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1. INTRODUCTION. 

The purpose of this presentation is to provide a summary of 
the assessment and inspection tasks performed by the technical reviewers 
of the Consejo de Seguridad Nuclear on the backfitting of Instrumentation 
& Control and related Systems, carried out on the oldest two plants in 
Spain: Jose Cabrera and Santa Maria de GaroAa. 

The actions taken up to this time to improve the safety of these 
installations are discussed, together with the expected actions in the 
near future. However, the paper mainly deals with the review difficulties 
associated with the assessment of old plants against current criteria, 
among others: 

• The lack of specific criteria for backfitting, standard criteria 
are normally too prescriptive. 

• Extensive backfits will normally require the shutdown of the 
plant, therefore, to reduce shutdown time it is necessary to 
review information not totally final, and normally changing. 

• Integration of backfits extending to more than a shutdown period 
is difficult, since, in the initial stages detailed information 
about the final situation to be achieved might not exist. Inte 
gration of different backfitts is even more difficult. 

In this respect the different review approaches used for the above 
mentioned plant; is analyzed comparing them with those used in other-
countries. 

The potential benefits of the use of advanced methods, as probabilis 
tic risk assessment (PRA) in reaching backfitting decisions is appraised, 
describing the scope of the PRA required for Santa Maria de Garona. 

2. BACKrITS AT JOSE CABRERA 

Jose Cabrera Nuclear Power Plant, hereafter JC NPP, 1s a Westinghouse 
PWR that started commercial operation in 1968. 

The chronology of recent backfits in JCNPP is characterized by three 
distinct phases: 

Phase 1. Includes the identification and definition of the topics to 
be reviewed. Topics from the U.S. Nuclear Regulatory Commission 
(NRC) Systematic Evaluation Program (SEP), from TNI action plans 
and specific topics of JCNPP were Included. It was prepared by 
Westinghouse and independently reviewed by NUS Corporation. This 
Information was pnsented to the Consejo de Seguridad Nuclear (CSN) 
In April, 1981. 

Phase II. Includes the design of an Integrated solution. The utility 
•ntrusted the preparation to Westinghouse and Empresarios Agrupados, 
an Spanish architect-engineer. 
The first conceptual solution was presented to the CSN in January 
1982. The CSN basically approved the solution, expresing Its 
disagreement with the duration of the program. The utility presented 
a so called reconfigurated solution shortening the time spans for 
the execution of the plan, solution that was agreed upon by the CSN. 

Phase III. Includes the detailed engineering design and implementation 
of the modifications. The execution of this phase was divided in 
2 intervals, Phases 3A and 38 leaving the implementation effort to 
the refueling outages. 



2|2 The principal modifications of I4C and electrical systems during phase 
3A Mere fundamentally directed towards the electrical distribution system, 
including: 

• The incorporation of new on—site emergency power sources through 
the installation of a new line from Zorita Hydraulic station (4400 
KVA) and the installation of a new diesel generator (2750 KVA) 

• The achievement of cross-alimentation capability of the 3 KV plant 
buses from the exterior supplies ( lines of 220 and 46 KV ) 

• The c. eat ion of two separate trains of internal electrical energy 
distribution ( electrical separation of the 3 KV and 380 V a.c. 
buses. ) 

• The modification of the d.c. supplies, incorporating a second 
battery and new battery chargers assigning redundant chargers 
to different trains,providing electrical separation between both. 

With relation to the Instrumentation and Control systems, the 
incorporated modifications during phase 3A were not substantial changes, 
being fundamentally directed to the Incorporation of the process instru 
mentation and controls of the new systems installed during this phase 
( Ventilation Systems, Oiesel Generator ) and of the improvements in 
existing systems ( ECCS . . ) . 

According ta the information recently sent by the utility to the 
CSN, the scope of the predicted modifications for phase 38 basically 
includes: 

(A) Electrical Systems: 

• Total modification of the vital a.c. supplies ( to vital instrumen 
tation ). The present system with only one bus fed by an inverter 
will be substituted by three buses, fed by three inverters, that 
will allow an independent supply of each instrumentation channel 
(Reactor protection system and Post-accident instrumentation). 

