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ABSTRACT

In this study, the following tasks have been carried out to upgrade and
expand the demonstration system of a fully integrated pear-field performance
assessment system (called CAPASA) . : '

(1) Based on lessons from PLAN object's design so far, procedure for

. incorporating new codes into CAPASA system has been summarized into a
series of step-by-step processes.

(2) In order to improve the flexibility of PLAN object's design, the
specification of PLAN construction and execution modules have been restudied
based upon the discussions on semantics of PLAN networks. These two
modules were re-designed according to the upgrade specification by reflecting
the result of prototyping.

(3) Application of distributed computation techniques has been discussed as a
promising approach to improving computing efficiency. It was concluded that
the concurrent execution of PLAN objects could be a practical approach of
reducing the computing time of complicated PLAN.

(4) The demonstration system has been upgraded from a practical point of
view. Data storage function, data retrieval function, and version control
function for data, process and PLANSs have been re-designed by considering
the use of ORIGEN2 and HYDROGEOCHEM codes on the demonstration
system. ‘

Work performed by Mitsubishi Heavy Industries, Ltd. under contract with Power Reactor and

Nuclear Fuel Development Corporation.

PNC Liaison; Waste Technology Development Division, Geological Isolation Technology
Section, Hitoshi Makino.
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1. Introduction

The Process Control Data Exchange Environment (PCDEE) and Computer Assisted Performance
Assessment System Analysis (CAPASA)} together form an integrated system for assembiing and
executing systems of analysis codes and data sets for the purpose of performance assessment
(PA) of high-level radioactive waste disposal system.

Studies of processes and coupling have shown that for even simple scenarios a very
complex integration of codes and data are needed for a realistic and adequate simulation of
expected behavior of high-level waste disposal system over long time periods. The highly
complex interactions of many processes which must be analyzed for typical PA problems makes
necessary a capability for clear and effective assembly of integrated analysis technique.

in addition to that, such an integrated system must be responsible for Quality Assurance
of performance assessment calculation, e.g. improvement in traceability of performance
assessment and automation of data connections between processes.

Under these background, we have performed the following tasks to extend and upgrade ths
CAPASA/PCDEE demonstration system:

(1) Methodology Development for Process and Data Acquisition
(2) Investigation of Advanced Specification for CAPASA/PGCDEE
a. Investigation of Advanced Specification for PLAN Construction and Execution Modules

b. Application of Distributed Processing Technique to CAPASA/PCDEE

(3) Upgrading of PCDEE for Improvement of Data Management Function



2. Methodology Development for Process and Data Acquisition
2.1. Review of FY94 PLAN Objects Development Process

2. 1.1 Work Flow of FY94 PLAN Objects Development

As the first step toward a methodology development for process and data acquisition,
the work process of FY94 to implement ORIGENZ and Hydrogeochem coupling calculation was
reviewed and summarized.

2. 1.2 Coupling Model Analysis

in the previous works, the schematic of the near field psrformance assessment was
developed on the hierarchy of processes needed to analyze based on the groundwater
scenario, the primary code recommendations in place of the processes, and the data which
needs replacing the representative processes. And the flow diagram of the coupling
processes which were shown on the schematic was also developed.

However, these schemata and flow diagram did not present explicitly the control flow
of code modules and the data connections. To perform the coupling analysis using the .
several codes and external data connection, there is the need to clear the approach of
modeling the coupling processes.

The objectives of this study is to anaiyze the connection diagram of codes and data of
coupl ing model.

(1) Classification of analysis data

The contents of analysis and data which are used performance assessment of coupling
processes are classified in the view point of a time and a space.

The analysis is divided in a steady stats analysis and a transient analysis for a
time. For a space, the analysis was classified into a distribution analysis by using the
mesh and a pointwise analysis.

The data are considered in a constant data and a time dependent data for a time. For a
space, the data are basically distribution data, but the data using pointwise analysis is
classified into a point data.

(2) Connection of data for coupling calculation

The method of connecting data external code is summarized according to the
classification of analysis and data for a time and a space. The data connection flow is
shown as Figure 2.1.2-1. The analysis control module is to control the coupling
calculation overall, The data connection is divided into for methods below.
Distribution data connection
Distribution-nodal point connection
Boundary condition connection
Point data cennection
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(3) Gonnection of process module for coupling calculation
The connection of module which controls to perform the code is summarized based on the
relation of input/output data and the arrangement of code calculation.

(4) Analysis of data flow

The data flow which is intended to calculate the couplied transport, chemistry,
hydrology and decay chain case is identified according to data and process moduls
connectjons.

