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~u,p.GRAmNG,f.jREFuR'_BlsHMENT 'AND  NEW - DESIGN OF I18C
 SYSTEMS = R DR
“To our p_dint of view, there are »m'any. Similar_itieé_. behveén the approaches involved into

uprading.and refurbishment _on_-ex'lsﬂn'g reactors, and the design of a brand new system.

. In both case, the goal i to fullfil & set of requirements: conceming the operation of the_
- reactors. These requirements are often the same : : : S

safely of the reactor -

‘avallabllity, '

cost, , o o
- flexibility to allow the larger possible panel of experiences,

“ The experience feedback of the plant operation will be a very important element in both

" design processes. This experience feedback must be as wide as possible and .should

. ideally benefit from the experience of ; - o o S

.. e similar reactors,
- » other nuclear plants, -

e other_industrial non nuclear plants;_ o

Nevertheless, the « extemal » copstraints on the means usable to fullfill those requirements’

~ are much smaller in the design of a completely new |&C system than in the case of the -

‘"

upgra_ding of an existing one.

There is also, when designing a completely new plant, a (small and. maybe theorstical ) |

" possibility to influence the design of the reactor to allow a easier control room operation.

This return on the design of the plant itself is much more difficult in the case of exixting

plants.

EVOLUTION OF REQUIREMENTS

" 41 EVOLUTION OF OPERATING REQUIREMENTS

 As explained before, we wil try to collect as miich as possible experience feedback of -
 existing plants, and mainly experimental reactors, to design the 1&C system of the RIH

 But we also have té take into awount.a'new set of requirénﬁentsi éxpfessed ,by the futuré

manager of the reactor, So, the new system will not be just an improvement of the former

" systems due toexperience feedback. - 4 .
' D’ua"t_o‘. the mich more competive environment, the main new requirements éxpressed in
~* the-RJH project are : B S '

" - o high qualily of experiments,

o very high availability (250 days of fdlllv power operation pér year), |

| . minimi;aﬁun ofoperationcosts. - = .

This wil cetainly influence the specification of the |&C system, and the organizing of the
operating teams. For example, some new tasks cotld be assigned to control room teams ,
to be done in backgroung during low activity period. We have also to study if an higher level
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- of automatron on relevant tasks could hetp to reduce the workload demand on the operatxon g
teams. : - -

In the future, the tum over in  the operating teams coutd also be much higher than today ‘

" (either because of the operators: themselves, or because of management needs). This

could influence the experience level of the operators. In this case, an higher gutdanoe level .

. coutd be requnred for the lmportant operatrons.

42 EVOLUTION OF SAFETY REQUIREMENTS

- The desrgn of the RJH wttt have to take lnto account the most reoent safety requu'ements

There has been constant progress around this thema during the tast years, and the satefy

. constraints that the RJH wiil have fo take into amount are much prescripted than what was

asked for previous expertmentat reactors.

 The RIH project will take- Into, account the latest safety rules that apply to thts typa of
- reactor

fThe evolution of the rules will certalnty lnfuence : .~ ' ‘
'» the control room operation. For example, control room Operatlon ooutd have fo be much- .

" more formal than by the past (extensive use of procedures),

e the architscture and components .of the I&C.system (olassut‘mtron of the drfferent .

subsystems requlrernents to meet a ctassit‘catton levet )

" EXPERIENCE FEEDBACK
In order to design our new j&c system. it appearad to us very Important to gather the

maximum of experience feedback coming from the other expenmental reactors (french and '

- .european reactors)

The reactors consndened are: : ‘ '
» France : OSIRIS, ORPHEE and operators from SILOE (thls reactor has been ctosed

- recently),

. s Norway : HALDEN (HBWR)
. o Netherlands : HFR, .
. Betglum MoL (RHF)?

'The evaluatton of those reactors wm range from thomugh mqulry (French CEA reactors) to L
- short visits (european reactors). ‘ S

- This process will malnty focus on gathertng tnformahons about

reciprocal - actions between the experience and reactor operaﬂon (normal and
degradeted conditions), . ,

«_organization of the teamwork, . .~ - -
‘e confrol room _operatton in the different reactor‘s sm.lattons (normat up to acctdentat

conditions),
o architecture of the 1&C system for the reactor and the expenments

. operatmg aid systems

ECY
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1t will capltalrze both the ourrent situation snd the rmprovements rdentrf'ed as desrrabte by
the operators, but not possible to realize on exrstxng reactors.

We note however that it sesms drfﬁeult for baslc operators to have an accurate potnt of
view about the system in operation, and to propose evolutions very differant from what they
use every day. The final design process, to be efﬁolent will have to take Info aoount :
 the experience feedback, _ -

o the new requirements for the system, - - N
o the'last developments about the tntegratron of the human faetor tn the destgn of oontrot

rooms.

f__ ‘MAtN ouesrrons

' 126 1 COORDINATION BETWEEN EXPERIMENTS AND REACTOR OPERATION

The main purpose ofan experrmental reactor is to support the expenments The reactor will

be-operated to meet the requirements of all the expenments set up in'the reactor. As many
- as40 expenments can be runntng atthe same time. Lo

T he reaotor has also tts own operatmg requrrements

. The operators wﬂt have to be abte fo arbrtrate the requrrements of the dn'ferent_

experiments ;
e between eaeh others, -
o with the reactor,

‘e with safety | ‘
The gathenng of the experience feedbaok will help us understand those recrproeat acttons

 This understanding is compulsory to specify an I&C system grvrng the operators att the
_ means necessary to achleve these. arbrtratrons - S '

~ This toptc isa key potnt In the desrgn of the new reactor Answers fo this questton wrlt
-~ influence :

e the organtzmg of the reaetor and expenments Operatrng teams.

- » the architecture of the 1&C system (oommon or separated systems for the reaetor and _5

for the experiments),

' o “the architecture of the building (tust one control room for expertenoes and reaeter. or

separated rooms)

'. This could also lead us o propose operatrng strategles based on dclear identification of the
objectives of the plant at a precise moment, and of the means available fo achieve them, '

instead of a control room operatron based on the display and mampulatron of physiml

- systems

}e 2 AUTOMATION AND GUIDANGE LEVEL

Today, the level of automatron and gurdanee in french expertmentat reactors is fatrly low '
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The new safety requtrements could presetbe an hlgher level of guidance. The complete

o study will rely on the analysis of
- o the new safety constraints,

* the complexity of the reactor and expenments operatron. o

o the expenenee feedback.

R The lntegratlon of the human factor |s in fact a key polnt for this sub;ect.

