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FOREWORD

A little over four years have now elapsed since the occurence of the

nuclear incident on March 29, 1979 at the Three Mile Island (IKI)-Unit 2

nuclear power plant in Harrisburg, Pennsylvania, U .S .A. The incident has had

implications in the nuclear power industry not only in the U . S . A but also

worldwide. Various review groups have been formed in the af termath of the

incident to s tudy its causes, identify lessons to be learned and draw up

recommendations for improving the level of safety of nuclear power plants.

Most of the post TMI-related actions taken by countries with nuclear

power programmes are already underway although several more years will

elapse before others can be ful ly implemented. In order to assess the

progress worldwide in the implementation of the TMI lessons learned, the

International Atomic Energy Agency (IAEA) deemed it timely and appropriate

to convene a Technical Committee in its headquarters in Vienna

from 18 to 22 October 1982. Specific experiences, diff icult ies encountered

and future action plans were discussed during the meeting. The participants

in the meeting came from Belgium, Brazil, Czechoslovakia, Rn land , Germany

( F . R . ) , Hungary, Korea (Rep. o f ) , Mexico, Philippines, Spain, Yugoslavia,

and the Commission of the European Communities (CEC). It should also be

mentioned that prior to the Technical Committee meeting, a Working Group

composed of experts from Brazil , Philippines, U.S .A. and the IAEA

Secretariat, prepared a working document on the subject . Another Working

Group met immediately following the Technical Committee in order to revise

the draf t on the basis of the results of the meeting.



Comments of Member States with nuclear power programmes were then solicited

on the revised document since it contained information from other countries

and organizations which were neither represented in the Working Group nor in

the Technical Committee. This latter group includes Canada, France, Italy,

Japan, Netherlands, Sweden, Switzerland, U . K . , U.S .S .E. , the Organization

for Economic Cooperation and Development/Nuclear Energy Agency, and the

World Health Organization.

This document consists of two parts and an Appendix. Part I provides

a summary of worldwide experiences and subsequent recommendations regarding

the implementation of the lessons learned. Part II gives in a summarj'

fashion, specific responses and actions of the mentioned countries and

international organizations as categorized into ten (10) subject areas. The

Appendix, on the other hand, contains examples of the experiences of Brazil,

Germany (F. R. ), Hungary, and the Philippines, on the implementation of TMI

lessons learned.

This document should be useful to countries with nuclear power

development programmes in that it provides a means for comparison of their

actions with others. For countries which are embarking on their first

nuclear power project , the document should provide a useful reference for

specific TMI-related issues that need to be considered in their nuclear

programmes •



PART I - SIMMARY OF WORLIWIDE EXPERIENCES AND RECOMMENDATIONS OS

IMPLEMENTATION CF TMI LESSONS LEARNED

CHAPTER 1 - INTRODUCTION

The incident at TMI and the related fol lowup activities had a

significant impact in the reactor safety field throughout the wor ld . Several

aspects of these activities identified weaknesses in the programmes for

assuring reactor safety. Based on an evaluation of the responses to the

event throughout the wor ld , certain areas were highlighted where

improvements could be mace to enhance reactor safety. These areas, which are

presented in no specific o rder , include :

1. Licensing and regulation of nuclear power plants

2. Plant design

3. Conduct of operations

4. Operator qualification and training

5. Feedback of operating experience from other plants

6. finergency planning and preparedness

7. Man-machine interaction

8. Probabilistic risk assessment methodology

0. Safety research and studies

10. International cooperation.

The status of actions taken worldwide in each of these areas is

summarized in Chapter 2. Chapter 3 provides some conclusions and

recommendations, based on the experiences gained by several countries in

developing and carrying out post-TMI action plans. Most of these

recommendations are being implemented worldwide.



Some of the problems identif ied by the TMI incident required

engineering solutions which were not readly available, such as the need for

water level indication in WR pressure vessels. Investigations and studies

are still underway for appropriate solutions.

Along with the above definit ive actions that have occurred, there

have been other, less evident , but nonetheless important changes in the

approach to reactor safe ty . The benefits from these changes are not readily

quant i f iable but they should result in improved reactor safety. These

include the following :

1. Utili ty management has become more aware of the overall

importance of reactor safety . They recognize the economic incentives

of a sa fe plant. A plant that is well designed and operated will not

only be more reliable but it is less likely to have major safe ty

problems which could result in long plant unavailability. Other

unplanned outages of the plant could also be minimized. There is also

greater awareness that improved sa fe ty goes beyond merely complying

with regulatory requirements.

2. There has been a sh i f t in emphasis on safe ty from construction

to operational activities. This is due in part to the current

economic situation but also to the recognition that the operating

nuclear power plants pose a greater potential nuclear safety hazard

than those under construction. Consequently they need to be more

carefully nonitorec and regulated.

3. The potential adverse ef fec ts of equipment considered

non-safety related on those which are s a fe ty related are being more

carefully considered. Tne concern that non-safety related equipment
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could cause, contribute to or worsen an accident is being factored

into design reviews. This awareness by designers and reviewers should

contribute to improvements in reactor safety.

A change has also been noted in the approach to the scheduling for

compliance with regulatory requirements resulting from the incident. The

initial approach was to have fixed dates established by the authorities.

However, in view of unforeseen delays in equipment development, equipment

qualification, studies, e tc . , it was necessary to revise previous schedules.

At present, authorities have shown greater flexibility and implementation

schedules are discussed on a case-by-case basis. Also, as far as

practicable, consideration is given to scheduling hardware modifications

during plant refuelling outages- This subject of scheduling, however, is not

specifically covered in this report.

Since the investigation into the incident continues with the

decontamination and recovery activities at the TMI-2 un i t , there exists more

valuable informat ion to be obtained and analyzed. It will be prudent ,

therefore, to continue monitoring these developments wi th a view of

benefitt ing from further lessons to be learned.



CHAPTER 2 SIMMARY STATUS OF WORLDWIDE IMPLEMENTATION OF TMI LESSONS

LEAPNED

A summary of the general responses and actions taken worldwide with

respect to the lessons learned in the 10 subject areas mentioned earlier are

discussed below. Country-specific actions in these areas are presented in a

summary fashion in Part II of this document .

2.1 LICENSING AND REGULATION

M o s t of the countries have reported that TKI did not cause a major

change in i ts • regulatory approach or in the licensing process itself as a

direct outcome of the TMI inc ident . The evaluation of the lessons learned

were transformed into more or less detailed requirements or regulations

depending on individual countries. Additional studies and analyses were

requested from the licensees and new reporting requirements for operational

data were established. To evaluate the responses to these requirements, new

groups also had to be established in the regulatory bodies such as, groups

to analyse human f ac to r s and operational data. A few regulatory bodies have

also established the policy of maintaining at least one resident inspector

at each nuclear power plant site.

2.2 PLANT DESIGN

The evaluation conducted in several countries of their plants with

respect to the TMI incident i d e n t i f i e d several design deficiencies which

prompted requirements for addi t ions or modif ica t ions in :
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1. Instrumentation for accident diagnosis and monitoring ; and

2. The m o d e of operation of safe ty systems.

Examples of the f i rs t kind include subcooling mete r s , auxiliary

feedwater f lowmeters , valve position indicators, and high range

thermocouples. On the other hand, modif icat ions on safe ty systems operation

include actuat ion of safety injection based only on low pressurizer

pressure, automatic initiation of the auxiliary feedwater system and new

containment isolation criteria. Beyond these, the fac t that an accident

occured with consequences to the plant worse than anticipated through

previous analyses, showed the necessity of additional equipment to mit igate

the consequences of and to recover from more severe accidents. This applies

in the case, for example, of hydrogen reconbiners and high point vents, high

radiation monitoring and/or radioactive material sampling systems, and

additional shielding for support equipment . New fac i l i t ies , to bet ter manage

emergency situations also had to be established in operating plants and will

be designed into new plants. Examples of these facilities are the technical

support centre and the emergency control centre.

2.3 OONCUCT OF OPERATIONS

An enhancement of the safety aspects of operation activities has

been achieved either through the creation of new s ta f f posi t ions/ review

groups or a better defini t ion of responsibilities of existing ones.

Administration of operation activities has also been reviewed to improve

sa fe ty through the development or modi f i ca t ion of turnover procedures and

control room access, s taf f ing , working hours controls, etc.
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Plant emergency operation procedures have been reviewed in the light

of the problems observed during the IM I incident, in proved diagnosis

procedures have been developed and special instructions about the operation

of safe ty equipment have been provided. Special attention has been given to

establishing natural circulation and recognizing that it has been achieved,

and to other alternative core cooling methods (e.g. feed and bleed).

Maintenance and test procedures have also been carefully reviewed,

especially wi th respect to the removal of safety-related equipment for

service and assuring proper reestablishment of system operational status at

the end of the activity.

2.4 QUALIFICATION AND TRAINING OF OPERATORS

Surveys conducted af te r the IK I incident on initial qualification for

selection of operators showed varjTing requirements from country to country.

Evaluation of this s i tuat ion is still underway, and possible solutions can

be or have been a d o p t e d , such as requiring an engineering degree for the

sh i f t supervisor and the use of psychological testing.

A common conclusion was that there should be people in the control

roora who are better prepared to analyse unforeseen situations. This has been

accomplished through addit ional training of existing personnel or

establishing a s tandby group/person. Also, more stringent requirements have

been imposed in the examination of plant personnel who need to be licensed.
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The use of simulators on retraining has been greatly emphasized ;

their number is increasing and their capabilities are being expanded.

2.5 REVIEW AND FEEDBACK OF OPERATIONAL EXPERIENCE

Systems have been established or improved to collect, evaluate and

disseminate operational data. The Institute for Nuclear Power

Operation s/Nuclear Safety Analysis Centre (INPO/NSAC) is a typical example

but other national systems have also been established. International effor ts

have been also made in this f i e ld , for example, by the Organization for

Economic Co-operation and Development/Nuclear Energy Agency (OFCD/NEA) ,

Commission of the European Communities (CEC) and the IAEA. Owners groups,

already existing before the TMI inc iden t , have gained increased importance.

There have been strong ef for t s to ensure that the information

gathered and evaluated are taken into consideration in plant operations,

plant design (whether under construction or in operation) and in the

training and retraining of operators.

Licensing authorities have also established groups to review

operational experiences and take these experiences into consideration in the

licensing process, whenever necessary.

2.6 EMERGENCY PLANNING AND PREPAREDNESS

In most countries, emergency plans have been reviewed and , in many

cases, m o d i f i e d both on-site and off-si te . On-site, new facilities have been

established to better manage emergency situations. MinimuŒ equipment

requirements have been specified, and new and more sophisticated equipment

are under development. Engineering capability within the plant or on short

not ice is now available to help manage a crisis.
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With respect to off-site emergency planning, the situation can vary

greatly depending on the particular structure for emergency response in each

country. There has been a definite move towards the integration of emergency

plans under a well defined leading organization, sometimes even with the

modification of the existing structure. There has also been a defini te move

towards an expansion of the region to be considered in planning and , in some

cases, this has led to the need for coordination with authorities of

neighboring countries.

The link between on-site and off-s i te plans has been improved, for

instance through more precise notification requirements and better

communications systems.

2.7 MAN-MACHINE INTERACTION

Review of control room with respect to man-machine interaction has

been carried out in many plants. Because this aspect had not been considered

in a systematic way in the design and evaluation of nuclear power plants, no

specific guidance existed for these evaluations, and the extent of

modif ica t ions varied from plant to plant . Standards are now under

development and new groups are being established both in the

designer/operator 's side as well as in the regulatory bodies.

2.8 PROBABILISTIC RISK ASSESSMENT

Probabilistic Risk Assessment (PRA) , a technique which was under

increasing use even before the TKI incident , has been employed in the

analysis of systems and systems modi f i ca t ions , such as in the case of

auxiliary feedwater system. In some special cases (e.g. Zion, Indian Point,

l imer ick) , plant analysis has beer performed using PRA methodology in order

to support licensing decisions.
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The PRA methodology itself has undergone some changes after the TMI

incident, such as increased importance given to the role of the operator and

new considerations relative to emergency planning (e.g. evacuation).

2.9 SAFETY RESEARCH AND STUDIES

Several studies have been and are being carried out as a direct

result of the TMI incident in a number areas such as accident and post

accident behaviour of systems and components (e.g. valve testing, hydrogen

generation) ; degraded core condition (e.g. core catchers) ; human factors

engineering (e.g. performance under stress).

Some others s tudies , already under development before the incident ,

had been reoriented such as the shift from large breaks LOCA to small breaks

in both experimental and code development areas.

In order to establish priorities in the areas of reactor safe ty ,

several studies are underway in areas such as evaluation of PRA methodology ,

cost /benefi t analysis, quantif icat ion of safety goals and public perception

of ri s k .

2.10 INTERNATIONAL COOPERATION

The exchange of operational experience in an international basis has

had a significant increase due to the 1MI incident. Bilateral agreements

have been implemented and an international system has been established by

OECD/KEA. Another system, involving the parti ci patior. of £ larger number of

countries is under development by the IAEA.

The same increase in exchange of informat ion vas also noted ir. the

area of safe ty research through organizations such as OECD/NEA, CEC, Council
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of Mutual Economic Assistance ( C M E A ) and IAEA. The World Health Organization

(WHO) is coordinating a system to collect and evaluate data on

radiopathology.

Provisions for rendering emergency assistance in an international

basis are being established through IAEA and WHO.

The standards development programme of the IAEA (NUSS) and other

organizations has not been fundamentally changed, but some guides have been

reviewed and modi f ied as in the case of the guides on emergency planning.

International cooperation on the decontamination and recovery of the

TJÎI-2 nuclear power plant has been requested by the U .S .A . and is being

considered by many countries and organizations.
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CHAPTER 3 CONCLUSIONS AND RECOMMENDATIONS

The TMI incident has shown that although no fundamental change in the

general approach to nuclear power plant safety was necessary, several

improvements are being be made in the areas of licensing, design and

operation. Based on the experience gained in the implementation of these

improvements, several recommendations could be made.

