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INTRODUCTION 

Nuclear evaluated data processing codes are essential tools for the interpretation of basic 
data stored in files with formats reflecting the complex intrinsic structure of the data. 
They help users to filter out data and condense it to a form suitable to the physicist and 
engineer for nuclear application studies. 

In recent years a considerable effort was invested in improving evaluated data files 
(ENDF/B-VI. JEF-2, JENDL-3. EFF) required by several advanced nuclear power projects. 
The two scientific Committees for reactor physics (NEACRP) and nuclear data (NE-
ANDC) have taken on a leading role in coordinating this work and have recently initiated 
an international evaluation co-operation project. 

The quality of evaluated data files can be determined by comparing their performance in 
predicting measured integral quantities. Evaluated data processing is an essential part 
in this " benchmarking" activity. Several tools have been developed over the years, but 
NJOY has taken up an eminent role because of its comprehensive set of features. 

NJOY and the French version THEMIS have been adopted as the standard processing 
codes for the JEF project. In addition they have been among the most requested codes 
in recent years and so far about one hundred copies of the different versions have been 
distributed from the NEA Data Bank. At least as many have also been distributed from 
the US centres NESC and RSIC who have released NJOY also to the NEA Data Bank 

Some other processing codes are also widely used. Their existence is essential both for 
their convenient and complementary features and as a means for independently verifying 
the correctness of the results obtained from other codes. 

Considerable experience has been gained over the years from the different releases of 
NJOY and THEMIS. An important factor contributing to the improvements introduced 
has been the feedback provided by the users to the authors. The new format ENDF-6 
adopted for the new evaluations led to a complete revision of NJOY which was recently 
released. It was therefore considered timely to organise a seminar in which the code 
developers and users could exchange information on: 

- the new features introduced in the most recent version 

- experience gained and validation of the different processing modules 

• maintenance, future developments and their co-ordination 

While a first workshop (1982) aimed at making NJOY known to the user community, the 
present seminar was aimed at experienced users. About thirty participants have attended 
the seminar and have contributed interesting presentations and lively discussions. 

A consensus was reached on the maintenance procedure and on identifying official ver
sions of the codes. This is of particular importance for interlaboratory comparison of 
results and for quality assurance of both the code systems and the processed data. A 
mechanism for exchanging corrections, modifications and additional modules was de
vised, which ensures that only the approved and verified coding is included and consis
tency is preserved. Corrections and modifications are channelled through the information 
centres or sent directly to the main authors who have the final say on their inclusion 
in the program. Approved amendments will be grouped together to form a new official 
release. In this way the experience of all users is shared. 

This report contains the papers presented at the seminar as well as some comments by 
R.E. MacFarlane. 

/ OECD/NEA Data Bank 
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LA UR 

INTRODUCING NJOY 89 

Robert E. MacFarlane 

Applied Nuclear Science Group T-2 
Theoretical Division 

Los Alamos National Laboratory 
Los Alamos, New Mexico 87545 

ABSTRACT 

A new version of the NJOY Nuclear Data Pro^ssing Code is de
scribed. This version is called NJOY 89, and it supports most of the 
features of the new ENDF-6 format including the Reich-Moore and 
Hybrid R-Function resonance representations, heating and damage 
calculations that make use of File 6 energy-angle distributions, the 
revised File 7 format for thermal data, and multigroup transfer ma
trices based on File 6. The multigroup matrices can be computed 
for incident neutrons or charged-particles, and for outgoing neutrons, 
photons, charged particles, and recoil nuclei. The MATXS output 
module has been upgraded to handle charged particles in order to 
enable the TRANSX code to prepare multiparticle coupled sets. The 
plotting module can display ENDF-6 format File 6 data in both 2-d 
and 3-d perspective forms. In addition, some remaining problems are 
discussed. 

INTRODUCTION 

The NJOY Nuclear Data Processing System has been under development 

since 1974. During these last 15 years, it has gone through a number of versions^ 

as new formats appeared, in order to add new capabilities, in response to chang

ing computer systems, and in order to fix errors. The newest version, called 

NJOY 89, was released in May of 1989. This version includes changes designed 

to support the new ENDF-6 format,** which will be used for both the ENDF/B-

VI and the JEF-II evaluated nuclear data libraries. 

The ENDF-6 changes in this version are not quite complete, and they have 

not been evhaustively tested. Nevertheless, it was thought to be important to 

prepare a new, clean, and resequenced version to act as a basis for the changes 

that will inevitably be required as users gain experience with new evaluations in 

the ENDF-6 format. The master NJOY 89 code will be maintained using the 



UPDATE system (which is generally available on CDC or Cray machines) or an 

UPDATE emulator like UPEML. As each set of changes (or "idcnf) is added, 

the version decimal will be updated, and the code "banner" that is printed at 

the top of the output listing will also be updated to show the version that was 

used to make the run. Therefore, NJOY users should not be surprised to see 

references to NJOY 89.35 and the like. An attempt will be made to label each 

ident with a date in order to provide an audit trail for the effects of code changes, 

but in some cases, the need to avoid "updates upon update" may require changes 

to earlier idents. Such changes will be clearly noted in the UPDATE directives 

file and will include the date of the change. 

The next section describes the features of the new ENDF-6 format that affect 

the new version of NJOY, and the following sections describe the changes in the 

various modules of NJOY. In addition, places where additional work is required 

are indicated. There is no doubt that more improvements will be suggested as 

ENDF-6 format evaluations are processed. As usual, suggestions, patches to the 

coding, and even entire new modules should be submitted for inclusion in future 

updates to NJOY 89. 

ENDF-6 FEATURES 

The latest version of the ENDF (Evaluated Nuclear Data Files) format is 

officially called "the ENDF-6 format". The new version of the U. S. library 

will be called "the ENDF/B-VI library". This is a strange nomenclature, but 

it leaves other national or international nuclear data committees free to use the 

descriptive term "ENDF-6 format" without implying any relation to the U. S. 

data library. 

The main features of the new ENDF-6 format that affect the NJOY code are 

the new sublibrary structure, the new conventions for naming reactions, several 

new resonance representations, the new File 6 format for energy-angle distribu

tions, a charged-particle capability, and a number of new covariance formats. 

Sublibraries 

When using the new format, ENDF-format libraries are divided into subli

braries. Each sublibrary contains a different type of evaluated data: for example, 

incident neutron data, incident proton data, photonuclear data, photoatomic 

data, thermal neutron data, radioactive decay data, fission product yield data, 

and so on. Using different sublibraries for different incident particles makes it 

easy to take advantage of the similarities in the representation of the data without 
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having to overcomplicate the naming scheme. Separating out special-purpose in

formation like radioactive decay data and fission product yields allows for simpler 

codes and more flexible administration. The sublibrary for a given evaluation is 

specified by a single new card image in File 1. For some applications, the only 

change needed to adapt an older code to the ENDF-6 format is to allow for thi? 

card. 

React ion Naming 

The goal used in designing the new reaction naming system for the ENDF-6 

format was to allow for high-energy reactions and charged particles while pre

serving as mush of the old ENDF scheme as possible. Basically, the MT number 

determines the outgoing particles; for example, MT=1€ is both (n,2n) and (p,2n), 

and MT=112 is both (n,pa) and (a,pa). Elasiic is always MT=2. Normally, 

the list of emitted particles is in ZA order, and there must be a residual nu

cleus. Therefore, the reaction d+ t -»n+a is 3H(d,n0)4He (MT=50), not 3H(d,na) 

(MT=22). Neutron levels use the 50 series where MT=51 is both (n,"i) and 

(p,n,), and where the new MT=50 can be used for reactions like (p,n0). Parti

cles levels use 600-648, 650-698, 700-748, etc., for p, d, t, etc. Because MT=2 is 

always elastic, MT=50 is not allowed for incident neutrons, MT=600 is not al

lowed for incident p, MT=650 is nat allowed for incident d, and so on. Continuum 

reactions use MT=91, 649, 799, etc. Breakup reactions such as 9Be(o,n3)nC(3o) 

(MT=53) use either LR=23 as before, or explicit subsections in File 6 (see be

low). Breakup reactions can go through different paths (note that the particles 

in each set of parentheses are in ZA order): 

12C(n,n)12C(3a) or 12C(n,a)9Be(n2o) 

6Li(d,p4)7Li(to) or 6Li(d,p<)7Li(n6Li) 

Finally, there is a general "complex reaction" for high energies (MT=5). It is 

used to represent the sum of all reactions not given explicitly in another MT, and 

it simply treats the process as a "black box" by specifying the incident particle 

and the identity, yield, and energy-angle distribution for every outgoing particle. 

The user will have to look in File 6 (see below) to find out exactly what MT=5 

represents in a given evaluation. 

New Capabili t ies 

The new resonance region capabilities include a reintroduced Reich-Moore 

representation, the Hybrid R-Function representation, the Generalized R-Matrix 

- 10 -



representation, and the new LSSF option for treating the unresolved range using 

separate infinitely-dilute cross sections and self-shielding factors. They will be 

discussed in more detail below (see RECONR and UNRESR). 

In the old formats, separated angle and energy distributions were given in 

Files 4 and 5 for neutrons only (with a few exceptions). The new version of 

Fiie 6 for the ENDF-6 format gives combined energy-angle or angle-energy dis

tributions for ail emitted particles. There are several options. Using "Law 1", 

the distribution is given by looping over the variables in the order E, E\ angle, 

where the angular part may be given as Legendre coefficients, a tabulation, or 

a Kalbach-type distribution. Using "Law 7", the distribution is given in the 

order E, ft, E'—more like the order common in experimental data. Other laws 

are provided for discrete two-body scattering (similar to File 4), charged-particle 

scattering, and phase-space distributions. 

Except for Coulomb scattering in the elastic channel (MT=2), the cross 

section representation for incident charged particles is very similar to that for 

neutrons. There are some naming differences (see above). Several options for 

describing Coulomb scattering in File 6 will be discussed below. Of course, a 

treatment for incident charged particles requires a complete representation for 

outgoing charged particles, and File 6 fills this requirement. 

There have been a number of modest changes in the covariance files, and one 

big one (File 30) shows great promise for the future. G'ovariance data will not 

be discussed in the report. 

The following sections discuss how these format changes affect the modules 

of NJOY 89. 

NJOY 

The NJOY module is the driver program that calls in other modules on 

request, and it also contains a library of common subroutines used by the other 

modules. There were only minor changes made for the version. The default for 

character handling in NJOY 89 is for Cray computers; that is, for 64-bit words 

containing 8 ASCII characters per word. 

RECONR 

The RECONR module is used to reconstruct the cross section vs energy 

functions a(E) from ENDF resonance parameters and nonlinear interpolation 

laws. The result is written as a pointwise ENDF, or PENDF, file in which each 
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reaction is represented by a table of values of E and a using linear interpolation, 

and all the energy values are members of a single unionized energy grid. 

Resolved-Resonance Representat ions 

One of the important changes in the ENDF-6 format is the reintroduction oi 

the Reich-Moore resonance representation. Although this format was originally 

introduced for ENDF/B-1V, its use was forbidden for ENDI'/B-V because of its 

impact on codes like MC2-II that use resonance parameters directly to obtain 

effective resonance integrals that include the complex effects of interference be

tween resonances. However, the Reich-Moore approach includes both multilevel 

and multi-channel effects that are necessary to explain modern high-resolution 

experimental data for materials like M5U. In addition, the single-channel ver

sion of the representation does a very good job of fitting cross sections for other 

important materials like iron, nickel, and chromium. The Oak Ridge National 

Laboratory (ORNL) SAMMY code makes extremely effective use of the Reich-

Moore formulas. Recent theoretical work by Frohner and Hwang" define ana

lytic methods that remove some of the previous objections to the Reich-Moore 

format, and many other users need only the ietailed kernel broadening method 

incorporated in the BROAD I module (which is not sensitive to the particular 

resonance representation used). Therefore, in order to gain the advantages and 

with due regard for the risks, the Reich-Moore representation was included in 

the ENDF-6 format, and the subroutine CSRMAT was added to NJOY 89 to 

piocess it. This subroutine is based on the work of M. Bhat and C. Dunford of 

the National Nuclear Data Center, and it has already received some international 

verification attention thanks to the work of D. C. "Red" Cullen. 

The Reich-Moore representation has no provision for treating overlap of the 

elastic oi capture reactions with inelastic and particle producing reactions. Since 

such overlaps are common in the structural materials, a new representation called 

the "Hybrid R-Function" representation was developed for the ENDF-6 format. 

In this method, elastic scattering and radiative capture are treated exactly as 

in the scalar version of Reich-Moore method (no fission), but competing reac

tions like (n,n'), (n,p), or (n,a) are treated using the single-level Breit-Wigner 

line shape. Provisions are made to tabulate a background R-function, optical 

model phase shifts, and charged-particle penetrabilities, or these functions can 

be computed from simple hard-sphere formulas. The presence of these features 

promises to allow this method to be used to quite high energies. The new sub

routine CSHYBR is also based on the work of C. Dunford with extensions and 
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adaptations to the NJOY environment. 

There is a third new resonance representation in the ENDF-6 format: the 

Generalized R-Matrix representation. It was developed by C. Lubitz of the Knolls 

Atomic Power Laboratory to include all of the capabilities needed for a full R-

Matrix definition of the cross sections for all reactions for light, medium, and 

heavy nuclei. The Reich-Moore and the R-Function approaches are subsets of 

this new method, but the Lubitz approach is much more general. However, 

with this generality comes some increase in complexity, and the ENDF/B-VI 

evaluators do not intend to use this format in the near future. This version of 

NJOY cannot process the Generalized R-Matrix representation, but it is hoped 

that this capability will be added as soon as realistic test cases are available. 

The ENDF-6 format includes an option to tabulate an energy-dependent 

scattering radius. It is not implemented. There is also a related option to 

use the ENDF value for the scattering radius instead of the so-called "channel 

radius" in calculating penetrabilities and shift factors. This option is needed for 

ENDF/B-VI evaluations from ORNL, and it has been implemented. 

Angular Distributions 

All three of these new resolved resonance representations can be used to com

pute detailed angular d.stributions directly from the resonance parameters if the 

evaluator says so by setting the LAD parameter. In such evaluations, the evalu-

ator still provides the conventional (more approximate) angular distributions in 

File 4 for users who are not prepared to use the resonance parameters. Several 

of the ENDF/B-VI evaluations from the Oak Ridge National Laboratory will 

permit this calculation, but unfortunately, the necessary coding has not yet been 

added to RECONR. This is a high priority for an early update. 

Unresolved-Resonance-Range Changes 

The unresolved range has been a problem for both evaluators and users for a 

long time. It is assumed that the cross sections for the resonance reactions can 

be obtained from a set of average resonance parameters by averaging theoretical 

distributions of resonance widths and spacings. Infinitely-dilute or thin-sample 

cross sections can be computed using simple formulas. Self-shielded cross sections 

can be computed analytically by expanding the resonance-resonance overkps and 

integrating over the distributions for resonance widths and spacings, or they can 

be produced statistically by averaging of a number of ladders of resonances drawn 

from the appropriate distributions. 
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U235 RM TEST 
TOTAL 

80.0 » 0 90.0 950 100.0 
Energy (eV) 

Figure 1: Test of the preliminary ENDF/B-VI Reich-Moore evaluation 
for M5U (solid) compared to ENDF/B-V (dashed) where this range was 
unresolved, 

This model implicitly assumes that there are enough resonances in the vicinity 

of the energy of interest to justify the use of statistics. This assumption is violated 

for the existing evaluation for 335U in the region just above 82 eV where some 

of the fluctuations in the unresolved resonance parameters are actually trying to 

represent partially resolved resonances showing up in old poor-resolution data. 

This problem is being attacked in modern evaluations by using high-resolution 

experimental data and modern fitting codes to extend the resolved range to 

higher energies. Fig. 1 shows an example of this improvement. 

Once the lower limit of the unresolved range has been increased sufficiently, 

the unresolved parameters and cross sections should be fairly smooth functions of 

energy. However, measurements for MSU show additional "intermediate" struc

ture. It has been suggested that this structure is due to the double-humped 

fission barrier.' If this is the case, the simple Porter-Thomas distributions used 

in the ENDF representation are not correct. Even if one were to install more 

complex distributions, there would be no way to make the peaks and valleys of 

the calculated fluctuations line up with the peaks and valleys of the data. For 

ENDF/B-V, a rough attempt was made to represent some of the largest flue 

tuations using variations in the average resonance parameters, but there is no 
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reason to believe that these parameters give good self-shielded results. In addi

tion, the large number of energy grid points used (135) made processing this file 

very expensive. 

In order to alleviate this problem, the ENDF-6 format has introduced the 

LSSF option. When this option is set, File 3 contains the infinitely-dilute un

resolved cross sections on a grid fine enough to represent all the observed inter

mediate structure to the evaluator's satisfaction. File 2 contains a set of average 

unresolved parameters on a coarser energy grid. The actual cross section at 

a desired energy is obtained by multiplying the value interpolated from File 3 

times a self-shielding factor computed from the resonance parameters (see UN-

RESR and GROUPR). With this representation, a user who is interested in thin 

samples—perhaps for dosimetry—where self shielding is not too important can 

do detailed calculations on a fine energy grid, while a user working with mixtures 

or thick samples can do a self-shielding calculation using conventional multigroup 

methods where the intermediate structure is not too important. 

BROADR 

The BROADR module Doppler broadens the cross sections on its input 

PENDF tape and writes the results on a new PENDF tape. The accurate ker

nel broadening method is used, and the results are independent of the particular 

resonance representation used. In addition, smooth cross sections and resonance-

region backgrounds are correctly broadened. The changes to BROADR required 

for the ENDF-6 format were trivial. 

UNRESR 

The UNRESR module uses an analytic method to compute self-shielded cross 

sections versus temperature T and background cross section a0 and writes them 

onto the PENDF tape using a specially defined section of File 2. No important 

changes were required for the ENDF-6 format, but the user should be aware of 

the LSSF option described above (see RECONR). When this option is used, the 

unresolved cross sections are computed as products of infinitely-dilute cross sec

tions from the fine energy grid in File 3 and shielding factors computed from the 

unresolved resonance parameters on a coarser grid in File 2. As far as UNRESR 

is concerned, the calculation proceeds as before. The GROUPR module then 

reads the special section of File 2 from the PENDF tape, interpolates for the 

appropriate self-shielded cross sections vs a0 from the coarse File 2 grid, divides 

each one by the corresponding infinitely-dilute value, and multiplies by a new 

- 15 -



infinitely-dilute cross section interpolated from the finer energy grid in File 3. 

HEATR 

The IIKATR module computes the heat production and damage energy pro 

duction cross sections and adds them to the PENDF tape. This calculation has 

been a difficult problem for previous ENDF libraries because the format lacked 

the detailed energy-angle distributions for neutrons and charged-particles needed 

get good results at higher energies and because many of the evaluations had se

vere energy-balance problems. A number of the new features of the ENDF-6 

format were added specifically to alleviate these problems. As a result, the 

NJOY 89 version of HEATR has many changes. 

Heating versus KERMA 

The local heat produced by a nuclear reaction comes from the kinetic energy of 

the charged products, including the recoil nucleus. Neutrons or photons emitted 

from the reaction travel elsewhere before eventually causing additional heating 

by inducing other reactions. However, the older ENDF/B libraries do not contain 

these energies. 

One way around this deficiency is the "energy-balance method". The energy 

carried away by neutrons and photons is subtracted from the available energy. 

The result should be the energy of the remaining charged particles. The problem 

with this method is that this difference is often small compared to the available 

energy. Therefore, modest errors in the photon or neutron emission tables can 

lead to very large errors in the local heating. As an example, if the evaluator 

gives a value for the photon average energy that is too large, the resulting heat 

production value can be negative. On the other hand, this excess photon energy 

will be redeposited when the photons react elsewhere in the system. Clearly, the 

energy-balance method conserves total system heating. Errors in the evaluation 

lead to problems with heat distribution. 

In NJOY terminology, the result obtained using the energy-balance method 

is called "heating", and it is written on the PENDF tape using MF=3 and 

MT=301. 

In some cases, the energy carried away by charged particles can be computed 

by conservation of momentum. This is clearly true for elastic and discrete-level 

inelastic scattering, and an approximate relation is useful for radiative capture. 

Continuum inelastic scattering is a problem because energy-angle correlations 
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Figure 2: Comparison of heating (solid) with kinematic KERMA 
(dashed). The solid line should always be lower than the dashed line. 

can be significant, but a kinematic value can be obtained by assuming isotropy. 
For particle-producing reactions, kinematic limits can sometimes be established. 
For example, after an (n,o) reaction, the a could go to the ground state with no 
photon emission at all (maximum heating), or the a could come out with a very 
small energy leaving most of the rest of the available energy with the photons 
(minimum heating). 

The upper kinematic limit provides a reasonable conservative estimate of the 
heating. It is called "KERMA" in NJOY, and it is stored on the PENDF tape 
using MF=3 and MT=443. The NJOY KERMA (Kinetic Energy Release in 
MAterials) is very similar to that computed my the MACK code.̂  

Comparisons of the NJOY heat and KERMA values make good checks on 
the energy-balance consistency of evaluations. An example is shown in Fig. 2. 
The MATXSR module stores both types of heating cross sections on the library. 
The TRANSX user can choose which one to use based on plots like Fig. 2 and 
the needs of his calculation. It is hoped that the new evaluations in ENDF-6 
format will not have these kinds of problems. 

Damage Calculations 

The fast recoil nucleus from a reaction causes displacement damage, which is 
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often represented by DPA (displacements per atom). HEATR computes a dam

age energy production cross section (in eV-barns) that can be used to calculate 

DPA. It requires an integration over ti.e energy spectrum of the recoil nucleus. 

Before the ENDF-6 format was introduced, this spectrum was obtained from the 

kinematics formulas used to compute KERMA as described above. An excep

tion was made for reactions like (n,p) and (n,o), where a simple model based 

on a Coulomb barrier was used. Reactions like (n,np) and (n,no) were treated 

like (n,n') reactions. This turned out to be a made approximation. In practice, 

much of the recoil of such reactions comes from the charged-particle emission; 

the neutron doesn't usually contribute very much recoil energy. Therefore, the 89 

version of HEATR treats these reactions like (n,p) and (n,ct) reactions instead. 

The ENDF-6 format allows for improvement here. 

File 6 Heating and Damage Calculations 

In the new ENDF-6 format, evaluators are encouraged to include energy-angle 

distributions for all the emitted particles—including the residual nucleus—in File 

6. If File 6 uses "Law 1" in the laboratory system (that is E, E\ \i ordering), it 

is easy to integrate over the spectrum for each particle to find the average energy. 

These values are then multiplied by the associated yield and cross section, and 

added into both the heat and the KERMA. For "Law 7" (£ , /i, E' order), the 

average energy is first computed by integrating over the spectrum for each \i 

value, then the results are integrated over \i. For "Law 1" data in the center-

of-mass system, the E' integration is done adaptively using the H6CM routine 

from GROUPR to generate the laboratory-frame integrand. This procedure is 

discussed in more detail below. 

Parallel methods can be used to compute the damage function at the same 

time as the heating. Since the evaluation gives the recoil spectrum directly, the 

burden of getting good results for the damage has been shifted from HEATR 

to the evaluator. When the evaluation is done using a nuclear model code (the 

modern practice), the evaluator has access to intermediate results that can aid 

in calculating good estimates for the recoil. 

Charged-Particle Levels 

A few materials in ENDF/B-V (notably silicon) include angular distributions 

in File 4 and energy distributions in File 5 for the discrete levels and continuum 

of reactions like (n,p) and (n,a). The formulas needed to calculate the recoil 

from such reactions are very similar to those for neutron levels except for some 
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slight extensions to the kinematics relationships to allow the outgoing particle 

mass to be different from the incoming particle mass. The results are included in 

HEATR's kinematic limits, thereby reducing the uncertainty band between the 

low and high limits, and they are used directly in the calculation of damage. 

THERMR 

The THERMR module is used to compute neutron scattering at low ther

mal energies where the binding of the scatterer in a material or the motion of 

atoms in a gas is important. The results are written on the PENDF tape us

ing MT numbers in the range 221 to 250 in Files 3 and 6. The File 6 format 

is nonstandard. The methods used for thermal scattering calculations haven't 

really changed since the original work was done for ENDF/B-III. However, a 

number of changes were made in the the File 7 format for ENDF-6 in order to 

include some additional parameters that earlier users had to provide separately. 

Also, the earlier use of File 3 and File 4 for part of the thermal data has been 

eliminated; File 7 is completely self contained. 

Coherent Elastic Scattering 

This type of scattering occurs for powdered crystalline materials like graphite, 

Be, and BeO. This data used to be tabulated in Files 3 and 4 on the ENDF 

thermal tapes as P 0 through P 3 cross sections. In the new ENDF-6 format, the 

quantity C(E) = Ea^^E) is given as a function of E and T using MF=7 and 

MT=2. It has a stair-step form with jumps at the Bragg edges, £,. The complete 

energy-angle cross sections can be reconstructed using 

crcoh(E) = C(E)/E1 (1) 

and 

<rcoh(E,E',ri = \ £ [<W ~ C(£.-i)]^ - »ME - £')' (2) 

where 
Ei 

/<. = 1 " J- (3) 

The GROUPR module uses this approach to generate multigroup cross sections 

for coherent elastic scattering. 

Incoherent Elastic Scattering 

Incoherent elastic scattering occurs in hydrogenous materials like polyethy

lene and ZrH. It depends on a characteristic cross section at, and a Debye-Waller 
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factor W(T): 

aM(F E',ft) = 2 e -WB<i-M>a (£_ E'). ( 4 ) 

In previous versions of THERMR, the necessary parameters were tabulated in 

data statements. Now they are given in MF=7 and MT=2. The evaluation 

completely controls the result. 

Incoherent Inelastic Scattering 

This portion cf the thermal scattering is computed from a scattering law 

S(a,ft) tabulated in File 7. The methods are the same as before except for 

the use of the short-collision-time (SCT) approximation for a and ft values that 

are outside the range of the table. The SCT approximation requires an effective 

temperature value. In early versions of THERMR, this value was read from input 

cards; later versions used internal data statements. In either cas% the numbers 

were obtained from the original GA report. *• The new ENDF-6 version of File 7 

includes a direct tabulation of the effective temperature. This gives the evaluator 

complete control of the data, and allows the evaluation to be changed without 

altering the code. 

In the existing thermal evaluations, BeO and benzine give an S(a,ft) for 

the molecule renormalized to be used with the cross section for the dominant 

scatterer (Be or H). These cases require that effective temperatures be given for 

both scattering nuclei. The new format allows this, and THERMR handles the 

calculation. 

Miscellaneous THERMR Changes 

An option was added to allow THERMR to be used to calculate free-gas 

scattering at high temperatures. For 7>3000deg, EM AX and the incident energy 

grid are scaled by T/300. 

In the other limit, the capabilities of THERMR to handle cold moderators 

like liquid hydrogen were improved by allowing smaller values of S(a, ft) (as low 

as 10"99), and allowing for S(a,ft) functions that are not symmetric in ft. This 

is necessary for working with ortho- and para-hydrogen. 

Earlier version of THERMR did not use a tight enough error criterion in 

fitting sharp features, and this sometimes led to noticeable problems in the inte

grated cross section. The criteria have been tightened up for NJOY 89. 
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GROUPR 

The GROUPR module is used to generate multigroup cross sections and 

transfer matrices for neutrons, photons, and charged particles. There are massive 

changes in the 89 version of this module. The most noticeable ones have to due 

with reaction and particle selection, File 6 processing, and charged particles. 

Reaction and Particle Selection 

l u e user controls which reactions and data types (for example, cross sections 

or transfer matrices) that GROUPR generates by giving a set of MFD, MTD, 

and MTNAME parameters. Old-time users will remember that this had to be 

done in exhausting detail. Newer versions of the code provided automatic short

cuts. These shortcuts have been extended and improved in NJOY 89 to include 

charged-particle reactions, and the MTNAME strings are now generated auto

matically. Most reactions and particles of intcest can now be processed using 

the following: 

3 / do all reactions in File 3 on input PENDF 

6/ do all matrix reactions in ENDF directory 

13/ do all photon production cross sections 

10/ do all photon production matrices 

21 / do all proton production matrices 

22/ do all deuteron production matrices 

23/ do all triton production matrices 

24/ do all 3He production matrices 

25/ do all a production matrices 

26/ do all A>4 production matrices 

Some use of specific MFD and MTD input lines are still required for fission data, 

special quantities like Ji, and thermal cases. The identity of the incident particle 

is recognized automatically. 

At the current time, the group structure for both incoming and outgoing 

charged particles must be the same as the neutron group structure. A different 

structure is allowed for photons. 

File 6 Processing 

If the File 6 data is expressed as a continuous energy-angle distribution (Law 

1) in the laboratory system, it is fairly easy to generate the multigroup transfer 
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matrix. As usual for GROUPR, the task is to calculate the "feed function" (the 

Legendre moments for transferring to all possible secondary energy groups start

ing with incident energy E). The E' integration is controlled by the GETMF6 

subroutine, which calls F6LAB to generate the integrands. The only problems 

here are handling the new ENDF-6 interpolation laws for two-dimensional tab

ulations (for example, unit base) and converting tabulated angle functions into 

Legendre coefficients (which is done with a Gauss-Legendre quadrature of order 

8). 

If the File 6 data is given in the angle-energy form (Law 7), GROUPR converts 

it to the Law 1 form using subroutine LL2LAB. It does this by stepping through 

an £" grid that is the union of the E' grids for all the different angles given. 

At each of these union E' values, it calculates the Legendre coefficients using a 

Gauss-Legendre quadrature of order 8, md checks back to see if the preceding 

point is still needed to represent the distribution to the desired degree of accuracy. 

Now GETMF6 and F6LAB can be used to complete the calculation as above. 

If the File 6 data is expressed in the CM system, or if the phase-space option is 

used, more processing is necessary to convert to the LAB system. This conversion 

is done for each incident energy E given in the file. The grid for laboratory 

secondary energy E'L is obtained by doing an adaptive reconstruction of the 

emission probability pi((E,E'L) such that each Legendre order can be expressed 

as a linear-linear function of E'L. This part is done in subroutine CM2LAB. The 

values for pu(E,E'L) are obtained in subroutine F6CM by doing an adaptive 

integration along the contour ££=const in the E'c,nc plane using \ii as the 

variable of integration: 

PL((E, E'L) = [+1 pc(E, E'c, nc) Pt{n) J d»L, (5) 

where /i is a scattering cosine and L and C denote the laboratory and center-of-

mass (CM) systems, respectively. The Jacobian of the transformation is given 

by 

= x/l + ^ - 2 ^ ' ( 6 ) 

and the cosine transformation is given by 

Hc = J{^L-f). (7) 

J = 
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Figure 3: Coordinate mapping between center-of-mass and laboratory 
reference frames for A=2. 

The constant c is given by 

c = A + l\E'L 
(8) 

where A is the ratio of the atomic weight of the target to the atomic weight of 
the projectile. The lower limit of the integral depends on the maximum possible 
value for the CM secondary energy as follows: 

E', ) ' 

where 

E', Xmu 

(9) 

(10) 

An example of the integration contours for this coordinate transformation is 
given in Fig. 3. 

The CM energy-angle distribution can be given as a set of Legendre co

efficients or a tabulated angular distribution for each possible energy transfer 

E-*E', as a "-ptecompound fraction" r[E,E') for use with the Kalbach-Mann12 
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or Kalbach ^ angular distributions,' or as parameters for a phase-space distri

bution. The first three options are processed using F6DDX, and the last using 

F6PSP. The Kalbach option leads to a very compact representation. Kalbach 

and Mann examined a large number of experimental angular distributions for 

neutrons and charged particles. They noticed that each distribution could be di

vided into two parts: an equilibrium part symmetric in fi, and a forward-peaked 

preequilibrium part. The relative amount of the two parts depended on a pa

rameter r, the preequilibrium fraction, that varied from zero for low E' to 1.0 

for large E'. The shapes of the two parts of the distributions depended most 

directly on E'. This representation is very useful for preequilibrium statistical-

model codes like GNASH, because they can compute the parameter r, and all 

the rest of the angular information comes from simple universal functions. More 

specifically, Kalbach's latest work says that 

where a is a simple function of E, E', and Bi,, the separation energy of the 

emitted particle from the liquid-drop model without pairing and shell terms. 

The separation energies are computed by function SEPE. It has a problem for 

elemental evaluations, because it needs an A value for the calculation, and it is 

difficult to guess which A value is most characteristic of the element. A short 

table is included in the function, and an "error in sepe" will result if the function 

is called with an element that doesn't appear in the table. Similar routines 

appear in HEATR and ACER (SEPH and SEP, respectively). A better long-

range solution would be desirable. 

Discrete Scattering and Coulomb Scattering 

File 6 can contain angular distribution for discrete two-body scattering (see 

Law 3). It can also declare that a particular particle is the recoil particle from a 

two-body reaction (Law 4), in which case the appropriate angular distribution is 

obtained from the corresponding Law 3 subsection by complementing the angle. 

The representation of the angular distribution for these laws is almost identical to 

that in File 4, and the new update to GROUPR simply rearranged the existing 

coding into a new subroutine GETDIS to handle the calculation. Of course, 

the kinematics formulas in GETDIS had to be extended slightly to allow the 

incident and outgoing particles to have different masses (see Appendix C of the 

preliminary ENDF-6 manual3). 
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Coulomb scattering only occurs in the elastic channel, and this calculation 

also uses the GETD1S subroutine. The problem with Coulomb scattering is that 

the basic Rutherford formula becomes singular at small angles. In practice, this 

singularity is removed by the screening effects of the atomic electrons. The for

ward transport of charged particles in this screening regime is usually handled by 

continuous-slowing-down theory by using a "stopping power". The new ENDF 6 

format allows for three different ways to handle the large-angle scattering regime. 

First and most general is the Nuclear Amplitude Expansion: 

a = |nucl + coul|2 

= 0nud + <Jcoui + interference (12) 

The Coulomb term is given by the Rutherford formula, a Legendre expansion 

is defined for the nuclear term, and a complex Legendre expansion is defined 

for the interference term. This representation cannot be generated directly from 

experimental data; an R-matrix or phase-shift analysis is accessary. 

A method very closely related to experiment (otxp) is the Nuclear plus Inter

ference (NI) formula: 

crNi(/i,£) = otxv{n,E) -acoa\{n,E), (13) 

where the funct;on is only defined for angles with cosines /i < fimMX. The mini

mum angle is usually taken to be somewhere around 20 degrees (GROUPR uses 

Pmmx=-96). This function is still ill-behaved near the cutoff, and " must be 

tabulated. The third option is the "residual cross section expansion". 

cn(li,E) = (1 - ti)[o„v{n,E)-ocovl{n,E)]. (14) 

The (1 — p) term removes the pole at the origin. The re-idual is uncertain, but 

it is usually small enough that the entire curve can be fitted with Legendre poly

nomials without worrying about what happens at small angles. Fig. 4 shows an 

example of a typical residual cross section. In practice, both the nuclear ampli

tude expansion and the nuclear plus interference representation are converted to 

the residual cross section representation in subroutine CONVER. GETDIS only 

has to cope with the one representation. 

