
9 LH^kOOÖ'ir •<$ o> 
£ PSI Bericht Nr. 94-01 

m Januar 1994 
w ISSN 1019-0643 
o. 

l l iMJMJM1IMI l« l l *^J«i l l I»J» im«™«»JU»M»HU«'MlJU^^ 

< ^ \ . . ^ _ o X , 
HBlWWIl lWWIl I lW 1 r»*w 

( ^ & * - W ^ W* ^L 
P A U L S C H E R R E R I N S T I T U T 

Labor für 
Reaktorphysik und Systemtechnik 

Conceptual Design of an 
Integrated Information System 
for Safety Related Analysis of 

Nuclear Power Plants 
(IRIS Phase 1) 
STARS-Bericht Nr. 11 

Kurt Hofer, Alex Galperin, Paul Zehnder 

Projektleiter: Ernst Knoglinger 

1 1 « M U « I » I . 1 . I 1 M . . I » I | I I M « I 1 J 1 « I 1 I 1 « « I U 1 I I « I 1 « I I » . Bl lUM«MMII IMaM]l l lMM»U«^JUIWMm»™«»ll i | | ] *M«^ 

Paul Scherrer Institut 
Würenlingen and Villigen 
CH-5232 Villigen / PSI 

Telephone 056 99 21 11 
Telefax 056 98 23 27 
Telex 82 74 14psich 



PSI-Bericht Nr. 94-01 
Januar 1994 

ISSN 1019-0643 

Projekt 
STARS 

Conceptual Design of an 
Integrated Information System 
for Safety Related Analysis of 

Nuclear Power Plants 
(IRIS Phase 1) 

STARS-Bericht Nr. 11 
JL-^LHHHMJ"""" 1 —* 1 1 1 l l l ' t f j * ' | i 

Kurt Hofer, Alex Galperin *, Paul Zehnder 

Projektleiter: Ernst Knoglinger 

* Ben-Gurion University of the Negev, Israel 

This study was partly funded by the Swiss Federal Nuclear Safety Inspectorate (HSK). 

P A U L S C H E R R E R I N S T I T U T 

Labor für Reaktorphysik und Systemverhalten 



Contents 

1 Introduction 1 

1.1 STARS Project Engineering Activities 1 

1.2 An Integrated Information System - An Object-Oriented Approach 3 

1.3 Object-Oriented Databases 4 

2 PSI-IRIS - An Integrated Engineering Environment 8 

2.1 System Design, Architecture, and Development 8 

2.2 NPP Generic Database (GDB) 13 

2.2.1 Data Description 13 

2.2.2 Database Structure 16 

2.3 Storage of the Analysis Results (CASEJLIB) 18 

2.3.1 Data Description 18 

2.3.2 Definition of the Case Object and Case Element Object 19 

2.3.3 Structure of the Case Element Object 21 

3 PSMRIS Functional Description 23 

3.1 Guidelines for Functional Requirements Definition 23 

3.2 PSI-IRIS Utilization Modes 25 

3.3 Sample Sessions - A User View Approach 27 

4 Demonstration Prototype 31 

5 Summary and Conclusions 39 

6 Acknowledgments 40 

References 41 

Glossary 43 

Appendix A: Case-Oriented Definitions 45 

Appendix B: Examples of NPP Parameters to be stored in the GDB 

of the PSI-IRIS 46 

Appendix C: Examples of Parameters to be stored in Case Element 
Objects of the CASEJLIB (related to the Analysis Code RETRAN) 56 

ii/m //v 



Abstract 

This report deals with a conceptual design of an integrated information management system, called 
PSI-IRIS, as needed to assist the analysts for safety related investigations on Swiss nuclear power 
plants (NPP's) within the project STARS. 

Performing complicated engineering analyses of an NPP requires storage and manipulation of a 
large amount of information, both data and knowledge. This information is characterized by its 
multi-disciplinary nature, complexity, and diversity. The problems caused by inefficient and 
lengthy manual operations involving the data flow management within the framework of the safety 
related analysis of an NPP, can be solved by applying computer aided engineering (CAE) 
principles. These principles are the basis for the design of the integrated information management 
system PSI-IRIS presented in this report. The basic idea is to create a computerized environment, 
which includes both database and functional capabilities. 

The database of the PSI-IRIS consists of two parts, an NPP generic database (GDB) and a collec
tion of analysis results (CASE_LIB). The GDB includes all technical plant data and information 
needed to generate input decks for all computer codes utilized within the STARS project. The 
CASE_LIB storage contains the accumulated knowledge, input decks, and result files of the NPP 
transient analyses. 

Considerations and analysis of the data types and the required data manipulation capabilities as 
well as operational requirements resulted in the choice of an object-oriented database management 
system (OODBMS) as a development platform for solving the software engineering problems. 
Several advantages of OODBMS's over conventional relational database management systems 
(RDBMS's) were found of crucial importance, especially providing the necessary flexibility for 
different data types and the potential for extensibility. 

The conceptual design for the development of the PSI-IRIS presented in this report includes a 
description of the system architecture, the data types, and the database structures. The conceptual 
design phase of the PSI-IRIS was completed by the development of a demonstration prototype 
based on the commercial OODBMS software product 0 2 - Therby, the basic system design could 
be checked and the technical feasibility demonstrated. 
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1 Introduction 

1.1 STARS Project Engineering Activities 

The STARS project carried out by the Paul Scherrer Institute (PSI) is aimed to create and verify 
calculational and analytical models of Swiss nuclear power plants (NPP's). These models can then 
be used in evaluating the NPP behavior during a transient. The NPP model used for safety related 
transient calculations represents the result of a lengthy and complicated sequence of engineering 
analysis activities and provides the capability to calculate all basic plant parameters. The analytical 
capability of the STARS project is built on the one hand on the collection of computer codes and 
on the other hand on the expertise, accumulated over several years, for generating input models, 
running the codes, and interpreting output files. It should be noted that typical safety analysis tasks 
within the project STARS involve calculational tools in several disciplines such as reactor physics, 
heat transfer, fluid dynamics, and material behavior. The engineering analysis process of estab
lishing and validating an NPP model starts with the collection of all pertinent data, describing the 
plant. 

The complexity of the engineering analyses carried out within the framework of the STARS 
project is due to two major factors: 

© The calculational sequence utilized to perform a complete analysis of a postulated tran
sient involves a large number of computer codes. Each code is by itself a complicated 
calculational tool based on multi-domain specific approximations and requires consider
able expertise from the analyst for using it adequately. 

9 The calculational sequence involves the exchange of a large amount of data between dif
ferent codes. The data exchange is supported by several interface routines, designed to 
convert output files of some codes into input files of others. It should be noted that dif
ferent codes are based on different models, units, nomenclature etc., thus requiring a 
considerable effort to assure consistency and to avoid errors in the data transfer actions. 

The STARS project computer code system is shown in Fig. 1, displaying both the code modules 
and the data sets. The typical analysis task for a postulated transient starts with the collection of all 
relevant technical data, necessary to create input decks for all computer codes involved. At the next 
step, the neutronic model of the reactor lattice is established, and basic cell and assembly burn-up 
calculations are carried out. The results of these calculations are the homogenized cross-sections, 
parametrized with regard to a set of independent parameters such as burn-up, boron concentration, 
and moderator temperature. These constants are used at the next stage for a 3-D coupled neutronic 
and thermohydraulic simulation of the reactor core. These static core calculations serve to define 
boundary conditions for transient calculations and provide core-averaged parameters in addition to 
temperature and pressure distributions used in the fuel behavior calculations. 

It may be noted from the discussion above that a quite complex sequence of calculations and data 
transfers is carried out, involving several distinct engineering disciplines. The major problems 
encountered by the experts in performing safety simulation analyses of NPP's are due to the large 
amount of data, its diversity, and the multiple manipulations required for generating input decks, 
analyzing output decks, and for the conversion of data into different formats. These problems can 
be addressed by creating an integrated computerized environment for the large variety of analyses, 
focussing upon the needs of the project STARS and similar activities. Such an environment should 
be built around a central information system, including technical plant data, calculational tools, 
verified input decks, results of the selected postulated transient cases, etc. 
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Fig. 1 STARS Project Computer Code System 



Performing analyses in such a computerized environment is expected to considerably improve 
quality assurance of the results and to reduce inconsistencies and data error propagation. More
over, many inefficient and time-consuming operations performed manually (e.g. tedious routine 
work) will be replaced by computerized tools. 

This report describes a system designed to implement an integrated computer-based environment 
for safety related analyses of NPP's, including a description of the data model and functional 
features. 

1.2 An Integrated Information System - An Object-Oriented Approach 

The diversity and complexity of information which is utilized in the course of a safety related NPP 
analysis should be especially noted. The raw technical data used to generate models and input 
decks for the numerous computer codes include numerical data, plots of functions, schematic 
representations of components, and text files. The knowledge generated as a result of calculations 
and analyses may include: calculational procedures, heuristic knowledge on utilization and limi
tations of the codes, numerical output data and analysis results in form of processed output files, 
as well as conclusions and recommendations in form of text files or heuristic rules. 

Another characteristic feature of the information processing carried out within the framework of 
the STARS project analyses is related to the necessity to manipulate data by a database language, 
by algorithmic programming languages, and by graphical tools. All three programming environ
ments differ significantly by their structures, such that a real integration of above-mentioned 
computer tools into a conventional database system is difficult or even impossible. (Conventional 
database technology stands here for all the database developments up to and including the rela
tional approach.) 

The data-intensive operations performed by the analysts in the course of an engineering analysis, 
described in the previous sections, may be facilitated by the utilization of modern computer-aided 
engineering technology. An integrated information system, as described in this report, is designed 
to contain all the relevant data and knowledge, necessary to perform a complete safety related 
transient analysis, combined with a collection of computerized tools for storage, retrieval, and 
manipulation of the data. The kernel of such a system should be a database package with an asso
ciated system query language (SQL). An attempt to make use of the conventional, relational 
database technology for the STARS information management system reveals several serious 
shortcomings of the relational and past-generation database systems (see [KIM90], p. 2 et seq): 

© A conventional data model, especially the relational model, is too simple for modelling 
complex entities such as needed for engineering applications. 

© Conventional database systems support only a limited set of data types such as integer, 
string etc. They do not support general types found e.g. in the safety analysis of a large 
technical plant. 

• The conventional data model does not include a number of frequently useful semantic 
concepts such as generalization and aggregation relationships. This means that applica
tion programmers must explicitly represent and manage such relationships in their 
programs, since the database does not provide the necessary functions. 
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© Applications in the engineering domain usually involve programs written in some algo
rithmic language (C, FORTRAN or COBOL) and some database language (SQL) 
embedded in it. Database languages are very different from programming languages, in 
both data model and data structures. This problem - "impedance mismatch" - motivated 
the development of fourth-generation languages (4GL's). 

Hence, the widely used relational database technology which was mainly developed for conven
tional business data-processing applications such as banking, inventory control, sales service, 
billing and accounting, telephone directories, etc. is regarded to be inadequate for complex engi
neering applications as e.g. the STARS information management system. 

Most of the deficiencies of the conventional database technology are addressed by the object-
oriented database technology. The object-oriented database technology is built on the conventional 
database technology, however is based on a specifically developed object-oriented data model 
(OODM) and a object-oriented database language. 