3.1. LICENSING AKT REGULATION

The review of the design, construction and operation of a nuclear

power plant by an independent body (e.g. a regulatory body) has been a

characteristic of the commercial nuclear industry since its beginning. As a

consequence of the TOI incident , several new aspects have been identif ied

which require additional evaluation by the appropriate designer, constructor

or operator as well as the regulatory body. In this regard, the current

regulations and licensing procedures should be reviewed for the purpose of

determining possible changes that need to be made to accommodate

requirements derived from these new aspects.

3.2. PLANT DESIGN

A basic philosoph3r in the design of nuclear power plants is the

defense-in-depth concept (prevention, protection and mit igat ion) . Although

the 1MI incident reaff irmed the validity of this approach, the event did

iden t i fy design areas that could be improved in all plants. For operating

plants and those under construction, an analysis should be conducted to

determine the need for modif ica t ions of or addi t ions to the instrumentation,
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equipment and support facilities which are necessary to prevent, diagnose
and monitor an accident, mitigate its consequences and aid in the long term

recovery actions. At the prevention level, steps should be taken to improve

reliability of the-equipment and to provide better instrumentation. At the
protection level, one should assure core coolability in all circumstances.
Bnphasis should be placed on an accurate knowledge of the plant status at

any time. This may also require additional instrumentation and displays. At
the mitigation level, it should be verified that essential equipment and
instrumentation needed during the course of and after an accident have been
qualified for accident conditions. Improved solutions to these matters

should be included for those plants still under design.

3.3. CD NDUCT 0 F 0PERATIO NS

It is recognized that the organization and the available tools (e.g.

procedures, rules, etc.) which govern the conduct of operations have an
influence on reactor operator performance. The organizational structure

should enphasize plant safety without sacrificing operational effectiveness.

This concept should also be reflected in the definition of staff and shift

personnel duties and responsibilities. Procedures and/or rules should be

established to specify, among others, shift personnel requirements, control
room access, shift and relief turnover, working hours, maintenance

activities. Procedures should be adequate and written in such a manner as to

prevent misinterpretation by the operators.

3.4. QUALIFICATION AND TRAINING OF OPERATORS

The ÏMÏ incident has emphasized the key role of the reactor operators

in ensuring overall plant safety. As such, their selection and training

should be given careful attention, well in advance of plant operations.
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Basic criteria should be established for qualification, training and

licensing/authorization of operators. The)' should have sufficient ability to

diagnose and respond to off-normal events, including those which have not

been specifically covered by their training programmes or the operating

procedures. Provisions should be made to ensure that operators maintain

their skills and knowledge through retraining programmes. In the training

and retraining of operators the use of simulators is strongly recommended

since they have proven to be effect ive.

3.5. RES'IE» AND FEEDBACK OF OPERATIONAL EXPERIENCE

An important finding after the TMI incident was that previous similar

events had occurred but their potential significance had not been recognized

and adequate ly acted upon. Therefore, enhanced systems for collection,

evaluation and dissemination of operating experience should be provided.

Provisions should be m a d e to assure that this information is made available

and reviewed at each facility and that appropriate issues are reflected in

the plant design and/or included in the operating procedures and training

programme. Significant findings should be considered in the design,

licensing and regulation of other facilit ies. The exchange of appropriate

data on a bilateral or international basis is also recommended.

3.8. PROBABILISTIC RISK ASSESSMENT

Probabilistic risk assessment techniques are recognized as a useful

tool which gained increasing importance after the TMI incident. Its use in

plant analysis can help iden t i fy critical systems or operations requiring

improved reliability. Analysis of a specific critical system or operation

would help in the decision-making process for possible al ternat ive

solutions. The quant i ta t ive results obtained from conprehensive plant
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analysis should still be regarded with caution because of the large

uncertainties involved. However, the continued development of PRA techniques

is encouraged. Its expanded use in the licensing process should continue to

be investigated. The use of PRA techniques to analyze operating experience

and ident i fy precursors to more severe events should also continue to be

developed .

3.9. SAFETY RESEARCH AND STUDIES

The incident at TMI identif ied several areas for additional research

and studies in nuclear sa fe ty , all of which are now underway. It is

recommended that not only should these studies continue but others which may

be d ic ta ted by further operational experience should be conducted. An

increased and more open exchange of information among researchers is also

recommended in order to improve the overall level of nuclear safety.

An important outcome from the conduct of safety research should be

the implementation of new and/or advanced knowledge into the design and

operation of new and existing plants.

3.6. EMERGENCY PLANNING AND PREPAREDNESS

The TMI incident also identified the need for improved emergency

planning and preparedness. An integrated emergency plan should be developed

and implemented before plant operations. The plan should clearly specify the

leading organization and roles of local and national authorities (and

neighboring countries, where appropr ia te) . Emergency exercises should be

periodically conducted. On-site, su f f i c i en t engineering support should be

available at short notice and there should be available centralized
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facilities and equipment, including adequate communications capabilities.

Off-s i te technical support should be available shortly after an event.

Regulatory authorities should also be prepared to provide increased

response to an emergency situation.

3.7. MAN-MACHINE INTERACT K) N

The response to the TMI incident emphasized the need to have a

control room from which the operators could safely and e f f ic ien t ly control

the plant under all conditions. Control rooms in operating plants and those

under construction should be subjected to human factors (ergonomics)

evaluation by qualified experts and those modi f ica t ions that significantly

improve reactor safety should be made. For those plants being designed,

ergonomics should be a part of the design and safety evaluation

considerations, including control room layout, panel accessibility,

information display, etc. Furthermore, serious consideration should be given

to the use of dedicated panels to supply information and trends on

parameters absolutely necessary to maintain the plant in a safe condition.

3.10. INTERNATIONAL COOPERATION

The TMI incident has demonstrated that a nuclear incident in one

country may have international implications. The exchange of safety-related

operational data along with safety and research information should be

enhanced through international cooperation. Provisions for rendering

assis tance in case of a nuclear emergency should also be established.

The evaluation and formulation of appropriate responses to the

lessons learned from the TMI incident requires addit ional resources and
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studies by all countries with nuclear power programmes. In this regard,
additional technical assistance for developing countries from IAEA may be

needed. This assistance should take the form of information exchange
(meetings, symposia and seminars) on appropriate nuclear safety topics and

the conduct of missions and expert assignments.

The decontamination and recovery of the IM 1-2 nuclear power plant is

recognized as a potential source of nuclear safety information which should
be valuable to all countries with nuclear power programmes.



PART II SPECIFIC ACTIONS OF COUNTRIES AND INTERNATIONAL ORGANIZATIONS

A summarj' description is presented below of the specific actions

taken by countries with nuclear power programmes in each of the 10 areas

ident i f ied in Part I. In addit ion, the impact of the TMI incident on the

programmes of d i f ferent international organizations are discussed under the

subject area of International Cooperation. The sources for these informat ion

are also indicated either for each counts/organization or for each action

taken.

Following the discussion in each specific area, a listing is

presented of the safety issues which were considered by the d i f ferent

countries and/or international organizations in analyzing the implications

of and in developing their responses to the TMI incident.

Information on the following 21 countries and k international

organizations are presented : Belgium, Brazil, Canada, Czechoslovakia,

Finland, France, Germany ( F . F . ) » Hungary, I taly, Japan, Korea (Rep. o f ) ,

Mexico, Netherlands, Philippines, .Spain, Sweden, Switzerland, United

Kingdom, U . S . A . , U . S . S . F , Yugoslavia ; and IAEA, OECD/NEA, CEC, WHO.

1. LICENSING ANC REGULATION

BELGIUM [BG-4]

a. A reorganization of governmental bodies concerned with nuclear

safe ty has taken place. A new interdepartmental commission on nuclear
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safety has been established for the coordination of governmental

activities in the field. Two new specialized departments have been

created, i .e . , the Department of Technical Safety of Nuclear

Installations in the Ministry of Labour and the Department for

Protection Against Ionizing Radiation in the Ministry of Public

Health. They are working in cooperation with other existing

departments.

b. In the weeks after the TMI incident and , as soon as reliable

informat ion about TMI became available, the adequacy of the Belgian

nuclear power plants in operation were investigated. The utilities

were asked to follow the recommendations of the USNRC Inspection and

Enforcement (I & E) bulletins for Westinghouse plants , the NUREG-0578

(TMI-2 Short Term Recommendations) including comments of the Advisory

Committee on Reactor Safeguards (ACRS) and USNP.C Nuclear Reactor

Regulation ( N R R ) , and some specific i tems.

c. As more time was available, the 4 plants under construction

were required to follow the recommendations of NUREG-0737

(Clarification of 1MI Action Plan Requirements) and accompanying

NUREG reports, and to take into account Revision 2 of the USNRC

Regulatory Guide 1.97 (Instrumentation for Light Water-Cooled Nuclear

Power Plants to Assess Plant and Environs Conditions During and

Following ar. Accident) .

ERAZIL [BR-1]

E. No fundamental modif ica t ions were m a d e on the regulatory

process .
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b. The National Nuclear Energy Commission (CNFN) required the

utility (FURNAS) to review NUREG-0578 and NUREG-0737 and submit its

comments on the reports.

c. New regulations on reporting requirements for licensees were

established by CNEN.

CANADA [CN-1]

a. It was stressed that responsibility for reactor safety mus t

rest with the owners and designers of the reactor, and that safety

cannot be achieved by merely meeting regulatory requirements.

b. Attempt is being made to define an appropriate set of

principles to be used in safety analysis of postulated accidents and

in demonstrating that equipment for protection of the public is

reliable.

c. Careful attention will be given in licensing of nuclear plants

of the availability of reliable, effect ive and testable emergency

heat sinks.

d. Licensing document has been prepared which specify appropriate

standards for design, operation and testing of containment systems.

CZECHOSLOVAKIA [CS-1]

a. It has not been found necessary to make any change, adap ta t ion

or supplement in licensing and regulation.



b. It has been found useful , however, to establish the continuing

presence of an inspector at the nuclear power plant.

c. Increased attention is now given to safe ty documentation, to

safety analysis reports and also to quality assurance issues.

FINLAND [FN-3]

a. General review of design criteria has been performed and the

resulting changes in design requirements are set forth in document,

"Safety Criteria for Design of Nuclear Power Plants", published in

December 1982. The most important safety functions will be provided,

including requirements which go beyond the commonly used single

failure criteria. For example, the design criteria for reactor

containment are intended to ensure prevention or delay of the breach

of the reactor containment in the event of a core mel t .

b. All technical requirements resulting from the study of the TMI

incident will be presented by the regulatory body either by

publishing new guides or revising existing ones.

FRANCE

GERMANY, Fed. Pep. of [FP.G-6]

a. In general, the incident at K1-2 has not given rise to a need

to reorganize the existing system for nuclear power plant licensing.

b. The Peactor Safety Commission ( R S K ) , an advisory body of the

Federal Hinister of the Interior on nuclear safety ma t t e r s , issues
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guidelines regarding the safety of the design, construction and

operation of light water reactors. The second edition of the RSK

guidelines for pressurized water reactors, published in January 1979

(two months before the TMI incident) already contained issues which

proved important during the TMI event (e.g. measures to cope with

small leaks).

In the third edition (dated October 1981) the following Mi-related

issues, among others, were included : improvement of the reliability

of the containment isolation, additional electrical drive of the

emergency feedwater pumps, additional capability for high-pressure

injection by taking alternative suction from the sump, measures for

the limitation of the hydrogen concentration after a LDCA, and

additional information for the operators (see ré f . [FPG-6] in the

Appendix).

c. The "Kerntechnischer Ausschuss" ( K T A ) , is a body which develops

nuclear standards and all parties participating in the nuclear

licensing procedure are represented in this organization (see réf .

[FRG-6] in the Appendix). Following the TMI incident, the KTA

conducted a review of its existing standards in order to determine

the possible impact of the lessons learned from the incident. Some of

the results of the review were incorporated into the KTA standards ;

however, a basic change or shift in emphasis in the KTA working

programme did not result.

HUNGARY [HN-1]

a. The system of licensing and regulation has basically not been

a f f e c t e d by the TMI incident. However, its influence has beer, fel t in



the fact that the author!ty : 1) requires further analysis work, in

addition to the accident analysis carried out in the safety analysis
report ; 2) exercises more rigorous control and supervision of
quality assurance ; and 3) imposed more stringent requirements for
training and examination of reactor operators.

ITALY [IT-5]

a. No specific modificat ions were made in the regulatory process.

b. A recent reorganization of the Italian regulatory body

(ENEA/riSP) resulted in the creation of f ive new specific units whose

importance have been confirmed by the 1MI incident. These are :

Human Factors, Operating Experience Evaluation, Probabilistic

l lethods, Severe Accidents - Consequences Evaluation, and Emergency

Planning.

JAPAN

KOREA Rep, of [KR-1]

a. An amendment was made in the original Atomic Energy Law, which

was promulgated in 1958. The original law consisted of 35 articles

and was complemented by the associated Presidential Decree. The

revised Law has 12 chapters and 122 articles. The new law now expands

regulatory control to many areas which were not covered in the past .

b. Tne Atomic Energy Bureau and the Nuclear Kegulatory Bureau were

merged in one u n i t , forming the present Atomic Energy Bureau.
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c. The Nuclear Safety Centre (NSC) has been established within the

Korea Advanced Energy Research Institute (KAERI) to codify the Atomic

Energy Law through regulations, codes and standards. It is also

empowered to evaluate safety analysis reports and inspect and audit

nuclear facilities. In addit ion, NSC conducts examinations for

reactor operators, radioisotope handlers and other radiation workers.

d. The Advisory Committee on Reactor Safety (ACES) was abolished

by the enactment of the new law. An alternative organization to ACFS

has been suggested , most probably to be referred to as Reactor Safety

Review Committee.