Miscellaneous GROUPR Changes 
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Figure 4: (top) A typical angular distribution for charged-particle elas
tic scattering snowing the singular behavior at small angles, the strong 
interference feature, and nuclear scattering at large angles, (bottom) 
The residual cross section corresponding to the figure above. Note the 
reasonable behavior at small angles. The actual value there is not im
portant, and it can easily be forced to zero. 
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As usual, a few errors were fixed. A temperature-dependence was added to 

the the Maxwellian part of the CLAW weight function. When used with the 

new high-temperature option in THERMR, and taking advantage of the existing 

capabilities of BROADR, this option provides for generating free-gas upscatter 

matrices for materials at very high temperatures. 

In addition, the VITAMIN-E weight function, the VITAMIN-E group struc

ture, and the VIIAMIN-J group structure were added to the list of built-in input 

options. 

GAMINR 

The GAMINR module is used to compute cross sections for gamma ray in

teractions with atoms. The only updates needed for the ENDF-6 format were 

some changes in MT numbers. In order to make more room for MT numbers to 

describe charged-particle levels, MT 602 (photoelectric absorption) was changed 

to 522, and MT 621 (a private value used for photon heating) was changed to 

525. 

In addition, it was found that the cutoff used in calculating the incoherent 

scattering integral was too large, and there was an error in a previous patch to 

the incoherent result. Photon interaction libraries should be regenerated with 

the 89 version. 

ERRORR and COVR 

The ERRORR and COVR modules are used to compute and format cross 

section covariances. There are significant changes in the covariance files for the 

ENDF-6 format, but so far no updates to handle the changes have been made. 

Several small errors were patched. 

MODER 

The MODER module is used to convert back-and-forth between coded file 

modes (that is, ASCII, BCD, EBCDIC, etc.) and the NJOY blocked-binary 

format. It can also be used to build a new ENDF, PENDF, or GENDF tape 

containing materials selected from several input tapes. It was necessary to add 

a few sections of coding to work with new formats introduced by the ENDF-6 

specifications. 

DTFR 

The DTFR module is used to generate tables for transport codes that can 
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accept the DTF format. It also has a capability for plotting the edit cross 

sections, the neutron or photon transport matrix, and the photon production 

matrix. A few minor changes were made in this module to improve portability 

between different computer systems, to increase the size of the problems that 

can be run, and to check for some kinds of input errors. 

CCCCR 

The CCCCR module is used to generate the CCCC standard interface file 

ISOTXG, BRKOXS, and DLAYXS using output from GROUPR. The only change 

made for the 89 version was the removal of the W0T8 routine because of poor 

portability. 

MATXSR 

The MATXSR module is used to convert multigroup data from GROUPR 

into the MATXS format. With ENDF-6 data, a MATXS library can contain 

cross sections and transfer matrices for neutrons, photons, and charged particles. 

The format always allowed for this generality, but some changes in the naming 

conventions have been made for NJOY 89. This means that MATXS files gen

erated with the new version will not be consistent with previous versions. In 

addition, the TRANSX code, which is used to produce libraries for transport 

codes from MATXS files, must be changed to recognize the new names. Once 

these changes have been made, the combination of NJOY and TRANSX is capa

ble of producing multiparticle coupled sets. This capability has been tested by 

generating a n-p-7 coupled set successfully. Fig. 5 shows the layout out the data 

in the transport table. Note that a coupled transport problem of this type must 

be treated as an upscatter calculation. 

ACER 

The ACER module is used to produce libraries in the ACE format (A Com

pact ENDF) for the MCNP continuous-energy Monte-Carlo code. " At this time, 

MCNP and ACER have only been updated to handle one of the File 6 formats; 

namely, "Law 1" tabulations in the center-of-mass frame using the Kalbach an

gular distribution systematic. A special sampling scheme was developed for this 

case. The MCNP code already had logic to select a secondary energy E' from a 

distribution. The problem was to select an emission cosine \i for this E'. First, 
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Figure 5: Layout of a coupled table for the simultaneous transport of 
neutrons, protons, and gamma rays. Normally, only the lower triangle 
of the "p to n" block would contain values for the upscatter portion of 
the table (the part above the line in the middle). The "group" index 
increases from left to right, and the "position" index increases from top 
to bottom. 
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the Kalbach distribution is written in the form 

/(/<) = 9 • " J ( l " r)cosh(U/0 + r e - ] , (If,) 

Now select a random number R^. If /?i < r, use the first distribution in eq. (15). 
Select a second random number R2, where 

[» acosh(ax) _,_ sinh(a/i) , 1 
J-i 2smh(a) 2sinh(a) 2 

Therefore, the emission cosine is 

/i = -sinh_1[(2/?2-l)sinh(a)]. (17) 

If Ri < r, use the second distribution in eq. (15). Select a random number R2, 

where 

* - £ • 
fleoi e ^ - e " " 

_ . . . . dx = , (18) 
2sinh(a) ea - e~a v ; 

and emit a particle with cosine 

Ai = iln[i?2e
a + (l-i?2)e-a]. (19) 

The ACE format for the File 6 data is similar to the format used for other con

tinuous energy distributions; namely, a cumulative distribution function. To this 

are added tables for the preequilibrium ratio r and the Kalbach slope parameter 

a. 

It is important to add two additional sampling schemes to MCNP as soon 

as possible. The new evaluations from Oak Ridge use "Law 1" tabulated distri

butions in the laboratory system with a Legendre representation of the angular 

distribution for a particular E-*E'. The new 9Be evaluation from the Lawrence 

Livermore National Laboratory uses "Law 7" (that is, E, fi, E' ordering). 

A number of miscellaneous fixes were made in ACER, several contributed by 

european users. Some of them were to improve portability or to clean up obsolete 

coding. In addition, an error in law 44 histograms was fixed, logic was added to 

make sure that thinning does not remove any thresholds, the print out for "type 

1" output was updated, and an error in the endpoint of the photon production 

cr->s secti :. was repaired. 
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P O W R 

The POWR module is used to generate multigroup libraries for the Electric 

Power Research Institute codes EPRI-CELL and EPR1-CPM. No changes have 

been made. 

PLOTR 

The PLOTR module is used to generate plots of ENDF, PENDF, or GENDF 

cross sections, or of experimental data. Multiple curves from any of these sources 

can be overplotted, and the data points can have error bars. All the normal 

combinations of scales are provided, and curves can be labeled with tags and 

arrows or with a legend block. Angular distributions from File 4 or certain 

sections of File 6 can be shown in 3-d perspective plots. Energy distributions 

from File 5 can also be shown as perspective plots. With File 6 data, perspective 

plots can be constructed for any of the emitted particles. In addition, 2-d plots 

can be made of selected spectra extracted from File 6 for a specified particle 

and incident energy. The remainder of this report contains a number of figures 

demonstrating some of the features of PLOTR. 

The most notable changes made for NJOY 89 were a capability to plot the 

"Law 7" form of File 6, improved axes for the 3-d perspective plots, and changes 

to improve portability. 

PLOTR needs several additional capabilities in the near future, the most 

important being the capability to plot single angular distributions extracted from 

File 4 or 6, the capability to plot File 7 data, the capability to plot Coulomb 

scattering data, and a better interface for selecting curves out of distributions. 

PLOTR uses the DISSPLA graphics library, a product of ISSCO Graphics. 
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Figure 6: Multigroup fission cross sections of ENDF/B-V 235U for 
infinite dilution and a 10-barn background compared with the corre
sponding pointwise cross section. Note the use of tags and arrows to 
label the curves. 
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Figure 7: Carbon (n,a) cross section compared with two sets of simu
lated experimental data represented with two types of error bars. Note 
the use of a legend block to identify the curves. 
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Figure 8: Perspective view of the carbon elastic scattering angular 
distribution. 
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Figure 0: Perspective plot of the Li-6 (n,2n)o secondary neutron distribution. 
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The new ENDF-6 format... 

nomenclature 

"the ENDF-6 format" 

"the ENDF/B-VI library" 

some IIIW features 

A new sublibrary structure to organize different 
types of data more logically. 

An extended and more sytematic procedure for 
naming reactions, including complex and charged-
particle reactions. 

New resonance representations for Reich-Moore 
and R-Matrix parameters. 

New energy-angle distributions for all the products 
of a reaction, including recoil. 
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new ENDF-6 format features, continued 

Incident charged-particle data, including large-angle 
Coulomb scattering. 

An extended and separate radioactivity tile for more 
comprehensive activation data. 

Changes to the covariances file 33 to represent shape un
certainty inside large energy bins, some new features in 
File 32, and new formats for Files 34 and 35. 

A new covariance format for data sets that can be ex
pressed in terms of parameters. This allows the evaluator 
to include covariances for secondary angle and energy 
distributions (even when coupled) and also provides 
more realistic smooth cross section covariances. 
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Sublibraries 

different lands of evaluated data 
are given in different "sublibraries" 

Incident neutron data 
Incident proton data 
Incident deuteron data 
• • • 

Photonuclear data 
Photoatomic data 
Thermal neutron data 
Radioactive decay data 
Fission product yields 
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The new card in File 1... 
. • M I I — y — i i i m • • M I • i n u p i m w — ^ W w i n i — i . w m J 

a n£w azni was adtferf to specify the sublibrary 
and the parameters of the incident particle 

projectile AWR 

temperature 

l a n l 
.00100, 
.000 
.986500 

format (ENDF-6) 

version (ENDF/B-VI) 

sublibrary 

minary endf/b-vi 
L700-1 

:oooooo+o 
0.000000+0 

000000+0 0.000000+0 
+ hi lanl eval 

preliminary 
endf/b-vi material 125 
-incident proton data 
—endf-6 format 

d.dodder 

projectile ZA included 

standardized MAT number 

standard eye-readable text 
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» 

Goal: allow for high-energy reactions and charged-particles, 
but preserve as much of the old ENDF scheme as possible. 

• MT number determines outgoing particles 

MT=16 is both (n,2n) and (p,2n) 
MT=112 is both (n,poc) and (oc,pa) 

• Except elastic is always MT=2 

• List of emitted particles is always in ZA order 

• There must be a residual nucleus 
Therefore, d+t-»n+a 

is 3H(d,n0)
4He MT=50 

not 3H(d,na) MT=22 

• Neutron levels use the 50-series 

MT=51 is both (n,nj) and (p,n<) 
MT=50 not allowed for incident neutrons 

• Particle levels use 600-648, 650-698, 700-748, etc. 

MT=600 not allowed for incident p 
MT=650 not allowed for incident d, etc. 
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Reaction naming 
continued 

^ : : ^ : ^ ^ ^ ^ ^ ..... 

Continuum reaction: MT=91, 649, 799, etc. 
Breakup reactions, such as: 

9Be(a,n3)12C(3a) MT=53 
use either LR=23 as before 
or explicit subsections in File 6 

Breakups can go through different paths 
but particles in each paren must be in ZA order 

12C(n,n)12C(3oc) vs 12C(n,ct)9Be(n2a) 
6Li(d,p4)

7Li(ta) vs 6Li(d,p4)
7Li(n6Li) 

The "complex reaction" for high energies, MT=5 

Gives particles and yields 
For all reactions not given in another MT 
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Reconstructs cross section vs energy from resonance 
parameters and nonlmear interpolation schemes. 

Resolved resonance representations. 
Scattering radii. 
No calculation of angular distributions. 
Unresolved LSSF option. 
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RESONANCE PARAMETER DATA 

Tmrrniinr^^ 

pluses and minuses of the existing formats 

Single-Level Breit-Wigner 
+ simple analytic methods can be used 
- inaccurate for total cross sections because 

elastic interference is missing 
- inaccurate for low cross sections between 

resonances 
- can't handle multichannel fission 

Multi-Level Breit-Wigner 
+ better for widely-spaced resonances 
- can't used MC2-type analytic methods 
- still inaccurate for closely-spaced 

resonances 

Adler-Adler 
+ MC2-type analytic methods can be used 
+ generally adequate for fissionables 
+ true multi-channel fission supported 
- parameters not constrained by physics 
- not adequate for structural materials 
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RESONANCE PARAMETER DATA 

features of the new resonance parameter formats 

Reich-Moore 
+ full multilevel treatment with elastic channel 

and two fission channels 
+ good fitting code with phyics constraints 
+ basically adequate for fissile materials and 

many structural materials 

Hybrid R-Function 
+ includes additional effects for structural 

materials, including competitive reactions, 
penetrabilities, phase shifts, R-background 

+ absorptions handled as in SLBW method 

General R-Matrix 
+ everything, including the kitchen sink 
+ not expected to be used for the first new 

libraries in ENDF-6 format 



UNRESOLVED RANGE | 

Basic method: 
Average resonance parameters. 
Statistical distributions for widths and spacing 
Analytic calculation. 
Ladder calculation. 

Implicit assumption: 
There are enough resonances in the vicinity of E 
for statistics to be justified. 

This assumption is often violated. 

The solution: 
Use high-resolution experimental data and 
modern fitting codes to extend the resolved 
range to higher energies. 
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EXAMPLE OF IMPROVEMENT 

tffiiimimrririffiriinim^ 

I 

Test of preliminary ENDFIB-VI 
Reich-Moore evaluation for U-235 
compared with ENDFIB-V, where 
this range was unresolved. 

U235 RM TEST 

TOTAL 

80.0 85.0 90.0 
Energy (eV) 

95.0 100.0 

This kind of detail extends to 1 keVf 
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UNRESOLVED continued 

With a reasonable lower limit, the unresolved 
cross sections should be fairly smooth. 

The intermediate structure problem: 
Due to double-humped fission barrier? 
Porter-Thomas distributions incorrect? 
Better distributions still would not give 

peaks and valleys that line up with data. 
ENDF-type parameter fluctuations are 

not physical. 
Using many energy points makes processing 

very expensive. 

The LSSF option: 

shielded cross section 

File 3 xsec 
on fine 
energy grid 

Shielding factor 
from File 2 on 
coarse energy grid 
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Doppler broadens PENDF data and writes out 
results in PENDF format. 

No significant changes. 

Uses analytic method to compute self-shielded 
cross sections versus T and background cross 
section. 

No significant changes, except note that 
the results are used differently in 

GROUPRifLSSFisset. 



KERMA AND DPA I 
i 

Previous ENDF versions had trouble calcu
lating heating (KERMA) and radiation dam
age (DPA) because... 

• ENDF didn't contain energy distributions 
for charged particles and recoils. 

• The neutron and photon distributions 
together didn't always conserve energy. 

Explicit distributions for all charged prod
ucts can now be given for the more impor
tant materials. 

• The extensive use of nuclear model codes 
for ENDF/B-VI should sharply improve 
energy-balance accuracy. 

• We should see an order-of-magnitude 
improvement in the accuracy of KERMA 
around 14MeV. 



Heating versus KERMA 

Energy-balance method ("heating"): 

Neutron and photon energy is subtracted from the 
available energy. Result is charged-particle energy. 

Differences are often small. 
Modest neutron or photon errors lead to large 
heating errors. 

Total system energy is conserved. 
Heat distribution may be wrong. 

Kinematic method ("KERMA"): 

Use conservation of momentum. 
Elastic and discrete elastic scattering. 
Radiative capture. 
Continuum reactions. 
Kinematic limits for charged-particle reactions. 

Kinematic checks in HEATR. 
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HEATR Continued J 

Damage Calculations: 
Uses kinematic formulas. 
Special model for (n,p) or (n,alpha). 
Choice of models for (n,n'p) and (n,n'alpha). 

Charged-Particle Levels: 
As in silicon. 

File 6 Heating and Damage: 
Necessary spectra are given directly in the file. 
Direct integration in lab system. 
Transformation from lab to CM. 
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Be9 (n.2n) dphQS 

V* 

i 

y 

-•*% 

Pb208 (o2n) recofe 
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PB208 KERMA COMPARISON 
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PB208 DAMAGE COMPARSON 
" b S j i L. 

0.0 5.0 10.0 
Energy (eV) 

20.O 
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Computes scattering at low energies where 
binding or motion of atoms in a gas is impor
tant. Writes the results on the PENDF file us
ing MT 221 - 250. 

The format was changed so that all the data 
needed for a calculation is in the file. 

The evaluator has complete control over the model. 

Coherent Elastic Scattering (graphite, Be, BeO): 

<r«h(£) - C{E)IE, 

Ocdh 
(£,F,M)= 7 Z [CW-CiE^JlSir-fiME-E'), 

E,<E 

1 E' 
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THERMR Continued 

Incoherent Elastic Scattering (poly, ZrH): 

Bound cross section and Debye-Waller factor 
are read directly from file. 

Incoherent Inelastic Scattering: 

Uses S(alpha,beta). 
Extension to large alpha and beta uses 

SCT approximation. 
SCT effective temperatures are now given 

directly in the file. 
Some materials need two effective 

temperature (BeO, benzine). 

Miscellaneous: 

High temperature option. 
Asymmetric S(alpha,beta) for ortho-

and para-hydrogen. 
Smaller S(alpha,beta) allowed for 

cold moderators. 
Tighter error criteria for fitting 

sharp peaks. 
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GR0UPR 

Generates multigroup cross sections and transfer ma
trices for neutrons, photons, and charged particles. 

Reaction and Particle Selection: 

3/ doal 
6/ doal 
13/ doal 
16/ do al 
21/ do al 

do al 
do al 
do al 
do al 

22/ 
23/ 
24/ 
25/ 
26/ do al 

reactions in File 3 on PENDF 
neutron production matrices, 
photon production cross sections, 
photon production matrices, 
proton production matrices, 
deuteron production matrices, 
triton production matrices. 
He-3 production matrices, 
alpha production matrices. 
A>4 production matrices. 

Reaction names are now constructed automatically. 

Some manual input is still required for fission, 
mubar, thermal reactions, etc. 
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ENERGY-ANGLE DISTRIBUTIONS ; 

r fo oW way... 

Separated angle and energy distributions were given 
in File 4 and File 5 for neutrons only. 

The new way... 

Combined energy-angle or angle-energy distribu
tions are given for all emitted particles in File 6. 

Energy-angle options 

1. Give a Legendre distribution for each E,E'-
2. Give a Kalbach-type distribution for each E,E'. 
3. Give E,E' distributions for a number of angles. 
4. Specify that a phase-space law be used for E'. 

The Kalbach option gives an especially compact 
representation that works for neutrons and 
charged particles to more than 100 MeV. 

- 65 -



MmtiMjiM^&m'timttmi^^ 

• 

• 

Experimental distributions for neutrons 
and charged particles were examined for 
systematic trends. 

They found two components: 
a symmetric equilibrium part, and 
a forward-peaked preequilibrium part. 

The relative amount of the parts depend
ed on a parameter r that varied from 
zero for low E' to 1 for high E'. 

• The shapes of the two distributions 
depended most directly on E'. 

Kalbach's latest work says... 

./iW « [ cosh(fl̂ ) + r sinh(flji) ] 
2 sinh(a) 
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MULTIGROUP TRANSFER MATRICES 

• Easy for data in the LAB system using the 
energy-angle format. Have to handle the 
new 2-d interpolation schemes. 

• Data using the angle-energy format is con
verted to Legendre coefficients in the 
energy-angle format. 

• CM or phase space distributions, including 
Kalbach distributions, must be converted 
from the CM to the LAB. 

• This is done by doing an adaptive recon
struction of 

to a specified accuracy. 

• Each value for the LAB emission proba
bility is computed by doing an integration 

along the contour E'^const in the 

E'Q,\IQ plane using \i^ as the variable of 

integration. 
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COORDINATE MAPPING BETWEEN 
CM AND LAB 

^s^^^a>*w»!»l'SFSJW,W Mjhrv AV<,W A W k ' « U y < 

Transform from CM to LAB by integrating 
along curves of E'r= const. 
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CM TO LAB CONVERSION 
continued 

» _'»'!,«".<. %'miMsim, 

Plt(E,E'L) = [ Vc(E,E'c^c)Pt(^L)Jdii^ 

/-l/S-

He = AHL - c). 

1_ 

n^Ei^+^y. 

The CM frame for a complex reaction in ENDF-6 
format is the CM frame of the initial collision. 
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CHARGED-PARTICLE DATA i 
I 
m 

Charged particles produced by neutron re
actions are handled well in ENDF-6 format 
because their yields and spectra can be giv
en directly in File 6. 

Non-elastic charged-particle reactions can 
be handled using exactly the same proce
dures as for non-elastic neutrons reactions. 

Charged-particle elastic scattering requires 
new methods because of the interference 
between nuclear and Coulomb scattering, 
and because of the screening of the Cou
lomb term at small angles by the atomic 
electrons. 



COULOMB SCATTERING 

rngmmmmmmmmmmmemmms 

Nuclear amplitude expansion... 

2 
o = I nucl + coul' 

= <Tĵ  + <5Q + interference 

Nuclear plus interference 

aNI(u,£)=oe(u,£)-oc(u,£) H<Hmax 

Residual cross section expansion... 

OR(\L,E)=( 1 -u)[ae(^i,£)-ac(M)] 
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CHARGEDPARTICLE STOPPING POWER 

Charged-particle transport is usually handled in two parts: 

• Small-angle scattering — continuous slowing down 
• Large-angle scattering ~ scattering matrix 

The "stopping power", or dEldx is not currently 
included in the ENDF-6 format 

• It may be in the future 

• A number of tabulations are easily available 
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CHARGED-PARTICLE MATRICES 

• Nonelastic reactions are handled exactly 
like neutron reactions except for some 
mass factors in the formulas for two-
body kinematics. 

• Elastic is like neutron scattering except 
for a small-angle cutoff and the recon
struction of the Coulomb terms, or the 
expansion of the nuclear amplitudes. 

• Individual scattering matrices such as np, 
pn, ny, py, and yy can be combined into 
large coupled sets and used in transport 
codes to simultaneously solve the npy prob
lem. In such cases, the energy in heavier 
charged particles can be included in a 
KERMA factor. This combinirg of blocks 
can be performed by TRANSX. 

• Want to do a problem with a 

npdt3HeayP 
coupled set? 
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GAMINR MT number changes. 
Tighter cutoff for inelastic. 

ERROR and COVR 1 Small errors were patched. 

MODER 

Illllli 

m 
Small changes to handle 
ENDF-6 sections. 

wrTTQ&wzr^A 

Small changes to improve portability. 
Allow for larger problems. 
Check some kinds of input errors. 

CCCCR I Removed WOT8 for portability. 

mam 
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MATXSR 

Convert multigroup data from GROUPR to 
MATXS format. Charged particles can be included. 

Charged-particle capability added. 

Some changes in naming have been made. 

A new version of TRANSX can make 
multiparticle coupled sets using the new 
MATXS files. 
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MULTIPARTICLE COUPLED SET 
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Prepare libaries for the MCNP continuous-energy 
Monte-Carlo code. 

Currently only handles one File 6 
format, the Kalbach distributions. 

A special sampling scheme has been 
developed. 

First E, then E\ then angle.... 
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ACER Continued 

Write the Kalbach distribution in the form 

/('') = 2^wl ( 1- r ) < : 0 S h ( <"' ) + r e 0 ' ' ] • 

Choose two random numbers /?* and /?2 in [0,1] 

If/?! <r, 

_ ft* qcosh(qj) , __ 8?nh(a/i) 1 
R* " 7-1 2sinh(a) " 2sinh(a) + 2 

/x = i sinh"1 [(2/*2 - 1) sinh(a)]. 

else 

a* _ „-o 
2~y-i2sinh(a) e ' -e -

/4 = ibf/22ea+(l-JR2)e-a]. 
n. i 

- 79 -



Generate multigroup libraries for EPRI-CELL and 
EPRI-CPM. 

No changes. 

Do plots of ENDF, PENDF, GENDF, or experimental 
data in 2-d or 3-d with lots of user options. 

A File 6 Law 7 capability was added. 

The appearance and scatles of 3-d perspective plots 
were improved. 

The portability of the coding was improved. 

Future needs: 
Plot angular distributions extracted from 4 or 6. 
Plot File 7 data. 
Plot Coulomb scattering data. 
Improve interface for selecting curves. 
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MAINTENANCE AND VERSION IDENTIFICATION FOR NJOY 

E. Sartori 

Utilities for Maintenance 

The maintenance methodologies of the CDC UPDATE utility program has been adopted for 
NJOY. It allows their users to keep track of the history of changes to the code and to document 
them. This utility exists with almost identical functions both in different makes of control data 
computers and of CRAY. 

For other computers, similar utilities exist such as LIBRARIAN or HISTORIAN for IBM, which are 
to a large extent compatible with the UPDATE methodology These software products are however 
available only on a commercial basis. 

The UPDATE emulators have been developed in recent years in FORTRAN-77 and are therefore 
portable to a large extent to most computer makes. A more detailed description is annexed in the 
following. 

These two utilities (UPEML-2.1 and UPDATE) are available from the code information centres 
such as the NEA Data Bank 

•n order to facilitate users having access to different computers of taking advantage of the 
UPDATE procedure, only a subset of the update functions have been used for the NJOY maintenance. 
In fact, the non commercial UPDATE emulators do not reproduce the full capabilities of the CDC 
UPDATE 

Still, a few problems exist though in UPEML-2.1. 

- Corrections of corrections (or overlapping corrections) cannot be carried 
out in the ..ame update run. Overlap corrections must be carried out in 
separate steps in order to assure correct functioning 

Correction identifiers must start with an alphabetic character 

- Recursive *COMDECK usage is not functioning, 
(for additional restrictions, see report) 
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Description of UPEML and UPDATE 

1. NAME OR DESIGNATION OF PROGRAM - UPEML. 

2. COMPUTER FOR WHICH PROGRAM IS DESIGNED AND OTHER MACHINE VERSION 

PACKAGES AVAILABLE -

Program-name Package-ID Orig. Computer Test Computer 

UPEML-2.1 PSR-0245/02 All Computers All Computers 

3. DESCRIPTION OF PROGRAM OR FUNCTION - UPEML is a machine-portable CDC 

UPDATE emulation program. It is capable of emulating a significant 

subset of the standard CDC UPDATE functions, including program 

library creation and subsequent modification. 

4. METHOD OF SOLUTION - UPEML was written primarily to facilitate the 

use of CDC-based scientific packages on alternate computers such as 

the VAX 11/780, IBM 3081, Cray and others. Version 2.1 includes 

enhanced error checking, full ASCII character support, a program 

library audit capability, and a partial update option. Further 

enhancements include checks for overlapping corrections, processing 

of nested calls to common decks, and 'READ' and 'ADDFILE' directives 

to accommodate alternate input files and two quick update options. 

6. TYPICAL RUNNING TIME - The time is dependent on the size of the 

source file. 

PSR-0245/02: The test cases included in this program have been run 

at NEA-DB on both VAX-11/780 and IBM 3090/200 computers. Required 

CPU times did not exceed 3 seconds on IBM and 15 seconds on VAX for 

any of the cases. 

9. STATUS -

PSR-0245/02 : Tested at NEADB May 1988 

10. REFERENCES -

- "UPDATE, VERSION 1, Reference Manual, ' Revision 11/23/81, Report 

No. 60449900, Control Data Corporation. 

PSR-0246/02 

- T.A. Mehlhorn and M.F. Young: 

UPEML Version 2.0: A Machine-Portable CDC Update Emulator. 

SAND87-0679, UC-32 (August 1987) 

- T.A. Mehlhorn: 

Release of UPEML Version 2.1 

SANDIA NOTE (January 26, 1988) 

- E. Sartori: 

Note to All UPEML-2.1 Users 

NEADB Note NDB/88/0713 (May 9, 1988) 
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11. MACHINE REQUIREMENTS - UPEML is operable on a VAX, IBM, CDC and a 

CRAY computer. 

PSR-0245/02: Main storage requirements for the test cases included 

in this package are: < 310K bytes on IBM 3090/200; 1400 peak page 

file size on VAX-11/780. 

12. PROGRAMMING LANGUAGE USED. 

PSR-0245/02 : FORTRAN-77 

13. OPERATING SYSTEM UNDER WHICH PROGRAM IS EXECUTED - A FORTRAN-77 

compiler is required. The code was run at RSIC on the IBM 3033. 

PSR-0245/02: VMS 4.4 (VAX-11/780); MVS (IBM 3090/200). 

15. NAME AND ESTABLISHMENT OF AUTHORS -

Sandia National Laboratories 

16. MATERIAL AVAILABLE -

PSR-0245/02 

UPEML-2.1 Source with UPDATE Directives 

UPEML-2.1 General COMPILE File 

UPEML-2.1 JCL for IBM MVS Computers 

UPEML-2.1 Source for IBM Compiler (80char/l) 

UPEML-2.1 COMPILE file for IBM (87char/l) 

UPEML-2.1 JCL for Interactive Use on VAX 

UPEML-2.1 JCL for Batch Submission on VAX 

UPEML-2.1 COMPILE File fcr VAX (87char/l) 

UPEML-2.1 ABORT subroutine for VAX 

UPEML-2.1 COMPILE File for CRAY (87char/l) 

UPEML-2.1 S.P. 1 create new program library 

UPEML-2.1 S.P. 1 LISTFL print from IBM ft VAX 

UPEML-2.1 S.P. 1 print out from IBM 

UPEML-2.1 S.P. 1 print out from VAX 

UPEML-2.1 S.P. 2 LISTFL print from IBM 

UPEML-2.1 S.P. 2 print out from IBM 

UPEML-2.1 S.P. 2 print out from VAX 

Source file produced by S.P. 2 (IBM * VAX) 

UPEML-2.1 S.P. 3 (correct + compile file) 

UPEML-2.1 S.P. 3 print out from IBM 

UPEML-2.1 S.P. 3 print out from VAX 

UPEML-2.1 S.P. 3 LISTFL print from IBM 

Source file produced by S.P. 3 (IBM t VAX) 

4756 

4534 

244 
4543 

4543 

150 
51 

4543 

3 
4568 

19 
29 
42 
41 
11 
49 
48 
15 
17 
50 
48 

25 
24 

records 

records 

records 

records 

records 

records 

records 

records 

records 

records 

records 

records 

records 

records 

records 

records 

records 

records 

records 

records 

records 

records 

records 
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1. SAME OR DESIGNATION OF PROGRAM - UPDATE. 

2. COMPUTER FOR WHICH PROGRAM IS DESIGNED AND OTHER MACHINE VERSION 
PACKAGES AVAILABLE -
Program-name Package-ID Orig. Computer Test Computer 

UPDATE PSR-0270/01 IBM 3033 

3. DESCRIPTION OF PROGRAM OR FUNCTION - UPDATE is a FORTRAN source file 
manipulator which allows the editing of source files without 
entering an editor program. It runs interactively on Data General MV 
computers and may be adapted to run on an IBM interactive Bystem. 

4. METHOD OF SOLUTION - UPDATE initially builds a program library from 
a input source deck. The source input is a FORTRAN code with UPDATE 
directives embedded in the file. Once a program library is created, 
a compilable source file may be extracted from it using the proper 
UPDATE directive. Changes to the program library are also possible 
bj making what are called correction runs. 

6. TYPICAL RUNNING TIME - Both sample input cas©6 took le6S than a 
second of CPU time on the IBM 3033. 

9. STATUS -
PSR-0270/01 : Arrived at NEADB June 1969 

10. REFERENCES -
PSR-0270/01 
- B.L. Kirk: 
UPDATE - A Fortran-77 Source File Manipulator. 
NUREG/CR-4478, ORNL/TDMC-4 (January 1989) 

11. MACHINE REQUIREMENTS - The code runs on the Data General MV family 
of computers and the IBM 3033 or 3081. 

12. PROGRAMMING LANGUAGE USED. 
PSR-0270/01 : FORTRAN-77 

13. OPERATING SYSTEM UNDER WHICH PROGRAM IS EXECUTED - A FORTRAN 77 
compiler is required. The Data General version runs under AOS/VS, 
and the IBM version runs under MVS or MVS-XA. 

15. NAME AND ESTABLISHMENT OF AUTHORS -
Contributed by: Radiation Shielding Information Center 

Oak Ridge National Laboratory 
Oak Ridge, Tennessee, U. S. A. 

16. MATERIAL AVAILABLE -
PSR-0270/01 : 

JCL, Sample Problem 1 (input to NEWP.CLI), 
Sample Problem 2 (input to CORRECT.CLI), 
UPDATE Source Program (Fortran-77), 
Output compilation from S.P. 1, Output compilation from S.P. 2, 
report NUREG/CR-4478, ORNL/TDMC-4 (January 1989). 
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Starting from NJOY-89 every correction set is identified by the letters Unnn where 1 < nnn < 
999. This version number is also updated together with the date of update in the NJOY banner 
produced at the beginning of the output listing. 

