
O R K L / T M — 9 5 5 9 

DE86 0 0 1 4 4 6 ORNL/TM-9559 
Distribution Category UC-79 

Base Technology 

Instrumentation and Controls Division 

Developing a Computer-Based Environment for 
the Design of Nuclear Power Plants: 

A Perspective and Philosophy 

H. Brey* 
R. A. Kisner 

•Tennessee Technological University 

Manuscript completed: November 1984 
Date published: August 1985 

Prepared by the 
OAK RIDGE NATIONAL LABORATORY 

Oak Ridge, Tennessee 37831 
operated by 

MARTIN MARIETTA ENERGY SYSTEMS INC 
for the 

U.S. DEPARTMENT OF ENERGY 
under Contract No. DE-AC05-840R21400 



TABLE OF CONTENTS 

ABSTRACT v 

1. INTRODUCTION 1 

2. THE CONTROL ENGINEER IN THE DESIGN PROCESS OF A 
NUCLEAR PLANT 3 

2.1 REQUIREMENTS ANALYSIS OF THE CONCEPTUAL DESIGN PHASE 4 
2.2 DESIGN PHASE 4 
2.3 POSTDESIGN PHASES 5 

3. DATA REQUIREMENTS IN A COMPLEX DESIGN ENVIRONMENT 7 

4. SYSTEM REQUIREMENTS FOR A TEAM-ACCESSIBLE DATABASE 9 

5. SYSTEM COMPONENTS 11 

5.1 COMMUNICATION SUBSYSTEM 11 
5.2 SECURITY SUBSYSTEM 12 
5.3 DATABASE ACCESS CONTROL SUBSYSTEM 12 
5.4 DATABASE SYSTEM AND DATABASE MANAGER 

COMPLEXITY ESTIMATIONS 12 
5.5 ARCHIVAL SUBSYSTEM 14 
5.6 HARDWARE INTERFACES 14 
5.7 REMOTE FACILITIES 14 

6. ADVANTAGES OF A COMPREHENSIVE DATABASE SYSTEM 15 

7. CURRENT DEVELOPMENTS IN COMPREHENSIVE DATABASES 17 

8. CONCLUSIONS AND RECOMMENDATIONS 19 

REFERENCES 21 

GLOSSARY 23 

i l l 



ABSTRACT 

This report surveys the usefulness and general design requirements for a large-scale database and data-
base manager for design and analysis of nuclear power plant control systems. The control engineer's and 
systems integrator's need for timely, accurate, and searchable information for advanced control system 
design increases with competitive economics and stringent reliability demands. A philosophy is conveyed for 
the implementation of an integrated, comprehensive database system. 
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1. INTRODUCTION 

Technology changes not only the products 
engineers design, but also the methodologies that 
they use in design processes. The result is that the 
scientific and engineering community not only has 
more and better tools available to aid in the design 
process, but it also has superior methodologies 
available as a result of improved tools. 

Computer-aided engineering (CAE) relies on 
powerful computers that are, in turn, used to design 
new generations of computers. Today, the rapid 
changes in design methods and tools require every 
designer to adapt to an ever-changing design 
environment. 

The design of nuclear plants is particularly 
affected by modern technology: the complexity of 
the systems within a plant; the interaction of the 
many subsystems; the demand for operational 
integrity; and economic pressures during the design, 
construction, and operational phases demand the 
use of the most reliable, economical, and time-
saving tools. 

The tools and methods that are used for design-
ing large systems are changing rapidly. For ex-
ample, the once standard bottom-up design tech-
nique (e.g., selecting components before planning 
the overall system) is an unacceptable way to 
design a large, complex project. 

The design environment, too, has changed with 
the complexity of the design process. In the past, 
design teams usually worked in one location; now, 
design team members may be scattered across the 
whole nation. The mobility of engineers adds yet 
another design problem: the design and construction 
period for a nuclear reactor system corresponds to 
roughly twice the average employment time of an 
engineer. This means that a control engineer may 
never be able to find the person responsible for 
making a technical decision early in the design 
process. Thus, accepting a questionable component 
or engaging in extensive computations or simula-
tions may be a consequence. 

The design of complex systems demands the use 
of the best possible tools and procedures and the 

means for obtaining timely and accurate data in a 
form suitable for the purpose at hand. 

The system described in this section will provide 
such an environment to the controls engineer or sys-
tems integrator and, moreover, contribute to the 
collection and use of cost- and time-saving tools 
for every participant of the design/construction/ 
regulation/operation team of a nuclear plant. The 
following list summarizes the advantages of a 
modern database-supported design system for th«*. 
integrator/control engineer. The system would 

• Put all tools necessary for the design and verifi-
cation of designs into the control engineer's 
hands. 

• Provide instant up-to-date information about all 
components of a plant to the control engineer at 
ar.y time. 

• Enable design team members to interact and to 
exchange design data and material. 

• Document automatically all iterations of the 
design process for later viewing and analysis. 

• Provide a database for all design documenta-
tion that would be maintained by the prime 
contractor. 

• Invoke an engineering drawing control system on 
all released information. 

• Place design rules at the fingertips of all persons 
involved with design. 

• Provide a list of standards and a list of project-
qualified components. 

• Provide cost data at the onset of the project, 
no matter how tentative the data may be. Such 
data are beneficial for performing traceable cost 
trade-offs. 