- Automatron is often seen asa mean to reducs the number of operators needed We are nat. . |
" sure today, that this Is always true We will try to evaluate this influence of the automationf .

level on the operatlng crew.

i fWe will have to ldenth‘y the good onterias to rdentsfy the functtons to automatrze

« ‘safety actions (human too slow-or not reluable enough),

..+ - analog ¢lose loop control, : ' ' _
s frequent. operations where the operator has no real mcrease ln value (operator‘s

comfort),

.« complex tasks taking into- aceount too many parameters to be efﬁcrenﬂy managed by a -

human operator “

.3 ORGANIZING OF THE OPERATION TEAM

 Thereis a strong willing to optrmlze the human needs necassary to operate the RJH. A task
: analysrs willl have to be done to optamlze the part of every operator of the crew : :

The finat orgamzatlon will have to optlmrze :

"« the management of incidental and accidental oondmons. '
- o the management of normal sifuations,
- e the number of persons working out of normal hours

|NTEGRAT!ON OR SEPARATION OF SAFETY FUNCTIONS

~ Two. main ophons can be oonsrdered for the global arohiteoture from the l&c system

e two separated I&C systems :
e adclassified 1&C system In eharge of the operatlon of all safety funetrons.

* a « standard » industrial system in charge of the auxilliary functions,

" e a unique classified 1&C system in oharge of all the funcuons in the plant (safety funotlons -

and auxlllrary functrons)

An important point fo ‘choose one of these optcons erI be the accidental eondrtrons

management complexily. If this management requires just-a small number of informations
and operator actiuons, then the first solution seems to be the more adequats. On the other’
hand, if this management requires an Important proportion of all the informations and
actuators, then the second solution seems the best. However, In this case, functions
provided to assist the operator dedslon eoutd be much less powerfull because of the

desth oonstralnts

o
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This thema can also lead to mterrcgetrons about the best type of man machlne rnterfaoe P’

~ control an experimental reactor :

. = conventional panels, - : R
-+ hybrid systems (computerized supervrsron and conventronal hard wired controls)

o fully computenzed I&C systems

~ Conceming this last point, the expenence feedback of the french EDF N4 power plants wil
-also help to identify the improvements and drawbacks of fully computenZed I&C systems In

,' the contfrol of nuclear reactors.

2 EVOLUTION OF TECHNOLOGY |

This new exparlmental reactor shall benefit from all the improvements made during the last
years in various fields as knowledge about the human factor, .or technologrcal

| breakthroughs We wrll have to follow the blg industrial trends.

- On one side, we do not intend to use systematmlly the latest technology avallable jUSt for
' -_the sake of lnnovatron A L L . ,

But on the other slcle some: expenenwd teohnologles used ln prevrous reactors are even
~ - not avallable any more. it would be for exemple very difficult today to build-a conventionnal
- panel as man machine Interface. We will. be almost obliged to choose a computerized
_supervision system, or a computerized 1&C system We will have to take into account the

: current technologml constralnts

8. .concr.usrou

For the desrgn of the RJH 1&C system. we deolded fo have an approach centered on :
o the integration of the experisnce feedback of similar plants L

¢ an analysis of the real operator needs,
s the fulﬁlment of the global deslgn and safety requrrements

We have to choose the more slmple way tc meet those needs. To acl-ueve thrs, we will fry
to use ekperienced technologles. and to do one step toward a better mtegratlon of the

human factor.in the desrgn of the r&c systernl
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ABSTRACT

The Nuclear Reactor Engmeenng Analysw Laboratory (NREAL) is a muItr—
computer, multiple code-based system with a sophisticated direct manipulation advanced
graphical interface. The system embraces a multidisciplinary effort to integrate advanced
technology with human factors expertise and techniques. The ultimate goal is to carry out
different. analysis and studies such as nuclear fuel reloads evaluation, safety opefation -
margins measurement, transient and severe accident analysis, nuclear reactor instability,
operator -training, normal and emergency procedures optimization, and human factors

englneerm g studies.

Mam objectlve of NREAL is the spec1flcat10n development and implementation of
the classroom analysis simulator (CAS) for nuclear power- plant operation trammg and.
' analy31s of severe transient and acc1dent sequences.

The CAS-NREAL has the capability of becoming a highly d1verse and sophisticated

system for self-study, advanced research kinetics, ‘thermodynamics and flexible modeling.
Additional applications include advanced research in ecological displays, decision-making
strategies (individual and team concepts), mental model representation, and vittual reality
applications as a mean to better define and evaluate operator requirements. Asa test-bed for
Human Factors Engineering studies, CAS-NREAL has the potential to be used as a new.
‘alternative instrument for control console design, system specification, system
development, and system verification, facilitating integration of new monitoring - and
‘automation technology and the user to the final configuration. The approach uses rapid
prototyping for concept development-and scenario-based realistic simulations for concept
verification. It is shown how both, virtual simulation and rapid prototyping environments
are used collectively to rapidly gain insights in concept development and concept
verification through an 1ntegrated iterative, user-onented demgn, testing and evaluation

: methodology
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1. INTRODUCTION

A wide variety of computer-based systems are being developed for the nuclear
power industry in response to regulatory requirements and advances in computer -
~ technology. The objective is ‘straightforward: to aid control room operators in decision

making, while enhancing human -capabilities and coping ‘with human limitations. The
degree to which this objective can be accomplished will be substantially greater if the
" design of a computer-based system and its interface have a strong methodological basis.

Traditionally, the emphasis in the design of human-machine interfaces has been on
the presentation of measured data representing the physical state of components, systems
and processes. This data usually is supplemented with information about the underlying
functional structure by graphical means such as pictorial and. mimic diagrams.

Unfortunately, indiscriminate use of this approach frequently leads to the development of
interfaces that can be extremely complex in terms of the cognitive effort that needs to be
applied for search and integration of information among many informational sources. :

One of the biggest problems that confronts the commercial nuclear power industry
is the failure to successfully incorporate new technology as illustrated by the requirement to
augment the control room with a suitable Safety Parameter Display System (SPDS). This
requirement launched the development of a wide variety of dissimilar systems at the cost of
. millions of dollars to the utilities. Yet, to this date, there is no evidence that any particular

- SPDS design improves safety or supports more effective plant operation. : '

‘The problems -experienced by the nuclear industry in integrating SPDS’s
demonstrated that this program was launched with an unclear and untested operational -
concept. Therefore, it is necessary to .carry out extensive research using human-machine-
interface test beds to- pretest and validate proposed modifications  prior to their

implementation.

As pointed out by Ras_mussen [11, quplexity is not an objective feature of any
system. Objective complexity would be justifiable if there would be no other way to convey
the proper representation of the internal state of the system. Such situations can and must be

avoided.