This enables users to trace back which exact version they have used for producing cross-section 
libraries and identify with better precision the effects of specific modifications to NJOY. An example 
of this procedure is shown in the following: 

*/ updates for njoy89 
*/ the naming convention is njoy 89.nnn 
*/ where nnn is the number of the last ident in this file 
*/ except for "vers", which contains the value of nnn and the date. 
•/ -
•ident upl 
*/ groupr — 25 may 89 — add elements to separation energy calculation 
•i groupr.4609 

if (iza.eq.74000) iza*74184 
•ident up2 
•/ acer — 25 may 89 — add elements to separation energy calculation 
*i acer.5957 

if (iza.eq.74000) iza=74184 
•ident up3 
•/ heatr — 25 may 89 — add elements to separation energy calculation 
*i heatr.2398 

if (iza.eq.74000) iza=74184 
if (iza.eq.74000) iza-74184 

•ident up4 
*/ acer — 30 may 89 — set thermal pendf unit number 
•i acer.6003 

nin*npend 
•ident up5 
•/ plotr — 1 jun 89 — misc. fixes 
•d plotr.66 
c * 60 characters allowed. • 
•d plotr.71 
c * 60 characters allowed. * 
*d plotr.76,80 
c * 1 » linear x - linear y * 
c * 2 • linear x - log y • 
c * 3 » log x - linear y • 
c * 4 • log x - log y • 
c • set negative for 3d axes • 
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*a pioxr.iio ^ ^ ^ ^ ^ ™ 
c * 60 characters allowed. * 
*d plotr.130 
c * 60 characters allowed. * 
*d plotr.142 
c * 60 characters allowed. * 
*i plotr.163 
c * ntp not used * 
c * nkh not used * 
*d plotr.222 
c * 60 characters allowed. * 
*i plotr.228 
c * (.le.O to omit rector) * 
*d plotr.234 
c * default8>5.,2.,2. * 
*d plotr.1184 

96 format(/41h ***error in plotr***error in axis input.) 
*i plotr.1618 

c (.le.O to omit vector) 
*i plotr.1628 

if (xpoint.le.O.) go to 130 
*d plotr.1640 
130 xtp*xposn(xtag,ytag) 

*i plotr.1642 
if (xpoint.le.O.) return 

*d plotr.1771 
*i plotr.1775 
c 

*/ 

•ident up6 
*/ thermr — 4 jun 89 — better eprime grid for calcem 
*d therrar.1373 

nbeta=2 
*d thennr.1376,1377 

isab3 ibeta+nbeta 
a ( ibeta)«0 . 
a( ibeta+l)=25. 

e tc — — 
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FILE 30, DATA COVARIANCES OBTAINED FROM PARAMETER 

CO VARIANCES AND SENSITIVITIES 

1. General Description 

File 30 is provided as a means of describing the covanances of tabulated cross sections, 

multiplicities, and energy-angle distributions that result from propagating die covariances of a set of 

underlying parameters (for example, the input parameters of a nuclear-model code), using an 

evaluator-supplied set of parameter covariances and sensitivities. Whenever nuclear data are 

evaluated primarily through the application of nuclear models, the covariances of die resulting data 

can be described very adequately, and compactly, by specifying the covariance matrix for the 

underlying nuclear parameters, along with a set of sensitivity coefficients giving the rate of change 

of each nuclear datum of interest with respect to each of the model parameters. Although motivated 

primarily by these applications of nuclear theory, use of File 30 is not restricted to any one particular 

evaluation methodology. It can be used to describe data covariances of any origin, so long as they 

can be formally separated into a set of parameters with specified covariances and a set of data 

sensitivities. 

The .ieed for a covariance format of this type became clear in connection with the R-matrix 

analysis of the ENDF/B-VI light-element standards. The key parameters here are the parameters of a 

few high-energy resonances in the relevant compound »y«»ems. Another area where this format is 

expected to find early application is in representing the covariances of cross sections and 

secondary-particle emission spectra and angular distributions due to neutron interactions in the 

0.1-20 MeV range, when the data are obtained primarily from the optical model and 

statistical-preequilibrium theory. Relevant parameters here include the optical parameters, 

level-density prescription, preequilibrium matrix elements, and gamma-ray strength functions. 

It is shown below that multigroup averages of parameter sensitivities are identical to the 

parameter sensitivities of the corresponding multigroup data. It is the latter that are actually needed 

in most applications. (See Section 4.) To take maximum advantage of this equivalence, 
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sensitivity information is represented in Hie 30 in a format that is as close as possible to the format 

for the actual data, so that the sensitivities can be retrieved and integrated by processing codes with 

the least possible modification. 

It should be emphasized that File 30 is nci intended as a repository for complete "evaluations 

of parameters." In fact, to limit die bulk of the files and to minimize processing costs, evaluators are 

encouraged to reduce (if possible) die number of parameters and the number of sensitivities per 

parameter to the minimum necessary to describe data uncertainties of practical importance. In 

defining die format for File 30, no attempt is made to pre-judge die parameter definitions or types of 

nuclear theory that may be most appropriate or useful. Discussion of such points is obviously 

encouraged in the printed documentation, but die format itself is deliberately kept totally general. 

One advantage of this generality is diat die results of a wide variety of evaluation methodologies can 

be described using a single format As discussed in Section 3. below, this generality also 

facilitates various mathematical operations, such as diagonalizing die parameter ccvariance matrix. 

Definitions 

In the context of File 30 die word "sensitivity" is defined as the derivative of an evaluated 

quantity, call it a, with respect to die logarithm of one of the parameters, ax, 

o'i - do/d(ln a{) - ax do Id a^ . (1) 

An advantage of employing such derivatives is that &x is expressed in exacdy the same units as 

a, whether it be an actual cross section or a distribution (energy distribution, angle distribution, 

double-differential quantity, etc.). This means, among odier tilings, than integrations over energy 

and angle can be performed with minimal changes in multigroup processing codes. The use of 

derivatives with respect to die logaridims of the parameters also meshes nicely with die use of relative 

parameter-covariance matrices, as shown below in Eq. (7) 

As discussed in detail in Section 2.1. below, a subsection of one section of File 30 is 

employed to store die sensitivities of die data in one section (called the referenced section) of a file 
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elsewhere in the material of interest 

It should be emphasized that normally there will not be a direct, one-to-one correspondence 

between the energy or angular grid in a subsection of File 30 and mat used in die referenced section. 

This follows from die fact that die derivatives in File 30 are not actually die derivatives of individual 

data values. Rather, the collection of data in one such subsection should form an adequate 

representation of the energy-and angle-dependence of the relevant derivative function, making 

effective use of die standard interpolation laws. 

File 30 does not permit die representation of the uncertainty in independent variables (the 

floating-point numbers mat define the energy and angle grids of an ENDF/B section). This would 

seriously complicate the calculation of the uncertainty in averaged quantities, as discussed below. 

Further, if a is thought of as die output of a model calculation, quantities such as die incident energy 

or outgoing angle are specified by die model-code user and have no meaningful uncertainty. In 

addition. File 30 may not be used to represent uncertainty of any integer, nor die unceminty of 

stand-alone (untabulated) quantities that affect energy or angle grids, such as masses, Q-values, and 

die boundaries of energy ranges. Thus, it is understood that die data fields normally used to store 

probability information (cross sections, multiplicities, or normalized distributions) are used in File 30 

to record sensitivity information, but mat other quantities have standard (MF*30) ENDF/B 

definitions. 

Treatment of Various Data Types 

Following die general guidelines stated above, subsections of File 30 describing cross-section 

<ss opposed to multiplicity or distribution) sensitivities would have die same mechanical structure as 

sections of File 3. Of course, since sensitivities are derivatives, many more negative numbers would 

appear in the floating-point data fields than one normally expects to see in File 3. (One can treat v 

data in File 1 in the same way as cross sections.) 

Some interesting points arise with respect to distributions, for example tabulated data in File 4 

for elastic scattering. If the derivatives of die normalized angular distribution p(6) with respect to a 
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given parameter are large, they should be described in a subsection with (MFSEN.MTSEN) = (4,2). 

Note that since p(0) is normalized to unity by definition, die angle integral of the sensitivities (equal to 

the parameter-derivative of the angle integral) should be zero. A second important aspect of the use 

of two separate functions to build the actual desired data is that, in order to buiid the corresponding 

sensitivities, the chain rule is employed. For example, the differential elastic cross section y(8) 

(barns/steradian) at angle 6 is formed as a product, 

y(6) - da/dfl « a p(6) , (2) 

so that 

fry(e)/aaj = a dpipy/d^ + p(6) do/dat . (3) 

Multiplying both sides of Eq. (3) by at, and recalling die notation of Eq. (1), one gets, 

Yi(*) - cr p'j(e) + cfj p(6). (4) 

Eq. (4) shows, then, how the sensitivity y'j(6) is constructed from die data in two different 

subsections (o*j and p'j) of a section of File 30, plus data (o and p) from Files 3 and 4, respectively. 

The generalizations needed to treat three or more separate factors are obvious. 

Both to reduce the bulk and to reduce processing costs, evaluators should simply omit 

reference to sections in the main evaluation that exhibit little sensitivity to a given parameter. Such 

omissions will be treated as if zeroes had been entered explicitly. For example, if the angular 

distributions are omitted from File 30, then the first term on the right in Eq. (4) will be omitted. 

Just as one is permitted to employ a Legendre representation of p(8) in File 4, one is permitted 

in File 30 to use a Legendre expansion to represent r/|(6). In fact, if it reduces the size of the files, it 

is preferable to use Legendre moments for p'j(8), even if p(9) itself is given in tabular form. As 
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mentioned above p'j(8) must integrate to zero, so the magnitude of the implied zero-th Legendre 

moment of p'j(8) is zero, not unity. These considerations of File 4-typc sensitivities can be extended 

in an obvious way to treat neutron spectra in File 5, isomer-ratios in File 9, photon-production 

multiplicities in File 12, fission-product yields, etc.). 

No fundamental new problems are introduced by considering double-differential data, as 

represented in File 6. In that case, p becomes a function p(E',6) of both the final energy and angle of 

die outgoing particle. The only complication that this adds is that p\ in Eq. (4), for example, is also 

doubly differential, p'j = p'j(E',6). It is conceivable that p'j(E'.O) for some parameter »-'11 exhibit 

more severe angle-energy correlations than p(E',6) itself, so it is permitted to represent the emission 

sensitivities for a given reaction in File-6 format in File 30, even though the angle and energy 

distributions for that reaction are given separately in Files 4 and 5. In this case, the entry MFSEN=6 

in the File-30 dictionary really points to both File 4 and File 5 in die main evaluation. Since the File-6 

type matrix information will in general occupy more space than die approximate treatment in Files 4 

and 5, this option should be exercised orly on those parameters (i.e., in those sections) where it is 

crucial. 

Multigrouped Sensitivities 

Multigroup operations on the data in an evaluation can be summarized as the performance of 

certain weighted integrations over incident energy, secondary particle type, secondary energy, and 

secondary angle. Although these operations are very complicated, there is no commonality between 

the variables (or limits) of integration and the nuclear-model parameters of concern in File 30. One 

can take advantage of this in calculating the derivatives of multigroup-averaged data with respect to 

nuclear-model parameters. If we introduce g as a generic group-averaged quantity (such as a single 

Legendre moment of one element of a scattering matrix), which corresponds to a differential quantity 

y, then 
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g « / dE dF dQ Y(E *̂JB) w(EJE\W . (5) 

where w is some weighting function. As discussed below, one frequently is interested in the 

uncertainty in such muldgroup quantities, and to obtain this uncertainty, one will first need to 

calculate the derivative of g with respect to die parameter etj. 

g*j*dgft(lna£) * ajdg^a; « Oj/dEdE'dQ &y(E,F,e)/3aj ciKEJE',6) , 

or 

g*i«/ dE dE' dQ rjOE^W «(E^ , ,e). (6) 

Comparing Eqs. (5) and (6), we obtain the useful result that die sensidvity of a muldgroup value to a 

given nuclear-model parameter is equal to the multigroup average of die (energy- and 

angle-dependent) parameter sensidvity. Thus an ENDF/B processing program mat calculates 

muldgroup cross sections, Eq. (5), can be used, widi few modifications, to calculate die parameter 

sensitivity of die muldgroup constants, Eq. (6). As mentioned in me General Description above, this 

is die motivation for storing the sensitivities Y*j in a fonnat tiia; is as close as possible to die format of 

die data y. 

2. Formats 

f^e 30 is divided into sectioni identified by die value of MT. Each section of File 30 begins 

widi a HEAD record and ends widi a SEND record. 

2.1. Directory and Correspondence Table (MT=1) 

The first section, MT«1, of File 30 consists of a "directory" that displays die contents and 

ordering of information in other sections of the file, plus an optional, cross-material 

"correspondence table," described below. A section widi MT-1 has die following structure: 
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[MAT, 30.1/ ZA, AWR; 0, 0, 0, NP] HEAD 

[MAT, 30,1/ 0.0, 0.0; 0, 0, NDIR, NCTAB] CONT 

[MAT, 30.1/ 0.0, 0.0; MP,, MFSEN|, MTSENj, NCj] CONT 

[MAT, 30,1/ 0.0. 0.0; MP2, MFSEN2. MTSEN2, NCJ CONT 

[MAT, 30,1/ 0.0, 0.0; M P ^ R . MFSEN^JR, MTSENf^j^, NC^n*] CONT 

[MAT, 30,1/ 0.0, 0.0; MPj. LIBF,, MATF,, MPFXJ CONT 

[MAT, 30,1/ 0.0, 0.0; MP2, UBF2, MATF2, MPFj] CONT 

[MAT, 30,1/ 0.0, 0.0; M P ^ ^ , UBFNCTAB, MATFNCTAB, MPFNCTAB] CONT 

[MAT, 30,0/ 0.0, 0.0; 0. 0, 0, 0] SEND 

Here MP is the parameter index, the total number of distinct parameters being NP. NDIR is 

the number of CONT records in die MF»30 directory, including the internal data-block "marker" 

records described below, but excluding both die correspondence able and the SEND record. 

NCTAB is the number of CONT records in the correspondence table, also excluding the SEND 

record. 

The directory serves as a guide for the processing codes and provides, in addition, a detailed, 

eye-readable list of the files and sections elsewhere in tne current evaluation that are significantly 

sensitive to the parameters under consideration. As shown above, this information is presented in a 

format that is similar to the main index for this material in (MF.MT) » (1,451). The pair 

(MFSEN,MTSEN), if non-zero, poinu to a section of dau in the main body of the evaluation (the 
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referenced data) that are sensitive to the indicated parameter, MFSEN and MTSEN also determine 

the formats to be used to represent die energy- and angle-dependence of die sensitivities. Thus, for 

example, if the referenced section describes a normalized angular distribution, MFSEN=4, then any 

of the formats described in Chapter 4 of this manual may be employed to describe the sensitivity of 

the distribution in (MFSEN,MTSEN) to parameter MP. The parameter NC indicates the number of 

card images of sensitivity information used in this description. As discussed in Section V 2.3. 

below, these NC records constitute a single subsection of a later section of Hie 30. 

In general, a given parameter will affect die dau in several different sections, so the same 

value of MP will appear in several consecutive entries in the dictionary. MP is higher in the ENDF 

hierarchy than MFSEN, which is in turn higher that MTSEN. Within the File-30 framework, then, 

MP can be considered an index to a "submaterial." 

Unlike the main directory in (MF.MT) » (1,451) the File-30 directory contains internal 

file-end and submaterial-end markers. That is, within die range of records describing a given 

parameter MP, and following the final reference to a given value of MFSEN, an explicit directory 

entry with MFSEN=0 is given, 

'MAT. 30,1/ 0.0, 0.0; MP, 0, 0, 0] CONT 

in order to indicate the end of information concerning MFSEN-type sensitivities for parameter MP. 

Similarly, following the final reference to a given value of MP in the directory, a directory entry with 

MP«0 is given, 

[MAT, 30 ,1 / 0.0, 0.0; 0, 0, 0, 0) CONT 

to indicate die end of information concerning the current parameter. 

It may occur that the evaluated data for two different materials are sensitive to the same 

parameter, or to a common set of parameters. Here "sensitive to the same parameter" means that the 

same numerical value of some particular quantity was employed in generating bom evaluations. If, 

in addition, the numerical value thus employed has a substantial uncertainty, then this would imply 

substantial cross-material and/or cross-library dau covariances. These covariances may be 
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important in some applications, for example in uncertainty analyses involving physical mixtures of 

the materials in question. In order to represent these cross-library or cross-material covariances, die 

evaluator may include a correspondence table in the first section of MF«30 to identify the common 

set. The covariances of these parameters must be given in both evaluations, and the covariances 

must be identical However, since the parameter-numbering scheme need not be die same in 

different evaluations, the correspondence table is a-so used to specify die relationship of die numbers 

assigned to these parameters in the two evaluations. 

The index parameter NCTAB indicates the number of CONT records appearing in the 

correspondence table of the current evaluation. NCTAB may be zero, in which case the table is 

omitted. If present, die table includes, in die format shown above, die sublibrary number LIBF, die 

material number MATF and die parameter number MPF of a parameter in some external, or 

"foreign" evaluation diat is identical to par meter MP of die current evaluation. A value of UBF=0 

is entered if die foreign sublibrary is die same as diat of die current evaluation. The correspondence 

table should be ordered first on MP and men on LIBF, MATF and MPF, respectively. No internal 

"marker" records are included in die correspondence table. 

IX Covariance Matrix (MT=2) 

The second section of File 30, MT«2, contains the NP (NP+1 )/2 unique, relative covariances 

kCOV(I J) of die I-th parameter widi die J-di parameter in die form of NP separate LIST records. 

This structure permits die inclusion of a large number of parameters widiout requiring excessive 

computer storage during routine data handling. There is one such LIST record for each MP-value. 

The structure of MT«2 is as follows: 

[MAT, 30,2/ ZA, AWR; 0, 0, 0, NPJ HEAD 

[MAT, 30,2/ PARM,, 0.0; 0, 0, NCSj, 1/ { RCOV(l, K), K-l , NCS, ) ] LIST 

[MAT, 30,2/ PARM2, 0.0; 0, 0, NCS2,2/ { RCOV(2,1+K), K-l , NCS2) 1 LIST 
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[MAT. 30.2/ PARM3. 0.0; 0. 0, NCS3.3/ { RCOV(3.2+K). K«l, NCS3 ) ] LIST 

[MAT, 30.2/ PARMnp, 0.0; 0, 0 .1 , NP/ { RCOV(NP, NP) i ] LIST 

[MAT, 30,0/ 0.0. 0.0; 0. 0, 0, 0] SEND 

Since die filling of die MP-th row of covariance matrix begins with the diagonal element, 

RCOV(MP,MP), die number of matrix elements NCS^g, explkidy given in die list must be less than 

or equal to (NP-MP+1). If die number given is smaller dian diis, die remaining covariances in that 

row are taken to be zero. Evaluators can take maximum advantage of this zero-suppression feature 

by assigning consecutive MP-values to members of groups of strongly correlated parameters. The 

numerical value PARMj^p of die MP-th parameter (or optionally just a zero) is entered in die first 

floating-point field of die LIST. 

Sections MT-3-10 are reserved for future use. 

2J . Sensitivities (MT=ll-999) 

Sections MT«11 and above contain die sensitivities. A single section in this range of 

MT-values is die collection of all sensitivities (or subsections) relevant to a given parameter MP. 

The section number is determined by die parameter index, using die relation MT-MP+10. While 

evaluators should employ die minimum number of parameters necessary, no panicular limit is placed 

on MP, other dian die obvious one diat MT may not exceed 999. The structure of a section with 

MT«11 and above is as follows: 
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[MAT. 30. MT=MP+l<y ZA. AWR; 0. 0. 0. NL] HEAD 

<subsection forNSUB*l> 

<subsection for NSUB=2> 

subsection for NSUB=NL> 

[MAT, 30,0/ 0.0. 0.0; 0, 0, 0, OJSEND 

NL in die HEAD record is the number of subsections in die current section. The format :>f a 

subsection of a section widi MT«11 and above follows, widi a very few exceptions, die format of 

die referenced section in die main body of die evaluation. Certain minor "bookkeeping" changes are 

unavoidable; for example, die MF and MT positions of a data record will contain 30 and (MP+10), 

respectively, not MFSEN and MTSEN. Of necessity, die subsections of a section of File 30 are 

simply abutted to one anodier widiout intervening SEND or FEND records. In a sense, die roles of 

die usual SEND and FEND records in defining data-type boundaries are taken over here by the 

contents of die File-3C directory. (See Section 2.1.) For example, by reading a copy of die 

directory in parallel widi die reading of die subsections of a single "source section" widi MT»11 and 

above, a processing code could create a new ENDF-fonnatted evaluation on a tiurd file from the 

information encountered, widi MFSEN and MTSEN written into die usual MF and MT positions, 

and widi die required SEND, FEND, and MEND records inserted. Each subsection of die source 

section must be constructed so diat die sensitivity information in section (MFSENJMTSEN) of a 

new evaluation created in this way will comply, in all mechanical details, widi die correct, current 

ENDF formats, as described in die chapter of this manual devoted to data of die type 

(MFSEN.MTSEN). Of course, requirements of completeness (for example, die requirement that 

MT«2 must appear in File 4 if MT-2 appears in File 3) do not apply in this context, since the 

absence of such information simply indicates small sensitivities. 
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Because of the application of the chain rule, as described in Section 1. above, each 

subsection of a section with MT»11 and above leads in principle to a complete multigroup, 

multi-Legendrc-table, "transfer" matrix (in which the sensitivities corresponding to die referenced 

section are combined with regular data from the other sections of the evaluation). These NL 

matrices, when summed, give die net sensitivity of all multigroup data to parameter MP. 

3. Additional Procedures 

fltefoing of parameters 
Since the actual parameter definitions will vary from one evaluation to the next, it is clear that 

choices concerning (a) the numerical ordering of the parameters within File 30, and (b) what 

parameters to omit altogether, are also left to die evaluates. 

Parameter Values 

Because many models are nonlinear, die actual numerical values of die parameters PARMn 

may be included in die file, in order to record die point in parameter space where die sensitivities 

were calculated. See die discussion of diis item in Section 2.2. The value of PARMn has no 

effect on propagated data uncertainties, so the units of PARMn are given only in die printed 

documentation. At die evaluator's option, a zero may be entered in place of die actual parameter 

value. 

Eigenvalue Rcpmcntaiiaa 

By use of eigenvalue mediods (for erample die SSIEV routine described in B. T. Smidi et al.. 

Matrix Eigenvalue Routines - EISPACK Guide, 1976), it is straightforward to find a linear 

transformation tiiat diagonalizes a given covariance matrix. This is a useful method of locating 

blunders (indicated by die existence of negative eigenvalues) and redundancies (indicated by zero 

eigenvalues) and is recommended as a general procedure prior to submission of any covariance 

evaluation. Moreover, once having performed such a diagonalization on a parameter covariance 

matrix, one could report in MT»2 of File 30 only die eigenvalues of die matrix and, in MT«11 and 
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above, sensitivities of die data to variations in die effectively-independent linear combinations of the 

parameters (as summarized in the eigenvectors). If it proves feasible in individual evaluation 

situations, and if it leads to a substantial reduction in the overall size of die file, evaluators are 

encouraged to employ this technique. 

Thinning of Sensitivity Information 

Hie collection of sensitivities in one subsection should form an adequate representation of the 

energy-and angle-dependence of die relevant derivative function, making effective use of the 

standard interpolation laws. "Thinning" die sensitivity information (that is, removing intermediate 

grid points) is encouraged, in order to reduce the size of die file, but, as a general guide, such 

thinning should not induce changes greater than about 10% in the reconstructed covariances. 

Cross-file Correlations 

The information in File 30 is considered to describe sources of uncertainty that are 

independent of those described in Files 31-40. Thus, for a given set of multigroup cross sections, 

die multigroup covariance matrix obtained from File 30 should be added, in a matrix addition sense, 

to such a matrix derived from die other files. This is die only level on which File 30 

"communicates" widi die other files. 

A complication that can occur with respect to cross-file correlations is dial diere may exist 

strong correlations (due to normalization procedures, for example) between certain low-energy cross 

sections tint are evaluated directly from measurements and die parameters employed to calculate the 

evaluated data at higher energies. If die evaluator wishes to describe these correlations, die 

covariances for die low-energy normalization reaction (and time for odier reactions strongly 

correlated to it) can be "moved" from File 33 to File 30. A possible medtod for accomplishing this 

is to consider die moved data to have been evaluated by multiplying a well-known reference cross 

section by an uncertain, energy-dependent, correction factor. The correction factor can be assumed 

to have been evaluated on some fixed, coarse energy grid, with linear interpolation applied between 

grid points. In this case die "parameters" would be die values of die correction factors at the 
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coarse-grid points EG;. The sensitivities [see Eq. (1)] of the "experimentally evaluated" cross 

sections a to these new parameters would be a series of triangular "hat" functions, with peak values 

o(EGi). 

4. Multigroup Applications of Parameter Covariances 

Given die relative covariances, Rcov(ctj, as) • cov(aif a:) / aj o;, from (MF30, MT2), and the 

multigrouped sensitivities g*^ from Eq. (6), it is straightforward to obtain the covariance between 

one multigroup datum gjQ and another g,,. It is necessary to add me additional index to keep track of 

the multiplicity of data types, as well as the possible multiplicity of materials. (See discussion of the 

latter point at the end of Section 2.1.) Making the usual approximation that gro is not an 

extremely nonlinear function of die parameters, we expand in a Taylor series and retain only die first 

term, 

* »J 

• 2J q eti agnj/3aj d g ^ j cov^, a:) / aj ai 
i . j 

• 2 gTmi g*„j RcovCffi.Oj) . (7) 

Eq. (7) gives die desired multigroup covariance matrix in terms of the multigrouped (logarithmic) 

sensitivities from Eq. (6) and data read direcdy from me second section of Hie 30. 

In addition to providing a direct route to die calculation of the uncertainty of multigroup cross 

sections due to parameter uncertainties, data provided in File-30 format have the potential for 

additional kinds of application, which do not involve straightforward application of Eq. (7). Since 

these issues relate to computing requirements, it is necessary to deal with specific examples. In 

situations presently foî een, the number of nuclear parameters might be in die range of 10 to 100, so 
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we take SO as typical. On the other hand, it is easy to imagine neutronics applications where the 

number of individual multigroup constants exceeds 10 000. For example, if mere are 3 

high-dueshold neutron-emitting reactions for a given material, the number of individual cross section 

items might be 3 reactions x 10 "source" groups x 80 "sink" groups x 4 Legendre tables = 9 600. In 

such cases, the data covariance tutrix cov(gm, g„) becomes prohibitively large (108 items), while 

the sensitivity matrix g*^ (containing 500 000 items) and parameter covariance matrix Rcovfaj, op 

(with 2 500 items) remain fairly manageable. Since, according to Eq. (7), all covariance information 

content is already contained in the latter two items, it seems likely that multigroup libraries for 

high-energy neutronics applications will store these items separately, rather than in the expanded 

product form. 

Further efficiencies are possible if the ultimate aim is to calculate the uncertainties in a set of 

predicted integral quantities (dose, radiation damage, fuel-breeding ratio, etc.), which can be denoted 

by a column vector y. A typical number of such quantities might also be around 50. The covariance 

matrix D(y) f'. the integral quantities is related (again in the first-order approximation) to the cross 

section covariance matrix D(g), with elements given by Eq. (7), by die familiar propagation of errors 

relation, 

D(y) - S D(g) ST . (8) 

where S i s die 50 x 10 000 sensitivity matrix relating the integral quantities y to die multigroup cross 

sections g. S can be obtained from standard neutronics analyses. If we introduce a 10 000 x 50 

matrix R, having elements g*^, Eq. (7) can be re-written in matrix form, 

D(g) - R D(o) RT . 
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Eq. (8) can then becomes 

D(y) = S [R D(o) R T ] ST « T D(o) TT . (9) 

The product matrix T « S R , which contains the direct sensitivity of the integral data to the 

nuclear-model parameters, is very compact, having about the same size as the covariance matrix 

D(ff). Note that in evaluating the matrix products in Eq. (9) one actually never has to calculate the full 

10 000 x 10 000 cross-section covariance matrix. 

In cases where the evaluator chooses to use File 33 for certain data and File 30 for others, there 

is no logical problem with adding together integral covariances D33OO based on conventional 

sensitivity and uncertainty analysis (Lc, based on Files 3 and 33 only) with analogous data D30(y) 

obtained from File 30, using Eq. (9), because the dau» covariances due to the parameter covariances 

are, by definition, independent of those described in the other covaiiance files. 
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Status and Future Developments of THEMIS nuclear data processing 
system 

C. M. DIOP • C. BRIENNE 

IRDWXMT/SBIMA/LEPP 
C.E.A./C&N.-SACLAY 

Abstract : The THEMIS cross section processing system is composed by a part of 
NJOY american nuclear data processing system, and by modules and routines which 
create and use a direct access nuclear data base, called THEMIS library. The PENDF 
and GENDF sequential data sets and direct access THEMIS library produced by 
THEMIS are aimed at neutronic and shielding transport codes. The THEMIS cross 
section processing system *s briefly described, and the future developments are 
indicated. 
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Status and Future Developments of THEMIS nuclear data processing 
system 

C. M. DIOP • C. BRIENNE 

DUH/DEMT/SERMA/LEPP 
CJB.A7C.E.N.-SACLAY 

1. Introduction 

THEMIS is a cross-section processing system [1] for neutronic and shielding transport codes. It is constituted by: 

- the amcrican cross-section processing system NJOY [2] which uses and produces sequential data sets, 

- some modules developped at C.E.A. in software environment of NJOY, 

- modules and routines which creates and manages a direct access THEMIS cross-section library. 

The conception of the THEMIS system answers three necessities: 

- to dispose of a direct access hierarchic nuclear data basis (called THEMIS library) whose organization allowed 
managing, easy visualisation and extraction of data, 

- to warrant the coherence of nuclear data recorded on a THEMIS library, 

- to have a single system to process cross-sections for all our shielding transport code system PROMETHE. 

The conceivers of THEMIS data base are D. CHAIGNE, G. DEJONGHE and J. GONNORD from C.E.A. 

2 . Modules of T H E M I S sys tem 

THEMIS is a set of modules and utilitary routines written in FORTRAN 77, except few routines. The modules of the 
THEMIS system can be classified in three main sets: 

2.1. Modules from NIOY system 

These modules produce ponctual and multigroup nuclear data from primary sequential data sets which contains nuclear 
dau in ENDP/B format [3]. Modules from NJOY system are given below, with their names respectively in NJOY and 
THEMIS systems. Files produced by NJOY system are called PENDF for ponctual dam and GENDF for multigroup 
data. 

MODER / CMODE: translation BCD/Binary and Binary/BCD for ENDF, PENDF and GENDF files. 
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RECONR /RECONS: reconstruction of pointwise nuclear data b a n resonance parameter. 

BROADR/IX)PPLER:broa0eningaiKlthiimiiujr»uttwisedata. 

UNRESR / UNRESE: self-shielded pointwise cross-section calculation in unresolved • resonance range. 

HEATR/KERMA: pointwise kerma factors and damage cross-sections calculation. 

THERMR/THERMA: thermal scattering inatricegeneration. 

GROUPR /GROUPS: neutron self-shielded multigroup cross section calculation. 

G AMINR / GROUPG: calculation of gamma multigroup cross sections. 

12. Modules developped in NIOY envimnnment at CE A. 

ANISO: computation of equal probability cosines. 

UNRESW: computation of self shielded cross sections in unresolved range by HWANG method. 

UNRESL: computation of self shielded cross sections in unresolved range by ladder method developped by P. 
RIBON from CE.A.. 

SMCOMP: generation of a total macroscopic pointwise cross section, It, from PENDF file to introduce a 
1/It or 1/EZt weighting into GROUPN module. 

CATENDF: catalogue of ENDF, PENDF or GENDF data sets. 

COPENDI': copy of ENDF, PENDF or GENDF data sets. 

EXTRENDF: extraction of nuclear data from ENDF, PENDF or GENDF data sets. 

It must note that some capabilities had been made in NJOY modules: 

- RECONS: - computation of cross sections at any temperature with BRETT and WIGNER single level model (P. 
RIBON, CE. A.) 
- introduction of REICH and MOORE formalism (Mr. DERRIEN, CE. A.) 

• GROUPN: - computation of multigroup cross sections with 1/Xt or 1/EXt weighting flux (G. DEJONGHE, CM. 
DIOP.C.E.A.) 

-KERMA: -approximate formula to compute recoil energy of the nucleus in the neutron radiative capture 
(TSOULFANIDIS, ex C.EA. associate) 

7 * MsiWll fw«—fl "»"»- THEMIS i W t orrm lihtarv and ulilimv mutiny 

The direct access THEMIS library structure will be described father. THEMIS data basis is created and exploited by the 
following modules: 

MJCROSP: creates a direct access poimwise cross-sections library from PENDF sequential data sets produced 
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by RECONS, DOPPLER. THERMA and ANISO modules. 

MICROSM : creates a direct access multigroup cross-sections library from GENDF sequential data sets 
produced by GROUPN and GAMINR modules. 

CTHEM1S: allows to consult THEMIS library interactively or by a batch job. 

GTHEMIS : set of tool routines for the programmer. These routines allow to make easily interfaces between 
transport codes and THEMIS data basis. 

The figure giving in the annexe shows a classical cross section processing scheme by THEMIS system. 

3. THEMIS data library structure [7] 

A THEMIS date basis is a coherent set of cross sections : same origin, same processing. We give below the 
organization of multigroup data produced by the MICROSM module from GROUPN GENDF output file. 

Nuclear data are hierarchicaly organized as sets of "objects"; an object is an set of variables and blocks which form a 
coherent entity. For example the following set is a THEMIS object : 

. the integer variable: MT, interaction ENDF code; 
ex: MT • 2 : elastic scattering cross section. 

. the word variable: MATERIAU, name of material; 
ex:MATERIAU-U235 

. the word variable: PARTICUL, name of the particule; 
ex: PARTICUL - NEUTRON 

. the word variable: DECOUPAG, name of energy multigroup structure ; 
ex: DECOUPAG = DEC318, (318 energy groups) 

. the word variable SPECTRM, name of the weighting spectrum; 
ex: SPECTRE-SP1E 

. the real variable TEMPERAT, temperature value; 
ex: TEMPERAT = 300. (Kelvin) 

. the real variable SIGMAO, background cross section; 
ex:SIGMAO-l.E+10 

. the integer variable NGROUP, number of energy groups; 
ex:NGROUP«318. 

. Block of real variables: cross section values; 
ex: elastic scattering cross section values in the 318 energy muhigroup structure. 
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The following scheme gives the general organization of THEMIS data basis: 

fFather objects") ("Son objects") 

Directory of 
multigroup 
structure 

dataontransfert 
matrices paging 

multigroup structure | 

Directory of 
materials 

Directory of 
archived interactions 

multigroup data 

Directory of 
spectra 

I 
multigroup cross sections 

multigroup cross sections 
depending on temperature 

thermal multigroup cross sections 

transfert matrices 

transfert matrices 
depending on temperature 

thermal transfert matrices 

self shielded cross sections 
depending on temperature 

Weighting spectrum depending 
on temperature and dilution 

macroscopic weighting spectrum 
integrated in energy groups 
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An example of a partial THEMIS library is now given: 

j Directory of material | Directory of interactions 
for each material 

J 
cross section 
values 

T 
total multigroup cross 
section 
MT = 1 

elastic multigroup cross 
section 
MT = 2 

total multigroup cross 
section depending on 
temperature 
MT = 1 ,T = 3 0 0 K 

transfert matrice 
MT = 1,PL = 1 

Directories contain* reference parameten which allow to teach the lowest levdinfonnation; cross sections, 
multigioup structure and spectra. For example a material directory will contain: 

- names of stored materials 
- ENDF/JEF material numbers (MAT) 
- name of the primary library 
• typeofpanicules 
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- name of weighting spectrum 
- name of the multigroup structure 
-temperature 
- etc.... 

An exhaustive description of a direct access data basis is given in reference [ 2 ] . 

A THEMIS library can be transferred from one machine (IBM/VM for example) to another (CRAY-XMP for 
example). 