• Place a variety of representations of the design 
object at the designer's disposal, (i.e., 3-D 
representations, schematic representations, flow 
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models, design equations, mathematical represen-
tations of processes, and physical components, as 
well as simulation results) 

• Provide new standards for design of large 
systems. 

• Save invaluable time in the design process while 
providing a trail to the requirements analysis at 
ar y time. 

• Detect electrical, magnetic, or mechanical con-
flicts early in the program. 

• Provide data for such diverse documents as Final 
Safety Analysis Reports (FSARs), user's opera-
tion and maintenance manuals, and acceptance 
test procedures (tentative manuals could be peri-
odically produced). 

4 



2. T H E CONTROL ENGINEER IN THE DESIGN 
PROCESS OF A NUCLEAR PLANT 

Higher-priced systems within a nuclear plant usu-
ally receive priority over systems integration; how-
ever, this neglect of systems integration can lead to 
ad hoc designs, patchwork controls, and, in the end, 
to overly complicated systems. The system integra-
tor may relegate the responsibility for reliable oper-
ation of an overly complicated plant to the 
customer—putting into control procedures what 
rightfully should have been a part of the plant's 
control system. 

For reliable nuclear plant design, the systems 
integrator/control engineer must be a member of 
the design team at the very onset of the design 
process; in fact, systems integrators have become 
the main contractors in large and complicated sys-
tems procurements even though they had contrib-
uted less than ten percent of the total project.* 

The contributions a systems integrator/control 
engineer can make in a large nuclear system design 
are itemized in the following list: 

1. Conceptual phase: requirements analysis 
• Reliability goals 
• Safety philosophy 
• Control strategy 
• Degree of coupling between control and 

safety systems 
• Measurements strategy 
• Definition of the role of the human element 
• Performance and control boundaries 

*AEG, a well known electronics company, is the general con-
tractor for the German frigate program. The cost of steel struc-
tures in a frigate far exceeds the cost of electronic furnishings. In 
1982 the program manager stated that changing the general con-
tractor from the shipbuilder to AEG resulted in a substantial 
savings in time and money. 

2. Design phase 
• Top-down control system design given the 

plant concept 
• Bottom-up implementation with aid of 

simulation 
• Measurement plan 
• Interface design 
• Reliable communication subsystem design 
• Control system equipment selection 
• Failure mode and effects analysis 
• Verification through simulation 

— Homeostatic control regions 
— Transition through degraded perfor-

mance regions 
— Safe transitions to shutdown under 

certain failure conditions 
• Design of the control system display 

subsystem 
• Design of control procedures for the human 

operator 
3. Construction phase 

• Performance verification for alternate 
components 

• Operator training 
4. Commissioning 

• Simulation of major modes of operation 
and failures 

5. Operation 
• Consulting 
• Troubleshooting via simulators 
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6. Retrofit 
• Verification of integrity through simulation 

2.1 REQUIREMENTS ANALYSIS OF THE 
CONCEPTUAL DESIGN PHASE 

Overall design goals, including the reliability of 
output power, and the type of plant, should be set 
in the requirements analysis phase. The experienced 
systems integrator/control engineer can partition 
the system along lines of vulnerability even in the 
preliminary concept phase. These partitions and 
reliability goals help the engineer generate the 
reliability profile of the plant. Such a profile of 
overall plant objectives will lead to a reliability 
strategy, to engineering trade-offs, and to cost 
minimization. 

Another result of the reliability analysis is the 
division of operation of the plant into the homeo-
static region, the degraded region, and the loss-of-
control region. Early efforts directed toward 
recognizing the boundaries between these regions 
will enable the control engineer to establish the 
interfaces among the control system(s) and the 
safety systems and to define the degree of coupling. 

Control and safety systems require that parame-
ters be measured appropriately from the plant's 
subsystems. Inasmuch as measuring systems are 
located inside the control loops, the reliability of the 
sensors, the signal processing equipment, and the 
communication subsystem all become vital parts of 
the plant control system. 

To perform these tasks in the context of a 
requirements analysis/conceptual design, the con-
trol engineer must have access to all data pertaining 
to the overall plant objectives. As the plant parame-
ters and even the configuration of the plant is likely 
to change in the first phase, it is very important 
that the control engineer keep apprised of the most 
recent design changes. Having all information about 
the design in a database in a suitable form at all 
times is most desirable. Modern CAE programs 
that can store, retrieve, and disseminate drawings 
or written material provide the tools necessary to 
achieve instant accessibility to current design 
features. 

The result of the requirements analysis/ 
conceptual design phase for the systems integrator/ 
control engineer are detailed descriptions of the 
project, design and performance specifications, 
definitions of control regions and control bounda-
ries, definitions of control systems and safety sys-

tems, reliability profiles, and definitions of the role 
of the operators. This information becomes the 
basis for the deliberations in the design phase and 
must become a controlled part of the database. 

2.2 DESIGN PHASE 
The design phase of a project translates the 

requirements into hardware, software, and pro-
cedures. While the design process is structured and 
top-down, implementation should be bottom-up. 
Thus, implementation would use proven, available, 
and reliable components with a performance similar 
to the ideal value. 

Departures from the design parameters in imple-
mentation must be carefully evaluated in small-
scale experiments or with aid of comprehensive 
simulators. Modular simulation appears to be the 
most promising method of design verification. 
While the control engineer monitors the design 
integrity for adherence to the overall design goals, 
he must have access to all information about the 
details of the plant design and the components used. 
A distributed, centrally controlled database with the 
ability to disseminate controlled, timely, and accu-
rate data is suggested. 