One way to cope with complexity is to structure the information to a manageable
level of information resolution. Paradoxically, this process itself embraces a great deal of
complexity since it will affect every single aspect of human-machine interaction; i.e., from
how we perceive the information to how it is processed and transformed into meaningful
- mental models that accurately describe the system and guide human behavior. It follows
that any attempt to design a.usable human-machine interface must rely on a careful
analysis, understanding, and integration of different aspects. related to the human
information processing system, e.g., visual perception, graphic display formats, and
cognitive models among others. ’ : '

r
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This work describes the development and implementation of an integrated ’
methodology for the prototyping of a control console and information display system. The -
approach makes extensive use of - advanced software graphical tools for virtual
representation of task environment and realistic simulations of control processes. It focuses
on early and continual involvement of plant operation personnel. The goal is to develop a
system to aid the operator in the representation of the internal state of a nuclear power plant .

while avoiding real or perceived complexity.

1. HISTORICAL OVERVIEW.

. Part of the work described in this paper was main component of one of the authors’
Ph.D. dissertation back in 1994 [2]. The contents of this paper mainly focuses on how the

proposed methodology has been successfully applied since then up to date, with the

development of the Nuclear Reactor Engineering Analysis Laboratory (NREAL) concept.

In 1993 the author demonstrated the feasibility and utility of a methodology for the
integrated design of control console and information displays system for specific
~ application by the Experimental Breeder Reactor II (EBR-II) of the Argonne National
" Laboratory-West (ANLW) in Idaho Falls, Idaho [3]. The methodology was used in the
design of the control console for the EBR-II plant simulator and Integral Fast Reactor (IFR)
projects at ANLW. It spanned from preliminary meetings with EBR-II personnel, to the
point where a new control . console layout was prototyped and ready for physical
development and implementation. Unfortunately, the efforts were cut ‘off by the .
government decision to definitely shut down the reactor in September 1994. ’

Nevertheless in 1994, part of the developed work (the EBR-II control room
emulation program) was used by Meshkati, Buller, and Azadeh [4] of the University of
Southern California as an important -tool for the U.S. NRC founded research project
“Integration of Workstation, Job, and Team Structure Design in the Control Rooms of
Nuclear Power Plants.” One of the objectives .of this research was to analyze the effect of
operators’ individual information processing behavior and decision styles on handling plant
disturbances plus their performance on; and preference for, Traditional and Ecological user’
interfaces. The emulation of the central console of the EBR-II control room served as a:

reference traditional user interface.

'From>19.95 to 1996, the methodology was applied to develop a Classroom AnalySis
Simulator Prototype for the Laguna Verde Nuclear Power Plant in Mexico. This prototype
with limited functions, was the keystone that attracted international support to build a more. -

sophisticated and multipurpose system.

In 1997-1998, the Institute for Electrical Research (IIE), with International Atomic
Energy Agency (IAEA) assistance, developed a Classroom Analysis Simulator able to
provide current hard wired simulator capabilities as well as a complete set of visualization-
~ and analytical tools for in-depth studies of severe transient and accident sequences. CAS is

now the main component of a more ambitious project mnamed the Nuclear Reactor
Engineering Analysis Laboratory. (NREAL). Seeking ways to develop a broader utilization
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‘of the CAS, the system (and the project) is being transferred to the National Autonomous .
- University of Mexico, the most important university in the country, where CAS and its -
development will afford a wealth of opportummes in university education and research. The
TAEA will continue providing expert services, severe accident computer codes, equ1pment _

“and training for the next two years

ITI. RAPID P_ROTOTYPIN G FOR CONTROL’ CONSOLE DESIGN
~A. Rapid protOtyping :

The use of prototypes in hardware engineering has had a long and successful history
as a way of testing ideas and concepts. Model airplanes in wind tunnels, industrial samples’
under severe environments, and mock-ups for user testmg are farmhar examples. -

v Im tradltlonal system engmeenng, prototyping refers to the construction of a "first of
- a kind" full scale version of a system for testing and verification purposes, before

production of the system begms 5, 6]

A related but different concept is that of rapid prototyplng as a des1gn and ,
development methodology. Rapid prototyping as a methodology is intended to solve
efficiency -problems. associated with traditional design. methods, while increasing

effectlveness [7- 14]

Current iterative design approaches for nuclear power plant control console use :
hardware/hardwired interfaces. These interfaces can be complex, expensive, and difficult to
construct and modify. For example, any modification usually will require purchasing new
equ1pment rewiring the- system and .assessing any potentlal degradation of the whole
" system. These problems can be avoided through the use of a rapid software prototypmg

methodology

- Software prototyping, as defined by Lantz k! 1] is .. "an information system _
development methodology based on building and using a model of a system for designing,
.1mplement1ng, testing, and 1nstalhng the system" (p 1).

Rapid prototypmg is a s1mp1e low-cost alternative to tradmonal system
development because it performs all- interface functions without the complexity and
expense of hardware purchase and assembly. Since modifications can be accomplished in a
matter of minutes, interface development using a rapid prototype provides substantial
benefits in design time and cost over typical oonventlonal methods

Rapid prototyping reduces development costs because it uses fewer resources. This

is especially true with currently available inexpensive but powerful software and hardware -

- tools that allow the development of complex. experimental computer interfaces. These
interfaces can be easily modified and tested, therefore, they facilitate the participation of

- end-users in.an interactive design process. Sometimes the cost using a rapid prototyping
»methodology is less than 25% of the costs with tradltlonal approaches [15] Besules since
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users can exercise the system in the early stages of development, unnecessary expensive. -
features can be avoided. : . :

Rapld prototyping possesses -the qualities of modularity and plasticity. Modulanty :
allows a segment of the prototype to be added, removed, or modified without affecting
“severe interactions in the other segments or the system as a ‘whole. The second assertion,
plasticity, refers to the ability to change aspects of the prototype with only minor time-or
cost penalties. It allows testing of modifications before these mochflcatlons become part of

the production system [8].

The rapld prototyping approach prov;des advantages for both user and desxgner
While the user has the opportunity to see his suggestlons 1mplemented the designer can -

plan and carry out reahstlc usability tests.

The main assumption of rapid prototypmg is that it is not necessary to know the full
requirements of a system to build a model. As a matter ‘of fact; system requirement

definition is a product of rapid prototyping.

_ ‘Rapid prototyping allows for flexible development, but it depends on having'a -

‘'specific objective. This does not mean that a formal system proposal is necessary, but -

“simply that a problem or weakness in the existing system has been correctly perceived. .
Detailed definition and implementation of the system occurs from actual experience with
~ the prototype in a natural way, as a gradual iterative/evolutionary discovery from both user

- and developer [12].