Some numbers 

A THEMIS library which contains: 

- 50 materials, 4 temperatures 
-1 punctual library 
-1 multigroup library with 300 energy groups, P3 
-1 multigroup library with 25 energy groups, P3 

represents a storage capacity of about 500 megabytes 

4. GTHEMIS 

GTHEMIS is the tool box for THEMIS data basis. The programmer uses these tools in order to editing and loading 
data from THEMIS library to active computer memory for his owner arjplication m progress. The main offered 
functions are: 

- loading of energy multigroup structure 
- loading of macroscopic weighting spectra 
- loading of cross sections 
• loading of self shielded weighting spectra 

A typical sequence of FORTRAN statements are: 

COMMON/SECTIO/DXS JX>TVtNB>MTJ>MAT, DPARTJ>ECOUJ)UMl J>UM2, 
DSPEC.TEMP^IGMJDUM3JDUM4, 
NGRP^GRPl^PAGJPAGJGRPXSEC^DSEC 

1 CALL OBBLT (DBBLJERR) 
2 CALLEXMAT(DNOMATJERR) 
3 CALL OMAT (DNOMATJERR) 
4 CALLOSlM(DXS^MT.OJERR) 
5 CALLPMAT(]ERR) 
6 CALL FBBLT (TERR) 
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Comments on previous statements: 

The previous statements allow to load cross section'.Joes of a material from a THEMIS library into the common 
block /SECTIO/(ADSEC and LSEC are respectively the address awl oV length of this block in the working block) 

1 Opening of library DBBL(DBBL contains tte name of the libraiy). 
2 Existence of the request material is tested (DKOMAT contains the name of the requested materia]) 
3 Opening of requested material 
4 Loading cross section (NMT is the ENDFMT number requested) 
5 Closing of material 
6 Closing of library 

6. Interfaces between a t ransport code and a THEMIS library 

It must do difference between two kind of interfaces: 

- interfaces which translate THEMIS formal in the requested cross section library format associated to the considered 
transport code. Actually there are the following interfaces: 

- HETAIRE : interface THEMIS / HETAIRE code (FBR) 
- APOLLO: interface THEMIS /APOLLO code (PWR) [9] 
- THEMSNT: interface THEMIS / ANISN code 

- interfaces which prerare directly macroscopic cross sections from microscopic cioss station stored on a THEMIS 
library, for a given t jnsport code. For example the code MACROSN prepares macroscopic cross sections directly from 
THEMIS data basis for the one dimensional transport code SN1D. It will be also the case for the next version of the 
Monte Carlo code TRIPOLI (TRIPOLI 3). Codes can also use directly microscopic cross-sections from a THEMIS 
library 

A module called DETECT has been also written to put any response function on a THEMIS multigroup library, [8]. 

7. T H E M I S system versions 

THEMIS system with NJOY.83 version runs actually on: 

-IBM/MVS 
-IBM/VM 
- CRAY-XMP 

THEMIS system with NJOY.87 version runs actually on: 

- CRAY-XMP 
• IBM/VM 

8. Future developments on THEMIS system 

The future developments concern: 

• the improvement of the portability of THEMIS: more precisely THEMIS will can be running without dependant 
machine driver. 
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- the installation of THEMIS on SUN which is in progress, and planned on CRAY/UN1COS in 1990 

- the update of several modules: 

. UNRESL: treatment of unresolved range with ladder method developped by P. RIBON [4]. 

. MICROSP: conversion of PENDF file in THEMIS format 

- the introduction of a module, UNRESP, which compules probability tables by method developped by P. RIBON, 
[5]. 

• introduction of double differential cross-sections processing by GROUPXS module, [10]. 

-graphic outputs 

9. Conclusion 

In conclusion some features of THEMIS system can be noted: 

- THEMIS is compatible with NJOY system and ENDF formats since NJOY modules are a part of THEMIS. New 
capabilities are added in some NJOY modules. 

• THEMIS contains physical and military modules developped in FRANCE. Generally, these modules have an ENDF 
format outputs. 

- THEMIS propose a direct access nuclear data library built from sequential data sets in ENDF formats. Several new 
versions of transport codes as Monte Carlo code TRIPOLI 3, collision probability code APOLLO n, one dimensional 
SN code SN1D, will use or use already THEMIS data base. 
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Processing of Thermal Scattering Data with N J O Y 
- Experience and Comments -

M. Mattes, IKE Stuttgart 

The new version of the NJOY Nuclear Data Processing Code supports the features 
of the new ENDF-6 format including the revised File 7 format in the sublibrary 
for thermal data. File 7 is capable of representing the following types of data and 
is completely self contained. 

• Incoherent Inelastic 

This type is important for all materials, and it requires S(at,P) vs T and some 
auxiliary information such as the free scattering cross section and effective 
temperatures. 

• Coherent Elastic 

This type is important for crystalline materials like graphite and beryllium, 
and it requires information on the position and strengths of the Bragg edges, 
a characteristic coherent cross section, and a Debye-Waller function. 

• Incoherent Elastic 

This type is important for hydrogeneous solids like polyethylene and zirco
nium hydride, and it requires a characteristic cross section plus a Debye-
Waller function. 

The THERMR module of NJOY-89 generates pointwise integrated cross sections 
and double differential neutron scattering cross sections in the thermal energy 
range where the binding of the scatterer in a material or the motion of atoms in a 
gas is important. The results are added to an existing PENDF tape using special 
MT numbers in the range 221 to 250. The cross sections can then be group-
averaged with the GROUPR module or plotted and reformatted in subsequent 
modules. 

THERMR works with either the original ENDF/B-III thermal format and data 
files (which were also used for ENDF/B-IV and -V), or the new ENDF-6 format 
used for JEF-2. Coherent and incoherent elastic cross sections are generated using 
either parameters given in an ENDF-6 format evaluation as in JEF-2 or by using 
parameters included in the THERMR coding. In previous versions of THERMR, 
the necessary parameters were tabulated in data statements. Now they are given 
in MF=7 and MT=2. The evaluation completely controls the result. In the 
case of incoherent inelastic scattering the use of the short-collision-time (SCT) 
approximation for a and 0 values that are outside the range of tabulated S(a,l3) 
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requires an effective temperature value. Earlier versions of THERMR used internal 
data statements for this value or it was read from input. Now a direct tabulation 
of the effective temperature is included in the file. This allows the evaluation to 
be changed without altering the code. 

The testing and processing of JEF-2 thermal scattering data in ENDF-6 format 
and also of cold moderator materials as para- and ortho-hydrogen and deuterium 
evaluated at IKE has lead to improvements and modifications in several modules 
of NJOY. In the case of liquid hydrogen and deuterium it was necessary to modify 
the THERMR module to handle asymmetric scattering laws, that is S(a,0) / 
S(a, —0) because of spin correlations and also to allow for the very large values 
of 0 appropriate to these low temperatures (note that 0 is inversely proportional 
to kT for a given energy transfer); it is necessary to keep values of S as small as 
10~w for ENDF-6 format. This is quite a dynamic range! 

In the following examples of necessary improvements in modules of NJOY-89 in 
the case of thermal data processing are given. 

• THERMR 

— Better E' grid for CALCEM 
Earlier version of THERMR did not use a tight enough error criterion in 
fitting sharp features (see figure 1), and this sometimes led to noticeable 
problems in the integrated cross section (see figure 2). The criteria have 
been tigthened up for NJOY-89. 

— Finer incident energy grid 
Due to drastical changes in the scattering cross section for para-
hydrogen and ortho- and para-deuterium (see figure 3) 

— To allow verv small numbers for S(a,0) for the so-called cold mode. -
tors (for 64-bit machines at least 10~w) 

• MODER 

Correct reading of the new ENDF-6 format file MF = 7 for all temperatures 
as well as of the old format depending on IVERF 

• NJOY 

Tolerance for last point in TERPA added 

(caused by interpolation of T,// given in MF=7 and MT=4) 

• GROUPR 

Use of finer grid for weight function to avoid oscillations in thermal spectra 
(see figure 4) 
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The double-differential cross sections of hydrogen in the case of liquid hydrogen 
and light water are given in figure 5. 

All test calculations of the JEF-2 thermal scattering data were done on CRAY-2. 
The large exponents in the tabulated scattering law data may cause problems en 
short word computers and/or will lead to bad results. 

Comments on Scattering Law Processing 

NJOY is being used to produce scattering data for designing cold neutron sources for both 
accelerator and reactor facilities. At Los Alamos, data have been prepared for the MCNP code 
for liquid hydrogen, liquid deuterium, liquid methane, and solid methane. The hydrogen and 
deuterium models depended heavily on the work of Keinert of IKE and the methane models 
depended on the work of Picton of the University of Birmingham. 

The cold moderator work has led to the development of a new module called LEAPR based 
on the U.K. code LEAP, which uses the phonon expansion method. It may possibly be used 
to re-evaluate sen.,* reactor moderator materials for ENDF/B-VI. If this project is successful, 
the LEAPR module would be released as a standard part of NJOY. 
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Figure 4. Changes in the infinite medium neutron spectrum in pure water due to a finer 
grid for the weight function in GROUPR. 
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AN INTERCOMPAR1SON BETWEEN KERMA FACTORS FROM 
MACKLIB-IV AND FROM NJOY 

G.CPanini (ENEA), G.Rinaldi (NIER) 

Abstract 

A comparison between the kerma factors produced by NJOY 87.1 and those 
given in the MACKLIB-IV collection has been carried out. The results of the 
match are discussed. 

Introduction 

In the framework of the Task NSN-1 (Neutronics Data Base for Shielding) of the 
European Fusion Technology Programme, ENEA Bologna had in charge of in
vestigating on the feasibility of a new set of response functions (included kerma 
factors) to be associated with GEFF-1 (Groupwise EFF-1-European Fusion 
File). As starting point the intercomparison is in progress between the available 
sets of kerma factors and those computed by NJOY 87.1. MACKLIB-IV (Ref.l) 
seems to be at least the more used and of course the most complete among the 
available sets of kerma factors, eventough prepared in 1978 and based upon 
ENDF/B-IV 

For the purpose of the comparison the following point had to be considered first: 

1. not all the materials in EFF-1 are in MACKLIB-IV and viceversa, so as a 
selection is needed over the materials of MACKLIB-IV that are unchanged 
in EFF-1, i.e. leased from ENDF/B-IV without modifications; 

2. MACKLIB-IV has been created by MACK-IV, which, from the point of 
view of an intercomparison with modern codes, has the disadvantage of: 

rather old algorithms for the resonance reconstruction 

a very coarse energy grid over which the pointwise kerma are computed 

so as one could charge MACK-IV with possible differences between NJOY 
and MACKLIB-IV kerma factors. 

In this paper a crude intercomparison between MACKLIB-IV kerma and NJOY 
kerma are given, then the same intercomparison are performed over data com
puted with a modified version of the MACK-IV code. 

MACLIB-IV - NJOY 87.1 intercomparison 

The materials which are given both in ENDF/B-IV and EFF-1 without modifi
cations are: 
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Material 
Beryllium 9 
Oxygen 
Vanadiua 
Manganese 55 
Copper 
Tungsten 182 
Tungsten 183 
Tungsten 184 
Tungsten 186 

ENDF/B-IV 
1289 
1276 
1196 
1197 
1295 
1128 
1129 
1130 
1131 

EFF-1 
4049 
4086 
4230 
4255 
4290 
4742 
4743 
4744 
4746 

No calculation has been carried out for Beryllium 9; the remaining materials have 
been graphically compared and the graphs of the kerma factors are given in the 
following pages together with those of the total cross section so as to have a 
measurement of the variations introduced by the algorithms. The dashed line is 
referred to MACKLIB-IV data, while the continuous line curve are group aver
aged data computed by NJOY over the 175 energy group VITAMIN-J scheme 
with the 300 K degrees weighting function; a collapsing is performed in order to 
compare exactly with the 171 group VITAMIN-C structure adopted by 
MACKLIB-IV. In addition it should be noted that Ref.l indicates that in proc
essing ENDF/B-IV to create MACKLIB-IV a weighting function similar to that 
of VITAMIN-C has been used and not the same function so that, some differ
ences (mainly in the very low energy range) could be assigned to this approxi
mation. 

The graphs suggest the following comments: 

Oxygen: in front of discrepancies of the order of few percent in the total 
cross-section, the total kerma shows large differences in the low energy group 
(this can be brought up by the different weighting functions) and at high 
energies. As it is well known the ENDF/B-IV oxygen has no resonance pa
rameters in the energy region of interest. 

Vanadium: this material has no resonance parameters too, but the differ
ences in this region are quite large. In addition a large discrepancy occurs in 
the low energy kerma where MACKLIB-IV takes into account the radioac
tive decay of short lived reaction products. 

The remaining materials show large discrepancies in the whole range and the 
reasons of that are here summarized: 

in the low energy range MACKLIB-IV data have added the contrib
ution from radioactive decays, but for Tungsten 182 which shows actu
ally the less discrepant shape; 

in the resonance range there are discrepancies due to the different algo
rithms used in the resonance reconstruction (MACK-IV uses the 
method of NPTXS from AMPX-II (Ref.3) and NJOY 87.1 uses the 
variable step technique first adopted in RECENT (Ref.4)); 
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in the MeV region a negative peak appears in all the materials for 
NJOY calculations; 

note also the high discrepancies in the resonance energy range of 
Manganese 55. 

New MACK-IV - NJOY 87.1 intercomparison 

In order to have a clean as possible comparison between NJOY and MACK-IV, 
new computations have been carried out with the following modifications: 

the array sizes in MACK-IV has been enlarged so as to accept very large 
files as those of pointwise EFF-1, that have been tabulated from resonance 
parameters by RECENT, in order to avoid uncertainties due to the reso
nance reconstruction algorithms; 

the energy grid over which the pointwise kerma are computed is put equal 
to the grid of the total cross section; 

the same weighting function used in NJOY has been adopted; 

the radioactive nuclide decay is not taken into account. 

The results of the comparison carried out over the Manganese 55 (in previous 
page) show practically identical total cross sections, while some differences still 
remain in the low energy range of the kerma. 

Three options exist in MACK-IV to calculate kerma: 

1 gamma-ray energies calculated from ENDF/B gamma production files; 

2. neutron kerma computed using neutronics content, files 1-5, only; 

3. same as 1 but gamma ray energy added to local energy release. 

All calculations with MACK-IV have been carried out with option 2; a sample 
with option 1 give raise to almost all negative values and the results of option 3 
are given in the graph in the next page. In the NJOY calculations the option 0 
(gamma rays transported) has been used. 

Conclusions 

The results of the intercomparison seems to confirm the following: 

MACKL1B-IV is a quite old library based on old data processed with old 
algorithms; 

a revised version of the MACK-IV code, integrated with data processed by 
RECENT (and possibly Doppler broadened with SIGMA I (Ref. 5)), is able 
to process modern data base, but the basic processing algorithms still remain 
the same; 
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NJOY adopt the modern energy-balance method but the data are not yet so 
complete and accurate to allow a very reliable set of neutron kerma factors. 
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Comments on KERMA 

At Los Alamos, we add the radioactive decay contribution later (using TRANSX). It is, of 
course, directly proportional to a cross section. This separation also allows one to decide what 
time cut-off to use in selecting decay processes to be included. 

The large differences between MACK and NJOY reflect differences between the energy-
balance and kinematic methods, a$ discussed in my paper. HEATR can actually produce results 
similar to those from MACK, the user should request the partial KERMA 443. The result can 
be plotted, groups averaged, and used just like any other cross section, Los Alamos MATXS 
libraries contain both "WHEAT and "KERMA'. 
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GENERATION OF MATXS-FORMATTED 
NUCLEAR DATA LIBRARIES 

P. Nbntobcl 
Paul Scherrer Institute 
CH-5232 ViUigcn PSI 

Switzerland 

Abstract 

Using the NJOY nuclear data processing system, three multigroup MATXS-
formatted nuclear data libraries were generated based on the European data files 
JEF-l and EFF-l. After processing with TRAMDC, TRANSX, or TRANSX-CTR 
these libraries can be read into most transport and diffusion codes. 

For the neutron analysis of gas-cooled or water moderated thermal reactor 
systems (including high converter FWR's) a 70-group WIMS-BOXER structured 
library was generated. A general purpose fine group library in 308 groups is 
provided for thermal as well as for fast reactor systems. A coupled 175 neutron/42 
photon-group library in VTTAMIN-J structure was created for the analysis of 
shielding problems and fusion blanket design. 

A problem found when using CRAY's CFT77 compiler to implement NJOY87 
is discussed. The problem of irregular selfshielding factors from UNRESR for 
some isotopes and (OQ, material temperature)-combinations in the unresolved res
onance range is addressed. 
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Methodology and Processing 

First, pointwise JEF/EFF cross sections were reconstructed and broadened with 
NJOY (Version 6/83) [1] for the isotopes of interest and temperatures up to 3000 
K (For details see [2]. Hereby the thermal region was treated according to the 
free gas model and the available scattering laws (thermal S(a,/3) matrices;. In 
the unresolved resonance range, selfshielded data were generated, when available 
on the evaluation. 

Second, pointwise cross sections were converted into groupwise data, using 
adequate weighting spectra. The energy self-shielding of resonances was taken 
into account for light structural isotopes by the the narrow resonance approach. 
Data of heavier nuclides (Z>13) including actinides were shielded on the basis 
of an accurate slowing down pointwise flux calculation in the resolved energy 
range of the absorber (Flux calculator option in GROUPR). 

Third, all multigroup cross sections were translated into MATXS format. The 
MATXS file is a cross section library in a flexible format designed to general
ize the existing standard CCCC files [3]. Vector cross sections for all reaction 
types available on the JEF files (including damage data and kerma factors) are 
provided. Furthermore group-to-group scattering matrices (including upscatter) 
and matrices producing neutrons (e.g. fission) or photons are available. Data are 
taken at different temperatures, background cross sections and different degrees 
of anisotropy. Neutron and photon data are treated in the same way. Together 
with the MATXS library an index is provided showing all particles and reaction 
types as well as the temperatures and background cross sections included for each 
material. 

Description and Practical Use 

Three basic group structures were chosen. For the analysis of gas-cooled or water 
moderated thermal reactor systems (including high converter PWR's) a 70-group 
WIMS-BOXER MATXS library, was generated using the LWR representative 
WIMS-D weighting spectrum. The 70 neutron groups (42 thermal groups) are 
the same as in WIMS with an additional high energy group between 10 MeV and 
14.918 MeV. Moreover a fine group MATXS library in 308 neutron groups (108 
thermal groups) is provided to satisfy the needs of both thermal and fast reactor 
analysis. The energy structure comes primarily from VTTAMIN-E and GAM-II 
in the fast energy range and from GATHER in the thermal range. Finally, a 
coupled 17S neutron/42 photon-group MATXS library in VTTAMIN-J structure 
(11 thermal groups) was created for fusion blanket and shielding analysis. The 
same temperature dependent VTTAMIN-E weighting spectrum was used for gen
erating the 308 and 175 group libraries. The VITAMIN-/ neutron and photon 
group structures are similar to VTTAMIN-E with some additional energy bound
aries. All MATXS libraries include self-shielded anisotropic data at different 
temperatures. 

Some recommendations are now given on the practical use of the MATXS 
libraries. The user should first consult the index of the MATXS library to be 
informed about its content. The MATXS file has then to be preprocessed with 
the help of TRAMIX [4] (a PSI update of TRANSX), or TRANSX-CTR [3] 
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Figure 1: Generation of MATXS based problem dependent libraries 

(a simplified version of TRANSX for fusion and shielding application) to get a 
problem specific data library in a selected fotmat 

Using TRAMIX, resonance data can be shielded in the whole energy range 
and neutron, photon or coupled tables can be produced suitable to most transport 
and diffusion codes. Special features are available, such as group collapse, the 
capability to compute accurately fission spectra from the fission matrices on the 
MAfXS library, to calculate and use energy dependent intermediate resonance 
Goldstein-Cohen A-factors, to generate macroscopic data, to correct elastic scat
tering matrices for differences between actual flux and library weighting flux, to 
create adequate transport cross sections for leakage calculations and to produce 
a variety of library formats. 
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Implementation of NJOY87 on CRAY using CFT77 

At Paul Schemer Institute Villigen we got recently access to a CRAY X-MP/28 
located at the Swiss Federal Institute of Technology ETH-Z in Zurich and to 
a CRAY-2/2 256 located at EPF-L in Lausanne. Both CRAY sites run their 
machines under UNICOS. 

CFT77 is CRAY'S most efficient FORTRAN77 compiler, which uses vector-
ization, scalar optimization and multitasking to improve the execution time of a 
FORTRAN program. 

There is one aspect of CPT77 which is different from CFT (the older version 
of CRAY'S FORTRAN77 compiler) still used on the XMP machines but not 
on the CRAY-2 and the CRAY Y-MP machines, which affects a dau storage 
assumption used in many places of NJOY87: 
It is assumed that local data is preserved between subprogram calls. This is true 
for CFT and many other compilers, but not for CPT77, because it conflicts with 
CFT77 optimization techniques. 

Let's look at the GETY2 subroutine of NJOY to explain the problem: 
mio imn arna.xsaT.iois.ra.rnn.i) 

e icnisra n(x) mm u UOF/S TU> n w e n u osxie MCD KD 
w 
e •Loan m m rauun. CALL urn i*o TO iuo I I r u n net 
c ot s u a or am uo KXTIIUZI Minus, soonii isstnas 
c nuns K U u cuus II tscasiK won. n n is m rust 
c u n a n w i n a u r a TUI I WUBS n i m UST WIST. 
c •••TII» sonoonu is SIRIUS TO ectri, rat an v i a no r 
c qoumiis MBT U u m t n o SIMLTUIOOSLT.M* 
c 

Dtmsiai »(»o) 
c 
c •••UAH ran net at SLOCI or MT» lis n m t u z t 

101*̂ 1 
IT (I.BT.O) SO TO HO 
cm. T<siio(irtn,o.o.i,n.n) 
svnr*ni 
»•*(()«. i 
»r«i(«)».i 
LT*«*3>n 
irt«t 
ir>ci*-LT)/a 
ir (n .n .o) xn>m*i 

ir«i 
ILiST'KLTM) 
TUST-I(LT»3) 
IIBT'ILIST 
TJ'TUSI 
IF (TUST.IS.O.) XUST-.tt«M«IUST 
UTU1S 

c 
C •••IS I II Till MID. 

UO IF (I.LT.IUST) SO TO 300 
u*a«(ir-ir» t LT 
tr (I.IT.MUM)) SO TO 130 
IF (IF 10.IF) SO TO S00 

Table 1: Locally defined variables used in subsequent calls to GETY2 

Here the locally defined data XLAST, IP, IPl, IP2, LT, NP, IR are used in a 
subsequent call to GETY2, but there is no storage for them in a COMMON. 
Assuming that those data are available in the second call is wrong.when using 
CFT77. TTiey should be written in a COMMON block, or the FORTRAN77 
SAVE statement should be placed at the beginning of the SUBROUTINE 

l b improve the portability of NJOY, it is recommended that the values of such 
variables (found in many NJOY subroutines) are stored in COMMON blocks. 
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Irregular Selfshielding Factors in the Unresolved Reso
nance Range URR 

There are a few but important isotopes e.g. 235U, 238U, 339Pu which show 
irregular selfshielding factors in specific energy ranges within the URR for given 
combinations of background cross-section value <r0 and material temperature T 
(see e.g. [5]). The selfshielding factor f is defined as: 

e(eo = z<10") 
1 c(a0 = 1010) K ' 

From the physics point of view the f factor should always be in the range: 
f<l . Small deviations from this range have to be accepted if the rather complex 
algorithms used to calculate the unresolved resonance integrals are taken into 
account. Arbitrarily we can speak of irregular f factors in the range f>1.02, 
because such high values can lead to wrong results in problems where the URR 
is important This is true in Fast Breeder Reactor problems especially when 
calculating temperature dependent quantities like the Doppler coefficient see e.g. 
[6]. 

The irregular f factors show up at energies in the URR in die GENDF files 
at thegiven a0 and temperature but also on MF2 MT152 on the PENDF file. As 
an example the print option set in UNRESR when calculating 235U leads to th 
output shown in table 2 (shortened!) at 8.4 keV and 0 and 296 K. 

0 
6 
•neon* 
-20 -21 
•POM TAPE » H 0236*/ 
4926 1 0 
.006 .0 7 .006/ 
•U236*/ 
0/ 
•BUM** 
-21 -22 
4926 1 0 1 / 
.003 1.E6 .006/ 
2M. / 
0 / 
•UWMSR* 
-20 -22 -21 
4026 2 6 1 
0. 2M. / 

1.E10 1.E4 1.E3 1 6 2 1.E1 1. 
0/ 
•STOP* 

Table 2: UNRESR input for M i U 
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UIRBSR.. .CALCDUTIOI OF UIRBSBLVED RESOIAKE CROSS SECTIONS 
3B.48SS 

8/20000 
STORAGE 

UIXT FOR IIPDT USP/B TAPE -20 
OIXT FOR IIPUT PEROT TAFS -22 
01IT FOR OUTPUT PEROT TAPE -21 
TEMPERATURES O.OOE+00 

2.96E+02 
SIGMA ZERO VALUES l.OOE+10 

1.00B+04 
1.00E+03 
1.00E+02 
l.OOE+01 
l.OOE+OO 

1 PRIRT OPTIOI (0 Mil., 1 MAX.) 

NAT > 4926 
39.579S 

TEMP • O.OOE+00 

EIERGY » 8.4000E+03 
1.8S3E+01 1.852E+01 1.049E+O1 1.022E+01 1.647E+01 1.602E+01 

Total 
1.197E+01 1.197E+01 1.196E+01 1.187E+01 1.187E+01 1.167E+01 

ElMtic 
2.993E+00 2.991E+00 2.978B+00 2.873E+00 2.S39E+00 2.317E+00 

Pinion 
l.MBE+OO 1.S64E+00 1.664E+00 1.478E+00 1.266E+00 1.125E+00 
1.863B+01 1.652E+01 1.646E+01 1.696E+01 1.477E+01 1.411E+01 

Captor* 

NAT > 4925 TEMP * 2.96E+02 

EIERGY * 8.4000E+03 
1.8S3E+01 
1.197S+01 
2.993E+00 
1.666E+00 
1.853E+01 

1.8WE+01 
1.1B7E+01 
2.993B+00 
1.685B+00 
1.663E+01 

1.663B+01 
1.197E+01 
2.987E+00 
1.667E+00 
1.8ME+01 

1.688E+01 
1.197E+01 
3.026E+00 
1.S84E+00 
1.864E+01 

1.673E+01 
1.1B9B+01 
3.10SE+00 
1.637E+00 
1.888E+01 

1.665E+01 
1.197E+01 
3.062E+00 
1.628E+00 
1.026B+O1 

18820/20000 

133.372S 

USAGE 

Table 3: UNRESR Output for ^ U at SA kcV, T*0 and 296 K 
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In table 3 from left to right cross-sections at <TO=1010, 10 \ 103. 100,10 and 
1 bam are tabulated. Whereas at 0 K the values look perfect over the whole a0 

range, at 296 K irregular f values are calculated for a^lO bam e.g. / F = 1 . 0 4 . 
In 33SU the energy range between 3keV and 24 keV is concerned. 

Where do these irregularities come from? It is unlikely that they are due to 
the evaluation, because several isotopes from different evaluations are affected 
in a similar way. 

They are most probably generated in UNRESR, where at line (NJOY87.0) 
the calculation of the J and K resonance integrals is invoked (ao is in BETAand 
the material temperature in STI): 

CALL AJKU(BETA,STI,XJ,XK) UNRESR.919 

Looking at the way, how this is done in UNRESR, i see two possibilities to get 
bad results: Either the tabulation of the complex probability integral W is not 
appropriate, or how this tabulation is used to calculate the integrals leads to thai 
Because of my missing knowhow of the URR formalisms, it is not easy for me 
to analyze the problem. Suggestions are therefore welcome how to proceed. 
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Comments on UNRESOLVED TABLES 

The UNRESR module uses methods originally developed for MC 2 (from a version actually 
installed in ETOX). These methods were later extended and refined for M C 2 - I I by Hwang, 
but the extended method is not currently available as a standard NJOY module. Both the 
original and extended methods represent the self-shielding in terms of an isolated resonance 
contribution and a set of correction terms for resonance-resonance overlaps. These correction 
terms converge best if the overlap is small and if <r0 is large. In practice, self shielding for 
U-238 (narrow, widely-spaced resonances) can be computed accurately for <r0 »* small as 1-10 
barns, but U-235 (broader, more closely spaced resonances) begins to have problems for <r0 < 
100 b. For practical application, the appropriate <r0 for U-235 is higher than this limit. 
Many users are tempted to construct shielded cross sections for all their materials using some 
single standard <r0 grid (for example, 10 000, 1000,100,100, 10, 1, 0.1). This is very danger
ous. The values should be chosen (by experience) to be concentrated in the <TQ range where 
the shielded cross section changes the most. Also, low values should be avoided for materials 
like U-235 and Pu-239. Finally, choose <fo values based on the real range of <r0 values found 
in applications. 

Some ffo interpolation schemes used in the past have required values for several <r0 to 
choose the constants. They can give misleading results for materials like U-235. 
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GROUP CROSS SECTIONS FOR THE ASSEMBLY CODE CASMO. 

C. Gragg 

STUDSVIK AB, NykSping, Sweden 

Abstract 

NJOY, version 6/83-2+, is at present used together with JEF-1 
for generation of group cross sections for the assembly code 
CASMO. The POWR module in NJOY transformes the output from the 
module GROUPR to a form suitable fir the CASMO data library. 
Some of the input for POWR is discussed. The output, which can 
be used directly in the CASMO data library, is described 
briefly. A table of the isotopes, that have been processed, 
is given. Finally a discrepancy between data from JEF-1 and 
ENDF/B-V for Gd-155 is pointed out. 
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1. Introduction. 

The assembly code CASMO (1) requires a data library of group 
cross sections in 70 energy groups to be generated. This 
library is condensed to a library in 40 energy groups, which is 
normally used. NJOY is used together with JEF for the generation 
of group cross sections. Special resonance cross sections are 
generated. 

An important module in NJOY is the POWR module, which was 
designed originally for the EPRI cell programs. It can also 
be used for the CASMO data library. 

After some initial troubles with input data NJOY works 
technically well, and group cross sections generated with the 
program are continually being incorporated, after benchmark 
studies, into the CASMO data library. 

2. NJOY - CASMO data library system. 

The processing system used, which starts with reading the JEF 
library and finally gives a binary library, that can be read by 
CASMO, can be seen in fig. 1. 

A number of files and programs are involved and also some manual 
handling is needed. 

- Input file according to NJOY input instructions. The 
DORIX (2) program must sometimes be used for some input data. 
A typical input file for NJOY is given in table 3. 

- JEF-1, version 8-Jan-85. 

- NJOY, version 6/83-2+, is used with some Studsvik updates 
made in the POWR module. 

- Some manual reformatting with a text editor is needed before 
inclusion of the cross sections into the library. 
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- A program CASLIB is used for output from the library e.g. 
effective resonance integrals for resonance absorbers, 
infinite dilute resonance integrals, 2200 m/s cross sections. 
Condensation to 40 energy groups is also done with CASLIB. 
Binary files for 70 and 40 energy groups are generated 
before use in CASMO. 

This system has been in regular use during the last two years. 

3. POWR module 

Condensing from 185 energy groups to 70 energy groups is done 
in the NJOY module GROUPR. 

The POWR module reads the output file from GROUPR and trans
forms data to a suitable form for the CASMO library. 

A number of input data is needed for the transformation. An 
important one is the Goldstein A - value, which takes care of 
overlap effects for the resonances. DORIX is used for the 
calculation of X. A = 1 for groups with no (or small) reso
nances and approaches zero for groups with wide resonances. 

POWR produces mainly the following data to be included into the 
CASMO data library. 

- }•'&*, where 4p is the potential scattering cross section. 
4_«ViTr'1-, where r is the atomic radius from JEF, file 2. 

- Average number of neutrons/fission. 

- Self-shielded resonance integrals for absorption and fission 
as a function of temperature and background cross section. 
The Goldstein A is used. The integrals are computed for 
those groups which have been defined as resonance groups. 

- Infinite dilute cross section for absorption, fission and 
scattering. 

Data are organized into subfiles in the CASMO data library. 
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4. NJOY applications. 

Cross sections for a number of isotopes have been processed. 
A list can be found in table 1. Resonance treatment according to 
POWR has been done for many of the isotopes. These are marked 
with "res" in the table. 

The cross sections for Hf, Ag, Cd and In, which are control rod 
materials, have been included in the ordinary CASMO data 
library. The new Pu cross sections are in the process of being 
tested on benchmark problems before inclusion into the library. 

5. NJOY applications on Gadolinium. 

The different Gd isotopes have been processed. The cross 
sections have not yet been included into the CASMO data library. 
It was found that there is a large discrepancy between JEF-1 and 
ENDF/B-V resonance integral values for Gd-155 (see table 2). For 
the other isotopes the agreement is good. 

6. References. 
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Mathematics and Computations. Paris, April 1987. 

2. H. HSggblom: "A Users Manual for the DORIX program, version 
1978." 
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Group cross sections for CASMO-3 

NJOY version 6/83 - 2+ 
JEF-1 version 8 - jan - 85 

JEF 

Input 
file 

! 

NJOY 

| 

CASMO Nuclear 
data library 

• 
CASLIB 
Generation of 
binary file 
output etc 

t 
CASMO-3 
Assembly code 

DORK 
is used 

POWR 
module used 

some 
reformatting 

Earlier methods based on 
DORIX - SPENG - CUB system 

Fig 1 Flow scheme of the 
the processing 
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NJOY applications 

Am - 241 res Cm - 242 
242 " 243 
243 245 

246 

Ag - 107 res Pu - 239 rea 
109 " 240 " 

241 " 
Cd - 113 242 " 
In - 115 res 

U - 234 
236 res 

The cross sections for Am, Cm, Hf, Ag, Cd, In, are 
Included in CASMO - 3 data library 

Hf 

Gd 

- 174 
176 res 
177 " 
178 " 
179 " 
180 " 

- 154 
155 res 
156 " 
157 " 
158 " 
160 

Table 1 List of processed Isotopes 



Gd infinite dilute resonance integrals 

Gd 

154 
155 
156 
157 
158 
160 

JEF 

from data 
file 

248 
2588 
100 
763 
63 
9 

- 1 

computed with 
NJOY + CASLIB 

247 
2586 
99 
761 
63 
8 

ENDF/B - V 

from data 
file 

231 
1555 
105 
758 
63 
8 

There is a large discrepancy between JEF - 1 and 
ENDF/B - V for Gd -155 

Table 2 Gd iAfinlte dilute resonance integrals 



TABLE 3. INPUT FOR GO-157 
0 
5 
•RECONR* 
-21 -22 
•PENDF TAPE FOR GD-157 FROM JEF-1 8-JAN-85. */ 
4647 1 0 
.005 0 . 6 0.01 0.001 / 

•GD-167 FROM JEF-1 8-JAN-85. * / 
0 / 

•BROADR* 
-22 -23 
4647 4 0 1 0 . 0.001 1.E6 
300. 600. 900. 
0 / 

*UNRESR* 
-21 -23 -24 
4647 4 6 0 

300. 600. 900. 