The system integrator/control engineer must 
implement the control-loop concepts, and to do this 
he must select suitable transducers, local signal pro-
cessors, interface equipment design, a reliable com-
munication subsystem, the mechanization of the 
system controller, and the integration of the control 
actuators. 

After the paper design of the hardware is com-
pleted, the plant exists as parts lists and construc-
tion drawings. Before documentation is released to 
construction, a major design verification process 
must take place. Controllability through the 
homeostatic control region and the degraded per-
formance region must be ascertained, and safety 
strategies from any of the uncontrollable system 
states must be proven. The failure modes and their 
effects on reliability and controllability of all com-
ponents of the plant must be reviewed, and the 
reliability objectives set in the performance require-
ment document must be verified with the actual 
system hardware in the plant. 

Since all elements of a plant may play a role in 
the control/reliability verification simulation, either 
via a functional dependence or a geometric prox-
imity, every component of a plant must be consid-
ered. It is clear that verification requires more than 



a simulation of the design equations; it requires an 
item-by-item modular simulation of the entire plant 
as represented by suitable software modules. 

This level of design verification mandates that 
the control engineer have access to all the design 
information of all components of the plant. As the 
design of subsystems is typically carried out by 
teams in different facilities and regions, the prob-
lem of communicating timely, accurate, and usable 
information is of the utmost importance. 

Depending upon the degree of automation, the 
human engineering aspects of control are worthy 
of major consideration. Significant efforts are 
currently being expended to define and clarify the 
role of the human operator in the control loop. If 
models of human decision making are available, 
they can be integrated into the plant database. 

Once the configuration of the plant is established, 
the role of the operator defined, the modes of the 
plant known, and the effects of failures recognized, 
then the operating procedures for the plant can be 
written and verified via simulation. The control 
engineer using a suitable database again plays a 
major role as a consultant to this very important 
activity. 

The results of the design phase for the systems 
integrator/control engineer are a workable, verified 
control concept; control system design documenta-
tion; and a layout of the intraplant communication 
subsystems. This design phase includes transducers 
and actuators, control and safety strategies, and 
control procedures, and the control display subsys-
tem. Most importantly, the control strategies have 
been verified via simulation; therefore, they can 
play an important part in the plant acceptance and 
commissioning procedures. 

The documentation, which includes drawings, 
specifications, descriptions, and procedures, forms 
the technical and part of the legal basis for the con-
struction part of a plant contract. The information 
generated by the control engineer becomes a central 
basis for quality control, procurement, regulatory 
agencies, and the operator. Because of the impor-
tance of the information, strict document control as 
by database techniques, must be maintained. 

2.3 POSTDESIGN PHASES 
After a comprehensive database and suitable 

modeling and simulation tools are available, they 
can be used throughout the construction, accep-
tance, commissioning, and operation phases. While 
there are a myriad of uses for the database that can 
save both time and money, only those applications 
are enumerated here which concern the system 
integrator/control engineer. 

Several areas in the construction phase would 
benefit from using a control engineer and a compre-
hensive database. For example, when component 
delivery delays threaten the time schedule of a con-
struction phase, the database could be used to select 
an alternative component that has verifiable similar 
performance in the context of the overall plant 
objectivies. 

There can be little doubt about the usefulness of 
a comprehensive database and a modular simulation 
facility throughout the lifecycle of a plant. Some 
of the uses could employ a system integrator/ 
control engineer as a consultant. Operator training, 
troubleshooting, and verifying plant modifications 
are just a few examples involving the control 
engineer. 



3. DATA REQUIREMENTS IN A COMPLEX 
DESIGN ENVIRONMENT 

Efficient design of large and complex systems 
depends heavily upon the availability of data. 
Design costs can be reduced by providing adequate 
communication to assure the availability of suitable 
information throughout the design phase. 

Following is a list of requirements for data in a 
design environment. Data must be 

• available wherever and whenever needed, 
• timely, 
• accurate, 
• consistent, 
• relevant, 
• usable for man and machine, and 
• traceable. 

Availability, timeliness, and accuracy of data 
have been discussed previously and have been 
ensured by the use of this proposed design regime. 

One method to ensure consistent data requires 
that every data item appears once and only once in 
a database. This prevents any duplication of dimen-
sions; uumbers; or other information in drawings, 
equations, ot programs. However, the total lack of 
redundancy may not be practical at times. To have 
total lack of redundancy usually implies a trade-off 
with other features such as response time and ease 
of use. One has to prioritize the features and 
characteristics when choosing a database. There 
may be times when duplication of data is desirable. 
This requires careful planning of the system to 
ensure that all instances of a particular piece of 
data are in agreement. Through careful program-
ming and minimum data redundancy, consistant 
data can be ensured. 

Relevance in the context of data should be under-
stood as the appropriateness of a response to an 
inquiry. A pipe may be a piece of roll stock to its 
manufacturer; a weld or a set of flanges to the 
reliability engineer; and a connective which expands 
when it gets hot to the hydraulics engineer. Every-
body may need to address the very same thing 
under different names in different contexts; and 
thus everybody must be able to request and receive 
data using his own terminology. 

