron source. This procedure will eventually converge to a series of solutions
in which each successive solution is the previous solution multiplied by a constant. The constant is
defined to be k., and the neutron flux is referred to as the dominant eigenfunction or the
fundamental mode of the system. The idealized procedure outlined here will always converge to a
unique value of k., and the fundamental mode is a unique positive function once a normalization
is defined.

Unlike this idealized procedure, Monte Carlo criticality calculations can encounter a difficulty
that can result in incorrect values of ki for certain systems. To make matters worse, the incorrect
value is likely to be low and, hence, not conservative for criticality safety purposes. The cause of this
difficulty is a failure of the source neutrons in the Monte Carlo calculation to converge to a source
corresponding to the fundamental mode. When the starting guess for the Monte Carlo calculation
does not start enough neutrons in a high importance region, the calculation can proceed as if the high
importance region does not exist. In the idealized case, more and more of the neutron source would
appear in the region of highest importance in later generations. However, Monte Carlo calculations
follow only a relatively small number of neutron histories per generation, and this can result in
undersampling which prevents convergence to the fundamental mode.

G. E. Whitesides has written two papers> in which he discusses difficulties with fission source
convergence. One observation he makes is that if the region of highest multiplication can be
established, it appears that eventual source convergence to the fundamental mode can be obtained
by starting all neutrons in this region. He also observes that the best insurance against undersampling
of array geometries is to increase the number of neutrons per generation as the array size increases.
An adequate number of source neutrons is necessary to insure that the fundamental mode source
distribution is adequately defined for each successive generation.

The important conclusion to draw from the discussion in this section is that geometrically
complex Monte Carlo calculations must be started with a source distribution that is reasonably close

to the fundamental mode distribution in the system. In particular, the starting guess must have a



considerable number of source neutrons in the region of highest multiplication. Also, the number
of histories per generation should be as large as reasonable to minimize the possibility of
undersampling. Limits upon the number of histories per generation are imposed by the amount of
memory available on the computer being used. The cost of the computer calculations may also limit

the total number of histories calculated.

3. THE THEORETICAL BASIS FOR THE STARTER CODE

The purpose of the STARTER code is to provide a good starting source guess for a
KENO V.a calculation. First consider the situation where the region of highest multiplication in a
complicated system is known in advance. In this case, a smaller KENO V.a calculation can be
performed which includes the region of highest multiplication but which may exclude other regions
of lesser importance. The smaller case should be simple enough that one of the existing source-
starting options available in KENO V.a (such as a flat source in all fissionable material or a single
point source in the region of highest multiplication) is sufficient to converge the fundamental mode
distribution of the simple case. The complicated system can then be calculated by the using the
source distribution from the smaller case as the starting guess for the subsequent KENO V.a
calculation. STARTER accomplishes this objective by reading a restart file written by the smaller
KENO V.a case and writing a file containing starting points for the source neutrons to be used by
the large KENO V.a case. Also, STARTER has the capability to account for an offset in the
Cartesian coordinate systems of the two geometries and to change the number of source particles per
generation for the second case.

For extremely complex geometrical problems (such as a building that has many vessels
containing fissile material), k ¢, can be calculated by performing a sequence of KENO V.a calculations
in which the geometrical region included in each successive calculation becomes larger and larger.
In this mode of operation, STARTER is used to prepare the starting guess for each of the
subsequent KENO V.a calculations. Using STARTER in this manner may be a very good approach
for many criticality safety problems. However, one way this approach could fail would be if the wrong
location was assumed for the region of highest multiplication. Even in this case, the KENO V.a

calculations would often converge to the correct fundamental mode. An experienced analyst and



peer review should assure that the region of highest reactivity, the hot spot, is properly sampled in
the criticality safety analysis.