Rapid prototypmg uses a model to perform validation and acceptance testing of the '
system. Validation is done by operational testing, and since the user is working with the
prototype from the beginning, the user is also performing "acceptance testing" of the
prototype from the beginning. Users actively participate to insure the functionality and.
~ acceptability of the system. The prototype, even though when at the beginning is not more-

‘than an electronic mock-up, once finished it is a. faithful representation of the system So,
when the prototypmg process ends, the prototype becomes the system, a system that
accommodates users ’ decision-making and problem—solvmg styles. :

Traditional design is foCused towards the development of the system first and the
“user interface second. This process is reversed in the rapid prototyping environment. By
defining what kind of information is needed and how it will be presented and managed by
the graphic interface, the capabilities of the system are being defined at the same time.
‘ Another reason for focusing in the graphic interface first is that-early user interaction with-
the system is possible. Working closely ‘with the user during the process of designing the
human-machine interface, using the interface itself helps to ensure that the final -
conf1guratlon will satisfy operator expectations, improving usability of the system Rapid
prototyping therefore has been shown to be an effective tool for conceptual development

and for usability evaluat:ton [14]
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Rap1d prototyping can be used to evaluate both user’s needs and system feas1b111ty
_It allows testing and verification in the laboratory of real world problems of ultimate
acceptablhty, before an extensive commltment of development resources [12].

System testing in the traditional approach usually is carried out at the very end of
the project, frequently not leaving enough time for corrections 'of unforeseen problems. In
contrast in rapid prototyping, problems are easily identified and solved quickly. According
to Duke et al [9] raprd prototypmg provrdes a reusable, flexible, general—purpose capab1hty

~that:

_* Separates real from imagined problems, allowing every anomaly to be
addressed. ' T
» Uncovers the unexpected and the overlooked
 Forces realistic integration.
» Stimulates development of credible predlctxon
* Facilitates trmely technology transfer.

Prototypmg decreases communication problems between system development '
people and users in both directions. In one direction, the prototype itself is the main
- medium of communicating system functions to users. In the other direction users can
communicaté desired or undesired system features to the designer more eas1ly than they

would if the system were being desi gned on paper

“A problem 1nherent in rapld prototypmg is the lack of a real system with which to
‘interface. An alternative solution to this problem is to integrate the prototype w1th reahstlc
- 31mulat1ons specially built to test specific conditions. ' _

: Even though rapid prototyping' methodology for information systenis. provides all
above advantages over traditional approaches, the literature about the subject is scarce. This -
suggests that rapid prototypmg is under exploited and is still'in the research stage. o

AdJacent to the concept of rap1d prototypmg, in the way it is used in this paper is
the concept of integrated design. Integrated design in this paper denotes that several stand-
alone activities have taken place sithultaneously. These activities included control console
design, information display development: and evaluation, iterative testing, and concept
implementation and verification. It was the gradual integration of all these activities that

" accomplished the main objective of determining underlying principles for effective and
coordinated control console and information display design. To guarantee the success of
- this approach, it was necessary to ensure that each activity meet specific objectives before it
- could be integrated and that once integrated, it did not 1mpede the achlevement of the main

objectrve

Asimow's "Introduction to Design" [5] recognizes two design strategies; design by
innovation, and design by evolution. In this work, as part of an integrated design
methodology, a concept such as- rapid prototyping is' adopted and subjected to an
evolutionary process of applied design, redesign, testing and evaluation. Integrated design-
thus is the synthesis of separate concepts to produce an mtegrated methodology capable of

- 230



* dealing with underlying principles and general methods, which are relevant to the design
problem of interest. In this work, integrated design - and rapid prototyping are applied to
. nuclear control console and information display design, testing and evaluation. - '

B. CASasa Rapld Prototypmg Environment for Control Console and
Information Graphic Dlsplay System Des1gn '

v C'ontrol console design and computer—based display system design are usually
different and independent processes. Using CAS as an experimental test-bed, both activities
may take place simultaneously. With this approach, a higher level of integration between
. instrumentation/control operation and display system response is expected making human-
machine 1nteract1on more effective and reliable.

CAS ‘as a vr,ap1d prototyping environment has been implemented as a multi-
- computer, reconfigurable modular system. The use of several computers allows multiple
- simulation models to run in parallel without compromising real-time data acquisition and
control. Reconfigurability allows greater flexibility in accessing, displaying and
" optimizing control console parameters, and modularity allows a component to be added,
removed, o'r.modified without affecting other components or the system as a whole

‘Four main processes exist: the Control Console Process, the Plant ‘Simulator
: Process the Parameter Momtormg Process and the Vlsuahzatlon Process. -

Takmg advantage of the UNIX shared memory capablhty (which is equivalent to a
_global section in VMS), data. from identical shared memory segments (or global sections),
that reside on different computers, is sent and received by virtue of two .small C
applications programs named sender and receiver respectively: There are specific versions
of these two programs for communication between UNIX-UNIX, VMS-VMS or UNIX-

VMS confi guratxons

The Control Console Process derCS the dynarmcs for the emulat1on of dwerse
“control panels. In its normal mode of operation, the Control Console Process provides
manual or automatic controller outputs to the Plant Simulation Process via the control
console shared memory, while it receives simulated outputs of plant paxameters through the

plant simulation shared memory.

According to the system operation mode, the Plant Simulator Process is composed
of diverse modules: normal operation, transient and severe accident analysis. For the
normal ~operation-training mode, the current hardwired simulator models will be.
implemented once they are available to the present AlphaStation-based system platform.
For transient analysis and severe accidént modes, the Plant Simulator Process is driven by

the VASIJA [16] and MAAP nuclear codes respectively. Other nuclear codes such as =

RELAP/SCDAP MELCOR and CONTAIN are being 1ncorporated with the technical and
 financial support from the IAEA. '

N
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Through their corresponding shared memory segments, both, the Control Console
Process and the Plant Simulation Process communicate with the Plant Parameter
Monitoring Process and/or the Visualization Process. The Plant Parameter Process and the
Visualization Process receive data inpuit through their input shared memory segments. They
also have capability for sending control outputs via their output shared memory segments. .
The Plant Parameter Monitoring Process is used for monitoring and control of plant safety.

_ parameters (SPDS module), while the Visualization Process is used for visualization and
~ control of plant components and systems during transient and severe accidents sequences.

(VASIJA and MAAP modules).

For data recording and analysis, two C language programs are available. These
programs are called Datalog and Dataplay. The Datalog program is capable of recording
any set of variables and parameters during testing and evaluation sessions, while the
- Dataplay program is used to playback recorded data.

