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THE ROLE OF COMPUTERS IN QUALITY ASSURANCE
IN THE LLL CRITICALITY SAFETY PROGRAM

BY

B. L. ¥oponen

SUMMARY.

This paper summarizes some of the aspects of computational

criticality safety quality assurance that have been emphdsized in recent

years at LLL. In particular I will discuss (a) computer code changes
that have been made that help the criticality analyst reduce the number
of errors that he makes and to lmcate those that he does make and (k)
hae a computerized “benchmark” data base aids him in the validation of
his conpuiationa: methods.
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IN RECENT YEARS THE LLL C5 PROGRAM HAS
BEEN A,D€F Y ATTENTION GIVEN TO TWO

AS v

1. Assurar.se of input carrectness — core improvzments

2. Code validation - benchmark library
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OUR CS CODES H4VE BEEN MODIFIED TO HELP
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INPUT ERRORS
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The change in input formats is best dispiayed by example. Slides
3 and 4 show the input for a simple uranium sphere reguired for the
SAN and ANISN codes. In our opinion, the sai-up and checking of the
SAN problem is much easier than that for ANISN and consequently less
prone to user input errors, Later in thic paper 1 will discuss some of
the ways in which SAN was simplified and the limitations imposed upor.
SAN (e.g., k-calculations only).

Slide 3

SIMPLICITY OF CODE INPUT AND MNEMONICS }
HELPS IN PROBLEM PREPARAT.ON

Sempls “SAN"" problem

BARE SPHERE

SPHERE REFLECTION VACUUM

1 UB5 0 3 0.04480

1 UZB 0 3 000373 LAST
B8 30 1 LA

END

Compare to “ANISN' problem —

Slide 4

COMPLEX UNDE [NPUT RESULTS IN GREATER CHANCES OF ERRQOR

Sample "ANISN" Problem
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alide b

SIMPLICITY OF “SAN” WAS MADE PDSSIBLE BY
PLACING GN TAPE OR IN CODE SUCH ITEMS AS: 3

o 5, weights and dinmction cosines
® Cross sections
* Fusion spactrum

& Paamaters

and ict ians to multplication (k_, } only

FIGURE 1

SAMPLE OF "MORSE-C™ INPUT FOR ARKAY OF AQUEOUS
URANYL NITRATE SOLUTION CYLINDERS
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Both the SAN and MORSE-C codes draw pictures nf the system being
calculated. Slides 8 and 9 show criticality s..fet_y modgis of a system
des(gned to measure the energy dependence of v in the region 0.5 to
125 e¥.3 The slides show the pictures essentially as grawn by the
codes, with the exception of the captions descnblng the codes and the
experiment; also the non-fissile materials in $1ide @ were added Tater,
normally being identified in another part of the SAN output. “he
user may draw other sections of the system with MORSE-C, in-

“luding higher magnifications of important details. Figure 3 ‘s an
example of how we used the pictures of "Nubar* to iliustrate the
cesults of our criticality safety study in an internal tLl memcrandum,
simply by adding some descriptive material. Such displays ¢lso help
in quality assurance by aiding independent reviewers decerrine i/ the
criticality analyst has adequately described the system of intsrest.

Slide 8

. “Nuhar”
L T



s BB

Radti {cm)

1.550
3.175
6.101
9.002
10.272
15.1307
30.310

woomwn= |3

Section l ’l



A%-

FIGURE 4

HORSE-C PLOTTING OF 1WDIVIDUAL BATCH RESULTS
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INDIVIDUAL BATCH MULTIFLICATIONS. SOLID LINE INDICATES AVERAGE VALUE, DOTIED
LINES ARE IHREE SIGMA LIMITS TOR DISYRIBUTION OF K VALUES.
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Slide 12 illustrates how the "MASTER CONTROL"® program is used to
manage the large amount of data used in our code vaiidation effort. The
data base is separated inio parts: the bibliographic data base is the
source of data describing relevant critical experiments, descriplions of
the experiments are entered into the numeri:al data base, and finally,
when the systems have been calculated by our various computational methods,
the results of the calculations are entered into the numerical data base.
“MASTER CONTROL" performs many useful manipulations of the nurierical data
such as ordering the benchmarks according to core composition, reflector
material, k-effective, median fission energy, etc., and performs calcula-
tions such as computing the averages of results, differences of results
by various methods, or will punch the data into formats required by codes
such as SAN or MORSE-C. Also, it is easy for "MASTER CONTROL" to save
the results of these operations as a pesmanent part of the data base.
Some examples of these operations will be given later in this paper.