STARTER can also be used to prepare a starting guess when two or more regions of a
complicated geometry have been analyzed using KENO V.a. In order to accomplish this, STARTER
uses a computationally simple method based on solid angle and other approximations developed by
Bucholz® To illustrate this method, consider a number of bodies (geometric regions) for which
KENO V.a calculations have been performed and the restart files saved. The source guess for the
initial generation assumes an equal number of source neutrons in each body. A simple approximation
based on the neutron multiplication factor for each body, the escape probability for each body, and
all of the body-to-body (solid-angle) transmission probabilities represented in the form of a large
matrix, then allows one to estimate the next generation source in each of the bodies, for each
successive generation. The source is renormalized to unity for each generation, and source iterations
are performed until the process converges. This results in an estimate of kg for the combined system
and the fraction of source neutrons born in each body.

Four explicit approximations are made to obtain the relationship between sources in
successive generations. The first approximation is that each source neutron assigned to a body

produces k, next-generation neutrons, where k., for each body is approximated by k. of the body
divided by P:"‘ (the nonleakage probability for the body obtained from the KENO V.a calculation).

Second, it is assumed that the number of next-generation source neutrons for any body resulting from
present-generation source neutrons in the same body is k. times the number of present-generation

source neutrons. Third, it is assumed that the number of next-generation neutrons that leak from
any body is the number produced in that body times Pi" (the leakage probability for that body).

Finally, it is assumed that the fraction of these leakage neutrons that contribute to the next-
generation source in another body is the fractional solid angle subtended by the other body as viewed
from a point in the center of the source body. The equation relating successive generation sources

based on these assumptions is

k.
N L PEFG
S; =Sjkj+ESi-;’;-iP;f("‘J),
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where



§;  is the source in body j in the present generation,
is the source in body j in the next generation,
k;  is kg for body j alone,

Pf”' is the nonleakage probability for body i obtained from a KENO V.a calculation of body i

alone,
P! =1 - PM is the leakage probability for body i,
S (i-)) is the solid angle subtended by body j as viewed from the center of body i divided by 4x, and

Yy Sj" is renormalized to the desired total (1.0) at the end of each iteration (ie., after all S; have
i

been updated but before the next iteration begins). There are a number of limitations to Bucholz’s
method. However, it has been applied to a number of real-life problems? and has generally given
conservative estimates for increases in k., where overestimates of k. are considered conservative
for criticality safety purposes. Perhaps the most nonconservative assumption is the use of escape
probabilities based on a KENO V.a calculation of an isolated body. Most of the source neutrons in
this calculation will tend to be near the region of maximum multiplication which may be near the
center of the body. Thus, the escape probability based on this calculation may be relatively low.
Interaction neutrons from other bodies may tend to interact near the surface of the body and have
a much higher escape probability.

Note that shadowing and wall reflection are ignored in Bucholz’s method, but shadowing and
wall effects are properly considered in the subsequent detailed KENO V.a calculation. Bucholz’s
method will sometimes fail to locate the region of maximum multiplication when the region of
maximum multiplication is not located in the body that has the largest k. An example of this is
shown in Sect. 6. Therefore, STARTER should not be viewed as a black box which always provides
a good starting guess for KENO V.a. Rather, the STARTER code should be viewed as an automated
method for preparing starting guesses. The person performing the analysis must assure that the
region of maximum multiplication has been found and properly modeled. This may require a number

of analyses and careful study.



4. INPUT INSTRUCTIONS

The information input to STARTER directly by the user is often very short. This occurs
because most of the information required for the STARTER calculation is obtained from the restart
data files read by STARTER. These restart files are written by KENO V.a calculations of individual
components. The STARTER input is lengthy only when there is a large number of restart data files.
The STARTER input consists of two data blocks. The first block allows the user to specify the
values of six integer variables. This input is similar to the "READ PARAMETERS" data in
KENO V.a. Three of the integer variables have default values that are sufficient for most, if not all,
problems and usually need not be specified by the user. The second data block consists of sets of
data containing an integer variable specifying the FORTRAN unit number for a restart data file
followed by three real variables which define the geometry offsets (AX, AY, AZ) for that dataset
relative to the new geometry (X,Y,Z). A set of these four numbers is entered for each input data
file to be read. KENO V.a style free-form input is used for this part of the input. Both blocks of
data are ended with an "END" parameter. The STARTER input data is given in Table 4.1.

