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ABSTRACT 

An ever-increasing demand exists for easily accessible nuclear data base 
systems. The purpose of this work is to analyze the feasibility of  
using artificial intelligence methods as tools to provide the necessary 
functionality to extract information from nuclear data files in a user- 
friendly manner. For the prototype of this work, a sample of data tha t  
can be later enlarged to a complete, evaluated nuclear data base has 
been used. To implement this prototype, two approaches have been 
followed: 

1. a conventional approach using the commercially available Oracle 

2. an artificial intelligence approach using the P r o l o g  programming 
relational data base management system, and 

language. 

This prototypic work shows the feasibility of applying artificial 
intelligence methods to data bases and represents a first step toward 
development of intelligent nuclear data base systems. 

The characteristics of the query language from both approaches make t he  
second one preferable from a user’s point of  view. 

iii 





CONTENTS 

ABSTRACT . . . . . . . . . . . . . . . . . . . . . . . . . . . .  iii 

. . . . . . . . . . . . . . . . . . . . . . . .  1 1. INTRODUCTION 

3 2. IMPLEMENTING THE DATA BASE WITH ORACLE . . . . . . . . . . .  
3. IMPLEMENTING THE DATA BASE WITH PROLOG 5 

4 .  COMPARISON BETWEEN ORACLE AND PROLOG IMPLEMENTATIONS 7 

. . . . . . . . . . .  

. . . .  
. . . . . . . . . . . . . . . . . . . . . . . . .  9 5. CONCLUSIONS 

10 

. . . . . . . . . . . . . . . . . . . . . . . . .  1.1 

6. ACKNOWLEDGMENTS . . . . . . . . . . . . . . . . . . . . . . .  
7 .  REFERENCES 

V 





TABLES 

1. Some internationally available evaluated nuclear data 
libraries . . . . . . . . . . . . . . . . . . . . . . . . . .  13 

14 2. Nuclides present in the ENDF/B-V Standards library . . . . .  

3 .  Type of information given for the nuclide H-1 in the 
15 ENDF/B-V Standards library . . . . . . . . . . . . . . . . .  
1 6  4 .  Tables and views for the data base . . . . . . . . . . . . .  
18 5 .  Some of the commands used to insert the information . . . . .  
20 

27 

6 .  Example of possible queries to the data base . . . . . . . .  

7 .  Prolog  predicates to retrieve information . . . . . . . . . .  

vii 





1. INTRODUCTION 

Demands for an organized and easily accessible set of neutron cross 
sections and nuclear parameters information, commonly referred to as 
"nuclear data," have increased during the last 20 years. 

Some of the most important organized collections of  nuclear data are the 
so-called "evaluated nuclear data libraries. I' 

Evaluated nuclear data libraries include, for example, neutron cross 
sections, resonance parameters, angular distributions of secondary 
neutrons, energy distributions of  secondary neutrons, radioactive decay 
and fission product yield, energy distribution of  photons, and 
covariance matrices. 

Some of  the widely used evaluated nuclear data libraries are Evaluated 
Nuclear Data Files (ENDF/B) from Brookhaven such as ENDF/B-V Fission 
Products, ENDF/B-V Standards, and ENDF/B-V Dosimetry; ENDL from Lawrence 
Livermore Laboratory; JNDL from the Japanese Atomic Energy Commission; 
KEDAK from Kernforschungszentrum Karlsruhe; INDL from the International 
Atomic Energy Agency; SOCRATOR from Obsninsk, Soviet Union; and JEF f rom 
the NEA Data Bank in France. 

Usually this information is distributed by the nuclear data centers, 
which will, among many other tasks, compile and distribute data and 
exchange information under international agreements. 

The evaluated data contained in these libraries are the initid data 
needed to begin the design of  a nuclear reactor, and they a r e  also used 
whenever.a change occurs in the fuel composition, as, for example, in 
bumup calculations. 

At the start o f  the design process, the reactor designer needs answers 
to questions such as, Do we have all the nuclear data w e  need for this 
application? What amount of data are we going to process? With what 
detail are the cross sections given? These questions are now answered 
by a specialist in nuclear data, who will go Lhrough  catalog^^'^ or will 
load the nuclear data file tapes on a computer and retrieve the 
information needed with the help of Fortran programs. 

Recently, artificial intelligence methodologies have been applied to the 
development of expert systems for  nuclear data evaluation5 and f o r  the 
generation of uncertainties for the EXFOR files.6r7 
work is to initiate a detailed study of these methodologies as potential 
tools to provide the necessary functionality to extract information from 
nuclear data files in a user-friendly manner. 

The purpose of this 

For the development of the prototype of this work, a subset of data from 
ENDF/B, which can be later extended to cover a complete, evaluated 
nuclear data base, has been used. To implement this prototype, two 
approaches have been followed: 

1 
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1. 

2. an artificial intelligence approach using the Prolog  programming 

a conventional approach using the commercially available Oracle 
relational data base management system, and 

language I 

Oracle' is a relational data base management system commercially 
available. 
of Arity Corporation for the IBM-PC/AT. 

Prologg in this report refers to the Prolog implementation 

The prototype developed in this work w a s  implemented on an IBM AT with 
MS-DOS, but the tools used, Oracle and Prolog, are also available on 
many other computers and operating systems. 

In Sects. 2 and 3 ,  tzhe Oracle and Prolog implementations are explained. 
In Sect. 4 ,  the differences between both  implementations are discussed, 
and their main advantages and disadvantages are pointed o u t .  
the conclusions are given in Sect. 5. 

Finally, 



2 .  IMPLEMENTING THE DATA BASE WITH ORACLE 

Several relational data base management systems were analyzedloil' 
from which Oracle V.4.1.4 was selected €or its combination of features, 
transportability, and price. Oracle for the I3M-PC consists of 

a "kernel," that is, the low-level data base management software as 
well as the files composing the relational data base itself; and 

* several utility programs, including a report writer (RPT and RPF), a 
C-language interface preprocessor and runtime library, an 
import/export facility (IMP and E X P ) ,  an external data loader (ODL), 
an interactive application facility ( I A G  and IAP), and a query 
language command interpreter ( U F I ) .  

All data in Oracle are stored in tables that are l o g i c a l l y  made up of 
rows and columns. The efficiency and usefulness of Oracle result from 

the simplicity, power, and flexibility of its ANSI-standard query 
language, "Structured Query Language" (SQL) ; 

a the convenience of the IAG:  fully functional data manipulation 
programs with attractive screen presentations can be designed and 
implemented, often without any traditional programming. 

To illustrate the type of information actually stored in the data base, 
a sample extracted from the ENDF/B files is given in Tables 1, 2, and 3 .  
These tables represent the conceptual definition of our data base. 

