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C.intral Nuclear JosO Cabrera, a lso known as Zorita, i s a 160 
Mrie nuclear power plant owned and operated by UNION ELBCTRICA-
FtNOKA, S.A. The plant was supplied by Westinghousfe Electr ic 
Corporation and contnisioned in 1968. I t features a unique one loop 
Pressurized Hater Reactor design. 

tollowing Uie requirement issued by the Nuclear Regulatory 
Ouromisicn in l a t e 1977, to perform evaluations of operating plants 
in the USA licensed before 1972, U»e Spanish Licensing Authorities 
requested C.N. Jose Cabtera to carry out a similar review of their 
p lant . The main objectives were to cea^ues the safety adequacy of 
the operating systems, provide a docuuteiittd comparison of the plant 
desicpx versus present day c r i t e r i a and estaL-ish a rat ionale for 
departures. Another important objective was to provide prompt 
identif ication ot any signif icant deficiency. 

Within th i s frame, in Autumn 1979, UNION ELECTRICA-FENOSA 
decided to contract the or ig ina l vendor, Vfcstinghouse, to perform a 
plant specific evaluation based on the MHC's Systematic Evaluation 
program, the TM1 Action Plan ai»3 address any plant specific concerns 
arising from the review, ihe review known as phase 1 of the C.N. 
Jose Cabrera SystenuUic Evaluation Program, was completed and 
documented by April 1980. 
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PLANT REVltW 

Data retrieval from the plant was therefore a first step 
towards plant diagnostic, analysis of the results and identification 
of points requiring immediate attention, known as short term items. 

In a second stage, called phase 2, a number of modifications 
were defined as required in areas of Fluid, Auxiliary and Electrical 
systems and to their corresponding supporting IfcC systems, bearing 
considerable impact on general plant and control room layout 
aspects. As part of the review program, the plant's Instrumentation 
and Control Systems were evaluated in depth, both from the viewpoint 
of safety adequacy of their design as well as that of comparison 
between their design criteria and current codes and standards. The 
review concluded that most of the non conformances lied in the 
general areas of comron mode failures whilst the functional aspects 
of the reactor protection system and safeguards actuation systems 
represented adequate levels of plant protection. The design phase 
therefore centered around developing the modifications required to 
eliminate or greatly reduce the risk of conmon modes failures, such 
as providing redundant vital power sypply systems, protecting cable 
raceways or providing new cable routings and new cables for 
essential circuits or considering prevention of external hazards, 
such as improvements to both passive and active fire protection 
systems, etc. 

FUNCTIONAL REQUIREMENTS 

As a result of the review, new functional requirements for 
the plant reactor protection and control systems were issued by the 
design review team. These requirements determined that the existing 
reactor protection system was functionally adequate and that the 
introduction of redundant vital power supplies to the existing 
redundant protection instrumentation channels and protection logic 
were considered sufficient to improve its reliability. No changes 
were determined as necessary to the normal plant control systems. 



78 the requirements for the Bigineered Safeguards Actuation 
system however, modified the existing ones in order to address 

a) New functional requirements determined by the new 
requirement:; imposed on the safeguards fluid systems and the 
modifications resulting thereof. 

b) Meeting current Codes and Standards in terms of providing 
diversity in tike automatic initiation of safeguards and 
manual actuation at the various system levels. 

As a direct result of the modifications to the Fluid systems 
and the introduction of a large number of new safeguards components, 
the ESFAS required expansion of its output capacity to drive all the 
safeguards components and also, to incorporate different stages of 
actuation logic, whether it be initiation of safety injection, phase 
A or phase B containment isolation, initiation of emergency 
reedwater, etc. 

The concero for making the safeguards systems common made 
failure proof, uhich formed the basis of the plant upgrade, 
particularly in the electrical systems area, required the ESFAS 
system to meet .single failure criteria by providing redundant, 
physically and electrically separated systems as well as adapting it 
to the new configuration of the electrical power distribution 
systems. The designers had furthermore to consider the excellent 
record of C.N. Jose Cabrera and therefore, any modifications 
introduced, had to maintain the existing plant availability whilst 
at the same time increasing the reliability of the system. 