The X geometry offset for a dataset is the amount that must be added to the X coordinate
of each source point from that dataset to obtain the X coordinate for the point in the new geometry.
There are also Y and Z geometry offsets which are defined similarly. Note that the user can use data
from a restart dataset at more than one geometry offset. For example, if unit 44 is to be used twice
with geometry offsets of (0.0,0.0,0.0) and (0.0,0.0,2.5), and unit 45 is to be used once with an offset
of (130.0,25.2,50.3), and 500 starting points are to be written on unit 46, the input data could be:

NUM=500 OUT=46 NRU=3 END
44 3%*0.0 44 2*0.0 2.5 45 130.0 25.2 50.3
END



Table 4.1 STARTER input data

Data block 1

NUM= num Enter the number of neutrons to be started in the system.

OUT= out Enter the unit number where the source neutrons are to be
written.

NRU= nru Enter the number of datasets from which source points are

to be chosen.

NBK= nblk Number of blocks allocated for the first direct access unit,
default = 200.

LBK= Iblk Length of each block allocated for the first direct access unit,
default = 512.

LNG= Ing Enter the number of words of storage to be allocated to the
program, default = 100,000.

END Terminate this data block with the word END. It should not
start in column 1 and should be preceded by at least one
blank.

Data block 2

The following data are entered in order. NRU sets of data are required.

N(i) Enter the unit number containing the ith set of restart data.

XOFF(i) Enter the X offset for starting points from the ith set of

restart data with respect to the origin of the new geometry.

YOFF(i) Enter the Y offset for starting points from the ith set of
restart data with respect to the origin of the new geometry.

ZOFF(i) Enter the Z offset for starting points from the ith set of
restart data with respect to the origin of the new geometry.

END Terminate this data block with the word END.




5. USER’S INFORMATION

There are two particularly important subroutines in STARTER which perform the two main
functions of the code. These subroutines are LODATA and SELPTS. LODATA and the
subroutines that it calls read the restart files to obtain the average kg, the leakage fraction, and
geometric information for the individual bodies previously analyzed with KENO V.a, and performs
the calculation described in Sect. 3 to obtain the fraction of the source to assign to each body.
SELPTS and the subroutines that it calls read the restart files to obtain the fission neutron starting
points for each body and generates the output file based on the source probability distribution
function.

Only the outermost geometric region for each body is used by STARTER for the purpose
of calculating solid angles. This outermost region (unit) will usually be a cuboid, but cylinders and
spheres are also allowed. The solid angle subtended by the outer unit is calculated using function
subprograms developed by Bucholz. These are generally described in ref. 2 and employ the same
analytic techniques used in the XSDOSE code.?

The selection of source points by STARTER is done by random sampling. This means that
even when the fractional source for two bodies is the same, the number of source neutrons assigned
to the two bodies may be different because of the random characteristics of the Monte Carlo method.

In order to obtain a restart file when running the initial KENO V.a cases, two parameters
must be specified in the KENO V.a input. These are RES and WRS. RES is the number of
generations between writing restart data. An adequate value for RES is the value of GEN, the
number of generations to be run. WRS is the logical unit number for writing the restart data. Both
RES and WRS must be nonzero to obtain the restart file.

To use the start file generated by STARTER in KENO V.a, the following start data should
be included in the KENO V.a input file:

READ START RDU=nn END START

where nn is the logical unit number for the file generated by STARTER.
One problem with using STARTER is how to incorporate the geometric descriptions for each
body into the geometric description required for the overall system. One way to handle this difficulty

is to have one model for the overall system in which each body within the system (which is to be



included in the STARTER calculation) is a "UNIT" in the KENO V.a geometry input. Then by
simply placing the word "GLOBAL" in the definition of that unit as in "GLOBAL UNIT 14," KENO
V.a will consider that unit to be the entire system and ignore the rest of the geometric input which
describes other parts of the overall system. This approach should minimize the possibility of
inconsistent geometric descriptions.

