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PREFACE TO TEE VERSION FEDGROUP-C 84 

This is an improvement of the package FEDGROUP-C 
released in 1982. As a result of the Code Verification Project 
of the IAEA some bugs were removed from the program and some 
format simplifications were introduced. The main modifications 
are the following. 

1. Some errors which appeared occasionally in the processing 
of the pointwise data were removed. 

2. The approximations in the shift and the penetration factors 
in the resolved resonance region were removed. 

3. The unresolved resonance range routines were completely 
rewritten because it was found that the coding inherited 
from FEDGR0UP-2 was inappropriate. 

4. The integration routines were further improved. 

5. The output data formats were simplified. Thus the format 
of the elastic scattering matrix representation was adopted 
even for the inelastic scattering matrix and the format of 
the Greuling-Goertzel constants was made to conform to the 
other averaged cross-section representation by assigning 
data type numbers to parameters as described in 7«a. As a 
result only three different formats need to be considered. 

6. Post processing of the incomplete data set was made an in-
tegral part of the package with a high degree of automati-
on. Such treatment is sometimes necessary to obtain complete 
data (as in the case of the ENDF/B files when the contribu-
tion of the resonance and the pointwise representation has 
to be summed) or if the calculations were performed in 
parts (a few groups at a time) due to storage space limi-
tations. 



ABSTRACT 

A CYBER version of the FEDGROUP-2 program system C 1) 
has been developed. Main inconsistencies of the original 
package were corrected. FEDGROUP-C 84- can be used for 
infinite dilution and resonance screened multigroup constants 
calculation from evaluated library data in UKNDL, KEDAK and 
ENDF/B-IV, V formats. The package is intended for medium 
size computers. 
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1. INTRODUCTION 

Regarding the Yugoslav nuclear energy programme there 
has been noted an increased interest in Light Water Reactor 
Analysis. As a part of this program the calculation of 
multigroup constants based on recent evaluated nuclear data 
files has been asked for. Namely, input libraries of the 
lattice cell packages are often based on old nuclear data, 
or they are incomplete in some important materials. 

The opportunity offered by the IAEA Nuclear Data Section 
regarding the availability of several evaluated data files and 
our wish to have access to all available data has suggested the 
choice of a program package which would be very flexible in 
this sense and which would be oriented to the thermal reactor 
core analysis. Also the need for the possibility of arbitrary 
group mesh and/or averaging spectrum has been expressed. 

Decision was made on the Hungarian package FEDGROUP-2 
by P.Vertes which has been implemented into the NEA 

Computer Bank in 1976. It has been recommended for medium 
size computers like our CYBEfi 72 because of dynamic program-
ming methods used. 

Program package FEDGB0UP-2 was declared to process 
multigroup constants from several evaluated nuclear data 
files disseminated by IAEA (UKNDL, KEDAK, LENDL, ENDF/B and 
SOKBATOB). 

When testing the program we observed several inconsis-
tencies and mistakes in various subroutines which made the 
original package almost unusable. Serious problems were 
observed especially in the application of the package to the 
ENDF/B format files what was also observed by the author 
himself ( ). Also in the calculational methods for the pre-
paration of resonance screened multigroup constants in reso-
nance region serious errors have been found. 

The averaging could be done in an arbitrary group 
structure and using an arbitrary averaging spectrum. The da-
ta could be given pointwise or by resolved and unresolved 
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resonance parameters for the Single-Level or the Multi-Level 
Breit-Wigner formula, taking Doppler broadening into account. 
They could be processed to infinite dilute and resonance 
screened group averaged cross-sections. Elastic and inelastic 
scattering matrices could also be calculated from the angular 
distributions of secondary neutrons and from scattering into 
resolved and unresolved excitation levels respectively, as 
well as the Greuling-Goertzel constants, if required. 

In order to correct the inconsistencies and also to save 
computer time and storage requirements an improved version of 
FEDGROUP-2 C 1) named FEDGROUP-C 84 intended for CDC computers 
has been prepared in collaboration with the original author. 

Calculational methods used in FEDGROUP-C 84 are retained 
from FEDGROUP-2 but mistakes are corrected. Multigroup 
constants calculations in the resolved resonance region are 
enlarged with the improved Multilevel Breit-Vigner treatment 
which in FEDGBOUP-2 has not been properly dealt with. There 
has also been some effort put into the calculation of elastic 
and inelastic scattering matrices which can now be properly 
treated if pointwise data are given in the evaluated nuclear 
data file. The calculation of the inelastic scattering 
matrices for the thermal region were omitted because program 
package F L A N G E - A E ( h a s been implemented for this purpose, 
instead. 

Processing of the evaluated nuclear data files ( ) lias 
been constrained to the three most widely used format types 
which are UKNDL, KEDAK and ENDF/B-IV,V; hence SOKRATOB, INDL, 
LENDL, JENDL and some other files which are available from 
XAEA-NDS in ENDF/B format can also be processed. 

Input for FEDGBOUP-C 84 has been simplified with the use 
of default values and the printout has been reorganized for 
clarity. Post processing of the calculated data has been imple-
mented within FEDGBOUP-C 84. This is necessary to obtain com-
plete data sets in cases when the constants were calculated a 
few groups at a time because of the storage constraints or to 
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add the respective contributions to the group constants from 
the resonance and the pointwise representation in the case of 
ENDF/B data. Some routines intended for handling the output 
data have been omitted or changed with new ones. Special at-
tention has been given to the auxilliary program FEDVIM in-
tended for the extension of the input library of the lattice 
cell code VIMS-S with new data calculated by FEDGROUP-C 84. 

It should be mentioned that in FEDGROUP-C 84 the large 
storage requirements have been solved with the segment struc-
ture of the program and with the use of dynamic programming. 
Computer time has been saved by the reorganization of some 
program routines and the improvement of integration procedures. 

There are some cases which FEDGROUP-C 84 can not cope 
with, namely the calculation of the elastic scattering matrix 
when the elastic .cross section is given only by the resonance 
parameters. In such case only the option using the potential 
scattering for the scattering cross section is available. 
Resonance screened cross sections can not be implemented in 
the calculation of the scattering matrices. This may be sig-
nificant in deep penetration problems when higher order 
moments are required. The difficulty can be bypassed using 
the LINEAR, RECENT set of programs ( 2 2), and SIGMA1 if Doppler 
broadening is essential. 

Vhen treating inelastic scattering, moments higher then 
PQ of the scattering matrix can not be calculated. Also scat-
tering matrices for reactions other than (n,n) and (n,n') can 
not be produced. This might be important in fusion and fast 
reactor core treatment. 

The manual for working with FEDGROUP-C 84 is organised 
in the following manner. First the main program which governs 
the work with programe package is described. Second the 
structure of the internal file obtained from a chosen evalua-
ted library is described. Then the methods for calculation of 
infinite dilution or resonance screened multigroup constants 
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and methods for elastic and inelastic matrix preparation are 
given. The description of the programming part for the multi-
group constants calculation is included. The details of the 
merging procedures implemented on the partial data is descri-
bed. Detailed input preparation is shown in a separate chapter. 
Also the description of possible errors and belonging messages 
is given. At the end of the manual the auxiliary routines are 
described. 

It has to be emphasized that several succesfull tests 
of the multigroup constants obtained with FEDGROUP-C 84 were 
done. As a benchmark, lattice cell calculations using 
FEDGROUP-C 84 results were made in connection with the core 
analysis of the Krsko PWR nuclear power plant, Yugoslavia ( ). 
Also, the comparison with the benchmark group constants set 
from the ENDF/B-V Mod.l dosimetry library which constituted 
the IAEA Code Verification Project, was successful. 
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2. FEDGROUP-C 84 PACKAGE AND MAIN PROGRAM FEDGRUP 

2.1. FEDGROUP-C 84 features and principal structure 

Program package calculates group averaged neutron cross-
sections and other group constants from evaluated neutron data 
libraries in ENDF/B-IV,V, KEDAK.or UKNDL format. This is a CDC 
version released in 1984 and hence the package name sufixed 
"C 84". Group system in which the group constants are to be 
calculated may be defined by the user from input or by choosing 
one of the group systems defined by the routine DEFGR : 26-BONDA-
RENKO, 40-GRACE, 69-WIMS, 100-DLC, 620-SAND II, 640 extended 
SAND II (Appendix A). 

Averaging spectrum may be defined by the routine PHI. 
This is the so called "standard spectrum". It is defined as 
the.Maxwell-Boltzman distribution at 300 K up to 0.1 eV, the 
1/E spectrum up to 6? keV and the Watt fission spectrum above 
67 keV. 

The FORTRAN routines of the FEDGROUP-C 84 package are 
"dynamically" programmed. This means that sections of large 
field defined in the main program are passed over as formal 
parameters to the subroutines. These sections of the field 
follow one another without gaps in between and their length is 
as small as possible for the current problem. This is called 
the dynamic length. FEDGROUP-C 84 package minimizes the dynamic 
length such that only those parts of the data set which are 
essential for effective processing are retained in the dynamic 
field. When not needed any more they may be overwritten. A 
compromise is made between core usage and computing time. 

FEDGROUP-C 84 package consists of three main parts and 
each of them is divided into segments. The first part is in-
tended for the preparation of a uniform binary data file from 
a source library. The second part consists of routines that 
perform the calculations of the group constants. The third 
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part processes the calculated group constants to obtain comple-
te data-sets. The segment that connects both parts is the main 
program called FEDGRUP. For detailed structure see chapter 8, 
where package segmentation is described. 

2.2. Purpose of the main program and its file units definition 

Main program FEDGBUP defines the file units that are 
used within the package. It also defines the total length of 
the dynamic field, the initial values for some variables 
contained in COMMON blocks and reads the comment card. Accor-
ding to this card the appropriate segment sequence is activa-
ted for processing (see ch. 6). 

According to CDC - FORTRAN the program statement inclu-
des the definitions of the file units and has the form: 

PROGRAM FEDGROUP(OUTPUT,TAPE5=65, TAPE6=0UTPUT,TAPE10=512, 
TAPE12=0,TAPE13=512/1000,TAPE14=130) 

The parameters have the following meaning: 
- default output logical file name; 

- TAPE5 is a logical file name for the card input; 
5 is an unit number to be used for input in the 
package; 
65 is an integer constant specifying the buffer 
length for the input file; 

- TAJT26 assigns unit number 6, to be used with WRITE 
statement in the package. It is equivalenced with 
previously defined logical file name OUTPUT; 

TAPE10=512 - TAPE10 is a logical file name used for the source 
library file; 
512 is buffer length used for source library file; 

TAFE12=0 - TAPE12 is logical file name, used for the uniform 
binary data file. This file is written with the 

OUTPUT 

TAPE5=65 

TAPE6= 
OUTPUT 
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BUFFEROUT statements and requires a field defined 
within the program as an 1-0 "buffer, hence the 
buffer length may be zero; 

TAPE13=512 - TAPE13 is logical file name used as a scratch file 
and to store the group constants, which are tabu-
lated together at the end of the calculation; 
512 is the buffer length of this file; 

TAPE14=130 - TAPE14 is the logical file name used for the group 
constants library file; 
130 is the buffer length; 

The term "PROGRAM" used with the name FEDGRUP defines 
the main entry point where execution begins. Total length of 
the dynamic field which is reserved in the main program has 
default 32 kilowords of memory. With this choice most multi-
group calculational problems can be processed. In principle 
one could reduce the memory requirements to the minimum for a 
particular problem. This would involve compiling the main 
program and updating the segment structure or employing 
another loading procedure for each case considered. 

2.3. Common data blocks description and the values of appro-
priate variables initialised in the main program 

Common blocks: 

/PEIF/ . 

ITIIT - card input unit (value: 5); 
NOUT - output list unit (value: 6); 
NF - source library unit (value: 10); 
N - uniform binary data file unit (value: 12); 
NSF1 - scratch file unit (value: 13); 
NGC - group constants library unit (value: 14); 
IE - scratch file, unit 13 
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/LCLCLC/ 

LC 
NS1,NS2 

NSK1,NSK2 

IAW 

NLL 

/DOPT/ 

NG 

NP 

AM 

KB 

KS 

PI 

CM(8) 
KB2 

length of 1-0 buffer for units 12 and 13 
absolute addresses of the first and the last 
word stored in the current buffer on unit N; 
absolute addresses of the first and the last 
word stored in the current buffer on unit NSF1; 
relative address of the word in the dynamic 
field of a calculational segment where the 
results (group constants) begin; 
flag for printout of group system and/or 
group constant tables; 

number of groups in a group system or group 
system flag; 
number of points in a user defined spectrum or 
standard spectrum flag; 
mass limit for calculation of Greuling-Goertzel 
constants (value: 28) expressed as a multiple 
of neutron mass; 
number of related group constant types to be 
tabulated in the same table (starting value: 0); 
counter for the types to be tabulated in the 
same table (starting value: 0); 
flag to print out the fluxes together with the 
common tabulated types (starting value: 0); 
field into which the comment card is read; 
number of Greuling-Goertzel constant types 

/IDENT/ 

MAIN - material name; 
GOT - group constant type; 
BI0CK - calculational segment number; 
KLIB - source library number; 
NH1,NH2 - first and last group to be calculated; 
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NL 
NG 
ID(9) 
ID(10)-ID(12) 

length of the group constant type set; 
group system (number of groups) 
reserved for temperature (starting value: 0); 

/ABSC/ 

LCI 

LC2 

IA 

NT 
NSI 
H 

/SEECT/; 

T 

PT 

PF 

WA,WB 

/ACCU/ 

NUJM 
EBB 
EEB(3) 

(12)- reserved for further identifying data 
(starting value: 0); 

- absolute address of the last word in the table of 
contents; 

- absolute address of the last word of the data 
headings; 

- a parameter defined from input to specify the mode 
of writing a binary group constants library (see 6.4) 

- number of temperatures; 
- number of background cross-sections (SIG0); 
- not used; 

appears only in routines PHI and PSI 

- temperature (K) at which the Maxwell spectrum is 
calculated (value: 300); 

- the factor which defines the energy E Q = PT x K x T 
below which the Maxwell spectrum is used (value: 4) 
(K = Boltzman constant); 

- the energy (eV) above which the Watt fission 
spectrum is used (value: 67000); 

- parameters of the WATT fission spectrum (values: .965 
and 2.29); 

- iteration limit for integration; 
- accuracy criterion for integration; 
- boundaries (eV) defining the ranges of validity of 

the resonance parameters 

/CEOS/; appears only in routines preparing uniform binary data 
file 
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SS(14) - the field into which each card image record from 
the source library is read; 

/UKKE/; appears only in routine ABED 

KU - flag for converting the characters when reading 
evaluated data libraries (default: 1); 

/ADJB6/; appear only in routines BL06, BOMBES, BESKO and BESEC 

M - number of resonances on each side of the current 
energy point treated exactly (M = NUJM/2 + l); 

E2 - the value of X, used in the calculation of the 
{j/ (x) and X (x) functions, beyond which the Doppler 
broadening is neglected (see section 4.5.?.); 
(value: 400 eV) 

MS - internally defined flag that governs the choice 
between the calculation of the resonance integrals 
or cross-sections; 

NBES - not used; 
IQP - internally defined flag to signify the use of the 

MLBW formula; 

/INTG/; appears only in routines FIQ and BL01 

IU - the exponent defining the value of the function 
FIQ(A) = A-IIi. 

2.4. Main program procedure 

a. Comment card is read. The deck name and the whole comment 
are written at the beginning of the group constant library. 

b. According to the flags IK and IT (see section 5.3.) 
which are decoded from the comment card it is decided: 

- if the source library needs to be processed for the 
preparation of the uniform binary data file and which 
processing routine is to be used; 
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- if'source library needs not to be processed and a 
previously generated uniform library data file is expec-
ted to be attached to the job. 

c. According to the IK and IV flags the source library number 
KLIB is calculated. 

Procedure can be repeated as many times as there are data sets 
beginning with comment card supplied on the input file. 
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3. GENERATION AND HANDLING OP A UNIFORM BINARY DATA FILE BASED 
ON ENDF/B, UKNDL AND KEDAK LIBRARY FORMATS 

3.1. General description of a PRAFO 

The part of the FEDGROUP package that prepares a uniform 
binary data file from an evaluated library is called a PRAFO. 

The uniform binary data file written by a PRAFO is 
called an BFOD (Re-FOrmatted-Data). The FEDGROUP package 
includes three different PRAFO routines. Each of them is able 
to process one of the evaluated library formats: ENDF/B, UKNDL 
or KEDAK. Any of the evaluated data libraries in one of the 
above formats can also be treated by appropriate PRAFO (for 
example LENDL and INDL in the ENDF/B format). 

Generally a PRAFO simply rearranges the data read from 
an evaluated library, but there may be exceptions. For example: 

- if more than one interpolation scheme is given in different 
energy intervals for certain data types then the data are 
converted to follow linear/linear interpolation scheme at 
the cost of enlarging the number of energy points, 

- the different handling of threshold reactions in the vicinity 
of the threshold in different evaluated files requires dif-
ferent treatment. For example, if the first point in the 
data set is the first non-zero cross-section value then two 
points below the threshold with zero cross-section values 
should be added in order to ensure zero group averaged cross-
section below the threshold, 

- in an BFOD the same argument of a function can not appear 
twice as it is possible in the ENDF/B file to describe 
discontinuous functions, or the UKNDL file where more than 
one energy range is present. In such cases the second 
argument is multiplied by a factor slightly greater than 
one, 

- when resolved resonance parameters are processed from the 
KEDAK file the neutron and the total widths for the cases 
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when the resonance energy is negative have to be redefined 
in accordance with the formulae used in the package. 

The PBAFO routines may use common auxiliary subroutines 
which are described below. 

Evaluated libraries written in card image are read 
by subroutine AEED which takes a card image record from eva-
luated library and places it into COMMON/CBOSS/SJ (14) in 
8A10 format. This routine includes conversion of each charac-
ter through the character code table "IT" when flag KU equals 
1 (set as default in the main program), replacing in that way 
some characters that are inappropriate because of different 
coding format on magnetic tape (BCD or EBCDIC) or some other 
reason. The user may redefine the character code table "IT" 
in ABED if necessary, to obtain a correct character represen-
tation in the display code. 

After finding the required material with routine FINDEL 
(KEDAK, UKNDL) or FINDFB (ENDF/B) the data types are read in. 
Each evaluated data file has a reaction type catalogue at the 
begining of the data set for each material. The names of the 
types are translated through the dictionary routine SLOV 
(KEDAK, UKNDL) or MF0 (ENDF/B) which also assign a format 
type number (NTF) to each reaction type (see section 3*7.)• 
For data types not to be processed NTF = 0 is assigned. The 
types are processed in the same sequence as they are in the 
file. The TABLE OF CONTENTS (TOG) and the DATA HEADINGS (DH) 
are compiled in the fast memory in the dynamic field. The data 
are written to an auxiliary file. 

When all the types from an evaluated file are processed, 
the auxiliary file is closed and rewound. The length values, 
the TOO and the DH are written to the BFOD and then the 
contents of the auxiliary file are copied after them. 

3.2. FEDGBOUP common I/O routines 

The information on the unformatted files like BFOD or 
auxiliary files' is stored as if placed in one large FOBTBAN 
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field. On the magnetic tape or disc this field is broken into 
blocks. The entire block of data is transferred in a single read 
or write operation using the BUFFEBIN and BUFFEBOUT statements. 
To choose the length of these blocks (LC) one should consider 
the optimal data exchange. This length is set in main program 
(default LC = 1000). 

To write a single word on such a file, the routine 
SUBBOUTINE WBIB (LA, A, N, BF, NS1, NS2) is used. To read a 
single word from such a file FUNCTION BEB (LA, N, BF, NS1, 
NS2) is used where BEB is the value of the requested word 
(for integers function NBEB is used). The meaning of the 
parameters is: 

LA - absolute address of the requested word 
A - the value of the word that is to be put to the file 
N - file unit number 
BF - the buffer field (length = LC), defined as an array 

in the program 
NS1,NS2 - absolute address of the first and the last word 

being stored in the current buffer BF 
(NS2-NS1 = LC-1) 

After each BEB or WBIB call so many BUFFEBIN or BUFFEBOUT 
statements are to be executed till the addresses (NS1,NS2) of 
the first and the last word stored in the buffer include the 
LA address (NS14LA^ NS2) . 
When an array is to be read or written the subroutines 
BEMA (LA, M, W, N, BF, NS1, NS2) or WBIMA (LA, M, W, N, BF, 
NS1, NS2) may be used. The additional parameters have the 
meaning: 

M - the length of the array 
W - the symbolic array name 

3.3. FEDGBOUP interpolation flags 

Interpolation flags INT, IA, IF used in routines INTEBP 
(INT, WOBK, NI) and FINT (SG2, SGI, E2, El, E, IA, IF) are 
explained in the following table: 
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Tbl. 3.1. Interpolation flag-table 

INT IA IF Definition 

2 1 1 linear (data) - line air (energy) 
3 2 1 linear (data) - logaritmic (energy) 
4 1 2 logaritmic (data) - linear (energy) 
5 2 2 logaritmic (data) - logaritmic (energy) 

INT flag used in the ENDF/B PEAFO routine INTEEP is read from 
the ENDF/B source file. 

3.4. BFOD structure 

BFOD is written with binary FOBTBAN BUFFEBOUT statements 
and default length of a buffer (record) is 1000 machine words. 
In the same way the auxiliary file is written. 

The length values used with BFOD are given in machine 
words and all names used are numerical ones. 