MEXI CO [MX-1]

a. The licensing process has not changed due to the TMI incident.

However, the nuclear regulatory organization, Comision Nacional de

Seguridad Nuclear y Salvaguardias (CNSNS) has adopted NUREG-0737 and

has presented this position to Comision Federal de Electricidad

(CEE) . The CNSNS has also imposed the requirements of the revision of

the 10 CER Part 50* in regard to the items which are TMI-related

(e .g . containment inert ing).

With regard to new Regulatory Guides, the CNSNS is discussing

their imposition on a case by case basis with CEE.

* Tit le 1C, U . S . Code of Federal Regulat ions, Part 5C, "Licensing

of Production and Utilization Facilities".
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NETHERLANDS

PHILIPPINES ; [PH-1]

a. As a consequence of TO I lessons learned the procedures for the

licensing and regulation of the Philippine Nuclear Power Plant

(PNPP-1) underwent a minor change, i .e . , a permanent, on-site

regulatory inspection programme was initiated.

SPAIN [SP-3]

a. The basic defense in-depth criterion is maintained in the

licensing process and no significant change was considered necessary.

However, the technical s t a f f of the regulatory organization followed

closely the USNRC actions and the resulting requirements for the U .S .

domestic plants. The rationale for this approach is the fact that the

reference plant concept in licensing is applied and the U.S .A. is the

exporter country for the Spanish nuclear plants.

b. Several Spanish regulatory guides have been revised,

specifically the one dealing with the qual i f icat ion and training of

reactor operators. Also, a new dra f t regulatory guide on the uti l i ty

organization for plant operations is in an advanced state of

development.

SWEDEN

SWITZERLAND

UNITED KINGDOM [UK-5]

30



a. The incident at Three Mile Island caused the Nuclear

Installations Inspectorate (Nil) of the Health and S a f e t y Execut ive

(HSE) to review its existing procedures for licensing and control of

nuclear reactors. One of the main conclusions of the review was that

the organizational arrangements for licensing, constructing and

operating power reactors in the UK were already similar to those .

recommended in the Kemeny report on TMI. The possible need for

detailed changes would continue to be examined but not fundamental

revisions were thought to be necessary.

U.S.A. [US-1]

a. Reorganization of the US Nuclear Regulatory Commission (USNRC)

staff was undertaken to provide added emphasis on areas identified as

needing improvements. This includes formation of a Human Factors

Division, implementation of a group to review operating experience

(i.e. the O f f i c e of Analysis and Evaluation of Operational Esta) , and

a group responsible for probabilistic risk assessment evaluation,

along with the Committee to Review Generic Requirements. The s taff

also accelerated the placing of resident inspectors at reactor sites.

b. Staff recommendations for a proposed policy statement relative

to the rulemaking on degraded core cooling are under review by the

Advisory Committee on Eeactor Safeguards (ACPS) and the Nuclear

Regulatory Commission (NRC) . The s taff recommendations provide an

alternative to the approach given in the Action Plan.

c. The KRC has decided to better define the safe ty objectives and

better character ize the radioactive source term before proceeding

with new siting regulations.
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d. The civil penalty limit per violation has been increased.

e. The NEC is proceeding with effor ts to establish a quantitative

safety goal.

f. The role of the ACRS has been strengthened by having monthly

meetings with the Commission, expanding their role in rulemaking

proceeding and by providing additional technical s ta f f .

U.S .S .F .

YUGOSLAVIA

a. The utili ty operator of the Krsko Njclear Power Plant , i.e.

Nuklearna Elektrarna Krsko (NEK) has presented to the authorities a

"Post-TMI Action Plan" on how to implement recommendations of

NUREG-0737. This plan, consisting of 53 specific actions relative to

plant design, system upgrade, changes in operating procedures and

plant internal organization, and additional safety studies, is in the

process of implementation [YG-1].

b. Regulatory authorities, assisted by authorized organizations,

reviewed the "Post-Mi Action Plan" proposed by NEK and recommended

the time frame for implementation of d i f ferent tasks. Special

emphasis was given to tasks related to conduct of operations and

qualifications of personnel. A regulatory guide dealing with training

and licensing of operators was issued f Y G - 2 ] .
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TABLE II-l

LIST 0F ISSUES RELATED TO THE TMI INCIDENT IN THE AREA OF

LICENSING AND REGULATION

a. Change in the licensing process

b. Additional regulations on licensing

c. Additional guides, codes or standards

d. Additional safety analysis requirements

f. Additional review group(s) in the regulatory body

g. Nev reporting requirements

h. Pesident inspector programme established



2. PLANT DESIGN

BELGIUM

New equipment [BG-4]

1) ^Pf^Pè. £f_th_e_prim_a£_y_ci_rcui_t

i. Such a system has not yet been adopted on the

Belgian plants, except Eoel 3, and its evolution is

followed through the Westinghouse Owners Group (WOG). At

Doel 3, a special circuit exists for injection of water

at the seal of the primary pumps when normal systems

become unavailable.

ii. In order to avoid abnormal pressurisation of the

primary circuit, the vent line of the reactor vessel has

been equipped with a normally closed ( i .e . , by 4 valves

in series/parallel) discharge line going to the

pressurizer relief tank. Such a system might be used for

venting the reactor vessel if noncondensible gases are

present ; however, its use in this manner is still under

consideration.

2)

Belgium follows the development of this equipment through

the WOG ; a reliable system and the corresponding operating

procedures are not yet available.
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3 ) _Sujbcopl_i_ng_m e_t_er

Such a meter is installed on the Belgian plants, with

parameters taken from sensors. The post-accident qualification

of some of the sensors has been investigated and improvements

were undertaken, where necessary«

Such a system has always been considered as an Emergency
*
Safety Feature (ESF) system in the Westinghouse design, i .e.,

it is automatically started. The system consists of one steam

driven pump and two motor driven pumps powered from the onsite

emergency diesel power source. The review of this system af te r

the 1MI incident led to minor modi f ica t ions of the operating

procedures in the operating plants. An example of the latter is

the temporary restrictions on the auxiliary feedwater flow in

the event that the water level in the steam generator goes

below the alimentation torus level and then goes up again,

condensing the steam ; this might cause a water hammer in the

secondary system.

5 )

The range of measurement for radiation monitor ing had

of ten been chosen to be consistent with the assumption of 1%

cladding rupture of the fuel rods. For degraded cores, like the

IKI-2, much higher quantities of f ission products are released

into the primary circuit and in the containment . New equipment
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with an increased range have been installed in the Belgian

plants .

6 ) Zal?.u. a a e e E r 1 - t ^ t ^ ont aii ent

The ranges of the equipment have either been increased or

new equipment have been added for measurement of the water

level in the sump of the reactor building, the hydrogen

concentration in the containment and the containment pressure.

b. Improvement of existing equipment [BG-4]

1 ) ^F^PS^I^^E. £ompp_n_ents_

i. An electrical supply from emergency buses is ensured

for some groups of pressurizer heaters, for the relief

valves and their corresponding block valves, as well as

for the position indications ( i .e . , limit switches) of

these valves and for the pressurizer instrumentation.

ii. Block vauves, relief valves and safety valves should

be qual i f ied for steam, water and two-phase discharge.

The U . S . Flectric Power Pesearch Institute (EPRI) tests

are followed and their relevance to the equipment

installed in the Belgian plants will be evaluated.

iii. Position indication systems for the sa fe ty valves

are under discussion.
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iv. There is an automatic closure of the block valves

and of the relief valves of the pressurizer when the

pressure drops below a given setpoint (approx. 138 bars) .

The signal disappears when the pressure increases above

this setpoint.

2) _Coritaimj;nt_ i_S£lation anà^ safety _iT\jecti op

i. Containment isolation (phase A) is initiated on the

Belgian plants by the safe ty injection signal or by

manual action. Containment isolation (phase B) is

initiated by high pressure in the containment (initiating

also the containment spray system) or by manual action.

ii. The safety injection signal is generated by low

pressure in the pressurizer, and not by a combination of

low pressure and low level in the pressurizer. This has

always been the case for the Belgian plants, except for

Etoel 1 and 2 where the modif icat ion has not been made .

iii. Plants with external recombiners for post-accident

combustible gas control of containment atmosphere have

redundant lines dedicated to hydrogen control only ;

their penetrations in the containment are provided wi th a

redundant isolation.

3)

i. Review has been made in order to ensure that core

exit temperature measurements by the thermocouples are
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not limited in range by data treatment and retrieval in

the computer. This problem was examined for Do el 1 and 2

and Tihange 1.

ii. Oualifi cation and extended range of the

thermocouples themselves are examined.

iii. The natural circulation procedure has been improved,

4)

An evaluation of all systems which might be highly

radioactive af ter an accident (because they convey gas or

liquid emanating from the primary circuit) is being performed.

Examples of such systems are the gaseous waste treatment,

chemical and volume control, safety in jec t ion , residual heat

removal, and primary sampling. The leakti ghtness of these

systems is assessed and the associated procedures are

developed. The shielding improvements for these systems are

evaluated .

BRAZIL [BR-1]

a. Upgrading is intended for facilities, systems, instruments and

equipment according to NUREG-0578 requirements and the ACRS

recommendations. These include : valve position indication ;

containment level and pressure ; vessel water level ; subcooling

meter ; high range radiation moni tors ; review of plant shielding ;

post-accident sampling capability ; containment E_ sampling
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capability ; instruments for the Technical Support Centre (TSC) ;

habitability of the TSC. These requirements are still under

implementation due to problems in procurement and qualification of

equipment.

b. Review of NUREG-0737 is now underway and will probably result

in additional plant modification requirements.

c. Angra 2 design will be reviewed taking into account the

requirements resulting from the TMI incident.

CANADA

a. New Equipment [CN-2]

1) Review need to have hydrogen recombiners available to all

CANDU plants and the need for lines into the containment to

permit timely connection thereto.

2) Install reliable means for detecting s tuck-open relief

valves (or any other automatic valves the failure of which

would result in significant reactor coolant leakage).

3) Install direct indication of auxiliary feedwater flow,

b. Improvement of existing equipment

1) Review present containment leakage rate standards to

ensure that they provide adequate protection in the event of a

large release of activity in to containment f C K - 2 ] .

39



2) Ensure that containment testing provides sufficient

confidence that the leakage rate will remain below the design

level [CN-2].

3) Review servicing requirements of equipment that might be

needed to aid in the long term recovery from an accident,

especially those which require entry into the containment

[CN-2].

4) Ensure that all lines and equipment outside containment

which might contain radioactive fluids are sufficiently well
shielded (or can be shielded when required) to allow access to

essential equipment [CN-2].

5) Ensure that on all remotely operated valves important to

safety, all position indicators give positive indication of
valve position [CN-2].

6) Peview effective ranges of all instrumentation needed to

diagnose system behaviour during transients [CN-2].

7) Importance should be given to consideration of long-term

reliability, maintenance and accessibility of equipment which

must continue to operate following an accident [CN-1].
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CZECHOSLOVAKIA

FINLAND

New Equipment

1) Installation of vent lines in the reactor coolant system

for removal of gases fFN-1].

2) Means to remotely flush the vital systems to facil i tate

maintenance after extensive core damage f F N - 2 ] .

3) Measurement of the pressure in the reactor containment in

FWP's from underpressure of 0.2 bar to overpressure of 3 bar

(the extreme values correspond to the pressures where the ice

condenser containment is estimated to lose its integrity)

[FN-3J.

4) Ensuring primary circuit pressure control without

off-s i te power in PWP.s by designing and installing equipment

whereb}7 the electric heating of the pressuriser can manually be

connected to the back-up diesel electric power system [FN-3].

5) System for indication of water level in the reactor

pressure vessel in WRs during accident conditions will be

installed later (when a suf f ic ient ly reliable measurement

method has been developed) [FN-3].
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6) Controlling the hydrogen concentration of the containment

at TWRs by [FN-3] :

i. Using the recombiners of the normal gas treatment

system after modifications in potential accident

situations for the treatment of the long-term generation

of hydrogen.

ii. Installation of a fixed measurement system in the

containment measuring hydrogen concentrations up to 10%.

iii. Providing the containment with glow plugs, that

would start a controlled combustion of hydrogen.

7) Extending the measurement range of radiation measuring

system for stack release up to more than 10 Bq/m Xe-133

and for containment activity up to more than 10 Sv/hr fFN-3] .

b. Improvement of existing equipment

1) Improvement of the reliability and speed of reactor scram

on low steam generator level fFN-1].

2) Addition of protective signal at F»TRs that automatically

initiates ECCS on low primary circuit pressure (below 80 bars)

instead of low level initiation only [FN-2].

3) Improvements in methods for assuring correct position of

valves. A red light is employed for indication of abnormal

position for the most important systems during operation [FN-3].
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4) Lowering primär}' system scram limit at PWRs to get a

larger margin for safety valve operation. Normal operating

pressure is 123 bar (1785 psi) and the scram limit was lowered

from 137 to 134 bar (1944 psi) [FK-1].

5) Additional isolation of the reactor containment drainage

and ventilation systems in IWRs when the ECCS receives an

initiation signal [FN-lj .

6) Preventing the automatic opening of the pressurizer

relief valve at PWRs [FN-3].

7) Ensuring sampling even in accident situations by

modif3ring the normal sampling systems [FN-3].