After a KENO V.a calculation has been performed with a source guess from STARTER, the
user should examine the output to see how the STARTER guess and the KENO V.a calculation
compare. One option in KENO V.a that is useful for this is the matrix k.4 by unit location option
(MKP=YES). When this option is used, the source vector by position is printed and can be
compared with the STARTER source vector. The user will probably want to select CKU=NO in
order to eliminate the printing of cofactor k. by position. Another option that can be used with
MKP is FMP=YES which causes fission production by position to be printed. These correspond
roughly to the estimated fission production matrix in the STARTER formulation. Large differences
between the more rigorous KENO V.a results and the approximate STARTER terms should be
examined closely.

Matrix k., results can also be obtained by unit number as well as by location. The options
to do this are MKU=YES, CKU=NQ, and FMU=YES. Both types of matrix k., can be calculated

in the same run if desired.

6. THE SAMPLE PROBLEM

The sample problem is a hypothetical example chosen to demonstrate how to prepare
STARTER input. It also illustrates some of the limitations of the STARTER methodology insofar
as it violates one of the primary assumptions of the methodology (i.e., that the system be loosely
coupled). A drawing of the geometry for this example problem is shown in Fig. 6.1. For simplicity,
the geometry is uniform in the z direction with a large height of 400 cm. The problem consists of
a small cylinder surrounded by four large cuboids. A concrete wall surrounds the cuboids. The
volume of the cylinder is much smaller than the four cuboids. Uniform source sampling would result
in only about 0.3% of the source neutrons being started in the cylinder.

One way to use STARTER is to first perform a KENO V.a calculation on a smaller geometric

region which contains the region of highest multiplication. For this sample problem, the region of
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Fig. 6.1. The geometry of the sample problem.
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highest multiplication is most likely in the center of the geometry. A small geometry which includes
this region is the region inside the dashed line in Fig. 6.2. The KENO V.a input for this case is
shown in Fig. 6.3. Notice that WRS=35 and RES=103. This input causes a restart file to be written
at the end of the KENO V.a run. Also notice that the origin of the calculation is located at point
A in Fig. 6.2. The origin is at point A because of the KENO V.a geometry rule concerning arrays.
This small region calculation has a high neutron leakage fraction of 42%, and kg is 0.91. The use
of MKU=yes and MKP =yes results in the source vector being printed both by unit and by position.
Seventy four percent of the source is in the central cylinder, which shows that the central cylinder
is a region of high multiplication.

The STARTER input shown in Fig. 6.4 is used to generate a starting guess for the
KENO V.a large geometry calculation. Unit 35 is read and unit 36 is written. The coordinate system
offsets of 80 cm in the x and y coordinates are shown in Fig. 6.2 where point B is the origin of the
large geometry.

The KENO V.a input for the large problem is shown in Fig. 6.5. The input parameter RDU
set to 36 in the "start” data causes the code to read the file written by STARTER on unit 36. The
k ¢ for this case is 1.0026 + 0.0033. Twenty seven percent of the final source is in the small cylinder
which indicates that it is quite important despite its small size. Figure 6.6 shows the average kg as
a function of the number of generations run. Notice that the values of k. start high and drop to a
lower value as the fundamental mode converges. This is a desirable behavior because starting high
means that many of the source neutrons were started in the area of high importance. This
characteristic is conservative and avoids underestimating reactivity. For comparison, this problem was
also calculated using an initial flat neutron source distribution, rather than the STARTER source.
Figure 6.7 shows the average kg by generation for this calculation. Notice that k4 starts low and
takes longer to near the converged result than the STARTER -assisted calculation. The encouraging
aspect of this result is that KENO V.a was able to obtain a good answer even with a source guess
that undersampled the region of high multiplication. The danger of undersampling is that in some
more difficult problems KENO V.a will not correct for the undersampling and an incorrect low result
for k. will be obtained.