• In addition to the implemented modifications in phase 3A on the 
on-site electrical distribution system, the 3KV and 360 V a.c. 
buses will be split to separate safety and non-safety loads and 
physical separation of redundant components will be achieved. 

• Further improvements of d.c. power supplies through the subst'tu 
tion of the old batteries by other new ones that fulfil current 
criteria, the incorporation of two new chargers, and the separation 
between safety and non-safety loads. 

(B) Instrumentation and Control: 
• Incorporation, in the reactor protection system, of three new 

cabinets of process intrumentation corresponding to the different 
channels of the Reactor protection system, including new actuation 
signals of the Engineered Safeguards Systems. 

• Substitution of the Engineered Safeguards Initiation System cabinets 
by two new cabinets of redundant relays that incorporate the actuation 
logic of both existing and new systems. 

• Post-accident information system. 

The methodology used to review these backfits starts with the comparison 
of the present design against current criteria. Once t*ie deviations are 
identified with respecto to the said criteria, the following alternatives 
are considered: 

- The deviation does not have Impact on safety. No action 1s 
required. 

- The deviation nay be offset by modification of procedures or 
enlarging the inspection program. No physical irodifications 
are required. 

- Physical modifications are required. 

The selection of one of the above alternatives is based on engineering 
judgement, taking in to account factors like the restrictions of the original 
design, the operational experience, the homogeneity of the modifications as 
a whole... etc. This judgement is the most difficult task of the regulate y 
body. 

Although during phase 3A electrical systems have been substantially 
improved there are some aspects that will require further review in phase 
3B, for Instance: 

• The clear identification of components required to mitigate accident 
conditions and to achieve the safe shutdown of the plant, in order 
to provide them with adequate electrical power supplies. 



• The Interaction between the normal and emergency electrical supplies 
when they feed safety and non-safety loads during normal operation, 
and how the transference is achieved in emergency conditions. 

• Safe shutdown capability. Physical separation of electrical equip 
aent, cable trays containning redundant cables..etc. 

In relation to ISC Systems phase 3A did not include substantial changes. 
Ue have not received a detailed proposal for phase 3B yet. 

During phase 3A we only supervised the modifications incorporated into 
the plant since the permit to proceed with the modification was granted 
based on a conceptual report that did not establish the detailed modifications 
to implement in phases 3A and 3B. The review of phase 3A has - ?<>n a difficult 
task because: 

• There was a lack of specific criteria to be met. 
• It was difficult to have and integrated view of the modifications 

since what we knew of phase 3B was very preliminar and conceptual. 
• The information provided to the CSN staff kept changing continuously. 
• There was not clearly stated logic in the selection of the modifica 

tions from an accident analysis point of view. 
The area where our contribution to plant safety has been more impoir 

taut was the preoperational tests of the new or improved systems, among 
them: 

• The testing of the emergency power supply systems ( Zorita Hydro!ic 
Station and the Diesel Generator ) 

• The automatic transfer among different sources of electrical 
power ( normal, crossed, Zorita hydraulic and O.G.I 

« The testing of the new batteries and battery-chargers. 
• The verification of electrical separation between trains. 

It is expected that phase 3B will provide a comprehensive, well 
documented and integrated basis to allow the CSN staff a thorough 
review of the final situation of the plant from a safety point of 
view. Meanwhile there is no doubt that the modifications of phase 3A 
have substantially improved the safety of the plant. 
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3. 8ACKFITS AT SANTA MARIA DE GARONA. 

Santa Maria de Garoria Nuclear Power Plant , hereafter SMG NPP, is 
a General Electric Boiling Water Reactor, BUR/3 with a Mark I containment 
that started commercial operation in 1971. 