8) Precautions in case of small primary circuit leaks at

FtfP.s as follows [FN-3] :

i. On the basis of extensive analyses and tests,

closing some pipes connected to the primary circuit and

ensuring that at least one half of ECCS feeds its water

to intact circuits and that the water is led to the break

only through the reactor pressure vessel ;

ii. Modifying slightly the piping of the reactor primary

circuit to eliminate the possible double loop seals

("water locks") occuring in the circulation loops.
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FRANCE

a. No substantive changes are being made to the nuclear steam

supply system of EDF plants, which are provided by France's sole NSSS

vendor-Framatome. According to a Framatome offical the plant design

changes are largely a result of experience gained as more units are

started up and not mainly because of the TMI incident [FB-4].

b. Safety injection is automatically initiated on signal of low

pressure in the primary circuit and not on coincidence signals

•indicating low primary pressure and low pressurizer level f F R - 2 ] .

c. Indicator showing overpressure (subcooling) margin at reactor

outlet by comparison with boiling point [FP-2].

d. Automatic switching of reactor outlet temperature measurement

ranges from 0-600°C to 0-1200°C [FR-2].

e. improvement of reliability of shielding the insulation, and

leak tightness of all auxiliary lines to improve operability under

accident conditions involving increased radiation levels from primär)'

coolant [ T P , - 2 ] .

f . Measurement of water level and water volume in the reactor

vessel and in the pressurizer-thennocouples would be used for water

level but a neutron source could be used in the pressurizer ;

indication in the control room [FR-1].
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g. To aid operator decision -making, new alarms will be added to

those alarms that indicate loss of systems. The new alarms will show

the startup of protection and safety systems fFR-2] .

h. Another two-fold action has been taken to aid operator for

correct diagnosis ; namely,

i. Increased use of computers and display screens

ii. Proper identification of the physical state of the

primary sj'stem and of the actions to be taken by the operator

independent of the sequence of events leading to such state

[FR-3].

The above system is related to the USA Ilsturbance Analysis and

Surveillance System (DASS) and the FRG Stoerfall-Analyse-Rechner

( S T A K ) systems [FR-2].

i. EDF plans to install in each control room an additional safe ty

instrument panel that will centralize the major indicators of

plant funct ion that bear on sa f e ty , such as coolant and

pressure levels [FR-5].

GERMANY, Fed. Rep, of .

a. Initial analj'ses performed af ter the IM I incident indicated

that no immediate action was necessary for German nuclear power

plants. Eowever, fu r ther investigations revealed the potential for a

number of long-term improvements to be incorporated into the design

of new plants and to be b a c k f i t t e d , as far as possible, in older
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facilities. These modif icat ions are mainly aimed at the improvement

of the existing systems and devices, in order to further reduce the

probability of a TMI-type incident and minimize possible consequences.

Details about such issues as :

1. Hydrogen control inside the containment after a LOCA

2. Indication of the minimum DNBR

3. Improved In-Core Temperature Monitoring

A. Measurement of the Reactor Pressure Vessel Level

5. Position Indication of the Pressurizer Pelief Valves

6. Position Control of Safty-Pelated Manually Operated

Valves in the Safety System

7. Sump Operation of the Safety Injection System

8. Upgrading the Containment Isolation Components

9. Remotely Operated Degassing of the Reactor Pressure Vessel

10. Separate Spent Fuel Storage Pool Cooling Circuit.

are describee1 in item 11 of reference [FRG-6] in the Appendix of this

document. Ir. [FRG-6], a distinction is being made among operating

p lan ts , plants under construction and those expecting the
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construction permit . Another useful reference on the subject is

[FRG-7].

HUNGARY [HN-1]

a. Studies have concluded that in view of the difference in the

design of the WWER-440 reactor, a TMI-type incident would take place

in quite a different sequence and its probable consequences would be

less serious. In particular, significantly more time is available in

a WWER plant for determining plant status and executing control

measures, because the plant processes proceed in a much slower pace.

Notwithstanding these fac tors , additional information were requested

from the reactor supplier and questions were asked relating to

subsystems and equipment which were specifically involved during the

IM I incident, particularly the following :

1. Pressurizer relief and safety valves

2. Containment isolation

3. Increased range of sensors

4. Leakages from the primary circuit and their transport

5. Control and protection of the secondary feedwater system.
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ITALY [IT-6]

a . Gen_erjil_p£pvi jSi ons_ fpr_ the_ zye&_pf_ £lapt_ àesi gn

The plant instrumentation should be reviewed and improved in

order provide the operating personnel with reliable diagnostic means

for determining the plant status, particularly under unforeseen and

severely. degraded conditions. In particular, the improvement should

include direct measurements of the water level in the reactor core,

and direct evaluations of the neutron flux shape and the temperature

distributions of the reactor coolant at the core outlet.

b . Foj^t^e^jjinc^Vejr^e^l^s^ pj_es suri£e_d_ wa_ter_

1) Modify the logic of the automatic initiation of the

safety water injection so that the injection is actuated

only by low pressure signals in the pressurizer.

2) Keview the auxiliary feedwater system and take actions

for its backfitting to new requirements.

3) Consider the possibility of venting the non-condensible

gases through a remotely controlled vent valve and a vent line

installed on the reactor upper head.

4) Improve the access to the components of safety-related

systems, in order to facil i tate actions in the event of an

accident .
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5) Install a feedback line from the active gases decay tanks
to the containment building.

6) Review the adequacy of the components cooling systems in
event of containment isolation.

7) Verify that the sampling system is operable in case of
accidents .

8. Verify that the capacity of the active liquid waste tanks
is adequate.

_(_BWP)_ fa cl

1) Identify proper indications which plant operators may

utilize to determine that relief valves are open or closed.

2) Eeview the qualification of relief and safety valves for

handling the discharge of steam-water mixtures.

3) Review systems designed to transfer potentially

radioactive gases and liquids out of the primary containment in

order to prevent inadvertent transfer when high radiation

indication exists.

4) Verify that the plant shieldings are adequate to protect

the operating personnel in the event of an accident .

<f . Also, for the Caorso boiling water reactor faci l i ty : review-

the ac tua t ion logic of the automatic depressurizat ion sys tem.
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e. For new nuclear power plants, the general provisions given in

item a. above should be applicable, along with appropriate provisions

of NUKEG-0737.

JAPAN

a. Ad-ded sensors for monitoring core cooling and core conditions

[JP-2].

b. Incorporated features for coping with small break LOCAs and for

venting of non-condensible gases fJP-1].

KOREA, Rep, of fKR-1]

a. Installation of hydrogen recombiners in the containment vessel.

b. Installation of a vent to prevent the accumulation of hydrogen

or non-condensible gases in the reactor vessel in the event of an

accident .

c. Installation of indicators and alarms which show the positions

of pressurizer relief valves and safety valves in the main control

room.

d. Installation of auxiliary feedwater system automatic initiation

»nd flow indication device.

e. Provision for emergency power supplies to pressurizer relief

valves, block valves and level indicators .
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f. Modification of safety system operating logic by pressurizer

signal.

g. Installation of interlock device between the manual operation

of safety-related valves and the indications of their positions.

h. Installation of full-capacity condenser déminéraliser to

improve secondary system purification.

i. Installation of an interlock device between high level signal

of liquid waste storage tank and containment sump pump actuation

signal in order to prevent the release of radioactive waste to the

environment.

j. Establishment of an extensive radiation monitoring system both

on-site and of f -s i te of the nuclear power plant.

k. Additional radiation shielding to vital areas to allow

accessibility to operators in the event of an accident .

MEXI CO [MX-1]

a. CNSKS believes that the "Planta Nuclear de Lagune Verde"

(PNLV), which is a WR, has incorporated some of the requirements

established in the NUREG-0737. The aspects considered to be covered

already by the original design are : 1) vents in the primary reactor

coolant system ; and 2) adequacy of the ventilation for the High

Pressure Core Spray (HPCS) and Keactor Core Isolation Cooling ( R C I C )

system s.
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There are several NUREG-0737 requirements for which CNSNS has

taken a modif ied stand. These include the aspects regarding :

1. Separation of HPCS and ECIC initiation level

2. Restart of Core Spray Systems and Low Pressure Coolant

Injection (LPCI) System

3. Effect of loss on alternating-current power on pump seals.

b. As regards the instrumentation for radiological and safety

parameters, CNSNS will require that PNLV conform with the applicable

NUREG-0737 recommendations. Examples of these instrumentation are the

"Post-LDCA Gross Gamma Monitoring System" (to be installed in the

primary containment) , and the reactor vessel water level

instrumentation.

c. Hydrogen Control

The PNLV has incorporated in the design the following features

for coping with hydrogen generation : recombiners, monitoring system

and mixing blowers. The CNSNS position is that the primary

containment must be inerted. Recent experiments and analysis of TMI-2

core shows that the hydrogen generation could be more than 5% of

Zr-water reaction.

d. Shielding

This topic is under review by CFF and CNSNS. The regulatory

position is that improvements are necessary ; however, it is
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recognized that the actual shielding design of PNLV is 20% more than

the design of similar BWR plants.

NETHERLANDS

PHILIPPINES [PH-1]

a. To provide direct indications of valve stem positions of safety

valves, a Critical System Leak Monitoring System will be installed.

The System utilizes acoustic sensors mounted in selected locations to

detect leakage in critical reactor systems.

b. For the detection of inadequate core cooling, two systems were

incorporated in the PNPP-1. The f i rs t one is the Core Subcooling

Monitor . The second is the Reactor Vessel Level Instrumentation

System .

c. To assure the integrity of systems outside the containment,

design changes are insti tuted to reduce leakage rates by : 1 ) capping

and backwelding all piping and equipment vents and drains ;

2) isolating all continuous drains from floor drain systems to

moni tored collection points ; 3) replacing current vent and drain

valves with diaphragm valves ; and 4) providing monitoring

•instrumentation for periodic systems leakage evaluation.

53



SPAIN [SP-3]

a. Direct Indication of PORV and SV

A positive indication system for the power-operated relief

•"alves and safety valves has been required. The valve position

indication should be safety grade and powered from the emergency

bus e s.

The utilities have incorporated a limit switch system according to

the requirements from the NUREG-0737 and its predecessor reports.

b. Instrumentation for Detection of Inadequate Core Cooling

A saturation pressure/temperature monitoring system for the

primary system has been installed following the established design

criteria in the USNRC reports.

c. Pemotely Operated High Point Vents in the Reactor Coolant System

A system to accomplish this function is being installed in the

reactor vessel head and the operators are being trained in the use of

this system .

i f . Additional Instrumentation

New instrumentation or changes in the existing one have been

required as follows :

1. Containment pressure monitor with a range between
2

0.7kg/cm to three tines the design pressure
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2. Water level monitor for the containment sump, capable of
3

measuring up to 2600 m in volume

3. Hydrogen monitor for the containment, with a range from 0

to 10% of the volume of the containment

4. High-range containment radiation moni tor , with a range of

up to 10 R/h

5. Noble gas eff luent radiation monitor with an upper range

capacity of 10 Ci/cc of Xenon-133 or equivalent.

e. Improved Po s t - Ac ci d ent Sampling Capability

It has been required to review the existing sampling procedures

and laboratory capabilities in order that the results of the analj'ses

for noble gases, iodine and cesium isotopes are available within one

hour , and for other fission products, within two hours.

It is to be considered that the primary coolant and the

containment atmosphere are assumed to be contaminated with the

radioactive releases as specified in the USNEC Regulatory Guides 1.3

and 1.4. In this regard, the relevant post-accident operations should

be carried out without any individual incurring a radiation exposure

in excess of 3 rem to the whole body or equivalent.

f. Design Review of Plant Shielding of Spaces for Post-Accident

Operations
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All vital areas for post-accident operations such as : radwaste

control stations, emergency power supply stations, motor control

centres, instrument areas, etc., have been reviewed to guarantee the

access or- the continuous stay of individuals, without incurring a

radiation exposure over 5 rem to the whole body or equivalent. This

review has resulted either in a relocation of some indicators, in a

change in the procedures, or in modification of some shieldings.

SWEDEN

a. Instrumentation to discover insufficient cooling of the reactor

core is being installed in conjunction with a computer programme to

calculate the margin to boiling [SW-2].

b. Measurement of water level in the reactor vessel is currently

being debated in the International Electro-Technical Commission (IEC)

and will result in a recommendation on this mat te r [SW-2].

c. Swedish WR containments have been equipped with internal,

redundant recombiner s, and the BWR containments were originally

designed to be inerted with nitrogen [SW-2].

d. Improved methods to make measurements and take samples after an

accident have been developed and implemented [SW-2].

e. Continuous containment pressure monitoring is now being

installed [SW-2] .

f. The following equipment have been installed in the Ringhals

plant [SW-3] :

56



1) TV cameras with zoom objectives and search lights, and

maneuvered from the control room.

2) Position indication on the pressurizer safety valves.

3) Improved position indication of the relief valves and B
sign clearly telling operator when they are not fully
closed.

4) Pressurizer relief tank rupture disk equipped with two
redundant nets of thin wires, with burst indications in
the control room (Pressure, temperature, water level

instruments were originally installed to show if flow is
into or out of the tank).

5) Chart which records the saturation curve (with 20 C
margin) has been attached to the panel near to the

pressurizer pressure and hot leg temperature instruments.

6) ^ new system for detection and measurement of containment

leaks has been installed.

7) The coincidence circuit used to demand low pressurizer
level and low pressure for safety injection initiation
was changed to require low pressure only.

8) System to allow reactor vessel head venting
was provided modif3Ting an existing means (i.e. a

hand-operated valve at the top of the vessel) for
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degassing when the reactor is filled into water after

refuelling.

9) System to allow taking air samples from the containment.

It is planned to attach a continuous hydrogen analyzer to

this system.

10) Piping and valve systems were installed to be connected

to a portable hydrogen recombiner. Two recombiners were

permanently installed inside the containment.

SWITZERLAND [CE-2]

New Equipment

1. KeIessing_ltop^Copaensible Gases frpm_the Reactor_Coolant

Sv_st_em_

The reactor vessel head was chosen as the location for

f i t t ing a release device for non-condensible gases. Backfitting

of release valves have been performed.