Table 1 gives information on the available libraries, Table 2 shows 
which nuclides are in each library, and Table 3 describes which data are 
available for each nuclide. The column "No. records" gives an idea of 
the volume of the information [for cross sections, one record contains 
three points of the function cross section (energy)]. Other tables, 
which contain the data themselves-for example, the cross sections as 
functions of energy-could be easily defined and added at a later stage. 

With all of this information stored in an appropriate data base, the 
user can request information by means of the following questions. 

a Which libraries are available? 
e Which nuclides are in each Library? 
e What type of information is given for each nuclide in the s,pecified 

library? 

To store this information in our data base, four Oracle tables were 
created (see Table 4). The first Oracle table, "library," contains 
information about the available libraries and the country of origin. 
The second, "source," contains information about the nuclides available 
in each library; the third table, "section," contains the Mat, Mf, and 
Mt numbers ; and the fourth, "numeric-code , 'I contains the description (or 
translation) of those numbers as defined in ENDF/B Data Formats and 
Procedures. l2 

3 
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To answer some of t he  ques t ions  t y p i c a l l y  asked by u s e r s ,  two Oracle 
views were a l s o  c rea t ed  and a r e  i n  Table 4 .  A sample o f  t he  commands 
used t o  s t o r e  the  information i n  the  da t a  base i s  shown i n  Table 5 .  

The appearance of t he  Oracle t a b l e s  on the  screen  i s  dtsplayed i n  
Table 6 .  The r e l evan t  commands used t o  r e t r i e v e  the  information are  
a l s o  shown.* 

One of the  main f e a t u r e s  of Oracle i s  the  ah i . l i t y  t o  c r e a t e  f u l l y  
func t ioning  screens v i a  the  IAG. When the  d a t a  a r e  accessed through 
these  a p p l i c a t i o n s ,  managing the  information becomes s t r a igh t fo rward ,  
By using the  I A G ,  a screen  appropr ia te  f o r  our type o f  da t a  was c r e a t e d .  
Figure 1 shows the  Oracle t a b l e  t h a t  appears on the  sc reen .  With I A G ,  
some 30 d i f f e r e n t  da t a  operati-ons can be performed us ing  func t ion  keys 
and the  Cont ro l ,  S h i f t ,  and A l t  keys.  Some o f  these  opera t ions  a r e :  
execute a p a r t i c u l a r  query,  abor t  a query,  c l e a r  a r eco rd ,  d e l e t e  a 
r eco rd ,  c l e a r  a f i e l d ,  commit a1.l changes, r o l l  back a l l  changes,  show 
a l l  key b indings ,  and he lp  t o  expla in  the  f i e l d  where the  cursor  i s .  A 
p a r t i a l  l i s t  of the  opera t ions  performed by the  func t ion  keys i s  given 
a t  the  bottom of F i g .  1. 

For  our s impl i f i ed  example, Oracle seems t o  be an appropr ia te  and 
e f f e c t i v e  system f o r  t he  s torage  and r e t r i e v a l  of nuc lear  d a t a .  

.._._I 

*Sometimes, when a t e x t  f i e l d  must be s p l i t  over s e v e r a l  l i n e s ,  
Oracle seems t zo  have made a bad choice of  breakpoin ts .  Nothing can be 
done about t h i s  problem because the  Oracle r e p o r t  w r i t e r  f a c i l i t y  i s  not  
a word processor .  



3 .  IMPLEMENTING THE DATA BASE WITH PROLOG 

Prolog is a programing language based on logic that was originated and 
developed by the artificial intelligence community. l3-I5 Its ability t o  
traverse the search space efficiently and automatically has already been 
proven. Furthermore, several researchers have recognized the close 
and fundamental relationship that exists between Prolog and relational 
data bases. I7-’O 

In an analysis2’ of 14 commercially available Prolog implementations, 
Arity/Prolog was considered to be powerful and robust, with syntax and 
predicates very similar to the Edinburgh standard. 

Arity/Prolog has another interesting feature, namely, its SQL package, 
Arity/SQL, suitable for data base applications. The query language used 
is SQL, essentially the same as the one in Oracle. The commands to 
create the tables and insert the information are very similar to those 
shown in Tables 4 through 6 .  A nuclear data base prototype was 
implemented using Arity/SQL and a subset from ENDF/B. (Because of t h e  
similarity with the Oracle tables, the data are not shown). 

In addition to that implementation, we have also made a first attempt t o  
describe in Prolog the format o f  ENDF/B as documented in ref. 12. 
Taking advantage of the similarity between Prolog and a relational data 
base, we have attempted to implement our nuclear data base directly in 
Prolog. 

In this case, we have gone one step further by implementing not only 
information about the data-as we did for the two cases above (Oracle, 
Arity/SQL)-but the data themselves. That is, we have also stored the 
cross sections a5 a function o f ,  for example, the energy and the angular 
distributions. 

As a data subset for our prototype, we chose the data of B - 1 0  
(Boron 10) that we took from ENDF/B-V Standards and stored in a f i l e :  
BlOB. DAT. 

The problem of  storing and retrieving the information was solved in 
three steps. At each step a program is run. These programs are stored 
in the following files: 

1. File READFILE.AR1 

This file contains the program that transforms the card-image format 
data into Prolog data. Throughout the execution, the data are put 
in the form of  Prolog clauses that look like 

source (Tape,Library,Mat,Nuclide,Affiliation,Evaluat~r), 
data(Mat,Mf,Mt,Text), 
section(Mat,Mf,Mt), etc. 

See ref. 12 f o r  definitions. 

5 
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2 .  F i l e  CODE.AELI 

This  f i l e  con ta ins  the  Prolog c l auses  t h a t  r ep resen t  t he  conventions 
axid procedures of  ENDF/B Data Formats and Procedures'' t h a t  are 
independent o f  the nucl ide  loaded i n  the d a t a  base .  

3 .  F i l e  REPORT.ARI 

The p r e d i c a t e s  i n  t h i s  f i l e  combine t h e  information of t he  f i l e  
CODE.ARI with  p a r t i c u l a r  nuc l ide  d a t a  from the  d a t a  base .  T h i s  
combination makes it poss ib l e  t o  r e t r i e v e  the  information.  See 
examples of que r i e s  i n  Table 7 .  

Qiieri-es 10 and 11 a r e  s i m i l a r  t o  t h e  kind of ou tput  that can be obta ined  
by running LIFTC . '' 
The Prolog program can be extended t o  answer ques t ions  r e l a t e d  t o  the 
type o f  information given i n  r e f .  23 .  That i s ,  f o r  example: Is it  a 
f i - ss ionable  ma te r i a l ?  Is it  s t a b l e ?  Are resonance d a t a  given? 
Which i s  the  formalism used f o r  the resonance parameters?  Are 
unresolved d a t a  given? Are the  d a t a  temperature-dependent? For  t he  
angular  d i s t r i b u t i o n ,  are the  d a t a  given as Legendre c o e f f i c i e n t s  o r  as 
a p r o b a b i l i t y  d i s t r i b u t i o n ?  
d i s t r i b u t i o n  of f i s s i o n  neutrons? 