For the glass waste form, the data relation of input and output are summarized on
inventory calculation, decay chain calculation and dissolved calculation. For the
transport in a buffer and a rock region, the data relation of input and output are to
summarize on calculation of hydroiogy, transport, chemistry and decay processss.

(5) Function of process module for coupling calculation

The functional diagram of process control module is identified according to the kinds
of data supplied, the processing for data exchange and the code controi in order to
calculate the coupling model.



2.2 Basic Procedure for Process and Data Acquisition

Based on the discussions mentioned above, we have proposed a basic procedure for
- process and data acquisition as shown Figure 2 2-1. This procedure should be revised
through further experience of process and data acquisition in future. The procedure should
be defined as a step-by-step process, with which the user of CAPASA/PCDEE can acquire a
new process and data easily. '
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3. Extension of Basic Frame Function of GAPASA/PCDEE

3.1 Design of Advanced PEM/PCM
Extension of the PEM/PCM has been studisd to improve the efficiency of the analysis work
and the system modification. '

3.1.1 Functional Specification

FY94 system had some restrictions in PLAN expression and operation, because it
employed AVS. This section describes the result of the study for the extension of
PEM/PCM. Problems for PLAN expression and new counter proposal against them are described
below. ' ' ‘

In the FY94 system, data flow of transport-chemical-hydrology coupling analysis is not
expressed explicitly, though control flow is expressed graphically on the user-interface.
The data flow is treated as global information for PLAN and is defined in the-global
information file. Therefore, it is difficult to understand data flow intuitively. The
method of data delivery is also not expressed at all in FY94 system. This year, “Data .
fiow” object is introduced as a class of PLAN network component in order to solve these
probiems. '

A Data flow object expresses a data Tliow among PLAN objects and aiso method of data
delivery. Data flow objsct should have the following attributes. '

a. Upper PLAN object the name of the PLAN object which sends data
b. Lower PLAN object the name of the PLAN object which receives data
c. Filter the name of the program which converis data

Based on discussions mentionad above, the following GU! objects are introduced in the
design of advanced PEM/PCM. : ' -
a. PLAN object '
b. Gontrol flow -
c. Data flow

in the previous work, it has been considered that PLAN construction, PLAN execution,
and Qutput display should be implemented as three different modules. However, we judged
that the PLAN construction, the PLAN execution, and the Cutput display should be
impiemsnted on the same interface from a standpoint of improving the efficiency of
operation.



3.1.2 Prototyping

According to the PLAN expression described in section 3.1.1, procedure of PLAN
execution has been designed, and a prototype system has been developed to confirm the
feasibi{ity. '

The PLAN execution is performed according to exeguting PLAN objects from upper stream
to lower stream of Control flow. Therefore, whether a target PLAN object can be executed
or not is judged from inspecting whether all of the upper PLAN objects connected to the
target PLAN have been executed or not. I the target PLAN object is :linked o a Data flow
and a filter program is attached to the Data fiow, the filter program is executed, and
then an external program such as an analysis code related to the PLAN object is executed.

In this year, the prototype has been deveioped on a SUN SPARCstation by using Ctt
programing [anguage. And it has been concluded that there is no problem in the realization
and the functional specification. K

3.1.3 Module Design

~ According to the functional specification of the PEM/PGM and the prototyping, the
PEM/PCM has been designed. The PEM/PCM provides three layers related to target items and
operation modes. The PEM/PCM allows users to display and edit PLAN by selectiong the
layers and the modes.

3.1.4 Conclusion

In this year, the concept of Data flow has been adopted to extend PLAN expression and
the extension of PEM/PCM has been studied. Prototype of PLAN execution has been developed
to recognize the realization and functionality. 1t has been concluded that there-is no
problem in the implementation.

In future, the realization and extendability of PLAN execution for distributed
environment should be studied.



3.2 Application of Distributed Processing Technique

Distributed processing technique may be effective for performing large scale coupling
analysis efficiently. This section describes application of ¢lient/server model and
distributed processing technique to coupling analysis.

3.2.1 Utilization of Client/Server model '

Environment where usres can use computers connected by a network at the same time is
neccesary to perform large scale analysis efficiently. But there are some problems such as
data and computer resource sharing when the environment is developed. _

In this section, implementation method is described with emphasis on data sharing.