2. Iîydro_ge_n_Re_combiner_s_f £r_th_e_Co_nt_ai_nm_ent

The installation of recombiners was required for all

Swiss FWPs and BtfRs. After ongoing s tudies, recombiners inside

the containment were chosen for the FWRs. Transportable

external recombiners, which could be used or. more than one

plan t , were chosen for the BWRs.
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3. Wa_t_£r_Leve_l_Measu£eç^ent_in_ _the_ .Re£_ct_or_ .£°£_lant_ System

A level measurement in the pressure vessel itself has not

yet matured technically. As a medium -term and feasible

solution, a level measurement in the primary loops at the exit

to the reactor was therefore proposed. This measurement can be

carried out with conventional apparatus. Suitable backfitting

steps are in preparation.

4.

A fas t and reliable H- measurement can only be

guaranteed by means of an automatic measurement system.

Qualified measurement apparatus was not available in the

market. In the meantime, adequately qualified means for H„

measurement in PWRs have been installed.

5 .

A redundant measurement with an adequate range and an

analogue display was required for all the FWRs.

In the BWR-MK I torus a similar requirement for torus water

level was made.

6. Subcjoo_li_ng_

For all PWPs the installation of a redundant subcooling

meter was required. The temperature in the primary loops at the

exit to the reactor was chosen as the representative

temperature for this meter .
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7 . Jm_erg_encv_ _Feedwajter_ _Flow_Me_ter

In the older, U.S. -supplied IWRs such flow meters do not

exist. They are now being backfitted.

8. Safe_ty_ ,§ys_tep_Sratus_ _Ind_i£atjLo_n

A study is planned on how the electrical and the

mechanical status of important safety systems can be displayed

Some of the position annunciators have yet to be backfi t ted.

Because the Swiss power plants d i f f e r considerably, both in

their systems and in their control technology, individual

solutions must be sought for each plant.

b. Improvement of existing equipment

0_y_erridrng_ £h_e_ _Au_tpma_ti£_ £.°ZLt.r_ol_ £_f Saf ety_

In the plants supplied by U.S. reactor vendors, safety
system functions can be interrupted at any time. Over the long

term this will be changed so that below a particular reactor
coolant level limit (in PWRs this measurement is yet to be
backfitted) no interruption of the emergency core cooling is
possible.

2 .

The reactor protection system criterion for identifying a

loss-of-coolant was changed in two PWRs from "Pressure and

coolant level low" in the pressurizer to "Pressure low" in the

60



pressurizer. For the BWRs the investi gation showed that
measurement of the coolant level in the annulus of the reactor

pressure vessel is adequate for identifying a los s-of -coolant ,
even for leaks in the reactor pressure vessel lower plenum.

3 . Emergency Power for Pressurizer Heaters

No requirement for emergency power for pressurizer
heaters was imposed, because a subcooled primary system is not
a necessary condition for shutdown cooling during a
los s-of -coolant accident or during other transients. This

position was supported by a test (i.e., natural circulation

under boiling conditions) in a Swiss

Art op ajtic_Pr_imar_y__Sy_s_t_em_

Leaks which can be isolated must isolate automatically. A

review of two U. S. -supplied PWRs showed that only the

pressurizer relief lines did not fulfi l l this criterion. A

closure signal was backfi t ted to the block valves, coincident

with the emergenc3T core cooling signal.

5 . S<et_J?oi nts_ fpr_ ReJi^f^Veil ves_ an_d_ Pressure Scram

The WRs with relief valves on their pressurizers have

set points below the pressure scram set-point. The aim of this

arrangement is to prevent a scram by opening relief valves.

This was an operational and not a safety objective.

Ee-optimization of these set-points, so that a timely scram

would prevent relief valve actuation, was therefore required.
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6. _Po£t__Ac_ci_d_en_t_ JLn^t rument a_tipn_

During post-LOCA operation the failure of qualified

instrument transmitters must also be considered. The

U. S .-supplied PWRs had transmitters installed exclusively

inside the containment. A minimum number of these transmitters

(pressurizer and steam generator pressures and levels) were

therefore transferred outside the containment.

UNITED KINGDOM [UK-1]

a. Compared with current US PWR designs, the CEGB design will

include modificat ions required by U .K . safety standards already

iden t i f i ed , and any necessary changes resulting from detailed

analysis of the TMI incident, as determined by reviews in the U . K . ,

U . S . A . , or other countries with PWR plants.

U . S . A [US-1]

a. New Equipment

1. Requirements for a Safety Parameter Display System (SPDS)

are now developed. A supplement to NUREG-0737 which is about to

be issued, provides requirements for SPDS. Review schedules are

to be negotiated with licensees (I .E.2)*.

The numbers inside the ( ) correspond to the numbering system for

the action items given in NUREG-0660, "NRC Action Plan Developed as a

Result of the TMI-2 Accident".
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2. It is required to vent noncondensible gases from the

Reactor Coolant System. Implementation of vents and development

of procedures is not yet complete (II.B.I).

3. Provide the capability to take reactor coolant and
containment samples one hour after an accident. Less than 50
plants need to complete this action. (II.B.3).

4. Dedicated penetrations shall be provided along with post

accident hydrogen recombiners (U.E.4.1).

5. in proved accident monitoring equipment (noble gas, iodine

particulates, containment high range radiation, containment
high range pressure and water level, and containment hydrogen)
shall be included in the design. Difficulties in obtaining
qualified equipment have contributed to delays in

implementation for many plants of each of these items (II.F.I).

6. A subcooling meter and other instrumentation for
detecting inadequate core cooling shall be provided (II.F.2).

7. Provide a common reference level for reactor vessel water

level instrumentation. Only 1 BWP has not yet completed this
activity (U.K. 3.27).

8. Provide equipment, training and procedures to accurately

determine airborne iodine concentration in areas where plant

personnel may be present during an accident (III.D.3.3).
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b. Improvement of existing equipment

1. M o d i f y the plant shielding and qualify the equipment that

may be used in post-accident operations. Final implementation

of modifications is not complete on 25 p lants . Environmental

qualifications provisions have also been delayed (II .B.2).

2. Reactor coolant system relief and safety valves shall be

provided with positive indication of valve position (II.D.3).

3. The Auxiliary Feedwater System shall be provided with

safe ty grade initiation circuitry along with safety grade flow

indication. Less than 10 units have not completed this work.

A. The power supply to the pressurizer heaters must be

upgraded to provide the capabilit}* to supply a number of

heaters when of f -s i te power is not available (U.E.3.1).

5. Containment isolation dependability shall be improved by

implementation of diverse isolation, modifying reset function

so as not to result in automatic valve opening, reducing the

containment pressure setpoint , and closing the purge valves

following a high radiation signal. About 10 facilities, mostly

BWRs , still need to complete implementation of purge valve

closure on high radiation ( U . E . 4 . 2 ) .

6. Upgrade the power supplies to the pressurizer relief

valves, block valves and level indicators to emergency power

sources ( I I .G. I ) .
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7. Install and test a system (use of block valves) that

automatically isolates the PORVs (U.K.3.1).

8. .Automatically trip the the reactor coolant pumps in the

event of a small break LOCA (U.K.3.5).

9. Implement the vendor-recommended modification to the

proportional integral derivative controller (U.K.3.9) .

10. Confirm or modify the design to assure that there is an

anticipatory reactor trip upon turbine trip (II.K3.12).

11. Evaluate and modi fy as needed the High Pressure Coolant

Injection and Reactor Core Isolation Cooling Systems initiation

systems (U.K.3.13).

12. Automatically isolate isolation condensers on high

radiation signals (U.K. 3.14).

13. Modify break-detection logic to prevent spurious

isolation of HPCI and RCIC. Only 2 BWRs have not made these

modifications as yet (U.K.3.15).

14. Analyze and modi fy as necessary the BWP relief valves to

reduce relief-valve challenges without compromising their

performance (U.K.3.16).

15. Study and mod i fy the automatic depressurization system to

eliminate the need for manual actuation to assure core cooling

(U.K.3.18).

65



16. Interlocks on non-jet pump BWRs should be installed to

assure at least two recirculation loops are available for modes

other than cold shutdown. Only 1 BWR remains to implement these

interlocks (U.K.3.19).

17. Big Bock Point should verify that the loss of service

water resulting from a loss-of-offsite power has acceptable

consequences (U.K. 3. 20).

18. Modify the core spray and low pressure coolant injection •

system logic to restart the pumps, following their being

stopped by the operator, if an initiation signal is still

present (U.K.3.21) .

19. The switchover of the PCIC system section from the

condensate storage tank to the hotwell should be automatic.

Four BWRs have not completed this action (U .K.3 .22 ) .

20. Analyze and modify as necessary the HPCI and RCIC space

cooling requirements to assure that they can operate for

extended periods (U.K.3 .24) .

21. Analyze and mod i fy the reactor recirculation pumps seal

system to assure that following a loss of of fs i te power,

excessive loss of reactor coolant system inventory will not

occur (U .K.3 .25) .

22. Verify that accumulators on Automatic Tepressurization

System Valves are provided with sufficient capacity and capable

of performing their functions during and following exposure to

a hostile environment ( U . K . 3 . 2 8 ) .

66



23. P.eview small break LOCA methods to show compliance with

10 CFR50 Appendix K (ECCS Evaluation Models) and submit plant

specific analyses to demonstrate compliance with 10 CFP Part

50.46 (Acceptance Criteria for Emergency Core Cooling for Light

Water Nuclear Power Peactors). Plant specific analysis are due

in January 1983 (U.K. 3.30 and U.K. 3.31).

24. Demonstrate by analysis that in the event of anticipated

transients with a signal failure, no significant fuel damage

will occur or the core will remain covered (U.K. 3.44).

25. Implement a programme for reducing leakage from systems

outside containment, in order to contain radioactive water

following an event (III.D.1.1).

26. Analyze and mod i fy as needed the control room

habitability requirements to assure that operators are

adequately protected following an accident. This effort is

still under USNKC staff review (III .D.3.4) .

27. Verify that for most overpressure transients the

power-operated relief valve will not open (U.K. 3.7).

28. All Babcock and Wilcox (B & W) reactors were shutdown and

required to implement short term and long term actions relative

to upgrading the emergency feedwater system (U.K. 2 .8) .

29. All B & V reactors were required to install a safety

grade anticipatory reactor trip on loss-of-feedwater and

turbine trip (U.K.2.10).
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U . S . S . E

a. New type of containment being used on Soviet PWRs is presently

under construction. This is the "bubbling-vacuum system" for limiting

the consequences of accidents. In ef fec t , this is similar to pressure

suppression. The system consists of a cylindrical reinforced concrete

shell with a steel leak-proof lining, a passive steam condenser of

the bubbling type, a passive sprinkler device, an active sprinkler

system, and a number of systems for removing radioactive products

from the containment environment. By this system, the pressure

increase in a LOCA is limited to 0.1 to 0.15 MPa

(1 to 1.5 a t m ) , construction costs for the containment are limited

and leakage to the atmosphere is considerably reduced [USSP-1,

USSR-2].

b. Provisions are made for a backup electric pump for activation

of ECCS [USSR-2].

YUGO SLAVIA [YG-1]

f p_r_DE_t e_c_ti op_o_f_ _Ina_d equajre Cor e_

NEK will install a primär}' coolant saturation monitor. A

detailed engineering design has been developed.

b. P°S

NEK is taking action to install the post accident sampling

system. Technical specifications have been issued and bids have been
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received and evaluated. The system design meets the NRC

Criteria/NUREG-0737, item II. B. 3.

c . Addrt i n a l A c i e n t o n t r i n In t rumenta t in

Action has been taken to install the following additional

instrumentation in the containment :

1. Noble gas effluent monitor and high-range containment

radioactive monitor

2. Containment pressure monitor

3. Containment sump level monitor

4. Extended range radiation monitor.

d . - à i 0 e i f a d S ' f t : a u Posi ion

NEK will upgrade the PORV limit switches since presently

installed switches do not meet the NPC criteria/NUREG-0737

item II-D-3.

e . Co_n_t_rp_l_Ro_cm_ _Habi t_abi 11 t_y_R<£qui_rem_en_t

Chlorine gas sensors have been installed in the control room
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TABLE II.2

LIST OF ISSUES RELATED TO THE TMI INCIDENT IN THE AREA OF PLANT DESIGN

a. Bnergency power to pressurizer heaters

b. Direct valve position indication-POR?

c. Direct valve position indication - safety valve

d. Instrument to detect inadequate core cooling (subcooling me te r )

e. Containment H£ control capability (recombiner )

f. System integrity outside containment

g. Additional shielding for post-accident conditions

h. Automatic initation of auxiliary feedwater system

i. Auxiliary feedwater flow indicator

j. Post-accident sampling capability

k. High range radiation monitor

1. Improved iodine instrumentation

m. Expanded containment pressure indication

n. Expanded containment water level indication

o. Containment hydrogen monitor

p. High point vent in the reactor coolant system

q. Reactor trip on low pressurizer pressure only

r. Modification of Proportional Integral Derivative (PID)
controller of PORV

s. Anticipatory trip on secondary transients

t. Control room habitability

u. Automatic PORV isolation

v. Reactor coolant pump seal water reliability

w. Reactor water level indication

x. Inerting of BV7R containment atmosphere

y. Improvement of containment isolation

z. Prevention of reactor vessel thermal shock.
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3. CONDUCT OF OPERATIONS

BELGIUM

a. Operating procedures have been reviewed and revised on the

basis of new generic procedures developed by the NSSS supplier fBG-2 ] .

b. Procedures defining the responsibilities of the shift personnel

and the shift turnover procedures have always existed in the Belgian

Plants [BG-4], However shift supervisor responsibilities were

reviewed by utilities in line with USNRC recommendations and a new

job description has been issued with clear definition of

responsibilities f B G - 2 ] .

c. Differences exist between the USA and Belgium regarding the

shift technical advisor. The work of the "shift technical advisor" is

done by the engineers of the Operations Department of the plant. In

some plants, a technical advisor (not on-shift) has been added to the

s t a f f . During the non-working hours, these personnel may be called

upon and be available within 15 minutes [BG-A] .

d. The addition of a seventh shift for reactor operation is being

implemented. The composition of a shift may d i f fe r slightly from one

plant to another, but it usually consists of one shift supervisor

( S R O ) , three operators ( R O ) , two auxiliary operators, and two

personnel responsible for chemistry and radiation protection [BG-4J .
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BRAZIL [BR-1]

a. Review was conducted of all administrative procedures. The

major changes were in the shift supervisor responsibility, turnover

procedures and control room access.

b. All emergency operation procedures were reviewed according to

new vendor guidelines.

c. Review was made of principal maintenance and test procedures.

o. No shift technical advisor was required, since shift

supervisors are already engineers. However, additional training in

heat transfer and thermodynamics was provided.