Perhaps one’s first approach to this sample problem would be to perform one KENO V.a
calculation for the small cylinder and another for one of the four identical large cuboids. The
STARTER methodology is then used to obtain a starting guess and also an estimate of k.. This

exercise illustrates problems encountered when using the STARTER code on components in a tightly
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Fig. 6.2. The geometry of the small initial calculation.
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starter test problem

read parameters tme=4. lib=41 Ing=20000
gen=103 npg=300 wrs=35 res=103
mku=yes cku=no fmu=yes
mkp=yes ckp=no fmp=yes

end parameters

read mixt sct=1

mix=1 501 .5 94900 1.415-2 92800 1.00-2
mix=2 501 1. 94900 1.445-5

mix=3 301 1.

end mixt

read geometry

unit 1

cylinder 1 1 6.62 2p200.

cuboid 0 1 4p7. 2p200.

unit 2

cuboid 2 1 4p10. 2p200.

unit 3

cuboid 0 1 2p10. 2p7. 2p200.

unit 4

cuboid 0 1 2p7. 2p10. 2p200.

global unit 5

array 1 3z

end geom

read array

ara=1 nux=3 nuy=3 nuz=1fill242 313 242

end array
end data
end

Fig. 6.3. The KENO V.a input for the small region geometry.

num=300 out=36 nru=1 end

35 80. 80. 0.
end

Fig. 6.4. STARTER input to prepare a starting guess for a subsequent
large region KENO V.a calculation using the restart file from a KENO V.a

small geometry calculation.
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starter test problem

read parameters tme=4. lib=41 Ing=20000
gen=103 npg=300
mku=yes cku=no fmu=yes
mkp=yes ckp=no fmp=yes
end parameters

read start rdu=36

end start

read mixt sct=1

mix=1 501 .5 94900 1.415-2 92800 1.00-2
mix=2 501 1. 94900 1.445-5
mix=3 301 1.

end mixt

read geometry

unit 1

cylinder 1 1 6.62 2p200.
cuboid 0 1 4p7. 2p200.

unit 2

cuboid 2 1 4p50. 2p200.

unit 3

cuboid 0 1 2p50. 2p7. 2p200.
unit 4

cuboid 0 1 2p7. 2p50. 2p200.
global unit 5

array 1 3z

replicate 0 1 4*20 2z 1
replicate 3 1 4*10 2z 1

end geom

read array

ara=1 nux=3 nuy=3 nuz=11fill242 313 242
end array

end data

end

Fig. 6.5. The KENO V.a input for the large geometry.
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Fig. 6.7. Average k., by generation using an initial flat neutron source distribution.
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coupled system for which the methodology was never intended. Figures 6.8 and 6.9 show the
KENO V.a input for the small cylinder and the large cuboid, and Fig. 6.10 shows STARTER input
for this approach.

The STARTER input demonstrates how determining the offsets can be tricky. The ‘4P50.
in the cuboid description indicates that the +x boundary of the cuboid is located at +50., the x
boundary is located at -50, the +y boundary is +50, and the -y boundary is -50. However, the ‘read
array end array’ input means that the coordinates are modified to conform to the KENO V.a
convention for arrays which makes the coordinate for (-x,-y,-z) become (0.,0.,0.). The input for the
cylinder also contains ‘read array end array’ but this has no effect since the outermost geometry
region is not a cuboid as required for arrays but is a cylinder. The origin for the cylinder is in the
center of the cylinder. This explains why the x and y offsets are 107 instead of 100, and the z offset
is 200 instead of 0.0. The cylinder could have been surrounded by a cuboid as was done in Figs. 6.3
and 6.5 in order to make the offsets simpler, but this would change the STARTER result since the
solid angles would be calculated for the outer cuboid rather than for the cylinder.