" As a rapid prototyping environment, ‘two graphic interfaces are used. One graphic
interface is used for development of control console layouts and graphic displays, while the
second interface is for dynamically testing and evaluating the layouts ‘and displays
previously created and attached to the Control Console Process. Both interfaces use the
DATAVIEWS graphical - data base display software on a UNIX computer platform.
DATAVIEWS includes DV-Draw and DV-Tools. The DV-Draw graphic-package software
allows construction of complex drawings with static and dynarnic- components that can be
easily modified and relocated. The drawing process requires no programming.. -

DV-Tools is aﬁowerful library of graphics routines m C language that extends DV-
Draw’s capabilities for manipulating static and dynamic drawings and their components.

. The development graphic interface uses the DV-Draw environment and a collection
of predetermined drawings that represent control instruments, console components and
their dynamics. By direct manipulation of this interface, it is possible to rapidly construct
and modify control console layouts. The number of drawings representing console
components can easily be increased so as to have a. complete library of instruments and
controls, which can be accessed at any time. The philosophy behind this deveélopmental tool
is that reconfigurability will allow greater flexibility in accessing and displaying the
information, providing an adequate framework for the analysis and optimization of console
control parameters and displays. ' - '

The testing graphic interface is a structured application program. writ_teﬁ in C

language, which makes extensive use of DV-tools- functions. This graphic interface was
 constructed following Shneiderman’s three basic principles for direct manipulation [17].

- The rapid prototyping environment serves several purposes:

« Provides computer aided design capability of the control console and
information display system. ’ ) '
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* Provides a favorable environment that an operator can experience for display
testirig and evaluation, rendering valuable feedback for subsequent iterations..

« The environment can be advantageously used to evaluate and predict opera’;qr
performance with different control console configurations. ' o

« The environment can be used to determine underlying principles for effective
control console design and computer-based display system design. ‘

» The environment can be used for purposes of training that will facilitate the
acceptance of the new control console. : S

_ As mentioned before, the rapid prototyping environment was applied to the EBR-II
.~ Plant Simulator and IFR Projects. At present, the Control Console Process and its graphic
. interface incorporate a full dynamic simulation of most control console instrumentation and
controlling components of panels BB-09, BB10, and BB-11-of the Laguna Verde Nuclear
Power Plant. The present configuration reflects proposed modifications to the ‘graphic
interface as a result of an iterative, evolutionary, user-oriented- design, testing, and

_evaluation process involving operation and training personnel of the Laguna Verde Nuclear

. Power Plant. A detailed description of this graphic interface can be found in [18].

C. Case Study: An Operatpf-based Control C‘onsole Layout for EBR-II

In dealing with the definition of a new control console configuration for EBR-I, it
“was found that there were many approaches to the problem. They ranged from intuition
‘based on experience, to applying an explicit procedure. Between this two extremes there
were many sources of information such as guidelines, standards, and handbooks, as well as
a myriad of design and evaluation techniques and tools. Task analysis, decision/flow
diagrams, computer-based methods and models, cognitive models, and control-theoretic
- models were some of the alternatives to start with. Regardless of the methodology or
techniques to be selected, it was clear that there was a need for a strong specific theoretical
~ foundation or at least some form of aralytical skill for them to be carried out effectively. -
" Even if these basic requirements were fulfilled for a limited set of options, they were only
aids to design and do not guarantee the success in the highly task dependent assignment of
defining a new control console configuration for EBR-IL. ' ’

Woods and Eastman [19] have pointed. out some of the problems usually found .
during any system design process. They found that traditional human factors and human-
computer interaction guidelines and handbooks were of extremely limited use during actual
design projects. Shackel [20] states that there is no comprehensive and generally accepted
manual on how to design good human factors into computer systems. This opinion is also-

expressed by Gould [21].

Recognizing the above uncertainties, one-is compelled to craft. an alternative
- methodology, instead of selecting an existing one. Such was the case in this work. T




Insightful guidance in crafting an alternative methodology was provided by Gould’s
four behavioral principles of design [21], namely: (1) Early and continual focus on users,
(2) Integrated design, (3) Early and continual user testing, and (4) Iterative design. These
principles of system design have much in common with the characteristics of the rapid

prototyping methodology. . -

The reminder of this section describes the definit‘ioh of a new control’ console - -

_configuration for EBR-II using the rapid prototyping environment described in the
preceding section. The process started with a preliminary survey carried out via written |
- questionnaire [22]. Initial efforts were focused on characteristics of current instrumentation
that could lead to operator uncertainty, operator misjudgment, or in general, to operator

deficient performance. | | A ' S

The main changes proposed at this level were the replacement of .all electro-
‘mechanical chart recorders by computer based color graphic CRT's on the basis that they
could provide a more meaningful, flexible, and modifiable way of monitoring plant
- parameters. Other changes included rearrangement of the key lock system, rearrangement

of the alarm panel and replacement or relocation of some instrumentation and controls with
. potential problems from a human factors perspective. ’ ' '

’

Nineteen operators participated in the survey. Proposed changes were first presented
to the operators. ‘After a brief introduction, the operators were asked about a general
assessment of proposed changes and to provide written feedback about which parameters
should be displayed on the CRT’s. Also, operators were asked which instruments/controls -
. should remain, be rémoved or changed. : '

From the survey analysis, a preliminary control console layout was proposed. This
layout included the following main changes with respect to the current control console.

« . All electro-mechanical chart recorders were replaced by CRT's. Information
‘on CRT's was acquired through the use of mounted track balls. -

« Rearrangement of key lock system and alarm panel.

s Re-specification of control console physical dimensions.

+ Primary pumps deviation meters removed. o

« Secondary pump alternate power controller replaced by a Bailey controller to
provide the ability for coarse and fine adjustment. ' - ' '

« A single "Personnel Reactor Airlock" pushbutton, instead of current keyboard

used. y

The survey provided many important insights for current control console
improvement. A general consensus was obtained on the replacement of all chart recorders .
by CRT's, although several operators were not very sure about what information should be
displayed in addition to current chart recorder parameters. ‘Operators were worried about
information overload on CRT-based graphic displays, computer/CRT reliability, and -
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redundant ways of displaying reactor’ parameters in case of computer/CRT failure. Also,
there was no agreement (or not enough information) to definitely decide which instruments .
 to replace, remove or relocate. In fact, some of the operators expressed the desirability of

having a full size mock-up of the new control console configuration, or any other way to
test out and feel new controls, components or instruments. before they were nnplemented
Another important concern was the grouping of related controls and 1nd10ators to make

sequent1a1 operatlons more simple and reliable.

. The- above survey results pointed out three 1mportant problems First, it was clear

that much more research was needed before implementing any permanent change. to the -
current control console; second, operator expertise was a valuable, irreplaceable source of
information for the needed control console upgrade, and; third, more tools (visual rather

* than textual) were required.