Usability for machines implies that the location 
of a data item is available to a controller directly. 
Since variable or system-dependent data items can-
not be part of processes, their addresses are used 
instead. 

Traceability implies that the origins and design 
evolution of an item are available through the data-
base. It is important, especially in the analysis of 
discrepancies or malfunctions, to be able to follow 
the development of a component throughout its life 
cycle and to reestablish the environment and the 
system state in which design decisions were made. 
Traceability will not only ease the interaction 
between industry and the regulatory agencies, it 
will also be instrumental in restoring public confi-
dence in the nuclear program. 

To maintain the integrity of data in a multi-
disciplinary, multicorporation design environment 
where mutually accessible databases are used, the 
following facilities and procedures should control 
access and function of the users. 
• Data must be protected from unauthorized 

persons. 
• Data must be protected from unauthorized 

changes. 
• Proprietary rights must be protected. 



5. SYSTEM C O M P O N E N T S 

A block diagram of the team-shared comprehen-
sive database is shown in Fig. 1. The facility can 
best be described as a special-purpose data storage 
and retrieval system whose special feature is access 
fTom remote locations. The operating system shown 
in the diagram is conventional; the security system 
is state of the art. Most of the complexity is 
thought to reside in the database system which is 
most likely both distributed and relational. Spe-
cial hardware interfaces will enable direct real-
time interfaces to process control computers and 
simulators. 

5.1 COMMUNICATION SUBSYSTEM 
Data communication is a critical component. For 

example, if a drawing of a component within a 
plant contains —1000 lines and 1000 symbols and 

Operating System 

Fig. 1. Block diagram of a design-team accessible database. 

every endpoint is described by its x and y coordi-
nates of 2 bytes each, a transmission quantity of 
>100,000 bits per page will be required. At a 1200 
baud rate over telephone lines, transmission of a 
drawing would require nearly 42 s. A page of 
typewritten material of 66 characters per line 
and SS lines per page under the same circum-
stances would require 12 s for transmission. These 
transmission rates are unacceptable by a design 
team because of the numerous items required 
simultaneously. 

External interfaces to high-speed trunks could 
handle data transfer during peak loads. A front-end 
processor with fast incoming and outgoing lines 
coupled with the interface to high-speed trunks 
would transmit data at acceptable rates, and tech-
nology exists to build such a processor. At last 
inquiry, a page of the New York Times can be 
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transmitted from New York to Los Angeles in 4 s 
using a facsimile method. Satellite links, broadband 
cable links, and microwave links are available for 
high-speed transmission. 

5.2 SECURITY SUBSYSTEM 
A stringent two-tier protection system would 

maintain the integrity of the database, protect it 
from accidental or malicious alteration and protect 
the proprietary rights of the team members. Follow-
ing are design features for such a security system. 

First, changes in the database should not origi-
nate from a remote location; that is, for the remote 
user, the system should look like a read-only data-
base. Authorized team members could initiate 
changes in content, but only administrative staff 
could incorporate these into the database. 

Second, to ascertain the source of a read request, 
callback procedures or equivalent mechanical means 
should be employed. An extension of this procedure 
ties the call into a dedicated terminal which sup-
plies a ROM-based code in response to the 
callback. Tanper-proof means to control the access 
by a remote terminal to the central facility are 
available today (Computer, 1983). 

Third, the use of personal codes, passwords, or 
dialogs would prevent tampering by personnel who 
have access to a terminal but are not privileged to 
data. For high degrees of security, an intelligent 
security system may be developed to provide the 
highest practicable access control. 

Although no security system can prevent an 
authorized person from abusing his access privileges 
for malicious or dishonest purposes, automatic log-
ging of accesses to the system would discourage 
such inside offenders. 

This system, as almost any other secure system, 
would still be vulnerable to misuse by the central 
system staff. While ascertaining total integrity is 
not possible, logging all transactions, even those ini-
tiated by central staff in write-once memory at least 
affords traceability of access. 

5.3 DATABASE ACCESS CONTROL 
SUBSYSTEM 

After a user identifies himself, the computer 
maps the user to his access area where he may 
retrieve data from his area only. As all systems' 
access should be logged, any user's attempt to gain 

access to areas other than his own should be 
traceable. 

Access to areas for which the user is not 
privileged should be requested through communica-
tion with the contract chain of command. As a 
result of temporary or permanent change in access 
code, the database administrative staff would repro-
gram the user map. 

5.4 DATABASE SYSTEM AND DATABASE 
MANAGER COMPLEXITY ESTIMATIONS 

For the team-shared comprehensive database sys-
tem, the database itself must be considered the sys-
tem driver. Hardware and software structures can 
only be assessed rationally when the size and the 
type of the data set is known. Estimating the size of 
a database >s usually difficult. An effective estimate 
can be made using the design phase of a compa-
rable plant and the record of all of its data 
occurrences. However, for the purpose of this 
report, a rough estimate is made using comparisons 
with similarly complex systems. 

The Master Information Data Acquisition Sys-
tem (MIDAS) (Rouse et al. 1984) database of 
Westinghouse-Hanford is an operational system for 
plant tracking, maintaining work control logs, cali-
bration, maintenance, scheduling, and configuration 
management. The database contains 55,000 fixed-
length records of ~100 fields and is estimated to 
require somewhat less than 200 Mbytes. 