0.001 
1500. 

1500. 
1.E10 15000. 5000. 2000. 1000. 
0 / 

•THERMR* 
0 -24 -25 

4647 4647 6 4 1 0 1 221 0 
300. 600. 900. 1500. 
0.05 4 .0 

*GR0UPR* 
-21 -25 0 26 
4647 1 0 5 1 4 6 0 

*G0-157 FROM JEF-1 B-JAN-85. * / 
300. 600. 900. 1500. 
1.E10 
70 

15000. 5000. 2000. 1000. 

1.000000E-5 
2.000000E-2 2 

5.000000E-3 
50OOO0E-2 3. 

8OO0OOE-2 6.700000E-2 8 
200000E-1 2.50OOO0E-1 2 
OOOOOOE-I 5.000000E-1 6. 
500000E-1 9.720000E-1 9. 
097000E+0 1.123000E+0 1. 

1.5OOOO0E-2 
6.OOOO00E-2 5. 
1.800000E-1 2. 
3.50OOO0E-1 4. 
9.100000E-1 9. 
1.071000E*0 1. 
1.865 

2.100000E+0 2.600000E+0 3.300OOOE+0 4. 
2.770000E-H 4.805200E+1 7.550100E+1 1 
1.425100E+3 2.239450E+3 3.519100E+3 5. 
2.478000E+4 4.085000E+4 6.734000E+4 1 . 
5.000000E+6 8.21O00OE+5 1.3S3000E+6 2. 
1.000000E+7 

1 *T0TAL*/ 
2 *ELASTIC*/ 
4 *INELASTIC*/ 

102 *CAPTURE*/ 
221 *FREE THERMAL SCATTERING*/ 
261 *MYBAR*/ 
2 *ELASTIC*/ 

221 *FREE THERMAL SCATTERING*/ 
51 *DISCRETE INELASTIC*/ 
-78 *CONTINUED*/ 
91 *C0NTINUUM*/ 

1.000000E-
O0O000E-2 
000000E-2 
800000E-1 
250000E-1 
960000E-1 
160000E+0 

OOOOOOE-fO 
487280E+2 
530000E+3 
110000E+5 
231000E+6 

2 
3.50OOO0E-2 
1.OOOOOOE-I 
3.000000E-1 
7.800000E-1 
1.020000E+0 
1 .300000E-fO 

4.200000E-2 
1.400000E-1 
3.200000E-1 
8.500000E-1 
1.045000E+0 
I.SOOOOOE-fO 

9.877000E+0 1.596800E+1 
3.672620E-C-2 9.068980E+2 
9.118000Ef3 1.E03000E+4 
1.630000E+5 3.025000E+5 
3.679000E46 6.065500E+6 

3 
3 
3 
3 
3 
3 
6 
6 
6 
6 
6 
0/ 
3 
3 
3 
3 
6 
6 
0/ 

1 *TOTAL*/ 
2 *ELASTIC*/ 

102 *CAPTURE*/ 
221 *FREE THERMAL SCATTERING*/ 

2 -ELASTIC*/ 
221 *FREE THERMAL SCATTERING*/ 

- CONTN^O 
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- CONTN'D -
3 1 *TOTAL*/ 
3 2 *ELASTIC*/ 
3 102 *CAPTURE*/ 
3 221 *FREE THERMAL SCATTERING*/ 
6 2 *ELASTIC*/ 
6 221 *FREE THERMAL SCATTERING*/ 
0/ 
3 1 *T0TAL*/ 
3 2 *ELASTIC*/ 
3 102 *CAPTURE*/ 
3 221 *FREE THERMAL SCATTERING*/ 
6 2 •ELASTIC*/ 
6 221 *FREE THERMAL SCATTERING*/ 

0 / 
0 / 
*POWR* 

26 27 
3 1 1 
1 B80614 1 1 2 0 1 
0 0 0 1.EtO 1 3.02 221 221 1 0 1 1 
1.00 1.00 1.00 1.00 1.00 1.00 1.00 0.99 0 .96 0 .96 0.96 1.00 1.00 
0 / 
0 / 

*STOP* 
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XLACSR-A MODULE FOR NJOY(87) FOR NORDHEIM RESONANCE TREATMENT 
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Abstract 

XLACSR is a module which can be used in the NJOT code system to 
generate the data required in the AMPX code package for the Nordheim 
resonance treatment. 
The required module UNITABR merges the data from the MZLER code and 
XLACSR module to an AMPX master interface file. 
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Introduction 

For reactor neutronics calculations the "OLD" AMPX-1 package has 
been used at IRI - Delft. (Fig- 1.) 
Recently a new set of computer codes has been installed (Fig. 2.) 
To process neutron, neutron-gamma data and Bondarenko resonance 
parameters, nodules of the AMPX-2 package are required. 
In both the AMPX-1 and AMPX-2 package a multigroup neutron and gamma 
data library is required: the AMPX master interface file. 
The NJOY code system can be used to generate this file instead of 
XLACS-2. 
- NJOY can be used with ENDF/B data in IV, V and VI formats. 
- It has a better treatment for n,2n reactions and thermal 
scattering. 

-It can generate Bondarenko resonance parameters. 
- Updates of the code are available. 
The Nordheim resonance parameters, necessary to generate self-
shielded neutron cross sections, can be generated with the module 
XLACSR. 
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XLACSR-UNITABR 

NJOY [1] is a code system for producing multigroup neutron cross 
sections from an ENDF/B or JEF evaluated nuclear data file. The 
cross sections are stored in an intermediate group-wise ENDF file 
(GENDF). Several modules are available to format for other transport 
codes etc. 
The AMPX-master interface file [2] is required to run other AMPX 
modules. 
The code MILER [3] formats multigroup data for the AMPX master cross 
section interface file from a GENDF file. 
Resonance parameters and one-dimensional arrays for the elastic 
scattering, neutron-gamma capture and fission reactions are required 
for the generation of self-shielded neutron cross sections with the 
Nordheim integral treatment [4]. 
The XLACSR module, which can be used in the NJOY code is a stripped 
down version of the XLACS-2 code. It generates only the resonance 
parameters and one-dimensional arrays for the Nordheim treatment. 
The output data is stored in a "small" AMPX master interface 
library. 
The programme UNITABR is a modified version of the programme UNITAB 
and produces a complete AMPX master interface library from the MILER 
and XLACSR output. The programme merges the data and substitutes the 
one-dimensional elastic, capture and fission cross sections from 
MILER by XLACSR data. 
The modules RADE and COMET can be used to check and to correct an 
AMPX master interface file. 
Finally, minor changes have been made to the NJOY (main) code 
system. 
See flowchart of NJOY(XLACSR) and UNITABR (Fig. 3.) 
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XLACS- 1 

CITATION 

Fig. 1. Flowchart "OLD" code package 
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XSDRNPM 

CITATION 

Fjg. 2. Flowchart "NEW" code package 
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NJOY (main) 
I I 

GROUPR XLACSR 

OK: 

READY 

Fig. 3. Flowchart NJOY(XLACSR) and UNITABR 
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GROUP CROSS-SECTION PRXESSING AT ECN. PETTEN 
(Comparison of AMPX, NJOY and GROUPXS results) 

Yu Peihua * ) , H. Gruppelaar, D. Nierop 
Netherlands Energy Research Foundation ECN, Petten, 
ZG 1755 Petten, The Netherlands 

*) Guest from Institute of Atomic Energy, 
Chinese Nuclear Data Center, Beijing, 
P.R.China 

Abstract 

Results of group cross-section processing with the AMPX, NJOY and 
GROUPXS codes are intercompared- The interfacing codes CRECTJ5 and MILER 
were used, in addition to th<? processing codes. In general there is quite 
good Agreement between the AMPX and NJOY results, if the correct input 
parameters are used. Non-standard input is required for AMPX to obtain the 
sane results as NJOY for thermal scattering. A comparison between GROUPXS 
and NJOY (version 87.1) was performed to test the processing of recent 
data files with MF6 of the ENDF-VI Format. 
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1. INTRODUCTION 

The AMPX Master Format Library has been selected for reactor 
calculations at ECN, Petten (PASC-system [1]). For cross-section proces
sing both the NJOY system [2] and the AMPX system [3] are used. The rela
ted codes NJOY [2], MILER [i»], CRECTJ5 [5]. NPTXS [3], XLACS-2 [3] and 
RADE [3] have been'implemented on the CYBER-NOS-VE operating system. 

In this paper the AMPX and NJOY processing results are intercompared. 
A 219-group library in AMPX Master Format for more than 100 fission 

products has been produced by NJOY-87.0 and MILER on the ETA-10 supercom
puter. 

Furthermore, NJOY-87.I has been implemented on CYBER-NOS-VE. It was 
used to process file MF6 of the ENDF-VI format. A comparison of NJOY-87.I 
and GROUPXS [6] results is given in this paper. 

2. DIFFERENCES BETWEEN AMPX AND NJOY PROCESSING RESULTS 

There are two systems to obtain the AMPX Master Format data. One 
consists of NJOY and MILER, the other consists of CRECTJ5, NPTXS, XLACS-2 
and RADE. 

If NJOY is used, GENDF format data can be converted into AMPX Master 
format by MILER, developed at Bologna. The other possibility is to use the 
AMPX system. First, a data file in ENDF-V format is converted into ENDF-IV 
format by the Japanese code CRECTJ5, then it is processed by NPTXS and 
XLACS-2; finally it is checked by RADE. 

In order to select the correct code system to perform the calcula
tions, it was important to compare the two systems. During the comparison 
the weighting function used for both systems was "MAXW. + 1/E • FISSION". 
The break energy points and the temperatures for the Maxwell and fission 
spectra were chosen exactly the same. The 25 neutron group structure used 
in the XLACS-2 sample problem was adopted. The maximum order for the Le-
gendre polynomials was 1*3 and the temperature was 300 K. Four nuclides 
were chosen : Pu-238, 0-16, U-235 from ENDF/B-IV and Al-27 from EFF-1. 

There is an input parameter in XLACS-2 describing the thermal range. 
That is MATID (in 70$$) and its value depends on the atomic weight of the 
material and whether there are resonances in the thermal range or not (see 
Table 1). 

In XLACS-2, the values MATID-0 for 0-16 and MATID—2 for U-235 were 
used. The results from the two systems are almost the same. 
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Table 1: Recommended values for MATID in XLACS-2 

Atomic 
Weight 

A i 19 

A > 19 with no reso
nances in ther
mal range 

A > 19 with resonan
ces in thermal 
range 

recommended 
MATID 

0 

-1 

-2 

Remarks 

Cause S(a,&) "free gas" data to 
be generated from whence PI (order 
NL) matrices are produced 

A PO analytic free gas kernel • 
is calculated 

A PO analytic free gas kernel is 
calculated and normalized to the 
ENDF/B Pile 3 elastic data 

MATID—1 is used for Al-27 and Pu-238 according to the XLACS-2 recom-
Jie iation. The results from the two systems are different for the elastic 
a-oup cross-sections in the thermal range. The reason is that in XLACS-2. 
the elastic scattering group cross-sections in the thermal range are re
placed by MT-201 or MT«221 data. When MATID*0 for Al-27 and MATID*-2 for 
Pu-238 are used, the results from the two systems are the same for MT»2, 
see Table 2. 

Table 2: Results of a comparison between XLACS-2 and NJOY 
(group cross-sections for elastic scattering) 

Material Code (MATID) 

Pu-238 

Al-27 

1 

NJOY 21.36 
XLACS-2(-l) 7.52 
XLACS-2(-2) 21.1 

NJOY 1.56 
XLACS-2(-1) 2.82 
XLACS-2(-2) 1.56 

Groups 
2 

20.82 
13.1 

20.8 

1.46 
1.42 
1.46 

(from low to high energy) 

3 

20.39 
17.2 

20.4 

1.44 
1.44 
1.44 

4 «5 6 

19.8 18.6 17.32 
14.8 7.71 20.0 
19.8 18.6 17.3 

1.44 1.43 1.42 
1.40 1.28 1.45 
1.43 1.42 1.42 

7 

16.65 
20.0 
16.6 

1.42 
1.40 
1.42 

It was found in the XLACS-2 output the that elastic transfer matrix 
elements in the thermal range were all set to zero. 

Our preliminary conclusions for XLACS-2 are: 

(1) For nuclides without resonances one should always use MATID-0 (also 
for heavy nuclides with A > 19). 

(2) For nuclides with resonances, within or outside the thermal range, 
one should always use MATID—2. 

(3) If MATID—1 is used, there is an inconsistency between NJOY and 
XLACS-2 results for MT«2 in the thermal range. 
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It is noticed that there are altogether 119 nuclides in the 219 
neutron group set from JEF-1 in the AMPX Master Library produced in Italy 
[7]. Among these 119 nuclides, 3k are produced with the parameter 
MATID«-1. Therefore, the thermal data for this library should be checked. 
At Petten, new data have been generated with NPTXS and XLACS-2 for the 
actinides at different temperatures and o, values to supplement the 
Bologna library [7]. ' 

When NPTXS and XLACS-2 were used for Sm-1^9 (JEF-1 with resonance 
parameters (RP)), a problem was found in the resolved range for radiative 
capture cross-sections. The cross-sections of MT-1021 (the averaged values 
of cross-sections for the resonance bodies) for the first two groups were 
zero, as given in Table 5-

Table 3: Cross-sections for Sm-1*»9 (RP) by XLACS-2 
(capture group cross-sections) 

MT 

1021 

102 

Groups (from 
1 

0.0 

1.07E4 

2 

0.0 

1.4E3 

low to 
3 

!*.68E4 

1.17E3 

hijth energy) 
4 

8.58E4 

2.05E2 

5 

4.93E4 

6.00E1 

However, the NJ0Y results of MT*102 for the first two groups (RP) are 
much larger than MT102+MT1021 from XLACS-2. The comparison is given in 
Table 4. 

Table **: Comparison between NJOY and XLACS-2 for Sm-l49 
(capture group cross-sections) 

Code(RP/PW) 
NJOY(RP) 

XLACS2(RP) 

XLACS2(PW) 

Groups 
1 

6.85E1 

1.07E4 

6.83E4 

(from low to high 
2 3 

1.26E4 4.81E4 

1.40E3 4.80E4 

4.23E4 4.73E4 

enerRy) 
4 

8.61EM 

8.60E4 

8.58E4 

5 
4.95E1 

4.93EU 

4.96E4 

Next, the JEF-1 pointwise data (PW) for Sm-li<9 were used to do the 
calculation by XLACS-2. It was found that the results are almost the same 
as those of NJOY given in Table *•. The reason of the problem in the resol
ved range of Sm-149 (RP) could perhaps be the large negative correction in 
the thermal range. 
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We also mention here some problems with the MILER code [4]. At first, 
MILER could not be used to process the QENDF tape only containing MF«3 and 
MP*6 data, nor QENDF tape with 219 groups. Some changes have been made to 
solve this small problem. Another, as yet unsolved problem, was found in 
MILER for photon processing according to samples 1 and 3. Part of the AMPX 
Master Format data for MT-18, MT*102 of MF-16 are not the same as those on 
QENDF tape. 

Finally, we mention that NJOY-&7.0 has been implemented on the ETA-10 
supercomputer and that more than 100 fission products of JEF-1 have 
already been processed by NJOY-67.0. Because MILER can be used to process 
the GENDF tape once for each nuclide, the calculation of NJOY is also one 
by one. A saall code named P219 is used to prepare input cards of fission 
products for NJOY. The library will be used to supplement the JEF-1 
219-group data file prepared at Bologna [7]. 

3. First experience with processing MF6 of ENDF-VI format 
(Comparison of NJOY-67.1 and GROUPXS results) 

NJOY-87.I [1] has been implemented on the CYBER-NOS-VE. It was used 
to process MT-10 (continuum neutron emission) in MF6 of ENDF-VI format for 
natural Pb (EFF-1) first. It was found that the cross-sections for MT-10 
are the same for NJOY and GROUPXS [6](see Fig.l). For angle-integrated 
neutron emission spectra (L«0), in general very good agreement between 
GROUPXS and NJOY were obtained except at very low incident energies (see 
Fig. 2). For the first-order Legendre coefficients (Lal) almost the same 
between GROUPXS and NJOY were obtained except at low outgoing energies 
(where data are very small); see Fig. 3. The VITAMIN-J 175 group structure 
was used for these calculations. The average cosine of scattering angle of 
MT-10 for natural Pb is given in Pig. 4. 

In addition. Ni-58 from EFF-2/JEF-2 was processed by NJOY-87-1 using 
different interpolation schemes (INT»2 and 12) for incoming E. The results 
were not different. Also Ni-58 of ENDF/B-VI has been processed with 
NJOY-87.1 for MT-16,22,28,91 (see Fig. 5). Although nice results were 
obtained, a warning message was printed : 

-warning message: Bad grids for corresponding point interpolation. 
INT12 changed into INT22. 

The conclusion is that NJOY-87.I and GROUPXS are both fine codes 
to process MF6 of ENDF-VI Format data. Some additional checking may be 
necessary near the end points of the spectra. 
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A NUCLEAR DATA LIBRARY FOR THE KIM MONTE CARLO CODE 

E.Brcga (ENEL) 

E.Cupini, G.Ferro, G.C.Panini (ENEA) 

R.Guandalini (CISE) 

Abstract 

A new library of nuclear data for the KIM Montecarlo code is presented. The 
library features the use of the nuclear data file JEF 1.1 as source of data and 
NJOY version 87.1 as basic processing code. A system of ancillary codes has been 
written to read PENDF and GENDF and translate selected data into the KIM 
format. 

Introduction 

KIM/1/ is a Montecarlo code which solves the steady-state linear neutron trans
port equation for a fixed source problem or, by successive fixed source runs, for 
the eigenvalue problem, in a two dimensional thermal reactor lattice. The code 
has been widely used for BWR's and PWR's and also for heavy water moderated, 
light water cooled reactors. 

The Italian Electricity Board (ENEL), in the framework of the analysis on light 
water reactors incorporating inhert and/or passive safety systems, in accordance 
with Ansaldo and ENEA and under the sponsorship of Ministry for Industry, 
selected KIM code to perform the related calculations. ENEL has undertaken 
these studies in cooperation with CISE and the first step was to create a new data 
library, based upon recent modern nuclear database. 

Two points (data and processing code) seemed to be the qualifying ones to get a 
reliable set of tuna and attention was put on the available data nuclear and on 
the codes for nuclear data processing. JEF 1.1 and NJOY 87.1 meet all require
ments and were adopted as reference. 

The KIM nuclear data library 

The library of nuclear data for the code is organized in three sections corre
sponding to energy ranges: fast, epithermal and thermal and has a mixed repre
sentation, i.e. pointwise in the low energy range and groupwise at higher energies. 
Its first version comes from 1973 and includes most materials originated from 
ENDF/B-IV/2/, a minor group from UKNDL/3/ and some home evaluated 
nuclei; it has been leased from the RAM/4/ code and a number of materials were 
processed in the '60. 

The previuos versions of the KIM library were produced by a series of small 
codes and, for the group data, by FOURACES/5/. NJOY is now the primary and 
unique source of processed data, both pointwise and groupwise. 
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The basic data has been changed since the first version of KIM; this leds to some 
minor refinements in the structure both of *hc library and the code so as KIM can 
still accept previous versions of the library. 

A group of codes to read PENDF and GENDF and translate them into KIM li
brary format has been written and works together with NJOY. In the following 
the various parts of the library and how the data has been derived from NJOY 
are listed. 

NJOY How 

The modules used are those of a normal run to build a group thermal library, i.e. 
MODER, RECONR, BROADR, THERMR, GROUPR. No unresolved reso
nance treatment is provided. The PENDF output from THERMR is saved and 
translated into card image format for use in the following: 

thermal scattering kernel 

thermal shape of elastic, fission and capture reactions 

angular probability for the elastic scattering 

Thus all sections of the object library are strictly derived from a unique source 
and, specially, Doppler broadened with a unique algorithm. 

The GENDF output is also saved and translated into card image format for all 
the remaining data. 

Thermal range 

As far as the type of data is concerned this energy range is subdivided into three 
sections: thermal shape, thermal scattering kernel and resonance parameters. 

Thermal shape 

The library provides a set of 257 energy points between »0 and 5 eV at which the 
elastic, fission and capture cross sections are tabulated. This set is temperature 
dependent, therefore the PENDF output from THERMR has been used at the 
required temperatures and an ad hoc code (KIMTHER) provides for a correct 
interpolation at the given energy grid. 

Thermal scattering kernels 

Those data are also pointwise and are provided in the KIM library in a 100x100 
(maximum) matrix whose generic element 

<>(%-+Ej) 

with Et ranging from * 0 and 1 eV, gives the probability of transfer for neutrons 
of energy Et to the energy £,. The angular dependence 
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o(Ei->Ej,iik),k=l...S 

is taken into account too to obtain equally probable angles; but the NJOY mod
ule THERMR computes them directly, so in order to avoid a modification to 
KIM, which should lose compatibility with previous versions of the nuclear data 
library, the THERMR module has been slightly changed so as instead of the 
equally-probable angles the o(E -» Eh nk) are written as an option on a separate 
file in the appropriate format; the grid of Et is unique for all E-

Thermal scattering data for previous version of the library were prepared by 
FLANGE-H/6/. 

Resonance parameters 

This is a set of data for which no pre-processing by NJOY modules is required. 
The resolved resonance parameters are simply read from the JEF 1.1 tape and 
translated into the required format. Some approximations instead have been in
troduced for the unresolved parameters. 

At the time when the theory of KIM was designed, _only one set of unresolved 
parameters was normally given, i.e. a unique value of D, turT, H! existed over the 
whole unresolved range, which in addition started at energies generally lower 
than in the recent evaluations, so as a l/v contribution for both (n, y) and fission 
was normally added in the library. Moreover modern evaluations include unre
solved energy dependent parameters and the higher bound of resolved resonance 
range makes meaningless the contribution of the unresolved resonances, so as 
many assumptions are possible. Then the I/v contributions are dropped and the 
first set of parameters is only taken into account when the parameters are energy 
dependent. 

The auxiliry code KIMRES provides all treatment of the resonance data. 

Epithennal range 

This region requires flat flux weighted averages over a 64 equally spaced lethargy 
groups, then the GENDF output of GROUPR is directly read and translated 
into the KIM library format by the ancillary code KIM FAST. 

Fast range 

Group averaged cross sections and inelastic scattering matrix 

The KIM FAST code provides the translation of the weighted cross sections from 
GENDF to KIM library format in the fast energy region; in this range a 20 group 
structure is adopted. 

The code produces the inelastic scattering matrix in the two forms provided by 
KIM depending whether the mass of the material being processed is greater than 
27. 
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Elastic scattering probability bins 

The library requires elastic angular probabilities in the form: 

w>—Ss; 
'M dE 

ht 

where 6k are equally spaced cosine values, />(£, 8k) are the elastic angular proba
bilities from MF=4, MT=2 computed at £ and 0* from both tabular or 
Legendre polynomial form and oJJZ) is the elastic scattering cross section read 
from PENDF at the temperature of the other data in the library, eventhough at 
higher energies, where the elastic angular probability data apply, the Doppler 
broadening is almost meaningless. 

The average number of neutrons per fission in tabular form 

Previous versions of the KIM library, based upon the availability in the nuclear 
data files, accepted v , the average number of neutrons per fission, in polynomial 
form only; in the present version of the library, in order to take into account the 
today most used representation of v, the tabular form is introduced and the KIM 
code has been slightly modified to accept the new format without losing compat
ibility with the polynomial form. 

Conclusions 

NJOY 87.1 has been adopted as the reference code for processing nuclear data 
into a KIM library. Among the attained goals, the system generates homogeneous 
data as far as both the source and the algorithms is concerned and allows to ac
cess evaluations in new format without changing the ancillary codes provided 
they are read by NJOY. As future work the merge of the ancillary codes in a 
unique NJOY module is planned so as to avoid to run several codes, eventhough 
small. 
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CROSS SECTION LIBRARIES FOR ECCO AND MONK 
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ABSTRACT 

NJOY87 processes nuclear data used by AEE Technology. The 
current status of the code is described. Its use for generating 
MONKS and ECCO data is explained. 
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The Implementation of NJOY87 on the CRAY2 at Harwell 

The NJOY87 program is packaged by the NEA data bank in the form of 
files on magnetic tape. The package includes:- Source, system 
dependant updates, an UPDATE emulator and test cases with 
supporting input and output files. The tape was unloaded on the 
IBM computer and its contents "acquired" by the CRAY2 as it was 
needed. The UPDATE system is available on the CRAY2 so the 
emulator was discarded. Local updates had been accumulated since 
the last source was sent from the NEA data bank. The current 
source was logically compared at the positions where these updates 
applied. The "local" updates were then edited to leave only those 
which still needed to be applied to the new source. (Local 
extensions or changes to the code found since its release from 
Los Alamos). The local updates and system dependant updates were 
then applied to the source in one or more UPDATE runs. 
Compilation source code is produced. The CFT77 compiler 
generates object code and then SEGLDR produces (hopefully) a 
working NJOY87 code. (Figure 1). The code is updated and compiled 
by module. Although this is costly, it is generally less trouble 
than restructuring the source by subroutine. If a large change is 
envisaged the source of the module to be changed is abstracted. 
The facilities of local SUN 3/60 work stations are used to edit. 
When the changes are complete the resultant source can be compared 
with that abstracted from the CRAY2 and new data for UPDATE 
generated. 

Usage of NJOY87 at Winfrith 

Table 1 lists the variety of data generated by NJOY for use in 
various types of physics calculations. In general we have been 
adding data to existing data sets . We have also however used NJOY 
to generate data sets for JEF benchmarking. One such data set has 
been produced for use in MONK6. This is described in the next 
section. More recently we have made test calculations to generate 
data for the ECCO cell code. The proposed route for generating 
ECCO data is described in the following section. Finally we 
include some comments about calculations on the Sun 3/60 
workstations. 

Production of Data fot the MONK6 code 

Introduction 

M0NK6 (Figure 2) is a computer code written to calculate the 
criticality of complex configurations of nuclear material. It 
calculates K-effective, flux and current distributions etc. by 
solving the Boltzmann Transport Equation using Monte Carlo methods 
for tracking neutrons. It is used by the Safety and Reliability 
Directorate for Criticality clearance certification in the United 
Kingdom. It has thus been written and maintained to high 
standards. The attached document entitled M<">NK6 gives a further 
description. M0NK6 thus requires detailed high quality nuclear 
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data. It can use broad group data from other data libraries but to 
obtain the best results, using modern computers, fine details of 
the energy variation of cross sections are required. The data from 
evaluated files are carefully benchmarked and the cross sections 
adjusted accordingly. ( The adjustments are within the known 
standard deviation but are also biased to produce super critical 
configurations where doubt exists) Most of the data have been 
taken from the United Kingdom Nuclear Data Library - UKNDL.(1) 
Although this is not the most modern source of nuclear data, the 
adjustments have so far led to the high quality data required. 

Structure of Evaluated Data for Use in M0NK6 

The evaluated cross section data in ENDFBV formatted files are, in 
their simplest form, defined by tabulations of energy against 
cross-section at that energy. Between any two points an 
interpolation law is defined. Having defined the energy of a 
neutron being tracked, it would be necessary for M0NK6 to search 
for the required energy and to interpolate using the defined 
interpolation scheme. Both of these processes require too much 
computer time to yet be practical. Thus the cross section data 
are pre-processed to the very fine 8220 group form shown in Table 
2. This was devised in the 1960's after careful studies using 
codes such as GENEX (2) and MURAL (3). The weighting spectrum 
(Table 2) represents the overall shape of reactor spectra by 
functions of powers of the energy. The use of group data enables 
MONK6's searching and calculational times to be kept within the 
desired limits. For similar reasons the energy and angular 
distributions are represented by equi-probable bins (Figure 3). A 
method for storing the nuclear data, known as DICE, was devised by 
J.B.Parker (4) in 1966. It is strongly based on the structure of 
the UKNDL. 

Constraints 

In 1986 M0NK6 users noted that more extensive higher actinide data 
were available in JEF1 (Some originally from ENDFBV). We were 
thus requested to generate DICE data so that they could be added 
to existing libraries without changing:- the structure, group 
boundaries or weighting spectrum. At the same time some early 
benchmarking studies of JEF1 data were underway . M0NK6 was a 
suitable tool for checking these when discrepant results were 
found using quicker codes with geometric approximation. 

Route Development 

NJOY6-83 contained the module ACER which generated data for the 
Los Alamos Continuous Energy Monte Carlo Code MCNP. Apart from the 
description of the data input there was little documentation about 
this module. However examination of the fortran showed that the 
code usually generated the equi-probable bin data required. We 
thus decided to use the output from ACER in order to generate the 
emitted neutron energy and angular distribution data where ever 
possible. It was also apparent that MCNP was tending to process 
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the less complex energy distribution data without preprocessing it 
to bin form. It was clear that ACER was still being developed to 
fit this policy. We thus concluded that we would use ACER making 
the minimum changes to produce standard output. We would abstract 
the parts of ACER which generate the equi-probable bin data and 
use them in a separate code to generate the extra data we 
required. We produced a code to convert the ACER output for use in 
MONK (CNMONK). Having made this decision we were able to design 
the route shown in Figure 4. The following features are 
noticeable:-

1) The route is designed to process data from JEF nuclear data 
libraries. These have been released by the NEA data bank in 
the form of files containing resonance parameters and point 
files with these parameters processed to give energy, cross 
section pairs at 0.0K. 

2) The JEF point file is used several times. It is thus 
initially transformed to an unformatted form at the start of 
the task. However the resonance parameter tape is only used 
in UNRESR and does not require this treatment. 

3) Early work by E.Sartori at the NEA data bank (5) recommended 
a route for generating group cross sections for JEF 
benchmarking. The production of the 8220 group data follows 
this recommendation. It results in processing the JEF point 
file using RECONR and BROADR to give a 300K PENDF tape. 
This, together with the JEF resonance parameter file is fed 
into UNRESR to generate data in the unresolved region. The 
resultant PENDF tape being available for GROUPR and ACER. 

4) GROUPR is used to generate the 8220 group cross sections and 
output them on a GENDF tape. 

5) The angular and energy distributions of emergent neutrons are 
then transformed to equi-probable bins wherever possible 
using ACER. An ETOPL tape is produced. 

6) The new module CNMONK constructs equi-probable bin data where 
ACER has used energy distributions from the JEF file. It 
further manipulates the bins onto an energy grid needed by 
MONK. Its output file is structured using ENDFBV principles. 

8) The MONK6 library construction from the GENDF and CNMONK is 
performed by the new code MOULD2. 

Resonance Shielding 

Although it was not necessary to consider resonance shielding for 
the higher actinide data to be added to the M0NK6 libraries, 
when JEF benchmarking was considered shielding becomes important 
for primary isotopes such as Fe,U235,Pu239,and Pu240. Between 
73eV and lllKeV the NJOY group structure was altered from 1/128 to 
1/64 lethargy. UNRESR and GROUPR were required to calculate 
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typically shielded cross sections (background cross section of 100 
barns for all isotopes except U238 where 10 barns is used). The 
cross sections in the original 1/128 group structure are 
recalculated thus:-

a„ 1 = a% (oo) + RATIO 
Ol2 = a„ (oo) - RATIO 
RATIO = (at (oo) + a0) (ox (oo)-ox (a0 ) )/J( (ot (oo)+a0 ) (at (oo)-ot (a0 ) 

where ax1 and ax2 are the cross-sections for reactions x (elastic, 
capture and fission) in the 1/128 lethargy width structure. The 
lowest energy group is then allocated randomly either to ax, or 
ax2 and the highest energy group set to the unallocated value. 

ax (ao) is the infinite dilute cross-section for the same 
reaction in the 1/64 lelthargy width group. 

ax (°o) *s t n e same reaction cross-section at the user 
specified background Sigma O value. 

at (oo) is the infinite dilute total cross-section in the 
same structure. 

ot (a0) is the total cross-section at the user specified 

background Sigma 0 value. 

a0 is the user specified background cross-section 

Cross sections for any other reactions are duplicated thus: 

°x i = ax2 = °x (°°) where x f total, elastic capture or fission 

Reactions x 

at2 = Z 0x2 

Reactions x 

The allocation of the two resultant cross sections to the lower 
energy portion of the i/f* lethargy width group is random. The 
higher energy portion takes the remaining cross section. This 
represents the high energy part of the resolved and whole 
unresolved resonance region by a random structure which attempts 
to preserve shielding within a 1/64 lethargy width group. Below 
72 ev it assumes the DICE groups to be narrow enough to represent 
resonance shape without the need for shielding. 

The NJOY Module CWMOWK 

CNM0NK generates equi-probable bin data for emergent energy 
distributions, where these are not produced by ACER. MONK6 also 
required the energy and angular data to be specified over the same 
energy ranges for all reactions. CNM0NK forms an amalgamated grid 
by including all incident energy points at which any reaction has 
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energy or angular data. If there is more than 1/4 lethargy between 
points it adds a point. For reactions whose bin data are already 
calculated by ACER, CNMONK uses linear interpolation to produce 
bin data at the required energy. For reactions whose energy 
distributions are output as algorithms by ACER, CNMONK calculates 
the distribution at the energy point. It then uses the method in 
ACER of dividing the integral of the distribution into 1000 equal 
width components. These are then added until 1/nth of the 
integral is exceeded (there beiny n bins). Linear interpolation is 
used to form the initial boundary which is improved by 
iteration. 

The NJOY Module MOULD2 

This code creates a DICE tape for use by M0NK6 by collecting 8220 
group cross section from a GENDF tape and equi-probable bin data 
for emergent energy and angular distributions from a CNMONK tape. 
It deals with the regrouping of data from 1/64 to 1/128 group 
structure where resonance shielding is apparent. It renumbers the 
reactions to UKNDL convention and outputs the data in DICE 
format. 

Development of Existing NJOY Modules 

We have minimised changes to the main NJOY modules. Some changes 
have been made to ACER and GROUPR. The changes to ACER are 
detailed . However the GROUPR changes demonstrate some broad 
principles. These are shown in Table 3. 