Which l a w  i s  used t o  desc r ibe  t h e  energy 



4 .  COMPARISON BETWEEN ORACLE AND PROLOG IMPLEMENTATIONS 

In the preceding chapters, four methods to retrieve information were 
described. They are as follows: 

in Oracle, 
1. using SQL language, and 
2. using IAG (this is the screen of  page 1); 

in Prolog, 
3 .  using SQL language, and 
4 .  using a Prolog program. 

From the point of  view of  a nonspecialized user, the easiest way to 
retrieve information from the data base is through method 2; method 4 
comes next, and methods 1 and 3 are essentially equivalent. 

The main advantage of method 4 is that because Prolog is a logic 
language especially appropriate for artificial intelligence techniques, 
it will be easier in a later stage to use our data base in an expert 
system for a particular application. 

Let us now compare some SQL and Prolog queries (see Tables 6 and 7). 

Data needed: Which nuclides are in ENDF/B-V, and what is their Mat 

SQL : select * from numeric-code where code-type like 'mat'; 
Prolog: code(mat,Mat.Nuclide). 

number?. 

Data needed: 
SQL : select * from numeric-code where code-type like 'rnf'; 
Prolog : code(mat,Mat,Data - type). 

What are the possible values and meaning for Mf?. 

Data needed: Which nuclide has the Mat number = 1305?. 
SQL : select * from numeric-code where code-type like 'mat' and 
Prolog: explain(mat,l305,Nuclide).  

code = 1305; 

Data needed: What is the Mat number for B - 1 0 ? .  
SQL : select * from numeric-code where code-type like Pmat' and 
Prolog: explain(mat,Mat,$B-lo$). 

translation like ' B - 1 0 ' ;  

Data needed: What data-type is coded with M f  = 3 ? .  
SQL : select * from numeric-code where code - type like 'mf' and 

code = 3 ;  
Prolog : explain(mf,3,Data_type). 

Data needed: What is the value o f  Mf for Neutron Cross Sections?. 
SQL : 

Prolog : explain(mf,Mf,$Neutron Cross Section$). 

select * from numeric-code where numeric code-type like 
'mf' and translation like 'Neutron Cross Section'; 

7 



Data needed: What are the data available for B - l o ? .  
SQL : select * from nuclide - info where nuclide like 'B-10' order 
Prolog: 

by mf,mt; 
table o f  contents('fi1e - name'). 

In general, for the questions above, the syntax of the Prolog queries is 
much easier than that of SQL queries. 

Because of the prototypic nature of this work, not much attention was 
paid to issues of  efficiency, such as data base sizes, code sizes, 
compile times, and execution times, Nonetheless, since the raw input 
files approached 1 Mbyte in size, these concepts could not be completely 
ignored. 
retrieving the data, namely the "assert" and (sometimes implicit) "call" 
predicates. With Arity/Prolog, other alternatives were available that 
would certainly have significantly reduced the time to record and 
retrieve the data; these techniques involve "B-tree" fndexes, hash 
tables, "data world(s)," etc. In any event, the time required to parse 
an entire data file and store the data as P r o l o g  cl-auses never exceeded 
a few minutes. As is often the situation, we experienced dramatic 
improvement in retrieval speed by creating (B-tree) indexes for the 
Oracle data base; in fact, response times for some of t:he complex 
multitable queries listed earlier in this paper were reduced from 30 i n i n  
to a few seconds simply by creating relevant indexes. Interestingly, 
when using SQL data base management systcms like Oracle, neither the 
user nor the programxer needs to remember which, if any, indexes have 
been defined; it is the responsibility of the underlying kernel software 
to determine the appropriate index(es) to achieve the most efficient 
processing. 

With Prolog, we used the easiest method of storing and 

As stated previously, Oracle is a very popular package; its query 
language and programming interfaces meet the ANSI stxndards for SQI., 
which makes it very transportable to and compatible with other systems. 
With its other utility packages and its C interface, Oracle is a 
powerful component in any such system. 

The main disadvantage of Prolog is probably that it is not widely known 
and accepted in the programmer and user community, especially in the 
United States. Apart from that, Arity/Prolog together with Arity/SQL 
and Arity/Expert, i t s  expert system building package, could also secve 
as an advanced tool for the management and analysis of nuclear data. 

Certainly, neither Oracle nor Arity/Prolog was specially designed to 
handle "scientific data" (i.e., vast quantities of numeric data) such as 
this. However, both systems seemed to provide all the functionality 
necessary to process eval-uated nuclear data. 



5 .  CONCLUSIONS 

We have shown, through this prototypic example, that artificial 
intelligence methodologies and data base management systems now 
available provide the necessary functionality to extract information 
from nuclear data files. 

A first attempt was made to codify in Prolog-the ENDF/B Data Formats and 
Procedures. Although this codification was restricted to Mat, Mf, Mt, 
and some Head, Send, Fend, and Tend records, the extension of this work 
to cover all records and "flags" contained in the ENDF/B files should be 
straightforward. 

This work represents a modest first step towards the development of 
intelligent data base systems, which by combining nuclear data sets w i t h  
experimental data files would provide automatized input sets for reactor 
calculations. 

The limited expressive power of SQL compared to the power of Prolog, 
which has been used both as a programming language and as a query 
language, makes the second approach preferable to the first. 

9 
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Table 1. Some internationally available evaluated 
nuclear data libraries 

Library name Country of origin 

ENDF/B-IV - 
ENDF/B-IV - 
ENDF/B-IV - 
ENDF/B-V - 
ENDF/B-V - 
ENDF/B-V - 
ENDF/B-V - 
JENDL- 2 
ENDL- 84 
KEDAK 
SOCRATOR 
FRENDL 
INDL 

Standards 
Dosimetry 
Fission Products 
Standards 
Do s ime try 
Fission Products 
Act inides 

U.S.A. 
U.S .A. 
U.S .A. 
U.S.A. 
U.S.A. 
U.S.A. 
U.S.A. 
Japan 
U .  S .A. 
Germany 
U.S.S.R. 
France 
I .A.E.A. 
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Table 2. Nuclides present in the ENDF/B-V 
Standards library 

Nuclide Material number Evaluator - Laboratory 

He-3 1146 
H- 1 1301 
Li-6 1303 
B-10 1305 
c-12 1306 
Au- 196 1379 
U- 235 1395 

Leona Stewart - L A S L ~  
L. Stewart et al. - LASL 
G. Hale et al, - M S I A  
G. Hale et al. - LASL 
C. Y. Fu et al. - ORNL 
S. F. Mughabghab - BNLC 
M. R. Bhat - BNL 

a 
Los Alamos National Laboratory. 