Following W. Kim ([K1M90], p. 3-11), some special features of the object-oriented technology 
will be described in this and the following paragraph. In general, object-oriented concepts are to
day already widely used and form the basis for powerful tools in many different applications (e.g. 
object-oriented user interface, object-oriented CAD, knowledge-based systems, etc.). During the 
1980s, mostly in the USA, research and developments were made for an object-oriented database 
technology with a view to get rid of shortcomings of the conventional database technology as 
previously outlined. The basic term used within object-oriented technology is the object. An object 
consists of a set of data plus programs (= methods or codes) which operate on the data. The data 
is the so-called state and the code the behavior of the object. The connection of data and code in 
one single entity, the object, is a very characteristic feature of the object-oriented concept and is 
called encapsulation. Objects can interact with each other by sending each other messages, and 
they respond to the messages that they receive by executing methods. The data of an object itself 
are subdivided in attributes. 

The aforementioned general and more or less abstract description of an object should be explained 
with an example related to the STARS background. In the STARS plant database, there will be for 
each NPP an object called core that has an attribute named nodal burnup distribution. As a conse
quence, the state of the object core will contain 3-D data tuples on the nodal bumup distribution of 
the core with respect to the cycle number and the burnup step number. On the other hand, the 
behaviors of the object core will include methods, e.g. for displaying the 3-D nodal burnup data on 
a 2-D screen, for selecting a specific set of burnup data in accordance to a given range of indices, 
for finding the maximum and minimum or determining the average value within the considered 
range of burnup data, etc. 

1.3 Object-Oriented Databases 

A data model is a logical organization of real-world objects (entities), constraints on them, and 
relationships among objects. A data model that captures object-oriented concepts is an object-
oriented data model (OODM). It is evident that the design of an OODM is more complex than of 
a conventional data model, because the behavior (methods) must be modeled in the object-oriented 
approach as well. An object-oriented database is a collection of objects whose behavior and state, 
and the relationships are defined in accordance with an object-oriented data model. An object-
oriented database system is a database system including associated utilities for the definition and 
manipulation of objects. The main difference between an object-oriented and a non-object-
oriented database system is that an object-oriented database system can directly support the needs 
of applications that handle objects. 
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In the following, a summary of the basic elements of object-oriented database technology is pre
sented ([KIM90], p. 13 et seq): 

© Object. Any real-world entity is an object, with which is associated a system-wide unique 
identifier. 

© Attribute. An attribute is a part of the object description, defining a specific property. An 
object has one or more attributes, where the set of attributes defines the object type (class). 
Tue value of an attribute of an object is also an object. An attribute of an object may take 
on a single value or a multi-dimensional, arbitrarily long set of data. 

© Method. A method is a procedure associated with an object and composed of statements. 
A method can operate on values of attributes that are connected with the object of which 
it is a method. A method can be a simple task (e.g. editing of data) or it can be a. complex 
algorithm. A method might also call an existing program written in FORTRAN, C, etc. 

© Class. A class is a group of objects which share the same set of attributes and methods. An 
object belongs to only one class as an instance of that class. More precisely, a class is a 
template for its instances. A class is an object, too; in particular, a class is an instance of a 
so-called metaclass. In the literature, the term type is used sometimes as synonym foi 
class ([ZDONIK90], p. 7). 

© Composite object. An composite object is an object that contains other objects as part of 
its structure, specified in the attribute value of the composite object with the correspond
ing object identifier (an object name); i.e., the object references other objects. In general, 
a composite object is a heterogeneous collection of objects from a number of different 
classes. 

In the following, a short extract of key terms related to object-oriented programming and database 
technology is provided ([ITASCA92], [ISHIKAWA93], [KIM90], [SERVI092], and 
[ZDONIK90]). It does not mean that these features are all together compulsory for any object-
oriented database system. However, they show up more or less in most of the object-oriented da
tabase systems today available on the market. 

© Encapsulation. Encapsulation is a software-engineering methodology that connects (en
capsulates) in an object some data and programs to operate on the data. 

© Relationship, Class Hierarchy. A relationship is a named correspondence between ob
jects (classes). Relationships are one of the most fundamental parts of any data model. 
Examples for relationships are: 

- relationship between objects grouped into a class, 
- relationship between an object and objects it consists of (aggregation relationship), 
- relationship between a class of objects and classes of objects specialized from it 

(generalization relationship). 

Relationships between classes are reflected in the data model. 
The classes in a system are usually arranged in a hierarchy or a rooted directed graph, 
called a class hierarchy, such that any class C may have a set of lower-level classes S, 
which are a specialization of the class C and conversely, the class C is a generalization of 
the classes S. The classes S are subclasses of the class C, and the class C is a superclass of 
the classes S. 
Inheritance is tightly connected to the term class hierarchy. 
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Inheritance. A subclass automatically inherits the attributes and methods from the 
superclass. According to an object-oriented system, the inheritance concept is called 

- single inheritance (for object-oriented systems that allow a class to have only one 
superclass), 

- multiple inheritance (for object-oriented systems that allow a class to have more 
than one superclass). 

Inheritance is a convenient and perhaps the most useful feature of object-oriented 
programming. It means that a programmer need make only minor modifications to spe
cialize the subclasses. Subclasses can be specialized by extending or restricting their 
attributes and methods. As a consequence of inheritance, the programmer stores common 
methods and attributes in a class as abstract as possible in order that they can be inherited 
by all relevant subclasses (i.e. at uppermost level in the hierarchy). 

Polymorphism. Objects interact with each other by sending each other messages, and they 
respond to the messages that they receive by executing methods. A message is a request 
sent to an object to do something. It merely tells an object what to accomplish, not how to 
accomplish it. How the task is carried out is up to the method associated with the object 
that receives the message. Polymorphism means that the same message can invoke dif
ferent methods in different classes. Thus, a message can be understood by many different 
kinds of objects, but instances of one class may react to a specific message by performing 
one method, while instances of another class will react to the same message with a com
pletely different method (e.g. a message "area" can work on diverse objects such as circle, 
square, triangle, for which methods to calculate the area are defined differently). In par
ticular, a code (method) is polymorphic when it will work on objects of different forms. 
The advantage of polymorphism is that the code body is written once and will perform 
correctly regardless of the types of the objects that it encounters. 

Extensibility. Extensibility refers to the ability to extend an existing system without in
troducing bigger and time-consuming changes to it. An extension should provide new 
functionality to the data model that is indistinguishable from built-in functionality. Ex
tensibility is an especially powerful concept for building and evolving very large and 
complex software systems. An object-oriented approach to programming offers extensi
bility in two ways: behavioral extension and inheritance. The behavior of an object may 
be extended by simply including additional programs. A behavioral extension of an object 
does not affect the validity of any existing program. An object-oriented approach further 
promotes extensibility through reuse or inheritance. The behavior, and even the attributes, 
defined for an object may be reused in the definition of more specialized objects, i.e., they 
are inherited into the new objects. 

The condition is made to the object-oriented database systems that existing applications 
do not need to be modified from their basis when they are extended by new classes, new 
data, or new methods. 

Dynamic schema modification. Dynamic schema modification is the ability to modify 
(add, remove, change) class definitions (e.g. subclass/superclass relationship, changing 
the name of a class), inheritance structure, attribute specification, and methods in a flexi
ble manner at any time without requiring application shutdown, database shutdown, or 
off-loading/reloading of data. (Dynamic schema modification is supported by some 
object-oriented database systems.) 
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© Persistence. Persistent storage for data and structure is a feature belonging to any data
base system. The key term concerning persistence in the field of object-oriented systems 
is a persistent object. An object is persistent when it is stored in the database past the end 
of the process that creates it and is identically accessible with all its cross-references (e.g. 
for a composite object) at any time in the future. 

Since object-oriented database systems are based on conventional database technology, some of 
the above-mentioned features are common to conventional systems, too (such as relationship, class 
hierarchy, extensibility, dynamic schema modification, persistence), and many object-oriented 
concepts appear to be traditional concepts with different names. In fact, some object-oriented con
cepts are analogous to conventional programming approaches: 

- A method is like a procedure because both contain processing instructions. 
- Class and attributes correspond to data in traditional programming. 
- A class is like an abstract data type, although for object-oriented programs, the data typing 

process is not revealed outside the class. 

Some concepts, however, are quite different and make up the uniqueness of object-oriented data
base systems. Not part of conventional models of data are e.g.: 

- Encapsulation 
- Inheritance 
- Polymorphism 

The extended conventional concepts together with the aforementioned new concepts build up a 
powerful new database technology. 

Further, an object-oriented programming may be extended into a unified programming and data
base language. Thus, the resulting language suffers from the problem of impedance mismatch to a 
far less extent than the approach of embedding a database language into a conventional program
ming language. 

Computer-aided engineering applications are highly data-intensive and involve complex data rep
resentations to emulate the structure and behavior of complex entities that have to be analyzed. The 
relationship between entities are often too complex or subtle to be modelled by a relational model 
[ISHIKAWA93]. In addition, a considerable amount of reasoning intelligence is associated with 
the data in form of feasibility, consistency, and other constraints imposed by the analysis process. 
Thus, the complexity of the engineering data necessitates an appropriate level of extensibility to 
capture application-specific data semantics and mechanisms for the incremental development of a 
database structure for which the relational system is a poor tool. Main advantages of OODBMS's 
over RDBMS's are summarized below. 

9 A more realistic model Classes and objects in an OODBMS represent real-world engi
neering entities and give a much better feel for the mechanics of the problem than do a set 
of flat tables as in an RDBMS. 

© A more powerful data model Object data representation is highly flexible and may ba 
customized by the users with little restrictions. It allows the data to be intelligent. Facili
ties for inheritance and hierarchy allow the design to grow incrementally and problems of 
normalization and duplication of data may be avoided. The data model is better struc
tured, more intuitive and captures the semantics of the application. Some systems provide 
extensive object editing facilities. Conventional RDBMS's have only limited facilities to 
accommodate changes at the level of classes. 

7 



© Impedance mismatch in RDBMS's. One of the problem in developing complex applica
tions using RDBMS is the impedance mismatch, i.e. the inconsistency between database 
manipulation language and general-purpose programming language. 

© Powerful unified knowledge representation. Object-oriented representation of informa
tion provides a uniform framework for integrating data (attributes) and knowledge 
(procedures). Most engineering database are intended for the use as a tool, integrated in a 
bigger environment (as PSI-IRIS), and the separation of data from knowledge is no longer 
necessary. 

The conventional database technology has been developed to meet the requirements of business 
data-processing applications. On the other hand, the developments of object-oriented database 
systems focussed on complex engineering applications and environments, since the conventional 
technology revealed several serious shortcomings for this domain of applications. The conven
tional systems are already well introduced and widely accepted by the market. This is not true for 
object-oriented systems; they must first become established. Perhaps due to their relatively small 
market share, object-oriented database systems are not based on standards for the data model and 
the database language unlike the conventional database technology. However, efforts to standard
ize object-oriented concepts are underway. It will be a question of time, based on the commercial 
success of existing systems, to agree on such standards and to provide a real foundation for object-
oriented database systems. As far as object-oriented programming languages are concerned, it 
seems that the LISP community will adopt CLOS and the non-LISP community will adopt C++ in 
the near future ([KIM90], p. 37). With regard to object-oriented systems, it is not clear today which 
system will prevail in future and form the basis for object-oriented database standards. On the other 
hand, although a lot of improvements for object-oriented systems still need to be done at the level 
of research and development activities (standardization and formalization, performance, migration 
path from conventional databases, database tools, additional database facilities;, and extensible ar
chitecture ([KIM90], p. 211)), the object-oriented database technology of today has proven 
sufficient maturity to provide several successful commercial systems for the application 
development. Their relative share is expected to increase significantly mainly in the engineering 
domain due to the features discussed in this and the previous paragraph. Applications utilizing 
object-oriented database systems are documented e.g. in [DITTRICH92] and [POPKEN92]. Fi
nally, it seems that the object-oriented database technology is the adequate tool for complex 
engineering applications such as the STARS information system. 