A rapid prototypmg environment was thought to be the best solution to- above
imperatives. In order to test the concept, a preliminaty control console layout that included
the initial changes proposed was assembled usmg the DV-Draw graphic software

A DV-Tools apphcatlon program, capable of 1solat1ng and enlarglng any portlon of
this control console layout was written and used for purposes of visual analysis. This
computer-based graphical tool served as a framework around Wthh the rapld prototyping

env1ronment evolved.

The high level of operator incertitude about the control console instrumentation and
controls, made clear the necessity of an interactive visual tool for control console layout
- design. Such a tool was conceived as a view containing all console instruments, console -
controls and components as individual graphical objects. Usmg the DV-Draw graphic
interface environment, it was possible to select, drag and resize the graphical objects
allowing the user to relocate console controls and instruments. The objective was to provide
operations personnel with a direct-manipulation tool that would allow them to design -
customized console layouts ‘These layouts then could be saved for further analysis and

comparison.

An experiment involving 10 EBR-II operators was conducted using the above user-
derived approach of control console design. The goal was to obtain useful information

~ about variances related to how the Operator perceived the contrpl environment trying to find

- answers to the following questions: how different an operator-based contro] console could
be from the current control console?, would operator expertise gulde the definition of a
similar or a completely different new control console conflguratlon? how real or perceived

complex1ty can be detected and avoided?

‘The preliminary control console layout used before each expenmental session had

~ graphical objects at the bottom representing the control console components which could be
individually selected, grouped, resized, deleted, copied, and dragged at the operator’s will.

A description of the control console component selected was provided at a dedicated help

- view area. At.any time the operator could zoom-in any area of the screen for a closer view

235




of the graphical objects. A set of numbered squares could be used to represent any control -
: console component not present as a graphlcal object at the time of the expenmental session.

At the begmnmg of each session, the operator was instructed on using the: graph1c '
interface. Generally no more than 10 minutes were needed for instruction. Each operator
" had at least 45 minutes to complete the session, but was told to spend-as much time as
desired or to come back later if preferred. The average time spent per operator was about 1
hour, though one operator spent more than 2 hours. While manipulating the graphic
interface, operators were asked to provide verbal rat1onahzat10n of their actions. Verbal

staternents were tape recorded for further analysis.

Generally speaking, the operators were cooperatlve and welcomed the opportunity
of participating in the desxgn process. Verbalization allowed the operators to accent small
problems in the current control console layout otherwise difficult to.detect, providing useful
insights for the definition of a new control console configuration. Just as an example, some

operators liked the idea of having a guard-ring or raised barrier around pushbuttons instead
of toggle switches for controlling control rod movement, arguing the advantage of
‘ protection’ against spurious activation. Others preferred the toggle switches because they
mapped better the operator’s intention of raising and lowering the control rod, in addition to
the fact that operators had already developed a very good feeling of the controlling action
without having to look at the switches. They pointed out that safety was not endangered
since control rod selectors switches when not used were administratively placed on position

2 which does not have a control rod drive.

Ten different control console layouts were obtained using the above procedure. The
ten layouts were compared and used for the definition of a new control console
configuration. A gross. analysis of the ten configurations. obtalned showed that the Key lock
system and the nuclear instrument control and alarm light panel were the only components
that 1nvanably remained in the position where they currently are. ,

The criteria used to dec1de on a suitable localization for other comtrol console
- ‘components was in terms of consistency measurement. That is repeated, independent, and
* standardized judgments about specific location. of controls and instruments were sought.
Consistency was expressed as the percentage of trials on Wthh the judgments agreed in

.both ‘written and verbal reports.

For purposes of consistency measurement, the control console panels were divided
" into several sections. The location of control console components from the preliminary
control console layout and from the 10 expenmental sessions conducted with operators
were registered in terms of operator incidence responses for relative position ‘of control

console 1nstrumentat10n and controls

From analysis of the ten operator layOuts verbal statements, and from "judgment
- calis” on those cases where the rate of occurrence was low, a new control console layout
" was assembled. Hi ghlights on the new control console layout can be found in [2].
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The layOut gerrerated was eVal_uated qualitatively in terms of -operator acceptance or .
attitude by means of an interview and a verbally-administered questionnaire.

Sixteen. operators participated in the evaluatlon in individual sessions. of about 1-
hour each. At the beginning of the session the operator received instructions on how to use’
the DV-Draw software. After the instruction penod the operator was asked to catefully
analyze each control console panel using the zooming and panning features and to verbalize
any positive or negative aspect he could think of. Verbal statements were tape recorded for -
further analysis. In the second part of the session, the operator was asked about alternatives
on the location of some specific instruments or controls, display format (analog or digital
readout) and removal or addition of some other instruments. The questions formulated were
based on operator judgments and- verbal statements compiled during the 10 experimental
sessions from which the proposed control console was derived. At the end of the session,
the operator was asked to rate the control console layout in terms of acceptance on a 100%

rating scale

- Very few modlficatlons to the new control console layout were proposed. Basrcally
changes consisted in the order of some digital displays, order of some items in the control
console alarm panels, and the request of modifying the reactor penod meter scale. The

- operators rated the control console layout between 80 and 95 with an average of 89.5.

The resultant control console layout was 1mp1emented as the framework for the
control console process component of a rapid prototyping environment and dynarmcally
tested in COI’l_]LmCtIOIl W1th preliminary information displays. »

The expenmental design required operators to mampulate the control console
process graphic interface and.to monitor reactor parameters using three workstations. A -
fourth workstation was used for the expenmenter to control the dynamic simulation and

data recordmg processes.

Six EBR—II 'operation crews, each consisting of a reactor console operator and a
secondary console operator participated in the dynamic evaluation which embodied three
different operational scenarios. The first scenario consisted of power change from 50 to 52
MW, the second scenario involved control rod motion checks and the third scenario
included a recovery task from sudden reactivity perturbations. These three scenarios

~allowed testing of the full capabilities of the rapid prototyping environment and at the same
time, provided the experimental framework for testmg of the final console layout and CRT-

based information dlsplays

s

A hlghly 81mp11f1ed procedure derived from current EBR-II operatlng 1nstruct10ns :
was given to each operator at'the beginning of -the dynamic evaluation session. The
procedure described the task to be performed as well as general instructions for -
manipulating the control console simulation process. Each evaluation session lasted about
90 minutes for all three operational scenarios. During each scenario, the reactor console
operator manipulated control rod positions and the secondary operator manipulated
secondary flow. Operators interchanged positions as desired at the ‘beginning of each

scenario.