Brookhaven National Laboratory. 
bOak Ridge National Laboratory. 
e 
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Table 3 .  Type of information given fo r  the nuclide 
H-1 in the ENDF/B-V Standards library 

Nuclide Code File Section Information given No. of  Records 

PI-1 1301 1 

2 

3 
2 

4 

12 

14 

33 

451 

151 

1 

102 
251 
252 
253 

2 

102 

102 

1 
2 

102 

General description 

Res. parameters 

Total cross section 
Elastic cross section 
(n, gama) 

Elastic cross section 

(n, g-a) 

(n, gamma) 

Covariance for total 
Covariance €or elastic 
Covariance f o r  (n,gamma) 

142 

5 

48 
48 
48 
8 
8 
8 

163 

5 

2 

5 
25 

9 
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Table 4 .  Tables and views for the data base 

UFI> START CRRSTC 

U F I >  create table library ( 
2 library char(66), 
3 origin char(l7) 
4 1; 

Table created, 

U F I >  create table source ( 
2 mat number(4), 
3 nuclide char(6), 
4 tape char(4), 
5 library char(66), 
6 affiliation char(4), 
7 evaluators char ( 3 3 )  
8 > ;  

Table created 

U F I >  create table sec t ion  ( 
2 mat number(4), 
3 mf number(2), 
4 mt number( 3 )  I 
5 number-of-records number (5) 
6 > ;  

Table created. 

UFT> create table numeric-code ( 
2 code-type char(3), 
3 code number(4), 
4 translation char(68) 
5 > ;  

Table created. 

U F I >  create view mf-in-section as 
2 select mat,mf from section group by mat,mf; 

View created. 
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Table 4 (contined) 

UFI> create view nuclide-info as select nuclide,source.mat,mf, 
2 nl.translation mf-info,mt,n2.translation mt-info,number-of-records 
3 from source,section,numeric-code n1,numeric-code n2 
4 where source.mat = section.mat 
5 and nl.code-type ='mf' and nl.code section.mf 
6 and n2.code-type ='mt' and n2.code = section.mt; 

View created. 

UFI> create index source - index on source(mat); 

Index created. 

UFI> create index section-index on section(mat,mf,mt); 

Index created, 

UFI> create index numeric-code-index on numeric-code(code-type,code); 

Index created. 

UFI> create index source-index on source(mat); 

Index created. 

UEI> create index section-index on section(mat,mf,mt); 

Index created. 

U F D  create index numeric-code-index on numeric-code(code--type,code); 

Index created. 

UFI> E X I T  
Logged o f f  from ORACLE 
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Table 5 .  Some o f  the commands used to insert the information 

UFI> START B 1 0  
U F I >  insert into source values(l305,'B - 1 0 ' , ' 5 6 3 ' ,  

2 'ENDF/B-V STANDIZRDS', 
3 'LASL','G.HALE, L.STEWART, P.YOUNG'); 

1 record created 

UFI> 
UFI> insert into section values(1305,1,451,390); 

1 record created 

. . . (many similar data "insert" commands) 
UFI> insert into section values(1305,33,781,21); 

1 record created. 

U F D  START U235 
UFI> insert intio source values(1395,'U -235','563', 

2 'ENDF/B-V STANDARS', 
3 'BNL ' ,'M.R.BHAT'); 

1 record created. 

UFI> 
UFI> insert: into section values (1395,1,451,330) ; 

I. record created. 

. . . (many similar data "insert" commands) 

TJFD insert into section values(1395,33,102,42); 

1 record created. 

UFI> START CODE 
U F D  insert into numeric __ code values('mat',1305,'B-10'); 

1 record created. 

UFP> insert into numeric-code values('mat',1395,'U-235'); 

1 record cxeated. 

. . . (many similar data "insert" commands) 
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Table 5 (continued) 

UFI> insert into numeric - code values('mat',l379,'Au-l97'); 

1 record created. 

UFI> insert into numeric-code values('mf',l,'@eneral Information'); 

1 record created. 

. . . (  many similar data "insert" commands) 

UFI> insert into numeric-code values('mf',33,'Data Covariance Matrices 
for Neutron Cross Sections'); 

1 record created. 

UFI> insert into numeric-code values('mt',l,'Total Cross Section'); 

1 record created 

. . . (many similar data "insert" commands) 
U F I >  insert into numeric-code values('mt',781,'(n,al) Cross Section for 
1st excited state'); 

1 record created. 
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Table 6 .  Example of poss ib l e  que r i e s  t o  the  d a t a  base 

UFI> column l i b r a r y  format a20 wrap heading 'L ib ra ry '  
UFI> se lec t  * froin l i b r a r y ;  

Library  Or ig in  

ENDF/B-V - STANDARBS U.S.A. 

ENDF/B-V - DOSIMETRY U.S.A. 

ENDF/B-V - F I S .  PROD. U.S.A. 

ENDF/B-V - ACTINIDES U.S.A. 

JENDL- 2 

ENDL- 84 

KEDAK 

JEF- 1 

SOCRATOR 

I N D L  

10 records s e l e c t e d .  

JAPAN 

U. S .A. 

GERMANY 

F W C E  

U. S. S . R .  

I .A. E . A .  

UFI> exit 
Logged o f f  from ORACLE 
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T a b l e  6 (continued) 

UFD select  * from source;  

MAT Nuclide T a p e  L i b r a r y  A f f  . Evaluator (s) 

-1305 B - 10 563 ENDF/B-V STANDARDS LASL G. HALE, E.  STEWART, P .  YOUNG 

1395 U -235 563 ENDF/B-V STANDARDS BNL M. R. BHAT 

U F I >  break on mat skip 1 on mf s k i p  1 
UFI> select  * from s e c t i o n ;  

2 151  4 

3 1 132 
2 126 

. . .  

12 102 40 
781 4 

1 3  4 368 
103 88 

14 4 1 
102 1 
103 1 
7 8 1  1 

33 1 5 
2 87 

107 9 
780 54 
7 81 21 
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1395 1 451 
452 
455 
456 
458 

2 151 

3 1 
2 
4 

1 6  
17 
18 

. . .  
31 452 

33 18  
102 

330 
7 
8 
6 
5 

973 

470 
470 
128 

26 
9 

300 

56 

78 
42 

191 records  selected 

UFI> select * from mf-in-section; 
MAT MF 

_ _ - - _  - - -  
1305 1 

2 
3 
4 

1 2  
13  
14  
33 

1395 1 
2 
3 
4 
5 
8 

1 2  
1 3  
14  
15  
31 
33 

20 records sei-ected. 