CANADA

a. More attention to drawing an envelope, for all safety-related

equipment, within which the plant will be required to operate [CN-1]

b. Review minimum control room staffing requirements [CN-2].

c. Ensure clear definition of command function in the control room

and that the person in charge can control access to it. f C N - 2 ] .

d. The TMI incident has had the following impact on Ontario Hydro

[CN-3] :
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1) Several heat transport and feedwater systems operating

procedures, particularly those relating to alternate heat

sinks, have been revised.

2) The adequacy of the protection system operation of low

boiler water level is the subject of detailed examination.

3) Bnphasis on simulators as a training aid has been

increased and an Abnormal Incident Manual with

step-by-step emergency and fault procedures has been

prepared. Although these procedures existed, they were

not neatly packed in one section of the operating manual.

e. Review emergency procedures to ensure that requirements for

operator action are minimized, i .e. , that system response is as

automatic as practicable [CN-2].

f. Ensure that emergency procedures clearly identify which

parameters need to be cross-checked to confirm that the system is

behaving as expected [CN 7 -2J .

CZFCHOSLOVAKIA [CS-1]

a. The implementation of a previous decision of the regulatory

body to require the establishment of a f i f t h shift for reactor

operations has beer, accelerated due to the ÏMI incident .



FINLAND

a. Improvements were made in methods for assuring correct position

of valves. Lists of normal positions of all the valves in the most

important systems are provided. Such lists are useful , for example,

during the start-up of the plant. A maintenance work procedure has

been adopted for the restoration of the system to the original state

following the maintenance activity. At BWRs, valve rooms are provided

with room-specific lists which can be used in checking the valve

positions.

b. Guidance was provided in the emergency instructions for rapidly

cooling the primary circuit , if a small break LOCA occurs at IWRs, by

reducing the pressure in the secondary circuit.

c. Elaboration was made of the descriptions of the

responsibilities and duties of the shift supervisor, in particular

with respect to emergencies and disturbances. Wri t ten procedures were

developed for change of sh i f t .

d. Directives were given by the regulator)' body concerning the

limitations of working hours in the control room.

e. Improvements are being made in the emergency procedures, which

should cover severe accidents. A more symptom-oriented approach,

taking account of all systems in the plant, is being adopted

(Peference for a - e : [ F N - 3 ] ) .
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f. Procedures have been developed in order to assure that natural

circulation can be accomplished [FN-1].

FRANCE

a. Campaign was mounted to review and confirm the accuracy and

intelligibility of procedures so as to minimize operating errors

[FR-2].

b. Revision has been made of appropriate operating rules on the

basis of study of permissible partial unavailability of equipment and

systems [FR-1].

c. Operators are instructed not to intervene in the first 15

minutes af ter an accident so as to allow time for correct diagnosis

[FR-2].

d. EDF plans to have a remote console at each nuclear plant

capable of calling up the central simulator computer at the Bugey

nuclear power plant in south central France. This will enable

specific safety functions to be modeled , either for training or for

handling an actual event. In the latter case a variety of responses

to the event could be quickly modeled and the consequences laid out

before action is taken in the control room fFR-4 ] .

e. FDF is considering having one safety engineer in the plant but

not in the control room. This would to some extent parallel the USNRC

requirement for a shi f t technical advisor, i . e . , someone who could

"stand back" from day-to-day operations and concentrate or plant

safe ty [ F P - A ] .
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GERMANY, Fed. Rep, of [FRG-6]

a. One of the aims behind the deliberations on the TMI incident

was to further reduce the probability of human failure in the control

of accidents. The more important actions were :

1) A review of operating manuals, particularly those

sections concerning accidents.

2) The revision of instructions for control of small and

medium leaks.

3) The reduction of the number of manual actions by further

automatization of actions essential for accident control

(e.g. automatic secondary cooldown at 100 K / h ) .

4) The improvement of the control room instrumentation in

order to provide the shift personnel with better

information of the status of the primary circuit and of

the safety relevant systems.

HUNGARY [HN-1]

a. Since Hungary does not have any nuclear power plant in

operation, the activities in this area are related to ensuring that

the relevant lessons of the TMI incident are fac tored into the

conduct of operations of the NPP of Paks.
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ITALY

a. Review was made of plant operating instructions and additional

instructions were provided for dealing with potentially unsafe plant

conditions [IT-2],

b. Reviev was also made of operating instructions and technical

specifications concerning the periodical tests of safety-related

systems [IT-6].

c. Definition was made of the conditions under which the plant

operator may actuate the reactor coolant pumps out of the normal

operating conditions, in case of extreme necessity [IT-6].

JAPAN

a. The Ministry of Trade and Industry ordered all licensees to

review administrative and supervisory procedures [JP-2].

KOREA, Rep, of fKR-1]

a. Plant operating procedures have been reviewed and analyzed by

the utility company and the licensing authority.

b. Operational criteria for safety injection system actuation have

been established on the basis of new reactor vendor ' s generic

procedures.
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c. The revision of data information system for the measurement of

reactor coolant inventory has been made. The system which will allow
detection of degraded or melted core is under consideration.

d. The evaluation of operability of auxiliary feedwater system has
been required. Likewise, operability tests for pressurizer relief
valves, safety valves and block valves should be performed regularly

during refuelling outages to verify their proper performance.

e. There has been a requirement to expand the operational OA list
to cover equipment important to safety and to rank them in their
order of importance.

MEXI CO [MX-1]

a. It is a CKSNS requirement that an independent group within the

operations organization of the nuclear power plant be established,

with the tasks of reviewing the operations activities and providing

technical support to the plant s t a f f .

b. The requirements related to the upgrading of procedures to cope

with transients and accidents were also imposed.

c. As regards working hours, the Mexican labor law (Ley Federal

del Trabajo) will have to be followed. Neither CNSNS nor other

institutions can change the provisions of this law.
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NETHERLANDS [ND-1]

a. Prior to the TMI incident, minimum operator requirements were

set down in the technical specifications for power plants ; this

aspect of the licensing process reviewed and new requirements may be

set.

PHILIPPINES [PH-1]

S PA IK

a. The recommendations for improved reactor operations command

functions under Section 2.2.1 of NUREG-0578 (TMI-2 Short Term

Recommendations) will be considered in the formulation of plant

administrative and management procedures.

b. Plant procedures will include a shift turn-over checklist to be

completed and signed by on-coming and off-going individuals

responsible for command of operations in the control room.

c. Administrative procedures and physical security access control

measures will limit access to the control room under normal and

accident conditions to those persons necessary to the safe command

and control of operations.

a . Pe i ev

It has been required to review the accident analysis and the

emergency operating procedures to be consistent with the actions

necessary to cope with the transients and accidents analyzed. The
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review should be made with the inclusion of multiple and

consequential failures and, also, operator errors of omission or

commission [SP-3]. In particular the following were required :

1) Review of operator activities necessary to prevent bubble

formation (that could compromise core cooling capacity)

and to ensure continued core cooling if bubbles occur in

the core [SP-2].

2) Review of activities required for operating procedures

(such as instructions for personnel training) to ensure

that operators do not override automatic activation of

safety equipment without sufficient cause, and do not

take decisions on the basis of single parameter without

examining other indicators of plant status [SP-2].

3) Review of test and maintenance procedures with regard to

requirements before taking any safety system out of

service [SP-2].

To accomplish the above and other requirements the Spanish

utilities joined the Westinghouse. Owners Group and developments in

the work of the group are applied by each utility to its own plant

[SP-3].

b. Shi jft _Manni ng

The minimum sh i f t manning has been changed to incorporate these

requirements :
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1) A licensed senior reactor operator (SRO) will act as

Shift Supervisor (SS )

2) A new SRO will act as deputy shift supervisor and should

be continuously present in the control room

3) A reactor operator (RO) shall be present in the control

room from the time of fuel loading

4) A non-licensed turbine operator shall control non-nuclear

systems

5) A radiological protection monitor shall be present at the

site from the time of fuel loading

6) A support group with the same composition as a regular

shift should be on call within 30 minutes to give

assistance to a shif t .

The shift technical advisor, as described in USNRC reports, was

not considered appropriate and therefore not required of the

utilities [SP-3].

SWEDEN fSW-2]

a. Analysis of design and off-normal transients and accidents has

been pursued. Off-normal operating instructions now have been

established for relevant cases.
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SWITZERLAND [CH-2]

_fi.ça.tion_o_f_ St andbv_

The standby shift consultant advises the shift supervisor and

takes over responsibility for operations during emergencies. He is

not normally present in the control room but can be contacted within

minutes at any time. He is a graduate of an advanced technical

college, has the experience and knowledge of an operator and shift

supervisor, and is licensed by the safety authority. He is more or

less equivalent to the new position of "shift technical advisor" in

U.S . power plants. This shift consultant arrangement has existed for

some years in the Swiss power stations, so that no new organizational

changes are necessary. The training programme has been widened to

include studies of events beyond design basis.

b . Rrnct ipna _!_ .Ch.£c]is_on_ _S_af_e_ty_Sy_Sit_ems

The administrative procedures for repair and maintenance work

were reviewed. As a general principle, a functional check of the

total sys tem, including its control and auxiliary systems, must be

carried out af ter each maintenance or repair work.

c .

Different measures are taken to guarantee correct valve

positions. In each case, where a valve is not mechanically secured,

more frequent checks were introduced, namely each week one

redundancy. A false valve position would also be discovered through

the periodic, prescribed, functional checks.
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d . Op_era_ti_onal_

The operational procedures were reviewed and revised for all

FWRs. The significance of the pressurizer level signal was reduced

such than an operator action dependent on this signal would no

longer be allowed over the short term. (The reason why this is

practical is that all Swiss FWRs have emergency core cooling systems

with pump heads lower than the setpoint pressure of the primary

system safety valves). Filling of the pressurizer is thus an

operational consideration.

Addi t ional ly , the importance and necessity of plant secondary side

cooling during small and medium sized leaks was emphasized.

Improved and simplified operating procedures were proposed for the

BWPs. To avoid overfilling the torus of the Mark I containment, the

use of the normal feedwater system af ter a loss-of-coolant accident

had to be limited. The procedures for the long-term shut-down cooling

phase had to be revised to prevent a pressure increase in the

containment. (There is no drywell spray).

UNITED KINGDOM

a. There has been no change in the ut i l i ty organization in the

area of the structure of the plant management or the organization of

control room personnel [UK-1].

b. The Kemeny Commission's recommendation that each nuclear plant

company should have a separate safety group that reports to high

level management has been established practice within the CEGB for

the past 20 years ; there is a separate Health and Safety Department

whose director reports directly to the Chairman and Board members

f U K - 2 ] .
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U . S . A . [US-1]

a. Provide an on-shift technical advisor (STA) to aid the

operators (I.A.1.1).

b. Delegate non-safet}T duties of the shift supervisor (I.A.1.2).

c. Limit operator overtime and provide a minimum shift crew. On

August 27, 1982, a proposed rulemaklng on Senior Reactor Operators

( S R O ' s ) and Reactor Operators ( R O ' s ) was issued. This will delay

completion of final e f for t s on this issue ( I .A.1.3) .

d. Upgrade qualifications and training of Reactor Operators and

Senior Reactor Operators ( I .A .2 .1 ) .

e. Perform analyses of transients and accidents and upgrade

emergency procedures, including operating with natural circulation

conditions. Submittals from all vendors are under review and will be

completed in early 1983. Plant-specific reviews will be finished

shortly thereafter ( I .C . I . )

f. Implement shift and relief turnover checklists (1 .C.2) .

g. Clearly define the responsibilities of shift supervisors and

operators ( I . C . 3 ) .

h. Limit control room access to those needed for normal and

off-normal situations ( I .C . i ) .

84



i. Review and revise procedures as necessary to assure the

verification of correct performance of operating activities ( I .C .6 ) .

j. Modify procedures to assure that cooling water is available

prior to actuation of the .Automatic Depressurization System

(U.K.3.57).

u • o • o • K

YUGO SLAVIA [YG-1]

a. NEK has either changed or upgraded the operating procedures and

operating instructions to satisfy various requirements of NUREG-0737

(Clarification of TMI Action Plan Requirements), such as :

1) Shift supervisor responsibilities

2) Shift technical advisor

3) Shift relief and turnover procedures

4) Control roota access

5) Shift manning

6) Removing safety-related systems for service

7) Procedures for verifying correct performance of operating

activities

8) Keport on outages

9) Independent safety engineering group.
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TABLE 11. 3

LIST OF ISSUES RELATED TO THE TKI INCIDENT

IK THE AREA OF CONDUCT OF OPERATIONS

a. Shift supervisor responsibilities

b. Shift technical advisor

c. Shift turnover procedures

d. Control room access

e. Technical support centre

f. Operational support centre

g. Review of operation procedures (normal and emergency)

h. Procedure for natural circulation

i. Procedures for coping with degraded core conditions

j. Procedure for alternative heat sink

k. Review of maintenance test procedures for final status of
equipment/systems

1. Control of sa fe ty equipment removed from service

m. Control of working hours

n. Minimum shift requirement

o. Independent safety engineering review group.
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QUALIFICATION AND TRAINING OF OPERATORS

BELGIUM [BG-4]

a. After the TMI incident , the training of operators has been

reassessed and the U.S. requirements have been discussed. Some

courses have been added or have their scope enlarged.

b. For Doel 3 and 4 and Tihange 2 and 3, simulator training and

retraining is required for reactor operators. Such training takes

place at Bugey Centre of Electricité de France. A "compact" simulator

is now available at the Tihange site. Simulators corresponding more

closely to the Doel 3 and A and Tihange 2 and 3 plants are at the

design stages, and should be operational within a few years (around

1986). These four plants are protected against external hazards by

adding a number of protection systems in bunkerized areas ; such

features should be taken into account in the simulation.