HFOD consists of the following parts (see Fig. 3.1.): 

a. Comment part, length = LK + 1, containing: 

LK - length of comment (default set to 8), 
Comment 

b. Length values, length = 4, containing: 

LI - length of the whole file, 
L2 - length of the Table of Contents (TOC), 
L3 - length of Data Headings (DH), 
L4 - length of data 

NMAT 
c . Table of Contents (TOC) , length = 1 + 2 x NMAT + Z. 2x NTYP. , 

i=l 1 

NMAT - number of materials contained in BFOD 

For each material there are: 
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Figure 3.1. EFOD structure 

COMMENT 

L£ COMMENT 

LENGTH VALUES 

LI L2 L3 IA 

TABLE OF CONTENTS 
NMAT 

MATN1 NTYP(l) BDT(i),NA(i),i=l,NTYP(l) 

matn2 NTYP(2) BDT(i),NA(i),i=l,NTYP(2) 

^ N M A T NTYP(NMAT) EDT(i),NA(i),i=lrNTYP(NMAT) 

DATA HEADINGS 
DH(BDT1 ]_) DH(BDT1 2 ) (( ^ " " i . a n p d ) ) 

d h ( b d t 2 1 ) BH(BBI2 2 ) (( ^ ^ . B u p c a ) ' 

" " " H U , ! ' ' 
DHCHWnua,^) If DH( H D T J J J ^ J _ N T Tp( m m ! ) ~> 

DATA 
DATA(EDT1 DATA(HDT1 2 ) j J d a t a ( b d t 1 i N I Y P ( 1 ) ) 

b a i a ( h d t 2 DATA(HDT2 2 ) I ' ( b a t a ( R D T 2 i N T Y P ( 2 ) ) 

^ = = = = = = = = = = = = : = = = ^ — 

D A T A C H D T ^ ^ , ) D A I A < R D T N M A T , 2 ) 

D A T A C B D T ^ ^ ) " f f DATA( 2 B T n m a t ^ jjtjjyp(NMAT) ^ 
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MATN - name of the material 
NTYP - number of data types for this material 

For each type of each material there are: 

SET - BFOD data type name 
NA - address of the corresponding data heading 

(relative to the beginning of the data heading 
section) 

d. Data Headings (DH) and some general data (see later descrip-
tion) . 

e. Data (see later description) 

3.5. Data Headings Structure (DH) 

The first word of the DH is the type format number (NTF) 
and the second word is the length of the remaining part of the 
DH (NL). The structure and the length of the remaining part of 
the DH depend on NTF and are given in the table 3.2.: 

Tbl. 3.2. The structure and the length of the DH 

NTF NL Data Heading (DH) 

1 5 NDAT, NAG, NFC, INTA, INTF 
2 5 NDAT, NAC, NFC, NFF, INTA (centre-of-mass system) 
3 5 NDAT, NAC, NFC, NFF, INTA (laboratory system) 

10 N N real numbers - general data 
11 *L11 NV, NFN, ((FP(J,I), J=l, NV), NDAI^, NAC^, NFCi, 

INTA^, HTTF^, i =1, NFN) 
NFCi, 

20 3 NDAT, NAC, NA 
21 XL21 NV, (INTV., i=l, NV), NFN, ((FP(j,i), j=l, NV), 

NDATi, NACi, NFCit INTA^, INTF^, i=l, NFN) 

The notation is the following: 
XL11 = 2+NFNx(NW+5) 
XL21 = 2+NW+NFNx(NW+5) 
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NDAT - data set length 
NA - length of one sub-set of a data set 
NV - number of parameters 
NAC,NFC - addresses for argument and function vector, 

respectively (relative to the beginning of 
the BFOD part e., see page 16) 

NFN - number of sub-headings 
FP - parameters (real or integer type) 
INTV,INTA,INTF - interpolation flags (see section 3.3.) 
NFF - number of parameters in a subset 

3.6. Data Structure and its representation on the BFOD 

The structure of the data is specified by the cor-
responding NTF as given in the Table 3.3: 

Tbl. 3.3. The structure of the data on the HFOD 

NTF Data Structure 
1 ABG(NDAT), FUN(NDAT) 
2 or 3 ABG(NDAT), FUN(NFF,NDAT) 

10 no data belong to this type exist in the BFOD part e, 
11 for each sub-heading: ABG(NDAT), FUN(NDAT) 
20 DAT(NA,NDAT) 
21 for each sub-heading: ABG(NDAT), FUN(NDAT) 

The notation is the following: 
ABG- - arguments, e.g. energy, scattering angle 
FUN - function values, e.g. cross-sections, probability 

distributions 
DAT - data, e.g. various parameters 
NDAT,NFF,NA - the same meaning as in Tbl. 3.2. 

Detailed description of the data on the BFOD and cor-
respondence between BFOD data type (BDT) and format type (NTF) 
is given in the Table 3 A . Data with NTF = 10 (general data) 
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are located in the HFOD part d.(DH),and the rest of the data 
on the EFOD part e. 

Tbl. 3.4. Detailed description of the data on the HFOD 

BDT NTF Description of the data 

456 10 boundaries and a flag, length = 4, 
1. lower boundary of the range of validity of the 

resolved resonance parameters, 
2. boundary separating the ranges of validity of 

the resolved and the unresolved resonance 
parameters respectively, 

3. upper boundary of the range of validity of the 
unresolved resonance parameters (appears only 
in EFOD generated from an ENDF/B file), 

4. flag defining processing mode. Values: 
2 - pointwise data to be used in preference to 
the resonance parameters (applies to KEDAK 
data only), 
1 - resonance data to be used in preference to 
the resonance parameters (applies to KEDAK 
data only), 
0 - no preference on the data to be used, 

<0 - single level Breit-Wigner formula; 

457 20 Coefficients (C^) of the polinomial expansion in 
energy (E) of the number of neutrons per fission 
(V) where V = T. C.E1, length = 4; 

jl5d 1 

458 10 Atomic data, length = 3; 

1. A - atomic mass based on C-12, 
2. Z - atomic order, 
3. BIS - nuclear spin in the ground state; 

459 10 Nucleus data, length = 3 or 4; 
1. /V - reduced neutron wave-length, 
2. B - nuclear radius, 
3. EB - binding energy of the last neutron; 
4. Bx - nuclear radius used in the unresolved 

resonance region (ENDF data only); 
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Tbl. 3.4. Continued 

HDT NTF Description of the data 
460 

1001 
1002 
1003 
1004 
1005 

1015 

1016 
101? 
1018 
1022 
1023 
1024 
1025 
1028 
1100 
1101 
1102 
1103 
1104 
1105 
1106 
1107 
1108 
1201 
1203 
1204 

10 isotopic data, length 
1. isotopic mass; 
2. abudance 

'el 
non 

n1 ,cont 

2n 
*3n 
h 

V3cC, 
r2noC 
f3noC 

€ R 

d He5 

<S OC 

<f 2oC 
°tr 
<?nH 

O n e 

2, 

- total cross-sections, 
- elastic scattering cross-sections, 
- nonelastic scattering cross-sections, 
- inelastic scattering cross-sections, 
- inelastic level cross-sections 

(the related quantities in the DH have 
the following definition NW=1, NFN -
number of resolved inelastic levels, 
FP - excitation energies), 

- inelastic scattering cross-sections to 
continuum, 

- cross-section (n,2n), 
- cross-section (n,3n), 
- fission cross-section, 
- cross-section (n,n'oC), 
- cross-section (n,n'3oO, 
- cross-section (n,2noO, 
- cross-section (n,3nOC), 
- cross-section (n,n'p), 
- absorption cross-section without fission, 
- absorption cross-section, 
- cross-section (n,f ), 
- cross-section (n,p), 
- cross-section (n,d), 
- cross-section (n,H^), 
- cross-section (n,He^), 
- cross-section (n, QC), 
- cross-section (n,2oC), 
- transport cross-section, 
- total hydrogen production 
- total deuterium production 
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Tbl. 3.4. Continued 

B D T N T F 

1 2 0 5 1 °nr -
1 2 0 6 1 COTFC -

1 2 0 7 1 _<V*e -
1 2 5 1 1 

1 2 5 2 1 % " 

1 2 6 0 1 

1 2 6 1 1 o< 
W 5 1 

V P -
-

X d -
1 4 6 1 1 

V P -
-

X d -1 4 6 2 1 

V P -
-

X d -

Description of the data 

^He' p roducti on 

system, 

elastic scattering, 
- V ^ t 
V 8 * 

prompt neutron yield per fission, 

For types 1001-1462 the argument is energy. 
2002 2 coefficients of Legendre polynomial expansion for 

angular distribution of elastic scattering, 
AUG: energy, 
FUN: Legendre coefficients; 
(related quantities in the DH are: NFF - number of 
Legendre coefficients, NDAT - number of energy 
points); 

2002 21 tabulated angular distribution for elastic scat-
tering 
AEG: cosine of scattering angle, 
FUN: angular distribution; 
(quantities in the DH are NW=1, INTW - interpola-
tion rule in energy, NFN - number of energy points; 
for each energy point: NDAT - number of angle 
points, NAG, NFC, INTA, INTF - addresses and 
interpolation rules for the angle and the proba-
bility) ; 

4018 1 average number of neutrons per fission, 
AEG: energy, 
FUN: average total number of the fission neutrons; 
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Tbl. 3.4. Continued 

HDT NTF Description of the data 

5152 20 resolved resonance parameters, length = 11 
1. EE - resonance energy, 
2. AL - orbital angular momentum, 
3. AJ - compound state spin, 
4. G=(2xAJ+l)/(2x(2xBIS+l))xabn. (abn. _ abundance 

of the isotopes in the mixture, otherwise 
abn. = 1, SIS - nuclear 

5. r - total width, 
6. r n - neutron width, 
7. rv - radiation width, 
8. r f - fission width, 
9. r p - width for (n,p), 
10. r v - width for (n,9<), 
11. - width for (n,n*), 

5153 20 energy independent unresolved resonance parameters, 
length = 8, 
1. AL - orbital angular momentum, 
2. AJ - compound state spin, 
3. fY ~ average radiation width, 
4. 1F0 - average level density, 
5. - average reduced neutron width, 
6. fO/IT - strength function, 
7. Vf ~ number of fission channels, 
8. \> - number of neutron channels, n 

5155 20 energy dependent unresolved resonance parameters, 
length = 11 or 12, 
1. E - energy, 
2. AL - orbital angular momentum, 
3. AJ - compound state spin, 
4. Vf - number of fission channels, 
5. p£ - average fission width, 
6. Py - average radiation width, 
7. P n - average neutron width, 

. 8. IT - average level density, (ENDF/B only) 
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Tbl. 3.4. Continued 

KDT NTP Description of the data 

9. vn - number of neutron channels, (ENDF/B only) 
10. INT - -interpolation flag (ENDF/B only) 
11. - number of channels for competitive 

reaction (ENDF/B only) 
12. £ - competitive width (appears only in an £ 

ENDF/B BFOD); 
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3.7. Standard dictionaries for the files ENDF/B, KEDAK and 
UKNDL 

3.7.1. ENDF/B dictionary (data statement in subroutine MFjZf) 

Tbl. 3-5.: ENDF/B dictionary 

ENDF/B 
name BDT NTF ENDF/B 

name BDT NTF 

1451 458 10 from 3051 1005 1 
1451 459 10 up to '3090 1005 1 
1452 457 20 3091 1015 1 
1456 1^-55 20 3101 1100 1 
2151 460 20 3102 1102 2 
2151 5152 20 3103 1103 1 
2151 5153 20 3104 1104 1 
2151 5155 20 5IO5 1105 1 
2151 456 10 3106 1106 1 
3001 1001 1 3107 1107 1 
3002 1002 1 3108 1108 1 
3003 1003 1 3203 1203 1 
3004 1004 1 3204 1204 1 

3016 1016 1 3205 1205 1 

3017 1017 1 • 3206 1206 1 

3018 1018 1 3207 1207 1 

3022 1022 1 : 3251 1250 1 

3023 1023 1 3252 1252 1 
3024 1024 1 4002 2002 21 
3025 1025 1 4002 2003 2 
3027 1101 1 5456 3018 21 
3028 1028 1 

The original name on the ENDF/B file consists of the file 
number NF and the reaction type number MT: 
ENDF/B name = 1000 x NF + NT. 
In some cases one ENDF/B type corresponds to more then one 
type on BFOD. 
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3.7.2. KEDAK dictionary (part of the data statement in 
subroutine 5L0V) 

Tbl. 3.6.: KEDAK dictionary 

KEDAK BDT NTF KEDAK BDT NTF name BDT NTF name 

14511 456 10 30240 1024 1-
14560 3019 20 30250 1025 1 
14570 457 20 30270 1101 1 
14580 458 10 30280 1028 1 
14590 459 10 30290 1029 1 
14600 460 20 31020 1102 ' 1 
21520 5152 20 31030 1103 1 
21530 5153 20 31040 1104 1 
21540 5154 10 31050 1105 1 
21550 5155 20 31060 1106 1 
30010 1001 • 1 31070 1107 1 
30020 1002 1 31080 1108 1 
30030 1003 1 32010 1201 1 
30040 1004 1 32060 1260 1 
30050 1005 11 32070 1261 1 
30051 1015 1 32510 1251 1 
30160 1016 1 34520 4018 1 
30170 1017 1 34550 1455 1 
30190 1018 1 34610 1461 1 
30220 1022 1 34620 1462 1 
30230 1023 1 40022 2002 21 

Most BFOD names can be deduced from KEDAIC names replacing 
first number 1 with blank, 2 with 5» 3 with 1, 4 with 2, and 
omitting the last number. 
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3.7.3. UKNDL dictionary (part of data statement in subroutine 
SLOV) 

Tbl. 3.7.:UKNDL dictionary 

UKNDL 
name BDT NTF UKNDL 

name BDT NTF 

1001 1001 1 1013 1005 11 
1002 1002 1 1014 1005 11 
1003 1003 . 1 1015 1015 1 
1004 1004 1 1016 1016 11 
1005 1005 11 1017 1017 11 
1006 1006 11 1018 1018 1 
1007 1005 11 1101 1101 1 
1008 1005 11 1102 1102 1 
1009 1005 11 1103 1103 1 
1010 1005 11 1107 1107 1 
1011 1005 11 2002 2002 21 
1012 1005 11 4018 4018 1 

Most KFOD names are the same as UKNDL names. 
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4. A DESCRIPTION OF THE METHODS AND PROGRAM BLOCKS USED FOR 
THE CALCULATION OF THE GROUP CONSTANTS 

4.1. Structure of the calculational part of the FEDGROUP 
package 

The calculational part of the FEDGROUP package is 
divided into nine segments called BLOCKs. The names of the 
routines that start the appropriate B3X)CKs are composed of 
the first three letters of the word block (BIX)) and the 
sequence number of that BLOCK. The following operations are 
performed in the nine BLOCKs: 

BI0CK 1 - group averaging assuming infinite dilution 

BLOCK 2 - calculation of the constants from the Greuling-
Goertzel slowing down theory 

BLOCK 3 - calculation of the inelastic scattering transfer 
matrix 

BLOCK 4 - calculation of the resonance screened cross-sections 
from the pointwise given data 

BLOCK 5 - group averaging of a product of two energy dependent 
parameters 

BLOCK 6 - calculation of the resonance screened cross-sections 
from the resolved resonance parameters 

BLOCK 7 - calculation of the resonance screened cross-sections 
from the unresolved resonance parameters 

BLOCK 8 - group averaging of energy dependent quantities de-
fined" from evaluated library data or by input 

BLOCK 9 - group averaging of the elastic differential scat-
tering data (elastic scattering or probability 
matrix). 
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4.2. Group averaging of pointwise data assuming infinite 
dilution 

4.2.1. Definition 

The group constants at infinite dilution are defined as 
follows: 

, t k f E X p W d E 
<cr*> (f-.i.) 

J <p(E)d£ 

4 - energy dependent parameter (e.g.: the cross-section) 

{ d ^ group averaged value of 

0(E) - neutron spectrum, used as the weighting function in 
the group averaging process 

E ,E , - the upper and the lower energy boundaries of group g, g g+-L 
respectively. 

4.2.2. Procedures 

The integrals in equation (4.1.) are evaluated using 
Romberg procedure to minimize the number of points at which 
the integrand has to be evaluated. The only exception is the 
case when the cross-sections are calculated from the unresolved 
resonance parameters. Integration is performed by the routine 
SINT analytically between the specified energy points according 
to the prescribed interpolation law. The energy points cor-
respond to the energy mesh of the energy dependent parameters. 
If energy independent parameters are given the range of calcu-
lation is divided into 2 NUJM subintervals of equal lethary 
width. The mesh points are the boundaries of these subintervals. 
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Group averaging of pointwise data is perfomed by the 
routine BL01. Group constants for the total, elastic, radia-
tive capture and fission cross sections may also be calculated 
by the routine BI04, by the routine BIXD6 if the data are given 
by the resolved resonance representation,or by the routine 
BL07 if the data are represented by the unresolved resonance 
data. 

Note: When ENDF/B files are processed the results of BK)6 
and BLO? must be used and added to the contribution 
calculated by BL01 or BIX)4 to obtain a complete set 
of group averaged cross sections at infinite dilution. 
In the region where resolved or unresolved resonance 
parameters representation is used in the ENDF/B files, 
the pointwise data present on the file represent only 
the correction term which has to be added to the cross-
section value as calculated from the resonance parame-
ters. Performing the addition of the correction term 
after group averaging introduces negligible error 
provided the correction term is slowly varying across 
a group and is small as compared to the total cross 
section. These conditions are usually satisfied. 

For the pointwise data representation the integrals in 
(4.1.) are calculated by a set of routines FXINT (see section 
4.9.). 

4.2.3. Data requirements 

Any data set with type format number NTF = 1 on the 
BFOD can be group averaged by BL01. Fairly extensive diagnos-
tic messages are included to test any irregularities of the 
data such as: data absent altogether, no data in the required 
range, data not covering the entire range or negative data. 
The user should then decide whether the results are acceptable 
or not. 



- 30 -

4.3. Group averaging of user defined functions 

4.3.1. Definition 

An arbitrary group constant type may be calculated. The 
in equation 4.1. is some function of the data on EFOD with 

NTF = 10 or 20, or of a list of parameters included in the 
input data types J and £ (see chapter 5)» where the tempera-
tures and the background cross-sections are normally specified. 

The data in the parameter field AP in routine PABFI 
which defines the quantity (f appear in the following order: 

a. the parameters entered in the same way as the tempe-
ratures (see chapter input data types G, I and J). 

b. the BFOD data with NTF = 10 (if any) 
c. the BFOD data with NTF = 20 (if any) 

The total number of parameters is L (upper limit is 40) and 
the energy at which is calculated is E. 

Block 8 is intended to fulfil the particular require-
ments of the user by programming the routine PABFI. At present 
this routine calculates the potential cross-section or the 
average number of neutrons per fission if data are given in 
polynomial representation. 

4.3.2. Procedures 

Numerical integration using Bomberg procedure is 
performed by the routine TBPBO which is part of the FXINT 
integration package (see section 4.9.). Data are transferred 
and organised through the routines PABINT, PABFI and FUN8 to 
calculate the integrand. 
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4.3.3' Data requirements 

If the average number of neutrons per fission.given 
polynomial coefficient representation with NTF = 20 is reques-
ted, EFOD data type EDT = 457 must be given on HFOD. No check-
ing is made for absence of data. 

If EDT = 459 with NTF = 10 in the calculation of potential 
cross-section, are absent and the entries 5 and 6 denoting 
the "temperature interval" in the input data type H (see 
chapter 5) are zero, calculation terminates. Alternately the 
reduced neutron wavelength and the nuclear radius may be 
specified by defining values n and (n+1) as the temperature 
index interval. The n-th entry in the "temperature list" then 
contains the reduced neutron wavelength and the next the 
nuclear radius. These data override the EDT = 459. 

4.4. Group averaging of a product of two energy dependent 
parameters 

4.4.1. Definitions 

Group averaged product may be defined by the following 
relation 

<<r, = 4 f (4.2.) 

where o7 (E) and d CE) are two energy dependent parame-x y 
ters whose product is to be group averaged 
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When the energy dependence of either ^ or is weak 
the product of the averages may be a good approximation to 
the average of the product 

- « & > « r , > (4..3) 

however in general this might not be the case. Equation (4.2) 
has to be used instead. 

Any pair of data sets given by the pointwise represen-
tation may be group-averaged according to (4.2.). The data 
sets are chosen according to the value of the input parameter -
group constant type (GCT). 

4.4.2. Program organisation 

BL05 is the main routine which organizes the calculations. 
Auxilliary routines are FLUXUM and the routines that read the 
data from BFOD. The FXINT set of routines is used to perform 
the Bomberg procedure for integration on the pointwise data. 

4.4.3. Data requirements 

Both BDTs the product of which is to be group averaged 
must be present. The data are assumed to exist over the entire 
energy range requested. If either of the BDT is absent a mes-
sage is printed and calculations terminated. 

It should be noted that the calculations are not 
sensible in the case of the ENDF/B data in the region where 
the resonance parameters should be used. The average of the 
product in such cases should be approximated by the product 
of the averages. 
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4.5. Group averaging of the cross-sections in the resonance 
region 

4.5.1. Derivation of the basic equations 

The resonance structure of the cross-sections strongly 
affects the neutron spectrum locally. This has a strong impact 
on the reaction rates. The effective group averaged cross 
sections may be defined as follows 

* / C H ( e ) < p ( E ) d £ 

f <t>*(E)Jf£ 

.<<rx> = - f i * — — : — : (4.4.) 

