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Abstract 
The TMI-2 accident gave rise to a series of new requirements with which 
Nuclear Power Plants aust comply and aaongst which the lapleaentatlon of 
eaergency response facilities, particularly Che SPDS, has received 
special attention. This paper covers the experience and problems 
encountered In the developing of the engineering necessary for the 
detailed definition of the ERF in a Nuclear Power Plant In the conaerclal 
operation phase. Also, a real exaaple Is provided for the case of a 
plant In the last phase of construction and Installation. This will 
serve to Illustrate each of the topics covered. 

INTRODUCTION 

Perhaps one of the main concepts derived from the TMI accident five (5) years 
oqo was the need to improve the conventional design of the power plant's 
control facilities. While the human engineering factors combined with an 
in-depth use of reliable electronics was experiencing success in some other 
areas like air transportation, the major part of the power plant's control was 
still under the inertia of the relay-based concept. 

The long construction and installation cycle of a nuclear power plant is in 
fact making it worse. Ten years are more than enough to confirm the 
obsolescence of control equipment whose use was decided based on old and well 
proved experience. Moreover, the increasing regulatory process, both in view 

of the main objective for plant safety and in view of the requirement for 
additional auxiliary equipment und systems, ends within the relay-based 
concept of very large control rooms which may present obstacleu for the 
objective of a clearer and easier operator function. 

In an attempt to address the resolution of this compromise, some new 
requirements have been produced, especially in the united States. Por 
construction, testing and operation of nuclear facilities, Spanish law 
requests compliance with the technical requirements imposed on other 
facilities of the same type, the so-called "reference plant". Our example, 
the Cofrentes Nuclear Power Plant owned by HIDROELECTRICA ESPAROLA, equipped 
with one boiling water reactor by General Electric, with 974 MWe, located in 
the Spanish province of Valencia, which will serve to illustrate the generic 
concepts to be addressed, has a U.S. reference plant and is therefore greatly 
affected by the development of the U.S. nuclear regulatory process. 

One of the most important new requirements is the implementation of the 
Emergency Response Facilities. 

As is already known, the main purpose of these facilities is to provide 
information, in a way which is easy to understand, on the state and 
development of the Plant and the evolution of the environmental conditions, in 
the event that they become abnormal or even accidental. Moreover, they aust 
provide means to help control room personnel and to assess emergency actuation 
methods. 

Several levels of compliance with the existing standards and guides should, of 
course, be requested depending on the different stages of 
construction-installation and operation. 

It should be emphasized that, for the above-mentioned Cofrentes exaaple, plant 
safety relies on the conventional panels while all the backfitting performed 
in the emergency response area is considered as auxiliary help, which follows 
the recommendations of the standards and guides. 

This papur presents the criteria which, in our opinion, should be followed in 
order to design an Emergency Response Facility within a nuclear plant during 
the commercial operation phase. Even if, in Cofrentes, an ERF was designed 
and introduced in the very last stages of its Installation, a major portion of 
the experience described hereinafter is applicable and, therefore, the exaaple 
can be considered as valid. 

The paper covers the topics of basic, detailed and interface design. Each of 
them will be commented on in the light of the Cofrentes example, with a brief 
description of the actual experience achieved. 



I . BASIC DESIGN 

The first step in the definition of basic engineering is called by us 
"conceptual design". It must contain the following points. 

1.1 ESTABLISHMENT OF FUNCTIONS TO BE PROVIDED By THE SYSTEM 

In order to aid the operators in emergency control of the Plant under accident 
conditions, the functions to be defined can vary from a selected few to a 
large quantity. 

The variations depend on many factors such as the type of existing operator 
aids, the Plant construction status, available free space to locate the 
displays taking into account the human engineering factors, etc. The 
functions must be studied on a case-by-case basis in order to achieve the 
implementation of the system in a feasible and practical way, but in 
compliance with the spirit of the existing standards and guides. 

The minimum functions to be included in the System are those related to the 
Safety Parameter Display System which aims to enhance operator capability to 
understand plant conditions and interact in situations that require human 
intervention. These functions will serve as a very important aid to control 
room personnel during abnormal conditions in determining the safety status of 
the plant and in assessing whether abnormal conditions require corrective 
operator action. Based on this idea, the minimum functions should bes 

Critical Plant Parameter Display, which is intended to display the 
minimum set of plant parameters in a single primary display format to 
quickly assess the safety status of the Plant. 