BRAZIL [BR-1]

a. Retraining in a simulator has been established as a policy.

b. Requirement for a plant specific simulator is under

consideration for Angra-1.

c. The scope of training for "shift technical advisor" was

provided to shif t supervisors who already possess engineering degrees

d. Training on natural circulation procedures was provided to all

operators .



CANADA

a. Need was identified for well-organized and thorough training,

covering not only normal operation, but also abnormal and emergency

conditions fCN-1].

b. Ensure that operators are trained to place particular emphasis

on core cooling and on the need to maintain alternate heat sinks in

an available state [CN-2J .

c. Consider the need to make it a requirement that each CANDU

design has a corresponding simulator for operator training [CN-2].

d. Institute requirement for periodic requalification of operators

and supervisors [CN-2].

CZECHOSLOVAKIA [CS-1]

a. The sequence of events during the ÎMI incident has been

instructive especially for operators. This and other possible

transients have been fac tored into the operator training programme •

FINLAND [FN-3]

a. The form of the oral examination (which is part of the testing

and licensing procedure for operators) was improved.

b. After the 1MI incident, the operator training programme

included the conduct for all shifts of drills for placing the plant

in the shutdown condition outside the control room.
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FRANCE [FR-2]

a. Operator reactions are checked periodically on simulators to

hnow and analyze the operators actions during an incident.

b. EDF has two simulators at its Bugey plant and has ordered a

third one. It has decided that rather than follow the USNEC line of

employing highly-educated people in the control rooms, it will

continue with the existing level of personnel but train and retrain

them more o f t e n . Reactor operators are trained every two years and

the EDF objective is to train them every year.

GERMANY, Fed. Rep, of

a. No basic changes had to be made for the education and required

qualification of the responsible shift personnel. However, a number

of goals were derived from the findings of the TMI incident for

further development and optimization of the staff education (see item

11.4 in [FRG-6] in the Appendix).

b. Before May 17, 1979 and so before the TMI incident, engineering

degrees for shift supervisors were desired but not required.

Independent of the IM I incident this requirement was specified in the

"Guideline Relating to the Proof of the Technical Qualification of

Nuclear Power Plant Personnel, promulgated on May 17, 1979. This

guideline is applied to those shift supervisors who applied for a

license af ter the issuance of the guideline [FRG-8]. Further aims for

an improvement of personnel qualification are given in [FRG-6] in the

Appendix.
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c. The existing educational programmes, qualification requirements

and courses for staff personnel have to be more effectively directed

towards identified specific requirements. Particular emphasis is

placed on developing the capability to take the appropriate

countermeasures even under adverse or difficult plant conditions.

This also includes the ability to correct prior inappropriate action

[FRG-6].

d. The following changes or added emphasis in operator training

and education are called for :

1) To be able to detect false signals as such, without

wrongly interpreting unusual signals as false signals

2) To learn to detect unusual states of the reactor by

several different indications

3) To develop the capability to trigger the coordination of

several measures taking into consideration necessary

priorities.

These measures require upgrading of training simulators, with

the objectives of improving diagnostic capability and high

realism in dealing with complex disturbance situations

involving malfunct ions, failures and errors [FRG-1]. Further

details or. this subject ( e . g . , the evaluation of educational

courses for shift personnel) are presented in réf . [FRG-6].

d. Ef for t s to further optimize the qualif ication of operating

personnel are concentrated on the following subjects [FRG-4] :
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1) Specification of scope and duration of simulator training

and retraining for responsible shift personnel

2) Development of optimized task-specific training

programmes for responsible shift personnel, based on

detailed task analyses and performance objectives

3) Development of retraining programmes for those with

supervisory functions and training officers

4) Accreditation of nuclear training courses for shif t

personnel

5) Specification of simulator design requirements.

HUNGARY [HN-1]

a. The qualification of the operational s taff to operate the

nuclear power plant of Paks is performed according to programmes

organized by the Soviet main contractor. The Tfll incident and the

lessons learned from it are also part of these programmes. Additional

analyses performed by Soviet firms on special request and the results

of these are also part of the training. The qualification

examinations include psychological tests as well.

b. The theoretical and practical qualif icat ion tests of the

operation personnel of Unit No. 1 of the NPP of Paks has beer,

completed. During the examination, particular attention was paie to
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ITALY

issues through which the examiners could properly decide whether the

operators acquired knowledge of the appropriate rules to prevent an

accident.

c. To keep abreast with the growing demands in the field of

nuclear engineering and to maintain the standard level of knowledge

and abilities of the operators and the other operations staff of the

new nuclear power plant , a plan for a domestic educational centre is

under way. The courses to be of fe red in this Centre will include

simulator training.

d. The preparation of an examination system is in progress. This

system will provide regular theoretical and practical tests for the

operational personnel, thus to keep their knowledge up to date.

a. The Italian regulatory authorities (ENEA/DISP) is shifting

emphasis from operator licensing examinations to closer control of

operator training and retraining programmes. The examination

commission has generated a revised programme and new interim

evaluation criteria. The power generating company, Ente Nazionale per

1' Energia Elettrica (ENEL) will operate a new national training

centre (planned before TMI incident) , that will be provided with a

simulator for training and retraining [IT-4).

b. Operator training and use of simulators were modif ied to

exploit operating experience [IT-21.
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JAPAK [JP-2]

a. Inspectors were sent to each reactor site for special

inspections, including testing of operator responses to -simulated

plant transients.

V. MITI found that responses were generally satisfactory ;

however, with the concurrence of the Nuclear Safety Commission (NSC) ,

various recommendations were made to licensees, particularly in the

area of operator training, and including improved procedures for

dealing with abnormal conditions.

KOREA, Rep, of [KE-1 ]

a. Operator education and training as well as examination have

been intensified since the MI incident both in scope and time.

b. Simulator is used for the training and retraining of operators,

but is not used for the examination of applicants for reactor

operator and senior reactor operator licenses.

c. An engineering degree is not a prerequisite for a shift

supervisor. However, m a n y , if not m o s t , shift supervisors are

actually graduate engineers.

d. There is no s taff member of the reactor operating crew who is

called a shift technical advisor. However, the shift supervisor is

always assisted by deputy shift supervisor who plays an advisory

role. The licensing authori ty is considering to ask the uti l i ty

company to add a technical advisor to each sh i f t .
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MEXICO [MX-1]

a. The requirements imposed by CKSNS on candidates for nuclear

plant operator positions are more stringent than those of USA, and

include those of NÜP.EG-C737. All candidates must hold engineering

degrees, in accordance with CNSNS rules (Proyecto de Reglamento para

el Licenciamiento de Operadores).

b. The requirements to expand the training programmes to strengthen

such aspects as thermodynamics and heat transfer are also considered

within the above rule.

c. Considering that the nuclear power plant (PNLV) will not be

operational until 1984, the operators are involved in the plant

commissioning and will be retrained in a simulator.

NETHERLANDS

PHILIPPINES [PH-1]

a. The theoretical part of the training course for operators was

strengthened by adding more subjects on thermodynamics and heat

transfer.

b. The simulator training was expanded in scope and length by

including control of more complex situations.

c. Operators who initially completed the original operators course

were sent back for retraining on an expanded simulator course.



d. The operation management s taff trainees were sent to nuclear

plants for on-the-job training in start-up operations.

SPAIN fSP-3]

a. The requirements for operator qualifications and training are

established in the Spanish regulatory guide GSN/02/76. This guide is

actually at the end of the revision process and will be issued

shortly. The significant proposed changes are the following :

1) Inclusion in the academic training programme for reactor

operators of new subject areas such as heat transfer,

fluid flow and thermodynamics

2) Three years of experience in power plants (two years in

nuclear power plant)

3) A minimum of 120 hours of simulator training

4) Academic instruction on a variety of subjects covering

design, operation and features of the plant as a whole

and each system in particular ; instrumentation and

control ; radiological protection ; fuel management , etc.

5. On-the-job training for a minimum 480 hours , without any

other concurrent mission or assignment.
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SWEDEN

a. Increased the level of education of nuclear plant personnel in

lead positions, to acquire a more in-depth knowledge of nuclear and

thermodynamic processes occuring in nuclear power plants. Maintenance

personnel will be educated regarding the importance of their work

relative to the safety of the plant [SW-2].

b. Increased and improved simulator training was planned in 1981

[SW-2] .

c. The Swedish Nuclear Power Inspectorate is to initiate a system

for monitoring the competence of operators and shift supervisors. The

requirements will be imposed through conditions attached to the

operating license granted to power companies fSW-4] .

d. As of 1 July 1979, the Swedish Nuclear Inspectorate has

extended from one week to two weeks the yearly refresher courses

which licensed operators are required to take [SW-5].

SWITZERLAND

a. Licensing requirements were under review and would be revised

in depth, retaining however, the principle that in addition to

training in specific response actions, stress is laid on

understanding them in their physical and technical context. Methods

for selecting operation personnel are to be refined [Œ-1].
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b. A basic regulatory guide "Qualification Requirements for

Operating Personnel and Management of a Nuclear Power Station" has

been compiled over the last few years, and will be reviewed in the

light of the TMI incident [CH-2].

c. Nowadays it is mandatory for shift supervisors and operators to

undergo in-depth examinations. Reports by the operation managers

every 1-2 years, and simulator training every 2-2 1/2 years, are

used to requalify shift supervisors and operators. Improvements in

the simulator training programme are foreseen by the authority. Up to

the present the safety authorities have used the licensing

examinations as an indirect means of reviewing the training

programme. A more detailed review process is currently under

discussion [CE-2].

d. Medical examinations and additional psychological apti tude

tests are undergone by shift supervisors and reactor operators [CH-2] .

UNITED ^INGDOM fUK-1, UK-4]

a. A review of operational training has been carried out by the

CEGB ; this included emphasis on the scope and frequency of refresher

courses. Their Training Centre facilities have recently been extended

b}T the commissioning of simulators for each Advanced Gas-Cooled

Reactor ( A G R ) station.

U . S . A .

a. Enhanced training programmes for operators and senior operators

have been required. (I.A.2.1 and I.A. 2.3).
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b. Include simulator examinations as part of the licensing

examination process and increase the scope and criteria for passing

the examinations. With the exception of 2 nuclear power plants, for

which there is no relevant simulator available, (i.e. LaCrosse and

Ft. St. Vrain) action on this item has been completed ( I .A.3 .1) .

c. Develop a programme and train the operators in the use of

installed equipment to control or mitigate accidents in which the

core is severely damaged. Only 3 nuclear power plants have not yet

completed this requirement ( I I .3 .4 ) .

USSR fUSSR-2]

a. The USSR places great reliance on the operators in the control

room and feels that its operators are more highly qualif ied in terms

of engineering talent available on each shif t and more highly

trained. Nevertheless, consideration has been given to revising

operator training.

YUGOSLAVIA [YG-1, YG-2]

a. NEK has undertaken a number of actions in order to implement

the recommendations of NUREG-0737, such as : upgrading of reactor

operators and senior reactor operators training and retraining ;

regular training on the simulator has been adopted as part of the

retraining programme ; high s tandards for passing operator licensing

examinations have been accepted.
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TABLE II. 4

LIST OF ISSUES RELATED TO THE Trfl INCIDENT

IN THE AREA OF

QUALIFICATION AND TRAINING OF OPERATORS

a. Initial qualification for recruitment of operators

b. Review and upgrade of training programme

c. Retraining requirements

d. Use of simulator in training

e. Use of simulator in retraining

f. Use of simulator in examinations

g. Higher requirements for qualification examinations

h. Qualification of other plant personnel

i. Plant management qualification.

99



5. REVIEW AND FEEDBACK OF OPERATIONAL EXPERIENCE

BELGItM

a. Belgian utilities joined Operating Plant Owners Group to gain

immédiate access to information resulting from USNRC investigations,

as well as to share latest thinking on technical and generic

problems. They are also participating in the Nuclear Safety Analysis

Centre in the exchange of information on incidents at nuclear plants

worldwide [BG-2].

b. Operational experience is fed back in the licensing process

through a computerized retrieval system ("ARIANE").

The OECB/IRS* reports , the publications of the USNRC (e .g . ,

inspection and enforcement bulletins, notices, circulars ; "Power

Reactor Events" ; "Weekly Information Report" from the Executive

Director of Operations ; and reports issued by the Off ice for

Analysis and Fvaluation of Operational Da ta ) , the U.S . Licensee

Events Reports , the U.S . abnormal occurrences (NUP.EG-0090) , available

informat ion from INPO, significant events published in the

literature, etc. , are examined for relevance and their relationship

is established with topics covered in the safety analysis of nuclear

power plants. The information available on a given subject , or the

incident which took place at a given time, or at a given plant, can

be found via the computer fBG-4 ] .

* Organization for Economic Co-operation and Development/Incident
Reporting System .
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BRAZIL [BR-1]

a. Establishment of regulations on reporting requirements.

b. Participation in the IAEA effor t on the collection of operating

experiences.

c. Bilateral agreements used for exchange of information with US

and FRG.

d. Establishment of Operating Experience Review groups in the

util i ty (FURKAS) and CNEN.

e. FURNAS has joined the owners group in the U.S. and FRG, the

Electric Power Besearch Institute (EPRI) , Nuclear Safety Analysis

Centre (NSAC) , and the Institute of Nuclear Power Operations (INPO).