* - resonance screened group averaged cross-section 
0X(E) - neutron spectrum distorted by the resonance 

self-shielding effects • 

Sometimes, instead of the resonance screened group ave-
raged cross sections, the lethargy weighted resonance inte-
grals are required. These are defined as follows 

P 
R i / r = y - r j <7*(E) <j>*(B)d£ (4.5.) 

Ej„ 

T" - lethargy widths 

There are several ways of defining the averaging neutron 
spectrum in the resonance region. One of the most widely used 
approximations^"^ is the Narrow Resonance Approximation (NR) 
where 

' c r & + < r t ( E ) Y J 
(4.6.) 
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3q - effective moderator, cross section (background cross 
section) including the potential scattering of the 
moderator and the leakage effects according to the 
Wigner rational approximation 

ô . - total cross section 
d - scattering cross section s 
Op - potential scattering cross section 

This approximation is valid for single isolated resonances with 
Doppler broadening and interference effects between the reso-
nances and the potential scattering neglected. Furthermore it 
is assumed that the width of the resonances is narrow as com-
pared to the average energy -loss per collision with the mode-
rator nucleus. 

Another approximation is the Vide Resonance Approximation 
(VR) which is valid for the same class of cases except that the 
resonance widths are assumed large as compared to the average 
energy loss per collision 

Each of the approximation is valid only in the extreme 
cases and sometimes neither of them produces accurate results. 
However there exists an Intermediate Approximation (IH) ac-

( 8) 
cording to the theory of R.Goldstein and E.R.Cohenv ' which 
introduces a parameter which is a measure of the width of 
the resonance 

(4.6.) 
CTo + CTc, t \g<T s 

The parameter may be determined either by a succesive 
approximation technique or by variational approach. In the 
case of the resolved resonances there exists a simple ap-

(9) proximation due to Forti where for a particular resonance 
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r a -
* p r 

2oCEr 
f o r oC> f p r / £ r 

ctEr 

i r ? , 
•for lpr / (4.9.) 

E^ - resonance energy 

* - 1 -

A - ratio of the masses of the target nucleus and the 
neutron 

P p p - practical width of the particular resonance 

4.5.2. Calculation of the resonance screened cross-sections 
from the pointwise given data 

Besonance neutron spectrum is calculated at the same 
points at which the total cross-section is specified. NB 
approximation is used in the process. At present Doppler 
broadening of the pointwise data is not possible so the 
results are given at only one temperature as given in the 
source library. Calculations are performed by the routines 
BL04, CIWI, FLUKOM, BANDA and the set of routines for Bomberg 
integration FXINT. 

4.5.3. Calculation of the resonance screened cross-sections 
from the resolved resonance parameters 

IB approximation is used to calculate the resonance 
modified neutron spectrum with the Forti approximation for 
the Goldstein-Cohen parameter/VQ. 

The cross sections are calculated from the Single Level 
(SLBV) or the Multilevel (MLBV) Breit-Vigner formula. This 
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means that when the resonance parameters are given in the 
Adler-Adler or the Reich-Moore representation the cross 
sections can not be calculated. This is a limitation of the 
program, however such representation for the resonance para-
meters is less frequently employed in the evaluated data 
libraries. The Adler-Gauss form (MLAG) of the MLBV formula 
used*-10'16) is the following 

fftff) = Z w + 
i'O 

+ Q r ] + c^-io.) 

+ Xr[sin2(Sr+ 

<Tste) = (J* fe)-£<&(£) (4.12.) 

Br T , e%p[-7r(*r''*N 
y r ( 6 r » = ^ ^ 

x (e % y i t L (4.14.) 

where v = ' Er) (4.15.a) 
r frYE) 

^ 2 ( B r e r £ r ) (4.l5.b) 
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Note: f Z/m Xr) = ^ Xx (4.16.a) 

^ . (4.l6.b) 
# X f» 

- shifted resonance energy 
E^ - resonance energy 

- total cross-section 
b'gCE) - scattering cross section 
<j^(E) - cross section for any partial reaction other than 

the elastic scattering 

A R - V A (4.18.) 

k - Boltzman constant 
T - temperature 

A - ratio of the target and neutron masses 

InA*)' J> (lErl) 
, ' o St(t£rl)-Se(E) where-*- 0, 1, 2, ... 

Er ~ 'n** 0 D n c i\ a s appropriate for the Aqiltri) th r resonance 

(4.19.) 

/ ® - neutron width of the resonance at the resonance nr 
energy 

P - fission, radiative capture or competitive width 
where competitive width is the sum of all reac-
tion widths other than the neutron, fission or 
the radiative capture widths 

p r f e ) - r n r ( e ) + Z r x r (4.20.) 
X 
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lor t*Q 

r- ; 
1 p . i J J _ . I £f ; - 4 8 +3?* .» f s 0 
J tan3_fz> l9f3f2*P 19*3 f W 1 L 

H - nuclear radius 
1(E) = 3L°/T(E (4.22.) 

- reduced neutron wavelength defined in ENDF/B files 
as: 

* o (A + 1) JL IP3 
A = 2.196771 * A 

where A is the ratio of the mass of the target to 
the mass of the neutron. 

2Jr+4 (4.23.) 
2 ( 2 1 " ) 

I - target nucleus spin 
J"r - excited nucleus spin 

H r >G r the energy dependent symmetric and asymmetric parts• 
of the multilevel contribution to the MLAG form of the 
Breit-Wigner formula defined as 

. J Pm(£) ( E r ' E s ) ( 4 2 5 ) 

r s% (ErB&U r r(£l] ' 

Note: summation is performed over the resonances with the 
same £-state (i.e. t v = f g ) 
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Approximation used in the formula (4.10.) is that 
Gr and H r are calculated only approximately to save computer 
time. A truncated Taylor series expansion around the reso-
nance energy is u s e d ^ ^ . The coefficients of the powers of 
E are stored for G„ and H . 

In all the test cases considered the above approximation 
was not found to cause any deviations from the true results. 

The program structure is the following 
BIXD6 - is the calculation control routine 
BEMA - reads the data from BFOD 
HESKO - redefines some of the resonance parameters. Sixteen 

elements of an array are allocated for each resonance. 
On entry the first eleven elements are the same as 
read from BFOD. On exit some are redefined as follows 
element definition 
1 resonance energy E r 

2 t-value of the resonance 

3 X G 
4 -f 4Erk/A 

5 g 

6 C 

? fir 
8 Pfr 
9 r 37 ' xr 
10 - 13 coefficients of powers of E for Gr 

14 - 16 coefficients of powers of E for H^ 
BESCAL - subdevides the group interval for integration 
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HESEC - calculates the d. , tf . (fy and tf. from resonance U S I 
parameters prepared by EESKO 

HOMEES - performs Romberg integration for all the cross-section 
types, the temperatures and the values for each 
subinterval 

V - calculates the Doppler shape functions 
%(6,X) 

AIRES - rearranges the calculated results in the work field. 

According to the input specifications the resonance 
screened group averaged cross section (defined by (4.4.) or 
the lethargy weighted resonance integrals (defined by (4.5.) 
may be calculated in the single level or the multilevel repre-
sentation. 

4.5.4. Calculation of the resonance screened cross-sections 
from the unresolved resonance parameters 

The method of solution originates from the Froelich's 
theory^^ with Huschke^^ modification as used in the program 
MIGROS-2^12^. Some sections of the program FEDGROUP also origi-
nate from this package and some other packages^^. The cross-
section at a specified temperature and for a certain value of 
<£Q is given by the following expression 

jr. «Tr*>-| 1 XAsfr-) & « & » > * £ / 

„ , V - ™ <"*> J' Ss ffi^JOl^ I , 

$ P t 1 1 <rt>J % ' i l ? A s < 0 - ^ 1 

rr <g^> 7 P^MsA) R<G-»)<o> s>g/ 

RR fc T RRV TCR I'' < ( T T > I W F A ^ 1 I . 

J 5$ V t ^ ^ ) 1 ! 
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( ^ s 0> f <7p ( 4 . 2 8 . ) 

O e = 0 t - £ G x (4.29.) x 

- total cross section 
<fQ - elastic scattering cross-section 
<5̂  - resonance contribution to the total scattering 

cross section 
- radiative capture, fission or competitive cross-

section 
H x s - resonance radiative capture, fission or competitive 

width for the series s (a series of parameters for 
all J and t states) 

C - total width for the series s s 

l f / 3 c ) , f >(*>*»> d x (4.30.) 

Dg - average level distance for the series s 

OO oo 

a f / l J f o ^ F f t U ) ^ ) ^ ^ ( 4 . 3 1 . ) 
9 O 

F(fV) - is the distribution of the resonance series s S 

rfr 
(4.32.) 

V - number of degrees of freedom 
G - gamma-function 
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6 - (4.33.) 

n 

< Z c s z W ^ M V 7 T Ccw2<Js (4.34.) 

£ - 2 f e t f f f ^ D . i l > ) d X ) (4. 5 5.) " V/2 
i A j 

<tfxs> = i r * . * ( £ ) S x s (4.37.) 

5 x S - i G d i / Q i 
hS 

< ( f r > - f ® ^ r n i c o s l 6 s 

- potential cross section 

(4.38.) 

(4.39.) 

<ort>= C o + C p - f Z « 5 r s > (4.40.) 

(4.41.) 

N -

Zt • 

number of absorber nuclei 
total macroscopic cross-section of the mixture 



- 43 -

(4.42.) 

E b -

D 
E. 
E -

r n s 

average level distance of resonances 
binding energy in MeV 
energy in MeV 

= 1 

Rl*kL(£) 

R* 

{or t* O 

t ' i 

L ' l 

(4.43.) 

(4.44.) 

(4.45.a) 

(4.45.b) 

The program consists of the following routines 

BL07 - the main routine for the calculation 
TOTHES - routine that calculates 5 V rs 
BESTAT - routine that performs the averaging of the widths P 

over the X distribution 
EPSI - function that calculates £ 
PJ2 - function that calculates J(©•,/*) 

According to the value of the input parameter - GOT 
the resonance screened group averaged cross sections defined 
by (4.4.) or the lethargy weighted resonance integrals defined 
by (4.5.) may be calculated. 

4.5.5. Data requirements 

The atomic mass in the data is required when the resolved 
or the unresolved resonance data are used. In the case of 
pointwise data it is used only if the BDT = 459 is absent. 
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When the data type 459 is absent the reduced neutron 
wavelength and the nuclear radius are calculated according 
to the following empirical formulae: 

» A + 1 
o = A x 2.196771E-3 

r = 0.12$A1/5 +0.08 o 

where A is the ratio of the target and the neutron mass. 

To obtain the binding energy of the last neutron BDT = 459 must 
be present if the unresolved resonance parameters are used. 

When pointwise data are used at least the total cross 
section must be given. 

If resolved resonance parameters are omitted a message 
is printed and calculations terminated. 

The EDTs = 5153 or 5155 must be present to perform the 
calculations in the unresolved energy range. 

If BDT = 456 is absent care must be taken to specify 
the correct input data regarding the group interval and the 
formula' tised is the resolved resonance region. Incorrect data 
may cause long execution times. 

4.5.6. Considerations concerning the range of validity of 
various cross-section data representations 

Besolved and unresolved resonance parameter representa-
tion for the cross-sections are only valid over a limited 
region. The KEDAK library poses no problems since the groups 
which are not fully described by one type of cross section 
representation can be calculated from the pointwise data. 
This is not possible in the case of the ENDF/B files so 
special care must be taken in handling such groups. 

If in processing the resolved or the unresolved resonance 
data, the range of validity of that particular representation 

(4.46.) 

(4.47.) 
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is exceeded., the range of integration in that particular group 
is automatically reduced to fall within the permitted limits 
(i.e.: integration extends only over a fraction of the parti-
cular group). No groups outside the permitted range will be 
considered. A complete cross-section can then be reconstructed 
from the flux integral which is also calculated. Consider for 
example a cross section in a group which is partly calculated 
by BL06 ( <5'6> ) and partly by BL07 ( ). Using the appro-
priate flux integrals over the fractions of the same group 
<06>, <0r,> as calculated by BL06 and BLO? the complete group 
averaged cross section may be obtained 

<4>t> * <<Pi> 

4.6. Calculation of the constants from the Greuling-Goertzel' 
slowing down theory 

4.6.1. Definition 

The group averaged constants based on the parameters 
derived from the Greuling-Goertzel continuous slowing down 
model are as defined in ^ " by Szatmary and Valko in their 
multigroup fast spectrum code. They are the following: 

f W ( E) 

1 I &<}>(£) 
EjM 

. f ™ 

| d£<p(£) 

S M 



- <4-6 -

For atoms having mass less than AM (default present parameter, 
AM = 28) the following constants are defined in addition 

< f > ; = « > ; f 1 - A.0r/)/Ej- A,(E„.)/£|t, 1 ^ 
i Ej - E j n 

fi 

< n > - = ( 4 . 5 2 . ) 

i d£<t>(£) 

< H > r < , > y f i -

where 

(4.53.) 

f d£<p(E)A<(E) 

Jj ct£ <P(E) 
c J t 1 

f W ) 
< h > : = 2 i £ « (4.55.) 

' J f 

A / x Gi IB) 

(E) 

(4.57.) 
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= V w [ AH _ A^I -j 
2. ~ 2.V/ J 

(4.58.) 

(4.59.) 

- angular distribution of elastically scattered 
neutrons in the centre-of-mass system. 

4.6.2. Program organisation 

BL02 
LEGANG,LEGMU 

PTL 

ANGL,INTEB 
and GAMFUN 
FXINT 

the routine that organizes the calculations; 
the routine is convert the data for the angular 
distribution from Legendre polynomial to point-
wise representation; 
the function that evaluates the Legendre 
polynomials; 
auxilliary routines for the calculations; 

the set of routines for the integration of the 
pointwise data; 

4.6.3. Data requirements 

The BDT = 458 which contains the atomic mass is neces-
sary. No calculations can be done if this data type is absent. 
In addition angular distribution data for elastic scattering 
are requested. If absent, isotropic scattering in the centre-
of-mass system is assumed. 
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4.7. Inelastic scattering transfer matrix 

4.7.1. Definition 

The inelastic transfer process for the resolved excita-
tion levels is described byv ' 

5 „ f e - » £ ' ) = (4.60.) k 

where 

- threshold energy in the CM system 
for the k t h level 

Integrating in energy over the groups in which the neutron is 
found before and after the collision 

f "M^jHinic> 

. A f t . 

f 4 
E ( H 

/ eJ«<E>k 
/ J ^ u ) 4 > ( e ) < i £ 

E C M 

/or 
(4.61.) 

0 other* wist. 
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and 

« 3 L T j > * I (4.62.) 
k 

(19) In the unresolved region the evaporation modelx ' is used 

J dE <Z(£)4>(£ f d£'?(£->£') 

< 0 - i r J > ' - S t i
 E ^ ™ (4.63.) 

f 

P(E»e')= f C E e w H / W ) ] , 0 4 

O otherwise 
(4.64.) 

C - normalisation factor 
E3? = min (E., E-Q) ^J U d̂ , = inelastic cross-section to continuum 
e ( E > ) = "Ve V0.16A (4.65.) 

The inner 
so that 
p f c - j ) 

integral in (4.63.) can be evaluated analytically 

\ - r ^ f e M - i S } 

/of £j*i<t-Q 

O otherwise 

4.7.2. Program organization 

BIO 3 - the main routine which organizes the calculations and 
reads the data; 
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IUEL - calculates the resolved excitation states contribution 
to the inelastic scattering matrix; 

DIV - calculates the unresolved excitation states contribution 
to the inelastic scattering matrix; 

WHELS, EXD and DNFAK - are auxilliary routines taken from 
MIGBOS-2^12^; 

Integration is performed by the set of routines FXINT. 

4.7.3• Data requirements 

In addition to the BDT = 4-58 from which the atomic mass 
is taken the following BDTs are required: 1005 for discrete 
excitation levels, 1015 for continuum and 1004 for the total 
inelastic cross-section. At least one of the three BDTs must 
be present. 

4.8. Group averaging of the elastic differential scattering 
data 

4.8.1. Derivation of equations 

Derivation of the basic equations is the same as in 
(12) 

MIGBOS-2 ', with some extensions and simplifications in the 
calculation procedures. 

The Legendre moments of the differential probability 
distribution may be expressed as follows 

(4.67.) 
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i 

A - ratio of the target to neutron mass 
)f(^c) - angular probability distribution in the CM 

system defined such that 
A 

I [d^ti/u) = 4 ( z , e 6 8 e ) 

-f 
Legendre polynomials 

A i ' ) C4.69.) 

/^c - cosine of the scattering angle in the CM system 

^ = f ^ i J j Z 
(4.70.) 

- cosine of the scattering angle in the laboratory 
system 

E1 - the final energy of the scattered particle at 
initial energy E 

From (4.69.) and (4.70.) it follows that 

A r Y A ^ Z v ^ W 

From (4.67.) the differential group averaged elastic scat-
tering cross-section may be derived by integrating over the 
group (k) into which the particles scatter and over the 
group (j) in which scattering takes place. Hence 

\dE fJdtE'Gi(£)T£(£-*£)4>(E) 
-/Q-ois- gf.< ~ >»(«£,£ , (4.72.) 

' I 4le)cte 
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- f — ) I A " f 1 where oC= (-? J (4.75.) 

Alternately the elastic scattering probability matrices may 
be defined as follows 

£ c Bj 

f d e [ d t % (E) ir£ (E+e) <t>(£) 
= (4.74.) 

Ev -iM 

Substituting (4.67.) and using the relations (4.69.), (4.70.) 
and (4.71.) the integration in (4.72.) and (4.74.) with, respect 
to E1 can be transformed into integration with respect to<fuc. 
The numerator of (4.72.) and (4.74.) becomes 

ft A f i 

{ | W C ( E ) \d/tc y ?t [ tCjtSl 

M i x 

where u^ are such that 

-'f < A < • • • < / ( , < 4 

(4.75.) 

In the resonance region the value 3g(E) that appears 
in (4.75.) may not be a good representation of the scattering 
cross-section due to the resonance screening effects. This is 
true especially in the case of a material that appears in 
large concentrations such that scattering is fairly important 
and exhibits resonance behaviour. Using the potential cross 
section instead of the scattering cross-section may produce 
more satisfactory results. The choice between the two options 
is governed by the input parameter - GOT (see chapter 5)• 
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Note that in the case when ENDF/B data are processed for 
materials that exhibit resonance behaviour there are no point-
wise data for elastic scattering in the resonance region so 
the potential cross-section must be used instead. 

The elastic scattering matrix can be calculated up to 
the 5 t h moment. If higher moments are required the routine 
AMESH ought to be corrected appropriately. 

4.8.2. Correction for the average cosine 

Some discrepancy may occur in the average cosine of the 
scattering angle as calculated from the angular distribution 
and the value retrieved from HFOD. This can be caused by some 
uncertainty in the evaluated data or their interpolation. A 
correction term is added to the integral with respect to zuQ 

in (4.75.) defined as follows 

f 
M c » T ( A y A ) ] ^ 5 (/<) !<(/<) (4.76.) 

yur - average cosine as found in the evaluated 
data library; 

/1 - average cosine as calculated from the angular 
data; 

4.8.3. Angular integration considerations 

Due to the alternating sign of the Legendre polynomial 
and the ill behaviour of at some energies there may be 
some problems with numerical integration with respect to/x 
in (4.75«). To ease the problem the zeroes of the Legendre 
polynomials are taken as the subinterval boundaries for the 
integration in addition to the internally defined grid of 
equally spaced subintervals ranging from - 1 to 1. 
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4.8.4. Representation of the angular distributions 

Pointwise representation is prefered for the angular 
distribution probability data. Equidistant points are defined 
between - 1 and 1 (inclusive) and the data read from RFOD are 
interpolated to these points. If Legendre polynomial represen-
tation is used, the data are converted to the pointwise repre-
sentation. The number of angle mesh points is equal to the 
largest number of angle mesh points in an evaluated file or 
to (2 x nm -i- 1) where n^ is the number of Legendre moments 
considered in the case of Legendre polynomial representation. 

4.8.5. Program organization 

The routines that perform the calculations are the 
following: 

BL09 - the main routine that controls the flow of the 
calculations; 

PARANG1- routines that read and sort the data from RFOD; 
REANG 
BANG 
LEGDIS 
FLUXEQ 
LEGMU - routine that converts the data in Legendre polynomial 

representation to pointwise data; 
WAHRS - routine that subdivides the interval for energy 

integration; 
LMI - the main integration routine in the energy domain for 

all the moments, using Romberg procedure; 
INTEN - routine interpolating the probability distributions to 

a specified energy; 
AKOR - function performing the correction as described in 

(4.76.); 
ANINT - routine performing the integration with respect tozuc 

with the aid of the routine TRPRO to perform Romberg 
integration procedure in the prepared subintervals; 
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AMESH - routine that subd.evid.es the subintervals in the 
angular integration in ANINT further, according to the 
zeroes of the Legendre polynomials; 

HIDE - function that is used in calculating the integral in 
ANINT analytically for the case of scattering on 
hydrogen in the isotropic region; 

GXP - function that defines the integrand in a subinterval 
of integration by ANINT; 

PTL - function that defines the Legendre polynomials of 
degree ; 

IEG - function that defines the group into which a specified 
energy falls; 

4.8.6. Data requirements 

The BDT = 458 which contains the atomic mass is neces-
sary. 

If potential scattering cross section is used the 
BDT = 459 is required. If this BDT is absent an approximate 
treatment is used as described in 4.6.5. 

Unless potential scattering is used instead, the point-
wise elastic scattering cross-section BDT = 1002 must be given. 