Current Status of the Route and Proposed Developments 

The route was written in 19S5-1986 by ourselves and Mrs C.Leake 
(now at CRAY). It used Mr J Rowland's (now retired) ideas for 
resonance shielding. As ACER was developed more energy 
distributions were transferred directly for use in MCNP. CNMONK 
had to be extei,ded to calculate more equi-probable bins. When 
NJOY87 was implemented ACER no longer outputs an ETOPL ta^a. 
Unfortunately we have not had effort to resolve this problem and 
to take advantage of the improvements to other NJOY Modules. The 
coding to generate the ETOPL tape is still present in ACER but is 
not used. It is important that we implement the route with NJ0Y87 
because, even if we do not use the improved methods, we shall be 
unable to use ENDFBVI formatted data without it. J.Rowlands has 
suggested that resonance shielding could be improved by using the 
existing method in more restricted energy regions with an 
increased number of narrower groups, compensating by having 
broader groups where shielding was less important and thus 
preserving about the same number of groups. He has concluded in a 
paper to Jackson Hole conference (6),"by grouping 1/960 lethargy 
width fine groups into subsets of four and calculating shielded 
cross-sections for the range of the sub-set an improved 
representation can be obtained using only fine groups without the 
need for sub groups". This conclusion resulted from work at 
Winfrith using P.Ribons code CALENDF (7) to calculate shielded 
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cross sections in very fine energy groups. We would hope to 
include these ideas in future development of the route. 

Conclusions 

We have designed a route for generating data for M0NK6 using 
NJOY6/83-2. We hope to be able to develop the route further to use 
NJOY87. We hope to include some of J.Rowlands ideas to improve 
resonance shielding treatment. 

Production of Data for the ECCO Code 

Introduction 

In the framework of the European Fast Reactor Collaboration a new 
cell code, ECCO (European Cell Code) is being developed. The ECCO 
code allows practical applications of the Joint Evaluated nuclear 
data File JEF 1 (8) (and JEF 2 when available). It is written in 
FORTRAN 77 and contains algorithm improvements or new features 
mainly in the following areas: 

- geometry descriptions (closer to reality and 
more flexible input) 

- streaming effects 

- energy description (more flexibility allowing 
a fast standard route and a reference route) 

- data for shielding applications (higer level 
elastic matrices, gamma production matrices, 
specific energy group description) 

The code will be used to calculate fluxes and collision densities 
and to use these to produce appropriate cross sections (and other 
parameters ) for use in Whole Reactor calculations. (Figure 5) 

Types of Nuclear Data Used in ECCO 

ECCO uses multi-group data which must be processed from evaluated 
point data. It can mix data from several group schemes. For its 
reference calculations it will use fine group data for important 
isotopes, supplemented by broad group data for secondary isotopes 
(options for intermediate group structures are also proposed). 
Faster design calculations will use only the broad group data. The 
broad group data will be firstly generated in fine groups and 
added to the ECCO library. They will then be condensed using 
methods designed by P.Ribon which make use of pre-calculated 
fluxes and collision densities.(Figure 6) Thus all initial data 
generation can be assumed to be in fine groups. (Intermediate 
group structures may have to be used if generation times prove a 
problem, eg for all fission products) 
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Fine group Structure 

The choice of fine group energy widths is controlled by the need 
for the slowing down source to vary only very slowly within a 
group. Elastic scattering by the heaviest materials is through a 
lethargy of "1/60. Hence a choice of lethargy width equal to 1/120 
has been chosen within the range 20MeV to 5eV. Below this group 
boundaries are being defined to suit thermal reactor 
calculations. 

ECCO Library Structure 

The structure of the library file is closely related to the 
structure of the cell code. The data is stored in unformatted 
records of only one type (INTEGER, CHARACTER, REAL, DOUBLE 
PRECISION). The basic organisation of the file is divided into 
packages, each containing several records of different variable 
types. Several types of packages are required.( Reference Table, 
General Contents, Cross Sections , Gamma production matrices and 
Fluxes.) Detailed description of the library structure is 
described in Reference 9. The same quantities can be stored on 
all input and output libraries. The definition of all quantities 
is the same for both broad and fine groups. 

Resonance Shielding 

The sub-group or probability table type of representation of 
resonance shielding is preferred to the use of shielding factors 
becaus' the former can be used explicitly in calculations made for 
complex geometries whereas the latter requires equivalence 
relationships to be formulated to represent geometrical effects. 
Figure 7 demonstrates the ideas behind the sub-group method. Once 
sub group weights and cross sections are defined, they can be used 
directly with a sub group collision probability to form shielded 
cross sections within a region. 

For a resonant element, re, the following sets of values are 
available on the ECCO library for an energy group g: 

g,k 
- subgroup weights a 

re 

g,k 
- subgroup total cross-sectionns a 

t,re 



g,k 
- subgroup partial cross-sections a 

x,re 

k = 1 to K is the subgroup index, and x represents partial 
reactions (eg transport, capture, fission, scattering reactions). 

In general these data will be given for a number of temperatures. 

For the total, capture, fission and scattering cross-sections the 
subgroup method uses the following equations. To define the 
shielded cross-section for reaction y in resonant element re 
present in region i: 

N 

g 

y,re, i 

V"* 9 g 
> S <a p > 

*-* tot , j y,re i j g 

N 

y s <P > 
" tot , j i j g 
j-1 

K 
^ » g,fc g/Jc 

where <p > = > a p (S ) 
ij g L^ re ij t 

k=l 

K 
g v^ g,k g,k g,k 

k=l 

a a p (Z ) 
j ,*.** *j •* re y,re ij t 
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P (E ) is the collision probability for subgroup k and 
ij t 

gk 
is a function of Z - the macroscopic total 

t,l 

cross section in region 1. 

g,k g.k x—* "9 

t , l r e , l t , r e ^—' e , l t , e , j 
e^re 

N is the number denisty in region 1 
re,l 

o is the shielded total cross-section. 
t,e,j 

As this is not known initially the method can be seen to be 

iterative. P Ribon's code CALENDF calculates sub group data 

which reproduce moments of the total cross-section. 

du a (u,T) for -M i n < N 
t 
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and 
n 

du a (u,T)a (u,T) 
x t 

g,k 
It generates the sub group weights - o 

re 

g,k 
sub group total cross sections - a 

t,re 

g,k 
and sub group partial cros sections - a 

x,re 

needed for the ECCO library. 

Procedure for the Creation of a Fine Group Library 

In generating data for ECCO we note that where resonance shielding 
is not present all data can be generated by NJOY. However in the 
resolved and unresolved resonance regions infinite dilute cross 
sections and scattering matrices are available from NJOY. CALENDF 
provides infinite dilute cross sections and the resonance 
shielding data. In designing the route we allow infinite dilute 
cross sections to be from either source. To join the data 
P.Peerani wrote MERGE2 (10) which adds the shielding data to the 
end of the GENDF tape, forming a GENDF*. The code CRECCO perforins 
the important task of inverting the energy grid and adding the 
data to the ECCO library. It also includes final consistency 
checks. So far a broad group version has been used and the fine 
group version is being tested. 

The method for generating fine group data for each isotope is 
shown in Figure 8. The figure is divided into four areas. All 
calculations in the upper two areas are in fine groups (lethargy 
width 1/120). In the upper right box the JEF files are processed 
with THEMIS or NJOY updated to NJOY87 standards.(NJOY87#) A single 
calculation:-
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i) unifies the energy grid at OK (RECONR) 

ii) Doppler broadens data to all temperatures (BROADR) 

iii) adds any thermal scattering data, heating etc(THERMR 
etc) 

iv) processes the unresolved region (UNRESR) and outputs a 
file containing all point data (PENDF) 

v) calculates group cross sections (at all temperatures 
and backgrounds) together with scattering matrices and 
quantities needed for response functions (GROUPR) 
outputting these onto a file (GENDF) 

vi) step v) is repeated for cross sections but with 
lethargy of 0.5 to provide shielded cross sections 
in the unresolved region. (GROUPR) A second output 
file (GENDF) is produced. (crosses to the lower 
right box) 

In the left two boxes calculations are performed for each 
temperature to generate sub group resonance shielding data. Two 
CALENDF calculations are run. Firstly in the unresolved region 
(and above) the JEF resonance parameter file is used. Secondly in 
the Resolved resonance region (and below) the PENDF from step iv) 
of the NJOY87# calculation is processed. Both generate files 
containing sub-group parameters (TP File). These must be joined 
and any split groups amalgamated. (CALENDF splits groups which 
span resonance region boundaries.) P.Ribon's code CONDTP joins 
the TP Files. The TP Files can be further condensed to the ECCO 
Broad group structure using the P.Ribon's code COLLAPSE. 

Returning now to the upper right box. The fine group joined TP 
File and the GENDF from step v) of the NJOY87# calculation are 
input to P.Peerani's code MERGE. This selects suitable cross 
sections for ECCO from CALENDF or NJOY87# but also compares 
these; outputting messages where differences are 
significant.(Error File) These should be ignored within the 
unresolved region but justified outside that region before the 
output GENDF* is used. 

Within the bottom two boxes the collapsed TP File and the Broad 
group GENDF are input to MERGE which generates an Error File 
containing differences. These must be justified within the 
Unresolved region. 

Returning again to the upper right box. Having Justified all 
differences shown by MERGE, the GENDF* is input to CRECCO. This 
calculates combined or processed cross sections and matrices and 
adds all data needed by ECCO to an existing library. 
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NJOY87 has been used for all processing of point data in the 
resolved resonance region. We do not use CALENDF's options to 
process resolved resonances at present because:-

1) the JEF files are produced in point form by processing 
the resonance parameters using methods recommended by the 
evaluator. This removes the decision as to how to interpret 
the resonance parameters from the data generator. 

2) the method of redefining the energy grid for doppler 
broadening has yet to be introduced in CALENDF. 

Comparison of Results from CALENDF and NJOY 

In designing the generation route we have noted that both CALENDF 
and NJOY calculate infinite dilute and shielded cross sections. 
Outside the unresolved resonance region these should be equal 
within data tolerances. Studies of U238 now confirm this to be 
true. (They are continuing fcr other isotopes and results are 
being analysed) . within thr. unresolved resonance region only 
comparisons over broad groups can be envisaged due to differences 
in methods employed by CALENDF and NJOY87. Again for U238 studies 
indicate agreement but are continuing for other isotopes. 

Even when both NJOY87 and CALENDF are fully "quality assured", we 
feel it is necessary to account for possible errors. ( in user 
input for example) We are thus proposing to:-

1) Compare fine group cross sections. 

2) Collapse the fine group data from both codes. 

3) Compare the broad group data. 

4) Allow energy ra;ige dependant choice of selecting 
infinite dilute data from either NJOY or CALENDF. 

The comparison and selection options have been included in P 
Peerani's code MERGE2. 

NJOY on SUN work stations 

In generating fine group data a noticeable part of the running 
time of an NJOY job becomes attributable to the GROUPR module. In 
particular the generation of inelastic scattering matrices takes a 
long time when anisotropic angular distributions are present. 
Rather than to seek faster algorithms we have decided to convert 
NJOY87 to our SUN 3/60 work stations. These desk top computers 
have been networked and provide a powerful computing resource. 
Once purchased there is no further cost in running jobs. There is 
no costing algorithm and resources have been purchased to cover 
expected usage. We have thus started the conversion to the SUN 
work stations. We have commissioned the update emulator and used 
it to prepare compilation decks for NJOY87. The code has been 
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compiled and the test cases run. Results from the test cases 
indicate a successful conversion for broad group calculations. The 
SUN version has further been used to produce 69 group data for 
fuel inventory studies. Fine group calculations for U238 showed 
differences of at most 1%. These were most noticeable at the top 
of the resolved resonance region.(figure 9). We are now 
generating any nuclear data on both SUN and CRAY2 machines for a 
trial period. We hope to have full confidence in SUN results by 
August when we hope to start generating much of the ECCO fine 
group data. 
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TABLE 1 

TYPES OF GROUP DATA GENERATED USING NJOY 

Number of 
Groups 

3 

37 

72 

69 

2000 

8220 

Various 

Application 

Fuel Inventory Studier- (FISPIN) 

Fast reactor (FD5) 

Fast reactor benchmarking 

Thermal reactor (WIMS) 

ECCO cell code 

MONK6 calculations 

Shielding calculations 
(heating, gamma source) 
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TABLE 2 

MONK 8220 GROUP STRUCTURE 

Mesh No. 

1-1536 

1537 - 4096 

4097 - 6653 

6654 

6655 - 8219 

8220 

Energy Mesh Produced in NJOY 
Energy Range 

0-3eV 

3 - 33eV 

33 - 72.953125eV 

72.953125 - 72.964327eV 

72.964327 - 14.8949554MeV 

14.8949554 - 15.0MeV 

Energy Mesh 

0.001953125eV 

0.01171875eV 

0.015625eV 

0.011202eV 

equal 'sthargy (1/128) 

0.1050446MeV 

Comments 

Good thermal representaion 

Grid used by the GENEX 

Code 

join 

MURAL 

join 

Weight Function used In producing MONK6 Energy Group Structure 
Energy(eV) 

<0.253 
0.253<E>1.0 

>1.0 

Function 
E 

Constant 
1/E 

- 195 -



Table 3 
Enhancements to GRQUPR 

Change 

Dimensions increased 

Reason for change 

8220 groups used 
instead of 620 

Comments 

Add an option to switch 
off the print of group 
boundaries and cross 
sections. 

While testing the route it 
was necessary to print. 
For production runs 
the print is excessive. 

Sections of DICE 
tapes can be 
printed. Certain 
checking codes are 
available. 

Add an option to generate 
group Boundaries 
(IGN=31) 

8220 group boundary input 
is excessive and could 
lead to error 

The user specifies 
sets of (upper 
energy, trigger, 
Energy/Lethargy 
width). Checks 
are made for 
continuity. 

Add an option to generate 
the weighting spectrum 
(IWT=20) 

A user convenience Two energy 
boundaries are 
specified to define 
the break between 
the use of E'' , E° 
and E1 for 
weighting. An NJOY 
option for a 
general En 

weighting over 
a range may be 
useful in the 
future. 
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FIGURE 4 
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FIGURE 5 
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FIGURE 6-
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FIGURE 7 
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FIGURE! 8 
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FIGURE 9 
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VALIDATION OF HEW SUB-GROUP ALGOPITHMS FOR 
RESONANCE SELF-SHIELDING IN HETEROGENEOUS STRUCTURES 

G. RIKPAULT and P. RIBON M. GRIHSTONE, C. DEAN and B. THOM 
CEA, France UKAEA, united Kingdom 

C. CAVAREC 
EDF, France 

ABSTRACT 

Within the European cooperation on fast reactors a new cell code, 
ECCO, is being developed. This code uses the sub-group method to 
handle the resonance self-shielding in complex heterogeneous struc
tures. 

The ECCO code uses several different energy group schemes. The fine 
group library allows a reference calculation, while the broad group 
library permits faster ECCO runs for design calculations. Both fine 
and broad group libraries contain infinite dilution cross-sections and 
sub-group parameters, as it is the case for the library FGL5 ' used by 
tne HURAL code l and for tne library CARNAVAL4 » used by the HETAIRE 
code «. 

Libraries for ECCO can be created by proce-sing the JEF evaluated 
nuclear data files *. The CALENDF code generates sub-group parameters 
by an original method * while the code system THEMIS, derived from 
NJOY ' , is used to calculate infinite dilution cross-sections and the 
other nuclear data. The consistency between CALENDF and NJOY/THEKIS 
for the calculation of shielded cross-sections is sufficiently accu
rate. 

ECCO calculations using fine and broad group libraries show quite 
good agreement, because of the use of consistent sub-group parameters 
in both libraries. Sub-group parameters represent the resonance struc
ture of the cross-sections and permit the use of the current weighting 
function for the transport cross-section and allow the heterogeneous 
self-shielding treatment. 

Results of calculations using these two libraries give good agree
ment for cells typical of the fast reactor programme. It will be then 
acceptable to use broad group calculations in cases where fine group 
calculations are too costly, for example when treating very complica
ted geometries. 
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INTRODUCTION 

Within the European cooperation on fast reactors a nev cell code, 
ECCO, is being developed. This code uses the sub-group method to 
handle the resonance self-shielding in complex heterogeneous struc
tures. 

The structure of the ECCO calculation scheme allows the use of 
different libraries with several different energy group schemes and 
also the use of different geometrical descriptions of the cell (such 
as homogeneous and original descriptions). With such a structure 
described in chapter I, reference calculations can be performed as 
well as design calculations. 

Both fine and broad group libraries contain infinite ilution 
cross-sections and sub-group parameters. The approximations which are 
done for their creation are discussed in chapter II. ECCO calculations 
using fine group and broad group libraries show quite good agreement. 
This is possible because sub-group parameters and cross-sections in 
both libraries are produced in a consistent way a» it is explained 
also in chapter II. 

Appropriate algorithms are also implemented in ECCO to reproduce 
the self-shielding treatment and the streaming effect at the sub-group 
level and after group condensation and spatial smearing. This is 
explained in chapter III. 

Results of calculations using these two libraries give good agree
ment for a range of cells typical of those used in the fast reactor 
programme. This range can be even extended with a fine group calcula
tion for the light elements of the homogeneous cell before a broad 
group calculation of the original heterogeneous cell. This means that 
it will often be acceptable to use broad group calculations for het
erogeneous cells. All these effects are presented separately and 
analysed with exact perturbation theory in chapter IV. 

I STRUCTURE OF THE ECCO CALCULATION SCHEME 

The structure of the ECCO calculation scheme is such that the calcu
lation can be carried out in a series of steps, each of wnich may 
employ different geometry and group scheme. This is necessary because 
cross-sections require different kinds of description to be represent
ed accurately and different treatments to be accurately calculated. In 
particular, the light elements such as sodium and oxygen have large 
resonances ( at 2.85 Kev in energy with a width of 0.41 KeV for sodi
um, at 440 Kev in energy with a width of 45 KeV for oxygen, for in
stance) which require a fine group treatment but not an heterogeneous 
one. On the other hand, the heavy elements such as uranium 238 and 
Plutonium 239, have narrow resonances which can be represented with 
the sub-group parameters (see chapter II) and do not require a fine 
group treatment. 

- 207 -



The structure of the ECCO code allows flexibility in the choice of 
the calculation route, with the sequence of steps being1 specified as 
part of the data input, but a number of standard routes are available 
which can be selected by a simple keyword. Two such routes are illus
trated in figure I.i, a "design" route whicn is similar to the proce
dure used in HETAIRE 4 and a slower but more accurate "reference" 
route similar to the MURAL method a. 

.The operations carried out within each step are shown in figure 1.2. 
The outer iterations may exist for an eigen-value or a buckling 
search, alternatively it may be a fixed source calculation with no 
outer iteration. There is then a loop over energy groups. The flux 
calculation in each group normally uses the collision probability 
method for a heterogeneous cell. Resonance shielding using sub-groups 
introduces a further iterative loop involving the flux calculation. If 
the geometry or group scheme is going to change in the next step, then 
the cross-sections produced by the current step must undergo spatial 
homogenisation, condensation in energy, or the reverse "de-convolu
tion" processes. The details of these methods will be given in chapter 
III. 

II ECCO LIBRARIES 

II-l Library description 

The ECCO code uses several different energy group schemes. In 
particular, the fine group library with groups of 1/120 lethargy width 
down to 5.045 ev allows a reference calculation, while the broad group 
library permits faster ECCO runs for design calculations. Both fine 
and broad group libraries contain infinite dilution cross-sections and 
sub-group parameters, as it is the case for the fine group library 
FGL5 * used by the MURAL cell code * and for the broad group library 
CARNAVAL 4 » used by the HETAIRE cell code *. 

With the fine group library, the flux shape within the grojp is 
accurately represented by the narrow resonance approximation (NR) and 
with the use of a few subgroups (or probability tables) within each 
group, one can get the effective cross-sections. Otherwise, 80000 
points in energy would be necessary to describe the U238 resonances 
and 200000 points in energy for a full representation of the resonan
ces of the element', present in fast reactors. On the othar hand, a 
fine group structure with a constant lethargy width of 1/120 is 
necessary to describe: 

- the inelastic scattering, 
- the slowing down of the neutrons with elastic removal cross-

sections. 
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Mean lethargy gains with elastic scattering at different energies 
are the following ones: 

Elements 

Oxygen 
Na 
Iron 
U23B 

1 MeV - 1 KeV 

0.11 
0.06 
0.03 
0.0064 

These lethargy gains can be compared with the fine group width 
1/120=0.0063. Values in the table are larger or similar than the fine 
group width, the probability for a neutron to escape from the group is 
therefore larger than the one to stay in the group. If the resonance 
is smaller than the group, the narrow resonance approximation is truly 
valid and if the resonance is wider, the resonance is represented by 
the cross-sections themselves, and the calculation is performed with
out approximation. The scattering matrices of either inelastic or 
elastic reactions are fully represented in the fine group library in 
order to avoid approximations on the continuum and on the anisotropic 
scattering. The uncertainties on these values is only due to the 
processing codes, and also to the fact that these values are given for 
only one temperature down to 5.04 ev. The ECCO calculation using the 
fine group library including sub-group parameters, is therefore a 
reference calculation. 

I1-2 fine group library generation 

Libraries for ECCO can be created by processing the JEF evaluated 
nuclear data files ». The CALENDF code is used to generate sub-group 
parameters by an original method • which was first developed for the 
treatment of resonances in the statistical domain but was subsequently 
extended to the resolved resonance range. The method changes a Riemann 
integral into a Lebesgue integral by calculating 2N moments on the 
group range (in the unresolved range, the cross-sections are first 
generated from the statistical parameters). The discretisation of the 
2N moments is defined in order to reproduce the true distribution: 

1 
AE 

9 (E) dE • 

AE L 
i« i 

"i "i 

Technical points of the method are the use of Pade approximants, 
the solving of a linear system of equations, the calculation of roots 
of a polynomial. This allows the use of the Gauss quadrature with all 
its properties: 

- positive probabilities, 
- parameters ? , real and on the support a (E), 

- quadrature valid for every kind of function F( o . ) . 
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The code system THEMIS, derived from NJOY ', is used to calculate 
infinite dilution cross-sections and tne other nuclear data (fission 
spectra, number of neutrons producer per fission, displacements per 
atom DPA, kinetic energy released in materials KERMA, etc). The con
sistency between CALENDF and NJOY/THEMIS for the calculation of 
shielded cross-sections has been checked: 

- on an intermediate group scheme for the statistical domain, 
- on the original group scheme for the resolved resonance range. 

The agreement is within 1.0% for the total and capture cross sec
tions, except for ? few minor groups at the boundary of the unresolved 
and resolved ranaes. Infinite dilution cross-sections from THEHIS/NJOY 
are corrected in order to have consis*«nt values on the library. 

I1-3 Consistent broad group library generation 

ECCO calculations using fine group and broad group libraries show 
quite good agreement. This is possible because of the use of consis
tent sub-group parameters in both libraries. To improve the consistency 
between fine group and broad group calculations, a special condensing 
technique has been set up. The collision density and the flux in fine 
groups are first calculated for a typical fast reactor cell using ECCO 
with the fine group library. These values are then used to condense 
the fine group library into a broal group library, which includes 
sub-group parameters obtained through moments of the cross sections as 
in the CALEND' code. 

Infinite dilution cross sections and sub-group parameters are 
changed into moments which are then weighted on the collision density 
and changed back into sub-groups (the method works even if the data 
have no sub-group parameters in fine groups as fo*- sodium or oxygen 
and gives sub-group parameters in the broad group structure for their 
wide resonances). The collision density is constant if the narrow 
resonance approximation is true. For partial, total and transport 
cross-sections, the equation is: 

G 
o > 

where t|> is the collision density in fine groups, g the fine group 
index, G the broad group index and x the type of reaction. 

Matrices are weighted on the flux in order to preserve the proba
bility to escape from the group and then renormalized on the cross-
sections for consistency of values in the library. This normalisation 
is also related to the treatment in ECCO, which assumes that the 
probability to escape from the group is independent from the self-
shielding treatment. 
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For the matrices, the formula is: 

gG -» p., y—fg Y2f** ) y9 

g c G g't G' / g t G 

where * is the flux in the fine group g. 

The method has been used on the whole energy range and for all the 
elements as one cannot presume the existence of the sub-group parame
ters in broad group from the values in fine groups. 

I1-4 Temperature interpolation 

The temperature interpolation is the way to produce data at a 
temperature which is not one of the tabulated ones. This is par
ticularly difficult when treating the fine group library which in
cludes sub-group parameters. In fine groups, the behaviour of the 
cross-sections might either increase or decrease depending of the 
position of the fine group over a wide resonance. Lagrange factors are 
calculated over 3 to 4 tabulated values and allow a very good repre
sentation of the interpolated values. The same method is applied when 
a fine group data set possesses sub-group parameters but interpolating 
the subgroup data needs a specific algorithm which uses again the 
CALENDF method in a similar way than for the condensation of the fine 
group library. 

With a library containing data at the following tempera
tures :300K,600K,900K,1500K,3000K, results show a 1.6% maximum devia
tion with the logarithm law used for Lagrange factors by comparison 
with direct values. 

Ill ECCO ALGORITHMS 

The self-shielding effect which is associated to the resonance 
structure of the heavy elements, can be treated accurately. With the 
sub-group parameters it is possible to reproduce, to a certain accura
cy, not only the self-shielding factors but every function of the 
total cross-section and linear functions of partial cross-sections. 
This allows the use of the current weighting function for the trans
port cross-section and the treatment of heterogeneous self-shielding. 

For the Pi inconsistent approximation, the method used to condense 
the cross sections in ECCO reproduces the sane balance at the broad 
level than the one obtained at the fine group level. This it obtained 
by the use of a current weighting formula for the transport cross 
sections in both s'-ib-grorp parameters and effective cross-sections. 

- 211 -



The effective cross-sections are obtained with the following 
formula: 

*-I/.-\ / W-X / Yl< / [\-A' 
a ' 

where a is the probability in the group g to find the total 
cross-section with the value o .to which corresponds the value of a 
weighted cross-section a. . The dilution in this group for this ele
ment is a , and the value of the exponent n is equal to l for the 
total andpthe partial cross-sections, to 2 for the transport cross-
sections, and to (N-t-l) for the elastic cross-sections of order N. 
The elastic matrix is then corrected in this way: 

<3 •* g ' 

%r 

For the heterogeneous cells, a current is defined per region, 
current which is consistent with Benoist's formula. This current is 
used for condensing the transport cross-sections as well as for the 
smearing of the cell (with the volume of the regions). It reproduces 
the Benoist's diffusion coefficient. The flux is used in the same way 
for the other cross-sections. Consistent formulae are used at the 
subgroup level, and allow a conservation of tne balance with the 
effective cross-sections in broad groups. 

IV RESULTS OF CALCULATION 

On the physical basis, the discrepancies between the runs with 
different libraries depend much on: 
- the group structure, 
- the validity of the narrow resonance approximation (not exactly 

true at the broad group level), 
- the overlapping of resonances (also not true at the broad group 

level). 
The validity of the whole method has been checked on the reactivi

ty of the standard fast reactor cell (paragraph 4.1), and on its hete
rogeneity (paragraph 4.2). The validity of the broad group library has 
been investigated (paragraph 4.3) in order to test the adequacy of the 
"design" route. 

4.1 Reactivity 

Tests are performed with the PGL5 fine group library (2242 groups) 
and the consistent broad group library BGL5 (37 groups) which is 

7& " 9', *L 
el 
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condensed with the flux and the collision density of a fine group ECCO 
calculation for the standard fast reactor cell. 

Results for the homogeneous description of the standard fast reac
tor cell are the following ones: 

B2=1.01485e-3 

F6L5 fine groups 

BGL5 broad groups 

Keffective 

1.00057 

1.00120 

The analysis of the small discrepancy on Keffective (0.00064) 
between fine and broad group ECCO runs is performed by exact perturba
tion per element , per reaction , per group (EPEREX module) and the 
summary is presented in table 4.1. The origin of the discrepancies is 
due to the wide resonances of Oxygen and Iron and to the Uranium 238. 

The major discrepancies between broad and fine group calculations 
cone from the treatment of the self shielding of Iron and Oxygen for 
which the approximation of narrow resonance is not quite good . We 
don't have any variation on the light elements reactions because the 
elastic and inelastic matrices of the broad group library have been 
condensed with the flux issued from this cell. 

4.2 Heterogeneity 

Results for the standard fast reactor cell are the following ones 
with still the same library: 

B2=1.01485e-3 

FGL.5 fine groups 

BGL5 broad groups 

Keffective 
heterogeneous 

i.00097 

1.00141 

Keffective 
homogeneous 

1.00057 

1.00120 

The analysis of the heterogeneity in both fine and broad groups is 
performed by exact perturbation per element, per reaction, per group 
(EPEREX module). The summary per element and per reaction are pre
sented in tables 4.2 and 4.3. The comparison between the two tables 
gives the origin of the discrepancies, which are due to the wide 
resonances of Oxygen and Iron and to the Uranium 238. 

The breakdown of the heterogeneity shows different values in 
broad groups and in fine groups (tables 4.2 and 4.3), and some compen
sating effects between transport and capture contributions (streaming 
and self shielding effects) . 
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4.3 Validity of the broad group library 

The validity of the broad group library for cells other than the 
one with which the library has been produced has been investi
gated. This is done by performing simple one step ECCO calculations, 
one with the broad group library only, the other with the fine group 
library. Both calculations perforin self-shielding treatment but the 
broad group calculation does not perform any condensation and there
fore uses the same group scattering probabilities. 

Results are presented on figure 4.1 vith the spectrum index r in 
abscissae. The higher the value of r is, th»» harder the spectrum is. 
There is good agreement for cells typical of the fast reactor pro
gramme (Zonal, Zona2, 2ona3, Rl, R2, R3). For the plutonium cells 
(Zonal, Zona2,Zona3), the discrepancies cone mainly from the capture 
of Uranium 236 and the scattering of Oxygen. For the Uranium cells 
which have more steel in their composition, the discrepancies are due 
to the Iron and the light elements. For the two cells JEZEBEL and 
GODIVA which have a very hard spectrum the discrepancies come mainly 
from most important heavy elements Pu239 for the Plutonium cell and 
U235 for the Uranium cell. This is due to the shape of the collision 
density of the standard fast reactor cell, collision density which has 
a very different shape than the one of these cells. The self-shielding 
is therefore badly treated. For the other cells which tave a different 
spectrum from the one of a typical fast reactor, and contain fuels of 
various enrichments, and coolants of different types, the discrepan
cies come mainly from the elastic cross sections of their major light 
elements such as Ni , 0 , C , Na. Therefore the use of the design 
route (which treats light elements in fine groups and heavy elements 
in broad groups) improves a lot the results which are quite close to 
the ones of the reference route as shown in figure 4.1. 

The different parameters (spectrum indices : F8/F5 , C8/F5 , 
F9/F5 , the value of the flux in the broad group which includes i Kev, 
except Keffective ) are quite close (less than l % ) . 

CONCLUSION AND FORESEEN DEVELOPMENTS 

The ECCO code uses the sub-group method to handle the resonance 
self-shielding in complex heterogeneous structures. 

The ECCO code uses several different energy group schemes. In 
particular, the fine group library with groups of 1/120 lethargy width 
down to 5.045 ev allows a reference calculation, while the broad group 
library permits faster ECCO runs for design calculations. Consistency 
is required between the different group structures as far as the 
self-shielding treatment is concerned. Both fine and broad group 
libraries contain infinite dilution cross-sections and sub-group 
parameters, as it is the case for the fine group library FGL5 * used 
by the HURAL cell code » and for the broad group library CARNAVAL4 ' 



used by the HETAIRE cell code «. 

Libraries for ECCO can be created by processing the JEF evaluated 
nuclear data files *. The CALENDF code is used to generate sub-group 
parameters by an original method * which was first developed for the 
treatment of resonances in the statistical domain but was subsequently 
extended to the resolved resonance range. The code system THEMIS, 
derived fro.ti NJOY T, is used to calculate infinite dilution cross-
sections and the other nu.lear data (fission spectra, number of 
neutrons produced per fission, displacements per atom DPA, kinetic 
energy released in materials KERMA, etc). The consistency between 
CALENDF and NJOY/THEMIS for the calculation of shielded cross-sections 
has been checked. 

ECCO calculations using fine group and broad group libraries show 
quite good agreement. This is possible because of the use of consist
ent sub-group parameters in Dotn libraries. Sub-group parameters 
represent, in a compact form, the resonance structure of the cross-
sections. With these parameters it is possible to reproduce, to a 
certain accuracy, not only the seif shielding factors but every func
tion of the total cross-section and linear functions of partial 
cross-sections. This permits the use of the current weighting func
tion for the transport cross-section and the treatment of hetero
geneous self-shielding. 

To improve the consistency between fine group and broad group 
calculations, a special condensing technique has been set up. The 
collision density and the flux in fine groups are first calculated tmr 
a typical fast reactor cell using ECCO with the fine group library. 
These values are then used to condense the fine group library into a 
broad group library, which includes suo-group parameters obtained 
through moments of the cross sections as in the CALENDF code. Results 
of calculations using these two libraries give good agreement for a 
range of ceils typical of those used in the fast reactor programme. 
This validates the narrow resonate approximation when used with this 
broad group library and applied for f&st reactor cells and the fast 
route for "design" calculations. It means also that it will often be 
acceptable to use broad group calculations in cases where fine group 
calculations would be too costly, for example when treating very 
complicated geometries. 