Emergency Response Guideline displays which provide Plant operators with 
the- "symptoms" of the Plant condition for input and follow-up of 
procedures developed from the Emergency Response Guidelines and obtaining 
the requi-ed actions in response to ooserved symptoms for safe control 
and shutdown during an accident. 

Analog Trend Displays for showing the variations of variables versus time 
and one variable versus another with a time history for each displayed 
variable. Moreover, the two-dimensional limit set out in the Emergency 
Procedures (such as the Heat Capacity Limit Curve) will serve to assist 
operators and obviate the need to perform calculations to determine 
margins when the time may be at a premium. 

with these basic functions, the system may also be designed for recalling 
additional data on secondary display fcrmats (or second level displays), 
serving as an additional aid to control room personnel in following the 
evolution of either Critical Plant Parameters or in the performance of 
sympton-oriented emergency procedures. 

DEVELOPMENT OF AN "ERF" SYSTEM 
FOR A NUCLEAR POWER PLANT 

ENGINEERING DEVELOPMENT STEPS 

© " CONCEPTUAL. DESIGN " 

• FUNCTIONS TO BE REALIZED BY THE SYSTEM 

-CRIT ICAL PLANT PARAMETER DISPLAY 
-EMERGENCY RESPONSE GUIDELINES DISPLAYS . 
-ANALOG TREND DISPLAYS 
-OTHERS 

•SECOND-LEVEL DISPLAYS 
• RECONSTRUCTION AND ANALYSIS FUNCTIONS 

• DETERMINATION OF INPUTS TO REALIZE FUNCTIONS 

• FORESIGHT OF SPACE INSIDE AND OUT OF 
CONTROL ROOM 



© "ELABORATION OF TECHNICAL SPECIFICATIONS" 

NUMBER AND TYPE OF ANALOG AND DIGITAL INPUTS 

-PHISICALLY DISTRIBUTED D A S . 
-QUALIFICATION OF DAS. 

COMPUTER HARDWARE 

-REAL-TIME. REDUNDANCY. AVAILABILITY 
-CRT DISPLAY SYSTEM 

• 2 CRT DISPLAY UNITS FOR SPOS (CONTROL ROOM) 
• 2 OR 3 CRT DISPLAY UNITS FOR TSC 
• I CRT DISPLAY UNITS FOR EOF 

-OTHER PERIPHERALS 

• 1 PRINTER/PLOTTER 4 I HARD-COPY FOR SPOS 
• 2 PRINTER/ PLOTTER t \ HARD-COPY FOK T5C 
• I PRINTER/PLOTTER 4 tHARD-COPY FOR EOF 

• COMPUTER SOFTWARE 

FUNCTIONS ACCORDING TO "CONCEPTUAL DESIGN* 

These second level displays nay be presented by mimic and/or system status 
presentations with different access mechanisms. 

In addition, and for the TSC, event reconstruction and analysis functions May 
be specified to be performed by display and plotting systems from which the 
user can obtain all the necessary transient data for that purpose. 

In mid-1981, and after publishing the first guides (NUREG 696, Regulatory 
Guide 1.97, Rev. 2, etc.) and standards, we considered the need for including 
in our Cofrentes Plant a system which, combining the limitations imposed by 
the project status at that time with the available state of the art, would 
comply with the new requirements and also enhance aids for the operator and 
the overall operations control and management. 

On slide number 1, you can see a general view of the main control room at 
Cofrentes. It was taken in February this year when preoperational testing was 
essentially completed. All of you are familiar with this absolutely 
conventional concept of the design. It is well proven, easily maintainable 
and even all our operators liked it, because all of them have spent quite a 
long time in similar rooms at the thermal units, and a person always likes 
things with which he Is familiar. However, the addition of systems and 
controls to the original design in 197S, made operator action mote and more 
complex, thus imposing separation from the objective of keeping It simple. At 
that point, and again confirming that plant safety did not isquice it, w« 
decided to provide the operator with such a considerable aid. 

