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Abstract

The NJOY Nuclear Data Processing Systemn has been used to process the
ENDF/B-VI, JEF-2.2 and JENDL-3 Nuclear Cross Section Data Bases into muitigroup
form. A brief description of the data bases Is given and the assurmptions made in
processing the data from evaluated nuclear data file format to multigroup format
are presented. The differences and similarities of the Evaluated Nuclear Data Files
have been investigated by producing four group cross sections by using the GROU-
PIE code and calculating thermai, fission spectrum averaged and 2200 m/s cross
sections and resonance integrals using the INTER code. It has been shown that the
evaluated data for U238 In JEF and ENDF/B-VI are principally the same whiie in case
of U235 the same Is true for JENDL and ENDF/B-VI. The evaluations for U233 and Th232
are different for all three ENDF files.

Several utility codes have been written to convert the multigroup library into
a WIMS-D4 compatible binary iforary. The performance and suitability of the gener-
ated libraries have been tested with the use of metal fueled TRX Iattices, uranium-
oxide fueled BAPL Iattices and Th232-233 fygled BNL lattices. The use of a new ther-
mal scattering matrix for Hydrogen from ENDF/B-VI increased k.4 for 0.5 % while the
use of ENDF/B-VI U238 decreased It for 2.5 %. Although the original WIMS library per-
formed well for the effective multiplication factor of the lattices there Is an improve-
ment for the epithermal fo thermal capture rate of U238 while using new data in the
TRX and BAPL latiices.

The effect of the fission spectrum is investigated for the BNL lattices and it is
shown that using U233 fission spectrum instead of the original U3 spectrum gives a
kesr Which agrees better with the experimental value.

The resuits obtained by using new multigroup data are generally accept-
able and In the experimental error range. They especially improve the prediction
of the reaction rate dependent benchmark parameters.
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Bzet

ENDF/B-VI, JEF-2.2 ve JENDL-3 hesaplanmis nlkleer veri kGtUklerinin cok grup-
lu ntkleer verl kGttkleri formuna islemek amac lle NJOY nlkleer veri islieme sistemi
kullanidl. Kullanian verl kGtGklerinin tarift yapid ve verllerin iglenmesinde kullanian
varsayimiar sunuldu. Nakleer verl kUtGkier arasindaki benzerlikler ve farkliikiar
GROUPIE program kullanilarak dort grup etkin tesir kesiti hesaplamak sureti lle in-
celendi. Aynca INTER programi kullanilarak resonans integralleri hesapland ve kar-
slaghnidl. JEF ve ENDF/B-VI deki U238 verilerinin ayni oldugu gdsterildi. Ayni sekilde
JENDL ve ENDF/B-VI deki U3 verilerinin de benzer oldugu gdsterildi.

NJOY tarafindan olusturulan ¢ok gruplu ndklieer verl kGtugantn WIMS-D4 pro-
gram ile uyumiu hale getirimesi amaci lie gesitll programiar yazidi ve Igletildi, Olus-
turulan cok grupiu veri katUklerinin performans ve uyguniugunutest etmekicin metal
yakith TRX &rgtilerl, uranium-oksit yakith BAPL &rgulerl ve Th232-U233 yaiith BNL &rgUleri
kullanidi. ENDF/B-VI verist kullaniiarak Gretilen yeni Hidrojen termal saciim mairisinin
ke | 0.5 % arthraidy gosterildl. Buna karsin ENDF/B-VI U238 In kg | 2.5 % azalthdr hes-
aplandl. Her ne kadar orijinal WIMS veri tabani drgllerin efektif carpim katsayising
hesaplama oldukca Iyl sonug versede yeni verlierin TRX ve BAPL érglleri icin U238
epitermal den termal’e yutma katsayisint lyllestirdigl gdsterildl.

Fisyon spekfrumunun etkisi BNL &rglleri icin incelendi ve U238 fisyon spek-
trumu yerine U233 spekirumunun kullanimasinin deneysel deger ile daha uyumiu bir
ket Nesapladid gosterildi.

Olusturulan gok gruplu ntkieer veri tabanlarn lle hesaplanan deneysel refe-
rans degerlerin genelde kabui edilebllir oldugu ve deneysel hata orani sinin icinde
kaldid gasterildl. Ozeliikie tepkime oranina badl referans parametrelerinin deneysel
verlle fle uyumunun dnemli dictde lyllestigl gosterildi.
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Chapter 1

Infroduction

The Evaluated Nuclear Data Files are the basic source of standardized nuc-
lear data for calculation of nuclear systems (1).

The data in an Evaluated Nuclear Data File normally cover the full energy
range of interest (e.g. 10~%eV to 20MeV) and include all neutron nuclear reactions
occuring in this energy range. Since the data is tabulated in small neutron energy
steps It contains a large number of points 1o represent the physical behavior of ¢
reaction accurately (2). Another Important feature of the nuclear data files is that
they share a common file format that makes exchange and comparison between
different files possible.

The complex structure and the size of the Evaluated Nuclear Data Files pre-
vent them fo be directly used in nuclear applications. Only some Monte Carlo pro-
grams which can read the data in pointwise representation use the Evaluated Nuc-
lear Data File without any reduction technique. For other programs the data must
be group averaged 1o a suitable form for the application of interest. Producing ¢
muitigroup library from evaluated nuclear data iIs a fime consuming and difficult

process. First the energy dependence of the nuclear data must be reconstruc-



ted and the data must be “broadened” to the desired temperatures. If necessary
thermal scattering matrices must be generated. An appropriate weight spectrum
and group structure must be chosen for the multigroup library and ali this must be
repeated for all materials of interest.

Until recently the processing of the evaluated data to multigroup form re-
quired very large computers which could handie the required computational power
and disk storage. This prevented researchers with limited computational resources
1o use the evaluated data files directly 1o produce multigroup nuclear data libraries
for their specific problem. With the advancement of high speed desktop computer
systems and the availability of inexpensive hard disk storage systems the processing
of evaluated nuclear data files are becoming a possibility for the researcher. Previ-
ously a researcher could only use the muitigroup cross section libraries supplied with
the application. Although this multigroup libraries are suifable for a specific range
of problems they may fall 1o provide acceptable results for some other ones and
the researcher is not able to change the group structure of the multigroup library.
Other disadvantages of these iibraries are that they are relatively old (WIMS library
is more than 20 years old I} and that they do not Incorporate recent changes fo
improve the accuracy of the nuclear data.

The generation of multigroup nuclear data for a application requires thro-
ugh knowledge of the problem and of the codes involved in the task. It isimportant
to understand the assumptions and cpproximations made and the limitations of the
produced multigroup library. Tr;e Cross Section Evaluation Working Group (CSEWG)
maintains a set of benchmark lattices which can ald in verifying the work done and
can give the researcher an initial indication of how well the generated muliigroup
library would be expected 1o perform in the applicafion. These benchmark iattices

are well documented and Investigated by various iaboratories around the world.



In view of the reasons cited above the main objectives of the work de-

scribed in this thesis are:

e Installing Evaluated Nuclear Data Fiies and the necessary computer codes to

process these data files on a specific Computer System.

¢ Using the NJOY code to provide a calculational path to process the evalu-
ated data files into multigroup form. Applying various processing options and

investigating the effects of these options.

o Providing several utility programs that maintain and convert the multigroup lio-

rary produced by the NJOY code into WIMS-D4 form.

¢ Using the WIMS-D4 code to compare the suitabiiity of the new multigroup lib-
raries by modeling several benchmark iaftices from the Cross Section Evalu-
ation Working Group (CSEWG). Comparing several benchmark parameters with

published results.

The cailculational flow path used in the work is presented In Figure 1. The
Evaluated Nuclear Data Flle for the material of interest is processed with NJOY using
appropriate input data. The resulting mutigroup data file is converted info WIMS
usable form with the use of auxiliary programs. Affer that WIMS is executed with
appropriate input data for the specific problem.

The following evaiuated data files were used in the study :

ENDF/B-VI: United States Evaluated Nuclear Data File. Coordinated and dis-
tributed by the Brookhaven National Laboratory.

JEF-2.2: Joint Evaluated File produced by NEA countries and coordinated by
the NEA Data Bank.
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JENDL-3.2: Japanese Evaluated Nuclear Data Library. This data file is made
available through the nuclear data section of the Infernational Atomic Energy

Agency.

The following chapter gives a brief infroduction to the processing of eval-
uated nuclear data. The tools and methods used in the study is given in chapter
3 in which a brief intfroduction to the computational resources used Is given and
the data libraries are compared. Chapter 4 Introduces the benchmark lattices and
gives overview of processing considerations for the materials. A sensitivity analysis
considering the individual effect of the new H! and U?3 on the benchmark para-
mefters of the TRX and BAPL lattices is given in the first part of chapter 5. The full set
of results for the generated multigroup libraries Is given in tabular form and are dis-
cussed. The effect of the fission spectrum Is Investigated for the BNL laftices. The

conclusion and suggestions for future work Is given in the last section of Chapter 5.



Chapter 2

Processing of Evaluated Data

The Evaluated Nuciear Data Files (ENDF) contain the necessary basic cross
section data to perform reactor physics calculations. Any microscopic neutron cross
section of interest is either directly represented in tabular form and resonance para-

meters or can be explicitly calculated using existing data (1).

2.1 Shruciure of ENDF File

As a function of neutron energy the ENDF data structure for a particular

materlal is :

1. Tabulated representation atf low energies up to the resonance region.

2. parametric representation plus a tabulated background cross section in re-

solved and unresolved resonance region.
3. Tabulated representation at high energies.

Inferpolation between subsequent energy points is used to define the cross
sections over the full energy range of interest, There are five different interpolation

laws that are commonly used to represent the data in tabular form:



1. Constant values between two points ( constant law),
2. Linearinterpolation between cross section and energy points (linear-lineariaw).

3. Linear interpolation between cross section points, logarithmic interpoiation in

energy (inear-log iaw).

4, Logarithmic Interpolation between cross section points, linear variation in en-

ergy (log-linear law).

5. Logarithmic interpolation between cross section and energy points (log-log

law).

The use of interpolation laws is quite convenient and gives fairly accurate
representation of the microscopic cross sections if applied properly. A common
example to lllusirate the effect of different interpolation laws is the 1/V cross sec-
tion shape which can be exactly represented by the log-log interpolation law while
representing the same region with linear-linear representation is vastly different and
gives incorrect results.

The drawback of interpolation laws is that it is often not possible to accur-
ately represent the sum of two or more reactions by the interpolation laws if any of
the reactions uses log Inferpolation between data points. This is a problem if the
ENDF file tabulates sums of reactions like the total cross section (e.g. so called “re-
dundant” cross sections) which is the case in most of the evaluations. In this case the
difference between the total cross section and the sums could be nonzero which
would cause major problems in reactor physics calculations if this fact Is not treated
properly by the code used. A solution to this problem is o convert ali interpolation
laws info linearly interpolable form. The conversion of the constant iaw fo linear form
is accomplished by replacing a initial energy cross-section pair at ¢ interval by two

energy cross-section pairs: one af the lower limit and the other at the upper limit



of the interval. The linear law Is already Iin the desired form. The interpolation laws
including logarithmic forms are converted to linearly interpolable form by a tech-
nigue calied “interval halving”. in this method each Interval is divided in half until
the value at the middle of the interval can be approximated by linear interpolation
within a predefined error limit. The linearization of cross section data is also very use-
ful for subsequent processing steps because dealing with only linear interpolation

simplifies these steps considerably.

2.2 Resonance Region

The resonance region In a ENDF file is divided into a resolved and an un-
resolved part, This division arises because while the resonance parameters in the
resolved region uniquely represent the energy-dependent cross section of interest,
the parameters in the unresolved region represent only the distribution of cross sec-
fions and can as such only be used 1o caicuiate average values.

in the resolved region there are commonly four different kinds of paramet-

ers that can be used 10 represent resonance cross sections.

1. Single-ievel Breit-Wigner parameters (SLBW).
2. Mulii-level Breit-Wigner parameters (MLBW).
3. Reich-Moore parameters.

4. Adler-Adler parameters.

The method generally used in reconstructing the energy-dependent cross
secftion in the resolved resonance region is af first to use the tofal width of two ad-

jacent resonances to divide the energy between the resonance into subintervais.



The length of these subintervals Is determined by the total width of the nearest res-
onance. The interval between two wide ciosely spaced resonances is divided into
a few subintervals while the interval of two narrow., widely spaced resonances s di-
vided into many subintervails. These subintervais are then subdivided further using
the iterative Interval halving technique, untll the cross sectlon is linearly interpolable
over each resulting interval up to a predefined error iimit.

in ENDF evaluations, the unresolved range begins at an energy where it
begins to get difficult to measure individual resonances and extends to an energy
where the effects of fluctuations in the resonance cross sections become unimport-
ant for practical calculations. Resonance information for this unresolved range is
given as average values for resonance widths and spacings together with distriou-
tion functions for the widths and spacings. Effective cross sections are then calcu-
lated by calculating cross sections af the energy points at which unresolved para-
meters are given and then interpolating this cross sections to calculate the cross
section at the energy polint of interest.

The commoniy used parameters in the unresolved region are:

1. Constant or energy-independent parameters.
2. Energy-dependent fission width, other widths constant.
3. All widths energy dependent.

After calculating and linearizing the resonance contribution the linearized
background cross section must be added to it in order to get the actual energy-
dependent cross section.

The methods discussed above are used in the RECONR and UNRESR mod-
ules of the NJOY code system In order 10 calculate resonance contributions and

linearize ali cross sections of interest for a material.
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2.3 Doppler Broadening

The cross sections in the ENDF files are presented as function of neutron en-
ergy, where the neutron energy Is measured relative to stationary (e.g. “cold”) tar-
get nuclei. The cross sections are also called 0 Kelvin cross sections. However in ail
real cases the nuclel in a medium have a distribution of kinetic energies and are
moving in a random fashion in a medium. in this case there will be for a distribution
of randomly moving target nuclel a full spectrum of energies to be considered.

The "Doppler Broadening” approach Is used to calculate from the “cold”
cross section the actual cross section for a medium with nonstationary nuciei. In
this approach the effective cross section for a material at a nonzero temperature
is defined such that it gives the same reaction rate for stationary target nuclel as
the redl cross section gives for moving nucleil. The generalized Doppler Broadening

equationis :

e

where o = M/(2kT). k is Bolfzmann’s constant, and M is the target mass. Vis the re-
lative speed V =v —v', vis the velocity of the incident particies, v’ is the velocity of
the target nuclei and ¢ is the cross section for stationary nuclel. Equation 2.1 can

be broken up into two parfs as :

6(v)=06"(v)—c*(-v), 2.2)
where
l 2 OO
o"(v) = ?/sz / avoV)vie sl 2.3)

There are two well known properties of Doppler Broadening which originate from
the fact that the broadening equation is aciually a form of the diffusion equation.

The firstis that, If the temperatureis increased the reaction rate will become smoother
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and will asymptotically approcach a constant or uniform distribution. This can be il-
lustrated by the fact that a 1/V cross section, which corresponds to a already con-
stant reaction rate Is independent of temperature and remains unchanged during
the broadening process. The second property of the broadening equation is that
the integral of the reaction rate over all energy space is independent of the tem-
perature .e.g. the fotal reaction rate is conserved.

One of the methods 10 evaluate the Doppler Broadening equation 2.1 and
which s also used in the BROADR module of the NJOY system Is the “Kernel Broad-
ening” method. This method uses a numerical intfegration of equation 2.3 and Is fully
accurate with respect to all resonance and non-resonance cross sections, Another
approach, which is called the psi-chi method, starfs from resonance parameters
and uses certain approximations 1o obtain an expression for the broadened cross

section in terms of fabulated and calculated functions.

2.4 Transfer Mairix

The representation of the scattering cross section is different from the other
cross section types because evaluated scaitering data is represented in ferms of
the scattering angle and therefore one has to consider instead of cross section-

energy pairs a scattering transfer matrix of the form ;
o(us,E' = E) =m(E"YS(E")p(E' s, E' — E)g(ihs,E’' — E) 24

where m(E") is the mupfiplicity of the reaction (.e.g. 1 for eiastic and inelastic, 2 for
(n.2n) and V(E) for fission), (E’) is the cross section for the reaction, p(E',u) is the
angular distribution as a function of incident energy and g(u,, E' — E) is the energy
distribution of the reaction.

In the evaluated library muttiplicity m(E') s either given explicitly, as for ¥(E),
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or is implied by the reaction type. The angular distribution. p(E', ). Is either givenin
terms of Legendre coefficients or in tabulated form. The energy distribution,

g(us, E' — E). Is in the evaluations given in several ways which includes tabulation as
a function of the secondary energy E. representation as a simple fission spectrum
which depends on the incident energy. representation as a evaporation spectrum
and representation as a energy dependent Watt Spectrum. [t Is shown In (1) that
for all practical purposes these representations can be expressed as a linearly inter-
polable function of E'.

Neuiron scattering at low thermal energies must be treated differently if the
binding of the scatterer in a materiai or the motion of atocms in a gas is important,
There are several cases which must be considered separately in such conditions;
Coherent elastic scattering by crystalline materials, Incoherent elastic scattering by
non-crystalline matericals and Inelastic scattering for a gas of free atoms or for bound
scatterers.

Coherent elastic scattering occurs in crystalline solids where the so-called
“zero-phononterm” lieads to interference scattering from the various planes of atoms
of the crystals making up the solid, such llkke graphite or Be. There is no energy loss
in such scaitering. The coherent scattering cross section is either given as a func-
fion of energy and temperature, which is used in newer ENDF formais, or in ferms
of lattice constants, form factor formulas and Debye-Waller coefficlents, which is
common for older ENDF formats.

Incoherent elastic scattering Is found In hydrogenous solids like polyethyi-
ene, which have an elastic (no energy loss) component of scattering arising from
the “zero-phonon” ferm that can be treated in the incoherent approximation be-
cause of the iarge incoherent cross section of hydrogen. There is no energy loss in

this case and the required parameters to calcuiate the effective incoherent eiastic
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cross section are characteristic bound cross sections and Debye-Waller coefficients
which are tfabulated In the evaluations.

For incoherent inelastic scattering the cross sections and energy-fo-energy
fransfer mairices can be caiculated from ENDF S(a., ) scattering functions which
describe the binding of the scattering atom In a material and where a is the dimen-
sionless momentum transfer and § is the dimensioniess energy transfer. The scat-
tering functions are either given in tabular forms as tables of S versus a for various
values of § or by means of the so called “Short Collision Time” (SCT) approximation
which defines the cross section in terms of a effective temperature which is either
tabulated in the ENDF file or is included in the processing codes. It must be noted
that ENDF S(a, ) functions are available only for a numiber of important moderator
materials

The THERMR module of the NJOY code system uses the representations above
for the thermal range in order 1o calculate effective scattering cross sections for

materials of interest,

2.5 Multigroup Data

The final step In processing evaluated data is collapsing the linecrized point-
wise cross section into Multigroup form which is used by computer codes that cal-
culate the distributions of neutrons in space and energy.