2 PSI-IRIS - An Integrated Engineering Environment 

2.1 System Design, Architecture, and Development 

The safety analysis of a nuclear power plant starts with creating a model for the plant and the event 
to be analyzed. This requires, in a first stage, collecting all pertinent plant data and then generating 
input files for the various computer codes utilized in the calculational sequence of the analysis. 
Several iterations are generally necessary before a model is "finalized" and validated against mea
sured data, when such data is available. The calculational sequence may include the generation of 
neutron constants, assembly-by-assembly depletion runs, full core static simulations, and extend to 
a detailed transient simulation of the whole power plant, a hot channel analysis, or a fuel behavior 
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analysis. The results of these calculations using computer codes, as RELAP, TRAC, RETRAN, 
RAMONA, COBRA, FRAP, TRANSURANUS, etc., are considered and interpreted by an analyst 
which arrives to conclusions concerning the plant safety performance. 

Within the framework of the STARS project, such an analysis sequence leads to establish a full 
analytical capability for each NPP in Switzerland consisting of the following components: 

• an NPP generic database containing all data and information necessary to generate input 
decks for the simulation calculations, 

© a collection of computer codes utilized in the analyses, 
© a set of verified input decks and data libraries for each plant, computer code, and each 

transient considered, 
© all interface routines providing the flow of data between different computer codes, as well 

as between computer codes and analysts, 
© a set of result files in original or processed form for all transients analyzed (= cases : ) . 

Furthermore, engineering expertise is accumulated by the STARS project staff in the following 
areas: 

© the understanding of the plant technical description and of generating models for each 
plant and each event, 

© the capability to execute all computer codes and interface modules included in the calcu-
lational procedure, 

© the capability to interpret the calculational results and to derive conclusions relevant to a 
decision making process. 

The buildup and maintenance of the analytical capability and the engineering expertise of the 
STARS project imply the processing and storage of the data and knowledge entities mentioned 
above. Thus, to assure the main goal of the STARS project, namely the creation and maintenance 
of the full capability to analyze any transient for all Swiss nuclear power plants, adequate storage, 
retrieval and processing tools are needed. As a consequence, it is suggested to develop in the 
framework of the STARS project an integrated information system, henceforth called PSI-IRIS 
(information retrieval and identification system), which includes the aforementioned plant data, 
calculational results, knowledge entities, as well as the tools necessary to manage and process 
efficiently the information needed and produced within the STARS engineering environment. 

The size of the information storage can mainly be derived from the estimated number of safety 
analyses events (cases) investigated by the STARS project: 

- Number of plants 4 - 5 
- Number of transients per plant 10 
- Number of cases per plant and per transient 5 

1) A basic term used in this document is case which refers to all information generated, accumulated, and considered 
within a process of performing analytical investigations for one specific NPP transient. This information covers 
the complete calculational sequence from the generation of neutron cross-sections up to the execution of a transient 
analysis program. In addition, fuel behavior and its material properties may be regarded as a part of such an anal
ysis, too. (see as well Appendix A "Case-oriented Definitions") 
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Consequently, an estimate of 250 different cases is obtained as a reasonable size of the STARS 
project production output. With regard to the data entities that will be stored in the PSI-IRIS, the 
following comments should be noticed: 

o the different data types are diverse (e.g. simple text, single numbers, multi-dimensional 
arrays of numbers, diagrams, schémas, design drawings), 

0 some of the data items should not only be maintained, but also revised and updated regu
larly (e.g. cycle-dependent parameters), 

e for each analysis case, a large number of different data types with usually long data fields 
should be stored, 

• the cases may be most probably similar in structure, but different as far as their number of 
data types is concerned. 

As a result from the discussion above, two main conclusions may be derived: 

© the estimated size of the storage for the STARS information system indicates that the 
current practice of mainly "manual" sorting and storing of the information entities as an 
unorganized collection of permanent files, magnetic tapes, reports, technical memos, and 
individual (for each member of the staff) notebooks is inadequate; 

® the planned system should serve as a centralized, consistent and verified information 
base for supporting transient and other safety related engineering analyses of NPP's. To 
assure efficient and reliable management of the information stored in the database, a well 
supported database management system (DBMS) with a good performance character is 
needed. As previously outlined (see chapter 1), the diversity of the data and knowledge 
entities, their complexity, and the complexity of the functions required for the data ma
nipulation and processing, indicate that conventional record-based relational database 
management systems (RDBMS's) is inadequate and the more powerful object-oriented 
approach may be more promising. 

The integrated computer environment of the PSI-IRIS will be built around a central database 
consisting of two separate, but closely connected parts, called: 

- the GDB (generic plant database), 
including all technical NPP data necessary to create input decks for each 
Swiss NPP and for all computer codes utilized within the STARS project; 

- the CASEJJB (cases library), 
including a collection of qualified transient analysis cases and the knowledge 
how to perform the analyses. 

These two different database parts of the PSI-IRIS will be commented in the following paragraphs. 

Because data manipulation operations done by the analysts in the whole course of a STARS task 
(as e.g. plant modelling, input deck preparations, execution of computer programs, creating the 
data flow between different programs, and finally representing and summarizing the results and 
deriving conclusions) are often complicated, knowledge-intensive and thus, susceptible to errors, 
and since engineers from different disciplines (reactor physics, thermal hydraulics, and fuel be
havior) are involved in a single analysis case, the PSI-IRIS will contain in addition to the 
centralized information base a collection of verified tools designed to facilitate and improve data 
manipulation operations as mentioned above. Providing these tools by the PSI-IRIS, users' inter
actions will be significantly improved and made more efficient. 

10 



The integration of the PSI-IRIS into a computerized engineering environment, as needed for 
STARS analysis tasks, is presented in Fig. 2. Three layers of the software are shown: the innermost 
layer of the commercial object-oriented database management system, the second layer including 
the two database parts (GDB and CASEJLIB), the data manipulation and graphical interface tools, 
and finally, the external layer containing the STARS project computer code system, a set of pro
cedures for the transient analysis tasks, and any other external applications which may be 
developed in the future. 
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Since the PSI-IRIS will be built on an OODBMS, no restriction with regard to the data types which 
should be stored in the information system will be imposed and full profit can be taken from the 
unique features of this new database technology, as pointed out in chapter 1. Methods will be 
linked to objects to perform and facilitate the most commonly used data operations such as to 
display data (dependent on the data type in form of a text string, a table with numbers, or a graph
ical representation), to summarize different data on data sheets, to produce hard copies (report 
generation tool), to process data (i.e. to find the minimum, the maximum, or the average value and 
to calculate a definite integral of a function), or to compare data of different objects/at-tributes 
(including data collapsing from 3-D to 1-D when needed). The aforementioned list of data opera
tions should not be considered as exhaustive. For the purpose of defining methods, specifically for 
producing graphical representations of data, software products already existing at the PSI and 
maintained by the PSI's Abteilung Computing (e.g. PV-WAVE, MATLAB, PICSURE, or AVS) 
should be included by linking as external tools into the PSI-IRIS environment as far as possible. 

In order that the PSI-IRIS will be capable to serve as a full engineering environment, its database 
will be subdivided in a permanent and a set of temporary parts, as shown in Fig. 3. The verified 
data, knowledge, and results will be stored in the permanent part. This is specifically true for all 
NPP data stored in the GDB and the finalized analysis results of the CASEJLIB. Until the analysis 
results can be considered as verified, usually several modifications of the computer code model is 
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Fig. 3 The PSI-IRIS Storage Partitioning 

12 



necessary. For each step, a user needs to manipulate data to generate a new input model or to 
process the output results. The engineering environment of the PSI-IRIS will provide him the ad
equate tools for that kind of data operations. For that purpose, it is required to store the 
intermediate results in a temporary storage of the PSI-IRIS. Due to data security it is suggested to 
split up the temporary part among the different analyst users for their own needs. As soon as the 
analysis results have reached a well defined stage of quality, i.e. they became verified, they will be 
moved into the permanent part of the CASEJLIB. From the viewpoint of the methods linked to the 
objects, the technical characteristics of existing OODBMS requires that all the analysts are using 
only the methods which are available in the permanent CASEJLIB storage part. Especially, this 
means that they will not be allowed to create their own methods within their temporary storage 
part. The permanent and the several temporary database parts will be supplied with different access 
levels. Thus, only a system manager will have a write permission for the whole database (for the 
permanent and all temporary parts), a analyst user will get a read permission for the permanent 
database part, a write permission for his own temporary part and neither a read nor a write per
mission for the temporary parts of the other analysts. 

Fig. 4 represents the hardware configuration required for the PSI-IRIS, and how it will be embed
ded in the existing STARS and PSI computer environment. The information system will be 
installed on a single server including a large, extensible disk storage. The development for the 
permanent PSI-IRIS database part will be performed on this server. The IRIS server will be in
cluded in the STARS cluster of modern SUN workstations from which the internal users will 
interact with the PSI-IRIS database. Besides these internal users, the information system will be 
available for some authorized external users, too. In order to meet the specific hardware require
ments of some potential external users, the PSI-IRIS should be designed to allow for a broad range 
of user stations (such as UNIX-based systems, terminals, and personal computers equipped with 
adequate software). The IRIS server plus the disk storage for the database does not exist so far and 
should be purchased at least by the end of the system development, when the real information 
deposition starts. Despite some shortcomings of a single server architecture for the PSI-IRIS (the 
maintenance, backup, and management of a large disk storage on one server is complicated, prone 
to failure, and time-consuming), the configuration as proposed is expected to meet the STARS 
requirements and has the benefits of both lower costs and simplicity. 

2.2 NPP Generic Database (GDB) 

2.2.1 Data Description 

The generation of quality assured input decks for safety analysis codes of the project STARS 
requires a common NPP generic database (GDB). This database will include all information nec
essary to prepare input decks for each Swiss NPP and for all the computer programs of the project 
STARS. The information contained in the GDB can be subdivided as follows: 

- raw data 
- calculated data 
- drawings of the NPP components 
- descriptions of systems and components, comments 
- a collection of emergency and operating procedures 
- technical specifications 
- schematic representations 
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o Raw Data. The raw data item is one which is retrieved directly from a vendor or utility 
source, e.g. reports, drawings, personal communications, and usually represents the 
plant/component characteristics. An option to assign more than one value to an attribute 
(= plant parameter) will be included in the design of the GDB. Thus, for example, tech
nical specifications provided by the utility may quote a value which is different from the 
one given by the vendor. In such cases, all values of a plant parameter will be included, 
each one with a proper comment, and a flag for the "active" value, i.e. the value which is 
actually used in the safety related analyses. 

© Calculated Data. The calculated data items belong to the information type which is either 
derived from raw data, from design drawings of the NPP, etc. (e.g. volumes, hydraulic 
diameters) or obtained by auxiliary calculations (such as Doppler and moderator temper
ature coefficients, neutron constants, control rod worths, core burn-up and power 
distributions, and cycle power history). 