Construction System Associates has modeled the 
River Bend Nuclear Station using a data set of 
more than 200,000 components. Associated pro-
grams perform structural analyses, interference 
analyses, interdisciplinary design verification, 
in-service inspection control record keeping, jet 
impingement analyses, and configuration manage-
ment. The database size is ~1.2 Gbytes. 

Based on information from those systems (and 
others not included because of insufficient informa-
tion), a comprehensive team-shared database is 
estimated to require —2 Mbytes. 

The example above indicates that a comprehen-
sive database is a very large, complex software 
structure. Because of the sheer volume of the data 
and the need to access the data from so many 
viewpoints, it is not reasonable at this point to pro-
pose an optimum structure of such a database. At 
first glance, network or a relational databases hold 
much promise. Since the concept of a relational 
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database is barely 15 years old, much development 
is still expected (Chu and Hurley 1983; Date 1983). 

Currently a small study is under way, funded by 
the Electric Power Research Institute (EPRI) and 
contracted by a team from Westinghouse and Duke 
Power, to identify the information requirements 
throughout the lifecycle of a nuclear plant. Such 
information, once available, should reveal the struc-
ture required of a comprehensive database. 

Some aspects of a comprehensive database can be 
stated at this time. In a team-shared database, 
every team member sees the plant through his own 
eyes, using the terminology and requiring data spe-
cific for his discipline. This flexible access require-
ment suggests the use of preprocessors or transla-
tors. Because the originator of a read request is 
known to the system, it is possible to tailor the 
vocabulary to that originator. Translators to accom-
modate such customization may be resident at the 
user's access area or could be downloaded from 
the central site to increase the throughput of the 
system. 

The interface to simulators is in many cases more 
complicated. A device may be modeled by an 
/ith-order polynomial whose coefficients are derived 
from the physical parameters of the device itself. 
To ascertain the conformity of the coefficients with 
the model of the physical structure, all changes in 
the data set of the respective component must be 
monitored. A special translator, linking the data set 
of a component to the simulation polynomial, is 
likely to be an important requirement. 

When the comprehensive database if used during 
operation, measurements or computed values 
become part of the data set. As real-time data 
samples are taken, access to the database in less 
than several milliseconds must be guaranteed. This 
precludes using single-access to secondary storage. 
To accommodate real-time data, the database must 
be structured so that part of the data may reside in 
semiconductor memory RAM. Theoretically, a 
database could be split into various media, and by 
using a database configured to accommodate split-
storage media, frequently used data can also be 
stored in semiconductor cache memory during the 
design phase of the plant. 

Human entry to the system must be interactive 
and must accommodate many levels of computer 
expertise. Some examples of user entry into the 
database follow. 

Entry via item and subitem virtual address. The 
expert or frequent user may know the location of a 
data item by its virtual address [e.g., system 
number (SYSNO), and field number (FLDNO)]. 
Since a database is time varying (in more than one 
way), the spindle, disk, track, sector, and starting 
byte are dynamically assigned. The command: 
CET(SYSNO,FLDNO) should quickly provide 
the required data item for the user. The same 
command might have been in a mathematical com-
putation or a simulator code. Data would have 
been made available to the requesting device 
automatically. 

Entry via item virtual address and function. The 
user may know exactly what item he is targeting 
with SYSNO, but he may not know the FLDNO 
containing a desired value, such as PRESSURE. A 
command such as: GET(SYSNO,PRESSURE) 
would command the INDEX for PRESSURE, 
retrieve the FLDNO, and access the data. 

Entry via item description and subdescription. A 
next-lower level of access defines an item by 
description plus subdescription and parameter. 
Here, the association is still unique because the sys-
tem would be designed so that only one complete 
description fits each item; for example, PUMP, 
CIRCULATING NUMBER 2 would be located by 
the INDEX searching first for PUMP, then among 
all pumps for CIRCULATING NUMBER 2, and 
then for the desirid PARAMETER. 

Search through a list of generic items. The inex-
perienced user should be able to retrieve informa-
tion in either an interactive mode, in which the 
choice is narrowed down by the computer or in a 
tabular mode, in which all items fitting the descrip-
tion are shown. Access by generic description and 
parameter may yield a tabular response such as 
shown in Sect. 2. The user should be given ample 
information, such as building, subassembly, and 
higher assembly, so that he can choose. When the 
generic item has been identified, a similar proce-
dure would yield the unique description of the 
desired PARAMETER. 

Links within a database are perhaps the most 
complex facet of the system. Although an abun-
dance of linkages generally reduces search time, it 
increases the size and complexity of the database. 
Modern database concepts such as relational data-
bases or networking databases take advantage of 
the natural relationships among attributes or (in the 
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wider sense) their functional proximity. For the 
comprehensive database under consideration, fur-
ther investigation is necessary to identify these 
attribute; and their relationship to the life cycle of 
the plant. There is already some indication, that 
those relationships may in themselves be time 
dependent. 

5.5 ARCHIVAL SUBSYSTEM 
Archives are generally databases which are 

(a) on less costly media and (b) not accessible in 
real time. 

An archive provides a trail: in the business world, 
it is an audit trail; for the designer, it is a means to 
assess the state of the design at any previous time. 
While the database contains the most recent state 
of a system in the form of drawings, descriptions, 
specifications and the like, archives contain the 
original of all the controlled documents and all the 
authorized changes which make up the current 
state. Archives are invaluable when tracing design 
changes, evaluating malfunctions, or tracing any 
anomaly that may occur during plant design or 
operation. 