ENGINEERED SAFEGUARDS ACTUATION SYSTEM 

With the design concepts and functional requirements in hand, 
a rapid conclusion was that it was neither practical nor cost 
effective to try modifying the existing system in order to meet the 
latest requirements. On one hand, the fact that it was dispersed 

throughtout the Ha in Control Board and other Control room panels anri 
on the other, the limited space available meant that it would be 
extremely difficult to meet current separation criteria and that no 
assurances could be given AS to the final functional integrity of 
the modified system. This imnediateley led the designers together 
with the utility's plant staff to consider replacing its uroor pact 
with a new, fully structured system. This new system would be 
physically located elsewhere, tnus resolving aspects of redundancy, 
physical and electrical separation, cabling and cable pulling in one 
instance, whilst ensuring, on receipt of the hardware, having a 
fully tested and qualified system which would contribute to reduce 
the erection and plant recomissioning time. 

The configuration for the ESFAS system would therefore be as 
follows. As for the Reactor Protection System, one part, the 
process instrumentation channels, would be retained and supplemented 
with new instrumentation, whilst the second one, the logic and 
actuation system, would be totally replaced with a new one. 

In the existing system, automatic actuation of the Emergency 
Core Cooling System was achieved by means of a combination logic of 
two out of three low pressurizer pressure signals derived from 
bistables in the three redundant pressurizer pressure process 
protection Instrumentation channels. In order to introduce 
diversity of automatic actuation as dictated by the new functional 
requirements, additional process plant signals were required. As in 
other westinghouse plants, containment pressure was selected as a 
back up parameter to pressurizer pressure. This not only allowed 
diverse actuation but also permitted automatic initiation at another 
level of safeguards actuation namely, containment isolation. Three 
new containment pressure channels are being provided to achieve 
automatic actuation on two out of three logic as well as providing 
readouts in the Control Room. 

The installation of this instrumentation which needs to meet 
current separation criteria requires three new mechanical 



containment penetrations, since the sensing elements consist of a 
pressure belows sensor located inside containment which provides a 
pressure signal through a sealed capillary to an electronic OP 
transmitter located outside containment, for this purpose, existing 
electrical spare penetrations are being replaced by tailor made 
mechanical penetrations. 

A second modification introduced by the new functional 
requirements was the introduction of manual initiation at system 
level. This is being provided at the main control board and at the 
Safeguards panel in order to allow operator to actuate safeguards in 
anticipation to the actuation by the automatic system or in the 
unlikely event of its failure. 

The new logic and actuation system proposed was divided into 
three sections: 

The first one, the input section, receives signals from the 
process instrumentation bistables indicating that initiation of 
safeguards is required and provides three levels of se.̂ ô ution 
corresponding to the three protection grade instrumentation channels 
the plant is designed with. The combination logic is performed in a 
second separate section, where different actuation signals are 
derived to drive the safeguards components through relay contacts 
located in yet another section, the output section. 

The maintenance aspects considered, together with the need to 
ensure compatibility with the existing retained systems such as 
process instrumentation protection system bistables, reactor 
protection system and safeguards components gave strong arguments in 
favor of retaining the original plant design concept and maintaining 
the use of relay technology and hard wired logic rather than solid 
state or microprocessor based technology. This has proven the most 
difficult decision making process where, development cost for this 
plant specific hardware and manufacturing lead times more than 

79 anything, favored the relay based design. However additional 

features are being incorporated into the system design such as 
improved on line test facilities and outputs for plant operator 
information. 

A further modification has been introduced both to minimize 
the cabling impact and to reduce the amount of hardware required and 
therefore make the proposed system more cost effective. 