Similar tests have to be performed in the future, with the libraries 
created from JEF2 (with 2019 groups and 33 groups respectively for the 
fine group and broad group libraries). It is planned also to investi
gate in which conditions the method could be applied to cells of other 
reactor types and to shielding applications. 
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TABLE 4.1 : Exact perturbation for tne standard fast reactor ce l l 
K-cffective with the fine group library 
minus K-effcctive with the broad group library 

homogeneous calculations (pen) 

ELEMENT 

U235 
PU239 
U238 
PU240 
PU241 
0 
NA 
FE 
CF 
NI 

TOTAL 

TRANSPORT 

0 
0 
2 
0 
0 

-23 
4 

-53 
-10 
-5 

-85 

CAPTURE 

0 
-6 
42 
5 
0 
0 
-2 
-16 
-2 
-4 

16 

FISSION 

0 
-17 
1C 
-2 
0 
0 
0 
0 
0 
0 

-8 

NU 

0 
-5 
-3 
-1 
0 
0 
0 
0 
0 
0 

-9 

KHI 

0 
0 
0 
0 
0 
0 
0 
0 
0 
0 

1 

ELASTIC 

0 
0 
-4 
0 
0 
1 
3 
8 
1 
-1 

9 

INELASTIC 

0 
0 
1 
0 
C 
0 
2 
7 
1 
2 

14 

TOTAL 

0 
-27 
49 
3 
0 

-22 
8 

-54 
-9 
-8 

-61 
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TABLE 4.2 : Exact perturbation for the standard fast reactor cell 
K-effectlve for the heterogeneous cell 
minus K-effective for the homogeneous cell 

fine group calculations (pern) 

ELEMENT 

U235 
PU239 
U238 
PU240 
PU241 
0 
NA 
FE 
CR 
NI 

TOTAL 

TRANSPORT 

0 
15 
86 
3 
1 
87 

-47 
28 
7 
9 

189 

CAPTURE 

0 
-28 
-155 
-5 
-1 
3 
0 

-13 
0 

-2 

-201 

FISSION 

I 
18 
-46 
-7 
2 
0 
0 
0 
0 
0 

-32 

NU 

o
o
o
o
o
o
o
o
o
o
 

0 

KHI 

o
o
o
o
o
o
o
o
o
o
 

0 

ELASTIC 

0 
0 
0 
0 
0 
0 
-1 
-3 
0 
0 

-4 

INELASTIC 

0 
2 
20 
1 
0 
0 
-2 
-8 
-3 
-1 

8 

TOTAL 

1 
7 

-94 
-8 
2 
90 
-50 
3 
4 
5 

-39 

TABLE 4.3 t Exact perturbation for the standard fast reactor cell 
K-effective for the heterogeneous cell 
minus K-effective for the homogeneous cell 

broad group calculations (pern) 

ELEMENT 

U235 
PU239 
U238 
PU240 
PU241 
0 
NA 
FE 
CR 
NI 

TOTAL 

TRANSPORT 

0 
15 
86 
3 
1 
38 

-42 
39 

e 
ii 

208 

CAPTURE 

0 
-28 
-165 
-5 
0 
3 

-1 
-13 
0 
-2 

-211 

FISSION 

1 
23 
-45 
-7 
2 
0 
0 
0 
0 
0 

-26 

NU 

0 
0 
0 
0 
0 
0 
0 
0 
0 
0 

0 

KHI 

0 
0 
0 
0 
0 
0 
0 
0 
0 
0 

0 

ELASTIC 

0 
0 
1 
0 
0 
4 
1 
-3 
0 
0 

3 

INELASTIC 

0 
2 
20 
1 
0 
0 
-2 
-8 
-3 
-1 

6 

TOTAL 

1 
12 

-103 
-8 
2 
95 
-44 
15 
5 
7 

-19 
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FIGURE 1.1 : Structure of ECCO calculations 
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FIGURE 1.2 
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STATISTICAL PROBABILITY TABLES 

CALENDF PROGRAM 
P. RIBON, CEN-SACLAY 

ORIGIN: The term "probability table" was used for the first time 
by L.B. LEVITT in 1972 [LE.72]. Such tables were proposed a 
little before this time by the Soviet team from OBNINSK [M.N. 
NICOLAEV et al., NI.69, NI.70], who offered a method of setting up 
the tables and suggested that they be used in analytical 
neutronics, under the name "sub-group method". 
But, as D. CULLEN observes [CU.74], using probability tables is 
the same as using a quadrature and can be related to mathematical 
theories governing quadratures. In particular, the 
probabilities of the probability tables which we intr 
Christoffel numbers and the quadrature is a Gauss-Jacobi 
quadrature [SZ.59], 

1. PRINCIPLE 

The principle is illustrated by Figure 1: in an energy field G, 
the distribution of cross section o(E) (Figure 1.A) can be 
described by the distribution of the probability p(o) of finding 
a. The latter distribution can, in turn, be described by a sum of 
weighted Dirac functions: 

(1.1) ^ P i 5(a-Oi) 

It is this set of values {pi, a^} which we shall call a 
probability table. In mathematical terms, a Riemann integral J is 
transformed into a Lebesgue integral, then approximated by a 
quadrature: 

(1.2) J = 1/G JQ F(O(E) dE = Ja p(o) F(o) do § S ± Pi F(0±) 

1.1 Energy Information 

The three curves in Figure 2 are described by the same law p(o) 
and consequently by the same probability table {pi, Oi). The 
energy information is consequently lost and the probability tables 
introduced should only be used if the statistical hypothesis is 
valid. This point requires clarification. 

1.2 Statistical Hypothesis 

If we introduce a partial cross: section 0X(E) and the collision 
density t(E), a certain integral J (a reaction rate, for 
instance) will be written (substituting t for ot and x for 
o x): 
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(1.3) J = 1/G JG F(t(E)) x(E) T(E) dE 

= J/J 0>(t,x,t) F(t) x T dt dx dt 
t,x,T 

= J p(t) F(t) dt Jx qt(x) x dx J*t rt/X(t) t dt 

Statistical hypothesis: throughout the entire field G, rt x(t) 
can be considered as statistically independent of t, x: 

(1.4) JT rt(]t(i) t dT # JT r(x)Tdt = f 

which will give: 

(1.5) J = t ft p(t) F(t) dt Jx qt(x) x dx 

It is worth noting that the "narrow resonance" approximation, 
which consists in replacing t(E) by a constant: 

(1.6) t(E) * T = constant 

leads to the same formula. It is for this reason that the 
probability tables are often used in association with this 
approximation, whereas the statistical hypothesis would suffice 
(and that explains the good results often obtained with the NRA 
approximation). 

2. METHODS 

They are infinitely varied, but we would mention: 

2.1 L.B. LEVITT Methods 

The o variation range is divided into N initially 
predetermined bands, terminating at SQ, S-J , ..., sN. The program 
determines the intersection of o(E) with each s^ and the 
weighting factor pA will be the probability of o(E) being 
located between s^i and s^: 

(2.1) P i = 1/G JQ T(o(E)-si..]) T(Si-o(E) dE 

where Y(x) is the Heaviside unit function. 
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2.2 In the sub-group method, the values of {p^, t^x^)} are 
determined by writing the quadrature giving the cross sections in 
the NRA approximation: 

f
 X<E> v Pi xi 

G t(E) + d t± + d 
(2.2) ox,eff,d = # = x e f f d 

f 1 v pi i dE Si 
G t(E) + d t± + d 

To resolve this system, we write that for J dj values of d: 

2 (2.3) Sj (o x # e f f # d j - x e f f / d j )
: 

is minimum. But the result often depends on the initial value and 
may not be physically feasible (negative t^ values). 

2.3 In various articles, D. Cullen has envisaged different 
methods, including the equiprobable band method [CU.74]. 
Potential users are often strongly tempted to adopt equiprobable 
bands (all p^ values are equal). However, it should be noted 
that if the t^ are defined by the moments, we come back to the 
Chebyshev method, which leads to a situation with no issue 
[RI.86]. 

2.4 In the GROUPIE program [CU.80], D. Cullen, after noting that 
we are contending with a "classic moment problem," defines a 
multi-band system, using a solution which is practically identical 
with that of the sub-group method. 

2.5 We propose probability tables based on the following moments: 

t*n = 1/G JG tn<E> dE 

(2.4) J Mn = 2 ± Pi t" 

>*n • "n 

for 2N consecutive values of n, thereby introducing a Gauss 
quadrature. 
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2.6 Generalized moment methods may also be envisaged, where MJJ 
will be given by the integral of a t function conserving the 
condensation properties (cf. 4.2) [SA.89]. Such tables will be 
more accurate for a specific application, but less general (they 
could not be considered as basic data, independent of the 
application considered) and the (pi# t±) calculation could be 
delicate. 

3. PROBABILITY TABLES BASED ON MOMENTS 

3.1 Mathematical Properties 

a) For all probability distributions p(x), defined as positive 
and bounded (or such that p(x)xn -» 0 for x —» °° for all values 
of x), there is a family of orthogonal polynomials Pn(x): 

(3.1) Jx p(x) Pm(x) Pn(x) = 6^ 

where the x^ roots of the polynomial are: 
- real 
- on the p(x) support. 

b) The quadrature at order N of a polynomial P(x) of order 
2N-1 is exact: 

(3.2) Jx p(x) P 2 N-1(X> « 2 * ^ Pi P2N-1<*i> 

if the x^ are roots of Pjj(x) and the p^ a function of PN 

and its derivatives (these are Christoffel numbers). 

c) A function F can be approximately described at order N by a 
sum of polynomials Pn (n = 0 at N), and its quadrature will be 
approximated. 

3.2 Calculation 

A simple method for calculation of the {p^, xA} at order N 
[RI.86] implies: 

a. resolution of a linear system of order N 

b. calculation of the N roots (real) of a polynomial of 
order N. 

A sub-program, PROTAB, performs this calculation in SO x N^'^us 
on CRAY-XMP. The order can be imposed or automatically determined 
by comparing exact and approximate values of 2 moments (other than 
the 2N moments exactly described - equation (2.4)). 
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3.3 Partial Cross Sections 

All expressions encountered in neutronics are of the type 
illustrated in equation (1.3), which may be written (in the 
statistical approximation): 

(3.5) J = x/T p(t) F(t) "xt dt 

assuming that: xt = Jx q^(x) x dx. 

It consequently serves no purpose to describe partial cross 
sections by secondary distributions q^ j. Each partial cross 
section is defined by N equations: 

t 

(3.6) 

,m = T/G JG * < E >
 t m< E> <*E 

px,m - 2 i Pi *i tm
± 

^x,m = px,m *or x> *OT N values of m. 

With this definition, the internal consistency of the tables is 
preserved, i.e.: 

(3.7) tA = S x Xi 

3.4 Orders and Negative Moments 

We have so far assumed implicitly all the moments considered to be 
positive: 

m,n _>, 0 

In fact, it is shown that it could be an advantage to have 
negative moments and a table will be defined by [N,I,J]: 

a) a table of order N 

b) is defined by 2N moments of the table of order n: 
1 1 n i I+2N-1 with: 2-2N <_ I <_ 0 

c) and by N "partial" moments of order m: 

J < m < J+N-1 with: 1-1 < J < I+N 
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The best conditions are obtained for [RI.89]: 

J = (1-1 )/2 compulsory option 

The choice of 
be: 

I depends on the calculation. A compromise would 

I = 1-N 
J = -N/2 

normal option 

4. PROBABILITY TABLE PROCESSING POSSIBILITIES 

A probability table is used for calculation of a quadrature: 

(4.1) 1/G J*G X(E) F(t(E)) dE # Si p± Xi F(ti) 

but operations involving the G groups must be performed on the 
moments. In particular: 

4.1 Interpolation 

If, for example, we have effective cross sections at several 
temperatures Ti: 

(4.2) ox,eff,i
 = J(ti(E)rxi(E),d) 

and if the effective cross section ox e « T at temperature T 
is given by a certain interpolation on'the' ox,eff,i then the 
same interpolation law applied to the moments will'provide a basis 
for a table (PT)T giving ox eff T. 

There is however a restriction: consistency between the moments 
must be preserved, i.e. the interpolated values in the sum must be 
equal to the sum of the interpolated values: that excludes 
interpolations on Log(a) for instance. In practice, it should 
be possible to write the interpolation: 

(4.3) 

cx,eff,T " 2± Pi ox,eff,i 

Hi,T " ̂ i Pi M^i 

where the Pi depend only on the Ti and on T. 

Examples of applications are given at this meeting [DE.89, RI.89]. 
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4.2 Condensation 

Two groups are combined into a single group simply by addition of 
the moments: 

( 4 . 4 ) < 

>*n,G = 1 /G JG fcm<E> dE = J t m < E > dE 

g 1 + g 2 g-|+g2 

g 1 1 f g 2 1 r m 

J tm(E) dE + J tm(E) dE 
gj+g2 9i 9 i 

91 

9 i+g2 92 92 

92 
Mn, g i

 + — - — " n ^ 
91+92 91+92 

1 

More g e n e r a l l y : 

<4-5> A i , G 
ei + 02 + • • • + Gk 

where the Q^ were ad hoc weighting factors 

v K 

^ = 1 0 k Mn.K 

4.3 Mixtures 

Let us consider a binary mixture (generalization to N nuclei is 
immediate). If order N is positive, a and (5 being the 
respective isotopic contents of the 2 nuclei (a + |} - 1): 

f^ ••* 1/G JG (at(E) + |5t(E))ndE 

(4.6) 

= 1/G 2 ^ Ckakf3n'k J tk(E)tn~k(E)dE = Xk Ckak(3n"k £k,n-k 

where corwment C k n_k i s a variable which is independent of the 
a and (3 isotopic'contents. The probability table (for a > 0) 
can therefore be precisely expressed versus combined data 
characterizing the nuclei (at a given temperature T). 
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We can write: 

(4.7) 

C*,L * 1/G !G tk<E> xk ( E ) ^ 

= JtJT t
kT W(t,t) dt dX # S^j (Oij tk T. 

In the statistical hypothesis: 

(4.8) 

<°ij • Pi 9j 
C k , l - 2 i Pi t k i £ j <*j *f 

^ - SkcJo^pP-fc ^ i Pi fci 
4 

If order n is negative, we get: 

(4.9) ^ - £i,j to^ (a tA • |5 tj)
n 

and with the statistical hypothesis: 

(4.10) ^ = £ ± / j P i qj (a t± + p tj)
n 

but the table is no longer accurately described at order N by a 
bounded set of comoments. 

5. CALENDF PROGRAM 

A technical instruction booklet is in preparation, but this 
program is still undergoing extensive development. We shall 
assign a place to it with respect to NJOY. 

5.1 Purpose 

It is devised as a means of calculating probability tables for any 
considered energy field. Mainly focussed on resonances, it is 
presently being modified to enable these requirements to be 
satisfied. 

It disregards the spectra of emitted particles, angular 
distributions and variables such as v, ... . 
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5.2 Input Data 

It reads files 2 and 3 of the ENDF format, together with the data 
on the calculation to be performed: 

- separation into groups 
- temperature 
- dilutions if required (1) 
- required accuracy 
- required output. 

5.3 Options 

The program comprises a certain number of options which are not 
available externally: for instance, method of setting up random 
parameters. 

5.4 Unresolved Field 

This aspect is dealt with by setting up random sets of resonance 
parameters. The normal option uses stratified (or regularized) 
sets [RI.85]: this is the function of the subroutine PRALEA. But 
the subroutines PARALE and PALERG, where the arguments are exactly 
the same, offer other possibilities to inquiring minds or 
skeptics. 

5.5 Formulations 

It should be noted that the BWMN formulation differs slightly from 
that recommended by ENDF, mainly with respect to the cross-term 
between 2 resonances: 

xk xk' + 1 

(5.1) TC = as in ENDF 
(1 + Xf) (1 + X,2) 

is replaced by: 

XX XA' - 1 
(5.2) TC = -— cos 2* 

(1 + Xf) (1 + Xf) 

On the one hand, this formulation is more accurate (it corresponds 
to a second order development), and on the other hand, it enables 
separation into single poles and consequently an analytical 
broadening by the ¥ # functions: 

(1) Although this is not its main function, CALENDF does calculate 
effective cross sections for purposes of comparison. 
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xx+i xx.+i 

where Cx and Ĉ « are coefficients slowly varying with the 
energy. 

5.6 Numerical Calculations 

a) Organization: disk storage allowing for retrieval of part of a 
calculation is not used, but intermediate result outputs are 
possible (pointwise cross sections, for example). But a normal 
CALENDF calculation ranges, in a single process, from ENDF format 
assessment to probability tables. 

This is made possible by: 

- generalized use of the analytical broadened Doppler 
- the increased capacity of computer memories 
- the interpolation mode. 

b) Interpolation mode: the interpolation is cubic (it is linear 
in NJOY), i.e. interpolation between points I and 1 + 1 
depends on the four points (when they exist) [1-1, I, 1+1, 1+2]. 
The resulting formulae are a little more complicated, but a saving 
by a factor of from 3 to 5 is achieved on the number of points. 

c) Mesh: owing to the cubic interpolation, a trial and error 
method, as in NJOY, cannot be used. In addition, an algorithm of 
this type does not facilitate vectorization. 

The mesh is determined according to the resonance parameters, 
temperature and the required accuracy. When only pointwise data 
are available, numerical broadening is necessary: the resonances 
are reconstituted (very approximately) with their own meshes, 
which are extended. We thus revert to the normal pattern. 

6. SUPPLEMENTARY PROGRAMS 

There are a certain number of utility routines available for: 

- read-write operations 
- temperature interpolation 
- condensation 
- composition determination. 

Some of the basic S.P.'s have been incorporated in ECCO. 
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7. LIMITS 

We feel that probability tables in the statistical hypothesis 
context are applicable to almost anything. However, we know that 
this approximation is not valid for the analysis of certain 
problems: 

- mixture of nuclei, when exact resonance overlapping cannot be 
disregarded (transition from 4.7 to 4.8 or from 4.9 to 4.10 is 
not accurate enough) 

- slowing down: the statistical hypothesis is not valid i.e. we 
cannot accept the validity of 1.4. 

These non-statistical phenomena are mainly prevalent at low energy 
levels. It is for this reason that the fast neutron specialists 
have so far been more interested in the probability tables than 
the thermal neutron specialists. 

CONCLUSION 

The purpose of the probability tables is: 

- to obtain dense data representation 
- to calculate integrals by quadratures. 

They are mainly used in the USA for calculations by Monte Carlo 
(following L.B. Levitt) and in the USSR and Europe for self-
shielding calculations by the sub-group method. 

The moment probability tables, in addition to providing a more 
substantial mathematical basis and calculation methods, are 
adapted for condensation and mixture calculations, which are the 
crucial operations for reactor physics specialists. However, 
their extension is limited by the statistical hypothesis they 
imply. Efforts are being made to remove this obstacle, at the 
cost, it must be said, of greater complexity. 
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Comments on the probability table method for the unresolved resonance region 

There exist several unresolved cross section modules that are not currently parts of NJ0Y. 
THEMIS contains a module implementing the Hwang method (UNRES) and a ladder-type 
module (UNRESL). At Los Alamos, we have UXSR and PURR which are similar. These two 
modules have never been quite finished. For example, they only process the energy-dependent 
unresolved format. 

The new work of Ribon may be able to replace all of the old methods and non-standard 
modules with a single standard module. Implementation, testing, and comparison of all the 
methods should be done as soon as possible in order to make a new method available before 
major libraries are produced from ENDF/B-VI and JEF-2. 
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Figure 1 - The cross section c(E) 1n the energy range G (fig. l.a) can be 

described by a probability distribution p(o) (fig. l.b), which can be 

approximated by the sum of 4 weighted Dirac function: P̂  6(c - a^) 
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Figure 2 - The 3 curves of fig. 2.a, b and c will be described by the s-»me 

p(o), then represented by the same probability table. 
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NJOY Installation on /xVAX-II at US 
Verification for WIMS Library Applications 

Andrej Trkov 

"E.Kardelj" University 
"Jo£ef Stefan" Institute 
Ljubljana, Yugoslavia 

June 14,1989 

Abstract 

The code NJOY-87 recently became available. A distribution tape was obtained from RSIC 
and the code was successfully installed on the /*VAX-H machine at the "Jolef Stefan" 
Institute. 

Before the test cases could be executed some minor corrections were required. The results 
differ slightly from the reference solution, particularly the self shielded scattering matrices. 
For LWR core applications the differences do not seem important but for other applications 
they should be examined more closely. 

In NJOY verification for WINS library applications the emphasis is on the cross section 
definitions and the processing errors. The proposed procedure is to create the WIMS library 
using two independent codes, compare the cross section where possible and analyse in 
detail the results of the WIMS calculations for some standard benchmark lattice. 
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1 Introduction 

Nuclear data processing activities have been established at the "Joief Stefan' Institute (US) for a 
number of years. The primary objective are thermal reactor core and shielding applications. For 
reactor core calculations we rely on the WIMS lattice code. Other neutron transport calculations are 
done using the DOT and ANISN codes. At present, no monte-carlo transport code has been prepared 
for routine calculations but steps are being taken to select a code which would suit our purposes. 

For nuclear data testing and verification we found the ENDF Pre-Processing Codes [l] very 
useful. The FEDGROUP-C86 Rev.2 code [2,3,4] provides the link to the WIMS library and to some 
extent also to the DOT and ANISN library. 

The aim of installing NJOY was to obtain a general and independent nuclear data processing 
system which would enhance our data processing capabilities. NJOY was selected because it fulfills 
all our requirements. Furthermore, its wide international support of users allows easy exchange of 
experience for more efficient use and improvements in the code. 

The pVAX-II machine was selected because it is as fast as the VAX-11/750, it is dedicated for 
the reactor physics group (what provides better availability), it has a lot of disk space available 
and it is present on site. An alternative would be the VAX-8650 but it is considered less attractive 
because it is often heavily loaded, it is located at the main institute (about 12 km away), with the 
associated inconvenience of the physical transfer of magnetic tapes and data file transfer over a 
relatively slow electronic link. 

2 NJOY Package Distribution 

The package was receivec! from RSIC on the tape STEF01 with a standard label STEF01, prepared 
on an IBM machine. 

All 38 files were successfully read onto the jxVAX disk except file 11 which contained the 2SiU 
data from the ENDF/B Standards library (two blocks of data were bad). This file was replaced by 
the same data from the US data bank. Readable portions of the file were checked and the numeric 
values were found to be identical on the replacement file. 

3 NJOY Installation 

Update: The VAX Update instructions file contains an error which causes incorrect processing 
with the CCC program (an extra CIBM statement remains in the code). The proposed correction is 
to replace the Update instruction: 

*D, NJOY.277.278 

by the following: 

*D NJOY.277.279 

Furthermore it is suggested that all FORTRAN statements would be forced uppecase for consistency 
with the rest of the code. 

The recommended procedure in the manual is to perform the Update to create a VAX version 
of the code and then run the CCC code to activate IBM statements instead of the CDC statements. 
This requires CCC to be executed on the source file every time a partial Update is performed. It is 
suggested that CCC should be executed before the Update. 
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Compilation: The source code was compiled with the FORTRAN V4.2-102 compile^unaer 
VAX/VMS-V4.6 operating system. The compiler diagnostics are given in Appendix A. The mes
sages were ignored because: 

• the message on the omission of the STATUS declaration in the OPEN statement in OPENZ is only 
informative, 

• the ACER module can not be tested at present, 

• the DISSPLA software is not available so the PLOTR module was deactivated. 

Input fileB: The keywords for activating individual modules or selecting the options must be 
specified in uppecase characters. Only the comments may appear in lowercase characters. 

Execution: Compiler optimizer produces erroneous code in THERMR causing ACCESS VIOLATION. 
Array elements on TPEND cannot be accessed correctly. Re-compiling TPEND without optimisation 
solves the problem. 

In the ERRORR module three calls to RESERV appear with a constant as the second parameter. 
The routine RESERV tries to redefine it, what results in a Reserved operand faul t . The following 
corrections were applied: 

*D ERRORR.222.224 
NWR1- 17 
NWR2- -1 
CALL RESERV(IDID.NWRl.IID.A) 
CALL RESERVCID01CT,NWR2.IDICT,A) 

*D ERRORR.244 
NWR1- 200 
IF(NGOUT.EQ.O) CALL RESERV(IDGA.NWR1.IGA.A) 

After applying the above corrections the test cases could be executed successfully. 

4 Test cases 

4.1 Test case 1 

The PENDF file produced in the run was compared with the corresponding reference file from the 
distribution tape using COMPLOT [l]. The following differences were noted: 

• The number of points after linearization and Doppler broadening is slightly different but the 
discrepancy in the total.elastic and capture cross section of about 0.5% is consistent with the 
linearization and thinning tolerance. 

• Apparently large discrepancies are noted in the THERMR results (MT=221,229) due to insignif
icant differences in the cross section threshold energy. The differences can be ignored. 

• Differences of about 1.3% are observed in the HEATR output. The energy dependence of the 
discrepancy has the same shape as the discrepancy in the total, elastic and capture cross 
sections so we can conclude that these are the source of the differences. Note however that the 
errors in the cross sections are considerably magnified. 
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Repeating the comparison on the GROUPR output the following can be observed: 

• A difference of less then 0.2% remains in the total, elastic and capture cross sections. 

• A difference of about 0.6% is observed in the damage and the heat production cross sections. 

• Differences of up to 2.5% are noted in the elastic and the discrete inelastic scattering matrices. 
They may be considered insignificant since they appear only for higher moments or for the 
transfer cross sections which are small in magnitude. 

4.2 Test case 2 

Comparing the results to the reference solution, large discrepancies are observed. The scattering 
matrices are particularly affected. Differences of several orders of magnitude are encountered, but 
on a closer look it is found that they only appear in the higher moments of the cross sections. 
Differences in the cross sections up to PI do not exceed 0.5% therefore thermal reactor calculates 
should not be affected. 

4.3 Test case 3 

Practically no differences from the reference solution were observed. The only discrepancy of 0.7% 
was noted in the photon incoherent scattering matrix. 

4.4 Test case 4 

The output of the Test case 4 was practically the same as the reference solution. 

5 Conclusion? 

The tests indicate t,iat the NJOY package has been successfully installed. The differences can 
be attributed to the fact that the reference solution was obtaind on a long wordlength machine. 
The agreement with the reference solution for the PO and PI cross sections is satisfactory for 
applications to thermal reactor calculations such as the WIMS library preparation. For accurate 
shielding calculations the differences should be analysed more closely. 
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6 Verification for WIMS Library Applications 

Through elaborate benchmark testing procedures [5] the major processing errors can be romoved 
from the nuclear data processing codes but there remains the possibility of inconsistent definitions 
of some data which are expected in a transport code. To verify the nuclear data processing system 
for the WIMS library preparation the following procedure is proposed: 

1. Select a relatively simple thermal reactor lattice which would serve as a reference for comparing 
the results. A benchmark lattice such as TRX-1 seems a convenient choice [6j. 

2. Prepare a WIMS library with all the data necessary for the calculations for the selected lattice. 
The standard 69-group library format should be used. 

3. Prepare a WIMS library using the same evaluated data but using an independent nuclear data 
processing system (such as FEDGROUP-C for example). 

4. Compare the cross section which are entered into the library from the two codes. 

5. Perform detailed transport calculations for the selected lattice using the two newly prepared 
libraries and compare the results. 

By tracing the source of any observed discrepancies the probability of inconsistent cross section 
definitions would be considerably reduced. 
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WIMSR Module 

The WIMS-D code is very widely used, and a convenient way to prepare libraries. Since 
the next generation of evaluated libraries will be less restricted than previous versions, it is 
likely that several new WIMS-D libraries will be prepared next year. 

Currently, a WIMSR module exists for NJOY. The original version was prepared at Los 
Alamos based on work done for EPRI-CPM, and it was further developed at Chalk River for 
WIMS-E libraries. We have another version which has been modified to work better with 
WIMS-E. We would like to cooperate with Dr. Trkov in his project to improve and test WIMS 
library production methods, and with Winfrith to develop tools for WIMS-E libraries. 
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A Compiler messages 
XFORT-I-DEFSTAUNK, Default STATUS- 'UNKNOWN' used in OPEN statement 

[EN(NUN.FILE-FN)] in module OPENZ at line 38 
XFORT-E-CHANAMINC, Character name incorrrectly initialized 

[BUNK] in module ACEOUT at line 41 
XFORT-E-CHANAMINC, Character name incorrrectly initialized 

[DASHES] in module ACEOUT at line 41 
XFORT-E-CHANAMINC. Character name incorrrectly initialized 

[EK] in module ACEOUT at line 42 
XFORT-E-CHANAMINC, Character name incorrrectly initialized 

[HLABL1] in module ACEOUT at line 86 
XFORT-E-CHAUAMINC. Character name incorrrectly initialized 

[HLABL1] in module ACEOUT at line 86 
XFORT-E-CHANAMINC, Character name incorrrectly initialized 

[HLABL1] in module ACEOUT at line 86 
XFORT-E-CHANAMINC, Character name incorrrectly initialized 

[HLABL2] in module ACEOUT at line 87 
XFORT-E-CHANAMINC, Character name incorrrectly initialized 

[HLABL2] in module ACEOUT at line 87 
XFORT-E-EXCCHATRU, Non-blank characters truncated in string constant 

[L(l)-8HL0G PROB] in module PLOTR at line 762 
XFORT-E-EXCCHATRU, Non-blank characters truncated in string constant 

[YL(1)-7HC<0SINE] in module PLOTR at line 754 
XPORT-W-NOPATH, No path to this statement 

[GO TO] in module PLOTR at line 761 
XFORT-E-EXCCHATRU, Non-blank characters truncated in string constant 

[L(1)-8HL0G PROB] in module PLOTR at line 835 
XFORT-E-EXCCHATRU, Non-blank characters truncated in string constant 

[L(1)-8HS<EC. >E] in module PLOTR at line 837 
XFORT-E-EXCCHATRU, Non-blank characters truncated in string constant 

[YL(2)-7H<NERGY>] in module PLOTR at line 838 
XFORT-W-NOPATH, No path to this statement 

[GO TO] in module PLOTR at line 845 
XFORT-E-CONSIZEXC, Constant size exceeds variable size in data initialization 

[XLABLD] in module PLOTR at line 285 
XFORT-E-CONSIZEXC, Constaut size exceeds variable size in data initialization 

[XLABLD] in module PLOTR at line 285 
XFORT-E-EXCNAMDAT, Number of names exceeds number of values in data initialization 

[XLABLD] in ir-dule PLOTR at line 286 
XFORT-E-CONSIZEXC, Constant size exceeds variable size in data initialization 

[YLABLD] in module PLOTR at line 286 
XFORT-E-CONSIZEXC, Constant size exceeds variable size in data initialization 

[YLABLD] in module PLOTR at line 286 
XFORT-E-CONSIZEXC, Constant size exceeds variable size in data initialization 

[YLABLD] in module PLOTR at line 286 
XFORT-E-EXCNAMDAT, Number of names exceeds number of values in data initialization 

[YLABLD] in module PLOTR at line 286 
XFORT-E-ENOOIAGS, RlfRB:[AHDREJ.NJOYjNJOY.FOR; 1 completed with 23 diagnostics 

with numeric value 

with numeric value 

with numeric value 

with numeric value 

with numeric value 

with numeric value 

with numeric value 

with numeric value 
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NJOY Implementation on IBM/AMDAHL 

J.K. Axmanii, F. Holzgrewe * 

Abstract: 

In early 1988 the Institute of Spaceflight and Reactor Technology at the 

Technical University of Braunschweig started with the implementation of NJOY 

6/83 and a few months later with version 87.0 on IBM/AMDAHL. The use of short 

word computers beared several machine-dependent problems, which have been 

solved and which are depicted. Some other errors were found, too and are also 

l is ted. Two suggestions concerning COMMON blocks and CHARACTER items conclude 

the ar t ic le . 

* ' Dipl.- Ing. Joachim K. Axmann, cand.mach. Frank Holzgrewe 
Inst i tut fur Raumflug- und Reaktortechnik 
Technische Universitat Braunschweig 
Hans-Sommer-Str. 5 
D-3300 Braunschweig 
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1. Introduction: 

At the beginning of 1988 the Institut for Spaceflight and Reactortechnology 

(IfRR) at the Technical University of Braunschweig (TUBS) received the 

nuclear data processing code NJOY from the NEA data bank in the version 6/83. 

The installation of the program system was carried out with very little 

experience evaluating nuclear data, processed with NJOY. That caused the 

uncertainty whether to handle real program errors or "home-made" mistakes. 

Another problem arose from the use of an IBM/AMDAHL computer system with less 

accuracy in the word length representation. But with the help of the computer 

center at TUBS and in cooperation with the Paul-Scherrer-Institute in 

Wurenlingen (CH) the NJOY-system was implemented in an adequate IBM version 

and several errors have been detected. 

2. The IBM/AMDAHL system in Braunschweig 

Today the computer equipment of the computer center at the Technical Univer

sity of Braunschweig is based on IBM and AMDAHL machines with a capacity of 

13 MIPS. Figure 1 shows the configuration. 

The three mainframes are working logically and physically very close together 

under the VM/SP operating system. Users at the institutes like the IfRR 

dispose of their own virtual machine (VM) under CMS (conversational monitor 

system) on one machine, batch jobs are processed on the other installations. 

Such jobs can use a maximum storage capacity of 12 MBytes and not more then 

1200 sec. CPU-time normally. The number of the jobs is limited for each user. 

This operational surrounding bears no major limitations for the use of the 

NJOY-system. Real problems have been caused from hardware conditions of the 

IBM/AMDAHL computers. Their normal word length for REAL items is, in opposi

tion to Cray or CDC computers fixed at 4 bytes. Therefore every REAL type va

lue in a FORTRAN program differs, running on IBM or Cray. In some cases this 

was the reason for underflow- or overflow exceptions, resulting abnormal 

program stops. Working with improved accuracy showed internal programming 

problems in NJOY, which have been solved. 
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Fig. 1: The IBM/AMDAHL machines at the Technical University of Braunschweig 

3. Implementation of NJOY 6/83 

In February of 1988 the IfRR received the NJOY-version 6/83 and started with 

the installation at the IBM/AMDAHL computers. First, the whole program was 

generated as one modul, because the storage requirement amounts only 2/3 of a 
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loadlib with an overlay-structure. But while running the sample problems the 

created modul did not work correctly. Some subroutine cal ls transmitted a 

parameter, which was overwritten later on. After a second cal l of such sub

routine this behaviour turned to an e r r o \ 

Example: 

Sample problem 4: 
CALL FINOF ( M A T D t l t 4 5 1 . N E N D F ) 

In this sample problem the module ERRORR was called twice. At the f i r s t call 

the parameter 1 was overwritten and at the second call the program could not 

f ind the desired data. Because of the size of the NJOY-program i s t was deci

ded to generate an overlay-structure instead of searching for a l l these 

errors. The compilation of the modules showed the following errors which also 

occured in version 87.0: 

Example: 

260 FORMAT { 3 X » 1 P 6 E 1 Z . 5 ) instead of 260 FORMAT ( 3 X « l P f 6 E 1 2 - 5 ) 

In every module one has to include a comma in the P-FORMAT under CMS and in 

the module BROADR a duplicate data in i t ia l izat ion was found. 

Example: 

Module BROADR - Subroutine FUNKY : 

OATA RESGPI/.564189583547936/ 

In addition to other corrections it was possible to reproduce the sample pro

blems with sufficient accuracy. 

In May of 1988 the IfRR received a new GROUPR module from the Paul-Scherrer-

-Institute. This module contains many extensions which were integrated in the 

new version NJOY 87.0. A correct reproduction of the sample problems was also 

possible with this module. 

4. Implementation of NJOY 87.0 

In July of 1988 the IFRR received the new version NJOY 87.0, terminating all 

activities concerning the version 6/83. Basing on the experiences with the 

old version an overlay structure was instantly created. With the exception 

of MODER all output modules were not inserted, because the use of own-created 

- ?\2 -



reactor codes wi th Hig/iconverter-specif ic group structures makes i t 

neccessary to develop own output modules to be inserted i n NJOY. The 

implementation of the code succeeded wi th no mayor d i f f i c u l t i e s ; the 

ex is t ing ASSEMBLER routines could be u t i l i z e d f or the s ta r t ing procedure and 

the compilation showed only the mentioned FORMAT and declarat ion mistakes, 

which could be corrected very simply. 