For all three scenarios, operators were asked to perform the tasks as they would in
the plant. At the end of each simulation session, an 11-item questionnaire was given to each
operator as a measurement tool of user satisfaction. Ten of the eleven items consisted of a
- 7-point semantic regressive d1fferent1a1 scale anchored at each end by blpolar adjecuves,

e.g.: _
 Very well [7l6i5l4[31211] Poorly

The items covered aspects such as color, display orgamzatlon amount and
accuracy of information presented as well as usefulness of the displays. Each item was
answered for each of the three types of displays used during the dynamic simulation. The
last item consisted of an open.question encouraging the user to suggest changes leading to
improvement of the console layout and displays. After answering the questionnaire, eachj
operator was prompted to verbalize both positive and negative aspects

All crews completed the ass1gned tasks in a very similar fashion and in about the
.same time. Operator feedback about the system and information displays, as well as
- questionnaire scores were rather posxtxve Therefore, it is possible to conclude that the rapid
prototyping environment, as described in this. paper, constitutes a useful tool for system
development and is a valid instrument for system and mformatlon displays testing and -

evaluatlon

IV. SUMMARY .

. The demand for decreasmg human error and i mcreasmg rehablhty and availability of

" a nuclear power plant has caused substantial changes to take place, such as physical plant
modifications and an increasing level ‘of process automation. These changes directly and
indirectly influence safety and lead to reconsideration in the design of the human- machine
interface i.e., it could span from instrumentation and control hardwired panels, to

sophisticated computer-based graphical interfaces.

The costs of ‘control room modifications can be substantial. In general, any
~ modification will require the purchase of new eqﬂipment the rewiring of the system and
the assessment of any potential degradation above the wholé plant. For example, relocation
of replacement of instrumentation, controls or anunciators may run as high as one million
dollars. As the modifications are 1mplemented there is also the need to change
documentation, procedures and training programs that require equivalent changes in the.
plant simulator. Even when these modifications are in the name of “improving safety”,

there is evidence that many control room modifications actually have disruptive effects (at -
Jeast temporarily) on operator performance. How costly are the negative effects on operator
perfonnance and what are the conséquences of incorrect performance on plant risk? One
conclusion is that it is extremely dlfflcult to assess the real cost of control room

modifications.
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_ This work described an integrated approach for control console design and
computer-based information graphic display in a rapid prototyping environment. The
environment was first applied to the definition of a new control console for EBR-IL. The
design process considered operation personnel and operation procedures, fundamental
sources of information, and involved a methodology that focused on iterative design and -
evaluation. Evaluation phases ranged from subjective checklists to an initial comprehensive
demonstration in- a full scope simulator framework. ‘The main results. of this work "
concerned recommendations in terms of integrating user needs and expertise, task
environment simulation, and practical experience as an effective approach to.achieve usable

systems.

. Since its conception in 1993, the rapid prototyping environment described here has
" evolved to become a sophisticated training and research tool, referenced as the Classroom
Analysis Simulator, principal component of the Nuclear Reactor Engineering Analysis

Laboratory.

The classroom analysis simulator may sensibly reduce the cost and negative
consequences of contrdl,room modifications by reversing the course of actions ie., the
system can serve as an experimental platform or prototype for testing and validating any
modification before its final implementation. Consider the following arguments:

o The classroom analysis simulator is a simple, low-cost alternative
because it performs all interface functions without the complexity and expense of
hardware purchase and assembling, and because modifications can be accomplished

in a matter of minutes.

_ e Validation is done by operational testing.. Since the user is working with
" a functionally equivalent model of the control room, the user-is also performing
- “acceptance testing.” ' ' :

.. & Working closely with the user during the modification process helps to
ensure that the final configuration will satisfy operator expectations, thus improving
the usability of the system. ‘ '

"e The classroom simulator, used as a system prototype, will help to eﬁsu;‘e
that any proposed modification is complete, consistent, correct and necessary.

'REFERENCES
[l Rasmussen, J. Infdrmation Processing and Hz;thzan-machine Interac‘tion.; An

Approach to Cognitive Engineering. New York: North-Holland, 1986. -

< [2] C. Chévez-Mercado, “A Methddology for a Rapid Prototyping Environment for
Nuclear Power Plant Control Console Design, Testing, and Evaluation,” A Ph.D. -
Dissertation in Nuclear Engineering, The Pennsylvania State University, December

1994.

239



(3]

(4]

(5]
6]

7]

81

[9]

| [10]

e

[12]

3

(14}

[15]

[16]

"Development of EBR-II- Control Console Simulator,” Final Project Report.
Argonne National Laboratory Contract 31-109-38- 9409-W ' : :

Meshkati, N. Buller, B. J. and. Azadeh, M. A. “Integration of Workstatlon Job, and
' Team Structure Design in the Control Rooms of Nuclear Power Plants.” Technical =
Report. Volume L University of Southern California, August 1994,

Asimo'w M. Introdtiction to Design. Englewood CIliffs, NJ: Prentice Hall, 1962.

Wilson, . L and W1lson M. EInformatzon Computers and System Deszgn New
York: John Wiley & Sons 1965. .

Lim, 1, Walkup,, R. and Vannier, M. W “Repid Prototyping of Interactive Software R
for Automated Instrumentation in Rehabilitative Therapy.” Biomedical .
Instrumentation & Technology 26, 209-214, 1990.

Tnpp, S.D. and Bichelmeyer, B. “Rapid Prototyping: An Alternative Instructional
Design Strategy.” Educational Technologv Research and Development, 38(1), 31-

44, 1990.

_ Duke, E. L., Brumbaugh, R. W and D1sbrow J.D. A “Rapxd Prototypmg Facility
-~ for Flight Research in Advanced Systems concepts.” Computer, 22(5) 61-66,

1989.

Lugj, Barnes, P. D. and Zyda, M. Graphical Tool for Computer-Alded Prototypmg

~ Information and software technology, 32(3), 199- 206, 1990.
Lantz, K. E. The Prototypmg Methodology. New J ersey. Prentice-Hall, 1985.

Boar, B. H. Applzcatzon Prototyping: A Requirements Definition Strategy for the
80’s. New York: John Willey & Sons, 1984.

Mullin, M. Rapzd Prototypmg for Ob]ect-Orzented Systems New York: Addison- .
Wesley, 1990. .

- Beevis, D. and St Derlis, G. “Rapid Prototyping and the Human Factors Engineeﬂng.
. Process.” Applied Ergonomics, 23(3), 155-160, 1992.

Gremillion, L. L. and Pybum, P. “Breakmg the Systems Development Bottleneck
Harvard Business Review, 61(2) 133, 1983. ‘

" Ramos-Pablos, J. C. “S1mulac1on en -Tiempo Real de la Termohidraulica de un

Reactor de Agua Hirviente.” A M.S. Thesis in Nuclear Engmeenng, Instituo
Politécnico Nacional, México, November 1991.



u7n

[18]

19

[20]

21

[22]

Shnelderman B. Deszgmng the User Inte;face ‘Strategies for Effective Human-

- Computer Interaction. Reading, MA: Addlson-Wesley, 1992,

Chavez—'Mercado, C. “An Advanced Graphical Human-Machine Interface for a

- Classroom Analysis Simulator of Nuclear Processes.” Proceedings of the IERE
Workshop on Human Factors in Nuclear Power Plants. Opera‘uon Session (2).