If angular distribution data BDT = 2002 are absent 
isotropic scattering is assumed. 

4.9. Integration package FXINT 

FXINT is a set of routines for calculating the integral 
with respect to E of a product of a function SGN and function 
FLX. The interval of integration ranges from EM to EP. Func-
tion SGN is given pointwise at a set of points ES. Function 
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FLX may also be given pointwise at a set of points EFLX or 
else it may be specified analytically by a function PHI(E). 
ES, SON, EFLX and FLX are arrays containing the arguments and 
the corresponding function values respectively. 

When the data for FLX (usually the neutron spectrum)are 
given pointwise the integration is performed analytically in 
routine SINT. 

When FLX is specified analytically by PHI, integration 
is performed numerically through routine PSI using Romberg 
procedure in routine TRPRO, except in the interval defined 
by PT and PF from common SPECT. In this region 1/E form for 
FLX is assumed and if the argument of SGN is linearly inter-
polable, the integral is calculated analytically. When numeri-
cal integration is performed the integrand is calculated by 
the function SGFI. The argument is transferred as formal 
parameters and additional parameters through common SIFI. 

If necessary SGN may be redefined by the routine FIQ 
such that the new function SGN at a point is given by 

SGN* = (SGN)"N for N / 0 

where N is an integer power transferred through common INTG* 
Romberg procedure for integration used in TRPRO is an 

iterative procedure based on trapezoidal rule and the use of 
Richardson extrapolation after each successive halving of 
subinterval for integration. Such a procedure requires a 
minimum number of points at which the integrand has to be 
calculated, howeyer care must be taken to ensure sufficiently 
smooth behaviour of the integrand to guarantee numerical sta-
bility. In the present case this was found to cause no prob-
lems. The convergence criterion to terminate the iterations 
was chosen to be 

I In - In-Y | 
£ " I L, I 

where I n is the integral over a subinterval as predicted 
after n iterations. If E- is less than ERR defined from 



- 57 -

input in data type L (see section 6) the integral is assumed 
to have converged. The upper limit to the number of iterations 
may be set by defining NUJM in input data type L (see chapter 
6). Such a criterion was chosen for its simplicity and was 
found to be satisfactory. 
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5. MERGING OF THE FEDGROUP GROUP CONSTANT SETS 

5.1. Introduction 

There are cases when the GCS calculated by FEDGROUP are 
incomplete: 
- calculation of all groups at once would require more storage 
than available so the calculations have to be performed a 
few groups at a time, 

- in case of ENDF/B data some GCSs are calculated partially 
from pointwise and partially from resonance data. These two 
contributions have to be added afterwards; 

- for GCSs whose calculation need much processor time some-
times only a few groups are needed. 
In these cases the merging procedures can be implemented. 

5.2. Principles of merging 

The merging procedures are fully automated. They are 
activated by including a comment card at the end of the FED-
GROUP input. This card has to contain the character "M" in 

q-h 
the 21 column. When the procedures are initiated, the whole 
group constants. file(TAPE14) is searched and all the ident 
values are stored and grouped in two sections. The first section 
comprises the ident values that belong to the blocks 1, 2, 5 
and 8 and the second section comprises the ident values which 
belong to blocks 3» 6, 7 and 9. For merging GCSs belonging 
to the blocks 1, 2, 5 and 8 only subroutine MRG1 is used. When 
more ident sets for any material, group constant type and block 
are present in the section, the merging procedure is started. 

In the second case 3, 6, 7 and 9 the merging procedu-
re is started whenever more ident sets for the same material 
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and the same block is present. For blocks 6 and 7 which 
are normally merged together a merging procedure is started 
when the sum of ident sets for all three blocks is greater 
than 1. 

The group interval of the merged GCS for both sections 
is defined by the smallest lower group limit and the highest 
upper group limit of the relevant ident sets. For special 
cases when selective merging of blocks (4, 6, 7) is required 
a flag number can be defined on the comment card in column 
26 (see ch. 6. ). Another special case, when the thermal 
inelastic matrix is added to the elastic matrix a flag value 1 
can be set on the comment card in column 28 (see chap. 6). 

At the end of each merging procedure FEDGBOUP extends 
the group constant library file (TAPE14) with the merged 
GCS. 
Note: when a group constants set resulting from some previous 
calculation is to be included for merging, TAPE14- containing 
the data should be positioned at the end of file mark before 
entering FEDGBOUP. 

5-3. Composition of the merging segment 

- the main routine that initiates merging procedures 
- collects the ident values of the GCSs found on 

group constants file (TAPE14) 
- defines the group interval of the new merged GCS 
- merges the GCSs belonging to blocks 1, 2, 5 and 8 
- merges the inelastic and elastic matrices (blocks 

3 and 9) 
- writes inelastic and elastic matrices on the 

scratch file 

MEBGA 
IDSBC 

MGBOUP 
MBG1 

MBG39 

VRISC 
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MBG467 - merges the GCSs originating from the resonance source 
data (blocks 4, 6 and 7) 

SWGT - searches for the bordering groups of blocks 6 or 7 
and weights the cross sections for that groups 

WRITM - writes the merged GCSs at the end of the group 
constants file 

Piles used: 
TAPE14 - library file containing the GCSs to be processed, 

extended by the merged GCSs 
TAPE13 - scratch file 

5.4. Procedure of routine MBG1 

In this routine the GCSs that have only one group cons-
tant per group are merged. The array containing the output 
merged data is preset to zero. In that way the values for the 
groups not covered by the present GCSs are defined as zero. 
The group intervals of the merging GCSs can overlap. For the 
overlaping groups the last GCS overrides the previous values. 

5.5. Procedure of routine MBG39 

This routine merges the inelastic and the elastic scat-
tering matrices (results of blocks 3 and 9). Before merging, 
the appropriate GCSs are rewritten by routine WBISC to a . 
binary scratch file. The same routine also stores the relative 
positions of the GCSs sorted in ascending order by the smallest 
lower group boundary. This defines the order in which they are 
processed afterwards. For the GCSs that overlap the last proces-
sed GCS overrides the previous values. The coding of the routine 
allows one to merge very long matrices part by part, provided 
r 
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each part (i.e. GCS) has less than about 30.000 elements. The 
elements belonging to the groups not covered by the present 
GCSs are set to zero. 

5.6. Procedure of routine MEG467 

The routine is intended to merge GCSs calculated by 
blocks 4, 6 and 7 from resonance data and by block 1 from 
pointwise data. It is used in the following cases: 
- to get a single GCS from several calculations of BLOCKS 4, 
6 and 7 with different group intervals. If groups overlap 
the last accessed GCS overrides the previous entries. A 
flag number in column 26 of the comment card provides ad-
ditional features (see chap. 6) 

- in the case of ENDF/B source data for combining the GCSs 
from BLOCK 1, 4, 6 and 7 calculations. The contribution 
from BLOCK 1 or 4 is added to the sum of the contributions 
of BLOCKS 6 and 7. The following GCS's are produced: 
(i) resonance data in BLOCK 4 format 

(ii) infinite dilute cross section values in BLOCK 1 
format for total (GCT = 1001), radiative capture 
(GCT = 1102), elastic (GCT = 1002) and fission cross 
section (GCT = 1018) 

This enables the addition of the smoth correction terms 
found in ENDF/B file 3 to the resonance contribution of 
the cross-sections. 
In the same case the cross-sections for the bordering 
groups between BLOCKS 4, 6 and 7 are weighted according 
to the following algorithm: 

£ _ + SVcftg 
<f>6+ <f>7 
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^ _ <t> P 

where d » total, elastic, n- or fission cross section for 
the group in which the ranges of calculations of 
blocks 6 or 7 end. 

d"p = the contribution to the same cross-section calcula-
ted by block p (either block 6 or block 7) 

= the contribution to the flux calculated by block p. 

The algorithm incorporates the following approximations: 

- the deformation of the flux due to resonances in the extreme 
groups of the resonance range is small. 

- The deformation of the flux due to the background cross-
section at the interface of the resolved- unresolved reso-
nance representation is small. 

The GCSs in this case cannot overlap. 

Generally the GCSs from BLOCKs 6 and 7 on the mer-
ging input file should be calculated at the same temperatu-
re and SIG0 values. The only exception is the temperature 
value for GCS from BLOCK where only the calculation at tem-
perature at which the pointwise data are given are possible. 
For the group interval covered by GCS from BLOCK 4 the same 
cross section values for all the temperature values supplied 
by GCSs from BLOCKS 6 and 7 are used. To apply the temperature 
dependence to the data in the range of pointwise representations 
numerical Doppler-broadening would be required. This is beyond 
the capabilities of FEDGROUP, however FEDGROUP can process 
Doppler broadened files as produced by other codes (22). 
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6. INPUT DESCRIPTION 

6.1. Input data table 

The input data are subdivided into data types designated 
with letters A to L. 
Abbreviations: GCT - group constant type 

RDT - RFOD data type 

Tbl. 6.1. 

Data 
type Condition Purpose, variable names, 

(comment) 
Routine and 
statement 
seq.number, 
FORMAT 

A 
Comment card containing source lib, 
name, material name, source lib. 
flag and deck name 
CM(1), CM(2) ... CM(8) 

FEDGRUP,94 

8A10 

B 

IT- 1HT and 
IK - 1HK or 
IK - 1HU 

KEDAK or UKNDL PRAFO material 
specifications 
NAME, NMT 
(multiplicity NMT) 

KEDAK,47 or 
UKNDL,58 
110, 14 

IT - 1HT and 
IK - 1HE 

ENDF PRAFO material specifications ENDF,35 
NAME, NMT, NUJM, EBLAST, EPS 
(multiplicity NMT) . 

110, 214, 
E12.6,E10.3 

Material, number of GCTs, group 
system e.t.c. 
MATT, NTYP, NG, NP, NLL, NGL, 
NMAT, LA, NLIB, MLG 

INZEB,20 

110, 914 

NG - 0 

Special group system with fine 
group divisions 
NI 
EP, EM, MK, JI 
(multiplicity NI) 

INZEB,45,48 

14 
2E12.5,214 

NG > 1 
Group system different from the 
built in types 
WORK(J), J-I+l, I+NG+1 

INZEB,71 

6E12.5 

NP > 1 
Neutron flux energy and spectrum 
points 
WORK(J), W0RK(J+l), J+I+l, I+2xNP 

INZEB,102 

6E12.5 
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Data 
type Condition Purpose, variable names, 

(comment) 
Routine and 
statement 
seq.number, 
FORMAT 

G NMAT^IMEXL 
IME=1,NMAT 

Material, number of GCTs 
IW0RK(I+l), IW0RK(I+2) 

INZEB,131 
110, 14 

H 
Type number, block, group, tempe-
rature and SIG0 index intervals or 
group and moment intervals 
IWORK(J), J=I+1, 1+8 
(multiplicity NTYP) 

INZEB,144 

110, 714 

I Number of temperatures and SIG0 
NT, NSI 

INZEB,158 
214 

J NT > 0 Temperatures 
WORK(J), J=I+1, I+NT 

INZEB,164 
6E12.5 

K NSI> 0 Background cross-sections (SIG0) 
WORK(J), J-I+l, I+NSI 

INZEB,170 
6E12.5 

L 
Calculation precission parameters 
and boundaries 
NUJM, ERR, EEB(l), EEB(2), EEB(3) 

INZEB,174 

14, 4E10.3 

Variable names WORK and IWORK belong to the dynamic loading 
field. Index I used with them is the starting index after which 
the entries are read in and has the values of accumulated numbers 
of previous entries. 

Data types C to L are absent altogether when new RFOE 
without calculations is to be prepared. 

Data types G to L are repeated NMAT-1 times if more materials 
with the same parameters .0 to F have to be calculated. Note however 
that in the data type G only MATH (IWORK (1+1)) and NTYP (IWORK 
(1+2)) parameters may be redefined. 

When NMAT-1 repetitions are exhausted one may continue with 
data type C redefining all the parameters. The difference between 
the two possibilities (beginning with G or C) is, that in the 
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first case the same group structure and averaging spectrum are 
assumed. 

Specifying a blank card for data type C makes it possible 
to return to the main program and to start a new data set with 
data type A. Blank card not followed with new data set means 
end of job. 

5.2. Input data type A 

Job comment card is written to BFOD and to coded group 
constants library. Two items from the comment card (source 
library name and material name) appear in the group constant 
tables (routines TB1258, TAB390, TAB467). Source library tape 
label appear in BFOD catalogue print (routine PBCAT). This card 
also has some control functions. 

Data items: 
- source library/job name (columns 1-5) 
Values: 
ENDF - Evaluated Nuclear Data File 
KEDAK - Kern Data Karlsruhe 
UKNDL - United Kingdom Nuclear Data Library 
INDL - IAEA Nuclear Data Library 
LENDL - Livermore Evaluated Nuclear Data Library 
First letter of the library name is neccessary when 
processing source library. 

- library version number (column 6; value 1-9; optional) 
Appropriate source library/job name and library version 
number defines the value of the variable KLIB included 
in common block IDENT, which is written to group 
constants library. Variable KLIB represent library 
number and the values have the following meanings: 
0-9: ENDF; 10-19: KEDAK; 20-29: UKNDL; 30-39: INDL; 
40-49: LENDL 

- material/nuclide name (columns 11-20; optional) 

CM(1) 

CM(2) 
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CM(3) - source library tape/disc label or merge flags 
(columns 21-30) 
Values: 
Tape xXxxxx - when processing source library; only the 

first character in column 21 is tested; 
according to the first character of this 
item and the first character of source 
library name (item 1) the program decides 
which PBAFO routine will be activated 
(UKNDL, KEDAK or ENDF) 

Merge xyz - merging segment is activated; only the 
first character in column 21 is necessary; 
x,y,z are flags intented for special (non-
standard) merging cases; when no values 
for the flags are supplied the standard 
automatic merging procedures are assumed 
(values of the flags are zero); 
x-flag (column 26) defines the combination 
of BLOCKs 4, 6 and 7 whose data re to be 
merged. The values mean (value - combinati-
on of blocks): 1-467, 2-4, 3-6, 4-7, 5-46, 
6-47, 7-67; when x-flag is greater than 
zero the bordering groups of BLOCKs 
4, 6 and 7 are not weighted, and BLOCK 1 
GCS are ingnored in resonance data merging 
procedure. 
y-flag (column 27) is not used yet and 
is intended for further extension; 
z-flag (column 28) implies that the 
elastic (BLOCK 9) and the thermal inelas-
tic scattering matrix (denoted by BLOCK 
value 10) are to be added when the z-flag 
value is greater than zero. 

The comment card that activates the merging procedures 
must not appear more than once. 
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CM(4) - deck name (columns 31-40; optional). It is written as 
first record to coded group constants library file and 
used to store the group constants library with GDC 
system package UPDATE 

CM(7) - current date (columns 61-70; put to comment field by 
the program). 
Columns not mentioned or not used in current job (41-60, 
71-80, and 21-30 excluding character T and M in 21) 
may be used freely for some further comment information. 

6.3» Input type B 

This data type supplies PBAFO routines with material name, 
number of materials and (for ENDF/B PBAFO only) the interpolation 
precision parameters and the binding energy of the last neutron. 

All entries of this data type are dependent on the flags 
IT and IK defined in the main program FEDGBOUP as follows: 
IT-flag is decoded as first character of the source library tape 

label (word CM(3) on the job comment card). Only when IT 
equals 1HT one of the PBAFO routines will be processed. 

IK-flag is decoded as first character of the source library name 
(word CM(1) on the job comment card) and used to decide which 
PBAFO routine will be activated. 

NAME 

if IK 
NAME 

= - numerical material name 
When specifying more materials they must be given in 
the same order as they appear on the source library. 

= 1HK (KEDAK source library): 
= " atomic mass of the isotope, 000 for mixtures 

of isotopes 
i^ - 0 for atoms, arbitrary for compounds 
ir>igi^ - atomic number of isotope 
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if IK = 1HU (UKNDL source library): 
NAME = i^i-i " the last three figures of UKNDL DFN (Data file 

number) 

if IK = 1HE (ENDF/B source library): 
NAME = i,.i,i0i, - ENDF/B material number (MAT) 

NMT - number of materials (default = 1) 
The number of materials should be specified only on 
the first material card, on the others is to be left 
blank. 

NUJM - maximum number of points from linearization between two 
data points (default = 200) 

EPS - accuracy of the data linearization (default = .01) 

EBLAST - binding energy TeVj of the last neutron 
When this item is not specified an approximate value 
is calculated according to the liquid drop model. 

6 A . Input data type C 

This data type is the first and the main data card of the 
calculational part of the package. It includes material name, 
number of types, flag for group system, spectrum flag, number 
of materials, unit numbers and other flags. The first three 
entries must be specified, the others have default values. 
MATT = - material name (the same convention 

as for KEDAK PRAFO material name) 
~ atomic mass of the isotope, 000 for mixtures of 
isotopes (natural mixture) 

i^ - 0 for atoms, arbitrary for compounds 
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- atomic number of isotope 
Exception: for materials calculated from UKNDL 
BFOD the conventional material name should be sufixed 
in i10igig with UKNDL data file number (DFN) (in the 
UKNDL source library the same material could have more 
data file numbers) 

NTYP - number of GCTs 
NG - group system flag or number of groups. 

Values: 
-6 - 640-group extended SANDII library system 
-5 - 620-group SANDII library system 
-4 - 100-group DLC-library 
-3 - 69-group WIMS-library system 
-2 - 40-group GBACE-library system 
-1 - 26-group Bondarenko system 
0 - fine group system is constructed from a course 

group system specified by input 
NG>1 - NG is number of groups. NG+1 group boundaries 

(energies CeVj) is inputed in descending order 
beginning with upper boundary of the first group 

NP - flag for internally defined neutron flux spectrum, or 
number of neutron flux energy and spectrum points. 
Values: 
1 - standard spectrum defined by routine PHI and data 

statement in main program (default: 1/E + Maxwell + 
fission tail) 

NP>1 - NP is the number of neutron flux spectrum points 
read from INPUT 

NLL - flag for print out of group system energy boundaries 
and/or group constant tables. 
Value s: 
1 - boundaries of the group system and group constant 

tables are printed out 
0 - only group constant tables are printed out (default) 
-1 - neither group system boundaries nor group constant 

tables are printed out 
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NMAT - number of materials (default = 1 ) 
LA - address (word sequence number) of the word on the appro-

priate file, where binary FEDGBOUP group constants library 
(FGCLB) should be written (condition NGL> 0). 
When LA has a value > 1 it means, that LA-1 words are on 
the file already written and a new set should be added 
beginning with word LA. (User himself should care about 
the technical possibility of this procedure. Dealing with 
a CDC machine it is possible only when using local file 
on the system disc). 
Values: 
1 - open a new FGCLB (default) 
-1 - FGCLB is continued from its current end 
LA>1 - FGCLB is continued from LA-th word 

NLIB - file unit, where uniform binary data file (BFOD) resides. 
Values: 
12 - standard unit number (default) 

MLG - file unit on which coded FEDGBOUP group constants 
library (FGCLC) should be written. 
Values: 
0 - no FGCLC generation 
14 - FGCLC generation (default) 

6.5. Input data type D 

With this data type it is possible to define a special 
fine-group system which can be constructed from a coarse one 
with fine divisions of each coarse group. 

All entries are read under condition NG = 0. 

NI - number of coarse groups; 
EP,EM - upper and lower energy boundaries of a given coarse 

group in eV; 
MK - number of fine groups in a given coarse group; 
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JI - flag defining coarse group divisions. 
Values: 
1 - the divisions are uniform in energy intervals, 
-1 - the divisions are uniform in lethargy intervals. 

6.6. Input data type E 

With this data type it is possible to define a group 
system not included within the standard group systems in the 
package. The NG+1 group boundary energies OeV] are read under 
condition NG>1 into the dynamic field WOHK where NG is the 
number of groups. Energies must be read in descending order. 

6.7. Input data type P 

This data type is intended to define a neutron flux 
spectrum which is different from the standard spectrum calcu-
lated by the routine PHI. The entries are read under condition 
NP>1 into dynamic field WOHK where NP is number of points. NP 
pairs of values which represent the energy and the flux at that 
energy points are read in ascending order of energies. 

6.8. Input data type G 

When more materials have to be processed with the same 
data from D to P, data type G defines the next material name 
and appropriate number of data types. The entries are read 
into dynamic field IWOHK under condition NMAT > IME > 1. NMAT is 
number of materials and IME is control variable of the material 
DO loop in routine INZEB. 
IW0EK(I+1) - material name (the same convention as for data 

type C) 
IW0BK(I+2) - number of GCTs 
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6.9. Input data type H 

Data type H defines group constants type (GCT), BIXDCK 
number, group intervals, temperature intervals and background 
cross-section intervals or moment intervals. Its multiplicity 
equals the number of GCTs, denoted ITTYP, as defined by data 
types C or G. 

IW0HKCI+1) - group constant type (GCT). 
Generally GCT is the same, as BDT (see table 3.4.) 
from which appropriate group constant might be 
calculated. Often more BDTs are used for a GCT 
calculation. In some cases GCT means also a flag 
for special treatment which is BLOCK dependent. 
To choose the proper GCT see BLOCK dependence 
remarks in the next entry. 

IWOBK(1+2) - the BLOCK number where BLOCK is a segment of 
FEDGBOUP package, which produces the required 
group constants. Values for BLOCK number and GCTs: 
1 - Block for calculation of group averaged cons-

tants assuming infinite dilution. 
GCT should be included in BFOD as BDT. 

2 - BLOCK for calculation of group constants from 
the Greuling-Goertzel slowing down theory. 
GCT is arbitrary. 