23 

Table 6 (continued) 

UFI> break on code-type skip 1 
UFI> select * from numeric-code order by code-type,code; 

rnf 1 General Information 
2 Resonance Parameter Data 
3 Neutron Cross Sections 
4 Angular Distributions of  Secondary Neutrons 
12 Multiplicities for Photons (from neutron reactions) 
13 Cross Sections for Photons (from neutron reactions) 
14 Angular Distributions for Photons (from neutron reactions) 
33 Data Covariance Matrices for Neutron Cross Sections 

Code 
Type Code Translation 

mt 1 Total Cross Section 
_ _ _ _  _ _ ” _ _  _ _ _ _ _ _ _ _ _ _ _ L L L _ _ _ _ _ _ _ - - - - - - - - - - - - - _ - - - - - - _ - - - - - - - - - - - - - - - - - - - -  

2 Elastic Scattering Cross Section 
3 Non-Elastic Cross Section 
4 Total Inelastic Cross Section 
51 (n,n ) to the 1st excited state 
52 (n,n ) to the 2nd excited state 
53 (n,n ) to the 3rd excited state 
54 (n,n ) to the 4th excited state 
55 (n,n ) to the 5th excited state 
56 (n,n ) to the 6th excited state 
57 (n,n ) to the 7th excited state 
58 (n,n ) to the 8th excited state 
59 (n,n ) to the 9th excited state 
102 (n,g) Radiative Capture Cross Section 
103 (n,p) Cross Section 
104 (n,d) Cross Section 
107 (n,a) Cross Section 
113 (n,tZa) Cross Section 
151 Resonance Information 
251 MuL, average cosine o f  the scattering angle 
252 Psi, average logarithmic energy decrement 
253 Gamma, avg of the square of the log. energy dec. 

44 records selected. 
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Table 6 (continued) 

U F I >  s e l e c t  * from nuclide-info 
2 where nuc l ide  = ' U  -235' 
3 o rder  by mf,mt; 

Nuclide MAT MF MF d e s c r i p t i o n  MT MT d e s c r i p t i o n  Numb e r 
Recs. 

~ _ _ -  -. 
U -235  1395 1 General Information 451 Heading o r  T i t l e  i n f  330 

ormation 

U -235 1395 2 Resonance Parameter 151 Resonance I n f o r i n a t i o  973 
Data n 

U -235 1.395 3 Neutron Cross Sect:io 1 T o t a l  Cross Sec t ion  470 
nS 

U -235 1.395 3 Neutron Cross Sec t io  2 E l a s t i c  S c a t t e r i n g  C 470 
ns r o s s  Sec t ion  

U -235 1395 3 Neutron Cross Sec t io  4 To ta l  I n e l a s t i c  C r o s  128 
ns  s Sec t ion  

U -235 1395 3 Neutron Cross Sec t io  51 ( n , n  ) t o  t he  1st ex 11 
ns  c i t e d  s ta te  

U -235 1395 3 Neutron Cross Sec t io  52 ( n , n  ) t o  t h e  2nd ex 15 
ns c i t e d  s t a t e  

U -235 1395 3 Neutron Cross Sec t io  53 ( n , n  ) t o  t he  3rd  ex 14 
ns  c i t e d  s t a t e  

U -235 1395 3 Neutron Cross Sec t io  54 ( n , n  ) t o  t h e  4 t h  ex 1 4 
TlS c i t e d  s ta te  

U -235 1395 3 Neutron Cross Sec t io  55 ( n , n  ) t o  t he  5 th  ex 1 3  
n s  c i t e d  s t a t e  

U -235 1395 3 Neutron Cross Sec t io  56 ( n , n  ) t o  t he  6 th  ex 1 3  
ns c i t e d  s t a t e  

U -235 1395 3 Neutron Cross Sec t io  57 ( n , n  ) t o  the  7 th  ex 1 2  
I1 s c i t e d  s t a t e  
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Table 6 (continued) 

iiumbe r 
Nuclide MAT MF MF description MT MT description Recs. 

U -235 

U -235 

U -235 

U -235 

U -235 

U -235 

U -235 

U -235 

U -235 

U -235 

U -235 

U -235 

U -235 

1395 

1395 

1395 

1395 

1395 

1395 

1395 

1395 

1395 

1395 

1395 

1395 

1395 

3 

3 

3 

3 

3 

3 

4 

4 

4 

4 

4 

4 

4 

Neutron Cross Sectio 58 (n,n ) t o  the 8th ex 
ns cited state 

Neutron Cross Sectio 59 (n,n ) to the 9th 
ns excited state 

Neutron Cross Sectio 102 (n ,g)  Radiative Capt 
ns ure Cross Section 

Neutron Cross Sectio 251 MuL, average cosine. 
ns of the scattering an 

@e 

Neutron Cross Sectio 252 Psi, average logarit 
ns hmic energy decremrn 

t 

Neutron Cross Sectio 253 Gamma, avg o f  the s q  
ns uare of  the l og .  ene 

rgy dec. 

Angular Distribution 
s of Secondary Neutr ross Section 
ons 

2 Elastic Scattering C 

Angular Distribution 51 (n,n ) to the 1st ex 
s of  Secondary Neutr cited state 
ons 

Angular Distribution 52 (n,n ) to the 2nd ex 
s of  Secondary Neutr cited state 
ons 

Angular Distribution 53 (n,n ) to the 3rd ex 
s o f  Secondary Neutr cited state 
ons 

Angular Distribution 54 (n,n ) to the 4th ex 
s of  Secondary Neutr cited state 
ons 

Angular Distribution 55 (n,n ) to the 5th ex 
s of  Secondary Neutr cited state 
ons 

Angular Distribution 56 (n,n ) to the 6th ex 
s of  Secondary Neutr cited state 
ons 

1 2  

11 

371  

10 

10 

10 

146 

10 

LO 

10 

10  

10 

10 
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Table 6 (continued) 

Numb e r 
Nuclide MAT MF MF description MT MT description Recs. 

U -235 1395 4 Angular Distributkon 57 (n,n ) to the 7th ex 10 
s o f  Secondary Neutr cited state 
ons 

U -235 1.395 4 Angular Distribution 58 (n,n ) to the 8th ex 10 
s o f  Secondary Neutr cited state 
ons 

U -235  1395 4 Angular Distribution 59 (n,n ) to the 9t:h ex 10 
s o f  Secondary Neutr cited state 
ons 

U -235 1395 12  Multiplicities f o r  P 4 Total Inelastic C r o s  253 
hotons (from neutron s Section 
re ac t i. ons ) 

U -235 1395 12  Mul-tiplicities Tor P 102 (n,g) Radiative Capt 5 
hotons (from neutron ure Cross Section 
reactions) 

U -235 1395 1 3  Cross Sections f o r  P 3 Non-Elastic Cross Se 8 
Photons (from neutron ction 
reactions) 

U -235 1395 14  Angular Distribution 3 Non-Elastic Cross Se 1 
s for Photons (from ction 
neutron reactions) 

U -235 1395 14  Angular Distribution 4 Total Inelastic Cros 1 
s f o r  Photons (from s Section 
neutron reactions) 

U -235 1395 14 Angular Distribution 102 (n,g) Radiative Capt 1 
s for Photons (from ure Cross Section 
neutron reactions) 

U -235 1395 33 Data Covariance Matr 102 (n,g) Radiat:ive Capt 4 2  
ices €or  Neutron Cro ure Cross Section 
s s  Sections 

35 records selected. 