© Drawings of the NPP Components. Drawings of the NPP components play a very im
portant role for the generation cf input decks. Unfortunately, the quality of these drawings 
is in general poor, and a lot of work and money (purchase of hardware for scanning and 
quality improvement) is needed to improve it. Thus, it is not suggested at the moment to 
include such drawings in form of graphical files in the GDB. Instead of doing this, the 
specific plant data item will be stored in the GDB together with a note (an attribute) con
taining the number of the drawing along with the archive address which references where 
the drawing is actually physically filed (e.g. drawing W-676J065 of the Technical Manual 
for the vertical steam generator for NOK, 1969; STARS NPP drawing binder No. 6). On 
the other hand, it should not be completely excluded that drawings of NPP components 
which are of good quality will be stored in digitized form in the GDB. 

© Descriptions of Systems and Components, Comments. In the GDB, a description on each 
system, subsystem and component of the NPP should be available for the users. This 
textual information should describe sufficiently the purpose of this component and sum
marize its characteristics. It will be directly taken from the utilities, the safety analysis 
reports (SAR's), or vendors material. 

© Collection of Emergency and Operating Procedures. A collection of relevant emergency 
and operating procedures may be included into the database. Each procedure will be rep
resented by a text file, by digitized graphical files, or by a combination of both. 

© Technical Specifications. Technical specification documents include numeric data as 
well as text files. The present GDB structure will include a separate object, called tech
nical specification data. This object will be referenced by the corresponding systems, 
subsystems and components. 

© Schematic Representations. During an analysis procedure, an analyst user may generate 
a "simple" schematic representation of some specific components of the NPP which often 
contain only a few, but the most relevant parameters with regard to the simulation calcu
lation under consideration (e.g. a schematic representation of the core with the axial 
coordinates of the spacers). Such a schematic representation may also include text 
information. An analyst user may use this schematic representation often and therefore, he 
would like to have it stored in the GDB as a digitized file. 

Note: As far as the above-mentioned information entities of the GDB are concerned, in the first 
phase, only data already available at the PSI within the STARS project will be put in the 
database. 
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2.2.2 Database Structure 

The GDB data model will be arranged in a hierarchical structure, following the design logic of a 
power plant. The general plant parameters will be stored at the highest level, the main plant sub
systems will follow at the next level. Each subsystem will be also described by a set of its own 
general parameters and a set of components. The components may include sub-components and so 
on to the last level of detailedness necessary to satisfy input data requirements of the STARS 
analytical tools. This hierarchical structure will facilitate to construct procedures in the query lan
guage of the chosen database system. 

The hierarchical structure of the GDB for one NPP is supposed to be given by Fig. 6. As outlined 
by its empty boxes, Fig. 6 should not be regarded as finalized, it just exemplifies the idea of 
structuring the NPP components and data in a hierarchy as used for an OODB. Preceding this GDB 
part for a single NPP, a structure as presented in Fig. 5 will be applied to accommodate the total 
number of Swiss NPP's. The differences between BWR's and PWR's will be reflected in the 
hierarchical structure for each NPP. However, in order to obtain unified structures as far as possi
ble, it should be strived to do only necessarily needed modifications. 

As shown in Fig. 6, the first node of the GDB structure for a single NPP is plant. This part includes 
plant general parameters, i.e. parameters which are common for the whole plant, not specific to any 
component/subsystem of the plant. At the following lower level, three subsystems are present: the 
reactor coolant system (RCS), the reactor core, and the secondary system. If needed, additional 
systems will be added describing the condenser loop components, the reactor control and protec
tion system, etc. 

The RCS includes, in addition to its general parameters, several components such as pump, steam 
generator, pressurizer, etc. The core subsystem includes general parameters and core components 
data. The core general parameters are divided into cycle-dependent and cycle-independent data. 
Cycle-dependent and cycle-independent data of the core are those data items which characterize 
the core as a whole. The core subsystem components are found in the hierarchical structure of Fig. 
6, one level below the core description. They include assembly data and reactivity control system 
data. Hence, they encompass the data items describing each individual fuel and control rod type. 
This information is stored at the next level of the GDB structure. 

The fuel assembly data includes the general data of the fuel assemblies which are cycle-indepen
dent (e.g. assembly dimensions and material composition), the cycle-dependent assembly data 
(e.g. average enrichments, the number of fuel enrichments, and the number of burnable poison 
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Fig. 5 Upper Part of the GDB Structure 
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designs), and information on the assembly types. The different assembly types are described at the 
level which is one step below the one for the fuel assembly. They include the data sets for each fuel 
rod and burnable poison (bp) rod type, as e.g. material composition, dimensions, and positions 
within the assembly. At the same level of the rod data, the data items necessary for the fuel mod
elling codes are stored such as material properties, roughness, pellet dish volume, porosity, grain 
size, etc. 

A separate subsystem of the core will describe the reactivity control system including the number 
and positions of control rod assemblies, the control rod geometry, the composition, the insertion 
time, and the control rod worth. 

Special attention should be paid to the problem of redundant and repetitious data. Obviously, a 
large part of the cycle-dependent parameters will be identical for several cycles and should be 
stored only once. Thus, means of avoiding unnecessary data repetition will be one of the criteria 
for choosing the software package for the GDB. 

Each object shown in Fig. 6 is characterized by a set of plant parameters (= attributes). The number 
of parameters is varying from object to object. To give an idea and to illustrate some peculiarities 
of plant parameters which should be stored in the GDB, a few examples of them are presented in 
Appendix B (an extract out of [GALPERIN93b]). As pointed out there, the following five entries 
will be applied to fully specify, document, and identify an NPP parameter: 

- parameter name (+ specification) 
- value 
- unit 
- source 
- comments 

It is suggested to extend the above-mentioned list of entries by the utility-own identifiers for the 
NPP components. These identifiers are used by the utilities for their own purposes to identify ex
actly the plant systems and components. They may look different for different NPP's. Including 
the utility identifiers in the GDB will assure easy reference to the plant components as well as 
contribute to a better interaction with the utilities. 

2.3 Storage of the Analysis Results (CASE JULB) 

23.1 Data Description 

In general, an NPP safety related analysis of the STARS project is carried out on a case basis (see 
footnote on p. 9 and Appendix A). Each case starts with a description of the specific condition for 
the nuclear power plant to be analyzed. This condition or event initiates the transient state of a plant 
which is the subject of the analysis. By simulating the time-dependent state of the plant, informa
tion is generated sufficient to evaluate the safety margin of the plant during the transient and 
probably to develop directions and procedures which assure the return of the plant to a stable and 
normal state. Thus, a case represents a specific transient scenario for a chosen plant. Nuclear en
gineers (analysts) performing an analysis carry out a lengthy and complicated sequence of 
operations, including: 

e the collection of all relevant data, 
e the selection of computer programs, adequate for the analysis of the specific transient and 

the chosen plant, 
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© the creation of input decks for computer programs, 
© the consecutive execution of all computer programs and modules, including the data flow 

between different modules, 
© the interpretation of calculated data and deriving conclusions. 

Evidently, a considerable expertise is necessary to perform adequately such a complicated se
quence of operations. Creation and preservation of the aforementioned expertise is one of the main 
objectives of the STARS project and presents a major motivation for the PSI-IRIS development. 
The expertise of performing a transient analysis is materialized as a collection of technical data 
items, input decks, qualified (debugged and benchmarked) calculational tools, examples of typical 
transient analysis results, and heuristic knowledge related to the interpretation of output data. 

23.2 Definition of the Case Object and Case Element Object 

All the data and knowledge entities described in the previous paragraph and relevant to a specific 
transient and power plant such as input decks, result files, comments, knowledge, summary, and 
conclusions, constitute a so-called case information block. On the other hand, the information 
which is generated for and produced by one chosen computer code with regard to a specific case 
and an NPP is henceforth called a case information block element. Thus, a case information block 
may consist of one or more case information block elements, since usually more than one computer 
codes are involved in the analysis of a case (see Appendix A: case-oriented definitions). The 
CASEJLEB part of the PSI-IRIS storage is designed as a collection of such case information 
blocks. 

The above-mentioned relationships among the objects included in the CASE_LIB are illustrated by 
Fig. 7. As indicated there, the CASE_LIB objects are hierarchically structured. The level below the 
root object, called CASE_LIB, accommodates the five Swiss NPP's. Each NPP object contains a 
tree with a series of case information block objects, the so-called case objects case J (i = 1, 2, 3 ; 

..., n), that contain the information of a specified safety analysis case and a defined plant which was 
carried out with one or more computer codes. In addition, each NPP object is linked to the X-sec 
object including the neutron cross-section (X-sec) library related to the chosen NPP. Furthermore, 
it is indicated by Fig. 7 that a case object consists of one or more case information block element 
objects, the so-called case element objects CE_Code_I (I = 1, 2, 3,..., N), which encompass the 
aforementioned case information block element, i.e. the information with regard to the case anal
ysis of an NPP done with a specific computer code. As described in a following paragraph in more 
details, a case element object CE_Code_I mainly consists of a computer code input deck, the 
analysis results generated by this code, and a description of the code model. On the other hand, a 
general case description, a summary, comments, the accumulated knowledge, reports, and con
clusions related to the case analysis are stored in the case object casej. together with a list of all 
case elements belonging to the same case. 

As designed for the PSI-IRIS, a single case information block is related to a specific plant. The 
computer code input decks will be based on data extracted directly from the GDB as well as on 
other interpreted data. This dependence necessitates a clear and transparent interconnection be
tween the GDB and the case information blocks stored in the CASEJLIB, in order to assure 
convenient interaction, referencing and even sharing data between different parts of the PSI-IRIS 
storage. (However, it should be noted that the "direct" (physical) interconnection between the GDB 
and the CASE_LIB objects will not be implemented in the PSI-IRIS as a first priority.) 

The results of a transient analysis are given as a collection of numbers, i.e. values of different 
physical parameters such as for temperature, pressure, mass flow rate, etc. The values may be 
time-dependent and distributed spatially in 1-D, 2-D and 3-D geometries. Thus, the case element 
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object should accommodate numbers, strings, vectors, lists, matrices, and references to other 
objects. These requirements indicate clearly the necessity of quite complex data structures. More
over, adequate methods should be included in these objects of the OODB supporting the diverse 
and complex data manipulation operations needed by the analysts. 

The results of a transient analysis, encompassing all data types listed in the previous paragraph, 
will be stored in a composite object, the case element object. The concept of the generic structure 
for the case element object is shown in Fig. 8. It may be noted that the case element object is related 
to two external units: the GDB and the X-sec library. As described in the paragraph 2.2, the GBD 
includes all plant data which are relevant for the safety related analysis. The GDB is shared by all 
cases performed for a given plant and is therefore case-independent. The neutron X-sec libraries 
are stored in permanent files in a separate part of the CASE_LIB database (see Fig. 7). They are 
generated on a plant/cycle basis. Thus, different transient cases may utilize the same basic X-sec 
library which is consequently a case-independent unit, too. 

2 3 3 Structure of the Case Element Object 

In order to design adequately the stmcture of the case element object, the information units to be 
deposited in it should be considered in their physical context. The calculation^ results of computer 
modules executed within the framework of the transient analysis constitute time and space-
dependent values of various physical parameters, which describe the state of the power plant. The 
nature of the physical problems to be simulated, the mathematical models, and the approximations 
used to solve numerically the differential equations which describe the behavior of the power 
plant, universally lead to a power plant model, represented by terms of a large number of unit 
volumes (meshes). For each unit volume, a set of values for all calculated parameters is collected 
for different time points. Usually, the number of unit volumes is too large (thousands) and there
fore combined volumes, representing a collection of unit volumes, are used for the result files. 
Thus, the result of the simulation calculation is created as a collection of formatted files containing 
values of physical parameters for a number of spatial volumes, the above-mentioned combined 
volumes (e.g. called nodes). Obviously, different codes use different nomenclature. Therefore, in 
order to be as generic as possible, the term calculational grid structure (cgs) node is introduced 
here to give a name to such a discrete volumetric node. As supposed to be indicated by Fig. 8 which 
represents the generic structure of a case element object, the PSI-ERIS storage adopts the approach 
described above by creating the main attribute of the case element object, named CGS_Node. The 
value of this attribute is a set of identifiers of many other objects that are called CGS_Node_i 
(i = 1, 2, 3 , . . . , m). The CGS_Node_i objects are instances of the class CGS_Node and contain 
finally the values of the physical parameters calculated by the computer code simulation. 