3 - BLOCK for calculation of the group averaged 
total cross-sections and inelastic scattering 
transfer matrix. 
GCT is arbitrary. 
BDTs requested: 1005, 1015, 1004, 458 

4 - BIX)CK for calculation of the resonance screened 
and infinite diluted cross sections from the 
pointwise data. 
GCT is arbitrary with following limitations: 
if /GCT/<100 - lethargy weighted resonance 

integrals are calculated as the resonance 
screened data 
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if /GCT/>100 - group averaged resonance 
screened cross-sections are calculated 

BIXDCK for calculation of group averaged product 
of two energy dependent and pointwise given EDTs. 
GCT is constructed from the two EDTs according 
to definition: GCT = 10000 x BDT1 + BDT2 

BLOCK for calculation of the resonance screened 
and infinite diluted cross-sections from the 
resolved resonance parameters. 
For GCT in addition to the convention used with 
BLOCK 4 the following should be considered: 
if /GCT/< 0 single level Breit-Vigner formula 

is used. 
HDTs requested: 5152, 456, 4-58, 459 
BLOCK for calculation of the resonance screened 
and.infinite diluted cross-sections from the 
unresolved resonance parameters. 
GCT follows the same convention as in BLOCK 4. 
BDTs requested: 5153 and/or 5155, 458, 459 
BLOCK for group averaging of energy dependent 
quantities defined by the data contained on 
BFOD under format number 10 and/or 20 or by 
the input data types I, J and K. 
The data source and the calculated quantity 
are defined by GCT. 
GCT has to be constructed generally upon defi-
nition: GCT = EDTl0 x 10000 + BDT20; (10, 20 
are BFOD formats). 
Present status of the package allows only two 
GCTs: 
GCT = 4590000 for the calculation of potential 
cross-section with BDT 459 requested and 
GCT = 457 to get the average number of neutrons 
per fission with the same BDT requested. 
BIACK for calculation of the elastic transfer 
scattering or probability matrix. 
GCT is arbitrary with following limitations: 
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if GCT <100 or GCT £400-scattering cross-section 
matrix is calculated 

if GCT <200-scattering probability matrix is 
calculated 

if GCT<300-scattering cross-section matrix is 
calculated assuming = "fr 

if GCT <400-scattering probability matrix is 
calculated assuming cf@ = 

HDTs requested: 1002, 2002, 1251, 458, 459 
IW0BK(I+3) - the first group from which processing should proceed. 

Values: 
from 1 to the highest group in the group system, 
(default: 1) 

XV0BK(1+4) - the last group at which processing terminates. 
Values: 
from 1 to the highest group in the group system 
with the condition IW0RK(I+4) IW0RK(I+3) 
(default: last group in the system) 

- in conection with BHDCKs 6 and 7 these two entries 
define the sequence . number of the first and the 
last material temperature defined in the data 
type J; 
Values: 
from 1 to NT with condition IW0EK(I+6)> IW0HK(I+5) 

- in BLOCKs 4, 6 and 7 these two entries define the 
sequence number of the first and the last back-
ground cross-section value (SIG0) defined in the 
data type K to be used for the resonance screened 
cross-section calculations; 
Values: 
from 1 to NSI with condition IW0HK(I+8)^IW0HK(I+7). 
In BLOCK 9 these two entries define the first and 
the last moment from the moment value 0 (PQ) to the 
moment value 5 (P^) of the elastic scattering or 
probability matrix to be calculated; 

IW0BK(I+5) 
IV0BK(I+6) 

IW0BK(1+7) 
IW0EK(1+8) 
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6.10. Input data types I, J and Ji 

These data types are intended to define number of tempe-
ratures and number of background cross-sections, temperatures 
and background cross sections. If the user has special calcu-
lation requirements in BLOCK 3 it is possible to define these 
data types as the function parameters. No entries are read as 
data type J, when NT = 0 and no entries are read as data type K, 
when NSI = 0 . 

NT - number of temperatures 
NSI - number of background cross-sections (SIG0) 
WORK - temperatures from 1 to NT; 

WORK - initial cross-sections (SIG0) fbarnsl, from 1 to NSI; 
Values: 
from 0 to maximum real number allowed for the computer; 

6.11. Input data type L 

It includes calculation precission parameters and bounda-
ries. No default values are set for this data type. 

NUJM - iteration limit for integration. 
Recommended values: 
from 4 to 12; values lower than 4 seldom ensure con-
vergence of the integrals. For most cases accuracy is 
satisfied with NUJM value 10. It should be pointed out 
that by increasing the NUJM value the calculation 
execution time may increase considerably. 

ERR - accuracy limit for integration; it is related to the 
NUJM parameter. When higher accuracy is sought, NUJM 
is to be increased. 
Recommended values: .1 to .0001 
Defining the values as 0.01 usually gives satisfactory 
results. 
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EEB(l) - lower boundary of the range of validity of the resolved 
resonance parameters. 

EEB(2) - boundary separating the ranges of validity of the re-
solved and the unresolved resonance parameters respec-
tively. 

EEB(3) - upper boundary of the range of validity of the unresol-
ved resonance parameter. 
The parameters EEB(l), EEB(2), EEB(3) that define the 
range of calculation for BLOCKs 6 and 7 need not be 
specified in each case, because the range of calcula-
tion may be defined in several ways: 
1. by specifying the groups to be calculated by BLOCKs 

4, 6 and 7 explicitly. This way is recommended for 
KTVDAK source library. 

2. by presence of the EDT=456, which includes the above 
mentioned range values; only the groups that fall 
within that range will be calculated. This procedure 
is recommended for ENDF/B' data. 

3c by specifying the values for the above mentioned 
range parameters EEB(l), EEB(2), EEB(3); 
These data override information contained in EDT=456 
and are applicable to BLOCK 6 as well as BIX3CK 7 
calculations. Only the groups that fall within parti-
cular ranges will be calculated. 
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7. FEDGROUP-C ERRORS AND MESSAGES 

7.1. Checking the required length, of the dynamic field 

Overflow of the dynamic field was one of the most frequent 
errors in the original FEDGROUP version. In the FEDGROUP-C ver-
sion a large amount of memory (default 31 K) is reserved for the 
dynamic field to fit most, of the problems. The segment organi-
sation of the program is used. This seems to be more effective 
as to define the necessary amount of memory for each particular 
problem. However the required length of the dynamic field needed 
for the solution of particular calculation problem is checked at 
several points in the program. The checking is done with the 
routine COLE. If an overflow over the reserved dynamic field 
occurs the error message: 

REQUIRED LENGTH n AT DISPOSAL m, 
EXECUTION TERMINATED AT routine, statement sequence number 

is printed. 
In this case the lenghth of the dynamic field defined in main 
program FEDGRUP should be increased or less groups calculated 
in a single run. As the lenghth of the dynamic field is not 
checked everywhere in the program an overflow may still cause 
an operational system error. 

7.2. Overflow in the number of the interpolation points 

If between two points of a non-linearly interpolable 
cross-section set more points than a given limit (NUJM) are 
required in order to get a linearly interpolable set with given 
accuracy, then an error message: 
NUMBER OF THE INTERPOLATED POINTS IN ROUTINE sbr REACHED nujm 
BUT THE ENERGY OF THE LAST INTERPOLATED POINT ... eli 
DIDN'T REACH THE UPPER BOUNDARY OF THE RANGE ea, eb 
NO OF POINTS NEEDED; INTERPOLATION RATIO npm, d 
is printed. 
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The message is written by routine ERLIN, which is called 
from routines LINLOG, LOGLH and LOGLOG. Interpolation ratio 
is different in each of the. routines and has a form: 

( sigb-siga)/ALOG( eb/ea) in LXHLOG, 
ALOG( sigb/siga)/( eb-ea) in LOGLH and 
ALOG(sigb/siga)/A10G(eb/ea) in LOGLOG. 

Value (npm) returned by the program means the required number 
of points for adequate interpolation. If the user increases 
NUJM.to (npm) the specified accuracy (eps) will be reached and 
the message will not appear. 

7-3. Scratch file and RFOD file errors 

If an RFOD or scratch file to be read is empty an error 
message: 

END OF FILE ON UNIT n is printed. 
If some parity errors are found whil-e reading or writing an 
RFOD or scratch file an error message: 

PARITY ERROR UN UNIT n is printed. 

7.4. Error messages inherited from the original FEDGROUP 
version (l) 

ERROR NUMBER n IN routine 
where 

n - error type number 
If error number n $ 3°0 execution terminates and it continues 
if n >300. 

The table 6.1 describes the error numbers. In the brackets 
the routines with statement sequence number from which the mes-
sage can appear, are added. 
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Tbl. 6.1 

number' Description of the errors 
a. Card inout errors 

-ib - there is no Block with number (ib) (INZEB. 148) 
Check NTYP in data type C or G 

201 - the group boundaries are not in monotonic descen-
ding order (INZEB. 89) 

203 - the first group to be calculated is below the last 
one (INZEB. 148) 

204 - first parameters are not correctly refered (J2TZE3.151) 
205 - second parameters are not correctly refered (INZEB.152) 
320 - the arguments of the averaging spectrum function are 

not in monotonic ascending order (HTZEB.110) 

b. HFOD errors 
301 - negative cross-section (BL01.91, ANGL.115, INEL.92, 

DIV.71) 
302 - arguments of the cross-section are not monotonic ascen-

ding (3L01.60, ANGL.1QQ, HtEL.42) 

c. Absence of data 
350 - the required material is not in the EFOD. The next 

input data set is processed (GEOP. 36) 
351 - the required data type is absent (BL01.19, BLO5.13, 

BL08.31) 
352 - the required angular distribution are absent (BL09) 
353 - the first required energy point is lower than the lo-

west data point; cross-section in this point is ta-
ken to be zero (BLOI.35) 

354 - the last energy point is higher than the highest data 
point; cross-section is horizontally extrapolated within 
the group (BL01.48, ANGL,169) 

355 - no data within the specified range (BLOI.35) 
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Tbl. 7-1. continued 

Error number Description of the errors 

356 - inconsistent data in the unresolved resonance 
parameter set: number of 1 and I states not 
matched for the energy dependent and energy inde-
pendent parameters. 

357 - a single set of energy dependent unresolved resonance 
parameters given 

7.5. Convergence messages 

Romberg procedure is incorporated in all integration 
routines in FEDGROUP package except for the integration in 
routine BLO7. It is an iterative procedure which requires a 
minimum number of points at which the integrand has to be eva-
luated for a given accuracy. 

Absolute integration error in a subinterval is defined as 
the difference between the integrals calculated in the last two 
iterations. The total error in a group is the sum of the errors 
over all the subintervals in a group. The relative error is 
the total error normalised to the integral from the last ite-
ration. 

To avoid convergence messages the input entry NUJM as a 
maximum number of iterations should be increased or less ac-
curacy (entry ERR) requested. 

a. If integration procedure in routine SUIT does not converge, 
then a message 

NO CONVERGENCE IN INTEGRATION IN THE GROUP em,ep 
RELATIVE ERROR rer 

is written by routine FXINT, where (em) and (ep) are the 
lower and the upper group bondaries. 
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b. When no convergence is achieved in the resolved resonance 
region in the routine ROMRES a message is printed for each 
group: 

INTERVAL ep,em REL. ERRORS AT SIG0 (is) T (it) 
((Re (j) = tx), j = 1,5) 

Values (ep) and (em) are the subinterval energy boundaries; 
(is) and (it) are the consecutive numbers of the background 
cross-sections (SIG0) and the temperatures; 
(tx) are the relative errors of the integration of the 
product of flux with the total, elastic, radiative capture 
and fission cross-sections. The fifth (tx) value is the 
relative error of the flux integration. 

c. In routine BL09 the percentage (p) of the total number of 
angle integrals in a group (i) for which no convergence was 
achieved is written in the message: 

NO CONVERGENCE H p PERCENT OF ANGLE INTEGRALS H GROUP i 

Angle integration is performed for each energy point in 
the energy integration so the total number of angle inte-
grals might be very large. 

d. If no convergence is achieved in energy integration in the 
energy subinterval (ep), (em) in routine LMI a message is 
printed: 

NO CONVERGENCE IN ENERGY INTEGRATION IN GROUP i FROM em, ep 
MOMENT k GR « j INTEGRAL te RELATIVE ERROR per 

Value (k) is the moment (i = 0,1,2,3,4,5) and (j) is 
the group into which scattering takes place. 
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7.6. List of other messages 

a. FOB MATERIAL nane AND TYPE nt THE TEMPERATURE DEPENDENCE 
IS NEGELCTED, ONLY T = t IS TAKEN (UKNDL.146) 

From UETDL source library only the data for the first tem-
perature are taken and the data for the other temperatures 
are skipped. 

b. THERE ARE MOBE ANGULAR DISTRIBUTION FOR name, nt (UKNDL.246) 

From UKNDL source library only first angular distribution 
data set is written to RFOD, the other data sets are skipped. 

c. TEMPERATURE DEPENDENCE IN DATA CANNOT BE PROCESSED LT = It 
(ENDF.164, 278, 333) 

ENDF PRAFO can not process temperature dependent data.- The 
flag LT which indicates temperature dependent data in the 
ENDF/B files is printed and execution terminated. 

d. NUMBER OF INTERPOLATION RANGES = nr, DATA NOT LINEARIZED 
(ENDF.258) 
ENDF PRAFO takes no account of different interpolation 
ranges that may be prescribed for the angular distribution 
data. The first interpolation flag encountered is assumed 
to hold for all the data. 

e. INTERPOLATION H ENERGY int, DATA NOT LINEARIZED (ENDF.263) 

ENDF PRAFO does not include linearization of angular dis-
tribution data given in log-lin or log-log interpolation 
scheme. Only lin-lin or lin-log interpolation schemes are 
permited. 

f. RESOLVED RESONANCE PARAMETERS MODEL lrf (ENDF.426) 

The flag (lrf) defines the type of resonance parameters 
and has the following meanings: 
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1 - Single-Level Breit-Wigner parameters 
2 - Multi-Level Breit-Wigner parameters 
3 - Reich-Moore parameters 
4 - Adlei^-Adler parameters 

Only the first two types can he processed. 

g. MORE THAN ONE ISOTOPE PRESENT IN THE URP DATA RESONANCE 
DATA INCOMPLETE (ENDF.519) 

When unresolved resonance parameters include data for more 
than one isotope, only the data for the first isotope are 
written to the RFOD. 

h. xxxERRORxxx INT(L« 1, J» j) = ± 1 INT = ± 2 ASSUMED (RDPAR.46). 
For a given energy interval in the unresolved resonance 
parameter data the same interpolation rule is assumed for 
all 1 and J values. 

i. ELEMENT matn IS NOT 0N TAPE (FINDFB.10) 

The supplied ENDF/B source library does not include the 
material specified on input. 

j. NONSTANDARD SPECTRUM-NUMBER OF SPECTRUM POINTS np (INZEB.93) 

Nonstandard spectrum was read from the input. 

k. THE MATERIAL matn IS NOT IN THE LIBRARY (GR0P.36) 

The supplied RFOD file does not include material requested 
from input. 

1. *** RESONANCE PARAMETERS NOT RECOMMENDED FOR CALCULATIONS 
(GROP.216) 

The message may appear for resonance data on RFOD obtained 
from KEDAK source library when the evaluators recommend 
pointwise data in preferance to the resonance parameters. 
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nz REPETITIONS OF (BL01.90) 

In BLOl the error for data from RFOD may appear for a num-
ber of data points. Therefore the occurrence of an error 
type is counted and the count together with the error type 
is printed out. 

THE ENERGY OF THE FIRST INELASTIC LEVEL fa IS HIGHER THAN 
THE GROUP UPPER BOUNDARY eg(l) (INEL.18) 

Threshold for inelastic scattering is higher than the upper 
boundary of the first group"requested. 

THE LOWEST POINT OF THE INELASTIC SCATTERING work (l) 
IS HIGHER THAN THE UPPER GROUP BOUNDARY eg(l) (DIV.31) 

The first energy point of the inelastic total or continuum 
data is higher than the upper boundary of the highest group. 

BL04 ALLOWS ONLY FOR A SINGLE TEMPERATURE AS GIVEN ET 
THE SOURCE DATA (BL04.23) 

Pointwise data are given only for a single temperature. 
BL04 segment does not include numerical Doppler broadening 
procedure. 

X3E BL06 sec NO RESONANCE DATA (EL06.16) 

Data type- 5152 is not on the supplied RFOD. 

3QQ€ BL07 3 Q Q E NO RESONANCE PARAMETERS (BLO7.I6) 

Data types 5155 and 5155 are both missing on the supplied 
RFOD. 

INSUFFICIENT FIELD LENGTH FOR COS DI BANG AT DISPOSAL 201 
REQUIRED ndat (BANG.41) 

This message may appear if the source data includes more 
than 201 points to represent the distribution. 
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8. STRUCTURE OF THE FEDGROUP GROUP CONSTANTS LIBRARY 

The FEDGROUP group constants library consists of a 
series of Group constant sets (GCS). Each group constant set 
consists of 12 integer data, indentifying the set and a defi-
nite number of group constants (real numbers) belonging to a 
group constant type. 

One or more GCSs, that were processed together are pre-
ceded by a COMMENT card written to the library file by the 
main program. The detailed explanation about the information 
on COMMENT card is given in chapter 5-

The identifying data of a GCS have the following meaning 
(the same as for data in COMMON block IDENT): 

MAIN - material name 
GCT - group constant type 
BLOCK - number of BLOCK producing the constants 
KLIB - source library number 
NR1, NR2 - first and last included groups 
NL - the length of the real part of a GCS 
ID(8)-ID(12) - reserved for further identifying data 

(set to zero) 

The values for the identifying data ID(8) - ID(12) cannot be 
provided by the package at the present status. To allow a more 
general use of the library format, the oportunity is offered 
to define some further identifying data. 

The structure of the real part (the group constants) of 
a GCS depends on the group constant type (GCT) or implicitly 
on the BLOCK by which the GCT was processed. 

a. GCSs processed by BLOCK 1, 2, 5 and 8 

(8x(i), i = NR1, NR2) where 

= group averaged parameter (usually the cross section 
for reaction x at infinite dilution) 
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NE1, NS2 - the first and the last group processed 
NGR - number of groups in group interval including NE1 

and NB2 
M, = NGS 

GCSs processed by BLOCK 3 and 9 

M^M^ClGUCi), IGT(i) 

((8sd(m,k,i), m = M^M^), k = i-IGU(i), i-IGU(i)+IGT(i) - 1), 

i = NH1, NR2) 
NL = 2 + x G IGT(i) 

i=NRl 

M̂ - - lowest Legendre momentum (= 0 for BLOCK 3 data) 
M^ - highest Legendre momentum (= 0 for BLOCK 3 data) 
IGU - number of energy higher groups into which scattering 

takes place from the current group 
IGT - total number of the groups into which scattering 

takes place from the current group 
- differential scattering cross-sections 
This structure of the real part of a GCS is applied for 

the elastic scattering probability and cross section matrix 
as well as for the inelastic scattering matrix in the thermal 
and the fast region. 

The integer quantities that appear in the real part 
of a GCS are written as floating point numbers. 

GCSs processed by BLOCK 4, 6 and 7 

NT, NSI, (T(i), i = 1, NT), (30(i), i = 1, NSI), (<?ti(i), 
i = NR1, NR2), (3ri(i), i = NE1, NB2) , (<?ei(i), i = NE1,NE2) , 
(2ff.(i), i = NH1, NB2), (X*(i), i = NR1, NH2) , 
CC(o^.sCk, j ,i), ^ s(k,d,i), Cfes(k,j,i), 6'fs(k,d,i), k = 1,NT), 
j = 1, NSI), i = NE1, NB2), 
C((<J>s(k,d,i), k = 1, NT), d = 1,NSI), i = NR1,NR2), ( ^ ( i ) 
i = NE1, NB2) 

NL = 2+NT+NSI+( 6+ 5xNSI*NT ) *NGB 
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where 

NT, NSI - number of temperatures and number of background 
cross-sections 

T, - temperatures and background cross-sections 

^ti'^Vi'^ei'^fi ~ diluted cross-section for reac-
tions total, (n,gamma), elastic and fission 

Goldstein-Cohen parameters (in tables named GMMA) 

, 6 ' y s , 6 ' e s - screened cross-sections for reactions to-
tal, (n,gamma), elastic and fission 

- fluxes corresponding to screened or infinite diluted 
cross-sections 
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9. FEDGROUP-C PACKAGE SEGMENTATION 

In order to use the available computer memory effici-
ently, the loading of the package was organized in segment 
structure. The input cards for the CDC system loading program 
SEGLOAD are added below. The cards show quite clearly hoxv 
the segments are connected together and which routines belong 
to each particular segment. The hyphen sign(-) in TREE direc-
tive means coexisting, the comma (,) indicates mutually exclu-
sive residence and the parentheses means algebraic grou-
ping of the segments. On the left side of the INCLUDE directi-
ve appear segment names and on the right side the routines, 
that the particular segment comprises. With GLOBAL directive 
some COMMON blocks are made permanently resident. See figure 
8.1 on next page. 