The general definition of the multigroup cross section, which is weighted by

a moment of the fluxis :
Je*" Or(E)0n(E)dE

S5+ 0a(E)dE
where o (E) Is the total cross section for any reaction R, (e.g.. R = total.elastic, cap-

ORng =

(2.5)

ture efc.) and ¢,(E) Is the nth Legendre moment of the flux (e.g. 0= scalar flux,
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1=scalar current). The energy dependent pointwise cross section for equation 2.5
is obtained by the methods discussed previously. In aimost all cases the weight-
ing flux ¢, is not known since it is the actual particle distribution to be caiculated
by the computer codes. But what is really needed to caiculate group averaged
cross sections is not ¢ itself but rather the shape of ¢ and It is possible to calculate
fairly accurate group averaged cross sections if the shape Is reasonably well known
over broad energy ranges of a few group structure or if a large number of groups
are used so that the error In guessing the shape inside a group is not important. An-
other problem in evaluating equation 2.5 is that in many cases of interest, the flux ¢
will contain dips corresponding 1o the absorption resonances of the various mater-
ials in the problem. For the reaction rate 6(E) x¢(E). these dips clearly reduce (e.g.
self shield) the effect of the corresponding resonance and cause that the actual
cross section for the resonance varies considerably from the unshielded value. It is

possibie to define the flux in equation 2.5 as :
O (E) = My(E) X Wa(0) (2.6)

where M, (E) is the energy-dependent weighting spectrum and W, (c) is a cross sec-
tion dependent self-shielding factor. The energy dependent weighting specitrum s
generally given in the processing codes either as a option from a number of built-in
spectrums or Is read-in from a user prepared input file. The important point in eval-
uating the seif-shieiding factor is that It Is changing inversely with cross sections. This
is an important result of the narrow, intfermediate and wide resonance approxim-
ations . In view of that the weighting function ¢ can be actuailly assumed of the
form:

M@
*E) = 6, Toof

where M(E) Is the energy dependent spectrum, 6.(E) is the fotal cross section of

1k=0,1,2,... 2.7

the material of interest, 4 Is total cross section of ali other constituents of the mix-
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ture and k is an integer for different Legendre moments (e.g. k=0 means no self-
shielding, 1 means self-shielded scalar flux, 2 means self-shielded scalar current etc.
). The value of oy actudlly gives the atom ratio of absorber and moderator materi-
als and as such can have values from 0 (no moderator material) up to infinity (infin-
ite diluted absorber material). This approach to self-shielding is called the “Bondar-
enko” model and is generaily used In virtually any code that processes evaluated
data into muitigroup form. In case of strong heterogeneity effects the Bondarenko
method can be extented by starting by an infinite system of moderator and fuel

regions. In this case the neutron balance equations are
szfq)f = (1 _Pf)Vfo +FPrVSm 2.8)

and

where V¢ and V,,, are the region volumes, ¥ and ¥, are the corresponding total
mMacroscopic cross sections, S; and S, are the sources per unit volume in each re-
glon, P; is the probability that a neutron born in the fuel will suffer its next collision in
the moderator, and P, is the probability that a neutron born in the moderator wiil

suffer its next collision in the fuel. Using the reciprocity theorem,
ViZfPs = ViuZinPrn (2.10)

and the Wigner rational approximation fo the fuel escape probability,

Z,
Pr=_———, 2.11
=5 > 2.11)
where L, Is a slowly-varying function of energy called the escape cross section, one

can obtain an equation for the fuel flux of the form

ZeSm
Zm

(Zf—}—ze)(bf: —|—Sf . 2.12)
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it can be shown that in the limit where the resonances are narrow with respect to
both fuel and moderator scattering, the source terms S¢ and S, take on their asymp-
tofic forms of I, /E and L, /E respectively, and that this equation becomes equival-

ent 10 the Bondarenko model quoted above with

X
¥ ‘e
oy =—, 2.13)
07 py
and
Z+Z,
C(E)=""1Z (2.14)
B =

The common method of evaluating equation 2.12 is to create libraries for a variety
of ap values (normaily in powers of 10 e.g. 0, 10, 100, 1000 etc.) and then interpol-
ate the cross sections for the desired value of 6. The Bondarenko method is used
in the GROUPR module of the NJOY system fo calculate seif-shielded multigroup
cross sections for a material. Optionally GROUPR can also use the so called "flux-
calculator” approach in which a weighting flux Is computed for various mixtures
of heavy absorbers with light moderators, for calculating self-shielding effects. The
flux-calculator option is especially useful for thermal reactor problems which nor-
mally have many broad and intermediate-width resonances in the thermal range
which cannot be seif-shielded with enough accuracy using the Bondarenko method.
By considering an infinite homogeneous mixture of two materials and assuming that
scaffering is isoiropic in the center-of-mass system we can write the infegrals slow-

ing down equation as

6 (E)0(E) = j; o ( IGSI(ELE))E,(p(E')dE'—}- / ’%q;(y)dg'. @.15)

where o.is (571)% A s the nuclear mass number. Assuming that material 1is a pure
scatterer with constant cross section and converting to the o, (.e.g. simply assuming

that 6, = 65+ 6:2) form the equation 2.15 can be written as
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E foy
[Co+062(E)]|0(E) = [E (1_—%179—’4’@')@'

Ellaﬁiﬂ—(g')— 4 ’
+ /E - Y EVIE (2.16)

Assuming that material 1 (e.g the moderator) Is so light that all the resonances of
material 2 are narrow with respect to scattering from material 1 allows the first in-
tegral to be approximated by its asymptotic form 1/E. e.g. the integral Is assumed
1o be a smooth function of E given by C(E). In this way, material 1 can represent
a mixture of other materials just as in the Bondarenko method. Fission source and
thermal upscatter effects can also be lumped in C(E). Following this the integral
equation Is now reduced o

o +a(EN0(E) =CE00+ [ )

O(E")dE' Q.17
It can be seen that in order to calculate the weighting flux ¢ In equation 2.17 the only
unknown Is 6o which must be provided by the processing code as an input option.

An important point in collapsing into multigroup form s the group ordering
of the resuliing multigroup library. The multigroup data libraries used with transport
codes usually number the groups In such a way that group 1 is the highest energy
group and all the scattering matrix elements that fransfer neutrons into group 1 are
given first, followed by those for scattering into group 2, and so on. But the evalu-
ated nuclear data in ENDF files Is given in order of increasing neutron energy and
secondary neutron distributions are described by giving emission spectra for given
neutron energies. Therefore, GROUPR numbers s groups such that group 1 is the
lowest-energy group, and it calculates that scattering out of group 1, followed by
the scattering out of group 2, and so on. The output modules of the NJOY system
(WIMSR, ACER etc.) then rearrange the oufput into the conventional decreasing

order group structure,
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Chapter 3

Tools and Methods

3.1 Computdational Resources

The Computational facllities in the Department of Nuclear Engineering pre-
sently available are exploited in the study. A Unix workstation from Silicon Graphics
Computer Systems with a R4000 RISC chip, 32MByte of main memory and 2.5 GByte
online disk storage Is used to install the librarles and programs and make the neces-

sary computer runs to produce the results.

3.2 Computer Programs

The NJOY code version 91.103 and the WIMS-D4 code were the primary
programs used in the sfudy. The NJOY Nuclear Data Processing System (8) is used
as a general purpose link between ENDF-formatied evaluated nuclear data flles
and reactor physics applications. It has been under continuous development at
the Los Alamos National Laboratory since 1974 (11). It is a highly modular system
with alarge spectrum of possible applications. The programming philosophy of the

code makes it possible to include changes In a straightforward manner. The main-
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tenance of the code is made through a update program which allows a change
o the code 1o be performed trough a update file. Each module of the NJOY sys-
tem communicates through the reading and writing of sequential files which makes
in fact each module a separate program. Of the many modules of the NJOY sys-
fem those which are used in the study are shown In Figure 3.1 and explained in the

following sections.

3.2.1 Module NJOY

This NJOY module Is the main driver of the program. It starts by reading
an input option parameter which controls the nature of the run e.g. interactive or
batch. and the ENDF version value. Then it reads the module name and loads the

appropriate module.

3.2.2 Module MODER

The main purpose of the MODER maodule Is the conversion of the data files
to and from ASCIl and binary format. It is also used to merge several tapes fo a
single one. It is often the first module called in the NJOY system affer the main pro-
gram because computers can deal with binary files much faster then with files in
ASCIl format.

3.2.3 Module RECONR

The cross section dependence in the rescnance region is normaily given
in the form of parameters which are tabulated in a special section of the evalu-
afed file. This is done to reduce space and to give a better representation of the
resonance behavior. The RECONR module Is used to reconstruct explicitly the en-

ergy dependence of the cross section from the resonance parameters and write
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i

*
NJOY
INPUT |

UNRESR: Computes salfshielded point
cross sections end writes them onto
tha ouput PENDF file.

NJOY: Driver Program that calls In other

modules on raquest, It contains also
a"{oolbox® of common subroutines.
THERMR: Compiites neutron scaftering at
low thermal energles where binding of
the scafterer In & material or the motion of
MODER: Converis back-and-forth

atoms in a gas is Important
batwsen coded fils mode (ASCH) and

NJOY blocked-binary format,

GROUPR: Gensretes seffshisided multigroup

RECONR: Reconstructs explicitly the cross gsciions using the Bondarenko method
enorgy-dopandent cross-section and transfer matrices for neutrens, photons
functions from ENDF resonance parame- and charged particles.

ters and nonlinear Interpolation laws. The

results are writton out to a PENDF fils.

WIMSR: Ganerates a multigroup lorary
sulteble for the WIMS-D4 code.

BROADR: Doppiler Broadens the cross
sections on the Input PENDF file and
writes the results onto a new PENDF
file.

WIMS
LiB

Figure 3.1: NJOY Modules Used in the Study
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the results o a pointwise evaluated nuclear data file (PENDF). The size of the gen-
erated PENDF file and the run fime required by the moduie is directly relafed to the

fractional error vaiue given by the user.

3.24 Module BROADR

The values on the ENDF file are calculated with reference to a single tem-
perature ( .g. 0°K). The BROADR module Doppler broadens the cross sections
on the input PENDF file to the temperatures of interest and writes them into a new
PENDF file. The accurafe kernel broadening method Is used in the process. The run
time of the BROADR modute is again dependent on the fractional error value given

by the user.

3.2.5 Moduie UNRESR

This module computes self-shielded point cross sections and writes them to
a PENDF file. It uses an analytic method to accomplish this. The cross sections are

tabulated versus temperature T and background cross section (op).

3.2.6 Module THERMR

The generation of the pointwise neutronscattering cross sections in the ther-
mal range requires the use of the THERMR module. The module uses several meth-
ods to give an accurate representation of the scattering cross section for the ma-
terial of interest, The resulfs are wriften on a new PENDF file for use in subsequent

moduies.
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3.2.7 Moduie GROUPR

The most important module in the process of generafing multigroup cross
section libraries is GROUPR (8) It uses the Bondarenko or Nordhelm Integral method
(1) to generate self-shielded multigroup neutron cross sections. It has various built-in
weighting flux cholces and multigroup library options. The user may supply an ex-
ternail weighting flux or library structure. The results are written out to a Group Eval-
uated Nuclear Data File (GENDF).

3.2.8 Moduie WIMSR

The WIMSR module is used to convert the groupwise ENDF produced by the
GROUPR module In a form that can be used in the reactor physics code WIMS (12).

The version used in the study is incorporating the changes by Trkov (10).

3.2.9 The WIMS Code

The Winfrith Improved Multigroup Scheme (WIMS) code originated from the
UK laboratory AEE/Winfrith and Is one of the most widely used programs for reactor
physics and especially thermal reactor calculations. It contains a collision-probability
lattice-cell fransport and Sy code and the associated library. WIMS requires trans-
port, fission, and capture cross-sections, a transfer matrix for epithermal neutrons, fis-
sion source information (v and ¢ ), P1 matrices for several moderators, slowing down
power, resonance tables, Goldstein-Cohen parameters (A) and a bound-atom scat-
tering matrix for thermal neutrons in order 1o compute fluxes in reactor pin cells.

The WIMS libraries normaily use a standard 69-group structure with 14 fast
groups, 13 resonance groups, and 42 thermal groups. The version used in this study s

known as WIMS-D4 and Is freely available through various distrioution centers, mainly
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NEA Data Bank. The libraries supplied with the code are originating from the early
sixties and are mostly olbsolete. Desplte this the WIMS code performs surprisingly well
while calculating benchmark problems. The main reason s that several adjustments
were made, especially to the resonance integrals in the multigroup library. The ad-
Justments were performed by comparison of the calculated integral parameters
with measurements for a wide range of benchmark lattices. It is obvious that, al-
though good results are obtained for a range of problems, the performance of the
code can be improved with up to date data from current evaluations. The WIMS

input to model the benchmark lattices is taken from Reference (10)

3.2.10 PRE-WIMS Processing Programs

Two small computer programs, which are presented in the appendix, were
written in order to incorporate the produced multigroup library for a specific ele-

ment into the WIMS library and maintain the liorary.

¢ The Libdiv program splits the original WIMS library into many files each contain-
ing asingle material. Each file is complete and consistent. There is no data loss

during the splitting process.

e The Libgen program produces a Binary WIMS library from the individuai files.
The user can select the number of elements to be included in the produced
library. The non-standard structure of WIMSR generated multigroup files is taken

intfo account and processed appropriately.

In order to produce a new WIMS multigroup library the NJOY code with ap-
propriate input data and the necessary Evaluated Nuclear Data File is executed.

Than the generated mulfigroup file In WIMS format is pasted into the existing WIMS
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library via the PRE-WIMS processing programs. Findlly WIMS is executed 1o investig-

ate the benchmark problems.

3.3 Daia Libraries

The following nuclear data libraries were retrleved from the NEA Data Bank
in Saclay/France.

The data in the evaiuated nuclear data files are indexed by material (MAT),
type of information (MPF), and reaction (MT). Materials can be single isotopes, ele-
ments, or compounds. Type of information includes resonance parameters (MF=2),
energy-dependent cross section (MF=3), angular distributions (MF=4), secondary
energy distributions (MF=5), and energy-angle distributions (MF=6).

Although a defalled description of the data flles can be found elsewhere

(3) (4) a brief description is given below.

3.3.1 ENDF/B-VI

The Evaluated Nuclear Data File version V1 is the latest version of a number
of evaluations originating In the mid sixties. It Is distributed through the National Nuc-
iear Data Center (NNDC) af the Brookhaven National Laboratory, USA. It includes
mainly evaluations made by the US National Laboratorles and as such is considered
¢s fairly precise and complete. The ENDF/B library version IV which was released in
1974 is still one of the most widely used evaluations (7). The ENDF/B-VI files coniain a
number of new features of interest to reactor physics applications. For example the
resonance ranges of U235,U238 and Pu?® are extended to higher energies to min-
imize problems with the unresoived range (9). The ENDF/B-VI library aiso inciudes

error estimates in the form of covariance matrices which can be used 1o study the
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sensitivity of predicted reactor parameters to evaluated data uncertainties. The full

content of the ENDF/B-VI file used in the study is given in Appendix A.1.

3.3.2 JEF-2.2

The Joint Evaluated File version 2.2 Is produced by the NEA countries through
a project coordinated by the NEA Data Bank (7). It is a general purpose library
which contains data compiled and evaluated in severai European countries, mainly
France, Germany and United Kingdom. It is well documented and has radioactive
decay data for more than 2300 Isotopes. A detalled verification study Is conducted
through various European laboratories and new improvements are included gradu-
ally in the library. The content of the JEF-2.2 file used in the study is given in Appendix

A.2. This file Is only a subset containing the necessary heavy elements.

3.3.3 JENDL-3

The Japanese Evaluated Nuclear Library version 3 is a general purpose lib-
rary produced and distributed by the Japanese Atomic Energy Institute (JAERD. it
contains evaluations coming from Japanese laboratories and covers 7 different a-
reas; Dosimetry file, Gas-production cross section data file, Activation cross section
file, Decay data file, Fusion file, (a,n) reaction file, and KERMA file. The content of
the JENDL-3 file used in this study Is given in appendix A.3. This file Is a subset of the
full JENDL-3 evaluation.

3.3.4 Compaiison of Data Libraries

In order to compare the data libraries 4 group cross sections for U238, {J235,
U238 gnd Th232 was generated with the aid of the ENDF Preprocessing Codes of D.
E. Cullen (5). The codes LINEAR, RECENT, SIGMAT1, FIXUP and GROUPIE were used
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Table 3.1: Coarse group energy mesh used in comparison

Group Upper Lower

4 2 MeV 67.379 KeV
3 67.379 KeV | 3.355 KeV
2 3.366 Kev | 0.625eV
1 0.625 eV OeVv

for this purpose. The code LINEAR linearizes the ENDF data ( .l.e. converts all nonlin-
ear tabulations 1o linear form ). RECENT reconstructs the resonance dependence
from the parametersin file 2 (MF=2) of the ENDF data. SIGMA1 calculates cross sec-
tions for a given temperature (in our case 300°K). FIXUP checks the generated data
for inconsistency and GROUPIE generates few group cross sections for the given
ENDF data. The group energy mesh used to coliapse the cross sections is shown in
Table 3.1. The spectrum used to condense the cross sections was Mcxwellian for the
thermal range, 1/E for the infermediate range (up to 67 KeV) and fission spectrum
for above 67 KeV.

The program INTER (6) from the ENDF Utility Codes of C. L. Dunford was used
10 verify the resuits of GROUPIE. INTER calculates, cross sections at 2200 m/s (62200)-
Maxwellian averaged thermal cross sections (6). resonance integrals (Ig) and fis-
sion spectrum averaged cross sections (og,,) from a given ENDF data file. The Max-
wellian averaged cross sections are listed at 0.0253 eV and the resonance infegral
calculation is performed between 0.5 eV and 100.0 KeV. The fission specirum cal-
culation is done for a femperature of 1.02E+6 eV and the Infegration is made from

1.0KeV 10 20.0 MeV.
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Comparison for U238

The generated 4 group cross sections for U238 is given in Table 3.2, which lists
the total, elastic, capture and fission cross sections in ferms of un-shielded average
values and shielded Bondarenko f factors. The f factors are tabulated for approx-
imately 50 barn (e.g osgs) ., total shielded (3) and current shielded (&5).

The table shows that the ENDF/B-VI and JEF-2.2 evaluations have principally
the same data. Only GROUP 4 shows a very small difference between the two eval-
uations with a average total cross section of 6.7515 barn for ENDF/B-VI versus 6.7697
barn for JEF-2.2. The data for JENDL-3 clso shows very similar results with ENDF/B-VI
and JEF-2.2 for the first 2 groups.

The INTER results given in Table 3.3 verify our conclusion. The ENDF/B-VI and
JEF-2.2 values show that the datais the same for U238, There s only a smaill difference
for the cross sections in the fission region. The JENDL-3 cross sections are ¢ little bit
larger than that of JEF-2,2 and ENDF/B-Vi with a total cross section of 12.1828 barn
for JENDL-3 versus 12.172 barn for both ENDF/B-VI and JEF-2.2.

Comparison for U238

The calculafed 4 group cross sections for U235 inTable 3.4 show that for these
material the tabulated data differs considerably between ENDF/B-VI and JEF-2.2.
The group 1 total cross section is 6575.9 barn for JEF-2.2 while it is 6730 barn for both
ENDF/B-VI and JEF-2.2. The calculated cross sections from ENDF/B-VI and JENDL-3
are the same in group 1 and group 2.