The output from the STARTER calculation is shown in Fig. 6.11. The first part of the output
lists the input files read and the values for k. STARTER reconstructed from the history files. The
next quantity printed is the STARTER estimate of k. for the combined system. Since the system
is critical, the STARTER estimate of 0.8972 is quite low and nonconservative.

The next information printed is the STARTER estimate of the fission reduction matrix. A
much better estimate of the fission production matrix (calculated by a KENO V.a run for the entire
problem) is shown in Fig. 6.12. The two matrices are not immediately comparable because different
indexing schemes are used. The largest discrepancy between the values in the two matrices is the
number of next-generation fissions in the cylinder caused by neutrons born in the large cuboids. The
STARTER estimate for this quantity is 1.38E-3. The KENO V.a matrix has a different value for
each of the four cuboids. These are 5.74E-2, 5.52E-2, 5.51E-2, and 6.00E-2. The weighted average
for this quantity, as obtained from the fission production by unit number matrix in the KENO V.a
printout, is 5.70E-2. The STARTER result is a factor of 41 too low which probably explains why
STARTER underestimated the amount of coupling present. One factor that contributes to this low
value is the STARTER assumption that the leakage probability is the same as that of the isolated
cuboid which is 0.06258. For the coupled case, most of the fissions occur near the surface and, thus,

have a much higher leakage probability. A second reason for the low value is the solid angle
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starter test problem

read parameters tme=2. lib=41 Ing=20000
gen=103 npg=300 wrs=32 res=103

end parameters

read mixt sct=1

mix=1 501 .5 94900 1.415-2 92800 1.00-2
end mixt

read geometry

cylinder 1 1 6.62 2p200.

end geom

read array

end array

end data

end

Fig. 6.8. KENO V.a input for the small cylinder.

starter test problem

read parameters tme=2. lib=41 lng=20000
gen=103 npg=300 wrs=31 res=103
end parameters

read mixt sct=1

mix=1 501 1. 94900 1.445-5

end mixt

recad geometry

cuboid 1 1 4p50. 2p200.

end geom

read array

end array

end data

end

Fig. 6.9. KENO V.a input for the large cuboid.
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num=300 out=38 nru=5 end
32 107. 107. 200.

31 0. 0. O

31114. 0. 0.

31 0.114. Q.

31 114. 114. 0.

end

Fig. 6.10. STARTER input for the separate
component method.
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starting points for 300 neutrons are to be written on unit 38.
these neutrons are to be chosen from 5 different restart datasets

....... . 0 io’s were used loading the data P

EAd a2 st i s salz2lld] fOr uﬂit m"be'-=32 keff= 8‘275815-01 + or - 4.19688E‘03 HAARE AN TRk A dd
........ 0 io’s were used loading the data e e e e e

XA ANNRAATENTRRARNE for mit fuber=31 keff= 8_‘42835-0‘ + or - 2.98457E.03 ERRARAEE TR AR AT RAS
........ 0 io's were used loading the data e e e e e

REEEENAARARTN A NRRE for mit M'ber=31 keffz 8‘[‘L283E_01 + or - 2.98‘57E.03 AARE AN R AR ARN TR AL
..... e e 0 jo‘s were used loading the data C e e e e e e

bl il ba iRt ) for m"t Wr=31 ke'f: 8.“283E.01 + or - 2.98457E.03 Wk ek w ik A i o
........ 0 io's were used loading the data e e e e e e

WRAARANNERAN AT NE N ’or mit rurbe'-=31 keff= 8.[’42835-01 + or - 2.98457E.03 WRAERERR AL e RN TES