FEDGRP TREE FEDGRUP-(ARED-(UKNDL,KEDAK,ENDF),MERGA, 
, INZEB-(DEFGR,BLO1,BL02,BL03,BL04,BL05,BL06,BL07,BL08, 
,BLOS-(PARANG,WAHRS),VIVOD)) 
FEDGRUP INCLUDE FEDGRUP,MRIB,REB,WRIMA,ERROR,BUFIN,COLE 
ARED INCLUDE ARED,SLOV,INTR,SKIP,FINDEL,INTW,PRCAT 
UKNDL INCLUDE UKNDL 
KEDAK INCLUDE KEDAK,RAD,MOVE 
ENDF INCLUDE ENDF, RENRES, MFO , GAMAN, LOGLIN, ERLIN,ZEROS 
ENDF INCLUDE SKIPE,LOGLOG,LINLOG,INTERP,FINDFB,RESORT,EBL 
MERGA INCLUDE MERGA,IDSRC,MGROUP,MRG1,MRG467,MRG39,WRISC,WRITM,FLSC 
INZEB INCLUDE INZEB,REMA,NREB,ZWIN,FINT,PHI,GROP 
DEFGR INCLUDE DEFGR,MINIM,MINAD,REQT,CIMIR,INIB 
BLOl . INCLUDE BLOl,RANDA,FXINT,SINT,FIQ,PS I,SGFI,TRPRO 
BL02 INCLUDE BL02,LEGDIS,LEGMU,PTL,REANG,BANG,GAMFUN,FXINT,SINT 
BL02 INCLUDE FIQ,PSI,SGFI,TRPRO,RANDA,FINT 
BL03 INCLUDE BL03,INEL,EXD,WINELS,DNFAK,DIV,FXINT,SINT 
BL03 INCLUDE FIQ,PSI,SGFI,TRPRO 
BL04 INCLUDE BL04,CIWI,FLUKOM,RANDA,FXINT,SINT,FIQ,PSI,SGFI,TRPRO 
BL05 INCLUDE BL05,FLUXUM*FXINT,SINT,FIQ,PSI,SGFI,TRPRO 
BL06 INCLUDE BL06,RESKO,RESCAL,ROMRES,RESEC,W,ATRES 
BL07 INCLUDE BL07,RDPAR,URESE,URINT,URSEC,FJ2,EPS I,RESTAT 
BL07 INCLUDE SINT,FIQ,PSI,SGFI,TRPRO 
BL08 INCLUDE BL08,TRPRO,FUNS,PARFI,PARINT 
BLOS INCLUDE BL09,IRCi,PTL 
PARANG INCLUDE PARANG,LEGDIS,FLUXEQ,BANG,REANG,RANDA,LEGMU 
WAHRS INCLUDE WAHRS,HIDR,GXP,LMI,AKOR,INTEN,AMESH,ANINT,TRPRO 
VIVOD INCLUDE VIVOD,TBI258,TAB390,TAB467 

GLOBAL ABSC,luZNT,DOPT,LCLCLC,CROS,PEIF,UKKE,ACCU,INTG 
GLOBAL ADJB6,SPECT,ANKOR 
END FEDGRUP 
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FEDGRUP (ROOT,39.6)-

r ARED (0.8 

U22TDL (1.2) 

KEDAK (1.6) 

L ENDF (3.6) 

-j BL04 (1.6) 

- INZEB (2.2) 

DEFGR ( O A ) 

BL01 (1.2) 

BL02 (2.6) 

BL03 (2.0) 

BL05 (1 A ) 

3L06 (1.9) 

3L07 (1.7) 

BL08 (0.7) 

-3L09(0A) -
rPARANGd.], 

LwAHRS(l.5) 

VIVOD (2.2) 
L MERGA (4.2) 

Fig. 9-1 Schematic representation of the principal segment 
structure. 
The addresses are ascending from left to right and 
the lines connect the points with the sane addresses 
In brackets the approximate lengths of the segments 
in kilowords are given. 
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10. FEDGROUP-G AUXILIARY PROGRAMS 

10.1. The purpose and a short review 

The package of FEDGROUP auxiliary routines includes 
codes for printing an RFOD, the tables of the GCSs, the con-
tents of the FEDGROUP library, for deleting the GCSs from the 
FEDGROUP library, for merging the library, for rewriting the 
library to a "fast acces" word address file, for converting 
the FLANGE results format to FEDGROUP library format, for 
mixing the GCSs to get a GCS for a material mixture and the 
FEDGROUP-WIMS interface for updating the VIMS library. 

In this chapter the following programs are described 
(names of the subroutines which they use appear in brackets): 

a. RFT (BUFIN, PRCAT) 

Prints out the catalogue of an existing RFOD file, which 
includes the TOC and DATA HEADINGS in the same form as it 
is printed at RFOD generation. 

b. BFD 

A part or the whole RFOD is printed out in AM- page size 
format. 

c. TBL (TB1258, TAB390, TAB467) 

Prints out GCSs from a FEDGROUP library in form of tables. 

d. FLIST 

Lists out the contents of a coded FEDGROUP library in form 
of COMMENT and IDENT cards 

e. FLDEL 

From coded FEDGROUP library it delets data sets whose idents 
match those read from input. 
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f. Subroutines FLSC and FLSW 

The generally used routines are intended to search and 
retrieve a GCS from a given library. When the library is 
coded, FLSC is used and when the library is rewritten with 
program FLWA, FLSW is used. 

h. FLWA 

Rewrites a coded FEDGROUP library file to a binary word 
address file with index record at the beginning. 

i. FLACOF (BL10, TCON, BL1) 

Converts the FLANGE results punch file to coded FEDGROUP 
library file. 

k. FEDWIM (WMSLIB, MTDEL, RENM, NF1235, SCATT, NF678, 
RESFR, P1MTX, ITEMP, XSGS, SGTR, SGA, CHI, 
GAMM, NISGF, FLSC or FLSW, CPYCR, CPYF, SKIPCR, WRT, 
ENDR) 

Deletes materials and inserts new materials into the WIMS 
library from the FEDGROUP library. 

10.2. Program RFT (TAPE12, OUTPUT, TAPE6 = OUTPUT) 

The program prints out the catalogue (the TOC and the 
DHs) of an RFOD, given on the file TAPE12. The routines BUFIN 
and PRCAT that are part of the FEDGROUP-C package are called 
in this program. No input entries are required. 

Files used: 
TAPE12 - RFOD file 
TAPE6 - OUTPUT file 
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10.3. Program BFD (TAPE1, TAPE2, OUTPUT) 

The program prints out the data from a given BFOD in A4 
pages size format. Absolute address of the first datum in each 
line appears on the left. Any combination of intermixed integer 
and real data items for the Data Headings may be printed in the 
same print line. 

Files used: 
TAFE1 - BFOD file 
TAPE2 - Input file; neccessary when only a part of the BFOD 

is to be printed out. 

The value IB read from TAPE2 in format 18 is the address up to 
which the BFOD should be printed out. At least the TOC and DHs 
are printed regardless of the value of IB. If no entry on input 
is specified, the whole BFOD is printed out. 

10.4. Program TBL (TAPE5, TAPE6) 

The program prints out the tables of GCSs from a FEDGBOUP 
library file on tape 5« It stores the GCSs belonging to the 
BLOCKs 1, 5 and 8 in an array A(10000) to print them in a 
single table. Only those GCSs from BLOCKs 1, 5 and 8 are prin-
ted together that are stored on the file in a sequence and not 
interupted with a GCS belonging to another BLOCK. 

Files used: 
TAPE5 - library file to be tabulated 
TAEE6 - print file 

The routines TB1258, TAB390 and TAB467 called from this program 
are a part of the FEDGBOUP-C package. 
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10.5. Program FLIST (FL, OUTPUT, TAPE5 = FL) 

The contents of a FEDGROUP library is listed out in form 
of deck name, COMMENT and IDENT cards. No input entries are 
required. 

Files used: 
FL - FEDGROUP library (TAPE5) 
OUTPUT - print file 

10.6. Program FLDEL (TAPE5, FLO, FLN, OUTPUT, TAPE1 = FLO, 
TAPE2 = FLN) 

This program can be used to delete the GCSs from a 
FEDGROUP library. The GCSs that are to be deleted are defined 
with IDENT entries on input file. Only those IDENT entries are 
to be specified on the delete card which are necessary to find 
the proper data sets. For example: When all GCSs belonging to 
one material are to be deleted, only the material and the flag, 
that the delete card is to be in force for the whole library, 
is to be specified. 

Up to 30 delete cards can be specified on input in a 
single FLDEL run. They are stored in two dimensional array 
IDD(I,ND), where ND is the counter index of the current delete 
card. After all delete cards are read in^ND is the number of 
delete cards. 

At the end of the deleting procedure the library is 
rewritten without deleted GCSs. The original contents of the 
library is listed out (similarly as by program FLIST) with 
remarks "xx DELETED xx" at the right side. 

Files used: 
TAPE5 - input file 
FLO - old FEDGROUP library 
FLN - new FEDGROUP library (without deleted GCSs) 
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Input entries: 

Comment card ; format 8A10 
CM(8) - arbitrary comment 

Delete cards ; format 2110, 715 
IDD(1,ND) - material name 
IDD(2,ND) - GCT 
IDD(3,ND) - BLOCK number 
IDD(4,ND) - source library number 
IDD(5,ND) - first included group 
~IDD(6,ND) - last included group 
IDD(7,ND) - the length of the GCS (without IDENT) 
IDD(8,ND) - temperature at which the group constants 

are evaluated 
IDD(9,ND) - flag indicating whether the delete card 

is to be applied only to one GCS (value 0) 
or it should be in force for the whole 
library (value 1) 

10.7. Subroutine FLSC (WO, IFL) and FLSW (WO, IFL) 

These subroutines are intended to search the FEDGBOUP 
library for the GCS whose ident data are defined through common 
block IDENT from the calling program. They function identically 
and retrieve GCS from the FEDGBOUP library into the field WO 
supplied from the calling program. For the coded library the 
subroutine FLSC is used and for the word address library sub-
routine FLSW is used (see section 9.9.). In FLSW the library 
file with logical name FLW is defined internaly. For FLSC it 
has to be defined in the calling program with file unit number 
which appears as the fourth word of the common block PEIF.- In 
both subroutines the print file for the diagnostics has to be 
defined in the calling program with file unit number which 
appears as the second word of common block PEIF. When searching 
the GCS the following GCS identifiers are compared to the 
IDENT data (the first variable in brackets is the one retrieved 
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from the library and the second is the one requested through 
the common IDENT): 

a. Material name (MAT/MAIN) 

b. Block number (NB/NBL) 

c. Group constant type (NT/NTP) 

The test is applied only to BLOCK 1, 2, 5 and 8 data 
- for BLOCK 5 the GCT from IDENT (NTP) and the one found 

in the library (NT) are preprocessed as follows: 

NTT = (NT/10000) + NT - (NT/10000 x 10000) and similarly 

for NTP. 
This is necessary because the GCTs from Block 5 consist 
of two BDTs. The same group constant type is produced 
regardless of the order in which the BDTs are specified. 

- for BLOCK 2 the requested GCT from the calling program 
is set as the consecutive number of the Greuling-Goertzel 
group constant (values: 1-6) in a set. Only this group 
constant type is placed to the beginning of the WO field. 

On exit, for Blocks 5, 6, 7 and 9 the GCT in IDENT is 
redefined as found in the library. 

d. The first and the last required groups (variables: NI, N2/ 
NB1, NB2) 

For Blocks 1, 2, 5» 8 only the required groups are placed 
to the beginning of the WO field. The groups not included 
in the GCS found are set to zero. For Blocks 3» .4, 6, 7» 9 
all the groups found are put to WO field. The variables 
of the required groups (NB1, NB2) are redefined as found 
in the library. 

The variable IFL which is a formal parameter of the 
subroutines serves as a flag with the following definitions: 

on input: IFL/3 rewind the FEDGBOUP library before com-
mencing the search 

IFL=3 search the library from the current position 
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on exit: IFL=0 library search is successful*IDENT values are 
printed on the diagnostics file. 

IFL-1 appears only for GCS belonging to BLOCKs 
1 , 2 , 5 and 8 and means that the GCS found 
was incomplete. The remark "ZERO FILLED" 
is added to IDENT printout. 

IFL=2 The GCS was not found and the remark 
"NOT IN FL" is added to IDENT printout. 

10.8. Program FLVA (TAPE5, FLC, SCR, OUTPUT, TAPE1=FLC, 
IAPE2=SCR) 

The program rewrites coded FEDGROUP library to a binary 
word address organized file with records comprising one GCS. 
The first record (index record) carries the total number of 
records in the library, the IDENTs and the address of all 
remaining records. Deck and comment cards are excluded from 
the word address library. The purpose of converting the library 
from coded to word address is to achieve much faster access 
to each particular GCS. If for example a GCS not present is 
sought in the coded library, all the GCS must be read and tested. 
If in a word address library the requested GCS is present it is 
read directly from the appropriate address. The time required to 
retrieve a particular GCS can be more than one order of mag-
nitude shorter than in the case of the coded FEDGROUP library. 
For generation of the word address file the CDC FORTRAN -
RECORD MANAGER interface routines are used. The size of the 
array ID (1800) allows to rewrite the library with up to 200 
GCS. The maximum length of a GCS is limited with the array 
WO (15000). 

Files used: 
TAPE5 - input file 
FLC - coded library file (TAPE1) 
FLW - word address library file (defined with Record 

Manager interface routines) 
SCR - scratch file (TAPE2) 
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^st word t CM - 6 t h 

?th word 
8 t h word 
9th word 

After the word address library is completed the index record 
is listed in form of a table. The index record is divided 
into sets of nine words. The first set contains as follows: 

- number of GGSs 
word - zero 

- length of the index record 
- zero 
- address of the index record (value = 1 ) 

The remaining sets are constructed as follows: 

1 s t _ s t h word - ident values of the GCSs from the coded 
FEDGROUP library 

tti 9 word - the address of the -first word of each GCS 

10.9. Program FLACOF (TAPE5, OUTPUT, TAPE14, TAPE15, 
TAPE6 = OUTPUT) 

The program allows the FLANGE results to be used as 
complementary group constants to those calculated by 
FEDGROUP-C. The FLACOF program converts the FLANGE punch file 
into FEDGROUP library format according to the conventions 
stated below. 

The group constant type in the FLANGE punch file is 
defined in columns 1 to 8. These columns are used in the 
group constant type number conversion table in routine TCON 
to define the FEDGROUP group constant type number GCT and 
Block number BLOCK. Note, however that the conversion table 
may be incomplete. Apart from the scattering matrices, the 
absorption, fission, scattering cross-section and the product 
of the average cosine of scattering with the scattering cross-
section can be processed. The elastic, inelastic and total 
scattering cross-sections are all treated as elastic scattering 
when producing the FEDGROUP library file. 
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Input description: 

Card Column Datum Description 

1 1-10 Deck name written as the first record 
in the FEDGROUP library file. 

11-20 NG Number of groups in the FEDGROUP library 
file. If n groups are calculated in the 
FLANGE run these are assumed to be the 
last n groups out of NG groups in the 
whole group system. 

2 1-10 MTFl FEDGROUP material number 

11-20 AMT2 FLANGE material number 

3 One or more cards of the same form as 
card 2 depending on the number of diffe-
rent materials contained in the FLANGE 
punch file. 

Note: 
- If card containing MTFl and AMT2 is omitted FLANGE material 

number is assumed as the FEDGROUP material number written 
in integer format. 

- All consecutive group constant types with FLANGE material 
name AMT2 are converted into FEDGROUP format as material MTFl, 

- There may be more than one material present in the FLANGE 
punch file. When another material is encountered, another 
pair of values MTFl and AMT2 are read if they exist on the 
input file. The same material name conversion conventions 
apply as described in the above two notes. 

- If material number conversion is required for more than one 
material the pairs of values MTFl and AMT2 must be in the 
same order as they appear in the FLANGE punch file. 

- The first column in the FLANGE comment card must not be 
numeric. 

- If input is omitted, no deck card is written and 69 group 
system assumed. 
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10.10. Program FEDWlM - interface program for updating the 
VIMS library 

10.10.1. Introduction 

The VIMS 69 group library covers a fairly wide range 
of materials for various reactor calculations however there 
are cases in which the library is found to be inadequate 
either because the data in the library are old and obsolete 
or because they are entirely missing. To replace the entire 
library would be a difficult task and perhaps not so satis-
factory especially since the library had been adjusted ac-
cording to some integral measurements to give good results 
for a large variety of cases. Instead we decided to simply 
update the library by providing the capability to delete 
materials or insert new materials into the WIMS library. 

10.10.2. Procedures 

The source of the group constants for updating the 
WIMS library is the FEDGBOUP library. The group constants 
may be the results of FEDGBOUP-C calculation directly or they 
may be produced after pre-processing by FLMEBGE if neccessary. 
alternately they can be calculated by another program and 
converted into FEDGBOUP format as it is the case with the 
FLANGE results in the thermal region, preprocessed by the 
program FLACOF. 

The link between FEDGBOUP group constant library and 
the WIMS library interface program FEDWIM is the retrieval 
routine FLSC. Betrievals from the FEDGBOUP library are per-
formed by searching the library for the BIXDCK and the Groups 
constant type number (GCT) which define the group constant 
sets for a particular material. The appropriate values are 
defined in table 9.1. 
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Updating of the library is performed in the following 
manner: the source library tape is read, the appropriate data 
excluded from the VIMS library or added from the FEDGBOUP 
library for the first material specified in input. The so 
updated library is written onto the first scratch file. 
This file is then read and the second cycle of alternations 
performed by writing the new library on the second scratch file. 
The procedure is then repeated by reading one scratch file 
and writing on the other until all the materials specified 
in input are exhausted. The last material successfully 
processed (which may not be the last specified in input in 
case of an abnormal termination) is then copied to the file 
defined for the updated VIMS library. All VBITE statements 
are formatted as 80 column records to allow writing directly 
an magnetic tape if required. 

The files required by the program are the following: 

TAPE3 - VIMS source library (unaltered on exit) 
TAPE4 - updated VIMS library 
TAPE5 - card input defined in section 9.12.5* 
OUTPUT - TAPE6 - file containing diagnostics 
TAPE14 - FEDGBOUP library in card image format (unless 

the word address file is used) 
TAEE15 scratch file 
TAFE15 scratch file 

The program card is as follows: 

PBOGBAM FEDVIM (TAPE3, TAPE4, TAPE5, OUTPUT, TAPE14, 
TAPE15, TAPE16, TAPE6 = OUTPUT) 

10.10.3. Group constants construction 

Several types of group constants are required to update 
the VIMS library. They may be constructed by a number of com-
binations of the data. For greater flexibility and a high 
degree of automation, several combinations of data are permis-
sible depending on the availability. Construction of the group 
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Table 10.1. Group constant sets defined by the block number 
(BLOCK) and the group constant type number GCT. 
EFOD-data type BDT is the number which defines the 
reaction type 

BLOCK GCT Description of the contents of the group 
constant set 

BDT 

2 arbitrary 

arbitrary 

arbitrary 

BDT 1 BDT2 

6 
7 
8 

arbitrary 
arbitrary 
m T l O E D T 2 0 

9 arbitrary 

GCT set is BDT for all BDT stored under 
NTF = 1 on BFOD 
Two or six (depending on the mass number 
of the target nucleus) Greuling Goertzel 
slowing down constants are included in a 
data set (for definitions see ch.4). 
Although GCT is arbitrary, each of the 
group constant types in the set can be 
obtained by specifying n instead of the 
GCT when retrieving the data with FLSC, 
where n is the consecutive number of the 
group constant type in this set. 
The data set includes the total inelastic 
scattering cross-section and the inelastic 
scattering matrix. 
The data set contains the infinite dilute f 
the resonance screened cross-sections and 
the Goldstein-Cohen parameters. GCT is 
arbitrary but subject to limitations as 
described in Ch. 5* 
The group constant set contains the group 
averaged product of two quantities defi-
ned by BDT]_ and BDT2 each stored under 
NTF = 1 on BFOD. 
GCT = BDTj x 10000 + BDT2 
RDT^ anci RDT2' may be interchanged 
same as for BLOCK = 4 
same as for BIXDCK = 4 
In general GCT = BDT 1 0 x 10000 + BDT2Q 
where E D T ^ and RDTOQ are RFOD data 
types stored under format 10 and 20 
respectively. At present only GCT = 
= 4590000 for potential scattering and 
GCT = 457 for the average numbers of 
neutrons per fission is allowed 
The data set contains the elastic scattering 
matrix. GCT is subject to limitations des-
cribed in Ch. 5. 
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constant sets is performed in the same order of preference as 
stated below: 

a. Potential scattering <S in the resonance region is retrieved 
as BLOCK = 8, GCT = 4590000. This data set must be present 
in the library. 

b. Lethargy weighted slowing down p o w e r f i n the resonance 
region where ^ is the average lethargy decrement per col-
lision, d Q is the scattering cross section and tT the group 
lethargy width: 

(i) The product % is retrieved as BLOCK = 5, GCT = 
= 12521002 and the values diveded by the group 
lethargy width. 

(ii) \ is retrieved as BLOCK = 1, GCT = 1252 

(iii) %±s retrieved as BLOCK = 2 , GCT = 1252 

(iv) Scattering is assumed isotropic and ^ calculated 
accordingly. 

(v) is retrieved as BLOCK = 1, GCT = 1002 (the elastic 
contribution only is considered). If this data set is 
not in the library the potential scattering is used 
instead BLOCK = 8, GCT = 4590000. The product with % 
is then calculated and normalised with V . 

c. Transport cross section which may be temperature depen-
dent in the thermal region. 

(i) absorption cross section is calculated as 
described in d. 

(ii) The scattering cross section is retrieved as in 
b.(v). 