Besides a human engineering study, of which one of the results was the 
multicolour aspect on the front panel after a functional grouping, as you can 
see on slide number 2, it was decided to design and procure a new computer 
system that would provide! 

Responses to emergencies. Including the above-described Functions for 
SPDS and TSC 

Aids to control non-emergency but complex situations. Including such 
functions as system process diagram displays, alarm monitoring, etc. 

Capability to be used aa the main processor of the data to be analyzed 
during nuclear testing 

Capability to be expanded in the future to include some functions not 
needed at present, and even to relieve the old process computer of its 
present necessity 

you can also observe on the upper half of the slide a result of the 
implementation of this system. The two CRT's above the main control panel, in 
the control rod area, will Indicate the selected displays without distracting 
the operator's attention from the main panel instruments. 
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1.2 DETERMINATION OF NECESSARY INPUTS TO BE INTRODUCED INTO THE SYSTEM TO 
PROVIDE THE REQUIRED FUNCTIONS 

The purpose of this task is to obtain a cough estimate of the number and type 
of signals which will be processed by the system. This will permit the 
specification of a modulat data acquisition system. 

A typical problem encountered in Plants in operation or nearing operation is 
to have an instrumentation design which was not intended to provide the inputs 
required by the system, as well as other problems such as cablet tray 
saturation, available penetrations, and so on. 

This involves the consideration of specifying a data acquisition system 
physically distributed so that the signal can be taken from the original 
points or areas for better and easier implementation. 

Moreover, since most of the inputs required come from safety-related systems, 
and the computer system for Emergency Response Facilities is not 
safety-related, the data acquisition system must he qualified to guarantee 
that, under emergency conditions, the circuit from which the input is tuken is 
not degraded. 

The modularization of the data acquisition system is very important due to the 
increase which the preliminary assigned number of inputs will surely suffer. 
In Cofrentes. we started considering 900 signals and we now have around 1,700, 
taking into account both analog and digital signals. Of course, thin meant 
that we had to modify the previous quantities of electronic modules ordered 
for the data acquisition system. 

When we get to the detailed desiga, we will indicate the number of new 
instruments needed, as well as the problems found to actually get some signals 
from existing instruments without impairing their function. 

1.3 PREPARATION OF THE PURCHASE SPECIFICATION 

The next step is the preparation of Technical Specifications for purchasing 
different equipment items. 

The most important Specification involved in ERF is related to the computer 
system required, which must include all the hardware and software necessary, 
in accordance with the conceptual design mentioned before. There are, of 
course, other Specifications, such as communication and power supply systems 
which must be provided. 



The computer hardware for the ERF System must be a real-time system where 
fast response and resolution are very important characteristics to be 
accomplished in addition to the basic requirements of redundancy am' 
availability. 

Since the basic purpose of the system is to provide concise displays of 
olant Parameters to aid the control room and Technical Support Center 
operators to rapidly and reliably determine the Safety Status of the 
plant, the CRT's display systems must be of high precision and resolution 
so that the information shown to the operator is clear, unambiguous and 
validated where possible. 

After an in-depth analysis of existing standards, guides and studies 
related to the ERF, the system must be configured with the following 
peripherals: 

A minimum of two CRT display units in the Control Room for the SPDS 
purposes, each with their own associated operator's console 

- Two or three CRT display units in the Technical Support Center, also 
with their individual operator's console. 

If there are three CRT's, two (2) of them will have the same 
functionability as two SPDS CRT's and the third would be used for 
specific functions assigned to the TSC. 

If the Emergency operations Facility (EOF) is implemented, two CRT 
display units should be specified for that facility in order to supply 
the same information as the Control Room related to Plant Safety status 
and meteorological and radiological information on the Plant area. 

with regard to printers/plotters, hard-copies and similar devices, the 
quantities to be specified depend on the specific analysis and 
reconstruction event functions considered. At least one printer/plotter 
and one hard-copy per facility must be included, although two printers/ 
plotters in the TSC could be considered. 

In relation to the functions, the system must be specified according to 
the definition made in the conceptual design described before. 