One of the easily overlooked advantages of 
archives is the availability of accurate and traceable 
data for plant retrofit programs or even for new 
design projects. Access to the archives must be 
restricted and authorized only through the chain of 
command of the project organization. 

5.6 HARDWARE INTERFACES 
Computers located in the same area as the com-

prehensive database and residing in a controlled 
and secure environment may be connected to the 
comprehensive database for real-time computations 

or for simulation. Items that are routinely used for 
simulation or computation can be stored in a semi-
conductor cache for quick access. Access to those 
items may be rapidly achieved using table lookup 
methods or using rapidly executable access algo-
rithms. As no secondary storage facility is planned 
for real-time data, access can be achieved in 
microseconds. Suitable hardware interfaces are 
totally within the state of the art today. 

5.7 REMOTE FACILITIES 
READ-access to the comprehensive database 

may be gained with only a dumb terminal. In such 
a case, only alphanumeric data such as descriptions, 
specifications, cost, type, and date are accessible. 
The use of a personal computer with the ability to 
control a graphics terminal widens the spectrum of 
receivable data to include line drawings as well. A 
personal computer, furthermore, could be pro-
grammed to control such peripheral devices as X-Y 
plotters or automated drafting machines. 

For users who enter information into the compre-
hensive database, suitable CAE equipment com-
patible with the central facility software is required. 

Much communication takes place among 
members of the design team in addition to the team 
members communications with the central facility. 
To facilitate this frequent communication, members 
will use data from local databases, local 
scratchpads, or printed media. Available facilities 
would allow copying all such correspondence into 
central archives to maintain security; however, more 
research is desired to explore the user acceptance 
and psychological consequences of such surveil-
lance. In any case, a hard disk unit scratchpad 
should be included in every remote station. 



4. SYSTEM REQUIREMENTS FOR A TEAM-ACCESSIBLE DATABASE 

A team-accessible comprehensive database sys-
tem is a read-mostly database with access allowed 
only for those having a need to know. Changes in 
the database can be authorized only by the data-
base administrator in an environment similar to an 
electronic version of a document control system. 

As the database is, in all likelihood, distributed 
among the members of the design team, including 
the general contractor, the architect-engineer, the 
equipment designers, and others, and because all 
affected persons have database requirements of 
their own, the use of a distributed, centrally con-
trolled database is suggested. Some of the most 
challenging problems associated with the implemen-
tation of such a comprehensive, team-shared data-
base system are standardization of programs, 
numbering systems for existing inventory, and 
computer-associated hardware. 

To provide relevant data to a variety of users, 
translation capabilities or front-end processors 
should be used to unburden both the user and the 
database system. Human inquiry should be pro-
vided with several levels of menus to accommodate 
users of varying computer experience. 

Also, stringent access security control by hard-
ware and sophisticated software must be employed 
to ascertain the integrity of proprietary rights. 

An extensive archival subsystem is envisioned to 
provide traceability from the current system design 
state to the state at any time in the design history 
of the system. 

Appropriate hardware interfaces betweon the 
database and associated computers should be pro-
vided to avoid time-consuming accessing delays. 
Computer-accessible data may, in fact, reside in 
special memories of the database controller, suit-
ably linked to the database. Interfaces to simula-
tors, as well as interfaces to measurement and con-
trol data when the database system is used as a 
part of the plant control system, are envisioned. 

The team-shared database would, as a minimum, 
consist of the following subsystems: communication, 
security, archival, database access control, database 
system with a database manager, and hardware 
interface. 
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6. ADVANTAGES OF A COMPREHENSIVE DATABASE SYSTEM 

Several agencies active in certain segments of the 
life cycle of a nuclear plant agree that everybody 
would gain from a comprehensive database system. 
The following outline summarizes other uses of the 
system. 

1. Controlled data could be made available to 
• Architect-engineer 
• Subcontractor 
• Designer 
• Quality assurance 
• Regulatory agency 
• Chief executive officer 
• Owner 
• Operator 

2. Controlled data could support 
• Preconstruction activities 

— Conceptual analysis 
— Requirements analysis 
— Design 
— Verification 

• Construction activities 
— Purchasing 
— Inspection 

— Construction sequencing 
— Equipment interference avoidance in 

construction 
— Planning 
— Scheduling 

• Quality control 
• Commissioning 
• Operation 

— Work control log 
— Plant tracing, audit trail 
— Instrument calibration 
— Preventive, predictive, and 

corrective maintenance 
— Planning and scheduling 
— Record retention 
— Configuration management 
— System description 
— Accounting 
— Procedures 

• Retrofit and plant modification 
• Design of similar systems 
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7. CURRENT DEVELOPMENTS IN COMPREHENSIVE DATABASES 

Several companies are developing software rele-
vant to comprehensive database design. The follow-
ing is a list of companies and their contributions to 
database design. 
• Construction Systems Associates. Database for 

structural analysis; all aspects of construction, 
maintenance, retrofit, configuration management; 
mechanical and functional modeling; extensive 
CAD/CAM facility; 300,000 items, 1.2 Gbytes. 

• Westinghouse, Hanford Facility. Operational 
database for plant tracking, work control, cali-
bration, preventive maintenance, scheduling, and 
accounting; —55,000 item, ~50 Mbytes. 