The INTER resuilts for U235 In table 3.5 verify that for the ENDF/B-VI data and
JENDL-3 data are the same for thermal cross sections. The resonance infegral for
JENDL-3 has a smailier vaiue than ENDF/B-VI and JEF-2.2 which may account for the

difference seen in the 4 group cross sections. The fission region data for ENDF/B-Vi



Table 3.2: 4 Group Cross Sections for U238

ENDF/B-VI T REACT | AVERAGES Ss0b ﬁ
Oy 37366+ 1 | 0.83627 0.@73%— .
O, 1.2657+ 1 | 092813 | 0.79888 | 0.75595
Oy 24709+ 1 | 0.78922 | 0.34337 | 0.16430
2 Sy 78257+ 1 | 0.24767 | G.133T3 | C.T0906
G 3.5346+ 1 | 0.36851 | 0.25819 | 0.21413
Oy 42911+ 1 | 013720 | 0.03011 | 0.02251
3 Oy 1.6037+ 1 | 0.82447 | 0.71217 | 0.51568
O, 14638+ 1 | 0.83665 | 0.72544 | 0.52010
oy 1.0553+ 0 | 0.58351 | 0.37524 | 0.28682
4 A B.7817+0 | 0.99805 [ 0.99055 | 098158
Gs 3.6848+ 0 | 0.99744 | 0.98740 | 0.97520
oy 2.5070- 2 | 098537 | 0.92528 | 0.85010
O 8.3950- 1 | 1.00857 | 1.04223 | 1.08295
JEF-2.2 REACT | AVERAGES Gsob = B
1 Oy 3.7366+ 1 | 0.83627 0.21?775'5 0.364/1
G, 1.2657+ 1 | 0.92813 | 0.79888 | 0.75595
Gy 24709+ 1 | 0.78922 | 0.34337 | 0.16430
P [N 78257+ 1 | 0.24767 | 0.T3313 [ 0.10506
R 3.5346+ 1 | 0.36851 | 0.25819 | 0.21413
Oy 42911+ 1 | 0.13720 | 0.03011 | 0.02251
3 Gy T.804T+ T | 0.82454 | 0.71216 | 0.51551
[ A 1.4680+ 1 | 0.83727 | 0.72669 | 0.52135
oy 10554+ 0 | 0.58361 | 0.37538 | 0.28690
4 Sy &.7697+0 | 0.9981T [ G.9908T [ 098205 |
LR 3.6998+ 0 | 0.99785 | 0.98937 | 097905
Oy 24506- 2 | 098628 | 0.92928 | 0.85739
O 8.3941- 1 | 1.00836 | 1.04124 | 1.08111
JENDL-3 REACT | AVERAGES Os0b 4 o
1 o 37374+ 7 183634 | D.A978t 0.365%%"
o, 1.2665+ 1 | 092819 | 0.79908 | 0.75618
Oy 24709+ 1 | 0.78926 | 0.34349 | 0.16438
2 [N 78260+ 1 | 0.24170 1 0.13315 T 0.709C9
R 358349+ 1 | 0.36855 | 0.25824 | 0.21418
Oy 42911+ 1 | 0.13720 | 0.03011 | 0.02251
3 o 15938+ 1 | 0.82322 | 0.71 051918
Os 14571+ 1 | 0.83590 | 0.72766 | 0.52524
Oy 1.0836+ 1 | 0.58196 | 0.375818 | 0.28772
4 A 6.7455+ 0 | 0.00800 | 0.99076 | 0.58065 |
Ss 35826+ 0 | 099671 | 0.98376 | 0.96800
oy 24449-2 | 098383 | 0.91886 | 0.83882
¢ 8.2728- 1 | 100860 | 1.04223 | 1.08270

28



Table 3.3: Average cross section values for U238

ENDFB-VI G200 G Ig Cisg
Gy T2T727E+01 | T.T870E+01 | 5.96974E+02 | 7. :

O, 9.44319E+00 | 9.4403E+00 | 3.19107E402 | 4.57007E+00
Gin 0.00000E+00 | O.0000E+00 | 2.18103E-01 | 2.66730E+00
o 0.00000E+00 | 0.0000E+00 | 2.15605E-03 | 3.16017E-O1
oy 2.7246E+00 | 2.4302E+00 | 2.77648E+02 | 6.55626E-02
JEF22 2200 [ ir Ciigs
Gy T.2T727E+07 | T.1870E+0T | 5.96974E+02 | 7.

[+ 9.44319E+00 | 9.4403E+00 | 3.19107E+02 | 4.51483E+00
Oin 0.00000E+00 | 0.0000E+00 | 2.18103E-01 | 2.74490E+CO
Of 0.00000E+C0 | O.0000E+00 | 2.16607E-03 | 3.16052E-01
Gy 2.72946E+00 | 2.4302E+00 | 2.77648E+02 | 6.47738E-02
JENDL-3 200 G T Ories
(A T.21828E+0T | T1.TB80ESCT | B5.96T92E+02 | 7.84967E+00
O, 9.45336E+00 | 9.4500E+00 | 3.18360E+02 | 4.55264E+00
Oin 0.00000E+00 | 0.0000E+00 | 1.94030E-01 | 2.70654E+00
Of 0.00000E+C0 | 0.0000E+00 | 1.89235E-03 | 3.21232E-01
o 2.72944E+00 | 2.4301E+00 | 2.77633E+02 | 6.17301E-02

and JEF-2.2 Is aimost identical.

Comparison for U233

29

For U233 the calculated 4 group cross sections given in Table 3.6 show that

for group 1 and group 2 the cross sections from JENDL-3 are larger than ENDF/B-VI

and JEF-2.2. The total cross section in group 1 is 5309.1 for JENDL-3 while it is 5215.3

barn for JEF-2.2 and 5242 barn for ENDF/B-VI. The capture cross sectionin group 4is
0.01451 barn for ENDF/B-VI versus 0.0201 barn for JEF-2.2 and 0.02 barn for JENDL-3.

The INTER results given in Table 3.7 shows that the thermal fotal cross sec-

tion in JENDL-3 Is higher than both ENDF/B-VI and JEF-2.2 which verifies the results of

GROUPIE for group 1. The fission reglon total cross section in ENDF/B-VIi and JENDL-3

are close to each other while JEF-2.2 has smalier values.



Table 3.4: 4 Group Cross Sections for U235

ENDF/B-VI.

REACT

AVERAGES

1

Oy
Gy

oy

Oy

67130+ 3
20362+ 1
10640+ 3
5.6287+ 3

Os0b

0.91061
0.73869
0.73976

0.73047
0.10012
0.10388

0.70776
0.02670
0.03046

Ty
Gy

Oy
O¢

6.7924+ 1
1.2898+ 1
1.9069+ 1
3.5967+ 1

0.81747
0.98581
0.72052
0.80847

Oy
Oy

Oy
O

1.6829+ 1
1.0800+ 1
15285+ 0
4.2370+ 0

JEF-2.2

Gy

O

oy

O
REACT

6.6806+ 0 |
3.5403+ 0
2.7029- 2
15674+ 0

0.98491
0.89614
0.90528
| C.o9814
0.99747
0.98808
1.00391

0.9584T | 0.85264 |

0.54066
0.96030
037518
047787

0.92472
0.65862
0.69704
TU99105 |
0.98776
0.93824
1.01906

0.39584 |
0.94405
0.22231
0.29120
[ 0.75806 |
0.85284
0.46703
0.53555
| 098259 |
0.97616
0.87504
1.03727

AVERAGES

Osob

65759+ 3
20439+ 1
10731+ 3
54823+ 3

0.74088 |
091112
0.73865
0.74068

o7

0.73603
0.10113
0.10636

0.71612
0.02726

0.03149

6.7837+ 1
1.2699+ 1
1.8891+ 1
3.5947+ 1

0.82001
098618
0.72538
0.80965

16876+ 1
1.0780+ 1
1.5411+ 0
42272+ 0

0.9585T |
0.98498
0.89551
0.90596

054333
0.96052
0.38128
0.47762
0.85272 |
0.92477
0.65646
0.69794

0.39786 |
0.94408
0.22729
0.28996
| C.7578T |
0.85298
0.46416
0.53641

66815+ 0
35411+ 0
2.7036- 2
1.6674+ 0

059815
0.99747
0.98810
1.00391

0.99106
0.98779
0.93835
1.01906

098262
097621
0.87524
1.03727

JENDL3

AVERAGES

Gsob

003 1@‘

1

6.7130+ 3
20362+ 1
1.06404+ 3
56287+ 3

0.74011
091061
0.73869
0.73976

9
0.7051
0.75252
0.10012
0.10388

0.70776
0.02670
0.03046

6.7924+ 1
1.2898+ 1
19134+ 1
3.5892+ 1

0.87745
0.98582
0.72145
0.80813

0.54060
0.96029
0.37646
047728

0.59574 |
0.94401
0.22344
0.29057

1.6747+ 1
1.0896+ 1
14229+ 0
41717+ 0

0.96875
0.98735
092117
092918

0.86993
0.92812
0.70203
0.73427

0.77185
0.85428
0.50671
0.56345

6.7357+ 0
3.5688+ 0
2.3324-2

059807
0.99687
0.98771

099077
0.98477
0.93568

1.6095+ 0

1.00403

098159 |
0.97023
0.86916

1.01963

1.03833
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Table 3.5: Average cross section values for U235
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ENDF/B-VI G200 [ I Cies
o 7.00596E+02 | &.T224E+02 | 5.57480E+02 | 7.

Gy 1.51183E+01 | 1.5044E+01 | 1.52353E+02 | 4.19342E+00
i 0.00C00E+00 | O.0000E+00 | 1.378531E-01 | 2.00655E+00
O 5.86247E+02 | 5.0992E+02 | 2.72172E+02 | 1.20624E400
Sy 9.92338E+01 | 8.7279E+01 | 1.32818E+02 | 8.25468E-02
JEF-2.2 G200 [ Ir Ofisg
oy 697568402 | 6.0779E+02 | 5.57057E+02 | 7.49858E+00 |
O 1.51923E+01 | 1.5083E+01 | 1.52910E+02 | 4.19320E+00
Gin 0.00000E+00 | 0.0000E+00 1.37629E-01 | 2.00655E+00
Os 5.83386E+02 | 5.0605E+02 | 2.71941E402 | 1.20624E+00
Oy 9.89888E+01 | 8.6650E+01 | 1.32070E+02 | 8.25619E-02
JENDL-3 Ca200 g |R Ofisn
Oy DOSG6E+0Z | 6.1224E+02 | 5.56820F+02 | 7.56001E+00
[ A 1.51153E+01 | 1.5044E+01 | 1.53008E+02 | 4.38235E+00
Cin 0.00000E+00 | O.0000E+00 | 1.54891E-01 | 1.86656E+00
O 5.86247E+02 | 5,0992E+02 | 2.71208E+02 | 1.22745E+00
Oy 9.92338E+01 | 8.7279E+01 | 1.32450E+02 | 7.67146E-02

Comparison for Th232

The 4 group cross section generated for Th232 are given in Table 3.8. The
capture cross section in group 1 is aimost the same for both ENDF/B-VI and JENDL-3
while the value of JEF-2.2 s slightly smaller. The capture cross sections calculated
for group 2 are very close for all three evaluations. The group 4 fission cross sections
are also very close with 0.31 barn for JENDL-3, 0.289 barn for JEF-2.2 and 0.299 barn
for ENDF/B-VI.

The results of INTER show that the fotal thermal cross section data of JEF-2.2
is smaller than that of ENDF/B-VI and JENDF-3. The total resonance integral in JEF-2.2
is aiso lower for JEF-2.2 being 272.68 versus 303.5 for ENDF/B-VI and 308.9 for JENDL-
3. The fission region cross section of JEF-2.2 has again smailler values than the other

two evaiuations.



Table 3.6: 4 Group Cross Sections for U233

ENDF/BVI | REACT | AVERAGES Goon T T
T o 50A20F 3 074336 | O T3ATS 005200
0, 1.7247+ 1 | 090724 | 0.70598 | 0.66956
oy 41120+ 2 | 0.74361 | 0.13596 | 0.05339
o4 48136+ 3 | 0.74275 | 0.13193 | 0.04972
V) ot 4094+ 3 | 0.80575 | 047984 | 0.33692
0, 1.1917+ 1 | 100337 | 102488 | 103892
o 20587+ 1 | 0.72060 | 0.34714 | 0.21086
o¢ 1.0844+ 2 | 0.80018 | 044514 | 0.28371
3 Gt 16883+ T [ 097519 | 0.87535 | D.77751
G, 10738+ 1 | 098784 | 0.92790 | 0.85192
o 6.8708- 1 | 094311 | 0.74443 | 0.55303
o 53422+ 0 | 095151 | 0.78495 | 0.62758
Z o 55712+ 0 | 059767 | 098878 | 097827
o, 3.8421+0 | 099661 | 098367 | 0.96834
oy 1.4501- 2 | 098830 | 0.93794 | 0.87327
s o 20142+ 0 | 100184 | 1.00803 | 1.01736
[JEF22 REACT | AVERAGES Cso ,
1 5 57153¢ 3 | 074381 0. .y
G 19711+ 1 | 090745 | 0.70844 | 0.67364
oy 41246+ 2 | 0.74367 | 0.13649 | 0.05360
o 47832+ 3 | 074282 | 0.13246 | 0.04991
p) o T4+ 2 | 0.80769 | 048066 | 0.33731
G, 12684+ 1 | 099760 | 0.9905 | 0.98354
Gy 20357+ 1 | 0.71969 | 0.34382 | 0.20948
o 10920+ 2 | 0.80204 | 0.44694 | 0.28608
3 o, T5764+ 1 | 0.97508 | 0.87804 | 0.77387
G, 9.4459+0 | 0.98915 | 093190 | 0.85681
oy 6.1593- 1 | 0.94615 | 0.75795 | 0.57361
o; 55448+ 0 | 095124 | 078152 | 0.61795
4 Oy 84042+ 0 | OG98TS [ 0.997T30 | 0.98338
G, 3.4254+0 | 099765 | 0.98890 | 0.97867
o 20176-2 | 099113 | 095517 | 0.91050
o; 2.0933+0 | 100260 | 101247 | 102416
JENDL-3 | REACT | AVERAGES oot 1
T o, 5391+ 3 | 074316 0.1333%"07551%“.
0, 16215+ 1 | 091139 | 0.74133 | 0.72039
o 40483+ 2 | 0.74378 | 0.13705 | 0.05549
o 48880+ 3 | 0.74255 | 0.13098 | 0.04921
2 Gs TA428+ 2 | 0.80795 | 045291 | 0.29113
o, 1.1927+ 1 | 099961 | 1.00613 | 1.00647
oy 20974+ 1 | 0.73232 | 0.33057 | 0.17448
o; 1.1138+ 2 | 0.80166 | 041670 | 0.23649
3 o T6584+ T | 097430 | 0.87889 | 0.77862
d, 10623+ 1 | 0.98678 | 0.92464 | 0.84728
oy 5.5805- 1 | 0.94507 | 0.76020 | 0.58562
o 52823+ 0 | 094995 | 0.76288 | 0.62732
Z G 378+ 0 | UOSBT3 [ 099109 | 098278 |
o, 3.6668+0 | 0.99756 | 0.98835 | 0.97745
o 2.0031-2 | 098854 | 0.94072 | 0.88011
o; 2.1141+0 | 100191 | 1.00923 | 101797
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Table 3.7: Average cross section values for U233

ENDF/BV] Gra00 5 T e
Gy 5.87846E+02 | 5.2302E+02 | 1.02887E+03 | 7. :
G, 1.27433E+01 | 1.2505E+01 | 1.45071E+02 | 4.61689E+00
Gin 0.00000E+00 | C.0COOE+00 | 8.26873E-02 | 9.36325E-01
O 5.20268E+02 | 4.6872E+02 | 7.47284E+02 | 1.89266E+00
Oy 4.58351E401 | 4.1797E+01 | 1.36434E+02 | 4.71271E02
-jEF:ﬂ Ta200 g |R Tigs
Gy 5.86466E+02 | 5.2197E+02 | T.03028E+C3 | 7.
Oy 1.45666E+01 | 1.4288E+01 | 1.42099E+02 | 4.06006E+C0
Gin 0.00000E+00 | O.0000E+00 | 1.49644E-01 | 1.18920E+00
O 5.25924E+02 | 4.6576E+02 | 7.53570E+02 | 1.82471E+00
Oy 4.59753E+01 | 4.1924E+01 | 1.34461E+02 | 5.47017E-02
JENDL-3 G2200 ] Ir Ctiss
Oy 591569E+02 | 5.2574E402 | 1.04BZ0E+03 | 7.51752E+0
G, 1.20259E+01 | 1.2001E+01 | 1.44576E+02 | 4.26753E+00
Gin 0.00C00E+00 | O.0000E+00 | 6.38672E-02 | 1.24818E+00
G 5.34044E+02 | 4.7212E+02 | 7.65340E+02 | 1.93476E+00
o 4.54992E+01 | 4.1619E+01 | 1.38220F+02 | 6.44064E-02

3.3.5 Runfime and Size of ENDF tapes

It Is clear that the computer time and disk space required to process a ma-
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terial is an important aspect of the usabllity of a calculational path. The sizes of the

ENDF tapes and the time required to process them with the NJOY program is given

in Table 3.10. The first column in the table gives the size of the ENDF tape, the second
column gives the total elapsed time as reported by NJOY and the last column gives
the required disk space to process the evaluation including intermediate tapes and
scratch files. There are differences up to a factor of two for the run time and disk
space requirements between ENDF tapes. The longest run time is for JEF-2.2 U235
with 4166 seconds ( 1.15 hours ) while the shortest one is for JEF-2.2 U233 with 331

seconds ( 5.5 minutes ).