At the time of preparing the Cofrentes ERF specification, the number of CRT 
units was not so clear and the peripheral unit quantities were left to the 
advice of the bidder, of course, a minimum was indicated. Rather than tell 
you about that preliminary status, it would suit our purpose better to briefly 
describe the actual configuration of the system which was determined by an 
in-depth review and analysis with the selected bidden General Electric Co. 

As may be a«en, the signals go to analog and digital input modules which 
condition them before being sent to the multiplexers. 

For every eight (8) analog or digital input modules, there is a multiplexer 
which multiplexes the signals before sending them to the formatters. 

Each multiplexer has two output ports through which the same Information is 
sent to the formatter of each computer. In this way, the information is input 
to each computer in a redundant manner. 

The computer system is constituted by two DEC VAX 11/7BO connected through 
Decnet communication lines. 

Each computer haa different functions assigned to it. One is called the TRA 
(Transient Recording and Analysis) and the other the RTAO (Real-Time Analysis 
and Display). 

To support the functions assigned to each subsystem, and in addition to the 
various auxiliary memory elements, tapes, etc., the following peripherals are 
provided for the presentation and handling of information. 

Control Roomi 

Two black and white TV programmer terminals 

Four high resolution CRT's in colour with associated Keyboards 

One Video Hard Copier with the possibility to function aa a printer and 
hard-copy. 

One Printer/Plotter 

Technical Support Centeri 

One P * W programmer terminal 

Two colour CRT's with associated keyboards 

One hard-copier identical to that in the Control Room 

1.4 EQUIPMENT ARRANGEMENTS 

Once the number of computer subsystem elements are defined, a compromise has 
to be made among requested space, distance to the control room and, of course, 
available space. 



Tht arrangement of the data acquisition subsystem elements depends largely on 
its modularization and once this is decided, there should be no major 
problems. As the majority of the signals are normally taken from the control 
room, the provision of a number of cabinets is recommended to house the 
electronic DAS nodules. 

In cofrentes, we had to modify the arrangement of the process computer CPU's 
and associated equipment so as to leave enough free space to accommodate the 
newelements. The Tesult was a highly denslfied TSC, but located conveniently 
close to the main control room. We had no problems finding a place for the 
DAS cabinets inside the control room and a minor modification was made on the 
original process computer console to allocate an ERF console. 

In the following slides (numbers 3, 4 and 5), you can see the actual Cofrentes 
TSC. A minimum amount of maintenance space has been left for the different 
equipment items and the main console is oriented to the technical staff 
meeting table. 

Here (slide number 6) you have the console dedicated to emergency response 
information in the control room. Combined with the CRT's on the upper side of 
the main panel as we saw at the beginning, it represents a powerful instrument 
for aiding the operator. Alongside, you see the old process computer's CRT's 
which offer the normal functions of performance calculation, alarm monitoring, 
etc. 

In the next slide (number 7), you can see the DAS cabinets arranged around the 
wall in the control rocm. This made their location easier, since there was 
not much spare space at the time it was decided to adopt the ERF. All 
internal maintenance can be performed from the front. 
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2 . DTMLBD D1SIGN 

2 . 1 ImTOT LIST 

The first step in the preparation of the input list consists of det«rsiining 
the signals which should be included in the system. Evidently/ the necessity 
for a certain signal is directly related with the purpose for which it is 
intended and the function in which it will intervene. 

Both for the functions mentioned previously and for others whose 
implementation ia required, the standards relating to the subject may tie taken 
as a basis, together with various complementary studies which exist (NSAC). 
However, the specific study for the Plant in question should be fundamentally 
used, since all the guidelines and standards cover only generally the signals 
to be sent to the ERF. In this sense, we could say that the spirit of the 
standard indicates, in addition to the SPDS functions, the advisability of 
supervising overall operation and availability of the various Plant systems 
and equipment as second level displays. 

Once the study has been prepared determining the signals to be considered in 
the system, the way in which each of them will be obtained has to be 
analysed. Here, we have found different cases which in turn require different 
solutions and which we have attempted to synthesize as follows. 

Firstly, the existence of an instrument or contact has to be verified at the 
point frou which a signal is required. Here we have the first group of 
signals which requires a new instrument. 