Database management system (DBMS) for client/server model is utilized to manage data
consistency and to deliver data from a computer to another computer. Basic function of the
DBMS for client/server model is that a server performs data processing according to
requirement from a client and sends result of the data processing, and a c¢lient receives
the result from the server and displays it

As mentioned above, the client must provide user communication such as input of
retrieval condition and display of data, and the server must perform data processing such
as retrieving. Therefore, a computer which has good ability to display graphics is
appropriate for the client, and a computer which has good ability to retrieve data is
appropriate for the server. By locating computers suitable for necessary functions, system
superior in cost can be created. Also, by adopting client/server model, computer model of
a client can be decided independently of computer model of a server. Therefore, system
superior in extendablity can be created.

3.2.2 Application of Distributed Environment with Multi GPU
Requirements for computers are different for different functions of CAPASA system.
Here the requirements for major three functions of GAPASA are summarized.

(1) PLAN execution
This function is to execute PLAN. Computer with high FPU or parallel machine is
appropriate.

(2) Database access

This function is to store data in a database and retrive data from the database. A
computer with high |/0 peformance is appropriate. A computer called "server machine”
ordinarily has the characteristics.

(3) Output display
This function is to visualize output of analysis codes. Computer with good graphic



performance is appropriate.

(4) input data editor
This function is to edit input data. A computer which has good deskset tools is
appropriate.

PLAN execution which needs CPU power will derive benefit from the distributed
environment. PLAN execution is classified into two parsts, execution of PLAN and execution
of analysis codes. The exscution of PLAN has much possibility of parallel processing and
is appropriate to the distributed environment. For instance, PLAN shown in Figure 3.2 2-]
has Process A and Process B which can be executed simultaneously.

In this case, exacution time of the PLAN on the distributed environment is shorter in
comparison with singte CPU system, if Process A and Proces B are executed in parallsl.

Process Process) __
— by
Executs A B Exegute
7 \
/
j,? A: [c?\&l B]

Process \ _ _
\"‘--.
.
N
[jiﬁij:]
/
//
Process -

D

Figure 3.2 2-1 PLAN execution on the distributed environment
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3.2.3 Distributed Processing on PNG Computer Environment

As mentioned in Section 3.2 2, requirements for computers are different for each
CAPASA functions. Considering these requirements, implementation of CAPASA on PNC computer
environment has been investigated. Figure 3.2 3-1 shows an exampie of the implementation
of the PNC computer environment suitable for CAPASA..

Front-end Front-end Caiculation Server Calulation Server
EWS EWS Parallel Paral tel
Tadpole SUN Cray
SPARCbook SPARCstation ELO8
|

- .

e T [P | e e

I e
-

GWS . EWS
861 UPS SUN Disk
1SDN Onyx ' SPARCserver Arra
Front-end Data Server _1_
Galculation Server DAT
- S Ethernet — -
EWS EWS
SUN SUN
SPARCstation SPARCstation
Front-end Front-end

Figure 3.2.3-1 CAPASA on the PNC Computer Environment
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3.2.4 Conclusion

Application of GAPASA on the distributed environment has been studied to improve
efficiency of large scale analysis which couples analysis codes. It has been concluded
that the distributed environment .is effactive on the following points.

a. Client/Server environment which supports group-work is effective from a view point of
data sharing and cost performance.

b. To classify functions of CAPASA and allocate these functions on appropriate computers
is effective to improve efficiency of analysis work.

c. Parallel execution of PLAN objects will reduce the execution time. Some problems such
as cost evaluation for scheduling of PLAN objects execution.

.12.



4, Upgrade of PCDEE for Improving Data Management Function
4.1 Functional Specification

4,1.1 Specification of Data Manageﬁenf Function
The following data are identified as ones which should be stored into CAPASA database:
(see Figure 4.1.1-1)
a. "Process” Data
b. PLAN (Process Linkage Analysis Network) Data
¢. Input Data
d. Library Data
e. Output Data
f. Design Data

(1) Data Storage

There are three levels of data storage approach in CAPASA.

The simplest approach is to store data as UNIX files. The data will be retrieved by
specifying its directory and file name. The reliability of this approach is rather low
but the cost is cheap. This approach is appropriate to data storage in a short time.

Next simple approach is to store one UNIX file into database as a binary data. This
approach allows CAPASA users for long-term data storage with high reliability. This
approach will be justified, only if the file is likely to be used as a whole, e.g. restart
iles. ' _

The most expensive approach is to store data into data structures of database.
Well-designed data objects in Object-Oriented database can provide invariable and
easy-to-understand data structures with CAPASA users.

(2) Versioning

Version management is a function to keep track of the history of data update. In order
to verify the result of past analysis, it is necessary to identify what codes and data
were used in the past calculation. S¢, the version management function is essential to
qual ity assurance of peformance assessment.