(iii) The product is retrieved ( w h e r e i s the average 
cosine of the scattering angle) as BLOCK = 5, GCT = 
= 12511002. This averaged product is then subtracted 
from the sum of and € retrieved in (i) and (ii) 
and division by t performed. 
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(iv) JT is retrieved, as BLOCK = 1, GCT = 1251. The averaged 
product Jud'g is approximated by the product of the 
averages. The product of Jx and € retrieved under 
(ii) is subtracted from the sum of and retrieved a s 
under (i) and (ii) and division by "U performed. 

d. Absorption cross-section which may be temperature de-
pendent in the thermal region is 

(i) retrieved directly as BLOCK = 1, GOT = 1101 

(ii) calculated as the sum of the total capture cross-
section BLOCK = 1, GCT = 1100 and fission cross-
section , BLOCK = 1, GCT = 1018. 

(iii) Calculated as the sum of the partial cross-sections . 
5L <T . C . and 6l ~ with BLOCK = 1, GCT = 1102, n j f 7 n p n d n f 1 

1103, 1104- and 1018 respectively. 

(iv) If the above attempts fail, reconstruction is attemp-
ted as the difference between the total cross-section 
tfj. BLOCK = 1, GCT = 1001 and the scattering cross-
section 6"„ which includes the elastic and the ine-
lastic contributions. The elastic contribution is 
retrieved as described in b.(v). The inelastic contri-
bution is calculated as the sum of the cross-section 
^nn1 a s B L 0 G K = = o r BLOCK = 3 and partial 
cross sections 6*, ~ BLOCK = 1, GCT = 1016 and d * n dn 7 n 3n 
BL0CK= 1, GCT = 1017. 

e. The parameter X for the resonance groups used in the cal-
culation of equivalence principle: 

(i) the same values as in the WIMS-D library are inserted 
for the appropriate materials. 

f. The Goldstein Cohen parameter X ^ for the resonance groups: 

(i) resonance data are retrieved with BL0CK=4-. These data 
may be calculated in the NE approximation using 
Block 4 or 7 which implies = 1, or the Intermedia-
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te Resonance approximation in the resolved resonance 
region if Block 6 is used in the calculation. 
The limiting values 0 ^ AQ 4 1 are implied. 

(ii) If resonance data are absent, X ^ = 1 is used. 

g. The product V C ^ for fissile nuclei where V is the average 
number of neutrons per fission and is the fission cross-
section. 
(i) The product is retrieved directly as BLOCK = 5» 

GCT = 40181018. 

(ii) The averaged product is approximated by the product 
of the group averaged VjBLOCK = 1, GCT = 4018 and 

BLOCK = 1, GCT = 1018. 

h. The fission cross-section for fissile nuclei: 

(i) fission cross-section is retrieved as BLOCK- 1, 
GCT = 1018. 

i. The scattering matrix is calculated as the sum of the 
elastic and the inelastic contributions BLOCK = 9 and 
BLOCK = 3 except in the thermal region where the search 
for the data set BLOCK = 10 is first attempted to check 
for temperature dependent data. If all the data set are 
missing the cross section is assumed zero. 

j. Lethargy weighted resonance integrals defined as 

R I / T J 6 V 0 K d E T g 

definitions g - the energy group interval 
6"x - 5; or V6-f 

0 - resonance screened flux 

The data are retrieved as BLOCK = 4. This data set must be 
present in the library if resonance tables are requested. 
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k. The P 1 scattering matrix may be replaced upon request, 
following the same rules as in i. 

10.10.4-. Temperature dependent data conventions 

Some special conventions apply for the data in the 
thermal region to allow for different atom binding and data 
sers at various temperatures. To distinguish between the various 
cases the search for the material with a modified material 
number MATN* is first attempted. MATNX is defined as 

MATNX = MAIN + 1000 x MP + 1000000 x NT 

MP - a number used to distinguish between the data sets in 
the thermal region representing different atom binding 
of the same nuclide (for example to distinguish between 
hydrogen bound in water and in zirconium hydride). 

NT - a number used to distinguish between data sets in the 
thermal region at different temperatures. For each data 
set the value of NT is increased by one. The actual tem-
peratures need not be in order. 

The program FLACOF which converts the FLANGE results into 
FEDGBOUP format is consistent with the above conventions. 

10.10.5. Input description 

Card ;Column j Datum ! Description 

1 i 1-80 jCM Comment card which appears as the first 
statement on the output diagnostics. 

2 1-12 : MTF : Three interpretations are possible 
MTF<0: the absolute value of MTF is the 

i 
VIMS material number of the . 
material to be deleted from the 
VIMS library 
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Card Column Latum! Description 

13-24 

(if MTFXO 

AA 

25-36 

1-6 MAIN 

MF 

7 - 1 2 NF 

MTF>0: FEDGROUP material number of the 
material to be inserted into the 
WIMS library 

MTF=0: all materials had been processed 

Two interpretations are possible: 
MTF>0: AA is atomic/molecular weight of 

the material 
MTF<0: AA is a flag with the following 

meaning 
AA>0 material which is deleted 

is fissile 
AA<0 material which is deleted 

is a fission product 
AA=0 .otherwise 

a number to distinguish between the 
data for different atom binding as 
described in section 9.12.4. 

WIMS material number of the new mate- . 
rial inserted into the library 

parameter which has the following 
meaning 
NF • -2 fission product with 

resonance tables 
NF » -1 fission product without 

resonance tables 
NF = 0 nuclide non-fissile and 

without resonance tables 
NF = 1 nuclide non-fissile with 

resonance absorption tables 
NF = 2 nuclide fissile with reso-

nance absorption tables 
NF = 3 nuclide fissile with reso-

nance absorption and fission 
tables 

NF = 4 nuclide fissile without reso-
nance tables 
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Card IColumn I Datum Description 

i 13-18 IFL 

19-24 ! NMO 

25-30 NP1 

31-36 | NT 

number of burn up tables (from record 5 
onwards of the general information file) 
It may have the following values: 
IFL«0 for non-fissile, stable struc-

tural materials 
6 for burnable materials and 

fission products 

> 6 for fissile materials 
material name in the burn up tables 
which has to be replaced with MATN. 
This will activate material MATN as the 
decay, capture or fission product 
instead of the material NMO. If 
NMO = 0, all the material numbers 
whose last three digits equal the 
ones in MATN will be replaced. If no 
change is required ?NM0 should be as-
signed a four digit number different 
from any of the material numbers in 
the library. Number of changes made 
is printed in the diagnostic mes-

ij sages. Changes are allowed only if 
:the new material is fissile or a fissi 
fission product. 

the consecutive number of the new PI 
scattering matrix. No changes in PI 
matrices are made if NP1 = 0 . If . 
NP1 1 the old .NP1 -th matrix is 
deleted. 

the value of NT described -in section 
9.12.4. which corresponds to the 
data set at appropriate temperature 
from which the PI scattering matrix 
is taken (only if NP1>0) 



Card Column | Datum I Description 

(if IFL>0) 

(if IFL>6) 

1-12 : 

j 

13-18 | 
i 

19-30 ! 

31-36 ; 

37-48 j .1 
49-34 i NF0 

1-12 

13-18 
19-30 

31-36 

37-48 

49-54 

yield of the matrial produced by 
capture 

the capture product material number 

decay constant of the material 

decay product material number 

fission energy yield 
parameter which may have the fol-
lowing, values 
NF0 = -2 fission product with 

resonance tables 
-1 fission product without 

resonance tables 
= NF otherwise 

yield of material x^ from fission 

material number of material x^ . 

yield of material x 2 from fission 

material number of material n^ 

yield of material x^ from fission 

material number of material x-. 

Cards of the same form as card 5 appear after it until 
the total of IFL burn up data are exhausted (this means that 
(IFL-6)/2 fission products are present). 

One or more input data sets (excluding the comment card) 
as described above may follow the first data set. 

Specifying MTF = 0 in the data set means that all the 
materials had been processed. 

If there are any materials to be deleted from the library 
it is advisable to perform the deletions before inserting new 
materials. In such a way new data with the material number of 
the deleted material can also be inserted into the library. 
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10.10.6. Program structure 

The structure of the program and the routines used can 
be seen from Pig.10.1. 
Fig.lO'.l.Shematic diagram of the structure of the FEDWIM 

interface program 

FEDWIM -r- WMSLIB MTDEL• 
WET 
CPYCB 
BENM 

NF1235 

WRT 
— CPYCB 
— SHPCB 

— ITEMP 
- FLSC 

— XSGS 1—FLSC 

L S G S -
SGTB —FLSC 

-SCATT -
-NFB678-

— CHI 
— GAMM 

— NISGF-
—FLSC 
—FLSC 
—SGTB — 

-BESFB-
-P1MTZ-

—CPYCB 
WET 

—ENDS -
~CPYCB 

•CPYF 

|—SGA — 
I—SGS-

-SGA FLSC 

•FLSC 

-FLSC 
•FLSC 

FLSC 

FLSC 
— SGA — 
- SGS -

SGA FLSC 
NISGF FLSC 

— SCATT FLSC 
FLSC 
FLSC 

-FLSC 
•FLSC 
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il. TEST CASES FOR FEDGROUP-C AND AUXILLIARY PROGRAMS 

11.1. Introduction 

The test cases are chosen so as to give the user some 
insight into the output format and the use of the package for 
practical applications. All possibilities of the package could 
not possibly be presented but we hope that the examples shown 
will be a sufficient starting point for anyone to explore the 
further capabilities of the package. For the test cases the 
whole output file is given including the dayfile. 

11.2. Test 1 

The first test shows the formation of RFOD from UKNDL-80^20^ 
source file. Group constants assuming infinite dilution for the 
total, elastic, fission and radiative capture cross-sections are 
calculated and tabulated. Uranium-235 has been chosen for the 
test to enable comparison with KEDAK and ENDF/B date presented 
in other test cases. 

Input cards ? 

UKNDLO 1 92-U-235 T A P E J F P 0 0 2 U 0 U 5 TEST1 
153 

1590920235 4 
1001 1 
1002 1 
1018 1 
1102 1 

0 0 
10 0 . 0 1 
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Output: Example of the catalogue of the EFOD - the FEDGROUP 
binary library file. 
7. 7. 7. 7. 7. 7.7.'/. 7.7. 7. 7. 7. 7. % % % 7.7.7. % 7.7. % 7. % % 7.7. % 7.7.7.7. % */. 7.7.7.7.7. */. % 7.7. % 7. 7. 
7. 7. 
7. CATALOGUE OF THE PREPARED FEDGROUP LIBRARY 7. 
7. % 
7.7.7.7.7.7.7.7.7.7.7.7.7.7. % 7.7.7.7.7.7.7. % 7.7.7.7.7.7.7.7.7.7.7.7.7.7.7.7.7.7.7.7.7.7.7.7.7. 

DATE! 03/02/84 UKNDLO SOURCE DATA FROM! TAPEJFP002 

MATERIAL 1590920235 NUMBER OF TYPES: 31 

TYPE FORMAT DATA HEADINGS (ITEMS AND ORDER FORMAT DEPENDENT): 
LENGTH OF DATA SET/RELATIVE ADDRESS/INTERPOL. FLAG/ 
NUMBER OF PARAM./NUMBER OF DATA/NUMBER OF PARAMETER 
COMBINATIONS/VALUE OF PARAM. OR ARGUMENT/OTHER DATA 

459 10 .2350440E+03 .9200000E+02 
1001 1 2064 1 2065 2 
1002 1 2064 4129 6193 2 2 
2002 21 1 2 15 

.9000000E+05 21 8257 9278 1 1 

.2500000E+06 21 8299 8320 1 1 

.5500000E+06 21 8341 8362 1 1 

.9800000E+06 21 8383 8404 1 1 

.2000000E+07 21 8425 8446 1 1 

.2500000E+07 21 8 4 6 7 8488 1 1 

.3000000E+07 41 8509 8550 1 1 

.4000000E+07 41 8591 8632 1 1 

.5000000E+07 41 8673 8714 1 1 

.G000000E+07 41 8755 8796 1 1 

.7000000E+07 41 8837 8878 1 1 

.9000000E+07 39 8919 8958 1 1 

.9000000E+07 39 8997 9036 1 1 

.1000000E+08 40 9075 9115 1 1 

.1500000E+08 36 9155 9191 1 
1003 1 2064 9227 11291 2 2 
1005 11 1 6 

.1300000E+05 101 13355 13456 2 2 

.5000000E+05 90 13557 13647 2 2 

.8400000E+05 54 13737 13791 2 2 

.1030000E+0G 37 13845 13882 2 2 

.1500000E+06 34 13919 13953 <7 2 

.1700000E+06 32 13997 14019 2 2 
1015 1 74 14051 14125 2 2 
1016 1 22 14199 14221 2 2 
1017 1 7 14243 14250 2 2 
1019 1 2064 14257 16321 2 2 
4018 1 85 18385 18470 2 2 
1102 2064 18555 20619 2 2 
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11.3. Test 2 

The test case shows the formation of RFOD for Uranium-233 (4) 
from KEDAK-3 version February 1979 source file. The group con 
stants for the total, elastic, fission and radiative capture 
cross sections are calculated for infinite dilution and the cor-
responding resonance integrals for a few groups in the resonan-
ce region. The Greuling-Goertzel constants are also calculated. 

Input cards : 

KEDAK9 1 92-U-235 TAPEJFP003K9U5 TEST2 
920235 
920235 6 

1001 1 
1002 1 
1018 1 
1102 1 
2002 2 

11 4 
7 
300. 

496.9 1007. 1701. 2089. 4678. 8356. 
l.E+11 

10 0 . 0 1 



INFINITE DILUTE CROSS SECTIONS 69-GROUP SYSTEM S T A N D A R D SPECTRUM S 2-U--235 KEDAKS 

I 
GROUP I 

I 
FLUX NrFISS N , G A M M A ELASTIC MUEL KSI 

I 
1 I 1 .94847E+00 1 .51601E+00 1 .02603E-02 3 .52306E+00 8 .30047E- 01 1 . 45868E- 03 
2 I 9 .51197E+00 1 .11651E+00 1 .95539E-02 4 .39388E+00 7 .81742E- 01 1 . 87327E- 03 
3 I 1 .85023E+01 1 .25369E+00 3 .32541E-02 4 .38765E+00 6 .83207E- 01 2. 71897E- 03 
4 I 2 .03399E+01 1 •29396E+00 5 .77600E-02 4 .05324E+00 5 .66377E- 01 3. 72171E- 03 
5 I 1 .58464E+01 1 .23270E+00 9 .85462E-02 4 .08925E+00 4 .74635E- 01 4. 50911E- 03 
G I 1 .00317E+01 1 . 16498E+00 1 .37036E-01 5 .06069E+00 3 .78983E- 01 5. 33008E- 03 
7 I 5 .74442E+00 1 .22934E+00 1 .84431E-01 6 .35117E+00 3 .01780E- 01 5. 99270E- 03 
8 I 3 .00941E+00 1 .34097E+00 2 .59778E-01 7 .94878E+00 2 .13922E- 01 6. 74677E- 03 
9 I 1 •50465E+00 1 .49937E+00 3 .82665E-01 9 .23775E+00 1 .51274E- 01 7. 28447E- 03 

10 I 7 .38572E-01 1 .69437E+00 5 .20192E-01 1 .01998E+01 8 .93097E- 02 7. 81630E- 03 
11 I 4 .99890E-01 1 .94018E+00 6 .68515E-01 1 .07704E+01 4 .70479E- 02 8. 17902E- 03 
12 I 4 .99870E-01 2 .18012E+00 7 .82591E-01 1 .10464E+01 2 .51950E- 02 8. 36658E- 03 
13 I 4 .99989E-01 2 .28166E+00 8 .24872E-01 1 .19383E+01 1 .55471E- 02 8. 44939E- 03 
14 I 4 .9979BE-01 2 .78828E+00 1 •02451E+00 1 .24735E+01 6 .06450E- 03 8. 53078E- 03 
15 I 5 .00063E-01 3 . 41089E+00 1 .11739E+00 1 •51512E+01 2 .85914E- 03 8. 55829E-•03 
16 I 4 .51983E-01 4 .47162E+00 1 .30001E+00 1 .42676E+01 2 .85914E- 03 8. 55829E--03 
17 I 4 .51975E-01 5 .36150E+00 1 .55996E+00 1 .47102E+01 2 .85914E- 03 8. 55829E- 03 
18 I 4 .51988E-01 6 .473G9E+00 2 .87718E+00 1 .46800E+01 2 .85914E- 03 8. 55829E-•03 
19 I 4 .51967E-01 8 .34783E+00 4 .31881E+00 1 .42916E+01 2 .85914E- 03 8. 55829E-•03 
20 I 9 .03954E-01 1 .23793E+01 5 . 14703E+00 1 .2575GE+01 2 .85914E- 03 8. 55829E-•03 
21 I 9 .03956E-01 1 •90639E+01 9 .44714E+00 1 .49741E+01 2 .85914E- 03 8. 55829E-•03 
22 I 6 .779G8E-01 1 .76080E+01 1 .73094E+01 1 .33676E+01 2 .85914E- 03 8. 55829E- 03 
23 I 4 .51909E-01 3 .43752E+01 2 .50599E+01 1 .29670E+01 2 .85914E- 03 8. 55829E-•03 
24 I 5 .50810E-01 3 .43975E+01 3 .53291E+01 1 . 19822E+01 2 .85914E- 03 8. 55829E-•03 
25 I 5 .50846E—01 4 .17444E+01 4 .61437E+01 1 .20172E+01 2 .85914E- 03 8. 55829E-•03 
26 I 4 .80378E-01 2 .95591E+01 4 .83766E+01 1 .12859E+01 2 .95914E- 03 8. 55829E-•03 
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11.4. Test 3 

The RFOD for Uranium 235 is formed, from ENDF/B-V standards 
file MAT 1395, MOD 1 ( 2 1 ) . All the data sets required for upda-
ting the VIMS library are calculated. Note, that the group cons-
tants for the cross sections which exhibit resonance behaviour 
are partially calculated by BLOCKs 1 and 4 and partially by 
BLOCKs 6 and 7- Also the elastic scattering matrix can not be 
calculated from the elastic scattering cross section since this 
is given by the resonance parameters. The potential scattering is 
used instead. 

Tabulation of results in FEDGROUP calculations is supreT-
sed (input data option) because they are incomplete until 
MERGA segment processing. The thermal group averaged data are 
calculated by the modified FLANGE program and the results con-
verted into ENDF/B format by program FLACOF. The superfluous 
incomplete group constant sets, processed by the MERGA segment 
are deleted by program FLDEL from the group constants library 
which is then tabulated by program TBL. A word-address form of 
such library is then created by program FLWA for a more efficient 
VIMS library update by the program FEDWIM. Note that the calls 
to routine FLSC are replaced by the calls to FLSV which has the 
same characteristics a the FLSC routine, except that it reads 
the library in word-address file organisation. Vhen deleting 
materials from the VIMS library the deleted material burn-up data 
are printed on output. A message stating that the relevant nuc-
lide file (and if applicable the resonance data) have been de-
leted is printed. When a new material is added a message is 
printed for each group constant type rought and stating whet-
her it has been found or not. By following these messages the 
user can check how the reconstruction of various data types 
(GCT) is performed. The meaning of the GCT numbers can be 
found from Tables 10.1 and 3.4. 
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Input cards: 

ENDFB5 1 92-U-235 TAPEJFP039E5U5A 
6.545000E+06 

- 3 1 -1 

TEST 3A 
1395 

920235 9 
1004 1 
1016 1 
1017 1 
1251 1 
1252 1 
4019 1 
2002 2 
1003 3 

4590000 8 
0 

10 0.01 

ENDFB5 2 92 :-u--235 E5U5S TEST 3B 
92 0235 2 - 3 1 -•1 

2002 9 1 11 0 0 0 1 
202 9 12 27 0 0 0 1 

0 0 
10 0. 01 

ENDFB5 3 92 -U-•235 E5U5R TEST 3C 
920235 7 - 3 1 -1 

1001 1 
1002 1 
1018 1 
1102 1 

11 4 12 39 1 1 1 7 
52 6 1 1 1 7 
55 7 1 1 1 7 

1 7 
300 1 . 

496. 9 1007. 1701. 2089 
1.E+ll 

10 0. 01 

ENDFB5 4 92 -u-•235 MERGE E5U5M TEST 3D 

4G78, 8356 
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Input cards for programs FLANGE: 

FLANGE 1 92-U-235 E5U5T 
0 1395 1920235 3 0 0 . 
1 1 
1 0 1 
1 - 2 1 +2 1 - 2 2 
1 - 2 4 - 2 2 - 2 
7 2 0 - 1 

3 . 9 7 1 
42 1 2 1 . 0 0 0 1 

0049 . 0 0 5 . 0 0 5 . 0 0 5 . 0 0 5 . 0 0 5 . 0 0 5 
. 0 0 7 . 0 0 8 . 0 0 8 . 0 0 9 . 0 1 3 . 020 . 0 4 0 
. 0 4 0 . 0 4 0 . 0 3 0 . 0 3 0 . 0 2 0 . 0 2 0 . 0 3 0 
. 0 5 0 . 100 . 125 . 155 . 0 7 0 . 060 . 0 4 0 
. 0 2 2 . 0 2 4 . 0 2 4 . o as . 0 2 6 . 0 2 6 . 0 2 6 
. 0 2 7 .150 . 2 0 0 . 8 0 0 .500 .700 .700 

Input cards for program FLDEL: 

FLDEL 1 DELETING THE SURPLUS GCS'S FROM THE LIBRARY 
1001 
1002 
1018 
1102 
2 0 0 2 9 
2 0 2 9 

4 
6 
7 
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Input cards for program FEDWIN 

WIMS LIBRARY UPDATE 
- 4 0 0 2 
- 5 0 0 2 
- 1 0 1 0 
-1011 
- 238 1. 
- 1 2 3 8 1. 
- 239 1. 
- 1 2 3 9 1. 
-2239 1. 
- 240 1. 