The existing system consisted of two trains of actuation with 
operation of either train of logic actuating both trains of 
safeguards components. To retain this feature whilst at the same 
time meeting separation criteria would have required each train to 
double the capacity of its output section in separate compartments 
with as many interconnections between trains as components to be 
actuated as well as providing separate isolation relays in both 
trains. The proposed system contemplates the actuation of one train 
of safeguards only from its corresponding train of actuation logic. 
A reliability study was performed demonstrating that with the 
improvements introduced at the level of the actuation logic, 
effectively making the logic redundant, the proposed system 
maintains the same order of reliability. 

POST ACCIDENT MONITORING INSTRIMENTATION 

For consistency with the upgrades brought to the Safeguards 
Systems and bearing in mind the TMI Action Plan and the publication 
by the NIC of revision 2 to Regulatory Guide 1.97 "Instrumentation 
for light water cooled nuclear power plants to assess plant and 
environs during and following and accident" in Dec. I960 led to the 
reassesment of the plant instrumentation available to the operator. 
This instrumentation is of paramount importance to enable plant 
operators to correctly diagnose an accident and take corrective 
actions to minimize its consequences. Again, this task was to be 
very plant specific and acceptable under cost benefit terms. The 
first priority was therefore to identify what consisted in a minimum 
set of variables that an operator required for accident diagnostic 



and subsequent mitigation. The basis was established as that 
provided by the plant emergency operating instructions, revised to 
adapt them to the moditications introduced in the safeguards systems. 

A set of 21 variables was identified. Besides providing 
information to the operator to make his initial diagnostic, the PAM 
instrumentation system has to provide him with continous and 
unambiguous information of critical plant parameters and allow him 
to perform the manual actions dictated by the operation aspects of 
the safeguards systems per his established procedures. 

The W M instrumentation must therefore survive the environment 
tiiat any of its components may be subjected to, during and after an 
accident, and cilso be single failure proof and thr ere fore 
redundant. Also the trend of change of the parameters measured 
could be of interest for determining progress, or the taking of 
correc- ive actions, and therefore required that these parameters be 
recorded in order to ease data retrieval. 

Once the requirements were defined, it was found that only a 
limited number of the instrumentation available at the plant met 
these and that ii. some instances the parameters specified were not 
being measured at all. It was therefore apparent that extensive 
modifications were necessary. 

Firstly, new qualified redundant field mounted sensors were 
required. Since a number of variables selected for PW's were 
already used is part of the existing plant protection 
instrumentation system and that in some instances, different ranges 
to those existing were being specified, in order not to disturb 
normal plant operation, changing the periodic test procedures or 
modifying the maintenance and calibrations being carried out by 
plant staff since 1968, it was decided not to replace existing 
sensors but rather to supplement them with new additional ones. 

This also made it possible to address and comply with the 
class IE requirements inherent to their design. Therefore to ensure 

physical and electrical separation, new instrument locations were 
sought. This implied designing new impulse line layouts, new 
cabling and its routing, providing new containment penetration 
inserts, etc. The benefits were that there were only minor impacts 
on existing and retained plant I*C, but again, the lack of space 
created the major problem. 

In order to support the new field mounted sensors and provide 
the readouts in the Control Room, new signal processing electronics 
were needed. To cope with the full set of PAMs variables to be 
provided, new IfcC cabinets were required which had also to comply 
with current criteria. Three class IE protection grade cabinets are 
being supplied. 

NEW INSTRIMENTATJON AND CONTROL SYSTEMS 

Apart from the fully dedicated set of instrumented PAMs 
variables, considerable additional i*C was required as a result of 
the modifications to the fluid systems. Since new operational 
features were introduced in these and, given the requirements foe 
redundancy or corresponding protection or control grade basis, a 
fourth control grade IfcC Cabinet was required and is being supplied. 

The total IfcC system thus defined was therefore integrated, 
providing the process instrumentation required for: 

a) Diverse safeguards initiation, 
b) Post Accident Monitoring, 
c) Monitoring and performing process control and 

interlock functions of modified systems, 
in full compliance with current codes and standards and providing 
state of the art process instrumentation, identical to that 
installed in the latest Westinghouse supplied plants in Spain. 