estimated k-effective = 0.8972

estimated fission production matrix by restart index

( i, j) p is the estimated number of next generation neutrons produced in index j by a neutron by a neutron born in index i
¢ 1, 1) B.28-01 ( 1, 2) 2.99€-01 ( 1, 3) 2.99E-07 ( 1, &) 2.99€-01 (¢ 1, 5) 2.99¢-01
€ 2, 1) 1.38-03 ( 2, 2) 8.44E-01 (¢ 2, 3) 1.126-02 ( 2, 4) 1.126-02 (¢ 2, 5) 6.326-03
( 3, 1) 1.38E-03 ( 3, 2) 1.12E-02 ( 3, 3) B.44E-01 ( 3, &) 6.32E-03 (¢ 3, S) 1.12E-Q2
¢ 4, 1) 1.38E-03 ( 4, 2) 1.126-02 ( 4, 3) 6.326-03 ( 4, &) B.44E-01 ( 4, 5) 1.126-02
5, 1) 1.38e-03 ( S, 2) 6.326-03 ( 5, 3) 1.12E-02 ( 5, &) 1.12E-02 ( 5, 5) 8.44E-01
source probability vector
index vector
1 1.97328E-02
2 2.45067€-01
3 2.45067€-01
4 2.45067€-01
5 2.45067€-01
a total of 4 independent starting points will be chosen from unit number 32.
a total of 67 independent starting points will be chosen from unit number 31,
a total of 79 independent starting points wWill be chosen from unit number 31.
a total of 78 independent starting points will be chosen from unit number 31,
a total of 72 independent starting points will be chosen from unit number 31,
0 io’s were used loading the data
........ 0 io’s were used loading the data
........ 0 io’s were used loading the data e e e e e e s
0 io’s were used loading the data e e s e e e
e e e e 0 jo’s were used loading the data . . . . . . . .

300 starting points were written on unit 38 in

binary format for keno start type 6.

Fig. 6.11. The output from STARTER.
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starter test problem

e e v s s e sk s e e e e e e o ol e e e o o e e sl o s o she o s s sk s e o ke ol ok ol ok ol o o e o e o o e Ve R o o o 1 0 o o o e o o e e ol ol ol ol o e e ol e o o e e e e e e

position k-effective= 1,00780E+00 + or - 1.14510E-02
the position k-effective is the largest eigenvalue of the fission production by position index matrix.

WRERRNKERRAHRRNARRAENNERRARRERARARENERRRERARNARA RN RR AR AR IR R R ARk hh e dr kR R R RN RRRN TR h A hhehF R A kd
elapsed time 4.02050 minutes

fission production by position index matrix
( i, J) p is the nuvber of next generation neutrons produced at position index j by a neutron born at position index i.

¢ 1, 1) 7.08E-01 ¢ 1, 2) 0.00E+00 ¢ 1, 3) 5.94E-02 ( 1, &) D.00E+00 ( 1, 5) 5.74E-02 (¢ 1, 6) 0.00E+00
¢ 1, 7)6.08E-02 ( 1, 8) 0.00E+00 ( 1, 9) 1.06E-02 (¢ 1, 10) 0.00E+00

¢ 2, 1) 0.00E+00 ( 2, 2) 0.00E+00 ( 2, 3) 0.00E+00 ( 2, 4) O.00E+00 ( 2, 5) 0.00E+00 ( 2, &) 0.00E+00
( 2, 7)0.006+00 ( 2, 8) 0.00e+00 ( 2, 9) 0.00E+00 ( 2, 10) 0.00E+00

¢ 3, 1)5.866-02 ( 3, 2) 0.00e+00 ¢ 3, 3) 7.09E-0% ( 3,.  4) 0.00E+00 ( 3, 5) 5.52E-02 ( 3, 6) 0.00E+00 -
¢ 3, 7)B8.94e-03 ( 3, 8) 0.00E+00 ( 3, 9) 5.77e-02 ( 3, 10) 0.00E+00

¢ &, 1) 0.00E400 ( 4, 2) 0.00e+00 ( 4, 3) 0.006+00 ( 4, 4) 0.00E+00 ( 4, 5) 0.00E+00 ( &, 6) 0.00E+00
( &, 7)0.00E+00 ( &, 8) 0.00e+00 ( 4, 9) 0.00E+00 ( &, 10) 0.00E+00