Some physical parameters calculated by the transient computer codes are not related to a specific 
volumetric node, they are rather connected with the whole system analyzed. The normalized pow
er, the total thermal power, the energy removed, the heat removal rate, the energy balance, the 
decay power, and the various parameters for the reactivity are a few examples of this category. All 
parameters of this kind will be stored in a separate object, called CGS_Node_indep. The time-step 
parameters (e.g. the problem simulation time) that are related to all the arrays of physical param
eters calculated by the computer code will be deposited in the aforementioned object, too. Finally, 
the simulation results produced for the control system model, if any was included in the code input, 
will be stored in an object, named ControlJSystem. 

It should be noted that several data and information items deposited within the case element object 
are not produced as a result of calculations, but rather represent a description of the system con
tained within the input deck of the computer code. Among those are the code model description, 
system data, a description of the system components including the control system, etc. 
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The dashed lines connecting an otyectNodejClusterj (j = 1,2,3,..., p) with object.?. CGS_Node_i 
mean that the CGS_Node_i objects linked together in this way represent a real physical part of the 
NPP (e.g. all nodes constituting the reactor core). The benefit of introducing such kind of rela
tionship will culminate in a function that enables the users to select by one simple operation the 
whole set of CGSJNodeJ objects belonging to the same plant part/component. The node cluster
ing, as needed for this purpose, will be user-defined (an adequate tool will be provided). 

Additionally, an input deck stored as a permanent file, perhaps outside the case element object, but 
referenced by one of its attributes, is considered as a part of the case structure. 

To summarize, the composite object structure of the case element object contains the following 
three parts: 

« a permanent file referenced by an appropriate attribute and containing the input deck of 
the code used in the analysis, 

9 a set of data objects combined in a composite object, named Analysis JResults, 
© a collection of objects describing the analyzed system and the boundary conditions, i.e. 

information contained in the input deck. 

It should be pointed out that the case element objects may look different for the different computer 
codes used within the framework of the STARS project (see Fig. 1), in order to specifically match 
with the characteristic features of the individual code. However, since the different codes mainly 
utilize the same numerical techniques to solve a mathematical problem and have a similar in
put/output structure, the differences for the different case element objects are expected not to be 
that big. To give an example for one transient analysis code, the case element object structure for 
RETRAN is attached here as Fig. 9. It might be noted that the main differences between Fig. 9 and 
the structure for the generic case element object, as indicated by Fig. 8, consist in splitting up the 
generic node-dependent result object CGS_Node in four categories of objects, named Junction, 
Control_Volume, HeatjConductor, and Component. In a RETRAN model, two adjacent nodes, 
called control volumes, are connected with a junction. There are some particular parameters which 
are related to those junctions. The Componentjc (k = 1,2,3,..., q) objects will include the physical 
parameters specifically determined for the plant components, as e.g. pumps, heat exchanger, tur
bine, accumulator, valve, etc. With regard to the mentioned components, the calculated data on the 
set of physical parameters which are already included in normal nodal regions (i.e. junctions and 
control volumes) will be found only in the corresponding junctions and control volumes. Thus, 
nothing else than component-specific information will be stored in the Componentjc objects. 

The presentation of the structure for the case element object, given in this paragraph, is completed 
by referring to Appendix C of this document where a few typical examples of physical parameters 
that will be deposited in the composite case element object are listed. They are related to the code 
RETRAN-02 and will be included in aforementioned objects such as Junction, Control_Volume, 
Heat_Conductor, etc. 

3 PSI-IRIS Functional Description 

3.1 Guidelines for Functional Requirements Definition 

The PSI-IRIS is designed to satisfy two major requirements: the first one is to provide a comput
erized environment for supporting transient and other safety related analysis, and the second one 
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to serve as an information storage and retrieval system for conserving the knowledge developed 
within the framework of the STARS project. These requirements provide a guideline for the design 
of functional capabilities of the PSI-IRIS. 

A complete sequence of operations, constituting a case analysis, will be carried out within the 
PSI-IRIS. The initial collection of the relevant technical data will be based on extracting the nec
essary information from the GDB. Next, the generation of input decks for different calculational 
modules may be assisted by locating already analyzed and stored cases, similar to the one under 
consideration, and retrieving examples of the corresponding input decks. The necessary input deck 
may be then created by modifying an existing one. Providing the data flow by using established 
and verified interface routines and execution procedures will facilitate the process. Finally, pro
cessing and interpretation of the output information will be supported by the ability to locate 
similar cases, analyzed and stored in the past, and to retrieve the heuristic knowledge accumulated 
by the previous analysis activity. All these operations will be supported by specially designed 
system functions and accompanied by convenient interface facilities. Replacement of certain man
ual operations involving data manipulation by equivalent computerized tools is designed to 
improve the efficiency of such operations as well as the quality assurance of the results. Potential 
problems, caused by data inconsistency, error propagation, and loss of data will be minimized by 
using computerized data manipulation tools. 

Another objective of the PSI-IRIS is to serve as a storage facility for preserving the expertise 
developed within the framework of the STARS project. In this context, as already stated in para
graph 2.1, a clear distinction should be made between two types of stored cases: a verified case and 
a non-verified case. A verified case contains information on a complete analysis of a postulated 
transient, performed and recorded by an analyst and approved for the permanent storage by an 
appropriate authority. Such a case will be documented and serve as a reference for future analyses 
and decision making processes. Non-verified cases will include all calculations carried out by 
some analyst at any given moment. The collection of the verified cases will be placed in the com
mon permanent DB part of the PSI-IRIS storage, while non-verified cases will be stored 
temporarily in "private" sections of the storage with access provided only to the analyst to which 
this temporary DB part is allocated. 

The basic functional requirements and architecture of the PSI-IRIS, as described in this paragraph, 
are aimed to assure that the PSI-IRIS environment will be a living system, used by the analysts and 
continuously expanding by deposition of new data and knowledge. 

3.2 PSI-IRIS Utilization Modes 

According to the functional requirements discussed in the previous paragraph, potential system 
users may be divided into several categories. The users which are differentiated by the way they 
are expected to interact with the system, are listed and commented on below. 

@ Analyst. An analyst is a competent person performing a case analysis, i.e. a sequence of 
interconnected calculations to simulate a postulated transient. An interaction of an analyst 
with the PSI-IRIS is carried out on the basis of a task which in turn consists of several 
operations, each performed by a system function, pre-programmed and adequately 
interfaced. A representative, but not complete list of tasks is shown below. 

- ACCESS a data item from the GDB. This task may be carried out within a broader 
task of generating a new input data deck or as a separate activity. 
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- SEARCH and LOCATE a stored case with a parameter value (a set of parameter 
values) identical or close to a given value (to given values). A traversal along the 
case storage tree is carried out to locate a case, defined uniquely by a set of iden
tifiers such as plant_Id/transient_Id/calculational_model. 

- DISPLAY a summary presentation of a chosen case. 

- COMPARE the information of two stored cases by performing SEARCH and LO
CATE of the two identified cases and by retrieving selected parameters and/or 
summaries. 

- DISPLAY full or partial information on documented input decks for a given case. 
RETRIEVE archival information on any input data item. 

- CREATE a new input deck for a specified calculational tool by performing a series 
of guided modifications of an existing (reference) input deck. 

- EXECUTE a test run for a specified module to verify the input deck and to perform 
initial consistency checks. 

- EXECUTE a complete calculation of a specified code by invoking stored calcula
tional procedures. 

- PROCESS and STORE results of a calculation^ case run. 

- SUMMARIZE and COMMENT results and conclusions of a simulation run; pro
cedure reports. 

It should be noted that the list of possible tasks may be extended in the future development 
of the system and that a higher priority will be given to the information storage and re
trieval functions of the system. 

© System Manager. A system manager is an analyst responsible for the operation and main
tenance of the PSI-IRIS. He performs modifications and extensions of the system storage 
such as addition of a new verified case, addition of new methods or modification of an 
existing one. The system manager is also responsible for granting and controlling the user 
authorization to access and use the information storage. 
Noting that the introduction of a new verified case into the permanent DB part requires 
proper authorization. This O/peration will be carried out by two parties, namely by the 
analyst having performed the analysis and the system manager. It is also envisioned that 
the system manager will be responsible for keeping a reasonable ratio between verified 
and non-verified cases, i.e. imposing a discipline and consistency on the work of the 
analysts. 

© External User. An access to the system storage or to a specified part of this storage may 
be given to an external user with proper authorization. A representative of a utility, li
censing authority, or another organization may require and retrieve data for any purpose 
other than performing a case analysis such as safety evaluation, emergency response, or 
training and instruction of the personnel. 

© Application Programmer. An application programmer is a software engineer, an analyst, 
or the system manger, familiar with appropriate programming techniques. He may create 
new application modules or new functions of the PSI-IRIS. Thus, for example, he is re
sponsible for developing interfaces for a new computational tool, for including a new 
software package for graphics or data manipulation functions in the system. A special 
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class of possible application programs is planned for the future development, expert sys
tems designed to perform intelligent analysis and data management for the STARS 
project. It should be stressed that the PSI-IRIS is planned to be developed within a com
mercial OODBMS, including a standard query language and graphical interface tools. 
Thus, an extension of the PSI-IRIS will be easier and more efficient, compared with de
velopment based on some low-level object-oriented programming language such as 
Smalltalk, C++, orLISP/CLOS. 

3.3 Sample Sessions - A User View Approach 

Requirements definition must encompass everything necessary for creating the software specifi
cations of the system. It should be stated why a system is needed and what system features will 
satisfy these needs. In addition, some details on how the system should be constructed must be 
provided, although this question is mainly considered at the final stage of the design system. 

A sound requirements definition document must be technically feasible, i.e. consistent with the 
system to be developed, and operationally feasible, i.e. people will use it to do the job. The process 
of defining requirements may start, as a first stage, with a "view design". Each user requires a 
particular view of the database to support his application needs. This view may be described as a 
sample session of the user interacting with the system. The data structures and system functions are 
exemplified by the sample session. The idea is to construct a series of static displays (windows) 
simulating the interaction with the system, filled with as much details as possible. This approach 
will allow working closely together with the potential system users, because the user may interact 
with the window (interface) but not with the algorithm. 

A sample session is constructed as a series of actions aimed to perforai a specific task. Each action 
triggers a system response visualized as a creation or a modification of a window. A complete (or 
even a partial) list of tasks required by the user is exemplified by the sample sessions and may 
serve as a raw material for definition of the functional requirements of the system. 

The sample sessions given below are presented as a sequence of actions accompanied by the win
dow display title and are properly commented. The three sample sessions presented in this section 
describe the tasks related mainly to the information retrievd and the output processing functions 
of the system. These are the functions to which first priority for the development and implemen
tation of the PSI-IRIS is assigned. Additional system functions related to models and input deck 
construction, model consistency checks, execution run monitoring, and output data analysis will 
necessitate the development of applications based on knowledge-engineering techniques, and were 
assigned second priority. An overall system design as well as the choice of the hardware and 
software platforms should assure all future developments and extensions of the PSI-IRIS. 
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Sample Session 1 

User: Analyst, external user 

Task: Compare the time and spatial behavior of a given physical parameter (e.g. temperature) 
from two cases representing similar transients except initial conditions or different cal-
culational methods. 