Throughout the years some important modifications have been imple 
mented, among them: 

• A new offgas system was installed. (1.975) 
• Three new safety/relief valves and one safety valve were installed 

to increase the pressure relieving capacity. (1975-76) 
• Many piping-vessel safe-ends were replaced.(1974,77,80) 
• The recirculation discharge valve by—pass line was removed.(1.980) 
• New fire detection equipment was installed (1.979) 
• The Scram Discharge Volumen (SOV) was modified following the 

requirements of NRC J4E Bulletin 80-17, Including new SDV water 
level sensors, modification of SDV vents and drains, new SDV vent 
and drain valves closure time, surveillance requirements ..etc. 

• Five jet-pump beams were replaced (1.979,82) 
• Fuel pool capacity was increased (1.982) 
• New suppression pool supports were installed to sustain dinamic 

loads (1.982) 
• Following TMI lessons learned and action plan many modifications 
were implemented, including: new valve position indication system, 
new post-accident sampling station, accident monitoring instrumenta 
tion, new emergency support centers..etc. 

In many instances instead of physical modifications being implemented 
changes in technical specifications or procedures were. However since the 
plant had not undergone a comprehensive review, in February 19B2 the Consejo 
de Seguridad Nuclear required the utility to start a mayor review, clasifying 
the topics to deal with,in 3 cathegories: 

A. Those topics that have already been implemented in U.S. operating 
plants similar to SMG NPP. 

B. Those topics that require modifications already identified but 
still not implemented. 



C. Those topics requiring further review. 

In October 1982 the utility proposed to perform the review within 
four years, giving priority to items already started. 

In July 1983 the CSN required the performance of the review according 
to the following scope and schedule: 

(1) Actions to be performed before the XII cycle of operation. 

• To complete the work in topics previously identified. 
• To improve electrical panels anchorage. 
• To by-pass or justify MOVs thermal overload protection. 
• To improve Reactor Coolant System Leak Detection. 
• To review and define modifications to improve safe shutdown 

capability. 
• To perform battery discharge tests. 
• To improve battery room ventilation and battery protection. 
• To protect water intake equipment form pipe ruptures. 
• To complete supports installation of Safety and Relief valve dis_ 
charge pipings. 

• To improve control room haoitability. 

• To prepare a report discussing the operational experience of the 
plant from March 1971 to August 1983. 

• To propose the scope and procedures to perform a Probabilistic Risk 
Assessment (Level One) to have further arguments regarding the need 
of the modifications to be implemented during the refueling outage 
previous to Cyc'e XIII. 

(2) Actions to be performed before the 30th of June 1984. 

• To complete the work in topics previously identified. 
• To update emergency procedures acording to GE Technical Guidelines. 
• To prepare Safety Evaluation Reports (SARs) regarding: Hydrologic 
description of the site, Classification of Structures, Components 
and Systems ( Seisiric and Quality ), Wind Loadings, Turbine Missiles, 
Piping and Safe-enlIntegrity, Residual Heat Removal System Reliability, 
Residual Heat Removal System (RHR) Heat Exchanger Tube Failures, 

Requirements for Isolation of High-- and Low-pressure Systems, RHR 
System Interlock Requirements, Containment Isolation System, 
Containment Leak Testing, Emergency Lore Cooling Systan (£CCS) 
Actuation System, Testing of Reactor Trip System and Engineered 
Safety Features...etc. 

(3) Actions to be performed during the refueling outage before Cycle X u l . 

• To complete the work in the topics previously identified. 
• To install the modifications resulting from the control room 
design review, and related to the Safety Information Oi'olay 
System. 

• To prepare Safety Evaluation Reports regarding: Flooding potential 
and protection requirements, Ultimate Heat Sink requirements, lnter_ 
nally generated Missiles, Effects of Pipe Breaks on Structures 
Systems and Components Inside Containment, Seismic Design Conside 
rations, Appendix K-Electrical Instrumentation and Control Re-reviews, 
Isolation of Reactor Protection System from Nonsafety Systems 
Including Qualification of Isolation Devices, Electrical Penetrations 
of Reactor Containment, Review of Several Accident Analysis ..etc. 

• To complete the studies regarding Environmental Qualification of 
Safety Equipment. 