UFI> exit 
Logged o f f  from ORACLE. 
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Table 7. Prolog predicates to retrieve information 

% Which nuclides are on ENDF/B-V, and what is their Mat number? 

? -  code(mat,Mat,Nuclide). 

Mat = 1305 
Nuclide - $B-10$ ->; 
Mat = 1395 
Nuclide = $U-235$ ->; 
Mat - 1146 
Nuclide = $He-3$ ->; 
Mat = 1301 
Nuclide = $ H - l $  ->; 
Mat = 1303 
Nuclide = $Li-6$ ->; 
Mat = 1306 
Nuclide - $C-12$ ->; 
Mat = 1379 
Nuclide = $Au-l97$ 
Yes 

% What are the poss ib l e  values and meaning for Mf? 

? -  code(mf,Mf,Data-type). 

Mf = 1 
Data-type = 

Mf = 2 
Data-type = 

M f  = 3 
Data-type - 
Mf = 4 
Data-type - 
M f  = 12 
Data-type - 
Mf = 13 
Data-type = 

Mf = 14 
Data-type = 
-> 
continue . 

$General Information$ ->; 

$Resonance Parameter Data$ ->; 

$Neutron Cross Sections$ ->; 

$Angular Distributions of Secondary Neutrons$ ->; 

$Multiplicities f o r  Photons (from neutron reactions)$ ->; 

$Cross Sections for Photons (from neutron reactions)$ ->; 

$Angular Distributions for Photons (from neutron reactions)$ 
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Table 7 (continued) 

% What are the possible values and meanning for Mt? 

? - code (mt , Mt: , React ion) . 
Mt = 1 
Reaction = $Total Cross Section$ ->; 

Mt = 2 
Reaction = $Elastic Scattering C r o s s  Section$ ->; 

Mt = 3 
Reaction = $Non-Elastic Cross Section$ ->; 

M t  = 4 
Reaction = $Total Inelastic Cross Section$ ->; 

Mt = 51. 
Reaction = $(n,n ) to the 1st excited state$ -> 

continue 

% Which nuclide has the Mat number = 1305? 

? - explain(mat ~ 1305, Nucl-ide) . 
Nuclide = $ B - 1 0 $  -> 
yes  

% What is the Mat number for B - 1 0  ? 
. . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .  

? -  explain(mat,Mat,$B-lO$). 

Mat = 1305 -> 
yes 

% What data-type i s  coded whi t11  Mf =3? 
. . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .  

? -  explain(rnf,3,Data .... t:ype) 

Data-type = $Neutron Cross Sections$ -> 
Yes 

% What is the value of Mf f o r  Neutron Cross Sections? 
. . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .  

? -  expl.ain(rnf,Mf,$Neutron C r o s s  Sectionssj 

Mf = 3 -> 
Yes 
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Table 7 (continued) 

% What reaction is coded with Mt - 102? 

? -  explain(mt,l02,Reaction). 

Reaction - $(n,g> Radiative Capture Cross Sections -> 
Yes 

% What are the data available for B- l o ?  

? -  table - -  of contents(‘borontoc.tex‘). 

TABLE-OF-CONTENTS output on file borontoc.tex 

TABLE OF CONTENTS Exit, - -  

yes 
% See output on file ‘borontoc.tex‘ in the following pages. 

% Make an interpreted listing €or boron and store it in the file 
% boron.tex. 

? -  report(’boron.tex’). 

REPORT output on file boron.tex 
REPORT Exit. 

Yes 
% See output on file ’boron.tex’ in following pages. 

% Make an interpreted listing for M f  = 3 3 ,  Mt - 1. 
? -  report(’covar.tex’,33,1). 

REPORT output on file covar.tex 
REPORT Exit. 
Yes 
% See ouput on file ‘covar.tex’ in fo l lowing  pages 
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Table 7 (continued) 
__ 

% Retr ieve  a l l  the data. 

? -  data(Mat,Mf,Mt,Seq,Text3. 

Mat = 563 
Mf = 0 
14t = 0 
S e q  = 0 
Text = $ENDF/B-V AMFX MOD NO. 3 OCTORER 83 

$->; 
Mat = 1305 
Mf = 1 
Mt = 451 
Seq = 1 
Text = $ 5.01000t 3 9 .92630+  0 0 

Mat = 1305 
l4f = 1 
M t  = 451 
Sey = 2 
Text = $ 0 . 0  + 0 0 . 0  .t 0 0 

0 

0 

0 I$->; 

0 O $ - >  

. . .  
continue . 

. . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .  

% Retrieve the data for Kf = 33, M t  = 1. 

? -  data(1305,33,1,-,Text). 

Text = $ 5.01000+ 3 9.92690+ 0 0 0 0 I$->; 

Text = $ 0 . 0  i- 0 0 . 0  i- 0 0 1 1 O $ - > ;  

Text = $ 0 . 0  i- 0 0 . 0  + 0 0 0 0 O $ - > ;  

Text = $ 1.00000- 5 2 .OOOOO- t  7 0 0 6 13$->; 

Text = $ 1 . 0 0 0 0 0 ~  0 2.00000+ 0 1.00000+ 0 7.80000+ '2 1 . 0 0 0 0 0 ~  0 
7.81000-t 2$->; 

no 



31 

Table 7 (continued) 

08-Jul-1988 1 3 : 4 0 : 0 9  File : covar.tex 

Tape N o ,  : 563 
Library : ENDF/B-V AMPX MOD NO. 3 OCTOBER 83 

Material : B I 10 [1305] 

File : Data Covariance Matrices €or Neutron Cross Sections [33]  

Type : Total Cross Section [ l ]  