Table 3.8: 4 Group Cross Sections for Th232

ENDE/B-VI | REACT | AVERAGES Gaon
& I I N -
a, 1.7583+ 1 | 092058 | 0.77821 | 0.74259
oy 68139+ 1 | 0.76926 | 0.27107 | 0.11478
o 31554+ T | 047732 | 0397116 | 0.36673
o, 19425+ 1 | 065328 | 059373 | 0.56443
oy 12128+ 1 | 0.17987 | 0.06669 | 0.05009
3 A T59T3+ 1 | 086780 | 0.78509 | 0.71130 |
O, 14452+ 1 | 0.88614 | 0.80660 | 0.72720
oy 12113+ 0 | 0.60929 | 0.41089 | 0.32331
7 A 85277+ 0 | 099725 | 098682 | 097240
G 34757+ 0 | 099602 | 0.98070 | 0.96254
Oy 3.3711-2 | 098128 | 0.90512 | 0.81125
o 29946- 1 | 101325 | 1.06494 | 1.12668
JEF2.0 REACT | AVERAGES Onon 1
. o 80285 T | 097949 | 03518/ | 023135
G, 16071+ 1 | 092032 | 0.77844 | 0.74481
Gy 6.7957+ 1 | 0.76733 | 0.26336 | 0.109%90
) O 58857+ T | 043493 | 0344317 0.
Ge 16791+ 1 | 062762 | 055252 | 0.50300
oy 12067+ 1 | 0.16680 | 0.05459 | 0.04088
3 O T3007+ 1 | 086333 | 0.78293 | 0.70552
o 12417+ 1 | 0.88488 | 0.80819 | 0.72399
oy 1.2018+ 0 | 059326 | 0.40130 | 0.32213
] Ot 8.3004+ 0 | 0.99801 | 0.99070 | 0.98224 |
G 3.7143+0 | 099700 | 0.98574 | 0.97251
Oy 37698-2 | 099104 | 0.95242 | 0.90251
o 2.8975- 1 | 100953 | 1.04645 | 1.09074
JENDL3 | REACT | AVERAGES oot
T s, e R
G 1.8637+ 1 | 092135 | 0.78130 | 0.74598
Gy 6.8134+ 1 | 0.77064 | 0.27657 | 0.11801
G 33783+ 1 | 047975 | 0.39716 | 03639
Os 20160+ 1 | 066156 | 050766 | 0.55268
Oy 12014+ 1 | 0.17455 | 0.06057 | 0.04535
3 e 18113+ 1 | 0.88779 | 0.805156 | 0.72777
o 14717+ 1 | 090372 | 0.82378 | 0.74017
Oy 10916+ 0 | 0.61637 | 0.40552 | 0.30314
4 o 6.6902+0 | 099833 | 099172 | 0.98357
S 35265+ 0 | 099768 | 098815 | 0.97611
Oy 3.1181-2 | 098801 | 0.93788 | 0.87406
o 3.1007- 1 | 1.00784 | 1.03776 | 107316
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Table 3.9: Average cross section vaiues for Th?32

ENDF/B-VI 02200 [ [ Ofigs
o 2.04362E+01 | 1.9589E+0T | 3.0350BE+02 [ 7.
O, 1.30231E401 | 1.3017E+01 | 2.18033E+02 | 4.49789E+00
Cin 0O.00000E+00 | O.0O0COE+00 | 3.09057E-02 | 2.85926E+00
Of 0.00000E+00 | O.0C00E+00 | O.00000E+Q0 | 7.69388E-02
| oy 7.41309E+00 | 6.5722E+00 | 8.54411E+01 8.68805E-02
JEF-2.2 G2200 ) Ir Ofiss
A 1.93462E+01 T.8483E+0T | 2.72683E+02 | 7.125
Gy 1.19347E401 | 1.1930E+01 | 1.87577E+02 | 4.61205E+00
Cin 0.00000E+00 | O.00C0E+CO | 2.00945E-01 | 2.33980E+00
O¢ 0.00000E+00 | O.0000E+00 | 0.00000E+00 | 7.32254E-02
Oy 7411456400 | 6.5536E+00 | 8.49075E+01 9.44324E-02
JENDLS 200 5 T o
Oy 2. 12665E+0T | 204T0E+0T | 3.08985E+02 | 7.47878E+00
G, 1.38346E4+01 | 1.3830E+01 | 2.24983E+02 | 4.30609E+00
G 0.00000E+00 | 0.0000E+00 1.76261E-01 | 3.00208E+00
Of 0.CO000E+00 | O.0000E+0Q | O.00000E+00 | 8.04975E-02
oy 7A43200E+00 | 6.5798E+00 | 8.382656+01 | 8.12711E-02

Tabie 3.10: CPU time and Disk Space requirements for NJOY

U238 T ENDF size (KByfe) | runfime (sec) | disk req. (ViB)
ENDF/B-VI 6026 3665.0 80
JEF-2.2 6456.0 3353.0 80
JENDL-3 652.2 1936.8 35

UZ5 | ENDF sz (KByie) | runfime (sec) | diskreq, (MB)
ENDF/B-VI 12400 47180 a5
JEF-2.2 1230.0 4166.0 85
JENDL-3 546.0 27000 40

Th?32 | ENDF size (KByfe) | run fime (secC) | disk req. (VIB) |

ENDF/B-VI 3740 926.7 - 15
JEF-2.2 1130 7020 10
JENDL-3 235.3 9420 15

U233 ENDF slze (KByte) | runtime (sec) | disk req. (MB)
ENDF/B-VI 2050 5392 B
JEF-2.2 361.0 3310 18
JENDL-3 328.0 676.8 25
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Chapter 4

Benchmark Problems

The Cross Section Evaluation Working Group (CSEWG) is responsible for the
generation and publication of “benchmark” problems which can be used fo com-
pare calculated values with experimental cross section parameters. The following

benchmark problems from the CSEWG suite were used to perform the study.

4.1 TRX-1 and TRX-2

These benchmarks are H,O moderated lattices of 1.3 % enriched uranium
metal rods with 0.42156cm diameter arranged in a triangular pattern. The physical
properties of the lattice are given in Table 4.1. These iattices directly test the U23®
resonance fission infegral and the thermai fission cross section . The U238 shielded
resonance capture and the thermal capture cross section are also tested.

The analysis of the TRX laittices Is made via a heterogeneous infinite cell cal-
culation using the S; method followed by a homogenized core leakage calcula-
fion,

The WIMS input used to model the lattices is given in Appendix C.1.

The experimental data for these laftices are given in Table 4.2. Vaiues in
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Table 4.1: Physical Properties of the TRX-1 and TRX-2 Iaftices.

Region Outer Radius, cm | Isofope | Concentration 10** Atoms/cm
Fuel 0.4915 yse 6.253x10~*
yzse 4.7205x10~2
Void 0.5042 - -
Clad 0.5753 Al 6.025x10~*
Moderator 1.806 (TRXT1) H 6.676x10~°
2.174 (TRX2) O16 3.338x102

Table 4.2: Experimental data for TRX-1 and TRX-2 lattices.

TRX-1 TRX-2

Pitch (cm) 1.8060 2.1740

Water/fuel vol. ratio | 2.35 4,02

Number of rods 764 578
LEiir(m—“(;m“i’) 57 (1) 54.69 (.36)

p 1.320 (.021) 0.837 (016

3% 0.0987 (.GO1) | 0.0614 (.0C08)
[ 328 0.0946 (.0041) | 0.0693 (.0035)

Cc* 0.797 (.008) 0.647 (.006)

parenthesis are experimental uncertainties. The experimental parameters corres-
pond to a thermal cutoff of 0.625 eV and are measured at the core center and
thelr description is given below.

p28 the ratio of epithermal fo thermal U238captures.

5% the ratio of epithermal to thermal U235 fissions.

5?8 the ratio of U2 fissions to U23® fissions.

C* the ratio of U238 captures to U2 fissions ( the conversion ratio ).

These parameters depend on the spectrum and the particular isotope mic-
roscopic cross-sections. The difference between the calculated and measured value
for each of these parameters gives an indication on the performance of the mul-

figroup library.
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Table 4.3: Physical Properties of the BAPL-1, BAPL-2 and BAPL-3 lattices.

Region Outer Radius, cm | Isotope | Concentration 10°* Atoms/cm
Fuel 0.4864 Uss 3.112x10~%
yz2s3e 2.3127x10~2
O 4.6948x1072
Void 0.5042 - -
Clad 0.56753 Al 6.025x10~2
Moderafor| 1.5578, 1.6523 HI 6.676x10~2
and 1.8057 resp. Q16 3.338x1072
Table 4.4: Experimental data for the BAPL lattices.
BAPL-1 BAPL-2 BAPL-3
Pitch (cm) 1.5578 1.6523 1.8057
Water/fuel vol. ratio | 1.43 1.78 2.40
Number of rods 2173 (3) 1755 (3) 1575 (3)
B (10~%*cm—? 32.592 ((15) | 35.47 (.15) | 34.22(.13)
| pZ 1.39 (0D 1.12 (0D 0.906 (.01)
8% 0.084 (.002) | 0.068 (.001) | 0.052 (.001)
KX 0.078 (.004) | 0.070 (.004) | 0.057 (.003)

4.2 BAPL-1, BAPL-2 and BAPL-3

These are H,O moderated crifical iattices with 1.311 % enriched uranium
oxide of 0.9728 cm outer diameter which are arranged in a triangular pattern. The
measured parameters are p?8, §2°, 828 and B2. The physical properties of the lattices
are giveninTable 4.3. The WIMS input used to model this Iattices Is given in Appendix
C.2

The experimental results for the various parameters are given in table 4.4,
Experimental uncertainties are given in parenthesis. The measured parameters cor-

respond to a thermal cutoff of 0.625 eV and are measured at core center.
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4.3 BNL-1, BNL-2 and BNL-3

There Is very imited data on Th232-U233 fyeled nuclear benchmark lattices.
The reference problems available in the CSEWGE are the BNL-1, BNL-2 and BNL-3 lat-
fices. These are used to study the performance of the ENDF libraries in a Th232-233
fueled system. The experimental data of these Iattices are limited to the ratio of
epithermal to thermal captures in Th232 (p92) and the Dysproposium-164 disadvant-
age factor which is actually the ratio of the activations of Dy% in the moderator to
those in the fuel.

These lattices are H ,O moderated exponential lattices fueled by 3 % 233U0O,
and 97 % ThO,. The fuel rods, which have an outer diameter of 1.0922cm, have a
Zircaloy-2 clad and are arranged in a friangular pattern in a 180 cm diometer to
180 cm deep aluminum tank erected on fop of a thermal column. The fuel to water
ratio of the Iattices are 1.0, 1.38 and 3.0 respectively. These lattices are sensitive to
cross sections for thermal and epithermal U2 fission, thermal and epithermal Th232
capture, and H,O scattering.

The physical properties of these iatftices are given in Table 4.5 The experl-
mental data for these lattices are given in Table 4.6. The experimental uncertainty
for each vaiue is given in parenthesis.

The analysis of these Iattices is made ( as in the previous lattices ) via a het-
erogeneous infinite cell calculation followed by a homogenized core leakage cal-
culation. The WIMS input used 10 model the lattices is given in Appendix C.3.

As stated before the experimental values of the BNL iaftices are restricted
o p®% and k.. In order to compare the resulis the following parameters are calcu-
lated.

p% the ratio of epithermal to thermal captures in Th232

8% the ratio of epithermal to thermai fissions in U233,



Table 4.5: Physical Properties of the BNL-1,BNL-2 and BNL-3 lattices
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Region Outer Radius,cm | Isotope | Concentration 10°* Atoms/cm?
Fuel 0.5462 Th%32 1.9811x10~2
yz33 6.1021x10~4
o) 4.088x10~2
Clad 0.6337 Zircaloy-2 4.4355x10™2
Moderator | 1.5923, 1.7188 Ht 6.676x102
and 2.1697 resp. 016 3.338x10~2
Table 4.6: Experimental data for the BNL lattices.
BNL-1 BNL-2 BNL-3
Pitch (cm) 1.5923 1.7188 2.1697
Water/fuel vol. ratic | .997 1.384 3.0043
Number of rods 511 397 271
BZ(10"%cm=> 7588 2.0) [86.06(1.3) |8554(0.8
02 1.338 (.042) | 903 (038) | .421(013)
Sy 1.219 (024) | 1.257 (024) | 1.325 (.024)

392 the ration of Th232 fissions to U2 fissions.

C* the ratio of captures in Th232 to 233,

4.4 Processing Considerations

4.4.1

Materiais and Methods

The materials processed in crder to produce the multigroup WIMS-D4 lib-

rary are shown in Table 4.7. Figure 3.1 gives the overaill calculational flow path that

is used to process the materials with NJOY. After the conversion of the data to bin-

ary form RECONR is used to reconstruct resonance cross sections from resonance

parameters. The reconstruction tolerance Is set by an fractional error parameter

which is given by the user in the input file.
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Alower fractional (say 1%) errormeans better reconstruction but uses much
more CPU time and disk space. The fractional error for all materials is given as 5% for
our cases. The module BROADR uses the output RECONR tape to generate Doppler-
broadened cross sections using the “kernel broadening method’.

UNRESR is used o produce effective self-shielded cross sections for reson-
ance reactions in the unresolved energy range. The resonance information for the
unresolved range is given as average values for resonance widths. This represent-
ation Is converted into effective cross sections using the Bondarenko method.

The pointwise neutron scattering cross sections in the thermal range are
generated by the THERMR module of NJOY. Inedlistic cross sections and transfer
matrices can be produced for a gas of free atoms, or for bound scatterers when
ENDF S(a.,B) scattering functions are availlable. The free gas approximation is used
for all maferials except Hydrogen since only that material had the necessary S(a., )
data from ENDF/B-VI.

The multigroup cross sections are produced by the GROUPR module with
the use of the Bondarenko narrow-resonance weighting scheme. The Bondarenko
G Is chosen fo represent the total mixture cross section for materials that are in po-
sition of the major resonance absoroer. Smaller o, values are used for isotopes that
have relatively narrow resonances spaced relatively widely, such as U238 while for
materials with stronger overlap. such as U3 a higher value is more reasonable.

Optiondally, a weighting flux can be computed for various mixtures of heavy
absorbers with light moderators (flux calculator option). An accurate pointwise solu-
tion of the integral siowing down equation is used. This option is normally called on
to account for infermediate resonance effects in the epithermal range (8). In this
study the flux calculator is used by assuming an infinite homogeneous mixture of U238

and Hydrogen for the TRX and BAPL laftices and an infinite homogeneous mixture



Table 4.7 Material numbers of the nuclides processed from the data libraries

Material | WIMS-D4 | ENDF/B-6, JEF and JENDL
U73E 22384 92371
y2ss 235.4 9228.1
233 9233.1 9222.1
Th232 2232.1 9040.1
Zircaloy-2 | 91 —
Al27 27 1325
Q16 16 825
H2 2001 125
H,O — 1

of Th232 and Hydrogen for the BNL lattices.
There are two approaches to the averaging flux used in generating the

WIMS-D4 multigroup library.

1. The built in EPRI-CELL spectrum for all materials which is typical for light water

reactors.

2. Build in EPRI-CELL LWR spectrum with flux calculator for U238, The generated

flux is written to a file and used as input for U235,

The first one is the classical approach which is ofien used tc generate mul-
figroup libraries for thermai systems. The second approachis used to get an approx-
imate correction for resonance-resonance interference. Both methods are used in
order to get a view of the effect of the second approach to the benchmark prob-
lems.

The Th232-U233 fueled BNL benchmarks are also processed similarly.

The fission spectrum used in the generated WIMS library is taken from the

original WIMS library. This assumption has little effect on the effective multiplication
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factor but must be taken info account in the 828 parameter for the TRX and BAPL
lattices and the 333 parameter for the BNL iattices.

The processing detaills for each material are as foliows :

Uranium-238 : For U?38 the data Is generated at 300, 600 and 900 K. The self
shielded cross sections are calculated for fen o, values of 1.E10, 1.E4, 3.6E3.
1.E3.2.613E2, 1.46E2, 65.34, 31.49, 15.53 and 1.0 barn. The reference ¢, usedin
WIMSR Is 65.34 barn. The flux caiculator case Is computed for @ homogenous
mixture of uranium and hydrogen in an infinite medium.The break between
computed flux and bondarenko fiux is taken as 347.87 eV. The NJOY input fo

process U238 is given in Appendix B.1.

Uranium-235 : The data is fabulated at 300, 600, and 900 K and the o, val-
ues are tfaken as 1.E10, 1.E4, 3.6E3, 1.E3, 2.613E2, 1.46E2, 65.34, 31.49, and 15.5
barn. The reference o, In WIMSR is 1.E10 which corresponds to infinite medium

og. The input used in NJOY for U235 is given in Appendix B.2.

Thorium-232 : The data for Th232 is generated at 300, 600 and 900 K. and the 6g
voluesare 1.E10, 1.E4, 3.E3, 1.E3,8.E2, 4.E2, 1.E2,5.E1, 1.E1 and 1.0barn. The fiux
caiculator for a homogenous mixture of Th232 and Hydrogen in infinite medium.

The Appendix B.4 lists the NJOY input for Th232,

Uranium-233 : The data is tabulated at 300, 600 and 900 K and the 6, values
are 1.E10, 1.E4, 3.6E3, 1.E3, 8E2, 4E2, 100. 31.4%, 15.53 and 1.0 barn. The NJOY
input for U233 is given in Appendix B.3. The reference o, in WIMSR is given as

1.E10.

Zircaloy-2 : No processing is made for Zircaloy-2. The data is taken from the

WIMS iibrary.
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Aluminum : All group constants are generated at 300 K. Since the sensitivity of
the integral results fo aluminum data is very low (10) no special assumptions are
made while producing multigroup cross sections. The input used for Aluminum

is listed in Appendix B.5.

Oxygen : The group constants for oxygen are calculated at 300 K except P1
matrices. The P1 scattering matrices are taken explicitly from the original WiMS
library so there are no corrections to the self-scattering terms of the scattering

matrix. The input to process Oxygen is given in Appendix B.6.

Hydrogen bound in Water : The hydrogen data s fully taken from the
ENDF/B-Vi library. A temperature of 300 K Is used to calculate the group con-
stants. The P1 mairix for Hydrogen (I.e. Thermal scattering data ) bound in wa-
ter is generated from ENDF/B-VI. This data is actually an evaluation produced
at General Atomic in 1969 using the GASKET code. The only changes made
to the contents in ENDF/B-VI are adjustments of cross sections to match the
ENDF/B-VI values. The NJOY input 1o generate the data Is given in Appendix
B.7

4.4.2 Resonance Integral and Cross Sections

The rescnance integrals in WIMS are specified for absorption and neutron

vield per fission (.. the product of the average number of neutrons per fission and

the fission cross section) (10) for resonant matericls. These parameters are fabulated

as a function of the background cross section ¢,. The equation

Gp = Cp +7»0p “.1)

gives the relationship between the Bondarenko 6 and ¢,. Here A is the
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Goldstein-Cohen parameter and o, is the potential scattering cross section of the
absorber. Since o, Is the contribution of the absorber scattering it Is more reason-
able o use the shielded elastic cross secilon in place of a constant 6, value., Addi-
tionally the self-shielding data is expressed in the WIMS code in terms of “resonance
integrals”, instead of using the self-shielded cross sections produced by GROUPR.
The resulfs are not very sensitive to the definition of 6, as the shielded elastic

cross section as long as the definiton of the resonance integral is consistent. That is,

oplx(Gp)

Gz{(0p) = or —1o(op) ' 4.2)
and
__ 0pOx(0g)
Ix(GP) = _mGP o, (GO) s “4.3)

where x denotes the reaction and I, Is the corresponding resonance integ-
ral.

The Goldstein Cohen parameter is applied as 0.188 for U238, 0.1965 for U235
. 0.1965 for Th?®2 and 0.2 for U233, This parameters are faken from the original WIMS
licrary.

There is no processing of burnup data and fission product vields for the ma-

terials.
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Chapter 5

Results and Conclusion

in order fo verlfy the approach used in generating the multigroup group
constants the resulis of the WIMS calculations for the selected benchmarks using the
newly generated library generated from ENDF/B-VI, JEF-2.2 and JENDL-3 are com-
pared with the published reference resulis.

A sensitivity analysis investigating the effect of U?%® and Hydrogen to the
benchmark parameters is made for the TRX and BAPL lattices.

There are actually two sets of ENDF results differing from their approach of
treating the weighting flux for U235 ( U233 for BNL). In the first set, (1.e. ENDF/B-VI (1)
etc.) the weighting flux is taken as EPRI-CPM while In the second set (ENDF/B-VI (2)
etc.) the weighting flux is from the U2 (e.g. Th232 for BNL laffices ) flux caiculation.

Additionally the effect of the fission spectrum to the benchmark paramet-

ers is analyzed for the BNL lattices.

5.1 Sensitivity of TRX and BAPL lattices to U?3® and Hydrogen

The approach to investigate the effect of U238 and Hydrogen to the bench-

mark parametersis to replace U232 and Hydrogen processed from ENDF/B-Viin place
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of the WIMS library U232 and Hydrogen.

The resuilts for the analysis are given in Table 5.1. The effect of U238 s fo de-
crease k. for as much as 2 % for the TRX laftices and 1.5 % for the BAPL lattices.
The ratio of the epithermal to thermal capture reaction rate in U238 (p28) increased
approximately between 8 % for the TRX cases and 5 % for the BAPL cases. The con-
version ratio Is also increased for approximately § % in all iattices. The improvement
in the p28 values show that the freatment of U238 in the ENDF/B-VI processes is better
than in the original WIMS library.

The effect of Hydrogen Is smailer but not negligibie. The ENDF/B-VI proces-
sed Hydrogen ( which has a new P1 scattering matrix ) increases k. for 0.5 % in the
TRX cases and 0.6 % in the BAPL cases. p?® Is decreased for approximately 1% in all
lattices. Obviously the effect of ENDF/B-VI processed U232 and Hydrogen is opposite
1o each other and will cancel out for a specific amount Iif simultaneously used in a

problem ( as is done in the next sections).

5.2 TRX-1 and TRX-2

Tables 5.2 and 5.3 summarizes the results cotained from the TRX-1 and TRX-2
lattices.