• to complete the modifications regarding the Mark I torus. 
t To update the Technical Specifications according to the General 

Electric Standard Technical Specifications. 
The approach used by the CSN staff to review and approve backfits is 

basically taken from that established by the U.S. Nuclear Regulatory 
Commission (NRC) Systematic Evaluation Program (SEP), and is as follows: 

(1) The topic is identified, on its own merits or based on the identification 
in other countries, mainly the U.S. 

(2) The utility prepares a SAR, analyzing the present design against 
current regulatory criteria. In this regard, it is important to say 
that due to a lack of national criteria, the criteria of the country 
of origen of the reactor are used. Therefore, for reactors like SMG 
NPP coming from the U.S., the NRC rules, regulations, guides and Stan 
dards are applicable. 



(3) In those cases were deviations a<-e found, a judgement of the safety 
inportance is necessary. Apart from qualitative criteria, in the review 
of SMG NPP, Probabilistic Ris;. Assessment (PRA> will be used to judc,e 
the merits of the possible backfits, as is discussed later. Due to 
establishes schedules it is very difficult to consider all the back 
fitting decisions *" »o integrated way. 

(4) Once the decision regarding the need of an specific backfit is reached, 
the utility proposes a design modification. 

(5) The design modification is reviewed and a certain design is agreed 
upon. On many ocasions, due to the rush to restart the plant as soon 
as posible, the utility as well as a final design has most of the new 
components before approval by the Consejo de Seguridad Nuclear(CSN) is 
grantea. 

(6) The implementation of the modification and any testing required is 
supervised by the CSN staff. Normally the technical reviewers are 
supposed to follow the problems from begining to end, covering all the 
assessment and inspection aspects. A great deal of effort is spent, 
reviewing testing procedures and supervising the tests to assure 
that their scope, acceptance criteria and execution are adequate. 

Since the goal of this paper is the description of the CSN staff 
experience working on backfits in old plants, we will go through one 
of the topics, as an example, analyzing the problems encountered in each 
step of the process described above. 

At SMG NPP the Reactor Coolant Pressure Boundary (RCPB) Leak 
Detection System ( in case of leaks to the contaiment ) consisted of: 

— Level and discharge flow measurements in floor and equipment 
drain sumps. 

— Monitoring of the condensate flow rate from air coolers. 
— Monitoring of airborne gaseous and particulate radioactivity, 

(using the Post-Accident-Sanpling Station) 

The need to review this topic against current criteria was identified 
by the U.S. NRC SEP, therefore the utility was asked to prepare a SAR and 
to propose the modifications deemed necessary. 
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The current acceptable characteristics of the RCPB Leakage Detection 
System are set up in Regulatory Guide 1.46 and are shown in Table 1 comparing 
them with the SMG NPP system characteristics. Due to the plant age there are 
many deficiencies, however, not all of them are worth being corrected. 
Bearing in minu ..nat current criteria are established to be used in the 
plants design stage, they ~e too prescriptive for backfitting. 

Since the schedule of the program covers several years, and the 
decision was taken to review and complete the actions in many topics before 
completing all the reviews, the following modifications were proposed by 
the utility. 



Table 1 

OETECTION METHODS THAT SHOULD BE 
EMPLOYED. (R.G. 1.45) 

SUMP LEVEL AND FLOW MONITORING. 
& 
AIRBORNE PARTICULATE RADIOACTIVITY 
MONITORING. 

MONITORING OF CONDENSATE FLOW RATE 
FROM AIR COOLERS 
or 
MONITORING OF AIRBORNE GASEOUS 
RADIOACTIVITY 

SENSITIVITY AND SEISM1CALLY ON-LINE 
EXISTING METHODS RESPONSE TIME QUALIFIED (SSE) (2) FUNCT. TESTING 

SMG NPP R.G.1.45 SMG. R.G.1.45 SMG. R.G.1.45 SMG. 