• General Electric, Advanced Nuclear Technology 
Operations, Sunnyvale. Simulation database for 
nuclear reactor plant research; extensive model-
ing ability; undisclosed size of database. Efforts 
are under way to merge the simulation facility 
with CAE. 

• EPRI/Westinghouse/Duke Power Co. Recent 
contract (September 1984) to research some 
aspects of integrated plant databases. No details 
are available. 
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8. CONCLUSIONS AND RECOMMENDATIONS 

The role of a systems integrator/control engineer 
in the design of operation phases of a nuclear plant 
has been examined. Because of the design complexi-
ties of modern nuclear installations and the need to 
increase th<* degree of control in such plants, the 
system integrator/control engineer must be a design 
team member at the very onset of the plant concep-
tual design/requirements analysis phase. To be fully 
effective and to ascertain the integrity of the con-
trol structure, the system integrator/control engi-
neer must have access to all data pertaining to the 
plant and its many components. 

The concept of a comprehensive, team-shared 
database system was introduced because all other 
entities involved in aspects of design, quality con-
trol, construction, commissioning, and operation 
would also benefit greatly from an available, timely, 
consistent, relevant, and usable data set. 

The size of such a database is expected to be on 
the order of 2 Gbytes. Because of the size and com-
plexity of the database and the lack of research on 
time-varying databases, it is strongly recommended 
that further research be conducted. The following 
topics would seem highly appropriate: 

• Collection of data requirements throughout the 
life cycle of a nuclear plant. 

• Investigation of the duplication of data in conven-
tional system design. 

• Study of the potential time and money savings 
when using a comprehensive database. 

• Study of large, automated database systems such 
as those used by the aircraft industry, National 
Aeronautics and Space Administration, the 
automobile industries, and large construction 
companies. 

• Interviews with chief executive officers who have 
been in charge of building nuclear plants. 

• Discussions with research organizations active in 
nuclear plant design and with potential subcon-
tractors and suppliers. 

• Seminars with the user community and the regu-
latory agencies. 
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GLOSSARY 

Allocation—the process of specifying functions to 
different systems, subsystems, and equipment. 

Automation—the operation of a machine, device, or 
system without direct human intervention. Auto-
mation can be applied to several areas: regulating 
a process, restructuring equipment interconnec-
tions, monitoring parameters, and detecting and 
diagnosing problems. 

Bottom-up—proceeding by aggregating specific 
components into larger general systematic struc-
ture. Contrasted wiih top-down. 

Control system—a general term that refers to a sys-
tem in which one or more outputs are forced to 
change in a desired manner as time progresses. 

Degraded region—a region in the space of a 
system's state variables that surrounds the 
homeostatic region in which system performance 
is considered degraded and the control strategy 
must change to prevent further degradation. 
Three forms of degradation are possible: stability, 
viability, and integrity. See also homeostatic 
region and uncontrollable region. 

Homeostatic region—a region in the space of a 
system's state variables in which the system is 
considered robust so that given a disturbance, 
which causes a deviation bounded within the 
homeostatic region, the control system returns 
the system to the normal value. See also 
degraded region and uncontrollable region. 

Integrity crisis—within the degraded region, a case 
in which the controlled system's integrity is 
violated; thus, equipment damage is imminent. 
No operation is possible. See also stability crisis 
and viability crisis. 

Mathematical model—a model in which a system is 
described in terms of mathematical equations. 

Mode—one of several alternative conditions or 
methods of operation of a system or component. 

Off-line system—a computer system that is 
operated in batch mode. Contrasted with on-line 
system. 

On-line system—a computer system operating con-
tinuously in real time in step with the process. 
Contrasted with off-line system. 

Real-time system—a system in which the physical 
time constants are short enough to require reac-
tion to events as they are occurring. The designa-
tion of real time may depend to some extent on 
the capability of the implementing technology. 

Stability crisis—within the degraded region, a case 
in which the controlled system is exhibiting 
unstable behavior. See also integrity crisis and 
viability crisis. 

State—the total condition of a system. The term 
state can refer to the collective value of a 
system's measured variables or its mode of opera-
tion including the condition of the equipment thpt 
constitutes the system. 

Status—the state of a system at a given instant. 
Top-down—proceeding by breaking large general 

aspects of a system into smaller, more detailed 
constituents. Contrasted with bottom-up. 

Uncontrollable region—a region in the space of a 
system's state variables that surrounds the 
degraded region, the entry into which is an indi-
cation that the control strategy or means of its 
implementation were ineffective against the dis-
turbance or failure. The system has become 
uncontrollable. See also homeostatic region and 
degraded region. 

Viability crisis—within the degraded region, a case 
in which the controlled system has no stable 
state, and thus normal continued operation is 
impossible. See also stability crisis and integrity 
crisis. 