CtNEKAL PLANT AND CONTROL M3GM LAYOUT 

A number of difficulties in the area of general plant and more 
specifically, control room layout became apparent to the designers 
early in the process. 

As opposed to more modern plants, C.N. Jose Cabrera did not 
feature specific dedicated areas to electrical or I(C equipment. 
Equipment, mostly electrical switcngear, was concentrated in 
different areas common to secondary plant systems. The control room 
was small, with panels in two straight lines separated by an access 
corridor, The main control board panels incorporated all the ISC 
systems*, electronic modules, power supplies, readouts, protection 
and safeguards logic and output relays, etc. typical of a standard 
1965 vintage industrial plant design. The cable access to the 
control board panels and the cable spreading room underneath the 
control room were also highly congested. 

As it has been shown, the development of the design concepts 
had also led to considerably large pieces of hardware being required 
for the plant upgrade. Consequently there was an evident problem of 
making additional space available and making the best use of it. 

The problem of lack of space has been solved by; 

a) Converting part of the existing auxiliary building 
into an electrical building, vacating three floors 
previously used foe chemistry labs, I(C calibration 
test benches and maintenance equipment storage, 
mechanical workshops and administration offices and 
transferring them to new premises built outside the 
main plant. This has allowed the carrying out of 
extensive civil work modifications, including a new 
intermediate floor, which now provide separate and 
clear cut areas where it has been possible to install 
the new Class IE electrical switchgear trains and 

motor control centers from which both existing and 
new safeguards components are operated and also to 
create new cable spreading room for power circuits. 

b) As part of the modifications required to meet Control 
Boom habitability requirements, the large existing 
Control Boom Heating, Ventilation and Air 
Conditioning Uhit, needed to be replaced by a new 
redundant and qualified system. Hie existing unit 
was located next to the Control Room and it was 
therefore decided to remove it and locate the new 
system on the roof of the auxiliary building, 
therefore making room available for two rows of 
process instrumentation and safeguards relay cabinets 
with their associated system of cable trays 
underneath them. 

This has permited the correct layout of IfcC rack mounted 
equipment,, separate from medium voltage switchgear in a controlled 
environment and in accordance with its structured system basis. 
Also the layout proposed addresses not only cable access and 
separation requirements but allows periodic testing and carrying out 
maintenance in a suitable fashion. 

A further problem, far more complex, was the need to 
integrate the new equipment in the existing control board panels and 
rework the wiring inside them. (DC power supply system two train 
split, introduction of three vital instrumentation power 
distribution busses, new control switches, etc..) The problem was 
aggravated by the fact that the panel layouts had to be human 
factored and that the operators were intimately familiar with their 
control board, many of them having operated the plant since its 
commisioning and therefore understandably reluctant to modify its 
layout in anyway. 



This will be achieved by careful consideration of the new 
features introduced in the operations of the various systems. New 
panels, for new systems such as HVAC, Fire Protection, Diesel 
Generator Chit and its auxiliary systems have been introduced and 
located in the control room. Trie main conttol board will be 
extended on one end to house the controls for the new electrical 
distribution power systems. Because of the extensive modifications 
required in the area of safeguards and the physical impossibility to 
add the new safeguards functions whilst maintaining a rational 
operational layout, it was decided that the complete safeguards 
panel would be totally replaced by a new one. The new panel would 
provide a proper layout of plant safeguards systems manual controls 
and integrate the post accident monitoring instrumentation 
readouts. Similar arguments to those considered for the safeguards 
activation system contributed towards this decision namely. 

a) meeting current codes ami standards, 
b) providing a fully wired up and tested panel, 
c) reducing plant downtime in an area which is bound to 

be the critical path in the upgrade implementation 
and plant recomissioning schedule, 

IMPLQOITATIDN SCHEDULE 

A point not apparent so far in this paper is in what manner 
have tlte implementation of the various modifications been carried 
out and scheduled. This, needless to say, has constituted one of 
the major challenges of the whole upgrade program. 