USER ACTION DISPLAY WINDOW DESCRIPTION 

1. IRIS login utilization mode 
window 

2. Display all cases 

3. Identify and Select 
both cases 

4. Identify and Select 
NPP element(s) 

storage tree 
window 

storage tree and 
cases summary 
windows 

main window for a 
case block element 

5. Identify and Select case parameter 
physical parameter(s) window 

6. Define display 
properties: 

(a) time-points 
(b) spatial-points 

7. Display parameters 

plot property window 

time-point window 
spatial-point window 

physical parameter 
display window 

User access identification is entered; 
utilization modes are presented: 
info_retrieval, case_creation, 
application_development, etc. 
infojretrieval mode is selected. 

A hierarchical structure of all cases stored 
in the system is displayed. 

Two cases are identified within the case 
tree structure, selected, and displayed. 

A graphical presentation of the NPP system 
(nodalization scheme) is shown; all 
CGS_Nodes are displayed; one or more are 
selected. 

All physical parameters of the case data are 
presented; a single parameter is selected. 

Plot properties are entered: axe defini
tions, dimensions, titles, etc., 
time-points for the plot are selected; 
spatial division for the plot is selected; 
data integration or averaging may be se
lected. 

Parameter profiles/dependencies are 
plotted. 
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Sample Session 2 

User: Analyst and system manager 

Task: Add a new verified case information block element to the storage. 

USER ACTION DISPLAY WINDOW DESCRIPTION 

1. IRIS login 

2. Generate symbol 
for the 
case_element_Id 

3. Add general 
parameters of the 
case element object 

4. Process result & 
store information 

utilization mode 
window 

case element 
generation window 

general case-data 
window 

result file processing 
window 

4.1 Modify/Confirm general data 
window 

4.2 Modify/Confirm general data 
window 

4.3 Modify/Confirm general data 
window 

4.4 Modify/Cntifirm general data 
window 

5. Complete case 
creation 

storage tree 
window 

User access identification is entered and 
the case_creation mode is selected. 

Case identification parameters are entered: 
NPP_Id, transient_Id, etc.; the storage tree 
is traversed and a proper node is added; the 
case element object is created. 

Case element object is updated by binding 
(filling) several slots. At this stage, some 
general parameters are entered: input/re
sult file, storage_object_Id, references, etc. 

The result file is processed by a sequence of 
actions. Each step is executed after the 
operations have been confirmed by the 
user. 

Time-steps, trip controls, initial conditions, 
dimensionality, calculational methods, etc. 

Objects are created for each CGS_Node; 
the graphical NPP scheme (nodalization 
scheme) is constructed and displayed. 

General information for each CGS_Node is 
extracted and stored: volume, coordinates, 
etc. 

Sections of the result file are processed, 
information is extracted and stored within 
the slots of the corresponding objects. 

All relevant information from the analysis 
results are processed, the summary text is 
entered, and the Add/Save action is ap
proved. 
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Sample Session 3 

User: Analyst 

Task: Create a new computer code input deck by modification of an existing (reference) case. 

USER ACTION DISPLAY WINDOW DESCRIPTION 

1. IRIS login 

2. Identify and Select 
the reference case 

3. Display input 
deck file 

Display input 
deck parameter 

5. Display input deck 
archival information 

6. Modify input 
parameter 

7. Create/Save new 
input deck file 

utilization mode 
window 

storage tree 
window 

main input deck 
file window 

input section or 
single parameter 
window 

parameter archive 
window 

input section or 
parameter window 

utilization mode 
window 

User access identification is entered and the 
input_generation mode is selected. 

Input parameters are divided into several 
sections which are shown in the main 
input window. One section is selected. 

A single-value parameter is shown in a 
section window; a complex (calculated) 
parameter is assigned in a special 
parameter window. 

A parameter may be accompanied by an 
archive/remark text window in order to 
record date, origin, method, etc. 

The parameter value is changed and the 
appropriate archival information is entered. 

The Create/Save action is one of the utiliza
tion modes available. Usually, the tempo
rary DB part of the PSI-IRIS will be 
used. 

The three sample sessions presented above may be summarized as follows: 

© The list of the action/operations presented in the sample sessions is not complete and is 
aimed mainly to demonstrate and describe the basic capabilities of the system. Interac
tions with the GDB may look similar. 

0 Providing quality assurance of the models and input decks is one of the major objectives 
of PSI-IRIS. In order to fulfill this objective, an archival information display will be at
tached to each input parameter or group of parameters. This information will show: who, 
when, source, reference, etc. 
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9 Result files generated by different programs will be accessed by specially written routines 
which will "recognize" the formatted output/result file of a given program and read out the 
required data values. Time and effort needed to create such a routine as well as other 
system facilities (window displays, data manipulation functions, etc.) should be mini
mized by a proper choice of the software platform. 

• The PSI-IRIS environment will include a collection of tools, designed to perform manip
ulations on physical parameters. If the parameter values are time or space-dependent 
arrays, these operations may include integration over a time-period or a spatial region, 
averaging, and interpolation. Such functions would be necessary, for example, in order to 
compare results of calculations with different dimensionality (1-D vs. 2-D vs. 3-D). 

To complete the contemplations on the sample sessions, some ideas for database display user 
interfaces will be presented in the following. Under the term database display user interface, the 
environment (on the terminal screen) should be understood which is provided to the end users for 
their interactions with the objects stored in the system. It is evident - due to user-friendliness - that 
those representations to which users are already familiar should be used. Primarily, special atten
tion will be focussed on the problem how to represent the objects of the GDB containing the plant 
data and the CASEJLIB objects in which the analysis results are stored. Some paragraphs in 
[HOFER93b] are devoted to this questions. 

In order to facilitate the user interactions with the database, the objects stored in the PSI-IRIS 
should be displayed graphically on a user interface. The graphical object representations should 
include an "active" field. Thus, a user may access one or more objects for instance by a simple 
mouse clicking. This means, an interconnection is existing between the content of an object and a 
well-defined geometrical shape in the graphical object representation symbolizing the particular 
object. As far as the GDB part is concerned, it is recommended to introduce a so-called network 
scheme representation for the graphical object representation only. To illustrate the idea of a net
work scheme representation, Fig. 10 (a copy out of [GE80]) which is an example for a BWR is 
attached here. A higher degree of detailedness, as far as plant components, systems, and sub
systems are concerned, will be provided by zooming functions. In addition, it might be necessary 
to have several different network scheme representations for one NPP (= different user views) to 
meet the diverse requirements of the PSI-IRIS end users (e.g. network scheme representations for 
the emergency heat removal system, the auxiliary systems, the redundant systems, etc.). With re
gard to the CASE_LIB part of the PSI-IRIS, a nodalization scheme representation seems to be 
most adequate. It is suggested to represent the case objects in a hierarchical tree up to the level of 
the analysis results. From there on, the object representation of the CGS_Nodes should be done in 
a nodalization scheme representation, as indicated by Fig. 11 (based on the transient analysis pre
sented in [ZIMMERMANNS]). 

4 Demonstration Prototype 

The successful achievement of the performance goals of a large-scale software project, like the 
PSI-IRIS, depends mainly on an adequate conceptual design and system architecture as well as on 
the choice of the programming techniques and the development platform. Both, the system archi
tecture and the development tools for the PSI-IRIS, described in previous sections, present a 
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first-of-a-kind software package which combines an advanced database approach (object-
oriented) with a window-based user interface technique. To complete the first stage of the PSI-
IRIS project, aimed to evaluate the concept as well as the development platform, a demonstration 
prototype was designed and developed with the assistance of a software firm. 

The main purpose of this demonstration prototype is to investigate the feasibility of the basic 
functional requirements of the information management system PSI-IRIS and the associated GDB 
and CASE_LIB. In addition, technical capabilities of OODBMS's will be verified in connection 
with the required data models as well as system functions. The PSI-IRIS project is of relatively 
large size and, though based on a proven and established software technology, includes many 
novel features. These novel features complicate the process of defining technical specifications. 
Thus, a demonstration prototype will serve as an auxiliary tool for creation of a more precise and 
consistent technical specification document and better interactions with software vendors. 

The functional requirements and specifications of the demonstration prototype, as described in 
[GALPERIN92] and [GALPERIN93b], are based on the following considerations: 

© The software produced for the demonstration prototype should be, at least partly, reusa
ble. 

© The data model, i.e. the collection of objects generated, should be extensive enough to test 
the performance of various object manipulation functions of the OODBMS and the effi
ciency of the graphical object editors. 

© The object and value types should include as much as possible complex data items which 
are relevant to the STARS project requirements. 

© Several "typical" user interactions/operations are included in the capabilities of the dem
onstration prototype. These operations should be made available to the STARS analysts 
for independent testing and evaluation through a graphical, window-based interface. 

In a preliminary study, it was concluded that the commercial OODBMS O2 may meet all our 
requirements as given by the needs of the STARS analysts. This was one reason why to select the 
mentioned software product for the PSI-IRIS demonstration prototype. A description of the O2 
data model including many useful and clear examples is given in [BERTIN093] (p. 56 et seq) and 
in [LECLUSE90]. The implementation of the application software and the installation of the pro
totype have been performed by the software firm in - integrierte informationssysteme GmbH, 
Konstanz, Germany. The description and the technical development of the PSI-IRIS demonstra
tion prototype is documented in [MERKEL93], 

A brief description of the demonstration prototype is given below, including the most essential 
comments concerning the evaluation of the tests performed on the prototype, and its acceptance by 
potential end users. 

The prototype includes (based on [MERKEL93]): 

© the implementation of a subset of 
- the GDB which finally will be used to store the information of all Swiss NPP's 

needed for the generation of input data sets for all safety analysis codes utilized 
within the STARS project, 

- the comprehensive information storage system CASEJLIB which finally will con
tain results of the safety analysis calculations for all postulated NPP transient 
scenarios considered under the STARS project; 

34 



9 an XI1 -based user interface including 
- a graphical object browser for "walking through the databases", 
- functions to display and modify data stored in the database (0-D, 1-D, 2-D, and 

3-D data types are supported), 
- data processing functions used for integrating, averaging, and determining the 

maximum and minimum of an array of numbers, 
- a data import procedure from RETRAN result files; 

o a facility to add any number of objects to the database by using the O2 query interpreter in 
conjunction with the graphical user interface O2L00L 

The basic display screen of the PSI-IRIS is implemented by the database window shown in Fig. 12. 
From this window, all query and object modification operations are initiated. The window com
prises four parts. One of those is the graphical representation of the objects tree arranged in a 
"inclusion" hierarchy. This hierarchy places all subsystems of a given system as "child"-objects 
one level below the corresponding system ("parent"-object). The other three parts present a list of 
all classes, a list of all objects, and a list of all attributes (parameters) of a chosen (highlighted) 
object. In order to display or to modify a value of a chosen parameter, the "edit" button should be 
selected which is followed by opening of a next subwindow containing the data fields plus even
tually, dependent on the dimensionality of the data type, "data-import" methods. 

A combination of the inherent O2 object editor tools with specially created interface tools (con
nected to the O2 interpreter) provide basically all data manipulation capabilities requested for the 
PSI-IRIS demonstration prototype. 