4.1 Float ing point problems 

Much more d i f f i c u l t i e s arose from the reproduction of the sample problems. 

Overflow or underflow values as a resu l t o f f l oa t ing point devide exceptions 

could be found. 

Examples: 

1.) Sample problem 2 

Module BKUADR - Subroutine BROADN : 

DX=ES(IS-1)-ES(IS) 
F=(EM)-(ES(IS))/DX 

2.) Sample problem 4 

Module RECONR - Subroutine RESXS 

DX = A(IXM-2)-A(IX*I-l) 

FR2=(XM-A(IX*I-1)/0X 

The value of DX approached in that cases zero and the following division 

caused an overflow. After comprehensive investigations the reason was found 

in the accuracy of the IBM and AMDAHL computers. The use of REAL * 4 type 

items, generally applied in NJOY, led to the mentioned problems. Floating 

point operations in IBM or compatible installations produce differences in 

the 6. number behind the decimal point. Addition or subtraction of values 

with smaller differences therefore causes errors. In the shown examples two 

identical values are subtracted after the use of the approximation routine 

SIGFIG with an order of 7 digits. A lower number of employed digits would 

solve the problem, but change the accuracy in NJOY bearing differences in the 

sample problems. 

Therefore it was necessary to increase the machine dependend word length and 
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work with REAL * 8 type items in the program. Every subroutine got the 

statement: 

IMPL IC IT REAL»8 ( A - H t O - Z ) 

and a l l values or arrays and al l predeterminated standard functions (ABS, 

COS, SIN,...) were changed to DOUBLE PRECISION. 

4.2 COMMON block problems 

Unfortunately as a result of this alteration important problems occured in 

several COMMON blocks. A lot of them are incorrectly written and/or no Stan-

dard-FORTRAN ana therefore machine-dependent. Sometimes they have different 

length (a) or change the character (b) of the parameters. Above a l l the last 

point was the reason for a lo t of mistakes, because with normal accuracy REAL 

and INTEGER items used on IBM computers need the same number of bytes (4 by

tes), DOUBLE PRECISION items, however need 8 bytes. I f parameters of the 

COMMON blocks are transcribed with items changing from INTEGER to REAL or 

vice versa, suspicious errors occur by overwriting other values or receiving 

wrong input. That did not appear in the case of same word length, 

Examples: 

Module BROAOR - Subroutine MAIN / STOUNX / 6ETUNX (a) 

COMMON UNR/NUNR»INTUNR 
COMMON UNR/NUNRtINTUNR»IUNRtNSIGOfNCYC»ei»EUMAX 
COMMON UNR/NUNR f INTUNRf lUNRtNSIGO f NCYCtEl»EUMAX 

Module NJOY / MODER - Subroutine MAIN / HOLLIO / MAIN (a), (b) 

COMMON H O L L / H O L ( 1 7 ) t l H O L 
COMMON H O l l / I H 0 l ( 1 7 ) 
COMMON H O L L / H G L ( 1 7 ) 

Module NJOY / GROUPP - Subroutine CONTIO / NEXTR (a), (b) 

COMMON CONT/C lHfC2H f L lHf l2HtN lH ,N2H»MATHfMFHfMTHfNSH»NSP»NSC 
COMMON CONT/DUM(6)tMATH,MFHtMTH 
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Module GROUPR - Subroutine MAIN / NEXTR (a) 

COPKON GUNITS/N£NOFtNPENOfNEND2.NEND3tNFLX»NPEND2»NINWT 
COfKCN GUNITS/NENOF.NPEND.NEND2 

Module UNSESR - Subroutine QUICKW / UWTAB (b) 

COMMON WTABL/TR(62»62),TI{62»62)»AIMW«AX,KItREWtY 
COMMON WTABL/RW(62»62) ,A lMW(62t62) tF ILL(5 ) 

The same declarat ion for a value and an array (AIMW) in a COMMON block is 

allowed, but bears d i f f i c u l t i e s in the i n te rp re ta t i on . 

4.3. Subroutine problems 

The same problems l i k e above can be found in some subroutines. Programming 

mistakes egain show only e f fec ts in the case of higher accuracy. 

Example: 

Module NJOY - Subroutines 

SUBROUTINE STORAG (IAMAXtNIDMAX,IPR,I A) 
SUBROUTINE RESERV (IOtNWORDSflNDFXtIA) 
SUBROUTINE RELEAS ( IO«NWQRDStI A) 
SUBROUTINE USAG (IA) 
SUBROUTINE STORAG (IDtINDEX,IA) 

generally ca l led w i t h : CALL STORAG (IAMAX,NIDMAX,IPRtA) 

D i f fe rent word length were also the reason for er rors in the exh ib i t ion of 

CHARACTER items. Compare operations wi th (.EQ.) or (.NE.) have been changed 

from absolute values to re la t i ve values (£ - surrounding) in the case of REAL 

items to avoid e r ro rs . 

5. Programming mistakes in NJOY 

In addi t ion to these machine-dependent d i f f i c u l t i e s concerning IBM i n s t a l l a 

t i ons , programming mistakes could be found, too: 

- 245 -



1.) Module NJOY - Function GRAL 

GRAL=(X2-X1) * (YL»B*AL0G(X1/X2) )» ( .5 *B*X1*Z*Z) * 
* ( L » Z 4 ( - l / 3 * Z « ( l / 6 - . l * Z ) ) ) 

1/6 and 1/3 is zero on principle, one has to write: 

GRAL=(X2-X1)*(YL*B*AL0G(X1/X2))»(.5*B*X1*Z*Z)« 
*(l.*Z*{-1.00/3»Z*(1.00/6-.l*Z))) 

2.) Module GROUPR - Subroutine HNAB 

FACT=1.00 
CO 230 M=2»100 
FACT=FACT*M 

IF (K.LT.MAXl (XNl t XN2) GOTO 230 

100 ! can show an overflow (machine-dependent: IBM - 58!) 

A simple division in the loop can solve this possible problem 

3.) Module GROUPR - Subroutine GENFLX 

COPMON ECS/B(1) 

OATA MAXECS/1/ 

has to be changed into: 

COMMON 6CS/B(350000) 

DATA MAXECS/35O00O/ 

4.) Module UNRESR - Subroutine AJKU 

EP=( l .DO-DEXPl - .5D0*ST) ) /EPS-B 
FOR ST>320: O E X P ( - . 5 0 0 * S T ) < . l E - 7 6 

Underflow errors can occur (Mentioned values for IBM) 
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b. tonciusion and suggestions 

The NJOY version 87.0 can not be installed immediately on IBM or compatible 

machines. Some corrections and extensions have to be included. After earring 

out all improvements found until today, the production of a new set of sam

ple problems seems necessary. Small differences can always be machine de

pendent. 

Detailed improvements should concern COMMON block and CHARACTER processing 

in general. 

Reply to Axmann 

FORTRAN compiler writers seem to have caught the Pascal disease - they insist on pro
tecting us from ourselves. Nevertheless, we would like to make NJOY as portable as possible. 
We can easily fix the problems with COMMON blocks of different lengths. The problems with 
constants in some parameter lists have already been fixed. However, some uses of Hollerith 
data may remain for a time. Specifically, where FREE is used to read text input, for ENDF text 
data (which is already restricted to 4 characters per word), and in the CCCC-type arrays of 
CCCCR and MATXSR where equivalence is used to mix Hollerith, integer, and floating-point 
data in one array. 

- 247 -



NJOY Modules used at ENEA, Frascati to produce an ACE 
format Neutron Cross Section Library from EFF-1 for the 
Monte Carlo Code MCNP. 

L. Petrizzi -
ENEA-FUS, C.R.E. Frascati 
Via Enrico Fermi, 27 
00044 FRASCATI (Roma) 

June 1989 

Abstract 

A note is presented about the experience had in using the 
NJOY 87.1 module to produce an ACF, format library for MCNP 
from the European Fusion File EFF-1. The IBM 3090 computer, 
MVS system at ENEA, Bologna was usod. The library, called 
MCNP.EFF1 is at the moment available ,-u Frascati. Few words 
are said about the met processing problems and the more 
general topics related to our activity. 
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Currently in use at ENEA is tho pointwise cross section 
Monte Carlo Code MCNP (version 3.A) /l/. Its use is at 
present confined ,in Frascati, to the fusion technology area 
like shielding calculations for tho tokamak design NET or 
nuclear performances evaluations for several different 
blanket designs. 

The cross section libraries available at ENEA in use 
with MCNP, are those in general distribution through 
RSIC/NEADB: 

- BMCCS1, D91, TMCCS1, MCPL1, ENDL85. DOS531, DOS532, LLLDOS 

IV-
BMCCS1 contains data from KNDFB-IV , ENDL and LANL and 

it was produced by means of NJOY system. 
F.NDI.8S is from a more recent (1985) ENDL library and 

contains more complete photon production data; it was 
produced using programs developed at LANL like MCPOINT and 
F.NI1LGAM /3/. 

D91 is a discrete reaction library, more an histogram 
representation than a real multigroup ( 262 bins ). 

TMCCS1 is a special thermal library; MCPL1 is the 
photon transport library and DOS531, DOS532, LLLDOS are 
dosimetry files for MCNP from ENDFB-V (file 531 and 532) and 
from ACTL(Livermore activation file). 

We have also available an other library for MCNP 
produced in ENEA, Bologna by K.W. Burn and G.C. Panini 
called ENEABO which contains data for 34 nuclides from JEF-1 
and it was produced by means of NJOY on the CRAY X-MP/12 at 
CINECA, Bologna in 1987 /4/. 

On the other hand started the EFF project, part of the 
Fusion Technology Programme of the European Community whose 
main goal is to supply the NET Team with reliable evaluated 
data for neutron and photon transport calculations. The 
first, version of EFF1 was distributed in 1986. In table 1 is 
a list of the materials contained in the file /5/. 

Therefore it was desired to implement NJOY on IBM at 
F.NEA to control the production of the ACE library from the 
basic data and also so as to be able to use EFF data. 

NJOY was implemented on the IBM 3090-300 E computer at 
ENEA, Bologna in a common task with G.C. Panini (ENEA, 
Bologna); the 87.1 modifications were included. 

The NJOY modules used to process EFF1 for MCNP are: 
MODER, RECONR, BROADR, HEATR and ACER as well as the main 
programme NJOY, of course. 

Several m difications were needed to adapt NJOY as we 
received it to tne IBM 3090, mainly related to the fact that 
it is a short word machine (32 bits) ; for example, in ACER 
some convergence and check criteria instructions were 
modified to avoid endless loop. For the same reason we used 
6 significant digits in RECONR in reconstructing most of the 
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materials; more than 6 would have been deceptive. 
The reconstruction temperature in RECONR is 0. kelvin 

and the data were broadened to 300. K using BROADR for all 
the materials. 

HEATR module was used to calculate neutron kerma 
factors as well as damage estimations (dpa). We underline 
the fact that negative neutron kermn values have been found 
for some elements ( Ti, Cr, Fe, Ni, flu, Zr, Nb, Mo, W). No 
corrective notion was taken in the case. HEATR gave also an 
error message while processing Bi (MAT=4839) notifying that 
there is no MT=22 (n,n' alfn) in file 5 (energy 
distribution). That looks to be a lack in EFF-1 and even if 
a correction could be done on the basic data (it is a very 
low probable reaction), Bi was excluded from the ACE 
library. 

ACER needed some little modifications, most of them 
related to the short word machine nnd therefore the lower 
precision. The work needed care because we have no detailed 
user's manual for this module or previous personal 
experience. 

The expanded photon production processing option was 
choosen for all the materials. Still work is in progress to 
check the photon production processing. This task will be 
done in collaboration with K.W. Burn ( ENEA, Bologna) who 
had some previous experience on that part of ACER, even if 
with a bit different version and on a Cray computer /4/. 

In table 2 is the dictionary used by MCNP to read the 
library from EFF-1 we produced in such a way. In that list 
there are two different identifiers for lead ( 82000.69C and 
82000.88C ). They both have origin from the same EFF-1 MAT 
4820 but, as soon as in the original format the energy 
angular distribution of secondary neutrons, stored in file 
6, cannot be directly processed by N.10Y, a preprocessing 
step was needed by means of GR0UPXS ( work done by H. 
Gruppelaar et al. ECN Petten /5/). Running GR0UPXS from MF6 
the two files MFA and MF5 are derived. In 82000.89C the 
anisotropic emission of neutrons ( MT=10 ) is taken in 
account, while in 82000.88C an isotropic emmision is 
considered. A comparison between the two different data 
could be interesting to see if they lead to different 
nuclear performances in a characteristic fusion system. 

Further work is in progress to test the library and to 
compare it with previous available libraries, running MCNP 
on a reference geometrical model. Preliminary results show 
that differences could be ouite large especially in '•he 
photon fluxes estimations and jn both, neutron and photon, 
heating. Additional investigation is needed to look for the 
reason of such differences and for consistency test. At the 
point a comparison would be interesting between the MCNP 
pointwise library from EFF-1 and a multigroup one derived 
from the same original file suitable for transport and 
activity calculations by means of Rn rodes. 
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Table 1 Contents of EFF-1 

Material Source Comment 

H 
D 
T 

•LI 
*Li 
•Be 

' •B 
»»B 

C 
0 
Al 
Si 
Ti 
V 
Cr 
V.n 
Fe 
Hi 
Cu 
Zr 
Nb 
y.o 
Ea 
w 
Pb 
Pi 

JEF-1 
JEF-1 
JEF-1 
ENDF/B-V 
LASL* 
LASL 
JEF-1 
JEF-1 
JEF-1 
JEF-1 
ENEA 
ENEA 
JEF-1 
JEF-1 
JEF-1 
JEF-1 
JEF-1 
JEF-1 
JEF-1 
JEF-1 
JEF-1 
JEF-1 
JEF-1 
JEF-1 
ECN 
JEF-1 

LASL-EFF cooperation. 

From EFF-Doc-17 July 1988, status of the European Fusion File 
(H. Gruppelaar, ECN Petten). 
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Young [5) 
Young and Stewart [6] 

Revised ENDF/B-1V 
Revised ENDF/B-1V 

Reich-Moore 

Reich-Moore 
Reich-Moore 

Isotopes 
Isotopes 
MT-10, file 6 



Table 2 . MCNP dict ionary for FFT-1 

ZA & 10 
1001 
1002 
3006 
3007 
4009 
5010 
5011 
6000 
8016 
13027. 
14000 
22000 
23000 
24000 
25055 
26000. 
28000 
29000 
40000 
41093 
42000 
56134 
56135 
56136 
56137 
56138 
74182 
74183 
74184 
74186 
82000 
82000 

.89C 

.89C 

.89C 
89C 
89C 
89C 
89C 
89C 
89C 
89C 
.89C 
89C 
89C 
89C 
89C 
89C 
89C 
.89C 
.89C 
.89C 
.89C 
.89C 
.89C 
.89C 
89C 
89C 
.89C 
,89C 
.89C 
89C 
.89C 
.88C 

0 
1 
5 
6 
8 
9 
10 
11 
15 
26 
27 
47 
50 
51 
54 
55. 
58 
62 
90 
92 
95 
132 
133 
134 
135 
136 
180 
181 
182 
184 
205 
205 

Mass 
.999170 
.997000 
.963400 
.955700 
.934800 
.926900 
.914990 
.896900 
.857910 
.749985 
.843994 
.467606 
.5039°8 
.548996 
.466095 
.365005 
. 182602 
.994003 
.440308 
.105103 
.115799 
.753906 
.746902 
.736893 
.728897 
.720001 
.389999 
.380005 
.369995 
.359894 
.429993 
.429993 

NCNP handl 
EFF1 
EFF1 
EFF1 
EFF1 
EFF1 
EFF1 
EFF1 
EFF1 
EFF1 
EFF1 
EFF1 
EFF1 
EFF1 
EFF1 
EFF1 
EFF1 
EFF1 
EFF1 
EFF1 
EFF1 
EFF1 
EFF1 
EFF1 
EFF1 
EFF1 
EFF1 
EFF1 
EFF1 
EFF1 
EFF1 
EFF1 
EFF1 

0 
0 
0 
0 
0 
0 
0 
0 
0 
0 
0 
0 
0 
0 
0 
0 
0 
0 
0 
0 
0 
0 
0 
0 
0 
0 
0 
0 
0 
0 
0 
0 

1 
1 
1 
1 
1 
1 
1 
1 
1 
1 
1 
1 

1 
1 
1 
1 
1 
1 
1 
1 
1 
1 
1 
1 
1 
1 
1 
1 
1 
1 
1 
1 

1 
895 
1546 
4108 
7658 
10430 
15221 
16580 
21613 
30460 
49385 
72330 
86885 
98277 
125403 
139627 
177358 
196582 
205556 
211880 
228826 
245533 
248082 
251591 
252870 
254926 
260128 
278497 
293336 
305782 
318479 
340687 

ng information 
3526 
2556 
10198 
14149 
11037 
19114 
5387 
20081 
35337 
75649 
91744 
58157 
45519 
108453 
56846 
150876 
76846 
35847 
25246 
67735 
66779 
10145 
13987 
5065 
8175 
20760 
73428 
59306 
49735 
50737 
88783 
87165 

0 
0 
0 
0 
0 
0 
0 
0 
0 
0 
0 
0 
0 
0 
0 
0 
0 
0 
0 
0 
0 
0 
0 
0 
0 
0 
0 
0 
0 
0 
0 
0 

0 
0 
0 
0 
0 
0 
0 
0 
0 
0 
0 
0 
0 
0 
0 
0 
0 
0 
0 
0 
0 
0 
0 
0 
0 
0 
0 
0 
0 
0 
0 
0 

2.530E-08 
2.530E-08 
2.530E-08 
2.530E-08 
2.530E-08 
2.530E-08 
2.530E-08 
2.530E-08 
2.530E-08 
2.530E-08 
2.530E-08 
2.530E-08 
2.530E-08 
2.530E-08 
2.530E-08 
2.530E-08 
2.530E-08 
2.530E-08 
2.530E-08 
2.530E-08 
2.530E-08 
2.530E-08 
2.530E-08 
2.530E-08 
2.530E-08 
2.530E-08 
2.530E-08 
2.530E-08 
2.530E-08 
2.530E-08 
2.530E-08 
2.530E-08 
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The Fusion Evaluated Data Library (FENDL) 

Its Processing and Related Benchmark Calculations 

Douglas W. Muir 

FENDL is a nuclear data library being assembled by the IAEA Nuclear Data Section, 

in support of a variety of national and international fusion research projects. Notable 

examples of such projects are the International Experimental Thermoruclear Reactor 

( ITER) , Fusion Engineering Reactor (FER, Japan), and the Next European Torus ( N E T ) . 

The development of the FENDL library is an approved program of the IAEA and is 

supported by several IAEA Coordinated Research Programs. It appears to me that the 

planned FENDL data processing and data testing efforts will be a shared effort, with 

significant contributions coming from the IAEA itself and from the participating research 

laboratories and data centers. 

Nuclear data requirements for D-T fusion neutronics were formulated in some detail 

at the IAEA Advisory Group Meeting on Nuclear Data for Fusion Reactor Technology in 

Gaussig, German Democratic Republic, in December 1986. The nuclear data required 

for various aspects of neutronics and safety calculations are summarized as follows : 

(1) neutron flux determination: total cross sections, neutron multiplication cross sec

tions, neutron emission spectra, and dosimetry cross sections for flux measurements; 

(2) fuel production: mainly Li6 (n,or)T and L i 7 ( n , n ' a ) T cross sections; (3) radiation 

hazard: activation cross sections and decay data; (4) transmutation: cross sections for 

the production of hydrogen and helium and stable isotopes of other elements, (5 ) power 

generation; gamma-ray production matrices and neutron and gamma-ray kerma factors; 

(<j) radiation damage, damage-energy (DPA) production cross sections; ( 7 ) reaction 

cross sections for the D-D and D-T fusion reactions and (8 ) covariance data for uncer

tainty analysis. FENDL eventually will include all of the required information mentioned 

above and is intended to serve as a standard reference fusion nuclear data library for use 

in national and international fusion reactor projects and activities 

The first version of the library, FENDL-1, is planned to be finished and distributed 

in multigroup form by the end of 1990. It will consist of nuclear data files, selected from 

five national evaluated nuclear data libraries that already exist or currently are under 

development: the E N D F / B - V I library maintained by the National Nuclear Data Center 

at the Brookhaven National Laboratory; the BROND library maintained by the USSR 

Nuclear Data Center at the Physics and Energetics Institute in Obninsk; the JENDL-2 

and -3 Japanese nuclear data libraries maintained by the JAERI Nuclear Data Center; 

the EFF-1 European Fusion File maintained by ECN Petten, the Netherlands; and the 

ENDL-84 library maintained by Lawrence Livemore National Laboratory 
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The library will include evaluated neutron-interaction data for the main elements and 
isotopes of fuel, blanket, structural and shielding materials, namely, 1-3 H, 6-7 Li, 9 Be, 
10-11 B, C, N, 0, 19 F, 27 Al, Si, Ti, 51 V, 50 Cr, 52 54 Cr, 55 Mn, 54 Fe, 56 58 Fe, 
59 Co, 58 Ni, 60 62 Ni, 64 Ni, 63 Cu, 65 Cu, Zr, 93 Nb, 92 Mo, 94 98 Mo, 100 Mo, 
Sn, 134-137 Ba, W, and Pb. Several more materials will be added as further needs are 
identified. In addition, FENDL-1 will contain the following special-purpose libraries: the 
International Reactor Dosimetry File for use in neutron dosimetry; a charged particle 
data library; a large comprehensive activation data library; and a library of elemental 
gamma-ray interaction data 

The selection of particular nuclear data evaluations for the FENDL-1 library was 
performed mainly at a May 1989 IAEA specialists' meeting by attendees who have 
been active in recent evaluation activities in their respective countries. Preliminary 
choices had already been made at a November 1987 meeting. In May, differences 
between the different evaluated nuclear data files available for each of the main fusion 
reaction materials were analysed and, in addition, compared with experimental data 
from the EXFOR library. This first stage of intercomparison included only neutron cross 
sections. A later intercomparison exercise will be devoted to angular and energy neutron 
emission spectra, gamma production data, charged particle neutron production data and 
activation cross sections. In the second phase of the FENDL project the results of these 
intercomparison exercises will be used to improve and supplement the data contained 
in the FENDL-1 library and a second improved version of the library, FENDL-2, be 
developed by 1992. 

The integral testing of the data files has been started with a Pb-sphere benchmark 
experiment, performed by the Technical University of Dresden, and will be continued 
for other materials such as Be, Li and stainless steel. The benchmark testing program 
discussed at the present meeting emphasizes benchmarks that are optimized for testing 
nuclear data and the neutron transport codes, and excludes calculations of detailed 
fusion-reactor mockups 

An important item on the agenda of the working group on benchmarks was the 
formulation of recommendations for the processed forms of FENDL. The processing of 
microscopic data files will be conducted by the Nuclear Data Section of the IAEA, in 
collaboration with Los Alamos and other laboratories participating in the FENDL project. 
FENDL will first be converted into a "point" (resonance reconstructed) data library in 
the NJOY PENDF format. From this, a multigroup data library will be prepared in the 
N JOY GENDF format for use in discrete-ordinate transport codes, as will a library in ACE 
format, for use in continuous-energy Monte Carlo calculations. It will be left U individual 
neutronics groups to post-process the GENDF files, using modules DTFR and MATXSR 
and the TRANSX-CTR code, for example, into forms required at particular installations. 
Details of the recommended specifications are given below in Table 1. It was agreed 
that, as a cross check on the processing methods and specifications being employed 
both at the NDS and in the contributing countries, the major FENDL participants will 
process, using these specifications, one or two evaluations of their choice. The results 
(PENDF, GENDF, and ACE data) will be transmitted to the NDS in ASCII format for 
comparisons with analogous results obtained there The adopted schedule for assembling 
and processing FENDL is given in Table II. 
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TABLE 1. Preliminary Specifications of FENDL Processed Libraries 

• PENDF library 

- Reconstruct at zero degrees Kelvin and broaden numerically to 300,900 
and 1500 K 

- Zero-degree data to be saved only for He, Ti, Cu, Sn, and Nb 

- Reconstruction accuracy 0.2resonant materials) 

- Include total (energy-balance) kerma factors and the damage-erergy 
production cross sections 

- Include S( o,/? ) thermal tables only for Be in Be metal, C in 
graphite, H in water (for subsequent inclusion in ACE library for 
these materials) 

• GENDF library 

- "Vitamin-J" neutron (175) and gamma-ray (42) group structures 
with no thermal upscatter from the lowest energy group (l.E-4 to 
0 1 eV) 

- ' Vitamin-E" weight function (ORNL-5505) 

- Legendre expansion to P6 to permit subsequent transport correction 
to P5 

- Background cross section (<r0) values for the Bondarenko self-shielding 
treatment should be 1,10, 100, 1000, and 10 000 barns, plus infinite 
dilution 

- Material temperatures should be 300,900 and 1500 K for all mate
rials, plus 0 K for He, N, Ti, Cu, Sn, and Nb 

• ACE library 

- Thermal upscatter for all materials, using either free-gas treatment 
or S( a,0 ) tables where available on PENDF (see above) 

- Detailed gamma-ray production treatment 

- Total kerma factor and radiation-damage-energy production for all 
materials 

- Otherwise follow specifications of distributed MCNP libraries (ERR 
= .01, THIIM(l) = - 1 , THIN(2) = 10 000, defaults for remaining 
parameters) 
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TABLE II Adopted Schedule for the Production of FENDL 

1. All general purpose evaluations to IAEA - January 1990 

2. Charged particle evaluations at least for D/T cycle - March 1990 

3 Sample processed material from each contributor - June 1990 

4 Activation for most important reactions - October 1990 

5. Processed 175-group (n) by 42 group (gamma) general-purpose library -
October 1990 
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A note about PENDF's prepared by THEM1S-RECONS. 

K.W.Burn, G.C.Panini, ENEA-Bologna, Italy 

When checking a library processed by THEMIS starting from JEF-1 for the 
Montccarlo code MCNP, some results seemed unreliable. 

The MCNP libraries that are normally produced by the THEMIS module ACER 
(implemented in Bologna on an IBM 3090/30E under MVS/XA) arc pointwisc, 
then a graphical comparison whith the source data is straightforward. Using for 
this purpose the COMPLOT/1/ code and an in-housc written code which reverses 
an ACER library back into ENDF/B-V format, a proof of the unreliability of the 
results was obtained. 

Going back to the various modules which arc used in the construction of the li
brary (which arc in reverse order: GROUPN, KERMA, DOPPLER, RECONS 
and CMODE), a bug has been found in RECONS, the module to standardize 
all reactions within a given material to a unique energy grid writing the new da
tabase PENDF; a COMPLOT run over the radiative capture in the range I - 2 
KcV of U-238 from JEF-1 (MAT 4928, fig. I), seems to show no differences (first 
two graphs), but their ratio has discrepancies up to 80 %. A deeper analysis was 
undertaken with the clastic cross section in the same range and for the same 
isotope (fig.2) where at about 1.36 KcV an extra anti-resonance is inserted. The 
discrepancy is clearly shown in the sub-threshold fission (fig.3) where a fringe is 
added in the whole smooth region and the discrepancy reaches 73.2%. 

AH the calculations where performed in RECONS specifying an accuracy of 6 
decimal dibits which is the maximum allowed in the whole numerical range by a 
32-bit IBM computer. With 7 digits some numerical results may have a doubtful 
last digit, but the curve obtained is more tidy (fig.4) and the error decreases to 
5.93 %. The next comparison (fig.5) has been obtained by running RECONS 
with 8 digits on the CRAY version of THEMIS: here there arc practically no 
discrepancies and the error is within the normal numerical approximations. The 
clastic cross section (fig.6) gives practically no difference too. 

Concluding remark 

The reconstruction algorithm in RECONS docs not work with IBM computers 
when used with 6 significant decimal digits, gives acceptable results with 7, but 
the better results arc obtained on the CRAY computer with 8 digits; however the 
number of energy points generated is almost twice the number obtained with (•> 
digits. 

References 

I. D.E.Cullcn - COMPLOT, 1AEA-NDS-39 Rcv.3, Feb. 1987 

Comments on Panini's Pioblem 

This problem seems to be restricted io the option in BROADR for thinning without Doppler 
broadening. It needs to be determined whether the problem still exists in the new version on 
an IBM machine (extensive changes in grid generation have been made in BROADR). The 
current CRAY and VAX version do not show the problem. If so, we will fix it. The fact that 
the erroneous values are about one-half of the correct value is suggestive. 
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Significant Decimal Digits for Energy Representation 

on Short-word Computers 

E. Sartori 

Abstract 

The general belief that single precision floating point numbers have always at least seven significant 
decimal digits on short word computers such as IBM is erroneous. Seven significant digits are required 
however for representing the energy variable in nuclear cross-section data sets containing sharp p-
wave resonances at 0 Kelvin. It is suggested that either the energy variable is stored in double 
precision or that cross-section resonances are reconstructed to room temperature or higher on short 
word computers. 

Introduction 

The purpose of this paper is to alert users of 32 bits/word computers of potential pitfalls they can 
be lured into when they assume that single precision floating point numbers can reproduce correctly 
numbers up to at least 7 decimal digits. 

The energy range for neutron and photon evaluated data files of current use covers the interval 
of 10 5 to 2 • 107 eV. Some of the cross-section data in these evaluations contain very detailed 
resonance structures (U-238 has ~ 400 s-wavt and ~ 1200 p-wave resonances in JEF-2), which w^sn 
restored to pointwise, linearly interpolate form require for 0 Kelvin at least 7 significant decimal 
digits for the energy variable. Doppler broadening to 300 Kelvin or higher, a phenomenon that 
increases entropy, not only reduces the number of energy points required as compared to 0 Kelvin, 
but may also reduce the need for precision from 7 to 6 digits in many evaluations. 

While there is plenty of precision available on computers such as CDC and CRAY for single precision 
floating-point variables, only half this amount is available on IBM, VAX, UNIVAC and others. 

Decimal Precision 

The precision of a floating-point number is determined by the length of the mantissa and the storage 
mode. 32 bits/word floating-point variables have in most computers one bit for the sign, seven bits 
for the exponent and 24 bits for the mantissa. There are essentially storage modes: hexadecimal or 
binary. 

Binary mantissas (ex. on DEC-VAX) use always all 24 bits; hexadecirral mantissas (ex. on IBM) 
ir stead use from 21 to 24 bits depending on the value represented. As a consequence the binary 
storage mode has on average a slightly higher precision than the hexadecimal mode but has a 
siorter exponent range instead. (Hexadecimal mode range: ~ 10~7 5 - 1075; binary mode range: 
- lO" 3 8 - 103 8 ). 
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Fig. 1 and 2 show the significant decimal digits floatingpoint numbers have in the exponent range 
of interest for the energy variable representation for both hexadecimal and binary mode. One can 
observe that the number of decimal digits is fluctuating between 6 and 8 for hexadecimal mode and 
that it is slightly higher for the binary mode but none of the modes ensures a precision of seven 
decimals over the full exponent range. 

Table 1 lists examples as to how hexadecimal floating-point numbers are mapped onto a decimal 
base in two critical exponent ranges. 

Fig. 3 shows for the exponent range under consideration the probability that a floating-point number 
has a given number of decimal digits for an IBM computer. The probabilities form discrete lines 
which can be derived from Fig. 1. An enveloping curve has been added for guiding the eye. The 
most probable precision is log^gl6 ~ 7.2. Older IBM manuals claimed that this is the precision 
on IBM for the single precision floating-point variables. Instead the probability of having at least 
7 decimal digits for IBM ~ 87 % as shown in Fig. 4. Only about 50 % of IBM single precision 
mantissas use all 24 binary bits. 

Significant Figures: SIGFIG routine 

One of the important and often used routines in NJOY is SIGFIG which among other things rounds 
or cuts off floating-point nunbers, in whichever storage mode they may be, to NDIG decimal digits. 
This routine runs correctly on long-word computers (CDC, CRAY etc.) for as many as 10 decimal 
digits but only for NDIG up to 6 on short-word computers (IBM, VAX etc.); NDIG = 7 however may 
cause problems in some exponent ranges. For these a computer dependent routine can solve most 
of the remaining problems, but requires in great part double precision arithmetic. 

Such a revised routine was prepared for IBM and was benchmarked. A necessary condition for the 
correct performance of SIGFIG is that the number it processes remains unchanged after the first run 
through 

i.e XO=SIGFIG(X,NDIG,0) 

X1=SIGFIG(X0,NDIG,0) 

X2=SIGFIG(X1,NDIG,0) 

X3=SIGFIG(X2,NDIG,0) 

etc. 

X0=X1=X2=X3= etc. 

Due to the complex storage mode in use on DEC-VAX for floating-point variables no equivalent 
routine as for IBM has been programmed yet. 

An obvious solution one could envisage would be to move to double precision for the energy variable 
in NJOY for short-word computers. This would require however a major introduction of IBM or VAX 
specific coding. 

Conclusion 

It is recommended that whenever users have access to long-word computers they should use these 
for running NJOY. They would run the program in a computing environment very similar to the one 
on which it was designed. IBM users can use the revised SIGFIG routine. Whenever it is reasonable 
NDIG=6 should be used on short-word computers. This is acceptable for data Doppler broadened 
to room temperature except for some even-even actinides (ex. Th-232, U-238 etc.) 
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Table 1. Examples of Hexadecimal —» Decimal Representation on IBM 

Hexadecimal 

3FFFFFF7 
F8 
F9 
FA 
FB 
FC 
FD 
FE 
FF 

40100000 
01 
02 
03 
04 
05 
06 
07 

44FFFFFB 
FC 
FD 
FE 
FF 

45100000 
01 
02 
03 

Decimal 

0 06249997 

8 

9 

0.06250000 
0.06250000 

06 
12 
18 
24 
30 
36 
42 

65535 98 

.99 

65536.00 
65536.05 

.13 
19 

Comments 

spare hexadecimal 
spare hexadecimal 

spare hexadecimal 

spare hexadecimal 
spare hexadecimal 

Not 
enough 

bits 
for 

seven 
decimal 

digits 

spare hexadecimal 
spare hexadecimal 

spare hexadecimal 

insufficient 
bits 

for 7 decimals 
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Figure 1. Decimal Digits on IBM vs Decimal Exponent Range 
Range : 1.0E-6 1.0E+8 
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Figure 2. Decimal Digits on VAX vs Decimal Exponent Range 
Range : 1.0E-6 1.0E+8 
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Fig. 3 Piobabilit, that an IBM Floating-point Nuniboi has N Decimal Digits 
Range : 1.0E-6 I.OE+8 
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