3357 5.01000+ 3 9.92690+ 0 0 0 0 1  
3357 5.01000+ 3 9.92690+ 0 0 0 0 1  

1 0  3358 0 . 0  + 0 0 . 0  -4- 0 0 1 
3358 0 . 0  + 0 0.0  + 0 0 1 1 0  
3359 0 . 0  + 0 0 . 0  + 0 0 0 0 0  
3359 0 . 0  + 0 0.0 + 0 0 0 0 0  
3360 1.00000- 5 2.00000+ 7 0 0 6 3  
3360 1.00000- 5 2.00000+ 7 0 0 6 3  
3361 1.00000+ 0 2.00000+ 0 1.00000+ 0 7.80000-t 2 1.00000+ 0 
7.81000+ 2 
3361 1.00000+ 0 2.00000+ 0 1.00000+ 0 7.80000- t  2 1.00000+ 0 
7.81000+ 2 



32 

Table 7 (continued) 

11 - J u L  - 1988 11 : 10 : 04 Table of Contents 

Tape N o .  : 563 
Library : ENDF/B-V AMPX MOD N O .  3 OCTOBER 83 

Ma t c: r i a1 : B - 10 [1305] 
Affiliation : IASL 
Evaluators : G . W L E ,  L.STEWART, P.YOUNG 

MF MT 
Recs 

1 :  General Information 
451 - Heading o r  Title information 

2 :  Resonance Parameter Data 
151 - Resonance Informati-on 

3 :  Neutron Cross Sections 
1 -  Total Cross Section 
2 - Elastic Scattering Cross Section 
4 - Total 1nelasti.c Cross Section 
51 - (n,n ) to the 1st excited state 
52 - (n,n ) to the 2nd excited state 
53 - (n,n ) to the 3rd excited state 
54 - ( n , n  ) to the r+th excited state 
55 - (n,n ) to the 5th excited statse 
56 - (n,n ) to the 6th excited state 
57 - (n,n ) to the 7th excited state 
58 - (n,n ) to the 8th excited state 
59 - (n,n ) to the 9th excited state 
102 - ( n , g )  Radiative Capture Cross Section 
103 - ( n , p )  Cross Section 
104 - (n,d) Cross Section 
107 - (n,a) Cross Section 
113 - (n,t2a) Cross Sectsion 
251 - MuT,, average cosine of  the scattering angle 
252 - Psi, average logarithmic energy decrement 

6 

4 

6 
4 
6 
6 
5 
5 
6 
6 
7 
9 
7 
1 
5 
6 
6 
7 
8 
7 
6 

253 - Gaiuina, avg of  the square of the l o g .  energy dec. 8 
700 - (n,pO) Cross Section 6 
701 - ( n , p l )  Cross Section for 1st excited state 6 
702 - ( n , p 2 )  Cross Section for 2nd excited state 6 
703 - (n,p3) Cross Section for 3rd excited state 6 
780 - (n,aO) Cross Section for ground state 7 
781 - (n,al) Cross Section f u r  1st excited state 5 

4 :  Angular Distri-butions o f  Secondary Neutrons 
2 - Elastic Scattering Cross Section 
51 - (n,n ) to the 1st excited state 
52. - (n,n ) to the 2nd excited state 
53 - (n,n ) to the 3rd excited state 
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Table 7 (continued) 

12 : Multiplicities for Photons (from neutron reactions) 
102 - (n,g) Radiative Capture Cross Section 9 

cont. table 7. 

781 - (n,al) Cross Section for 1st excited state 4 

4 -  Total Inelastic Cross Section 7 
1 3  : Cross Sections for Photons (from neutron reactions) 

103 - (n,p) Cross Section 8 

14 : Angular Distributions for Photons (from neutron reactions) 
4 -  Total Inelastic Cross Section 1 
102 - (n,g) Radiative Capture Cross Section 1 
103 - (n,p) Cross Section 1 
781 - (n,al) Cross Section for 1st excited state 1 

33 : Data Covariance Matrices for Neutron Cross Sections 
1 - Total Cross Section 5 
2 - Elastic Scattering Cross Section 7 
107 - (n,a) Cross Section 5 
780 - (n,aO) Cross Section for ground state 5 
781 - (n,al) Cross Section fo r  1st excited state 5 
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Table 7 (continued) 

08-Jul-1988 12:43:22 F i l e  : borori . tex 

Tape No. : 563 
Library  : ENDF/B-V AMPX MOD NO. 3 OCTOBER 83 

Mater ia l  : B - 10 [1305]  

: General Inforiliation [ 11 
'ryp Q 

1 
1 
2 
2 
3 
3 
4 
4 
5 
5 
6 

F i l e  

Type 

393 
393 
3 9 4  
394 
395 
395 
396 
cont  . 

F i l e  
Type 

399 
399 
400 
400 

: Headi-ng o r  T i t l e  information [451] 

5.01000~- 3 9.92690+ 
5.01000+ 3 9.92690+ 
0.0 + 0 0 . 0  f 

0 . 0  + 0 0.0 -9- 
0 .0  d- 0 0.0 d- 
0 . 0  t- o 0.0 + 

5-B - 1.0OLASL 
5 - B  - 3.OOLASL 

: Resonance Parameter 

0 0 0 0 1 
0 0 0 0 1 
0 0 0 0 0 
0 0 0 0 0 
0 0 0 284 103 
0 0 0 284 103 

EVAL-DEC76 G.WLE,  L.STEWART, P.YOUNG 
EVAL-DEC76 G.HALE, L-STEWART, P.YOUNG 
DIST-MAY79 REV1-JAN77 790518 
DIST-NiXY79 REVI-JAN77 790518 

con t .  

Data [2] . -  

: Resonance Information [151] 

5.01000+ 3 9.9269O-t 0 0 
5.01000+ 3 9.92690+ 0 0 
5.01000t- 3 j-.ooooo+ o 0 
5.01000-1- 3 1.00000+ 0 0 
1.00000- 5 1.00000+ 4 0 
1.00000- 5 1.00000+ 4 0 
3.00000+ 0 4.02380- 1 0 

: Neutron Cross Sec t ions  [ 3 ]  
: Tota l  Cross  Sec t ion  [l] 

5.010009- 3 9.92690-k 0 0 
5.01000+ 3 9.92690+ 0 0 
0.0 + 0 0 .0  + 0 0 
0.0 i- 0 0.0 i- 0 0 

0 
0 

386 
386 



35 

Table 7 (continued) 

File 
Type 

532 
532 
5 3 3  
533 
534 
File 
Type 

659 
659 
660 
660 

File 
. . .  