Interface. TEPCO R & D Centers, Tokyo J apan May 1996

Woods, D. D and Eastman, M. C. Integgatmg Priniciples for Human Computer
Interaction into the Design Process. Proceedings of the IEEE International
Conference on Systems Man, and Cybemetzcs 1989. :

Shackel B. “Information chhnology- A Challenge to Ergonomlcs and Design.”
Behavior and Informatlon Technology, 3,263-275, 1984. C :

Gould, D. J. How to Deszgn Usable Systems In M. Helander (Ed ) Handbook of
Human- Computer Interaction, (pp. 757 789). Amsterdam North—Holland 1988.

Haibach, B. V. “Console Upgrade Reactor Operator Questionnaire.” Argonne
National Laboratory, Intra~Laboratory Report July, 1992,



242



OECD Workshop on: )

“Approaches for the Integration of Human Factors
into the Uppgrading and Refurbishment
: of Control Rooms” |

Halden 23 - 25 August, 1999 |

Optimization of the man/machine interface -
~ on the KKP 2 control room mock-up

Gregor Eberle |
Philippsburg nuclear power plant
‘Germany -



: 1. IntroduCtion

.'The increasing degree and extent of instrumentation in nuclear power plants
challenges manufacturers and operators to optimize the control room complex, in
particular the man / machme interface. -

In this context it is 1mportant to take ergonomrcs into consxderanon it is prlmanly
human factors engm_eermg which is relevant here and covered by ' |

1 Anthropomei:ry lmproved de51gn of work places, espema]ly console/panel
dimensions just as dlsplay devices arrangement :

2. Sensory physmlogy reliable recognition of dlsplayed mformatlon o ‘
stmctunng by color and shape

3.Psychology - optimum design of room atmosphere as a whole e.g It ghtmg,
air-conditioning and acoustics. : :

For the sake of practice-oriented' application of these human factors engineering
- considerations and for other reasons to be described, a full scale control room
-mock-up was constructed for unit 2 (1300 MW PWR) of Philippsburg nuclear

power plant

The major aspects for the de01s1on to construct a I I scale: KKPZ control room
mock-up were: : .

- -More exactmg reqmrements on the mstmmentatxon and control planning
team and on the operating personnel as a result of increasingly complex
monitoring and control systems and their multitude, with a view to complete
centralization of all procederes in the control room. - :

-Joint actions taken in the modelling of the control room consoles as well as
by the planning staff of manufacturer and user as by the desi gnated operatmg

personnel

-Practice-oriented presentatlon of planning results for the process
engineering of all plant systems in good time to recogmze and optimize in-

plant correlation affecting operator actions.

-Practice-oriented improviments regarding ergonomic requirements for
optimization of the man / machine interface of mcxeasmgly strmg’ret

requirements placed on the operatmg personnel.

~
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- 2. Physical arfangment

The multitude of different tasks to be performed in the control room complex

entails of necessity subdivision into 3 functional areas ( cf Fig. 1). The focal point

.proper, the “process instrumentation.and control area”, is supplemented by 2

other functional areas. This avoids interfereénce betweéen the areas. A central view
of all systems is ensured as well on the operator main control console as on the
shift supervisior desk W1thout having any monitoring devices behmd the personnel

2.1 Enuance area for plant security and controlled access, managment of
mamtenance activities and associated docurnentatlon (2). -

2.2 Central shift sgpemsmr desk with commumcatlons eqmpment operatmg

instructions and process dlsplays (8)..

2.3. Process instrumentation and control area mcludmg master control console and

surroundmg system control consoles

Re 2 3 Process ;n_strumentatlon and control ﬂ

The monitoring and control of all systems and of the plant as a whole 1S performed
by means of display and control devxces by the shift personnel in the process
instrumentation and control area (9-11).

For this purpose this area is subdivided into the master control console - operator
main control console (9) with ist assocnated mformatlon board (lO) and into s ystem

| ~ control consoles (1D).

-Start up and shutdown of the plant to standby condmons (subcntlcal hot) and
process. control in trouble-free load operation is perfomed from the main control
console (9) and its information board. For this purpose the control room devices for

' opratmn of the systems directly connected with load operation are located on the

main control console. In their essentials these comprise the reactor and turbine
generator load control systems, feedwater supply, condensate supply and pressure

and volume control loops for the primary system.

-The control devices directly-nece’ssary for Ypower genetjati_oxl are concentrated in .
the central section of the main control console while other functions are
accommodated to the left and right thereof. " -
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Transient analyses for accident stabe assessment
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SR “ACCIDENT MANAGEMENT SUPP'RT”'

'~ PARTNERS : ANSALDO (I), NNC (GB), CEA (F),
~ FRAMATOME (F), SIEMENS (D),
ECN (NL) TRACTEBEL (B)

— CONTRACT TYPE REENF@RCED CONCERTED |
’ | ACTION . -

—~ DURATION : 25 MONTHS (6/1993 - 7/1995)

-~ COMBINATION OF 2 2 ORIGINALLY ENVISAGED
PROJECTS | | -

= (1) “INSTRUM ".INTATI@N
VALIDATION “

(2) “OPERATOR ASSISTANCE” -

 SIGNAL

SENTED AT THE Figi Aﬂgs

~FINAL RESULTS PRI
SYMPOSIUM AND . OFFICIA
‘THE EC (EUR 17126) |
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KT

FR o
Y og B

~¢¢*

L R AR '

Reactor Safety Research at t}

Basxs for EU research set out in the EURATO
Treaty (1957). Title II of the Treaty assigns the EU |
‘to  "promote and faczlztate nuclear research

programmes’..

-{R@A) 1992-1995
& TD

Reinforced C wncerted AnCtMM}
(ex ecuted under the EU 3rd
Framewerk ngmmmse)

' Multmnnuai l’mgrammee if} 5@4—1’»' 98  (to be
executed under the EU 4th R & ™ |
Framewerk ngramme) '

6[_\)'

° Resze-a_rch tasks are carried out :
- Directly at the Institutes of the JRC,
:ssd’irecﬂy ‘through  "shared  cost" and

"concerted" actmns ce@rdmated by the EC D )G |
XH | |

® Addltlenal freesearfch actxwmes ihrwl;:b PHA RE and

| TACIS Ass:stance Pr@gr;- mmes.
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