Slide i2

A COMPUTER PROGRAM 15 ALSO USED TQO MANAGE THE LARGE
AMOUNT OF DATA NEEDED FUR CODE VALIDATION s

“MASTER CONTROL”

Pt
i Bench Resuins
" k = 1.003
Title MFE = 0.5 MeV
Author _—
e
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Stide 17 3Vlustrates how the computerization of the benchmark data
has helped in our code validation. Computer storage of the data provides
an easily accessible file cf experiments that were selected to provide a
basis for comprehensive testing of computational methods. In many cases.
the originators of the data have been contacted for adsitional information
and clarification. When changes are made in the codes or cross sections
it is not difficult to assess the effects of these changes and re-enter
the results into the data base. "MASTER CONTROL" aids in the evaluation
by displaying results in ways that may indicate trends that might not b
evident from a single validation point. Stide 18 lists some o® the

possible ways of displayi=q "benchmark” resuits and Figure 7 is an
example,

Slide 1

COMPUTERIZATION OF BENCHMARK DATA HAS
SIMPLIFIED CODE VALIDATION PROVIDING: 2

@ Archival storage of Selectec experiments
« Rapid sccess to dota

® Evaluation of new cross section dats or calculational
methods

# Display of results that may indicate trends not evigent
from a tingle validation point

Slide 18

“MASTER CONTROL"” ASSiSTS iN THE
INTERPRETATION OF “BENCHMARK‘* RESULTS
BY ORDERED DISPLAYS DF:

® Sources of data

« Core materials

® Rsiiscton

© Madian fission enargies
e ki

® Codet o7 ctms section Yreatments



In Slide 19 | have entered the arei of speculation, but I expect
that the cuesiion ~ould be asked, so 1 prepared the slide presenting
our best estimate of when a publication will be available. As long as
new experiments are being done, the biblioyraphic data base #ill not
be complete, dut we plan to cut off additions long enouge t. Publish
what we have. and Jo )ater vpdates of new measurements and mgesurements
that were inadvertently omitted in the present work. Work on “he
numerical date oase has been pre-empted by our desl!re to comp'?te the
bibliography c.t, hopefully. a publicatior can be prepared in the coming
year.

Slide 19

WHEN WILL THE BENCHMARK LIBRAR ¢ BE
READY FOR PUBLICATION?

& Bibliography — we hope this summer, with periodic
updating to follaw

® Numerica) — about 170 experiments are incJuded but
the veristy of materials and geomerries is limited —
pachaps @ version ¢aa La published within a yesr
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The SAN code was designed to be used from an interactive terminal
iteletype, television monitor, etc.). It was thus nocessary to keep
the iaput as simple as possible and make tne code fast running. We
noticed that the majority of our ANISN problems were being run in a
<orewhat "standard” fashion - k-calculations, fixed 5, constants, group
size, fission spectrum, convergence parameters, etc. We decrded. *here-
fore, to make our interactive version one in which many of these items
were fixed and stored in the code or on tape. There was a loss af flex-
ibility in SAN, but we still have ANISN available for the occasional
searchos, source problems, etc.. that we need. (Incidently, we have also
maje cnanges in ANISN such as the mnemonic input fo-mat that help to
make ANISN easier to input and check.) Slide 5 and 6 dutline the changes
in SAN.

1 do not wish to spend an ewessive amount ¢ time in the oral
presentation on this subject so I will not include comparable examples for
MORSE-C, but for the written paper ! show an example of the MORSE-C input
for a 3x3x3 array of solution rylinders, a fairly complex system (Figure 1).
The reader may compare this format to the KENO input format if he wishes.
In MORSE-C the Monte-Carlo parameters such as neutrons per batch, standard
deviation termination, esc., have been fixed at preselected values, but
the user has the option of overriding “nese if he wishes. In the example
of Figure 1, I chose to change the standard deviation termination from its
preselected value of 0.005 to 0.003 {card no. 2 of Figure 1}.

Siide 5

WHAT LED TO THE DEVELOPMENT OF "SAN"7 i3

# Interactive varsion required simple input

©® Maost of our “ANISN” celculations were being done
with ““standard” input parsmeters

® Many iterns being required by user input can be
kept in code Or on tape:



The autput of our criticality codes was a'sa modified to help the
user insure that his vroblem was properiy described. (Slide 7} a table
of atomic weights is attached to the cross section 1ibrary permitting
the codes ta compute the physical densitiec »f the materials requested
by tne user. 1t is then a simple matter for the SAN code t0 compute the
volumes and masses of the materials used in the problem. In the general
380metry MORSF-C, 3 spec1al Monte-Carlo subroutine was programmed to
compute volumes af the various regions, with some statistical uncertainty
in the results. Fiaure I :tlustrates o MORSE-r volume and mass caicula-
tion.