The effective multiplication factor (k) Is underpredicted for all the cases
except WIMS-D4 and is outside the experimental uncertainty which is 0.30 % for TRX-
1 and 0.10 % for TRX-2. It s observed that the effect of the flux-calculator to k4 Is Tp
decrease k. for further 0.1 % to 0.2 %. This situation arises because of the different
weighting flux applied for U3 in this case. The closest result to the experimental
value is that of JENDL-3(1) for both lattices. Since it is shown in Section 3.3.4 that
the U238 data for JEF and ENDF/B is principally the same it can be deduced that

the difference cbserved in k. and the other benchmark parameters for these two



Table 5.1: Sensitivity of TRX and BAPL iattices to H and U232

TRX-1 et pE 5% 5 CR
Measured | 1.0000 | 1.320 | 0.0987 | 0.0946 | 0.797
WIMS-D4 | 1.0002 | 1.272 | 0.0996 | 0.0963 | 0.777
H | 1.0047 | 1.258 | 0.0991 | 0.0945 | 0.774
U238 | 0.9755 | 1.361 | 0.0100 | 0.0971 | 0.824
TRXZ | ke p® | % 5% CR
Measured | 1.0000 | 0.837 | 0.0614 | 0.0693 | 0.647
WIMS-D4 | 0.9953 | 0.801 | 0.0612 | 0.0691 | 0.633
H | 09995 | 0.792 | 0.0610 | 0.0679 | 0.631
U238 | 0.9784 | 0.851 | 0.0618 | 0.0686 | 0.664
BAPL-1 Kest p® | 8% 0% CR
Measured | 1.0000 | 1.390 | 0.0840 | 0.0780 -
WIMS-D4 | 1.0020 | 1.349 | 0.0842 | 0.0755 | 0.797
H | 1.0053 | 1.336 | 0.0792 | 0.0741 | 0.794
U238 | 0.9809 | 1.417 | 0.0850 | 0.0753 | 0.837
BAPL-2 ket pZ 8% &% CR
Measured | 1.0000 | 1.120 | 0.0680 | 0.0/00 -
WIMS-D4 | 0.9972 | 1.125 | 0.0688 | 0.0651 | 0.729
H | 1.0033 | 1.113 | 0.0684 | 0.0637 | 0.726
U238 | 0.9816 | 1.177 | 0.0693 | 0.0691 | 0.762
BAPL-3 Kete P 5% 3% CR
Measured | 1.0000 | 0.906 | 0.0520 | 0.0570 -
WIMS-D4 | 0.9974 | 0.886 | 0.0529 | 0.0536 | 0.654
H | 1.0032 | 0.876 | 0.0526 | 0.0524 | 0.652
U238 | 0.9854 | 0.924 | 0.0533 | 0.0527 | 0.681

Table 5.2: Summary of benchmark parameters for TRX-1

TRX-1 ket P L % | CR
MEASURED | 1.0000 | 1.3200 | 0.0987 | 0.0946 | 0.797
WIMS-D4 1.0002 | 1.2725 | 0.0996 | 0.0963 | 0.777
ENDF/B-VI(T) [ 0.9887 | 1.3626 | 0.0979 | 0.0943 | 0.809
ENDF/B-VI(2) | 0.9875 | 1,3576 | 0.0983 | 0.0945 | 0.811
JEFZZ (D) | 0.9902 | 1.3584 | 0.0980 | 0.0032 | 0.811
JEF22( |09890 | 1.3538 | 0.0981 | 0.0933 | 0.813
JENDL-3 (1) | 0.0913 | 1.3555 | 0.0074 | 0.0933 | 0.809
JENDL-3(2) |0.9900 | 1.3505 | 0.0975 | 0.0934 | 0.811
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evaluations comes from the different tfreatment of U235,

The results for the ratio of the epithermal to thermal capture reaction rates
in U238 (p28) are very close to the experimental error range which Is 1.6 % for TRX-1
and 1.9 % for TRX-2 0. It Is seen that the use of the flux calculator option improved
(e.g. made it closer 1o the experimental value ) this parameter for approximately
0.5 % in all cases. Although all values are close, JENDL-3 performed slightly better
than ENDF/B and JEF.

The ratic of the epithermal to thermai fission reaction rates in U235 (§25) is in
the experimental error range which is 1 % for TRX-1 and 1.3 % for TRX-2. The effect
of the flux calculator flux for U23° is to make the parameter for cbout 0.25 % - 0.40 %
closer to the experimental vaiue in TRX-1. For TRX-2 the flux calculator decreased
the parameter slightly in ENDF/B-VI while it increased it in JEF-2 and JENDL-3.

The ratio of the fotal fission reaction rates in U238 and U5 (§28) is againinthe
experimental errorrange which is 4.3 % for TRX-1 and 5.1 % for TRX-2. InTRX-1 ENDF/B-
Vi performed better with an improvement in the flux-calculator case which made it
fairly close to the experimenial value. For TRX-2 the resulis of the generated libraries
are not as close fo the experimenial values as in TRX-1 but all lle in the experimental
efror range.

The ratio of the capture reaction rafes in U238 and fission reaction rates in
U235, which actually is the conversion ratio (C*). are very close to or in the experi-
mental error range of this parameter which is 1.0 % for TRX-1 and 0.93 % for TRX-2.
The effect of the flux calculafor flux for U2 is to increase the parameter for approx-
imately 0.5 %. For both lattices WIMS-D4 cailculated the conversion ratio outside the

experimental error range.
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Table 5.3: Summary of benchmark parameters for TRX-2

TRX-2 ket pZ % 3 CR
MEASURED | 1.0000 | 0.8370 | 0.0614 | 0.0693 | 0.647
WIMS-D4 0.9953 | 0.8017 | 0.0612 | 0.0691 | 0.633
ENDF/B-VI(1) | 0.9920 | 0.8516 | 0.0600 | 0.066 | 0.651
ENDF/B-VI(2) | 0.9904 | 0.8485 | 0.0601 | 0.066 | 0.653
JEF22 (D 0.9928 | 0.8495 | 0.0602 | 0.066 | 0.654
JEF-2.2 (® 0.9913 | 0.8566 | 0.0603 | 0.066 | 0.656
JENDL-3 (1) | 0.9943 [ 0.8487 | 0.0598 | 0.066 | 0.651
JENDL-3(2) | 0.9927 | 0.8450 | 0.0599 | 0.066 | 0.654

5.3 BAPL-1, BAPL-2 and BAPL-3

The resulits for the BAPL cases Is shown In tables 5.4, 5.5 and 5.6. There is no
experimental conversion ratio parameters for the BAPL iattices.

The effective multiplication factor Is again underpredicted for the ENDF files
and JENDL-3 (1) gives the closest resulis to the experimental value for ali lattices. in
BAPL-3 it even agrees 100 % with the experimental vaiue. The errorrange is 0.1 % for
all three Iattices. The flux-calculator case again decreases the k.4 value by a small
amount.

The ratio of the eplthermal 1o thermal capture reaction rates in U238 (p28),
which has experimentatl error estimates of 0.72 % for BAPL-1, 0.89 % for BAPL-2 and
1.1 % for BAPL-3, is for the ENDF cases closer to the experimental vaiue than the
WIMS result. The closest resulfs are again cbiained with the JENDL-3 data (although
the difference is very small). The filux calculator casesimproved the accuracy slightly
(about 0.3 % in the JENDL-3 case).

The ratio of the epithermail to thermai fission reaction rates in U235 (§25) is in
the experimental error range which is 2.4 % for BAPL-1, 1.6 % for BAPL-2 and 1.9 %

for BAPL-3. Despite the TRX lattices the effect of the flux calculator flux for U235 is



31

Tabie 5.4: Summary of benchmark parameters for BAPL-1

BAPL-1 kefr pZ® Fad 3 | CR
MEASURED | 1.0000 | 1.390 | 0.0840 | 0.0780 | -
WIMS-D4 1.0020 | 1.349 | 0.0842 | 0.0754 | 0.797

ENDF/B-VI (T) [ 0.9928 | 1.429 | 0.0835 | 0.0729 | 0.824
ENDF/B-VI (2) | 0.9912 | 1.423 | 0.0836 | 0.0730 | 0.824
JEF2.2 (1) 0.9938 | 1.424 | 0.0836 | 0.0722 | 0.827
JEF-2.2 (2) 0.9924 | 1.419 | 0.0837 | 0.0723 | 0.829
JENDL-3 (1) | 0.9950 | 1.422 | 0.0831 | 0.0725 | 0.824
JENDL-3 (2 | 09935 | 1.417 | 0.0833 | 0.0726 | 0.827

Table 5.5: Summary of benchmark parameters for BAPL-2

BAPL2 k| pZ 5% % [ CR
MEASURED | 1.0000 | 1.720 | 0.0680 [0.0700 | -
WIMS-D4 0.9972 | 1.125 | 0.06881 | 0.0651 | 0.729

ENDF/B-VI(T) | 0.9940 | 1.186 | 0.0689 | 0.0625 | 0.750
ENDF/B-VI (2) | 0.9923 | 1.182 | 0.0681 | 0.0626 | 0.753
JEF22 () | 09949 | 1.183 | 0.0681 | 0.0621 | 0.753
JEF2.2(2) | 0.9933 | 1.179 | 0.0682 | 0.0622 | 0.755
JENDL3 (1) | 00963 | 1.182 | 0.0677 | 0.0623 | 0.750
JENDL-3(2) | 0.9946 | 1.177 | 0.0678 | 0.0625 | 0.753

to change 8% for a very small amount in all BAPL laftices. JEF-2.2 provided better
results in BAPL-1 and BAPL-2 while JENDL-3 performed a littie better in BAPL-3.

The ratio of the total fission reaction rates in U238 and U%38 (§2%) is not In the
experimental error range which is 5.1 % for BAPL-1, 5.7 % for BAPL-2 and 5.3 % for
BAPL-3 0. In BAPL-1 ENDF/B-VI performed better with an small increase in the flux-

calculator case which made it fairly close 1o the experimental vaiue.
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Table 5.6: Surmmary of benchmark parameters for BAPL-3
BAPL-3 ket | PO 5% [ CR
MEASURED 1.0000 | 0.906 | 0.0520 | 0.0570 -
WIMS-D4 0.9976 | 0.886 | 0.0529 | 0.0536 | 0.654
ENDF/B-VI(T) | 0.9972 | 0.929 | 0.0527 | 0.0510 | 0.669
ENDF/B-VI (2) | 0.9960 | 0.926 | 0.0522 | 0.0511 | 0.672
JEF-2.2 (1) 0.9984 | 0.927 | 0.0522 | 0.0508 | 0.672
JEF-2.2 (2 0.9967 | 0.924 | 0.0523 | 0.0509 | 0.674
JENDL-3 (1) 1.0000 | 0.926 | 0.0519 [ 0.0510 | 0.669
JENDL-3(2) |[0.9982 | 0.923 | 0.0520 | 0.0511 | 0.672

5.4 BNL-1, BNL-2 and BNL-3

The results for the ThO,-U233 fueled BNL Iattices are given in tables 5.7, 5.8
and 5.9. The experimental value of p% is generally believed 1o be incorrect be-
cause of the failure fo validate it via calculation.

JEF-2.2 performed quite well for the effective multiplication factor. The flux
calculation case improved kg considerably. For p®2 the ENDF/B-VI results are very
close to the WIMS value of this parameter. The flux calculator case decreased the
value of p% slightly. For the ratio of epithermal to thermai fissions in U238 (§2%) the
values of JEF-2.2 and JENDL-3 are closer to the WIMS result. The ratio of Th23? fissions
to U233 (892) Is consistent for all ENDF files with ENDF/B closer fo the WIMS result. The
effect of the flux calculator is rather small for this parameter. The conversion ratio

(CR) is slightly increased in the flux caicuiator cases.

5.5 Effect on Fission Specirum in the BNL Laftices

The calculations for the BNL lattices are repeated with three different U233
fission specira. The first is the fission spectrum from ENDF/B-VI, the second is the fis-

sion spectrum from JEF-2.2 and the Third is taken from JENDL-3. The graphical rep-



Tabie 5.7: Summary of benchmark parameters for BNL-1
BNL-1 ket p%? &3 852 CR
MEASURED 1.0000 | 1.338 - - ~
WIMS-D4 1.0025 | 1.162 | 0.5650 | 0.0146 | 0.614
ENDF/B-VI(1) | 1.0176 | 1.1583 | 0.5972 | 0.01422 | 0.600
ENDF/B-VI(2) | 1.0167 | 1.150 | 0.5989 | 0.01423 | 0.601
JEF-2.2 (1) 1.0068 | 1.094 [ 0.5586 [ 0.01373 | 0.598
JEF-2.2 (2) 1.0060 | 1.091 | 0.5595 | 0.01374 | 0.599
JENDL-3(1) | 1.0300 | 1.056 | 0.5660 | 0.01456 | 0.578
JENDL-3 (2 | 1.0282 | 1.053 | 0.5669 | 0.01458 | 0.579

Table 5.8: Summary of benchmark parameters for BNL-2
BNL-2 Keg p?2 8% [H CR
MEASURED | 1.0000 [ 0.903 - - -
WIMS-D4 1.0032 | 0.815 | 0.4069 | 0.0121 | 0.577
ENDF/B-VI(1) | 1.0195 | 0.802 | 0.4297 | 0.0111 | 0.564
ENDF/B-VI(2) | 1.0183 | 0.800 | 0.4310 | 0.0117 | 0.565
JEF-2.2 (D 1.0095 | 0.765 | 0.4024 | 0.0113 | 0.563
JEF-2.2 (@) 1.0085 | 0.763 | 0.4031 | 0.0113 | 0.565
JENDL-3 (1) | 1.0289 | 0.739 | 0.4075 | 0.0120 [ 0.547
JENDL-3 (2 | 1.0271 | 0.737 | 0.4082 | 0.0120 | 0.548

Tabie 6.9: Summary of benchmark parameters for BNL-3

BNL3 ket | P2 | o8 | 8Z | CR
MEASURED | 1.0000 [ 0.421 | = - =
WIMS-D4 1.0086 | 0.386 | 0.1988 | 0.0078 | 0.522

ENDF/B-VI(1) | 1.0273 [ 0.374 | 0.2097 | 0.0075 | 0.512
ENDF/B-VI (2) | 1.0255 | 0.372 | 0.2104 | 0.0075 | 0.514
JEF-2.2 (1) 1.0200 | 0.359 | 0.1969 | 0.0072 | 0.514
JEF-2.2 (2) 1.0191 | 0.358 | 0.1973 | 0.0072 | 0.515
JENDL-3(1) | 1.0319 | 0.348 | 0.7993 | 0.0078 | 0.502
JENDL-3 (2) | 1.0299 | 0.347 | 0.1997 | 0.0078 | 0.504
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resentation of the three spectra normalized with respect fo the original WIMS fission
spectrum is shown in Figure 5.1. The effect of the spectra to the benchmark para-
meters is given in Table 5.10. In the table the row with letter "a” in paranthesis gives
the results for WIMS fission spectrum while the row with letter *b” in paranthesis gives
the values for the alternatlve fission spectrum. The weighting fiux used is EPRI-CPM
for both Th232 and U233,

The multiplication factor (k) decreases for about 0.6 % in ENDF/B-VI cal-
culations for the BNL lattices if the ENDF/B-VI specira Is used in place of the WIMS
spectra. For JEF-2.2 calculation the decreasels smailler with 0.1 % - 0.15 % compared
to calculations using WIMS spectra. The decrease for JENDL-3 calculations is ap-
proximately 0.55 % in all iatfices. It can be seen from Figure 5.1 that the ENDF/B-VI
and JENDL-3 specira are close ¢ each other while the JEF-2.2 spectra differs greatly
from them. This explains why the decreases in k.4 In JENDL-3 and ENDF/B-VI are al-
most the same per-cent.

The differences for p®2 are very small (less than 0.1% ) for all lattices and all
specira. The same observation holds for 823 too.

It can be concluded from these resulis that one shouid use the appropriaie

fission spectrum for the major fissile material of interest in the WIMS calculations.

5.6 Conclusion

The capability of processing materials from Evaluated Nuclear Data Files
and generating multigroup libraries s powerful and important in many aspects. The
Evaluated Nuclear Data Files have been very succesfull in providing a source of
standardized and reliable nuclear dafa for a wide range of appiications. A key
component of processing the Evaluated Nuciear Data Files Is data festing, which

is important for finding errors and for giving the user an initial view of how well an
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Table 5.10: Results for different Fission Spectra
BNL-T ket 0z &% %2 CR
MEASURED 1.0000 [ 1.338 - - -
WIMS-D4 1.0025 | 1.162 | 0.5650 | 0.0146 | 0.614
ENDF/B-VI(a) | 1.0176 | 1.153 [ 0.5972 | 0.0142 | 0.600
ENDF/B-Vi(b) | 1.0113 | 1.154 | 0.5978 | 0.0149 | 0.600
JEF-22 (@) 1.0068 | 1.094 | 0.5586 [ 0.0137 | 0.598
JEF-2.2 (b) 1.0054 | 1.095 | 0.5587 | 0.0138 | 0.598
JENDL-3(a) [ 1.0300 | T.056 [ 0.5660 | 0.0145] 0.578
JENDL-3 (b) 1.0240 | 1.058 | 0.8666 | 0.0152 | 0.578
BNL-2 ke p%Z 573 3% CR

"MEASURED [ T.0000 | 0903 | - = =
WIMS-D4 1.0032 | 0.815 | 0.4069 | 0.0121 | 0.577
ENDF/B-Vi(a) | 1.0195 [ 0.802 | 0.4297 | 0.0117 | 0.564
ENDF/B-Vi(b) | 1.0128 | 0.803 | 0.4301 | 0.0123 | 0.564
JEF-22 () 1.0095 | 0.765 | 04024 | 0.0113 | 0.563
JEF-2.2 (b) 1.0080 | 0.766 | 0.4025 | 0.0114 | 0.564
JENDL-3 (o) | 1.0289 | 0.739 [ 04075 00120 | 0.547
JENDL-3 (b) 1.0226 | 0.7408 | 0.4079 | 0.0126 | 0.547
BNL-3 ket p%Z | % 32 CR
MEASURED 1.0000 | 0.421 - - -
WIMS-D4 1.0086 | 0.386 | .01988 | 0.0078 | 0.522
ENDF/B-VI(o) | 1.0273 | 0.374 | 0.2097 [ 0.0075 | 0.512
ENDF/B-Vi (o) | 1.0210 | 0374 | 0.2099 | 0.0079 | 0.512
JEF-2.2 (&) 1.0200 | 0.359 | 0.1969 | 0.0072 | 0.514
JEF-2.2 (b) 1.0193 | 0.360 | 0.1970 | 0.0073 | 0.514
JENDL-3 (@) 1.0319 | 0.348 | 0.1993 | 0.0078 | G.502
JENDL-3 (©) 10264 | 0.348 | 0.1995 | 0.0081 | 0.502
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Evaluated Nuclear Data File and the multigroup library generated from it would be
expected to perform in a problem. But using benchmark lattices 1o test Evaluated
Nuclear Data Files is very difficult, and the results are often ambiguous. The diffi-
culty is that very simple models have been specified for benchmarks which makes
it easier for a large number of laboratories to compute the benchmarks. But this
simplicity is also the source of the ambiguity (9). In many cases, model corrections
are computed using previous data libraries and older methods. If a new calcuia-
tion using a brand-new Evaluated Nuclear Data File gives worse answer than an old
caiculation it may not really prove that the new data doesn’t perform beiter than
the old one.

The evaluations for U238 in ENDF/B-VI and JEF-2.2 are principally the same
which is evident from the cross sections generated by GROUPIE and validated with
INTER in Section 3.3.4. The same observation is frue for the U235 evailuations of ENDF/B-
VI and JENDL which show oniy a small inconsistency in the fast range. The evaiu-
ations for U232 and Th?%2 gppear to be different for all three ENDF files.