This group may have magnitudes, althogh normally small, for which the addition 
of new instruments, such as thermocouples or pressure elements, may be 
practically impossible due to the advanced status of construction or to the 
fact that the Plant is in operation. Conceptually identical measurements have 
to be found for which an instrument exists or, in the worst case, not include 
the signal in the system. 

h typical example of this first group of signals is that which is relative to 
digital signals coming from valves, whether manual or automatic, but for which 
there is no limit switch to permit monitoring of the position of the valve. 

Secondly, for the signals we require and for which an instrument exists, the 
use they have and from where they may be obtained have to be determined. 
Thus, there will be a group of signals which may be taken directly from the 
reserves of existing instrumentation in the form of free output from the 
electronic cabinet circuits. if these free outputs are isolated from other 
possible uses, they may be taken directly or, otherwise, they will have to be 
isolated either in the cabinets themselves or in the ERF data acquisition 
system. 



Next, a group of signals will have to be obtained which exist in the Plant for 
other uses and for which no available output exists to the ERf. A study will 
have to be Bade on this group of signals with regard to the possibility of 
duplicating the signal by adding electronic circuits. 

This solution which, in theory, is the bes^ and simplest, has the disadvantage 
of possible inability to add new circuits, since there may not be enough spare 
space and, also, the existing circuits would have to be internally rewired. 
Another possible solution would be to obtain signals from the voltage and in 
parallel with existing signals. 

Safety-related signals will have to be isolated, whether or not there are free 
outputs either in the electronic cabinets or in the ERF data acquisition 
equ ipment. 

Once the signals to be included in the ERF system and the means of obtaining 
each one have been determined, they must be listed in detail indicating all 
the characteristics associated to each one in order to generate the system 
data base. 

In the generation of the data base, all the fields which allow full definition 
of both analog and digital signals must be considered. 

One aspect of certain importance is to verify and ensure that the ranges of 
the different measurements are as required by applicable standards in order to 
obtain information with the intended range and precision. 

In Cofrentes we had to include the following additional instruments! 

Three (31 pressure transmitters 

Fourteen (14) KTO's 

Thirty-four (34) thermocouples (only two of which were new) the rest 
were provided using the same thermowell and changing the existing single 
thermocouple into a double thermocouple) 

Forty (40) position limit switches 

The above does not include the temporary instrumentation needed to collect 
data during nuclear and startup testing, principally acceleroneters, lanyard 
potentiometers and strain gauges. 

2.2 DEVELOPMENT AND HVLEWNTATION OF FUNCTIONS 

Given the specific characteristics of the Emergency Response Uystem, the 
development and implementation of the different functions assigned thereto 
require an exhaustive knowledge of the Intent of applicable standards with 
regard to the type of information to be presented in the various peripherals. 
Particular emphasis should be given to the design of the screen dluplays since 
these constitute the primary and primordial element in nan-machine 
comnunication. The configuration of the displays should be carried out taking 
into consideration, amongst other factors, good human engineering principles. 

The tasks associated with the implementation of functions basically consist of 
the definition and detailed development of each format in which information is 
presented, on both CRT's and printers. In the development process, the 
function characteristics, means of access and, above all, the relation with 
the inputs intervening in the function and the algorithms relating these 
inputs for the desired presentation, must be established in great detail for 
each of the functions planned. 

All of the abcve should be documented with sufficient clarity and detail so 
that no possible confusion may arise. 

In the case of Cofrentes, and mainly due to the very limited time schedule, we 
decided to adopt the functions and displays offered by the GE standard 
software. However, the ability to introduce additional function and, in 
short, to modify the software is being granted through an intensive training 
plan. 

The present software is designed to easily accept the modification or addition 
of displays on an interactive mode. 

2.3 INTERFACE DETAIL DESIGN 

In addition to the ERF computerized system itself, there is a group of 
activities related therewith which are of vital importance for the full 
integration of the system in the Plant. 

a. Provision of space or rearrangement of existing spare spuce to locate 
Technical Support Center equipment and service areas. 

The implementation of the ERF will probably imply a study and, possibly, 
a new approach to other aspects, such as civil work, air conditioning, 
cable feedthroughs, etc. 