The data models for the CASEJLIB and the GDB are shown in Fig. 13 and Fig. 14, respectively, 
whereas the notation used is explained in Fig. 15 (Figures out of [MERKEL93]). 

To summarize, the implementation of the PSI-IRIS demonstration prototype, the comments by 
potential end users past the demonstrations of the prototype, and the experience of several working 
sessions with it showed that 

© the developed demonstration prototype satisfies basic data and functional requirements, 
as included in the contract with the software developer/vendor and needed for the infor
mation management system of the STARS project, 

• the window-based graphical user interfaces are reasonably convenient and may be used as 
a basis for the technical specifications of the final system, 

o the feasibility of the conceptual design of the PSI-IRIS and the suitability of the devel
opment platform is demonstrated. 
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Fig. 14 Data Model for the Case Storage of the IRIS Demonstration Prototype 
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Class Core and the objects of the class. 
Class Core defines the listed attributes 
and methods. 

Inheritance 
B is a subclass of A 

Inheritance belongs always to classes 

Aggregation 
B is a component of A (whole-part) 
(or: A knows B) 

Aggregation belongs to the relation between j 
objects 

Aggregation with cardinality 
B is included in A m times 

Fig. 15 Notation for the Object Oriented Data Model 

Summary and Conclusions 

It has been outlined in this report that an information system, called PSI-IRIS, is needed for the 
project STARS to support safety related analyses for Swiss NPP's. The system should mainly 
consist of two database parts, named the GDB and the CASE_LIB. The GDB (NPP generic data
base) includes all the technical plant data and information needed to generate input decks for all 
computer codes utilized within the STARS project. The CASEJLIB (cases library) storage con
tains the accumulated knowledge, input decks, and result files of the NPP transient analyses. 
Furthermore, the information system should include functional capabilities to facilitate the diverse 
and complex operations done by the analysts in the course of performing simulation calculations 
for an NPP transient. Thus, the PSI-IRIS is designed as an integrated computerized engineering 
environment, a platform from which on the analysts will carry out the entire calculation^ sequence 
needed to analyze a specific postulated event of an NPP. 

An OODBMS is considered as the adequate software technology to meet the requirements given 
by the STARS project analysis tasks. The choice of the OODBMS as a development platform of 
the PSI-IRIS is discussed in previous sections. A conceptual design for the development of the 
information management system PSI-IRIS is presented in this document. It includes a description 
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of the system architecture, the data types, and the database structures needed for the technical plant 
database and the analysis result storage. The conceptual design phase of the PSI-IRIS was com
pleted by the development of a demonstration prototype based on the commercial OODBMS 
software product 02. Thereby, the basic system design could be checked and the technical feasi
bility demonstrated (at least partly, due to the limited funds spent on a prototype). 

Besides the numerous other positive aspects which are obvious for any DBMS-supported infor
mation system, the following benefits related to the STARS project are expected from the PSI-
IRIS: 

e improved data quality of the safety related analyses due to consistent data sets provided 
by the PSI-IRIS and the fully specified and documented data (the data source is immedi
ately transparent); 

© permanent availability of the information needed for or produced by the safety analyses 
(available to all authorized users); 

© higher efficiency of the analysts (routine work is mostly done by the PSI-IRIS). 

Considerations on functional and storage requirements, as described in this document, combined 
with time, the resources, and the organizational constraints of the STARS project, lead to the fol
lowing recommendations for the development of the final information system PSI-IRIS: 

o an object-oriented approach should be chosen; 
e a commercially available object-oriented database management system with a powerful 

application development environment should be used; 
o the final design and development of the information system should be carried out with the 

active participation of the OODBMS software vendor on a contractual basis; 
& the system should be implemented gradually to allow testing by the STARS end users and 

constant feedback from the users for further developments. 
A planning for the development of the final system PSI-IRIS is presented in [GALPERIN93a]. As 
a next step, the requirement definitions and the technical software specifications for the final sys
tem will be elaborated. A cost estimate for the development and implementation of the final 
PSI-IRIS, for software licences, as well as for new hardware required for the information system 
is summarized in [HOFER93a] and [HOFER93c], 
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Glossary 

BP (or bp) 

BWR 

CAD 

CAE 

CASEJLIB 

CGS (or cgs) 

CLOS 

DB 

DBMS 

GDB 

HSK 

IRIS 

KKB-1 

KKB-2 

KKG 

KKL 

KKM 

LISP 

NPP 

OODB 

OODBMS 

OODM 

PSI 

PWR 

RCS 

RDBMS 

SAR 

STARS 

burnable poison 

boiling water reactor 

computer aided design 

computer aided engineering 

cases library - the database segment of PSI-IRIS containing the results of a tran
sient analysis 

calculational grid structure 

common LISP object system - a programming language 

database 

database management system 

NPP generic database - the database segment of PSI-IRIS containing the techni
cal data of the NPP's needed to generate a code input file for a safety analysis 

Hauptabteilung fur die Sicherheit von Kernanlagen - Swiss Federal Nuclear 
Safety Inspectorate 

information retrieval and identification system (an information management 
system for the PSI project STARS) 

Kernkraftwerk Beznau, Anlage 1 - NPP Beznau, Unit Number 1 

Kernkraftwerk Beznau, Anlage 2 - NPP Beznau, Unit Number 2 

Kernkraftwerk Gösgen - NPPGösgen 

Kernkraftwerk Leibstadt - NPP Leibstadt 

Kernkraftwerk Mühleberg - NPP Mühleberg 

list processing language - a programming language 

nuclear power plant 

object-oriented database 

object-oriented database management system 

object-oriented data model 

Paul Scherrer Institute 

pressurized water reactor 

reactor cooling system 

relational database management system 

safety analysis report 

simulation models for the transient analysis of the reactors in Switzerland 
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SQL 

X-sec 

4GL 

system query language (or structured query language) 

cross section - used in the context of neutron cross-section 

fourth generation language 
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Appendix A: Case-Oriented Definitions 

The following definitions are related to the requirements imposed on the PSI-IRIS by the safety 
analysis tasks of the STARS project and the chosen design for CASE_LIB database. 

case 

case information block 

case information block element 

A clearly defined transient scenario for a nuclear power 
plant. 

All information needed for and produced by the safety 
analysis of a case. In the PSI-IRIS, the cases are arranged 
in the hierarchy below the level of the NPP's. Thus, a case 
information block does include only the case information 
for a single NPP (see Fig. 7). 

All information needed for and produced by a chosen com
puter code related to a specific case analysis for a chosen 
NPP. 

case object (case_i)§ The database object containing a case information block. 

case element object (CEjCodeJ) The database object containing a case information block 
element. 

§ case_i (i = 1,2,3,..., n) is the generic name used in this document for indicating a case object. 

§ § CE_Code_I (I = 1, 2, 3 , . . . , N) is the generic name used in this document for indicating a case 
element object ("CE_Code_I" means Case Element with Code I). 
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Appendix B: Examples of NPP Parameters to be stored in the GDB of 
the PSI-IRIS 

(The following 9 pages are an extract out of [GALPERIN93b].) 
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/ PLANT: General Data DEM 

Path: PLANT -> General Data 

No. Parameter Name (+ Specification) Value Unit S 

1 Reactor type label (by designer) BWR-4 - [Xl],Fig 
(1900). * 

2 Containment type label Mark I - [X2], Tab 
*11.92/Z 

3 

4 

Core rated thermal power 997.2 MWth [Gl], (19 
* 6.93/ZP 

3 

4 System pressure, nominal 1020 
70.33 

psia 
bar 

[Gl], (19 
*11.92/Z 

5 Doppler coefficient, nominal -1.3E-5 
-2.3E-5 

(Ak/k)/deg. F 
(Ak/k)/deg. C 

[Bl], Vol 
(1976). * 

6 Doppler coefficient, hot, no voids -1.2E-5 
-2.2E-5 

(Ak/k)/deg. F 
(Ak/k)/deg. C 

[Bl],Vol 
(1976). * 

7 Doppler coefficient, cold -1.3E-5 
-2.3E-5 

(Ak/k)/deg. F 
(Ak/k)/deg. C 

[Bl], Vol 
(1976). * 

8 Moderator void coefficient, nominal -1.6E-3 (Ak/k)/ % void [Bl],Vol 
(1976). * 



/ PLANT: General Data (continued) DEM 

No. Parameter Name (+ Specification) Value Unit So 

9 Moderator void coefficient, hot, no voids -1.0E-3 (Ak/k)/ % void [Bl], Vol 
(1976). * 

10 3D moderator void coefficient, nominal -1.23E-3 (Ak/k)/% void [G4], (190 
* 7.93/HK 

11 Power coefficient, nominal -3.0E-3 (Ak/k)/A P/P [G4], (190 
* 7.93/HK 

12 Velocity of fast neutron group 1.5484E+7 cm/s BT *7.93 

13 Velocity of thermal neutron group 3.5174E+5 cm/s BT *7.93 

14 

15 

Delayed neutron fraction 0.00535 - [G4], (190 
* 7.93/HK 

14 

15 Neutron generation time 40.0E-6 s [G4], (190 
* 7.93/HK 



/ / REACTOR COOLANT SYSTEM (RCS): General Data DEM 

Path: PLANT -> RCS -* General Data 

No. Parameter Name (+ Specification) Value Umt So 

1 Feedwater temperature, nominal 380.4 
193.5 

F 
deg. C 

[Bl],Vol 
(1976). * 

1 Feedwater temperature, nominal 

382. 
194.4 

F 
deg. C 

[X3], p. 3 
* 7.93/HK 

2 Steam produced at nominal condition 1840. 
511.1 

t/h 
kg/s 

[Bl],Vol 
(1976). * 

2 Steam produced at nominal condition 

4.071E+6 
512.9 

lbm/h 
kg/s 

[X3], p. 3 
* 7.93/HK 

3 Core pressure, nominal 1035. 
71.36 

psia 
bar 

[X3], p. 3 
* 7.93/HK 

4 Dome pressure, nominal 1020. 
70.33 

psia 
bar 

[X3], p. 3 
* 7.93/HK 

5 Core pressure drop, nominal 23.75 
1.638 

psid 
bar 

[X3], p. 1 
* 7.93/HK 

6 Shroud support pressure drop, nominal 23.70 
1.634 

psid 
bar 

[X3], p. 1 
* 7.93/HK 



/ / REACTOR COOLANT SYSTEM (RCS): General Data DEM 

Path: PLANT -> RCS -> General Data 

No. Parameter Name (+ Specification) Value Unit So 

7 Shroud pressure drop, nominal 4.40 
0.303 

psid 
bar 

[X3], p. 17 
* 7.93/HK 

8 Shroud head pressure drop, nominal 4.65 
0.321 

psid 
bar 

[X3], p. 17 
* 7.93/HK 

9 Inside shroud head to normal water level (Pl-PO) 7.50 
0.517 

psid 
bar 

[X3], p. 17 
* 7.93/HK 



Ill CORE: General Data DEM 

Path: PLANT -> CORE -> General Data 

No. Parameter Name (+ Specification) Value Unit So 

1 Total core flow area 2.662E+1 
2.473 

ft2 

m 2 

Data from 
ted by HK 

2 Bypass flow area, total 2.829E+1 
2.628 

ft2 

m 2 

Data from 
ted by HK 

3 Hydraulic diameter of core flow area 4.523E-2 
1.379E-2 

ft 
m 

Data from 
ted by HK 

4 Hydraulic diameter of bypass flow area 1.864E-1 
5.681E-2 

ft 
m 

Data from 
ted by HK 

5 Active fuel height 144. 
3658. 

in 
mm 

[Bl],Vol 
(1976). * 

5 Active fuel height 

150. 
3810 

in 
mm 

[BIO], (1 
* 7.93/HK 

6 Total core mass flow, nominal 2.97E+7 
3742.0 

lb/hr 
kg/s 

[Gl], (19 
ZP 

6 Total core mass flow, nominal 

3750.0 kg/s [Bl],Vol 
(1976). * 



J/J CORE: General Data (continued) DEM 

No. Parameter Name (+ Specification) Value Unit So 

7 Bypass flow fraction 12.6 % [B9], Var 
(1991). * 

8 Coolant enthalpy at core inlet, nominal 520.7 

1211. 