The use of the Hydrogen data from ENDF/B-VI in place of the original WIMS
Hydrogen data increases ke while the use of ENDF/B-VI U232 instead of the WIMS
U?38 has the effect to decrease k. 0 a greater extent. The epithermal to thermal
absorbtion in U238 (p92) increased showing that the resonance freatment of the old
WiMSlibrary Is different than that in ENDF/B-Vi and explaining in part the decrease in
kesr. The results show that the absorbtion effect of ENDF/B U238 is always greater than
the moderating effect of ENDF Hydrogen. There is an improvement in the reaction
rates for the new multigroup data of U238 compared to the original WIMS library but
there Is overprediction in absorbtion. The effect of the new U?* is minor compared
with U238, The effect of the fluxcalculator flux for U235 s to increase the self shielding

a bit. The new Th?%2 s generdlly less absorbing than the Th232 in the original WIMS
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liorary.

The benchmark parameters except kes cre generdlly cioser 1o the experi-
mental values for the ENDF libraries than for the original WIMS library for the TRX and
BNL lattices.

The effect of using the U232 fission spectrum instead of the original WIMS
fission spectrum in the BNL latftices Is to decrease k.4 for JEF and ENDF/B for small
amount while the decrease in JENDL is much larger. The reason for the larger de-
crease in JENDLIs due to the fact that the fission spectrum from JENDL has generailly
a larger vaiue than the fission spectrum from both JEF and ENDF. It is evident from
the results that It Is important to use the appropriate fission spectrum for the major
fissile material of interest.

Data testing resulis like the ones reported In this work must be used cau-
tiously. Clearly the “differences” between a new evaluation and old data s sig-
nificant. If a researcher knows how calculations using the old data perform for its
application, he can get, by examining the difference of the data, a prefty good
idea of how the new evaluation will perform for the same cpplication. This requires
a thorough understanding of the problem by the researcher.

It is evident from the results that the use of a single evaluation may be not
the best soiution by itself but mixing the best performing materials info a singie mul-
tigroup library is the best approach 1o get better results.

The following can be considered for future research :

Detailed analysis on using the ENDF/B-VI Hydrogen data can be made con-
sidering leakage effects and studying detdiled reaction rate edits.

New Th232-1233 cgses with reliable experimental data can be found in order
10 study these type of problems more in detail,

The new 172 group WIMS structure and liorary for WIMS con be used and
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the benchmark experiments repeated using this group structure. The finer group
structure should give better indications on the performance of new evaluations than
the 69 group structure used in this study.

Full scale sensitivity analysis can be done for all materials of interest in order
1o get a better understanding of the generated multigroup nuclear dafa.

The performance of the new evaluations in burnup calculations can be in-
vestigated by generating burnup data and performing burnup andaiysis.

Other codes than WIMS can be used to get a better view on the effect
of the new evaluations without having to deal with WIMS specific code or library
corrections.

The quaility of the pointwise nuclear data can be investigated with the use
of a Monte Carlo code like MCNP.

in summary, the results in these thesis show that there are some gains and
some losses in using a new evaluation. The aim in using a new evaluation is 1o nar-
row the difference between redlity and computational models. The researcher
should consider the effect of the assumptions made in the calculational models to
the new data. This is an important factor In getting a better understanding of the
usability of the new data for the problem of inferest.

it is up fo the user o determine if the gains cutwelghs the losses, that means
if generatfing a new muitigroup library for his application is going to give better res-

ults or not.
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Appendix A

iIndex of Evaluated Nuclear Data

Files

The index for the ENDF files Is given pdatially in order to conderve space.

A.1 Index of the ENDF/B-VI Nuclear Data File

i-H - 1 LANL EVAL-0CT89 HALE, DODDER, SICILIANG, WILSON 125 1451 5
i-H - 2 LANL,AWRE EVAL-NOV67 L.STEWART (LASL) A.HORSLEY (AWRE) 128 1451 b
i-T - 3 LANL EVAL~FEBG65 LEONA STEWART 131 1451 5
2-HE- 3 LARL EVAL-MAY90 G.HALE, D.DODDER, P.YOUHG 225 1451 5
2-HE- 4 LANL EVAL-DCT73 NISLEY, HALE, YOUNG 228 1451 5
3-LI - 6 LANL EVAL-APR89 G.M.HALE, P.G.YOUNG 326 1451 5
3-LI- 7 LARL EVAL-AUG88 P.G.YOUNG 328 1451 5
4-BE- 9 LLHNL EVAL-JAN86 PERKINS, PLECHATY, HOWERTON 425 1451 5
5-B - 10 LARL EVAL-NOV89 G.M.HALE, P.G.YOUNG 525 1451 5
5-B - 11 LARKL EVAL-MAYS8S P.G.YOUNG 528 1451 5
6-C - 0 ORHNL EVAL-AUG8Y C.Y.FU, E.J.AXTON AED F.G.PEREY 600 1451 5
7- N- 14 LANL EVAL-MAYS0 P.YOUNG, G.HALE, M.CHADWICK 7256 14581 5
7- H- 15 LANL EVAL-SEP83 E.ARTHUR,P.YOUNG,G.HALE 728 1451 b
8-0 - 16 LANL EVAL-JAN90O G.HALE, Z.CHEN, P.YOUNG 825 1451 5
8-0 - 17 BHL EVAL-JAN78 B.A.MAGURNO 828 1451 5
9-F - 19 CNDC,ORNL EVAL-JUNSO Z.X.ZHAO,C.Y.FU,D.C.LARSON 925 1451 5
---------- Range Intentionally Deleted
79-AU-197 LAEL EVAL-JANS4 P.G.YOUNG 7925 1451 5
82-PB-206 ORHL EVAL-MARSS C.Y.FU,N.M.LARSON,D.C.LARSON 8231 1451 5
82-PB~207 ORNL EVAL-MARSS C.Y.FU,N.M.LARSOE,D.C.LARSON 8234 1451 5
82-PB~208 ORBL EVAL-MARSS C.Y.FU, D.C.LARSON 8237 14561 5
82-BI-209 ANL EVAL-AUG8Y A.SMITH,D.SMITH.P.GUENTHER, 83256 1451 5
90-TH~230 HEDL EVAL-HOVTY MANN 9034 1451 5



90-TH-232 BNL, ANL+
91-PA-231 HEDL

EVAL-DEC77 BHAT,SMITH,LEONARD,DESAUSSURE+
EVAL-NOV77 MANN

91-PA-233 G4 ,BNL,LANLEVAL-MAY78 MATHEWS ,KINSEY,YOUNG

92-U -232 HEDL

92-U -233 LANL,ORRL
92-U -234 BHL,GGA
92-U -235 ORHL,LANL
92-U -236 HEDL

92-U -237 BNL,SRL+
92-U -238 ORNL,LANL+
93-HP-237 LANL
93-HP-238 SRL
93-NP-239 ORRL
94-PU-236 HEDL,SREL
94-PU-237 HEDL
94-PU-238 HEDL,AI,+
94-Pu-239 LANL
94-PU-240 ORNL
94-PU-241 ORNL
94-PU-242 HEDL,SRL,+
94-PU-243 BHL,SRL,+
94-PU-244 HEDL,SRL
95-4AM-241 CNDC
95-AM-242 SRL
95-AM-242MHEDL, SRL ,+
95-4M-243 ORNL,HEDL+
96-ClM-241 HEDL
96-CM-242 HEDL,SRL,+
96-CHM-243 HEDL,SRL,+
96-CM-244 HEDL,SRL,+
96-CM-245 SRL,LLRL
96-CHM-246 BNL,SRL,+
86-CHM-247 BNL,SRL,+
96~CH-248 HEDL,SRL,+
97-BK-249 CRDC
88-CF-249 CHNDC
98-CF-250 BHL,SRL,+
$8-CF-251 BNL,SRL,+
96-CF-252 BHL,SRL,+
98-CF-253 SRL
99-ES-253 BNL,SRL

EVAL-NOV77 MANN

EVAL-DEC78 STEWART ET AL, L. WESTOR
EVAL-JULTS DIVADEENAM,DRAKE , MANK+
EVAL-NOV89 L.Y.WESTON,P.G.YOUNG,¥.P.POENITZ
EVAL-0CT89 F.M. MANN, R.E. SCHERTER
EVAL-JUL76 KINSEY-ASSEMBLER (SEE COMMEHNTS)
EVAL-¥OV89 L.¥W.WESTON,P.G.YOUNG,¥.POENITZ
EVAL-APRSO P.YOUNG, E.ARTHUR, F.MANN
EVAL-AUG75 BENJAMIN AND MCCROSSOR
EVAL-DEC88 R. Q. WRIGHT

EVAL-APR78 MANN,SCHENTER,BENJAMIN ,MCCROSSOR
EVAL-APR78 MANN ARD SCHENTER

EVAL-APR78 MANN,SCHENTER,ALTER,DUNFORD,+
EVAL-APR89 P.YOUNG, L.WESTON, W.POENITZ
EVAL-AUG86 L.W. WESTON AND E. D. ARTHUR
EVAL-0CT88 L.WESTON,R.WRIGHT ,H,DERRIEN +
EVAL-OCT78 MANN,BENJAMIN, MADLAND ,HOWERTON,+
EVAL-JUL76 KINSEY-ASSEMBLER(SEE COMMENTS)
EVAL-APR78 MANN,SCHENTER,BENJAMIN,MCCROSSOR
EVAL-FEB88 ZHOU DELIN,GU FUHUA ET AL.
EVAL-AUG75 BENJAMIN AND MCCROSSON
EVAL-APR78 MANN,BENJAMIN,HOWERTON,ET AL.
EVAL-0CT88 WESTON,MANN,HOWERTON,ET AL.
EVAL-APR78 MANN AND SCHENTER

EVAL-APR78 MANN,BENJAMIN,HOWERTON,ET AL.
EVAL-APR78 MANN,BENJAMIN,HOWERTON,ET AL.
EVAL-APR78 MANN,BENJAMIN,HOWERTON,ET AL.
EVAL-JAN7S BENJAMIN AND HOWERTON

EVAL-JUL76 KINSEY-ASSEMBLER (SEE COMMENTS)
EVAL-JUL76 KINSEY-ASSEMBLER (SEE COMMENTS)
EVAL-APR78 MANN,BENJAMIN,HOWERTON,ET AL.
EVAL-JUN86 ZHOU DELIN ET. AL.

EVAL-APR89 ZHOU DELIN, SU ZHONGDI ET AL.
EVAL-JUL76 KINSEY-ASSEMBLER (SEE COMMENTS)
EVAL-JUL76 KINSEY-ASSEMBLER (SEE COMMENTS)
EVAL-JUL76 KINSEY-ASSEMBLER (SEE COMMENTS)
EVAL-DEC75 BENJAMIN AND MCCROSSON
EVAL-JUL76 KINSEY,BENJAMIN, AND MCCROSSON

A.2 Iindex of the JEF-2.2 Nuclear Data Fiie

90-TH~230 NEA
90-TH-232 NEA
91-PA-231 NEA
91-PA~-233 REA

RCOM-JUN82 SCIENTIFIC CO-ORDINATION GROUP
RCOM~-JUN82 SCIENTIFIC CO-ORDINATION GROUP
RCOM-JUN82 SCIENTIFIC CO-ORDINATION GROUP
RCOM-JUNS2 SCIENTIFIC CO-ORDINATION GROUP

9040
9131
9137
9219
9222
9225
9228
9231
9234
9237
9346
9349
9362
9428
9431
9434
9437
9440
9443
9446
9449
9452
9543
9546
9547
9549
9628
9631
9634
9637
9640
9643
9646
9649
9752
9852
98556
9858
9861
9864
9913

9034
2040
9131
9137

1451
14561
1451
1451
1451
1451
1451
1451
1451
1451
1461
1451
1451
1451
1451
1451
1451
1451
1451
1451
1451
1451
1451
1451
1451
1451
1451
1451
1451
14561
1451
1451
1451
1451
1451
1451
1451
1451
1461
1451
1451

1451
1451
1451
1451
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92-U -232 NEA
92-U -233 NEA
92-U -234 NEA
92-U -235 NEA
92-U -236 HEA
92-U -237 HEA
92-U -238 JEF COLLAB

RCOM-JUN82 SCIENTIFIC CO-ORDINATION GROUP
RCOM-JUN82 SCIENTIFIC CO-ORDINATION GROUP
RCOM-JUNB2 SCIENTIFIC CO-~-ORDINATION GROUP
RCOM-AUG90 E. FORT, H.TELLIER

RCOM-JUN82 SCIENTIFIC CO-DRDINATION GROUP
RCOM-JUNS2 SCIENTIFIC CO-ORDINATION GROUP
EVAL-JUNB9 MCM,MGS,FHF,CN,YH,KANDA ET AL

A.3 Index of the JENDL-3 Nuclear Daia File

88-R4-223 TIT
88-RA-224 TIT
88-R4-225 TIT
88-RA-226 TIT
89-AC-225 TIT
89-AC~226 TIT
89-8C-227 TIT
90-TH-227 TIT
90-TH-228 KINKI U.
90-TH-229 TIT
90-TH-230 KINKI U.
90-TH-232 KINKI U.
90-TH~233 KINKI U.
90-TH~234 KINKI U.
91-PA-231 KIRKI U.+
91-PA-232 TIT
91-PA-233 KINKI U.+
92-U -232 KIRKI U.+
92-U -233 SAEI+
92-U -234 KAWASAKI
92-U -238 SAEI+
92-U -236 HAIG

92-U -237 JAERI

92-U -238 KYU, JAERI+
93-RP-236 JAERI
93-KP-237 KYUSHU U.+
93-NP-238 JAERI
93-HP-239 KYUSHU U.+

EVAL-AUGS8 N.TAKAGI

EVAL-AUG88 N.TAKAGI

EVAL-AUGE8 N.TAKAGI

EVAL-AUGS8 N.TAKAGI

EVAL-AUGS8 N.TAKAGI

EVAL-AUG88 N.TAKAGI

EVAL-AUG88 N.TAKAGI

EVAL-AUG88 W.TAKAGI

EVAL~JURN87 T.GHSAWA

EVAL-AUGS8S N.TAKAGI

EVAL-JUL87 T.0HSAWA

EVAL-MARS7 T.OHSAWA

EVAL-JUL87 T.OHSAWA

EVAL-JULST T.UHSAWA

EVAL-MARS7 T.OHSAWA, M.INOUE AND T.NAKAGAWA
EVAL-AUG88 N.TAKAGI

EVAL-MAR87 T.OHSAWA, M.INOUE AND T.NAKAGAWA
EVAL-MARST T.OHSAWA AND T. NAKAGAWA
EVAL-MARS7 H.MATSUNOBU,Y.KIKUCHI,T.NAKAGAWA
EVAL-MAR87 T.WATANABE

EVAL-MARS7 H.MATSUBOBU,K.HIDA,T.HAKAGAWA+
EVAL-MARSS T.YOSHIDA

EVAL-MARS3 T.HNAKAGAWA

EVAL-APRS7 Y.KANDA ET AL.

EVAL-MARS3 T.WAKAGAWA

EVAL-NOV87 Y.UENOHARA, Y.KANDA

EVAL-MARO3 T.NAKAGAWA

EVAL-MAR76 Y.KANDA, JENDL-CG

9219
9222
9228
9228
9231
9234
9237

8825
8828
8831
8834
89286
8928
8931
9025
9028
9031
9034
9040
9043
9046
9131
9134
9137
9219
9222
9225
9228
9231
9234
9237
9343
9346
9349
9352

1451
1451
1451
1451
1451
1451
1451

1451
1451
1451
1451
1451
1451
1451
1451
1451
1451
1451
1451
1451
1451
1451
1451
1451
1451
14561
1451
1451
1451
1451
1451
1451
1451
1451
1451

gt oot

U320 RS L S A SRS ) I A ) @ o B B+ A I S B B O S B G A e S T & IS I ¢ TS B s 4 5




Appendix B
NJOY Input Files

B.1 Input File for U238

1/ interactive mode

6/ endfb 6 type nuclear data file
#moder#/ convert from ASCII to binary

20 -21

sreconr®/ reconstruct resonance dependencies
-21 -22/ input - output tapes

#PENDF tape for u238 from endfb6 %/ title for generated PENDF tape
9237 1/ HMAT number

0.05 0. 7/

#92-u238 from endf6#/

o/ end of reconr module

#broadr#/ doppler broadening calculation
-22 -23/ input - output tapes

9237 3 0 1 O/ broadr options

0.05/ percent error

300. 600. 900./ temperatures for doppler broadening
o/ end of broadr

sunresrs/ unresolved range calculation
~-21 -23 -24/

9237 3 10 1 /

300. 600. $00./
1.E10 1.E4 3.6E3 1.E3 2.613E2 1.46E2 65.34 31.49 15.53 1.0 / sigma0 values
0/

sthermr*/ thermal scatterin matrix calculation

0 -24 -26 /

0 9237 8 3 1 0 1 221 1 / the MT number for for scat matrix is 221 { to be
300. 600. 900./ used in groupr and WIMSR )

0.01 4.0 /

sgroupri/ groupwise x-sec production

-21 -26 0 =25 /
9237 9 0 -5 1 3 10 1 / -5 means flux calculator
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#92-u238 from endfbs =/

300. 600. 900./

1.E10 1.E4 3.6E3 1.E3 2.613E2 1.46E2 65.34 31.49 15.53 1.0 /
347.87 11.17 2000 -34 0 0 0 1 1.7E-7/ Flux Calculator options

3/
221 /
252 /
452 /
455 /
/
221 /
/
/
221 /
252 /
452 /
455 /
/
221 /
/
/
221 /
252 /
452 /
455 /

w

AW WWRLWO DWW WWWONNWWW

swimsrs/
-25 27 /
24/
100 i/
9237 /
92 /

0 0 65.34

generate multi-group x-sec for 300 K

generate multi-group x-sec for 600 K

generate multi-group x-sec for 900 K

end of groupr options
generate wims formatted multi-group file from
groupr output

221 01100 / 65.34 is reference sigmal

.188 .188 .188 .188 .188 .188 .188 .1i88 .188 .188 .188 .188 .188/ Lambda
#stop*/ end of run for this material
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B.2 Input File for U235

i/ interactive mode

6/ input tape is endfb 6 formatted

#moder® /convert to bin

20 -21 /

#reconr#*/

-21 -22/

#PENDF tape for u235 from endfb6 */

9228 1/

0.05 0. 7/ error is b %

#92-u235 from endféx/

o/

#broadr#/

-22 -23/

9228 3 0 1 0/ broadr run for 3 temperatures

0.05/

300. 600. 900./

o/

sunresri/

-21 -23 -24/

92283 9 1/

300. 600.900./

1.E10 1.E4 3.6E3 1.E3 2.613E2 1.46E2 65.34 31.42 15.53 1.0 / =igmal
o/

#thermr#/

0 -24 -26 /

0922831012211/

300. 600. 3900./

0.1 4.0/

sgroupr#/

~21 -26 0 -25 /

9228 900 318 1/ fourth entry is INT

#92-u235 from endfb6 (IWT=0)=%/ IWT=0 means that flux calculator
300. 600. 900. / flux is to be used for weighting.