¢ 5, 1) 1.13e-01 ( 5, 2) 0.00e+00 ( 5, 3) 1.136-01 (¢ 5, 4) 0.00E+00 ( 5, 5) B.54E-01 ( 5, &) 0.00E+00
¢ 5, 7) 1.10E-01 ( 5, 8) 0.00E+00 ¢ 5, 9) 1.186-01 ( 5, 10) 0.00E+00

( 6, 1) 0.006+00 ¢ 6, 2) 0.00E+00 (¢ 6, 3) 0.00E+00 ( 6, 4) 0.006+00 ( 6, 5) 0.00E+00 ( 6, 6) 0.00E+00
( 6, 7) 0.008400 ( 6, 8) 0.00E+00 ¢ 6, 9) 0.00e+00 ( &, 10) 0.00E+00

¢ 7, 1) 6.38e-02 ( 7, 2) 0.00E«+00 ( 7, 3) 9.89E-03 ( 7, 4) 0.00E+00 (¢ 7, S) 5.51E-02 ( 7, &) 0.00E+00
¢ 7, 7 7.M1E-01 ( 7, 8) 0.00E+00 ( 7, 9) 6.226-02 ( 7, 10) 0.00E+00

¢ 8, 1) 0.00e+00 ( 8, 2) 0.00e+00 ( 8, 3) 0.00E+00 ( 8, &) 0.00E+00 ¢ 8, 5) 0.00E+00 ( 8, &) 0.00E+00
¢ 8, 7)0.00e+00 ¢ 8, 8) D.00E+00 ( 8, 9) 0.00E+00 ( 8, 10) 0.00E+00

¢ 9, 1) 9.38E-03 ( 9, 2) 0.00E+00 ( 9, 3) 5.906-02 ( 9, 4) 0.00E+00 ( 9, 5) 6.00E-02 ( 9, &) 0.00E+00
¢ 9, 7)5.76E-02 ( 9, 8) 0.00E+00 ¢ 9, 9) 7.14E-01 ¢ 9, 10) 0.00E+00

¢ 106, 1) 0.00E+00 ¢ 10, 2) 0.00E+00 ( 10, 3) 0.00E+0C ¢ 10, &) O0.00E+00 ( 10, S) 0.00E+00 ( 10, &) 0.00€+00
¢ 10, 7) 0.00E+00 ( 10, 8) 0.00E+00 (¢ 10, 9) 0.00E+0C ¢ 10, 10) 0.00E+00

Fig. 6.12. The fission production matrix from KENO V.a.



calculation which is done from a point in the center of the cuboid. Since many of the fissions occur
much closer to the cylinder, the STARTER solid angle is low.

The next information printed by STARTER is the source probability vector. This result
indicates that 1.97% of the neutrons should be started in the cylinder. The number that should be
started in the cylinder based on the earlier KENO V.a calculation is 27%. The STARTER value is
too low and would cause the cylinder to be undersampled initially.

The final information printed by STARTER is the number of starting points chosen for each
body. Notice that STARTER assigns a different number of neutrons to each cuboid even though
they are identical. This occurs because STARTER uses Monte Carlo techniques to select the
source.

The STARTER code will give better results for this system if the spacing between the
components is increased to decrease coupling. This is demonstrated by the STARTER and
KENO V.a results shown in Table 6.1 and Fig. 6.13 for four different spacings between the cuboids.
The KENO V.a calculations used a starting guess in which all neutrons were started in the center of
the cylinder. This is better than a flat guess for these problems. Notice that the STARTER
estimates for k. are much better for the wider spacing and actually overestimate k., somewhat for

the largest spacing which is the most loosely coupled system considered.

Table 6.1 k.4 from STARTER and KENO V.a
Spacing k. from STARTER  k from KENO V.a

14 cm 0.8972 1.0095 + 0.0033
50 cm 0.8813 0.8951 + 0.0030
100 cm 0.8684 0.8682 + 0.0029
150 cm 0.8608 0.8597 + 0.0023
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