We have discussed the specification of version management necessary for CAPASA, and
for what data the version management is necessary. It has been concluded that version
management is especially important to the following data item:

Process

Library Data )

PLAN (including input and output data)

Design Data

-13-
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4.1. 2 Workbench environment
Analysis work consists of three work: editing input data, exscution of analysis codes,
and displaying output data and these work should be performed repeatedly and efficiently.
Environement where users can manage input/output data and analysis codes, and display and
edit data efficiently is important for performing the analysis work smoothly. Therefore,
Workbench environment is essential to the following characteristics.

a. Improvement in reusability and quality by storing information such as 1/0 data and
analysis condition in a database. '

b. User-friendly environment with graphical user interface.

¢. link to external tool.

The Workbench consists of two analysis code, ORIGEN2 and Hydrogeochem, and several
tools which have the following functions.

a. Data management function - manages all data.

b. Gontro! function - controls execution of analysis codes and the whole system

c. Data input function - creates input data of analysis codes, auxiliary information
describing analysis condition, and stores these data in a database

d. Data reference function - retrieves input/output data of analysis code and display
them. '

e. Data edit function - retrives output data from the database and prints out to a file
in the form of special format.

-15-



4,2 Désign and Implemgntation

4.2.1 Database Specification
Database schema has been designed and created with object-oriented database management
system VERSANT. ' ' '

4, 2.2 Software Specification
Top-level data flow diagram of Workbench. is shown in Figure 4.2.2-1. The Workbsnch
consists of six modules, two analysis codes, and five data stores.

N\

Group . Personal
Database Database
Data \g
- _ Bui lder ’
Data
Manager

Pt

Data
Editor

Ex File Data

Viewer

‘k“ﬂx\ Shared Name

Memory

T

Figd. 2. 2-1 Overall Architecture

Modules
a. Controlier
Controller controls modules and manages commonly used data by moduies.
b. DataBuitder
DataBuiider creates auxiliary information and input data of amalysis codes.
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¢. DataConverter
DataConverter converts input/output data of analysis codes into class structures and
stores them. ' '
d. DataEditor
DataEditor prints out to a file in the form of spacial format.
e. DataManager
DataManager manages personal databases and group databases and deletes data in
databases. '

Analysis Gode
a. ORIGEN2

b. Hydrogeochem

Database
a. Personal database _
Personal database is a temporary database for working area.
b. Group database
Group database is a persistent database. Data in the Group database is created by
duplicating data in the Personal database.

c. 1/0 file
1/0 file stores input/output data of analysis codes temporarily.
d. Ex file

Ex file stores files used by an external application.
e. Shared memory

=

Shared memory stores information such as the name of the analysis which is used i
common.

4,2.3 Testing
According to the specification, the Workbench has been implemented and tested.
The Workbench has been verified and confirmed to work correctly.

4, 2. 4 Extendability
The following items has heen considered in order to build a new analysis code into
CAPASA easi ly. '
a. introduction of abstract class in database schema.
b. storage of material properties.
c. development of general program to convert data.
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5. Summary
in this study, the following tasks have been parformed in order to extend and upgrade the
CAPASA/PCDEE demonstration system:
(1) Methodology Development for Process and Data Acquisition
(2) Investigation of Advanced Specification for GAPASA/PCDEE
a. Investigation of Advanced Specification for PLAN Construction and Execution Modules
b. Application of Distributed Processing Technique to CAPASA/PCDEE
(3) Upgrading of PCDEE for Improvemsnt of Data Management Function

Procedure for incorporating new codes into CAPASA system was summarized into a series of
step-by-step processes based on lessons from PLAN object’s design so far. A standardized
process is mandatory for effective maintenance of CAPASA system. We must refine the
methodology through experience of new process acquisitions.

In order to improve the flexibility of PLAN object’s design and GUI usability, advanced
specification for PLAN construction and execution modules was investigated. New PLAN network
specifTication allows the user to use data fiows as well as control flows to define a Process
Linkage Analysis Network.

Application of distributed computation techniques has been discussed as a promising
approach to improving computing efficiency. It was concluded that the concurrent execution of
PLAN objects could be a practical approach of reducing the computing time of complicated
PLAN, if an efficient scheduler to control concurrent execution of PLAN objects could be
real ized.

The demonstration CAPASA system has been upgraded from a practical point of view. Data
storage function , data retrieval function and version management function for data, proceés
and PLANs have been re-designed by considering the use of ORIGEN2 and Hydrogeochem upon the
CAPASA system. Since necessary data management functions are dependent on the usage of
analysis codes, the management functions should be revised step by step according to the
expansion of the problem field of CAPASA.
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