Type 

2322 
2322 
2323 
2323 

File 
Type 

2842 
2842 
2843 
2843 
2844 

File 
Type 

2883 

: Neutron Cross Sections [ 3 ]  
: Elastic Scattering Cross Section [ 2 ]  

5.01000+ 3 9 .92690+ 0 0 0 0 
5.01000+ 3 9 .92690+ 0 0 0 0 
0 . 0  + 0 0 . 0  + 0 0 0 1 
0.0 + 0 0.0 + 0 0 0 1 

368 2 
: Neutron Cross Sections [ 3 ]  
: Total Inelastic Cross Section [ 4 ]  

5.01000+ 3 9.92690+ 0 0 99 0 
5.01000+ 3 9.92690+ 0 0 99 0 
0 . 0  + 0-7.17000+ 5 0 0 1 
0 . 0  + 0-7.17OOO-t 5 0 0 1 

: Angular Distributions of Secondary Neutrons [ 4 ]  
: Elastic Scattering Cross Section [ 2 ]  

5.01000+ 3 9 .92690+ 0 1 1 0 
5.01000+ 3 9.92690+ 0 1 1 0 
0.0 + 0 9.92690+ 0 0 2 1 2 1  
0 . 0  + 0 9.92690+ 0 0 2 1 2 1  

: Multiplicities for Photons (from neutron reactions) [12] 
: (n,g) Radiative Capture Cross Section I1021 

5.01000+ 3 9.92690+ 0 1 0 12 
5.01000+ 3 9.92690+ 0 1 0 1 2  
0 .0  4- 0 0 . 0  4- 0 0 0 1 
0 . 0  + 0 0.0 + 0 0 0 1 

2 2 

: Multiplicities for Photons (from neutron reactions) [12] 
: (n,al) Cross Section f o r  1st excited state [781] 

5.01000-t 3 9.92690+ 0 1 0 1 

0 
0 

368 
368 

. . .  

0 
0 

185 
185 

0 
0 
10 
10 

. . .  

2 8 8 3  
5.01000+ 3 9.92690+ 0 1 0 1 . . .  

File : Cross Sections for Photons (from neutron reactions) [ 1 3 ]  
Type : Total Inelastic Cross Section [ 4 ]  

2893 1.10000+ 6 5 . 5 0 5 4 0 -  4 1.20000+ 6 1.10000- 3 1 .30000+ 6 1.79380- . . .  
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Table 7 (continued) 
1_-.- 

File : Angular Distributions for Photons (from neutron reactions) [14] 
Type : Total Inelastic Cross Section [ 4 ]  

334% 5.01000+ 3 9.926904- 0 1 0 13 0 
3348 5 .01000 i  3 9.92690+ 0 1 0 13 0 

File : Angular Distributions €or Photons (from neutron reactions) [14] 
TY P €2 : ( n , g )  Radiative Capture Crass Section [lo21 

cont table 7. 

3350 5.01000i- 3 9.92690-k 0 1 0 1 2  0 
3350 5.01000+ 3 9.92690-t-  0 1 0 1 2  0 

. . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .  

File : Angular Distributions for Photons ( f r o m  neutron reactions) [14] 
: (n ,p )  Cross Section [lo31 

3352 5.01000+ 3 9.92690+ 0 1 0 4 0 
3352 5.01000+ 3 9.92690+ 0 1 0 4 0 

File : Angular Distributions for Photons (from neutron react.i.ons) [ 141 
Type : (n,ah> Cross Section for 1st excited state [781] 

3 3 54 5.01000+ 3 9.92690+ 0 1 0 1 0 
3354 5.01000i- 3 9.92690.C 0 1 0 1 0 

. . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .  

File : Data Covariance Matrices for Neutron Cross Sections [33]  
Type : Total Cross Section [l] 

3357 
3357 
3358 
3358 
3359 
3359 
3360 
3360 
3361. 

5.01000+ 3 9.92690+ 0 0 
5.010006- 3 9.92690+ 0 0 
0 . 0  + 0 0 . 0  4- 0 0 
0.0 -t 0 0 . 0  + 0 0 
0 . 0  + 0 0.0 +- 0 0 
0 .0  6- 0 0 .0  -b 0 0 
1..00000- 5 2.000006- 7 0 
1.00000- 5 2.00000+ 7 0 
1.00000+ 0 2.00000+ 0 1,00000+ 0 7 .  

0 0 1 
0 0 1 
1 1 0 
1. 1. 0 
0 0 0 
0 0 0 
0 5 3 
0 6 3 

800006- 2 1 . O O O O O - t  0 7.81000+ 

File : Data Covariance Matrices for Neutron Cross Sections [33]  
Type : Elastic Scattering Cross Section [ 2 ]  

3363 5.01000+ 3 9.92690+ 0 0 0 0 3 
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R S I C  D A T A  
MAT : 1305 NUCLIDE : B - 10 TAPE : 563 

LIBRARY : ENDFIB-v AMPX MOD NO. 3 OCTOBER e3 
AFFILIATION : LASL EVALUATOR(S) : G.HALE, L-STEWART, P 

MF : 3 NEUTRON CROSS SECTIONS 

MT SECTION NO, OF RECORDS 

1 TOTAL CROSS SECTION 132 
2 ELASTIC SCATTERING CROSS SECTION 126 
4 TOTAL INELASTIC CROSS SECTION 65 
51 (N,N ) TO THE 1ST EXCITED STATE 65 
52 (N,N ) TO THE 2ND EXCITED STATE 59 
53 (N,N ) TO THE 3RD EXCITED STATE 56 
54 (N,N ) TO THE 4TB EXCITED STATE 51 
5 5  (N,N ) TO THE 5TH EXCITED STATE 48 

F1:SHOW KEYS F2 :HELP F7:ENTER QUERY F8:EXEC.QUERY 
S-Fl:EXPLAIN ERROR F10:COMMIT S-F7:ROLLBACK CTRL-Z:EXIT 

V CHAR MODE: REPLACE PAGE 1 COUNT: *52 

R S I C  D A T A  
TAPE : 563 

NO. 3 OCTOBER E 3  
: G.HALE, L.STEWART, P 

I H F : 3  NEUTRON CROSS SECTIONS 

MT SECTION 

252 PSI, AVERAGE LOGARITHMIC ENERGY DECREMEN 
253 GANMA, AVG OF THE SQUARE OF THE LOG. ENE 
700 (N,Po) CROSS SECTION 
701 (N,P1) CROSS SECTION FOR 1ST EXCITED STA 
7 0 2  (N,P2) CROSS SECTION FOR 2ND EXCITED STA 
703 (N,P3) CROSS SECTION FOR 3RD EXCITED STA 
780 (N,AO) CROSS SECTION FOR GROUND STATE 
7 8 1  (N,A1) CROSS SECTION FOR 1ST EXCITED STA 

NO. OF RECORDS 

3 0  
30 
3 4  
25 
19 
18 
61 
61 

F1:SHOW KEYS F2 :HELP F7:ENTER QUERY F8:EXEC.QUERY 
S-F1:EXPLAIN ERROR F10:COMMIT S-FT:ROLLBACK CTRL-Z:EXIT 

CHAR MODE: REPLACE PAGE 1 COUNT: *52 

Fig .  1. Two examples of Oracle t a b l e s  as seen on the screen 
generated by the  IAG. 
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