1.E10 1.B4 3.6E3 1.E3 2.613E2 1.46E2 65.34 31.49 15.53 1.0 /

~34/ ninwt tape unit e.g. tape34 is coming from u238...
3 / for 300 K
38 221/
3 251/
3 252/
3 253/
3 452/

3 455/

6/

6 221 /

o/

3 / for 600 K
3 221/

3 251/

3 252/

3 253/

3 452/

3 455/



6/
6 221 /
o/
3 / for 900 K

3 221/

3 251/

3 252/

3 253/

3 452/

3 455/

6/

6 221 /

o/

¢/

syimsr*/

-28 27 /

24/

1001/

9228/

92/

07 1.E10 1 0. 221 010 0 0 / reference sigma0 is 1.E10

.1965 .1965 .1965 .1965 .1965 .1965 .1965 .1965 .1965 .1965 .1965 .1965 .1965/
wstop®/

B.3 Input File for U233

1/ batch mode

6/ endfb 6

s*moder#s /convert to binary

20 =21 /

#reconr%/ reconstruct reso data
-21 -22/

*PENDF tape for u233 from endfb6 =/
9222 1/

0.056 6. 7/

#92-u235 from endfé%/

o/

sbroadrs/

-22 -23/

9222 3 0 1 ¢/

0.05/ error is b %

300. 600. 900./
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o/

sunresr*/

~21 ~23 -24/

9222 3 10 1/

300. 600. 900./

1.E10 1.E4 3.6E3 1.E3 8E2 4E2 100 31.49 15.53 1.0 / sigma0 values.
o/

#thermr#/

0 -24 -26 /

0922283101221/

300. 600. 900/

0.05 4.0/

xgroupr#*/ produce multigroup data

-21 -26 0 -25 /

9222 9 0 -5 1 3 10 1 / EPRI-CPM flux for weighting
#92-1u233 from endfbé (IWT=-5)=/

300. 600. 900. /

.E10 1.E4 3.6E3 1.E3 8E2 4E2 100 31.49 15.53 1.0 /
.E3 11.17 6000/

/ for 300 X

221/

251/

262/

253/

452/

455/

/

22¢ /

DO W W WW W W W

(=4
N

/ for 600 K
221/
251/
252/
253/
452/
485/

/

221 /
/

/ for 900 K
221/
251/
252/
253/

3 452/

3 455/

6 /

6 221 /
174

0
*yimsre/
-25 27 /
24/
100 1/
9222/

DO WwWwWWwwww

(=]

W W www



92/

07 1.E101 0. 221 0 10 O 0 / reference sigma0 is 1.E10
.2.2.2.2.2.2.2.2.2.2.2.2.2/ lanbda is 0.2
#stops/

B.4 Input File for Th232

1/ interactive mode

6/ endfb 6

#moders/

20 -21/

sreconr*/ reconstruct resonances

-21 -22

#PENDF tape for TH-232 from endfbé =/
2040 1/

0.050. 7/

#92-th232 from endf6s/

o/

#broadr%/ doppler broadening

-22 =23/

9040 3 0 1 0/

0.05/

300. 600. 900./

o/

#unresr*/ unresolved range

-21 =23 -24/

2040 3 10 1 /

300, 600. 900./

1.E10 1.E4 3.E3 1.E3 8.E2 4.E2 1.E2 5.E1 1.E1 1./ sigmal values
o/

#thermr¥/ thermal scat matrix

0 -24 -26 /

0940 831012211/

300. 600. 900./

0.01 4.0 /

#grouprs/ groupwise x-sec prod.

-21 ~26 0 ~25 /

9040 9 0 -5 1 3 10 1 / IWT=-5 means flux calculation case.
#90-TH232 from endfbé %/

300. 600. 200./

1.E10 1.E4 3.E3 1.E3 8.E2 4.E2 1.E2 5.E1 1.B1 1./

347.87 11.17 9000 -34 0 0 0 1 1.7E-7/ FOR TH232 + H homogen mix /
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3 / for 300 K
3 221 /
3 252 /
3 452 /
3 455 /
6 /

6 221 /
0/

3 / for 600 K
3 221 /
3 252 /

3 4562 /

3 455 /

6 /

6 221 /

0/

3 / for 900 K
3221 /

3 252 /

3 452 /

3 455 /

6

6

wyimsr*/

-256 27 /

24/

100 1/

8040 /

90/

0050.0 10. 22101100 / reference sigmad is 50 barn .

.1965 .1965 .1965 .1965 .1965 .1965 .1965 .1965 .1965 .1965 .1965 .1965 .1965/
ustopk/

B.5 Input File for Aluminum

o/

6/

smoders/

20 ~21 /

sreconr#/

-21 =22/

#pendf tape for al27=/
1325 1/

0.05 / fractional error is 5 %
*AL-27%/

o/

zbroadr* / broaden to 300K
-22 ~23 /



1326 1010 /

0.005 /

300./

o/

sunresr%/

-21 =23 ~-24 /

1326 19 1/

300./

1.E10 1.E4 3.6E6 1.E3 2,613E2 1.462E2 65.34 31.49 15.563 /
o/

#thermr*

0 -24 -26/

0 1325 811 01 2211

300./

0.01 4.0/

sgroupr#=/

-21 =26 0 =25 /

1326 905119 1/ EPRI-CPM flux

#13-2127 from enfbéx/

300./

1.E10 1.E4 3.6E6 1.E3 2,613E2 1.462E2 65.34 31.4% 15.53 /
21 /
52 /

O

21 /

SO DWW W
TN N DN N N

swimsr®/

-25 27 /

24/

1001/

1325 /

13 /

101.E10 00. 222100100/

1, 1. 1. 8. 1. 1. 1. ¢, 1.1, 1. 1. 8./
sstop*

B.6 Inpuf File for Oxygen

o/

6/

smoders/

20 -21 /

sreconr#/

-21 -22/

#pendf tape for o016%/

825 1 /

0.02 /0. 7 0.002 / 0.001/
#8-0-16 from endfbs =/
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of

#broadrs /

-22 -24 /

8251 010/

0.05 / fractional error is 5 %
300./

o/

s#thermrs

0 -24 -26/

0 82681101 221 1/
300./

0.01 4.0/

sgroupr#/

-21 -26 0 -25 /

8259 0-5111 1/
#16-0~8 from enfbé%/
300./

1.E10/

347.87 11.17 9000/

3/ for 300 K

3 221/

3 282/

o/

o/

*wimsrs/

-25 27 /

24/

100 1/

826 /

8

101.Ei0 00.22200100 /
1.1, 1. 1. 1. 1, 4. ¢, 80101, 1.1,/
wstop®

B.7 Input File for Hydrogen Bound in Water

o/

6/

#moders/

20 -21 /

#moder#/

30 -31 / convert thermal scattering data to binary
#reconrs/

-21 -22/

#pendf tape for hix/

126 1 /

0.002 / 0. 7 0.002 / 0.001/
#1-H1 (H20) %/

o/

#broadrx /



~-22 =23 /

1251010/

0.05 /

300./

o/

*unresr/

-21 -23 -24 /

12515 1/

300./

1.E10 1.E4 1.E3 1.E2 1.Ei / 5 sigmal values
o/

sthermrs

-31 -24 -26/ compute thermal scattering matrix using data in tape3i
1 1256814022211/
300./

0.01 4.0/

#groupr#/

-21 -26 0 -25 /
12569051151/

#i~h-1 from enfbéx/

300./

1.E10 1,E4 1.E3 1.E2 1.E1 /

2

/
52 /

D

21 /

OO MDD WWW
TN NN

syimsr/

-25 27 /

24/

100 1/

125 /

1

101.E1000. 22100100/

1.4, 4. 1.1, 1.4, 1. 1. 1. 1. 1. 1./
zgtop#®
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Appendix C

WIMS nchmark

Inputs for Be

Assembli

C.1 TRX Input

The Input Listing Below belowngs to TRX-1. The same input, but with different
pitch and buckling values is valid for TRX-2.

*WIMS INPUT FOR TRX-1 ( ENDFB-VI version_ )
0 gl e e o ol e o o ol el e ol e ok e ol g o s e

CELL 6
SEQUENCE 1
HGROUP 18 2
NMESH 10

KREGION 4 0 4

NMATERIAL 3

HBREACT 2

PREOUT

INITIATE

ANNULUS 1 0.4915 1

ANNULUS 2 0.5042 ¢

ANNULUS 3 0.57563 2

ANNULUS 4 0.94822 3

FEWGROUP 2 3456 7 9 12 16 20 23 27 45 54 57 60 63 69
MESH 4 114

MATERIAL 1 -1 283.0 1 9228.1 .0006253 9237.1 .047205
MATERIAL 2 -1 293.0 2 1325 0.06025

MATERIAL 3 -1 283.0 3 126 .06676 826 .03338
REGULAR 1 6

sS4



BEGINC

THERMAL 6

BEEORE 1

DNB 1 0. 0. 0. 0.

DRB 2 0. 0. 0. O.

DEB 3 0.06676 0. 0.03338 0.
BUCKLINGS 0.005174 0.000526
DIFFUSION 1 3 1

LEAKAGE b

REACTION (9228,293.0) (9237,293.0)
PARTITION 45 69

BEGINC
et e e ot e e e e s ol st ofeole ool et ok oot e bl e ol el e sl e e e e o

C.2 BAPL input
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Below is the input for BAPL-1. Substituting the necessary pitch and buckling

values make this input also valid for BAPL-2 and BAPL-3.

#*§IMS INPUT FOR BAPL-1, ENDF/B-VI version
sl o sl ool oot el o ok et o e o it e sl o ool e ot o e e ol o e oo ot

CELL 6

SEQUENCE 1
HGROUP 18 2
NMESH 10

KREGION 4 ©¢ 4

HMATERIAL 3

HREACT 2

PREOUT

IRITIATE

ANRNULUS 1 0.4864 1

ANNULUS 2 0.5042 0

ANRULUS 3 0.57863 2

ARNULUS 4 0.81790 3

FEWGROUP 2 3 4 56 6 7 9 12 16 20 23 27 45 54 57 60 63 69
MESH 4 1 1 4

MATERTIAL 1 -1 2983.0 1 9228.1 0.0003112 $237.1 .023127 825 .046946
MATERIAL 2 -1 283.0 2 1325 0.08025

MATERIAL 3 -1 293.0 3 126 .06676 825 .03338
REGULAR 1 6

S 4

BEGINC

THERMAL 6

BEEQRE 1

DEB 1 0. 0. 0. 0.

DHB 2 0. ¢. ¢. ©.

DEB 3 0.06676 0. 0.03338 0.

BUCKLINGS 0.002734 0.000525
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DIFFUSION 1 3 1
LEAKAGE 5

REACTION (9228,293.0) (9237,293.0)
PARTITION 45 69

BEGINC
sl degelolor st e s e ot e st el ol o oot ook ksl ol e ol e e o ol

C.3 BNL input

Like for TRX and BAPL the input below is for BNL-1. The input alsc holds for

BNL-2 and BNL-3 if the correct pitch and bucling values are substituted.

* WIMS INPUT FOR BNL-1
s e 2 o o o ot age ade oge o o o aje ofe s ofe ok oo e e e s afr afeade e dfe ol e R e ek Bk e

CELL 6

SEQUENCE 1

NGROUP 69,2

NHESH 32

NREGIONS 3,0,3

NMATERIALS 3,0

NREACT 2

PREOUT

INITIATE

MATERIAL 1, -1,293,1, 16, 4.08832E-2, 9040.1 , 1.98115E-2, 9222.1, §
6.1021E-4

MATERIAL 2, -1, 293,2, 91, 4.4355E-2

MATERIAL 3, -1, 293,3, 2001, 6.676E-2, 16, 3.338E-2

ANNULUS 1, .546100,1

ANNULUS 2, .633730,2

ARNULUS 3, .836017,3

REGULAR 1 6

FEHWGROUPS 1 2345678910 11 12 13 14 15 16 17 18 19 §
20 21 22 23 24 25 26 27 28 29 30 31 32 33 34 35 36 37 38 §

39 40 41 42 43 44 45 46 47 48 49 50 51 52 53 54 55 56

57 58 59 60 61 62 63 64 65 66 67 68 69

MESH 12 8 12

8 12

BEGINC

THERMAL 24

PARTITION 45 69

BUCKLING 1.0E-10,75.88E~4

BOBUCKLIRG

REACTION 9040.1, 293, 9222.1,233

BEGINC

sl e ool el e e ok e sk e oot ol e ol ot o ool ol ool e e e e el ke s o e s s e
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Appendix D

Listing of Utility Programs

D.1 Program Libdiv

The Libdiv program splits the original WIMS library into many files each con-
taining a single material. Each file is complete and consistent. There is no datfa loss
during the splitting process.

PROGRAM LIBDIV
CHMS THIS PROGRAM SPLIT THE MASTER LIB OF ¥YIMS INTO INDIVIDUAL FILES

DIMENSION WS (2000,200),1IWS(2000,200), WSA{2000) ,4SB(2000) ,¥5E
+(2000)

INTEGER LZ,NZ,NOZ,B1Z,N2Z ,N3Z,HNF,KEFP,IN(200),ID(200)

REAL#4 GB{(200),FIS(100)

INTEGER JC(200),JB(200),J4

REAL#4 AA(200,200)

INTEGER IM(200),HF(200),NT(200) ,HZZ(200),IAH(200)

REAL%4 AW(200)

REAL#4 PSCAT(100,200), XISS(100,200), TR(200,200), 4B5(200,200),
+CHI (100,200) ,ALAMDA(100,200)

REAL#4 XNUPIS(200,200) ,F154(200,200)

IRTEGER KK(200) ,KK6(200,10), IDUF(200)

REAL%*4 AA4(5000,200)

REAL=4 TEMP(10,200)

REAL#4 TR6(200,10,200),4BS6(200,10,200) ,XNUFIS6(200,10,200) ,FIss
+(200,10,200), AAG(5000,10,200)

IRTEGER#4 M1(50,100) ,M2(50,100) ,MM1,MM2,M3(20,100)

REAL=%4 TRES(200,50,100) ,SIGPR(200,50,100) ,RSIGR(200,10,50,100)
REAL%4 XIDN(50,100)

REAL%4 P1SCAT(300,300,4)

CHARACTER%5 DUMF

CHARACTER#4 ALDD



INTEGER I,J,IARGC
EQUIVALENCE (WS(1,3),IWs(1,1))
DATA &/ ALDG"/
PRIKT*, - NOY IN PROGRAM’
OPEN (1,FILE="MASTER.LIB’,FORM= "FORMATTED")
REWIND 1
IEND=999999999
FEND=9.99999999E+8
IK1=0
READ(1,440) LZ,NZ,NOZ N1Z M2Z N3Z,NNF,HNFP
PRINT 440, LZ,NZ,N0Z,N1Z,K2Z,N3Z, NNF ,NNFP
NNLSZ=N1Z+1
NN2Z=N1Z+N2Z
HN4Z=NN27Z+1
READ(1,440) (ID(J),J=1,LZ)
READ(1,450) (GB(J),J=1,HZ+1)
READ(1,450) (FIS(J),J=1,R0Z)
DD 106 J=1,1000
READ(1,440) JC(J)
IF (JC(3)~IEND) 10,110,140
10 JCC=JC(I) /6
IF(JCC)50,50,20
20 33=1
30 133=33+5
READ(1,490) WS(JJ,J),IWS(3J+1,1),6S(JJ+2,7),IWS(JJ+3,7) W8
+  (J3+4,3),I88(J33. )
Jce=3ce-1
IF{JCC)50,50,40
40 JI=JJ+6
G0 TC 30
50 JCC=IC(J)~6%(IC(I)/6)
IF(JCC)90,90,60
60 @0 To (50,70,50,80),JCC
70 3J=3C{JI)-1
READ(1,490) ¥S(JJ,J),I¥sS{1J+1,. )
G0 TO S0
80 JI=3C(3)-3
READ(1,490) WS{JJ,J),I4S(JJ+1,J),¥S(J1+2,3) ,I88(J3+3,1)
90 CONTINUE
IDUF (J)=IHS(JC(D),T)
100 CONTINUE
110 WRITE(2) A
Do 170 3=1,LZ
READ(1,460) IM(J),A¥(J),TAN(]) ,0F(3) ,NT(J),NZZ(I)
TK1=TK1+NZZ(J)
READ(1,450) (PSCAT(JA,J),JA=1,H22), (XISS(J4,J),J4=1,N22), (TR
+  (34,1),JA=1,N27+N17), (ABS(JA,J) ,JA=1 H1Z+N2Z), (CHI(JA,J),Ib=1,
+ N2Z),(ALAMDA(JA,J),Ja=1,N2Z)
IF(NPF(J)-2)130,120,120
120 READ(1,450) (XNUFIS(J4,J),Ja=1,H1Z+022Z), (FIS4(J4,]),J4=1,N1Z
+  +H2Z)
130 READ(1,440) KE(J)
READ(1,450) (aA4{J4,J),JA=1,KK(]))
DO 160 I=1,HT(J)
READ(1,450) (TR6(JA,I,J),JA=N1Z+R2Z+1,NZ),(ABS6(JA,1,J),34



140
+

150

160

170

180

130
200

210

220
230

=§1Z+N22+1,NZ)
IF(BF(J)-2)150,140,140
READ(1,450) (XNUFIS6(JA,I,J),JA=N1Z+N2Z+1,8Z),(FIS6(JA,1,J),
JA=N1Z+N2Z+1,8Z)
READ(1,440) KK6(J,I)
READ(1,450) (AA6(JA,I,J),Ja=1,KK6(J,I))
CONTINUE
READ(1,440)JA
CONTIRUE
DO 180 I=NHLSZ,NN2Z
Do IJ=1,IK1
READ(1,440,ERR=430) M3(I,I1J)
READ(1,470) XIDN(I,I1J),M1(I,1J),K2(I,1IJ)
HMi=M1(I,1J)
MM2=M2(1,10)
READ(1,450) (TRES(JD,I,1J),JD=1,MMi},(SIGPR(ID,I,I]),ID=1,
1M2) , ((RSIGR(JA,JZ,I,1J),J4=1,MN2),JZ=1,MM1)
END DO
READ(1,440) IDUH
READ(1,470) ZDUM
READ(1,450) ZDUM
READ(1,440) IDUH
CONTINUE
PRINT*, - NO¥ P1 SCATTER~
DO 200 K=1,4
DO 190 I=1,EZ
READ(1,450) (P1iSCAT(JA,I.K),JA=1,NZ)
CONTINUE
CONTINUE
LZDUM=1
IRES=1
DO 420 J=1,1Z
IDUMi=0
IDUM2=0
DUMF=" ‘
YRITE(DUMF, (I5)°) ID(J)
OPEHN (12 ,FILE=DUMF ,STATUS="NEW ")
IF(HF(J).GT.1) IDUMi=1
IF(IDUF(J) .EQ.-1) IDUNM2=1
WRITE(12,440) LZDUM,NZ,N0Z,B1Z,H2Z,N3Z,IDUN1, IDUM2
WRITE(12,440) ID(3)
BRITE(12,450) (GB(I),I=1,HZ+1)
WRITE(12,450) (FIS(I),I=1,N0Z)
WRITE(12,440) JC(I)
IF(JC(J)-1IEND) 210,300,210
JCC=3C(J) /6
IF (JCC} 250,250,220
Ji=1
J3I=Ji+5
WRITE(12,490) ¥S(J3J,J),IW8(3J+1,J),¥8(JJ+2,]),I¥S(JJ+3,]) ,US

+  (J3+4,1),18S8(J33,0)