Slide 7

AT THE SAME TIME CODE INPUT WAS SIMPLIFIED,
CODE QUTPUT WAS IMPROVED

Thete changes wers omsignid to

& Help the user enmire that the problem was what he
inl

» Dititay picturm of the geomatry in datsil mnd to scale

@ Dizlay cdlcuiated output 28 plots rather than columm
af numben

FIGURE 2

SAMPLE OF MORSE-C VOLUME AND MASS CALCULATION
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we have also been aided by the otrmer visual displass af SAN and
MORSE-C. SAN Jisplavs the regrel neut<or ‘luv integrated over hree
energy Iroups - “3st. intermedrate, and thermal (STide 1C'. Ffor pro-
diers with 97 neutron energy groups, whicn we run routine’y, tne inte-
grated flux plots are ore helpful than a7 separate plots or long
ta~Tes of numbers. SAN aise disolays the fraction

U_]'{ senne [ f7

vs, gnergy, from which we cet the mdian energy of neutrons cousing
fissions (median fission energy). Tmis s a helpful charactertiation
of tne spectrur of the system. SAN alsa plots the energy-oependent
spectra for each of the spatial regions and plots the leakaje spectra.

In addition to <pectra olots. MORSE-C diots the history of the
batcn calculations. Figure 4 illustrates the plotting of the indivi-
dua’ batch results and Figure 5 shows the averages. These plots help
us 10 determing 1 the probie~ has settlel. MORSE-C plots the baten
averages “dackwards’. i.e.. by eliminatira all batches previcus ta the
ong at which the averdge 15 to he caiculated. This type o averaging
snows the effect of the 1ritial source for cases where a s.f¢!cient
number of the early batches have not been discarded, and “ow many
tatches snould be Jdiscarded 1n such a case.



Sirde 1o

SAN DISPLAYS RADIA} FLUX PLOTS FOR 3ENERGY RANGES =

Fast 1

. .- .
[ Therm:l |

s
o 5 10 15 20 25 20 15
Paution, cm

MORSE-C atso tells the user how his bat -k results compare tn g
T distrodution. Figure & 11lustrates this plotting for the
ube Experiment”.




AVERAGE MULTIPLICATION

FIGURE 5

upRSE-C PLOTS BATCH AVERAGES FROM LAST TOWARDS FIRSY
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AVERAGS MULTIPLICATION CALCIAATED USING THE LAST N BATCHES. [NDICATED CRROR
IS THREE TIMES STANDAPD DEVIATION OF ESTIMATL O50 X




The sevopd part of this talv iensiders code validation. ANS)
atandard Nie. 0% states that “, .. tne 1imits may be devived from teltula-
tioac “ade py & wethad shown Lo pe valid by comparison with experimental
data.. .. Trde 11 lisls three aspects of cade validation, The second
1tem s nat stractly o part of a formal cade velidation scheme, byt is
hefuful in vode validation. for example, 1% the resuits of calculations
for 1dentitai systems wilh discrete ordinates and Monte-Carlo codes are
n significant disagreement, 4 bug may be present in one of the codes:
nowever, ever if thev adree they may botn bhe in er-or due to a comnon
defect.  Thus 1t 15 essentral that validation includ: calculations for
experinental systems.

Siide 11

ASECOND VITAL AREA OF COMPUTATIONAL QA
IS IN CODE VALIDATION

@ Code performance chacks
® Comparivan of codes

- lntegval 11,3 ul the pmgrlrn and duis oy ulmlmon
) systems —
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Slide 13 displays sore of the features of the bibliographic data
basze. We have sefected only Jocuments that pertain to experimental
measurements, omitting criticality safety calculations or “survey
calculations*. Some dotuments containing calculations of critical
experimer++ are included. The data base includes suificient infomation

1o jdentify the documents and includes abstracts to help us decide if a
document is usefuy] befare we inspect the full-text report. vVarious
indices, listings, concordancas, or on-line searches help us select
“henchmark" data. Yides 14-16 illustrate some of the bibliographic opera-
tions. Siide 16 snows a portion of a concordance on "sites”. These

arrays were added to the data base to identify the locaticn and program

of the experitental work recardless of the origin of the report, e.q.,

if a report is issued at Lti discussing experiments done at LASL, the

site description will still be that of the LASL program.

Stide 13

THE BIBLIOGRAPHIC D.B. IS THE SOURCE OF
THE “BENCHMARKS" INCLUDING: L}

* ~10€0 docurnents
® Authon, titles, dates, sbetracts, sites, vt

® Concordances on {1} sites (2) authors {3) titles and
abstracts

& On-line searching

Slide 14

LISTING OF A PORTION OF THE DATA
IN THE BIBLIOGRAPHIC DATA BASE
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Slide 16

PORTION QF THE SITE CONCOROANCE
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©.ABLE LISTISS OF A PORTION OF THE BENCWMAEX "AT3 AASE
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1f Lime permits, the %3k will be ented with a 51ide summarizing
the two areas of empnasis of this talk, hoping that perhaps some of
this information has been Of interes to the audience. (Slide 20).

TWO AREAS OF EMPHASIS KAVE BEEN OF HELP
TO OUR CS 0A PROGRAM

These are

I Sunpiificeiion of input and of output of
criticality safety codes

2. Use of computers in manaping the data 1eeded in code

valudation