The license issued by the Spanish Consejo de Sxjuridad 
Nuclear in August 81 to permit operation of the plant on its 
eleventh fuel cycle committed the utility, UEFSA, to initiate a 
program to design and implement the modifications. After extensive 
negotiations with the CSN, it was agreed that the implementation 
activities were to be divided in two parts to be performed at the 
scheduled annual plant refuelling outages, mainly due to the time 

required to carry out the final design and to the lead times for 
equipment manufacture and delivery. 

The first outage started when the plant shutdown in October 
82. By that date, the design of what was then called phase 3A was 
almost complete and hardware had been ,xirchased and was being 
delivered to the plant. Some of this hardware was built 
specifically for C.N. Jose Cabrera whilst some equipment was 
obtained from other utilities with delayed nuclear power plants 
under construction. A further proolem was that whatever was 
installed in that pnase was to be integrated in the final 
configuration of the pi int upgrade, the design for which was still 
not complete. Therefore, a number of decisions were made only on 
sound engineering judgement ai«. anticipating to the further extent 
possible, the ultimate plant layout configuration, as far as 
location of components such as valves, piping systems, ventilation 
air ducts etc. was concerned and which was still at a conceptual 
design stage. It was also apparent that some temporary solutions 
had to be envisaged and that it would eventually be necessary to 
replace or recable what was being implemented. 

From a systems viewpoint, the modifications carried out in 
phase 3A, mainly those relative to the Emergency Core Cooling 
System, the two train split of the Electrical Power Systems, 
including the installation of a Diesel Generator Unit and its 
auxiliary systems, and part of the heating, ventilation and control 
room air filtering and air conditioning systems, required providing 
their associated IfcC features. Two llC cabinets housing the 
supporting instrumentation were supplied and installed, with the 
knowledge that they would have to be recabled internally when 
eventually part of the final ISC plant configuration. 

The number of additional components such as new valves, 
introduced in the BCCS, required expansion of the existing 
safeguards actuation system, as opposed to the solution ultimately 
envisaged for it and described earlier. The safeguards panel was 



also modified on a temporary basis by utilizing some free panel 
space luckily available next to it, ind adding all the new manual 
controls and instrumentation readouts. 

The plant was ready for start up by the end of July 1983 but 
for reasons beyond the scope of this paper was not allowed to start 
until th«» end of November last year. 

The [iiose 3B implementation phase in the IbC area is 
presently intended to start in February 1985 when the plant shuts 
down after having operated on a streched out cycle, in order to 
allow for final detailed design and equipment delivery. It is 
expected to complete the upgrade in a six month period. 

LESSOB LEARNED 

The experience gained in Phase 3A has taught some vitally 
important lessons and confirmed the soundness of some decisions made 
Ije forehand. 

The first lesson is that when dealing with a wide number of 
issues the most resource effective way to carry them out has to be 
in an integrated fashion. 

This has required setting up a small dedicated and 
experienced multidiscipline engineering task force to carry out the 
basic engineering under a strong project management. The same team 
is also responsible for close follow and scheduling of the 
implementation aspects and therefore must be located near or at the 
plant itself. 

Another oovioos lesson is that in depth knowledge of the 
plant is essential both from a systems and systems layout viewpoint 
as well as from its operating experience. cor this reason, and 
because the results of the final upgrade must be considered in terms 
of cost effectiveness and plant operation, it is imperative that 

this engineering team directly interfaces with the owner's plant 
opera ;ing and maintenance staff on a continous basis. In fact, many 
aspects of the upgrade incorporate features introduced by the plant 
staff resulting from their full participation and close follow of 
the design activities. 

Finally, but certainly of no lesser importance, is the close 
cooperation required between all the parties involved in the design 
and implementation activities. This includes working with an 
Architect Engineer who is responsbile for the detailed engineering 
activities and has the lead design responsibility of the 
modifications to some plant systems under a previously agreed scope 
split. 
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