52 All of this should be carried out with the idea of a practical and 
possible implementation in accordance with the spirit of the standards. 

The arrangement of the ERF in Cofrentes has been commented before. At 
this point, it should be added that the previous design of ventilation 
and air conditioning ducting had to be modified to evacuate the heat load 
of the BRP computer equipment. Fortunately, the fans were designed with 
a sufficient conservative margin. 

b. Miring and Wire Running Design 

As the major portion of the signals are within the control room, this 
part of the interface design receives great attention. Divisional 
separation and cable tray filling must be the Rain criterion in addition, 
of course, to protection against electromagnetic interference depending 
on the signal levels within the DAS. The use of fibre optic cable, which 
does not suffer this problem, also presents advantages in the very high 
data transmission capability. 

Ir cofrentes, the DAS is connected from the multiplexers to the computer 
via fibre optic cable. This demonstrated great advantages over coaxial 
cable, especially during the installation period and taking into account 
the DAS cabinets in other locations, at a distance from the control 
room. As fibre optics have only an average capability to withstand 
radiation levels, this required some peculiar wire running to avoid 
certain areas; however, the flexibility and size of the cable proved to 
be very useful in almost full cable trays and conduits and, in fact, for 
any application in plants in or nearing operation. 

Slide number 8 shows the use of fibre optic cable connecting into the 
computer system formatters and coming from the multiplexers. 

Th.5 use of trays in the cable spreading rooms above and below the control 
toira presented no major problem and only a few cases required dedicated 
coiiduits which had not bien provided previously. 

c. Power Supplies 

This is an area which requires the dedication of very special attention 
since it is obviously fundamental to overall ERF reliability. In the 
event that spare batteries are not available, the power consumption is 
large enough to require a major space allocation to house those necessary 
for the uninterruptible power supply (UPS). Special care should be taken 
in coordinating the self-protection of each piece of ERF equipment with 
the protection of ths motor control center from which it is supplied, and 
with each of the UPS outputs. 

In the case of Cofrentes, we hav« established a UPS with two (2) 35 KVA 
redundant trains and have had enough spare capability on the 
non-essem ial batteries. 

d. Communications 

Sufficient means of transmitting information between the TSC, EOF and the 
control room should be provided and, naturally, its functional capability 
demonstrated in several postulated accident situations. 

SLIDE 8 



CONCLUSION 

In this paper, we have attempted to present a number of general considerations 
together with the experience obtained in implementing an ERF at Cofrente3 
Nuclear Power Plant in design and installation activities. 

Certain recommendations and experiences have been indicated in various 
specific areas. However, the most important experience has not yet been 
mentioned. 

The ESF is not a piece of equipment in the conventional sense, which is 
designed, installed and operated to perform a limited and specific function. 
It is, rather, an incredibly powerful instrument offering the functions 
originally requested and many more which may be decided at a later date. Its 
power stems frou the fact that it is applying one of the most advanced 
technologies. Initially, it may be considered too large an investment to 
resolve a regulatory requirement) however, when increased use demonstrates its 
potential applicability, not only for the direct operational group at the 
plant but also, perhaps, for management and engineering staff at the central 
offices (since it is possible to install a connected console at a very great 
distance from the Plant), the assurance of a rapid pay-off will generally be 
accepted. 
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Abstract 
A special program has been set up for the seismic qualification 
of the electrical and instrumentation safety related systems at 
Trino Vercellese nuclear power plant. 
The intent of this paper is to describe the problems connected 
to the seismic qualification of operating plants and to present 
a viable and cost effective approach to the solution. An 
example of a practical application is included. It shows how it 
can be demonstrated the operability of the equipment following 
a seismic event based on a similarity method. 

I, INTRODUCTION 

Trino Vercellese power plant, owned by ENEL (The Italian 
National Utility), is equipped with a Westinghouse 4-loops, 825 
MWt PWR. 
The design of the plant goes back to the years right before 
1960 and the plant went into commercial operation on 
January, 1 , 1965. 
Trino is therefore a nuclear power plant of the first genera
tion, and for many aspects to be considered a prototype. 
For some years it was also the largest PWR In operation in the 
world. 
Seismic loads were not considered in the original design of the plant. 