920235 2 3 5 . 0 4 4 
35 3 74 

1.0 23S 0.0 0 1.91E-11 3 
5.5E-3 93 6 . 5 5 E - 2 95 6 . 2 5 E - 2 99 
5.0E-2 101 2 . 9 E - 2 1103 8.5E-3 105 
9.0E-4 108 4.0E-4 109 1.2E-4 113 
1.1E-4 115 2.5E-3 127 2 . 9 E - 2 131 
6.SE-2 133 S . 4 5 E - 2 135 5 . 7 5 E - 2 143 
3.8E-2 145 1.02E-2 147 1.13E-2 1147 

1.02E-2 149 4.0E-3 151 2.6E-3 152 
1.5E-3 153 2 . 9 E - 4 155 7.0E-5 157 

3.04E-1 902 0.0 103 0.0 1105 
0.0 134 0.0 1135 0.0 2 1 4 7 
0.0 148 0 . 0 1148 0.0 150 
0.0 154 



I 
I 
I 

S C R EENED C R OS S SECTION -SGO= 497. 69-GROUP SYSTEM S T A N D A R D 5PECTRUM 92-
I 

U - 2 3 5 E N D F B 5 I 
I 

I 
I 
I 

I 
GROUP I 

I 

I 
TEMPER. I 

I 
TOTAL N , G A M M A E L A S T I C FISSION FLUXES 

I 
I 
I 

I I 
12 I 

I 
300. I 1 .37020E+01 7 .09030E-01 1 .09880E+01 1 .98430E+00 4 .97390E-

I 
01 I 

I 13 I 300. I 1 .44430E+01 8 .95550E-01 1 .13020E+01 2 .23790E+00 4 .96710E- 01 I 
I 14 I 300. I 1 . 53240E+01 1 .10190E+00 1 .15300E+01 2 .69130E+00 4 .95740E- 01 I 
I 15 I 300. I 1 .63770E+01 1 .43830E+00 1 .17190E+01 3 .21890E+00 4 .95000E- 01 I 
I 16 I 300. I 1 .731B0E+01 1 . 46710E+00 1 .16590E+01 4 .19120E+00 4 .46580E- 01 I 
I 17 I 300. I 1 .83700E+01 1 .G7820E+00 1 .16520E+01 5 .03990E+00 4 .45620E- 01 I 
I 18 I 300. I 2 .04850E+01 2 .55970E+00 1 .18250E+01 6 .10020E+00 4 .43680E- 01 I 
I 19 I 300. I 2 .29780E+01 3 .589B0E+00 1 .18990E+01 7 .48970E+00 4 .41330E- 01 I 
I 20 I 300. I 2 .74930E+01 4 .47240E+00 1 .17730E+01 1 .12480E+01 8 .74110E- 01 I 
I 21 I 300. I 3 .63690E+01 8 .11140E+00 1 .17400E+01 1 .65170E+0I 8 .56840E- 01 I 
I 22 I 300. I 4 .11760E+01 1 .08230E+01 1 .16720E+01 1 .86810E+01 6 .35630E- 01 I 
I 23 I 300. I 5 .B1390E+01 1 .36230E+01 1 .13080E+01 3 .32080E+01 4 .09400E- 01 I 
I 24 I 300. I 6 .07630E+01 1 .77040E+01 1 .09100E+01 3 •21490E+01 4 .96220E- 01 I 
I 25 I 3 0 0 . I 6 .64B20E+01 2 .01710E+01 1 .04900E+01 3 .58210E+01 4 .B9120E- 01 I 
I 26 I 300. I 6 .24720E+01 2 .38470E+01 1 .00720E+01 2 .85530E+01 4 .31050E- 01 I 
I 27 I 300. I 5 .54710E+01 1 .99610E+01 9 . 8 4 5 0 0 E + 0 0 2 .56650E+01 8 .20450E- 01 I 
I 28 I 300. I 4 .67200E+01 1 •31960E+01 1 .04280E+01 9 .30960E+01 1 .78020E- 01 I 
I 29 I 300. I 3 .82170E+01 5 .98150E+00 1 .08220E+01 2 . 14140E+01 2 .25030E- 01 I 
I 30 I 300. I 2 .47070E+01 3 .03570E+00 1 .14750E+01 1 .01950E+01 2 .07280E- 01 I 
I 31 I 300. I 3 .55870E+01 9 .53280E+00 1 .14740E+01 1 .4581OE+O1 3 .17590E- 01 I 
I 32 I 300. I 3 .29090E+01 5 .16720E+00 1 .17480E+01 1 .59940E+01 1 .33640E- 01 I 
I 33 I 300. I 6 .36500E+01 1 .50800E+01 1 .10060E+01 3 .75630E+01 1 .04400E- 01 I 
I 34 I 3 0 0 . I 1 .17760E+02 2 .29530E+01 9 .86900E+00 8 .49330E+01 1 .83390E- 02 I 
I 35 I 300. I 1 .18520E+02 2 .05040E+01 9 .96900E+00 8 .80430E+01 1 .84230E- 02 I 
I 3 6 I 300. I 1 .10360E+02 1 .65620E+01 1 .03210E+01 8 . 34750E+01 1 .95590E- 02 I 
I 37 I 300. I 9 .84770E+01 1 .31610E+01 1 .07050E+01 7 .461OOE+O1 2 .07200E- 02 I 
I 3 8 I 300. I 8 .90200E+01 1 .06440E+01 1 .10000E+01 6 .73760E+01 2 .09070E- 02 I 
I 39 I 300. I 7 .57750E+01 8 .00900E+00 1 .01300E+01 5 .76360E+01 2 .33500E- 02 I 



ct •d 
P ct 

INELASTIC S C A T T E R I N G MATRIX - FAST PO 6 9 - G R O U P SYSTEM S T A N D A R D SPECTRUM 9 2 - U - 2 3 5 ENDFB5 

I FROM 
I GROUP 
I 

I 
I 
I 

TO 
GROUP 
+ J 

J = 0 1 2 3 4 5 
I 
I 

I 
I 11 

I 
I 11 1. 79750E- 02 2. 06860E- 02 5. 14060E- 03 1 .02460E- 02 4 .09130E- 03 1 .49140E-

I 
03 I 

I 11 I 17 6. 23160E- 04 2. 57550E- 04 1 . 05660E- 04 6 .06880E- 05 1 .00110E- 05 1 . 45530E-06 I 
I 11 I 23 2. 98820E- 07 1. 34530E- 0 7 4. 38740E- 0 8 1 .30580E- 08 6 .29930E- 09 3 .37B70E- 10 I 
I 11 I T 29 2. 50070E- 10 1. 24860E- 10 5. 04950E- 11 I 
I 
I 12 

1 
I T 12 4. 05940E- 03 1. 28440E- 02 3. 76870E- 03 

I 
I 

1 
I 13 v 

i 
I T 13 0. 2. 43240E- 03 2. 81860E- 03 1 .13400E- 03 5 .07340E- 04 8 .58530E-

I 
05 I 

l 
I 14 

1 
I 14 0. 0. 0. 0 1 .34370E- 04 9 .34610E-

I 
05 I 

I 14 I 20 5. 51790E- 05 9. 32860E- 06 1 . 37640E- 06 2 .85990E- 07 1 .30550E- 07 4 . 36470E-08 I 
I 14 I 26 1. 35240E- 08 7. 12220E- 09 4. 60130E- 10 3 .77460E- 10 2 .19000E- 10 2 .07120E- 10 I 
I 14 I 32 5. 55410E- 11 3. 72260E- 11 6. 29760E- 12 5 •94810E- 12 5 .83400E- 12 5 .71990E- 12 I 
I 14 I 38 5. 39230E- 12 5. 07740E- 12 4. 98020E- 12 4 .47980E- 12 7 .93580E- 12 1 .13970E- 1 1 I 
I 14 I 44 1. 25290E- 11 2. 48000E- 11 1 . 70460E- 11 2 .87630E- 12 I 
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X 

tt H (D 
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01 o $i) ct cr 
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TABLE R E C O R D OF FEDGROUP LIBRARY 
WRITTEN IN W O R D ADDRESS FILE O R G A N I Z A T I O N 

REC.NO, M A T E R I A L TYPE BLOCK SPECTR 1.GROUP LAST GR L E N G T H 

0 18 0 0 0 0 0 171 
1 9 2 0 2 3 5 4 5 9 0 0 0 0 8 5 1 69 69 
2 9 2 0 2 3 5 4018 1 5 1 69 69 
3 9 2 0 2 3 5 1004 1 5 1 69 69 
4 9 2 0 2 3 5 1016 1 5 1 69 69 
5 9 2 0 2 3 5 1003 3 5 1 14 3 2 3 
6 9 2 0 2 3 5 1251 1 5 1 69 69 
7 9 2 0 2 3 5 1252 1 5 1 69 69 
8 9 2 0 2 3 5 1251 2 5 1 69 6 9 
9 9 2 0 2 3 5 1252 2 5 1 69 6 9 

10 9 2 0 2 3 5 1001 1 5 1 69 69 
11 9 2 0 2 3 5 1102 1 5 1 69 69 
12 9 2 0 2 3 5 1002 1 5 1 69 69 
13 9 2 0 2 3 5 1018 1 5 1 69 69 
14 9 2 0 2 3 5 55 4 5 12 39 1158 
15 9 2 0 2 3 5 202 9 5 1 27 164 
IB 1920235 1018 1 1 28 69 42 

TEMPER A D D R E S S 

0 1 
0 173 
0 243 
0 313 
0 383 
0 453 
0 777 
0 847 
0 917 
0 997 
0 1057 
0 1127 
0 1197 
0 1267 
0 1337 
0 2496 

69 2661 
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INFORMATION FOR PROGRAM PACKAGE FEDGR0UP-CS4 

PROGRAM NAME! FEDGR0UP-C84 
version: 
COMPUTER 
COMPILER 
system: 
authors: 

JANUARY 1984 
CDC CYBER-72 
FORTRAN-IV EXTENDED 
NOS/BE 1.4 
A.TRKOV, A.PERDAN AND M.BUDNAR, 
INSTITUTE JOZEF STEFAN, LJUBLJANA, JAMGVA 39 
YOUGOSLAVIA 

NEW VERSION DIFFERS FROM THE PREVIOUS VERSION FEDGROUP-C (1982) 

IN THE FOLLOWING FEATURES 

As a result of the Code Verification Project of the IAEA sowe buss 
were removed from the program and some format simplifications were 
introduced. Some routines were further improved. Post process i ng in 
order to achieve complete group constant data sets was made as an 
integral part of the package with a high degree of automation. 

COMPUTER RESOURCES 

The package should be loaded in segment structure using the loader 
segment directive input record that is present on the tape.In that 
way the package maximally requires 140000 octal 60-b i t memory words. 
The dynamic field offered by the program to store the processed data 
is about 32 K words. The execution of the present 3 test problems 
together with copying,compi1ing and loading the files from tape 
requires 5000 CPU seconds, 1000 I/O seconds and 17000 SS (system 
units). 

MODE OF RUNNING THE TESTS 

The files on the tape are blocked and the user should apply a short 
program for deblocking.The second file of the package on the tape 
includes the control procedure to run the tests. The user should 
only copy to OUTPUT or skip the first file (this information file) 
and copy the second file to a disc file and after activate the pro-
cedure from the disc file. The system commands together with the 
program to do that are the following: 
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JOB,T7777,101777,PE1,P50 
ACCOUNT, 
REQUEST , TAPE , PE , S , VSN= /NOR I IMG . 
FILE,TAPE,8T=K,RT=F,FL=SO, RB=10,MBL=800,EO = AD. 
FTN,L=0,PL=99993,3=DEBL. 
MAP,OFF. 
DEBL,TAPE,INFORM. 
COPYSBF,INFORM. 
DEBL,TAPE,TEST. 
BEGIN,TEST,TEST. 
7/3/3 (EOR > 

PROGRAM D E B L ( T A P E 1 , T A P E 2 ) 
DIMENSION W(8) 

1 READ(1,3) W 
IF(EOF(1>.NE.0) GO TO 2 
WRITE(2,3) W 
GO TO 1 

2 REWIND 2 
3 F O R M A T ( 8 A 1 0 ) 

END 
G/7/S/9 (EOF) 

The procedure on the.second File of the tape includes the same FOR-
TRAN program for deblocking the rest of the files. The user can also 
use his own control record and deblocking program to activate the 
procedure. 

DESCRIPTION OF THE FILES ON TAPE 

FILE RECSIZE RECORDS DESCRIPTION 

1 80 - 98 This information file 
2 80 73 Control procedure TEST (CDC - CCL) 
3 80 7654 F E D G R 0 U P - C 8 4 source (UPDATE source form) 
4 80 30 F E D G R 0 U P - C 8 4 segment input record 
5 80 2201 FEDAUX - aux i 11 iar •/ programs source 
6 80 3734 FLANGE source 
7 80 10 FLANGE segment input record 
8 80 10 Test INPUT case 1 
9 80 . 15 Test INPUT case 2 

10 80 39 Test INPUT case 3 
11 80 IS INPUT record for program FLANGE 
12 80 10 INPUT record for program FLDEL 
13 80 27 INPUT record for program FEDWIM 
14 80 4401 Data for U-235 from UKNDL-80 library 
15 80 29601 Data for U-235 from KEDAK-3(79) library 
IS SO 10181 Data for U-235 from ENDF/B-V gen. purpose 
17 SO 29833 WIMS-D4 library 
18 132 6377 OUTPUT for ail the test cases 

Note: Blocking factor for all 
Blocksize is recordsize 

files is 10. 
multiplied b •/ blocking factor. 



40 - GROUP SYSTEM (UPPER BOUNDARIES IN eV, LOWER 

1. 1.0000 E+7 11. 3.6900 E+5 21. 2.5200 E+2 2. 7-1900 E+6 12. 2.6500 E+5 22. 1.9000 E+2 
3. 5.1700 E+6 13. 1.9100 E+5 23. 1.3500 E+2 4. 3.7200 E+6 14. 1.3700 E+5 24. 1.1000 E+2 
5. 2.6700 E+6 15. 5.5700 E+4 25. 8.2000 E+l 6. 1.9200 E+6 16. 2.2600 E+4 26. 6.3000 E+l 
7. 1.3800 E+6 17. 9.2100 E+3 27. 4.5000 E+l 8. 9.9300 E+6 18. 5.5300 E+3 28. 3.2000 E+l 
9. 8.2100 E+5 19. 1.5200 E+3 29. 2.6000 E+l 10. 5.1300 E+5 20. 6.1900 E+2 30. 2.0000 E+l 

69 - GROUP SYSTEM (UPPER BOUNDARIES IN eV, LOWER 

1. 1.0000 E+7 19. 1.4251 E+3 37. 1.0710 E+0 2. 6.0655 E+6 20. 9.0690 E+2 38. 1.0450 E+0 
3. 3.6790 E+6 21. 3.6726 E+2 39. 1.0200 E+0 4. 2.2310 E+6 22. 1.4873 E+2 40. 9.9600 E-l 
5. 1.3530 E+6 23. 7.5501 E+l 41. 9.7200 E-l 
6. 8.2100 E+5 24. 4.8050 E+l 42. 9.5000 E-l 
7. 5.0000 E+5 25. 2.7700 E+l 43. 9.1000 E-l 8. 3.0250 E+5 26. 1.5968 E+l 44. 8.5000 E-l 
9. 1.8300 E+5 27. 9.8770 E+0 45. 7.8000 E-l 10. 1.1100 E+5 28. 4.0000 E+0 46. 6.2500 E-l 

11. 6.7340 E+4 29. 3.3000 E+0 47. 5.0000 E-l 
12. 4.0850 E+4 30. 2.6000 E+0 48. 4.0000 E-l 
13. 2.4780 E+4 31. 2.1000 E+0 49. 3.5000 E-l 14. 1.5030 E+4 32. 1.5000 E+0 50. 3.2000 E-l 
15. 9.1180 E+3 33. 1.3000 E+0 51. 3.0000 E-l 16. 5.5300 E+3 34. 1.1500 E+0 52. 2.8000 E-l 
17. 3.5191 E+3 35. 1.1230 E+0 53. 2.5000 E-l 18. 2.2395 E+3 36. 1.0970 E+0 54. 2.2000 E-l 

BOUNDARY AT 10'5 eV) 

31. 1. 5000 E+l 
32. 1. 1000 E+l 
33. 8. 0000 E+0 
34. 5. 4000 E+0 
35. 3. 1500 E+0 
36. 1. 8400 E+0 
37. 1. 4000 E+0 
38. 6. 2500 E-l 
39. 4. 0000 E-rl 
40. 2. 0000 E-l 

; AT 10"4 eV) 

55. 1.8000 E-l 
56. 1.4000 E-l 
57. 1.0000 E-l 
58. 8.0000 E-2 
59. 6.7000 E-2 
60. 5.8000 E-2 
61. 5.0000 E-2 
62. 4.2000 E-2 
63. 3.5000 E-2 
64. 3.0000 E-2 
65. 2.5000 E-2 
66. 2.0000 E-2 
67- 1.5000 E-2 
68. 1.0000 E-2 
69. 5.0000 E-3 



26 - GROUP SYSTEM (UPPER BOUNDARIES IN eV, LOWER BOUNDARY AT 10"^ eV) 

1. l.O^OO E+7 
2. 6.5000 E+6 
3. 4.0000 E+6 
4. 2.5000 E+6 
5. 1.4000 E+6 
6. 8.0000 E+5 
7. 4.0000 E+5 

8. 2.0000 E+5 
9. 1.0000 E+5 

10. 4.6500 E+4 
11. 2.1500 E+4 
12. 1.0000 E+4 
13. 4.6500 E+3 
14. 2.1500 E+3 

15. 1.0000 E+3 
16. 4.6500 E+2 
17. 2.1500 E+2 
18. 1.0000 E+2 
19. 4.6500 E+l 
20. 2.1500 E+l 
21. 1.0000 E+l 

22. 4.6500 E+0 
23. 2.1500 E+0 
24. 1.0000 E+0 
25. 4.6500 E-l 
26. 2.1500 E-l 

100 - GROUP SYSTEM (UPPER BOUNDARIES IN 
for groups i = 1,50 Ei ' = 10?exp C- (i/l0)-0.5] 

1. 1.4918 E+7 26. 1.2246 E+6 51. 
2. 1.3499 E+7 27. 1.1080 E+6 52. 
3. 1.2214 E+7 28. 1.0026 E+6 53. 
4. 1.1052 E+7 29. 9.0718 E+5 54. 
5. 1.0000 E+7 30. 8.2085 E+5 55. 
6. 9.0484 E+6 31. 7.4274 E+5 56. 
7. 8.1873 E+6 32. 6.7206 E+5 57. 
8. 7.4082 E+6 33. 6.0810 E+5 58. 
9. 6.7032 E+6 34. 5.5023 E+5 59. 

10. 6.0653 E+6 35. 4.9787 E+5 60. 
11. 5.4881 E+6 36. 4.5049 E+5 61. 
12. 4.9659 E+6 37. 4.0762 E+5 62. 
13. 4.4933 E+6 38. 3.6883 E+5 63. 
14. 4.0657 E+6 39. 3.3373 E+5 64. 
15. 3.6788 E+6 40. 3.0197 E+5 65-
16. 3.3287 E+6 41. 2.7324 E+5 66. 
17. 3.0119 E+6 42. 2.4724 E+5 67. 
18. 2.7253 E+6 43. 2.2371 E+5 68. 
19. 2.4660 E+6' 44. 2.0242 E+5 69. 
20. 2.2313 E+6 45. 1.8316 E+5 70. 
21. 2.0190 E+6 46. 1.6573 E+5 71. 
22. 1.8268 E+6 47. 1.4996 E+5 72. 
23- 1.6530 E+6 48. 1.3569 E+5 73. 
24. 1.4957 E+6 49. 1.2277 E+5 74. 
25- 1.3534 E+6 50. 1.1109 E+5 75. 

eV, LOWER BOUNDARY AT 10"*5 eV) 
i for groups i = 51,100 E ± = 107.exp[(i-50)/4+4.5] 

8.6517 E+4 76. 1.6702 E+2 
6.7380 E+4 77. 1.3007 E+2 
5.2475 E+4 78. 1.0130 E+2 
4.0868 E+4 79. 7.8893 E+l 
3.1828 E+4 80. 6.1442 E+l 
2.4788 E+4 81. 4.7851 E+l 
1.9305 E+4 82. 3.7266 E+l 
1.5034 E+4 83. 2.9023 E+l 
1.1709 E+4 84. 2.2603 E+l 
9.1188 E+3 85. 1.7604 E+l 
7.1017 E+3 86. 1.3710 E+l 
5.5308 E+3 87. 1.0677 E+l 
4.3074 E+3 88. 8.3153 E+0 
3.3546 E+3 89. 6.4760 E+0 
2.6126 E+3 90. 5.0435 E+0 
2.0347 E+3 91. 3.9279 E+0 
1.5846 E+3 92. 3.0590 E+0 
1.2341 E+3 93. 2.3824 E+0 
9.6112 E+2 94. 1.8554 E+0 
7.4852 E+2 95. 1.4450 E+0 
5.8295 E+2 96. 1.1254 E+0 
4.5400 E+2 97. 8.7643 E-l 
3.5358 E+2 98. 6.8256 E-l 
2.7536 E+2 99. 5.3158 E-l 
2.1445 E+2 100. 4.1399 E-l 
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