Yes. 1 gpm 
1 hour 

1 gpin 
2 hours 

OBE< 3 ) ? yes yes 

Y e s ( 1 ) 1 gpni 
1 hour >8 hours 

. Yes No yes yes 

Yes 1 gpin 
1 hour 

1 gpin 
J hour 

OBE No yes no 

Yes"* 1 gpm 
1 hour >8 hours 

OBE No yes yjs 

(1) PASS. Post Accident Sampling Station 
(2) SSE. Safe Shutdown Earthquake 
(3) OBE. Operating Basis Earthquake 



- A decrease in the level span between start and stop of the sump 
pumps together with the installation of a timer to measure time 
between starts and an alarm actuated when measured leak rate is 
more than ) gpu m the last hour. 

- The redesign of the pipe collecting air i-uolers condensate to 
assure that it will remain functional when subject to the Safe 
Shutdown Earthquake. 

Here the problem of integration appears. Dealing with backfitting 
schedules, there are two possible approaches: (1) to perform the review 
and implementation topic by topic, (2) to perform all the reviews first, 
deciding in an integrated way,at the end,about all the backfits that may 
be necessary. The first approach has the advantage that the plant impro 
veneres are achieved early in tine, but makes any integration effort 
almost inposible. In the RCP8 leakage detection system example, it was 
decided that a sensitivity of 1 gpn in one hour was enough, however, 
the review of the pipe break inside containment topic, scheduled for 
a later stage, will probably lead to an increase in sensitivity , and 
therefore new modifications in the same system. Based on our experience 
to date, it appears that the best approach is the one used by the NRC 
in its SEP,leaving the integrated assessment of all topic deviations 
to the end except when the deviations Are so important that require 
imediate action. 

Since the resolution of the RCP8 leakage detection system topic 
was required to permit tne startup of the plant after the 1983 refueling 
outage, the utility rushed to decide about the modifications, their final 
design, the aquisition of new equipment, and even the implementation before 
the CSN staff had the oporLunity to review the SAR. This situation may 
cause the utility substantial economical losses in case the regulatory 
body considers later on that the proposed modifications are unaceptable. 
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Moreover, it imposes a similar rush in the regulatory body to review the 
SAR, supervise the installation, review the testing procedures, attend 
the test execution, and assure that adequate operational procedures exist. 
It is difficult to perform such an aumount of work carefully. However, the 
fact that the utility has done everything quickly makes a thorough review 
by the regulatory body staff to assure correctness very important. Another 
drawback of short schedules is that the CSN staff spent considerable tune 
and effort reviewing preliminary information that later on, was substantially 
changed. 

The utility proposal was accepted by the CSN staff wro performed 
an inspection to assure correct implementation and to attend the pre-opera 
tional testing of the modification. 

At any rate the most important thing, the gist of any backfitting 
decision is the understanding of the safety importance of the modification. 
Both scope and schedule of the modifications should be based on a 
comprehensive analysis of the importance of the proposed modifications 
for the sar'ety of the plant. The use of appropriate metnods to jujge 
that importance is esential to achieve cost ef:tive backfitting 
decisions. The tool used, is normally engineering judgement. However, in 
the case of SMG NPP the CSN has required the performance of a Level 1 
PRA to have additional basis for decisions before most of t e backfittings 
are implemented. The scope of the PRA will be a level 1 as defined in 
NUREG-2.300 "PRA procedures guide". The study is aimed to determine the 
most significant contributors to the "risk" of the plant, not to obtain 
bottom line numbers. The licensee must participate actively in the 
execution of the study involving personnel directly related with the 
plant operations. In this way the »tudy will gain in accuracy and the 
personnel will improve his knowledge of the strengths and weaknesses of 
the plant. 



4. CONCLUSIONS 
Based on our experience torking on backfits of the two oldest plants 

in Spain, we believe that: 
(1) Reaching backfitting decisions is one of the most difficult tasks 

being performed by a regulatory body. 
(2) Any backfitting decision should be preceded by a thorough review of 

the safety importance of the situation the backfit is aimed to correct. 
(3) Backfitting decisions should be reached in an integrated way. A complete 

review of the plant should be performed to put each backfit in 
perspective. PRA may be a useful tool to achieve it. 

(4) Except when there is an inmediate need of corrective actions backfitting 
schedules should be long enough to allow appropriate review by all 
involved parties. 