240

JCC=JCC-1

IF(JCC) 250,260,240
JJ=J3+6

GO TO 230

80



250

260

270

280

290
300

310

320

330

340

350

360

370

380

390
400

81

JCC=JC () -6%(IC(I) /6)
IF(JCC) 280,290,260
GO TO (250,270,250,280),JCC
JJ=3C(J)~-1
WRITE(12,490) ¥5(J3J, D), IWS(IJ+1,J)
G0 TO 290
JI=JC(3)-3
WRITE(12,490) ¥S(J3J,J) I6S(33+1,J),¥S(3J+2,J),I¥S(IJ+3,J)
CONTINUE
CONTINUE
WRITE(12,440) IEND
WRITE(12,460) IM(J),AW(J),IAN(J) ,NF(J) ,HT(J) ,NZZ(J)
WRITE(12,450) (PSCAT(JA,J),Ja=1,N2Z) ,(XI8S(JA,J),JA=1,H2Z), (TR
(JA,J3),JA=1,N2Z+81Z) , (ABS(JA,J) ,JA=1 W1Z+H2Z), (CHI(JA,J), JA=1,
W2Z), (ALAMDA (JA,J) ,JA=1,N2Z)
IF(8F(J)-2)320,310,310
WRITE(12,450) (XWUFIS(J4,J),JA=1,H1Z+N2Z),(FIS4(J4,J),J4=1,N1Z
+H2Z)
WRITE(12,440) KK(J)
WRITE(12,450) (AA4(JA,J),JA=1,KK(J))
WRITE(12,450) (TEMP(JT,J),JT=1,NT(J))
DO 350 I=1,NT(J)
WRITE(12,450) (TRS8(JA,I,J)),JA=N1Z+4N2Z+1,0Z),(ABSG{(JA,I,]),
Jp =N1Z+N2Z+1,NZ)
IF(NF(J)-2)340,330,330
WRITE(12,450) (XNUFIS6(JA,I,J),JA=N1Z+N2Z+1 NZ),(FIsS6
(34,1,3),J4=N1Z+02Z+1,KNZ)
YRITE(12,440) KK6(J,I)
WRITE(12,450) (AA6(JA,I,Jt),JA=1,KK6(J,I))
CONTINUE
¥RITE(12,440) IERD
IRC=0
IF(NF(J).EQ.0.0R.NF(J).EQ.4) GO TO 400
IF(HF(J).BEQ.1.0R.NF(J) .EQ.2) THEN
IRC=1
GOTO 360
END IF
IF(BF(J).EQ.3) IRC=2
IRD=IRES
IZK=IZK+HZZ (D)
DO 390 IR=NNLSZ,NH2Z
DO IIR=1,EZZ(J)
IZ=TZK+IIR-NZZ(J)
WRITE(12,440) Mi(IR,IZ)*M2(IR,IZ)
WRITE(12,470) XIDN(IR,IZ),M1{(IR,1Z) ,M2(IR,IZ)
MM1=M1(IR,IZ)
MM2=M2(IR,IZ)
WRITE(12,450) (TRES(JD,IR,IZ),JD=i,MM1), (SIGPR(JD,IR,1Z),
JD=1,MM2) , ((RSIGR(JA,JZ,IR,IZ) ,Ja=1,MN2) ,JZ=1,HM1)
END DO
WRITE(12,480) 0.0,1,1,0.0,0.0,0.0
WRITE(12,440)IEKD
IRES=IRD
CONTINUE
IF(J.LE.4) THER



410
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DO 410 I=1,HZ
WYRITE(12,450) (P1SCAT(JA,I,J),JA=1,HZ)
CONTINUE
EED IF
IF(WF(J).HE.0.AND.NF(J) .LT.4)PRINT=, * RESO HUC IS °,ID(J),XIDN

+  (WNLSZ,IRES),  JA AND IRES=",J,IRES

420
430

440
450
460
470
480
490
500

D.2

IRES=IRES+IRC%*IKAK

CLOSE(12)
COETINUE
STOP
PRINT+, "ERROR IN RESG READ ?° ,M,I,J
STOP
FORMAT(5115)
FORMAT (6E15.8)
FORMAT(16,E15.8,416)
FORMAT (E15.8,2I6)
FORMAT(E11.4,216,4E11.4)
FORMAT(E15.8,16,E15.8,16,E15.8,16)
FORMAT(6(16,E15.8))
END

Program Libgen

The Libgen program produces a Binary WIMS library from the individual files.

The user can select the number of elements 1o be Included in the produced library.

The non-standard structure of WIMSR generated multigroup files is taken into ac-

count and processed appropriately.

CHS
Clis

PROGRAM LIBGEN

THIS PROGRAM COMBINES THE SPLITTED MASTER LIB OF WIMS
¥ITH ERDF GENERATED DATA.

DIMENSION ¥WS{2000,200),1¥5(2000,200)

INTEGER LZ,NZ,NOZ,H1iZ,N2Z ,N3Z, NNF ,NNFP,IN(200) ,ID(200)
INTEGER IDD(200)

REAL*4 GB(200) ,FIS(150)

INTEGER JC(200),JB(200),J4

REAL=4 A4(200,200)

INTEGER I¥M(200),NF(200) ,8T(200) ,NZZ(200) ,IAN (200) ,IHDAT(10)
REAL»4 AW(200)

REAL%*4 PSCAT(150,200), XI88(150,2060), TR(200,200), ABS(200,200),

+CHI (150,200) ,ALAMDA (150,200)

REAL*4 XNUFIS(200,200),FIS4(200,200)

INTEGER KX ({200),XK6(200,10),IDUF(200)

REAL%4 AR4(5000,150)

REAL=4 TEMP(10,150)

REAL®4 TR6(150,10,200),AB86(150,10,200) ,XNUFIS6(150,10,200) ,FIS6



10

20

30
40

+(150,10,200) , AA6(5000,10,200)
INTEGER#4 M1(150,150) ,H2(150,150) ,MM1,MM2,M3(160,150)
REAL#4 TRES(150,50,150) ,SIGPR{150,50,160), RSIGR(150,10,50,150)
REAL%4 XIDH(150,150), FSPECT{(200) ,P1HSRS(5000) ,P1SCAT(300,300,10)
CHARACTER=E DUMF
INTEGER#4 ALDO
INTEGER I,J,IARGC
EQUIVALENCE (WS(1,1),I4S(1,1))
DATA A/4HALDO/
PRINT*,  NOW IN PROGRAM-
OPEN(10,FILE="ZBIN.INP")
OPEN(2,FILE="MASTER.BIN,FORM="UNFORMATTED ")
IEND=9959998999
FEND=9.99999999E+8
READ(10, *(I5) °) IFIL
LZ=0
IRZ=0
IRZE=C
NEFP=0
NRF=0
IKAE=0
IP1=0
IPP1=0
DO 10 J=1,IFIL
READ(10,° (I5) ") IDD(J)
CONTINUE
DO 280 J=1,IFIL
WRITE (DUMF, - (I5) ) IDD(J)
OPEHN (12, FILE=DUMF, STATUS="0LD")
IF(IDD(J) .GE.10000) GO TO 120
READ(12,410) LZDUM,NZ,N0Z,N1Z,N2Z K3Z,IDUM1, IDUM2
NNLSZ=N1Z+1
NN2Z=H1Z+H2Z
NR4Z=NN2Z+1
IF(IDUK2.GT.0) NNFP=HNFP+1
IF(IDUM1.GT.0) RNF=BNF+1
READ(12,410) ID(J)
READ{12,420) (GB(I),I=1,NZ+1)
READ(12,420) (FIS(I),I=1,N0Z)
READ(12,410) JC(J)
IF(3C(J)-1IEND)20,110,20
JCC=3G(J) /6
IF(JCC)60,60,30
JI=1
JJJ=3I+5
READ(12,460) ¥S(J3J,J),I¥S(J3+1,J) ,¥8(33+2,3) ,IWS(JI+3,J3),¥s

+  (J1+4,3),I48(333, 0}

50

60

70
80

JCC=JCC-1
IF{JCC)60,80,50
JJ=3J+6

GO TO 40
JCC=JC(I)-6%(JC(JI)/6)
IF(3CC) 100,100,70

G0 T0 (60,80,60,90),JCC
J3=3C(3)-1

83



90

100
110

120

130

140

150

160

170

180

190

200

210

220
230

84

READ(12,460) ®WS(JJ,J),IWS(33+1,J)
GO TG 100
JI=JC(J)-3
READ(12,460) ¥8(JJ,J),IHS(3J+1,J3),HS(3J+2,T) ,IWS(3J+3,J)
CONTINUE
CONTINUE
READ(12,410) IEND
LZ=LZ+1
IFISi=0
READ(12,430) INM(J),A¥(J),IAN{(]) HF(J),NT(I),HZZ(J),IFIS1
ID(I)=IH(D)
READ(12,420) (PSCAT(JA,J),JA=1,N22),(XI8S(J4,J),JA=1,H2Z), (TR
(J4,3),34=1,N2Z+012), (ABS(JA,J) ,JA=1 ,W1Z+R2Z) , (CHI(JA,J) ,JA=1,
K2Z) ., (ALAMDA (JA,J) ,JA=1,N2Z)
IF(NF(J)~-2)140,130,130
READ(12,420) (XNUFIS(JA,J),JA=1,N1Z+N2Z),(FIS4(JA,J),JA=1,N1Z
+N22)
READ(12,410) KK(J)
READ(12,420) (AA4(J4,J3),JA=1,KK(]))
READ(12,420) (TEWP(JT,J),JT=1,HT(J))
DO 170 I=1,NT(J)
READ(12,420) (TR6(JA,I,J),JA=N1Z+N2Z+1,NZ), (ABS6(JA,I1,J),JA
=N1Z+82Z+1,HZ)
IF(NF(J)-2)160,150,150
READ(12,420) (XNUFIS6(JA,I,J),JA=N1Z+N2Z+1,HZ),(FIS6
(JA,I,J),JA=N1Z+N2Z+1,NZ)
READ(12,410) KK6(J,I)
READ(12,420) (446(J4,I1,J),J4=1,KK6(J,I))
CONTINUE
READ(12,410,ERR=400) IEED
IRC=0
IF(NF(J).EQ.0.0R.NF(J) .EQ.4) GO TC 230
IF(HF(J).EQ.1.0R.NF(J) .EQ.2) THEN
IRC=1
GOTO 180
END IF
IF(RF(J).EQ.3.AND.NZZ(J3) .EQ. 1) RZZ(J)=2
CONTINUE
DO 220 IR=NNLSZ,NN2Z
IRZ=IRZE
DO 210 IIR=1,HZZ(J)
IRZ=IRZ+1
READ(12,410) M3(IR,IRZ)
READ(12,440) XIDN(IR,IRZ),M1(IR,IRZ),M2(IR,IRZ)
MM1=M1(IR,IRZ)
MM2=M2(IR,IRZ)
READ(12,420) (TRES(JD,IR,IRZ},JD=1,HM1), (SIGPR
{JID,IR,IRZ),ID=1,MNM2), ((RSIGR(JA,JZ,IR,IRZ) ,JA=1,HM2) ,]12Z
=1 ,MM1)
CONTINUE
IF(IR.EQ.BN2Z) IRZE=IRZ
IF(IDD(J) .LT.10000) READ(12,450) ZDUH
READ(12,450) IDUM
CONTINUE
CONTINUE



240

250

260
270
280

290
300
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IF(IFIS1.EQ.1) READ(12,420) (FSPECT(I1J),IJ)=1,N0Z)
IF(IDD(J) .GT.20000) GO TO 240
IF(IDD(J) .EQ.2001.0R.IDD(J) .EQ.4001.0R.IDD(J) .EQ.9001.0R. IDD(J)
.EQ.4002) GO TO 280
GO TO 280
IPPi=IPPi+i
READ(12,410) INDAT(IPP1)
READ(12, " (1PE15.8) *) (P1¥SRS(IK),IK=1,INDAT(IPP1))
PRINT#, "INDAT=",INDAT(IPP1)
GOTO 270
IP1=IPi+1
DO 260 IZ=i,NZ
READ(12,420) (P1SCAT(JA,IZ,IP1),J4=1,KZ)
CONTIRUE
CLOSE (12)
CONTINUE
WRITE(2) LZ,NZ,NOZ,N1Z,K2Z,K3Z,NNF ,NNFP
WRITE(2) (ID(J3),Jl=1,IFIL)
WRITE(2) (GB(I),I=1,NZ+1)
WRITE(2) (FIS(I),I=1,N0Z)
DO 290 J=1 IFIL
IF(IDD(J) .GE. 10000) GO TD 290
WRITE(2) JC(J),(¥S(JA,J),JA=2,1C(]))
CONTINUE
WRITE(2) A
DO 360 J=1,IFIL
YRITE(2) IM(J),A¥(J),.IAR(]).RBF(J),RT(J),RZZ(J)
WRITE(2) (PSCAT(JA,J),JA=1,N2Z),(XISS(JA,J),J4=1,H27), (TR
(JA, ) ,JA=1,H2Z+N1Z) , (ABS(JA,J) ,JA~1,N12+N2Z), (CHI(J4,J) ,JA=1,

+ N2Z),(ALAWDA(JA,J),JA=1,K22)

IF(HF(J)-2)320,310,310

310 WRITE(2) (XHUFIS(JA,J),JA=1,H1Z+H2Z),(FIS4(JA,J),Ja=1,H1Z+N2Z)
320 WRITE(2) KK(J) ,(444(34,3),J48=1,KK(I))
WRITE(2) (TEMP(JT,J),JT=1,KT(J))
DO 350 I=1,8T(J})
WRITE(2) (TR6(JA,.I1,J),JA=N1Z+H2Z+1i,NZ),(ABS6(JA,TI,J),JA=H1Z
+ +H2Z+1,H2)
IF(BF(3)-2)340,330,330
330 WRITE(2) (XHUFIS6(JA,I,J),JA=N1Z+N27Z+1,HZ),(FIS6(JA,1,J),J4
+ =H1Z+82Z+1,HZ)
340 WRITE(2) KK6(J,1),(A46(JA,1,3),J8=1,KK6(J,I))
350 CORTINUE
WRITE(2) 4
360 CONTINUE

DO 870 I=KNLSZ,NN2Z
DO J=1,IRZIE
IREZ=0
MM1=M1(1,J)
MM2=M2(I, D)
WRITE(2) XIDH(I,J),M1(I,J),M2(I,J),(TRES(JD.I,J),iD=1,MH1),

+ {SIGPR(JD,I1,J),JD=1,MK2}, ({RSIGR(J4,)2,1,)) ,J4=1,8M2),J2~1,
* MH1)

END DO
WRITE(2) 0.0,1,1,0.0,0.0,0.0
WRITE(2) &




370

380
3380

400
410
420
430
440
450
460
470

CONTINUE
DO 390 IK=1,IP1
DG 380 IZ=1,NZ
WRITE(2) (P1SCAT(JA,IZ,IK),J4=1,NZ)
CONTINUE
CONTIRUE
IF(IPP1.GT.0) THEHN
DO I=1,IPP1
WRITE(2) (P1WSRS (II),II=1,INDAT(IPP1))
EKD DO
EED IF
WRITE(2) A
ENDFILE 2
REWIND 2
STOP
PRINT#, - READ ERROR IN LINE 187~
FORMAT(6115)
FORMAT (BE15.8)
FORMAT (16,E15.8,516)
FORMAT(E15.8,216)
FORMAT(E11.4,216,4E11.4)
FORMAT(E15.8,16 ,E15.8,16,E15.8,16)
FORMAT(6(16,E15.8))
END
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51, AP0 owe 199% willari aras lhﬂﬁ
‘hJJarﬂu bulunduy we sira-didlzens
weari tabany tirleri olarak

Listi. Oonamimdaki gelismelsrle, werl
mesveswdnel Tk, wzman, cok-ortamly weri
cemleri olarsk venil disinceler olustu.

Yeri tabani
tapluna ook
wey Grel likle
Chrigm ner@k
tabanty a
tahanlar'

Pt

Glan nesngyas
Iyl ama weri
i tabant, ve
ek wetkilerinin
Sorunlu

Sunulacalk | sistem en A7 Lo ana
widnel ik bJr LTl anl wonetim sisg
tabant, waulams weri tabaninin tanim
kullanicirlaran wegulams weri tabany Uze
widnetimi igin bir kullanitcilar weri t
clmamaklea birlikbte, @fder wwgulama weri sant icein kurallar
konulacaksa, wegulams weril tabaniy Uzerindekl mantiksal sonue
cikarmalar igin kullanilacak bir kursl weril taban:i
tantmlamak geraklicdi : emin difer dnemll bir yvonl, werid
tabant taniminin, kKullanicilar werl tabaninin we Kural
tabaninin da sisten tarafindan winetilen weri tabanlar:y
olmalaridir.

~

Yerl tabanlarinin elemanisry, cebirsel hesaplamalarlsa
mantiksal sonue cikarms wvetensdi olan nesneleri igeren
sinit lardrr. 1w larin cob~ortamlt elemanlars, we bir
verrd tabanitnds bir gok siniflar clabilir. Her bir nesne,
bir ana Torm ve, gerekli olursa, ana Ffarm ile sklenmi
formlara baglanabilen eklenmis 1Qrm1arla tanimlanmaktadyr

%11 we sessiz

nola, para,

Bir formun elemanlariy s A
wsim, gratik, meting ve

i, tarihg { her biri ses #® canlandirilmis
im we sf ik alt-sintf, uklmnml furm, kodlanmis
deder, ve o Fleri, bir mendden mhgﬁTmeJmn wer her bird
widkartdalki tnrlc Biri olabilen dedisken tirler
olabilir.

5 2:3 o "“ f" { h r i j ‘m .*

matris,

j @
J

gmin modell Ilisk: 1 olmamakle birlikte, iliskissl
ul tasarlanan modelin dGzel biv bicimidir

Siste anlatim glcld, Jdigerlerinin vaminda, midhendislik,
burrw Sitim sistemleri gibi gercelk o amds karsilasilan
Bhila stemlerinin cok vaklasik mmaﬂwlurwni tazarlansya
W 1‘<wr Tin it "

sullamiol etkilesimi sadece Form doldurmak, menu we
Tistelerden secim vapmak araciligr ile sidedirdlmektedir.

Fn dnemli parcalarin hepsi gergeklestirilmis we bunlars
davali olarak Jdiger parcalarin tamamlanmsasi calismalar:
gelecektede slrdirilecsektir.

>

anahtar S$8zcikler @ YWerl tabanit winebim siste
bilgl winetim sistemi.
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Mehmet Frol Sanliturk

The data base technology bebtween the wvesrs L9970 amd 1995,
has made wery important contributions to the socishy andg
matured considerably asz data base twvpes of hierarchical,
network, and especially relational. With the advancements in
the hardware part, new haws o emerged in the data
pase ar such as objec srbed, ewpert, multi-media data
base svshems, and knowledgs svasteams.

&l

)

T Qyurwm that will be presented manages an information base
by using at o thres separate data bases : &an application
@ base, a definition datas base of t;w uppLermen data

L and a data base For managemsnt o and their

1 s on the application data base. ﬁthmng it is not
mandatory, 1if rules are to be used for the spplication dats
base, it is necessary to define rulss within s ruls data base
ey be used For inferences on applics data base. Snother
important featurse of the s em im that definition of data
hase, users base and rule are also data bases manageable
by the system itself.

B

s within
capability
T e arvd
Fach object
attacheablse to

The main elements of v cats bases are objec
cla % in which abjects will have inferences
with procedural computations and multi-medi
thaere may e many ola s within a dats ba
i defined by a main form and member forms
main and member forms.

v, oraphi
s reaadsh
and graphi

Elements of a form may be woloe, and piot
text { each with or without woics 3, mabris
wt, date, animat ploture
=t with or without woice ), sub-class, an attached

‘ moded entity, others, and a meny of variant elements
gach of which may be one of the tvpes specified above,

sagends, mongy, ¥

= obiect-orientesd with complex
' the relational moedel

@ power of the svstem iz sufficient to desian
mate models of real life informstion systems
eering, offics, and educational swsthems among

Ths ewxpr
WEY ADRDEC
suoch 88 @ng
athars,

i
i
in

The user interaction is onlwy

through form Filling, and
selection From menus and lists

e N

Implementation of all of the oritical parts are complelfed,
and work is continuing towards the completion of other
parts based on the comple d parts.

Few words @ Data base management svstem, informabion managemen

systam, kKnowledgs base management systsm.,
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