2 3 / 3 - Y 



ORNL/TM-9559 
Distribution Category UC-79 

Base Technology 

INTERNAL DISTRIBUTION 

1. J. L. Anderson 27-31. R. L. Shepard 
2. R. L. Anderson 32. D. K. Wehe 
3. R . S. Booth 33. J . D. White 
4. N . E. Clapp 34. R. S. Wiltshire 
5. J . M. Dole 35. W. L. Zabriskie 
6. W. B. Dress 36. M. J . Kopp (Advisor) 
7. B. G. Eads 37. P. F. McCrea (Advisor) 
8. L. H. Gray 38. P. W. Murrill (Advisor) 
9. P. M. Haas 39. H. M. Paynter (Advisor) 

10. W. O. Harms 40. H. E. Trammell (Advisor) 
11. J . M. Jansen 41. O R N L Patent Section 
21. R. A. Kisner 42-43. Central Research Library 
22. R. C. Kryter 44. Y-12 Document Reference Section 
23. W. W. Manges 45-47. Laboratory Records Dept. 
24. K. B. Mitchell 48. Laboratory Records, O R N L - R C 
25. F. R. Mynat t 49. I & C Publications Office 
26. L. C. Oakcs 

EXTERNAL DISTRIBUTION 

50. A. D. Alley, Advanced Nuclear Technology Operations, General Electric Company, 
310 DeGuigne Drive, S-29, P.O. Box 3508, Sunnyvale, C A 94088 

51. S. Baron, Bolt Beranek & Newman, Inc., 10 Moulton Street, Cambridge, M A 02238 
52. R. E. Bedford, Rockwell International, Energy Systems Group, 8900 DeSoto Avenue, 

Canoga Park, CA 91304 
53. J . D. Birdwell, Electrical Engineering Department, The University of Tennessee, 

Knoxville, T N 37916 
54-58. H. Brey, Electrical Engineering Department, Tennessee Technological University, 

Box 5004, Cookville, T N 38505 
59. E. D. Bristol, The Foxboro Company, Foxboro, M A 02035 
60. R. P. Broadwater, Electrical Engineering Department, Tennessee Technology University, 

Box 5004, Cookville, T N 38505 
61. G. H . Chishoim, Experimental Breeder Reactor (EBR-II) , Argonne National Laboratory, 

P.O. Box 2528, Idaho Falls, Idaho 83401 
62. R. W. Colley, Electric Power Research Institute, 3412 Hill view Avenue, P.O. Box 10412, 

Palo Alto, CA 94303 
63. A. P. D 'Zmura , U.S. Department of Energy, NE53, Office of Breeder Reactor 

Technology Projects, Washington, D.C. 20545 
64. P. R. Frey, Search Technology, Inc., 25B Technology Park /At lan ta , Norcross, G A 30092 
65. J . R. Gabriel, Argonne National Laboratory, Mathematics and Computer Science Division, 

9700 South Cass Avenue, Agonne, IL 60439 
66. J . H. Hopps, The Charles Stark Draper Laboratory, 555 Technology Square, Cambridge, M A 02139 
67. E. R . Keller, Renaissance International Corporation, RD2, Box 386, Partridge Hill Road, 

Harvard, M A 01451 

25 



2f, 

68. J. W. Klein. Jet Propulsion Laboratory, 4800 Oak Grove, Pasadena, CA 91109 
69. S. Liebergot, Johnson Space Center, Mail Code DA6, NASA Rd, Houston, TX 77058 
70. M. P. Lukas, Bailey Controls Company, 29801 Euclid Avenue, Wickliffe, OH 44092 
71. S. M. Matin, Ebasco Services, Two World Trade Center, New York, NY 10048 
72. J. V. Mr* . Westinghouse Electric Corporation, Advanced Energy Systems Division, 

Box . Mauison, PA 1S663 
73. R. K. Mehra, Scientific Systems, Inc., 54 Rindge Avenue Extension, Cambridge, MA 02140 
74. R. A. Meyers, Advanced Nuclear Technology Operations, General Electric Company, 

M/C S20, 310 DeGuigne Drive, P.O. Box 3508, Sunnyvale, CA 94088 
75. L. R. Monson, Argonne National Laboratory, P.O. Box 2528, Idaho Falls, ID 83403 
76. W. E. Murphie, U.S. Department of Energy, NE52, Washington, D.C. 20545 
77. W. Nelson, Breeder Reactor Program, NE-50, Department of Energy, Washington, D.C. 20545 
78. G. V. S. Raju, Dept. of Electrical and Computer Engineering, Clippinger Research Laboratories, 

Ohio University, Athens, Ohio 45701 
79. J. Sackett, EBR-II, Argonne National Laboratory, P.O. Box 2528, Idaho Falls, Idaho 83401 
80. S. E, Seeman, Safety Department, Hanford Engineering Development Laboratory, 

Westinghouse Hanford, P.O. Box 1970, Richland, Washington 99352 
81. T. B. Sheridan, 32 Sewall Street, Newton, MA 02165 
82. H. H. Spang, Automation and Control Laboratory, General Electric Corporation, 

Schenectady, NY 12345 
83. C. P. Tzanos, Argonne National Laboratory, RAS, Building 207, Argonne, IL 60439 
84. J. K. Vaurio, Argonne National Laboratory, 9700 South Cass Avenue, Argonne, IL 60439 
R5. A. E. Waltar, Fast Reactor Safety Development, Hanford Engineering Development 

Laboratory, P. O. Box 1970, Richland, Washington 99352 
86. D. M. Zizzo, Advanced Nuclear Technology Operations, General Electric Company, 

310 DeGuigne Drive, P.O. Box 3508, MS MC/S-51, Sunnyvale, CA 94088 
87. Office of Assistant Manager for Energy Research and Development, DOE, ORO 

88-184. Given distribution as shown in TID Category UC-79, Liquid Metal Fast Breeder 
Reactors—Base Technology 