Btu/lb 

kJ/kg 

[Gl], (196 
* 11.92/Z 
ZP 

9 Coolant temperature at core inlet, nominal 528. 

275.6 

F 

deg.C 

[Gl], (196 
* 11.92/Z 
ZP 

10 Core average exit quality, nominal 14.2 % [Bl],Vol. 
p. 3.1-4, ( 
* 7.93/HK 

11 Coolant density at core inlet, nominal 47.4 

759.8 

lbm/ft3 

kg/m3 

* 7.93/HK 

HK 

12 Linear heat rate, average, nominal 272.7 MW/m [Gl], (196 
* 6.93/ZP 

13 Power density, nominal 48.9 kW/1 [Bl],Vol 
p. 3.1-4, ( 
* 7.93/HK 



Ill CORE: General Data (continued) DEM 

No. Parameter Name (+ Specification) Value Unit S 

14 Pressure at core exit 1005. 
70.7 

69.3 

psig 
kp/cm2 

bar 

[Bl],Vo 
p. 3.1-4, 
* 7.93/H 

15 Pressure drop across core height, nominal 23.75 

1.64 

psid 

bar 

[X3], Tab 
(1900). * 
HK 

16 Loss coefficient at core inlet (orifice + lower tie plate), 
central region 

25.82 
25.23 

~ Based on 
calc. by B 

17 Loss coefficient at core inlet (orifice + lower tie plate), 
peripheral region 

225.24 - Based on 
calc. by B 

18 Loss coefficient at core outlet (upper tie plate), 
central region 

1.32 
1.29 

- Based on 
calc. by B 

19 Loss coefficient for the spacers 1.462 - Based on 
calc. by B 

20 z-position of spacers, from bottom to top of core 
(BAF at z = 0 ft) 

(see Tab. 2 
attached)# 

[ZM1] (1 
* 7.93/HK 

# Tab. 2 is not included in this document. See [GALPERIN93b]. 



/ / / CORE: General Data (continued) DEM 

No. Parameter Name (+ Specification) Value Unit So 

21 Number of fuel assemblies 240 - ZP * 7.93 

22 Number of fuel rods per assembly 72 ass. with 
60 fuel rods, 
168 ass. with 
62 fuel rods 

-

BL * 7.93 

BL * 7.93 

23 

24 

Number of control rod blades 57 - BT * 7.93 23 

24 Number of core spacers 7 - [ZM1] (19 
* 7.93/HK 



IV CORE: Cycle-Dependent Data DEM 

Path: PLANT -> CORE -> Cycle-Dependent Data 

No. Parameter Name (+ Specification) Value Unit S 

1 Cycle number 15 -

2 Fuel weight (heavy metal content), at BOC 43'873.306 kg [B7], M-
(1990). * 

3 Power rate, time-averaged over total fuel cycle .96772 -

4 Number of different fuel types (materials) 3 

5 Cycle length 330 days 

6 Nodal burnup distribution, at BOC (3D matrix) 
(see Tab. 3 
attached)# 

k 

# Tab. 3 is not included in this document. See [GALPERIN93b]. 



Appendix C: Examples of Parameters to be stored in Case Element 
Objects of the CASEJLIB (related to the Analysis Code RETRAN) 

The source document for the following lists is [RETRAN88]. The code RETRAN does not require 
to define all input data due to its self-nodalization method. Furthermore, by selecting a well spec
ified number for a parameter, the code calculates a default value based on some other data given 
in the input. Thus, for some parameter mentioned in the following, the right source for retrieval of 
its value would be rather the so-called output file (which is different from the result file) than the 
input file. 

Object: Case Element 

ATTRIBUTE 
object_name 
plantjfd 
transient_Id 
input_file 
output_file 
case_data_storage 
case_summary 

VALUE 
text string (case_element_Id) 
text string (NPP_name) 
text string (transientjname) 
text string (file_name_path) 
text string (file_name_path) 
text string (Analysis_Results) 
text string (print_file) 

Object: Analysis „Result 

ATTRIBUTE 
object_name 
No._of__control_volumes 
No._of_components 
No._of_junctions 
control_volumes_list 
junctions_list 
componentsjist 

VALUE 
text string (result_object_Id) 
integer (RETRAN name: NVOL) 
integer 
integer (RETRAN name: NJUN) 
list of integers 
list of integers 
list of integers 

Object: Control_Volume 

ATTRIBUTE 
object_name 
volume 
volume_height 
flowjength 
flow_area 

RETRAN NAME 

none 
V 
ZVOL 
FLOWL 
FLOWA 

RETRAN STORAGE LOCATION 

input file 
input file 
input file 
input file 
input file 
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Object: ControlJVolume (continued) 

ATTRIBUTE RETRAN NAME RETRAN STORAGE LOCATION 

hydraulic_diameter DIAMV input file 
elevation ELEV input file 
pressure PRES result file 
temperature TEMP result file 
saturation_temperature SATT result file 
specific_enthalpy HW** result file 
average_quality AVEX result file 
totalJfluid_mass FMAS result file 
gas_mass GASM result file 
average_density AVED result file 
total_energy UTOT result file 
volume_average_flow WVBR result file 
void_fraction VOIV result file 
liquid_phase_vol_avg_flow WLV* result file 
bubble_index muß input file 
bubble_rise_velocity VBUB result file 
mixture_volume MIXV result file 
mixture_quality MIXQ result file 
mixture_level MIXL result file 

Object: Junction 

ATTRIBUTE RETRAN NAME RETRAN STORAGE LOCATION 

object_name none input file 
control_volume_in IW1 input file 
control_volume_out IW2 input file 
junction_elevation ZJUN input file 
forward_flow_form_loss_coeff FJUNF input file 
reverse_flow_form_loss_coeff FJUNR input file 
mass_flow_rate WP** result file 
choking_mode ICHK result file 
quality Y D * * result file 
enthalpy HP** result file 
junction_density AVDJ result file 
specific_volume SPVJ result file 
time_dependent_area AJNT result file 
void_fraction VOIJ result file 
slip_velocity VSLJ result file 
kinetic_energy HKIN result file 
j unction_pressure PJUN result file 
flow_regime IFRL result file 
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Object: Component 

(1) Pump 

ATTRIBUTE 
pump_number 
control_volume 
pump_curve_set_sequence 
speed 
norm_pump_torque 
norm_motor_torque 
norm_frictional_torque 
pump_power 

RETRANNAME RETRAN STORAGE LOCATION 
IPUMP input file 
none input file 
IPC input file 
SPED result file 
TORQ result file 
PMTQ result file 
PFTQ result file 
PMPW result file 

(2) Turbine 

ATTRIBUTE 
turbine_shaft_number 
initial_shaft_speed 
demand_power_from_shaft 
shaft_moment_of_inertia 
turbine_nozzle_coefficient 
inlet_enthalpy_design_cond 
inlet_pressure_design_cond 
inlet_flow_design_cond 
total_power_from_shaft 
shaft_speed 

RETRANNAME RETRAN STORAGE LOCATION 
ITSHA input file 
SHRPM input file 
SHPOW input file 
SHIR input file 
CN input file 
TINH input file 
TINP input file 
TINW input file 
POWO result file 
SRPM result file 

Object: HeatjConductor 

ATTRIBUTE 
object_name 
control_volume_Id_left_side 
control_volume_Id_right_side 
elevation__of_midpoint 
heat_transfer_area_left_side 
heat_transfer_area_right_side 
total_vol_of_conductor 
hydr_diameter_area_left_side 
hydr_diameter_area_right_side 
stored_energy 
left_surface_critical_heat_flux 
right_surface_critical_heat_flux 
left_surface_heat_transfer_coeff 
right_surface_heat_transfer_coeff 

RETRANNAME 
none 
IVSL 
IVSR 
CELEV 
ASUL 
ASUR 
VOLS 
HDML 
HDMR 
SE** 
FCHL 
FCHR 
HTCL 
HTCR 

RETRAN STORAGE LOCATION 
input file 
input file 
input file 
input file 
input file 
input file 
input file 
input file 
input file 
result file 
result file 
result file 
result file 
result file 
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Object: HeatjConductor (continued) 

ATTRIBUTE 
left_surface_heat_flux 
right_surface_heat_flux 
left_surface_power_to_coolant 
right_surface_power_to_coolant 
right_surface_heat_transfer_mode 
left surface heat transfer mode 

RETRANNAME RETRAN STORAGE LOCATION 
PHIL result file 
PHIR result file 
WQCL result file 
WQCR result file 
IHTR result file 
IHTL result file 

Object: Nodejndep 

ATTRIBUTE RETRANNAME RETRAN STORAGE LOCATION 
energy_added AE** result file 
mass_added AMAS result file 
mass_water BMSW result file 
mass_air BMSA result file 
energy_balance EB** result file 
fuel_energy pj?** result file 
energyjremoved HE** result file 
normalized_power PNRM result file 
heat_removal_rate QLOS result file 
total_power POWR result file 
total_thermal_power PTHR result file 
problem_sirnulation_tirne TIMX result file 
current_time_step_number NSTP result file 
actual_time_step_number NTTS result file 
old_time_step_number DTOL result file 
reactor_period PERD result file 
reactivity REAC result file 
delayed_neutron_emitter_l_concentr CNOl result file 
delayed_neutron_emitter_2_concentr CN02 result file 

delayed_neutron_emitter_21_concentr 
controljreactivity 
coolant_reactivity 
void_reactivity 
dopplerjreactivity 
normalized_decay_power 

CN21 
RC** 
RW** 
RV** 
RD** 
DPOW 

result file 
result file 
result file 
result file 
result file 
result file 

Most of the PSI-IRIS functions involve data manipulations using different input and output pa
rameter values. In order to assure adequate performance of operations such as comparison, space 
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and time-averaging, and integration, some auxiliary information on each parameter is necessary. 
This auxiliary information will be stored in a collection of objects, instances of the class 
Parameter. Each parameter will be represented by an object constructed of slots, as e.g. unit, 
minimum value, maximum value, conversion formulae, origin/reference, calculational method, 
etc. An example of such an object describing the physical parameter "pressure" is shown below. 

Object: Input/Output Parameter (an example for "pressure") 

ATTRIBUTE 
object_name 
class 
base_unit 
alternative_unit_list 
conv_coefficients 
calc_formula 
min_value 
max value 

VALUE 
real number (pressure) 
text string (parameter) 
text string (bar) 
text string list (psi, Pa) 
real number list (14.5038 1.0E5) 
text string (function_name) 
real number (1.) 
real number (155.) 

Concluding remark: 
The lists of objects presented in Appendix C are not meant to be exhaustive. The storage of all 
information generated in the course of a transient analysis will necessitate the creation of new 
objects and the extension of those presented here. This description is aimed only to exemplify 
possible object types (classes) and type definitions. The working version of the PSI-IRIS will 
include convenient tools for creation, removal and modification of objects and classes. 
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