It has agreements for exchange of information with several utilities.

CKEK is a member of the Atomic Industrial Forum (AIF).

CANADA

a. Necessity for ensuring that events which occur in operating

reactors are carefully evaluated and lessons learned are communicated

to other operators and fed back into the design process for future

reactors [CN-1].

b. Ensure that operating experience and improved analytical

capabilities are taken advantage cf in updating the contents of

training and simulator programmes [CN-2] .
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CZECHOSLOVAKIA

FINLAND [FN-3]

a. An information group for nuclear power plant incidents has been

established on the initiative of the Institute for Radiation

Protection (IRP). Representatives from the power companies and the

Technical Research Centre of Finland participate in the work of the

group and the representatives, of IRP have the role of an observer.

Once a month , the group reviews the occurrences in foreign plants

using materials available, e .g . , reports from the USNRC, Nuclear

Energy Agency (NEA) and the Swedish Nuclear Power Inspectorate (SKI) .

On the basis of descriptions of chosen events, the group compiles

reports in Finnish which can be used by different organizations.

FRANCE

a. Continue to search for weak areas (common cause) of systems

based on the single failure criterion and increase effor ts to assure

feedback to design of any anomalies found during tests and operation

[FR-2].

b. Make intensive use of operating experience to improve design

and maintenance [FR-2].

c. A new system will be set up for analyzing operating experience,

similar to that being undertaken by U.S. utilities through the

Nuclear Safety Analysis Centre (NSAC) and the Institute of Nuclear

Power Operations ( INPO). The system is designed to search for

precursors of possible mishaps. The French Insti tut de protection et
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de sûreté nucléaire (IPSN) will be gathering and analyzing event

report sheets from operating units to identify accident precursors

and the strong and weak points of the standard Framatome - produced

FWR units [FR-5].

GERMANY. Fed. Rep, of [FRG-6]

a. In the FRG, the operational experiences of nuclear power plants

have been collected and evaluated for some time in order to deduce

possibilities for further improving the operations of plants. In

addit ion, since 1975 there have been uniform federal criteria

regulating the reporting responsibility of the utilities to the

respective authorities. At the same time, a unit within the

Gesellschaft fuer Peaktorsicherheit (GRS) was established for the

collection and evaluation of all reported incidents.

In general, the evaluation of the TKI incident did not show the

necessity to alter the procedure introduced in the FRG. The

evaluation of operating experiences, however, was further intensified

by :

1) The utilities were urged to evaluate operating

experiences from other German and also foreign nuclear

power plants for possible use in their own facilities,

and to routinely report the results of their

investigations to their authorities.

2) The results of the evaluation of operating experiences

are increasingly incorporated into the training

programmes of the plant personnel.
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3) The centralized collection and evaluation of operating

experience was expanded. In particular, foreign

experience is evaluated to a larger extent for possible

consequences on German plants.

HUNGARY [HN-1]

ITALY

a. The Hungarian institutions, in addition to the data originating

from foreign publications, are supplied with information coming from

foreign partners who have the same type of reactor. Also, the

operations personnel of the nuclear power plant of Paks are prepared

systematically to collect and record operational data from th'e start

of plant operations.

a. ENEA/DISP currently receives USNRC information on operating

experience through a bilateral agreement. It also cooperates with

OECD (in the IP.S programme) and IAEA.

b. Technical specifications of operating plants currently require

notification and reports to be sent to TISP in case of abnormal plant

occurrences.

c. ENEL (The Italian Power Generating Company) is a member of both

INPO and NSAC.
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JAPAN

KOREA. Rep, of fKE-1]

a. A nuclear safety information system is being operated in

Nuclear Safety Centre of the Korean Atomic Energy Research Institute

(KAERI) for the acquisition and dissemination of safety-related

information.

b. Korea Electric Power Corporation is a member of the

Westinghouse Owners Group and is receiving information related to the

US IM I Action Plan. The result of US reactor experience is thus

reflected in the development of operating procedures for domestic

nuclear power plants.

MEXI CO [MX-1]

a. CNSNS has strongly recommended to CFE to participate in groups

such as INPO or NSAC. CFE has accepted the recommendation and has

made initial contacts with the organizations.

b. CNSNS has used the operational experiences from other BWRs as a

source of information to evaluate certain analysis, designs and

equipment of the PNLV. This procedure has been followed to generate

several questions to CFE. The contacts with the regulatory body of

the supplier country for the NSSS has also been very useful , e .g . , in

the review of the FSAR.
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NETHERLANDS

PHILIPPINES [PH-1]

a. The Philippine utility in charge of PNPP-1 has agreements with

its US Consultant to be supplied with all information resulting from

studies, investigations and data gathering from US institutions.

SPAIN [SP-3]

a. The Spanish utilities have joined INPO and NSAC and receive

from these organizations all the relevant reports. In addi t ion,

constant consultations are possible with the two organizations.

b. Since Spain is a member of the CSNI(OECD)* and the IAEA, the

Spanish licensing authorities have access to reports issued by these

organizations.

SWEDEN

SWITZERLAND

UNITED KINGDOM [UK-4]

a. Each station has a Safety Committee and these Committees meet

monthly. The membership was deliberately established, and is

* Committee or. the Safety of Nuclear Installations (Organization for Economic
Cooperation and Development).
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maintained, at a senior level, including the Station Manager, the

TGB's Directors of Operations, Health and Safety, Engineering and

Research, together with senior experienced members of the UKAEA and

British Nuclear Fuels Limited (BNFL). Each Committee reviews fault

studies and analyses which take into account new data or experience ;

in particular, no changes in Operating Rules or significant

modifications to safety-related equipment can be made without a

written report being approved by the Committee and subsequently the

Naclear Installations Inspectorate (Nil). The Station Managers meet

quarterly to review and appraise operating performances and

experience, and there is also a quarterly Operations Conference

a t tended by senior members of all UK reactor plant operating

organizations which again consider performance and safety-related

topics. These arrangements ensure a sharing of experience and

discussion of problems, while the Safety Committee procedures impose a

discipline and motivat ion towards an awareness of safety which is very

important. Having re-appraised these arrangements, the Generating

Board remains convinced that their basis of organization is sound and

well able to discharge its tasks.

U.S.A.

a. Operating experience pertinent to plant safety originating

within and outside the utility organization must be continually

supplied to operators and other personnel and incorporated into

training and retraining programmes ( I .C.5) [US-1].

The USKRC in Generic Letter No. 82-04 endorsed utility use of

the INFO operating experience review programme to relieve individual
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utilities and constructors of the necessity of setting up large s taffs

to obtain and screen the large volume of raw date pertaining to

operational experience throughout the industry fUS-2 ] .

b. Licensees should report safety valve and relief valve failures

and challenges (U.K.3.3) [US-2].

c. Licensees should submit report detailing outages for all

emergency core cooling systems for the last f ive years of operation

(U.K.3.17).

YUGOSLAVIA [YG-1]

a. NEK has taken steps to obtain information on generic or plant

specific safet3T studies performed by specialized institutions such as

INFO.

b. NEK has either changed or upgraded some procedures to satisfy

requirements of NUREG-0737, such as Procedures for Feedback of

Operating experience to Plant Staff (Administrative

Procedure 1.13) .
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TABLE II.5

LIST OF ISSUES RELATED TO THE TMI INCIDENT

IN THE AREA OF REVIEW AND FEEDBACK OF OPERATIONAL EXPERIENCE

a. Establishment of a system for collecting information

b. Requirement for operating experience review by the licensee

c. Review group established by operating organization
d. Review group established by the regulatory body
e. System for feedback to plant operation established
f. System for feedback to design group(s) established

g. use of operating experience on training programmes.
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6. EMERGENCY PLANKING AND PREPAREDNESS

BELGIUM

a. Emergency planning has been reviewed and upgraded both inside

and outside the nuclear power plant sites. The emergency plans

involve several authorities (state, regional and local), whose roles

and responsibilities are clearly defined fBG-1, BG-4].

b. As part of these emergency plans, evacuation schemes have been

developed for the population in the vicinity of the plants

(10 k m ' r a d i i ) . In case of evacuation, local authorities would assign

each family an emergency gathering point and distribution outside the

10 km radius [BG-3].

c. Emergency drills both on-site and off-si te are conducted

periodically [BG-4].

d. At the plant si tes, in addition to the control room, new

facilities similar to the Onsite Technical Support Centre and the

Emergency Operations Facility described in NUREG-0696 (Criteria on

Emergency Operational Facilities) are under development. There are

also proposals for a "safety parameter display system" [BG-A].

e. The Ministry of Interior has prepared a brochure, providing

advice for the population, in the event of an accident [BG-3].

f. Tablets of potassium iodide are stored near each nuclear power

plant site and ready for distr ibution, if necessary [ B G - ^ j .
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BRAZIL fEE-1]

a. National policy on emergency planning was established by the

SI PRO K (System for Protection of Nuclear Programme).

V. Integrated emergency plan was developed which involves

coordination among CNEK, FURNAS, Civil Defense and other authorities.

c. Communications were greatly improved from the plant to off-site

and among authorities.

d. CNEN standby group was established for providing technical

support in an emergency.

e. Utility headquarters standby group was established.

f. Training of plant and authority personnel was undertaken.

g. Emergency planning off icer position was established in the plant

s t a f f .

h. Technical Support Centre (TSC) and Operation Support Centre

(OSC) were established on Angra-1 and incorporated in the design of

Angra-2.

i. Additional equipment (communications, radiological, e tc . ) were

required for o f f - s i t e support facilities.

j. Vendor support was established (i .e. communications and

planning)•
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k. Plant emergency drills were conducted,

CAKADA

C2ECHDSLOVAKIA [CS-1]

a. The emergency plans have not been changed ; however more

attention has been given to the method of their preparation and

evaluation. For providing support in cases of emergency, the

Czechoslovak Atomic Energy Commission established a Central Advisory

Group.

FINLAND [FN-3]

a. The on-site emergency plan for the PWPs has been revised and

supplemented as a result of more precise estimates of sky-shine

radiation.

b. The emergency plans for all plants have been supplemented with

provisions for emergency sampling and for high-range radiation

monitoring in the containment.

c. The development of the internal emergency preparedness plans of

the regulatory body (IEP) was started after the 1MI incident. Previous

plans dealt mainly with provision of expert services in radiation

monitoring and the radiation measurements of the environment in

post-accident condit ions. Tne new plans give additional emphasis on

the activities of the IPJ5 related to reactor safety . An alarm

procedure has been developed, necessary materials have been prepared,

112



and a communications line independent of the regular telephone network

has been set up between the IRP office and the nuclear power plants.

d. Bnergency drills have been expanded to include all concerned
organizations in order to test and, possibly improve communication and
cooperation among these entities.

FRANCE

a. Testing of emergency procedures and intervention plans is

specified using appropriate accident scenarios [FR-2].

b. There have been re-examination and extension of emergency plans,

including the creation of a standing team to assist the operator in

case of a crisis [FR-2]. This crisis organization has been set up in

close coordination with the safety authorities and the Interior

Ministry [FR-3].

c. Communications have been entirely revamped, both with the

authorities and with the media [FR-3].

GERMANY. Fed. Rep, of

a. In the FRG sufficient precautions have been established for

assuring protection against possible hazards. Some details are

described in [FRG-6], item II.6.

It has not been found necessary to make alterations or modifications

of the existing basic recommendations for emergency protect ion because of the

TMI accident .
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HUNGARY [HN-1]

a. Experiences from the IM I incident have been employed in

preparing the emergency plan of NPP of Paks, especially in the

following aspects :

1) The plan prescribes multi-level interventions, ranging

from probable emergency situations to the actual accidents,

2) A minimal time period during which the radioactivity

enters the environment and the emergency levels of the

main technological processes/parameters have been

determined by computer simulation.

3) Decision has been arrived at concerning the production of

stable iodine containing preparation for iodine

prophylaxis, as well as their storage and distribution in

case of necessity.

^) Emergency telecommunications and alarm system have been

established.

5) Comprehensive information has been provided for

inhabitants living in the proximity of the NPP-Paks on its

normal operations, as well as about emergency situations

and their consequences.
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ITALY [IT-6]

a. Three working groups have been set up at DIS? af ter the TMI

incident for the drafting of recommendations on emergency planning.

Results of this work have guided the preparation and performance of

emergency drills at nuclear plants. In particular, an emergency drill

at a nuclear power station has been based on the previous study of a

specific plant accident (off-standard) scenario which was not

disclosed to plant personnel before the drill.

b. Studies are presently underway in order to allow consideration

of a severe core damage accident at a nuclear plant among the

calamities of various origin to be taken into account in a national

emergency plan.

c. As part of the programme to up-date procedures for managing

emergency situations, ENEA/DISP is working on the establishment of an

emergency centre. A ma jo r component of such a centre is the ARIES

(Accidental Release In pact Evaluation System). To this end, a

cooperation* has been established between DISP and the U.S. Lawrence

Livermore National Laboratory (LLNL) where a similar system, ARAC

(Atmospheric Release Advisory Capability) was developed and is

presently operating. In the event of an accidental release of a

hazardous material into the atmosphere, the ARIES will have the

capability both of providing real-time estimates of the hazards to

downwind population centres by integrating model calculation with

* Joint Research and Development on Toxic Material Bnergency Response
Between EKEA and LLNL : 1982 Progress Report (UCRL-53345),
November, 1982.
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on-site measurements and of recommending suitable countermeasures to

minimize the impact of the accident. Many components (i.e. hardware,

software, network, e tc . ) are already operational and some tests have

been performed. Particularly, the system has been used to prepare the

meteorological and radiometric scenario of the emergency exercise in

February 1982 for the Caorso nuclear power plant.

d. A technical discussion is underway between PISP and ENEL on

means for coping with an emergency situation, either foreseen or

unforeseen in the design.

JAPAN [JP-2]

a. Emergency response plans have been extensively reviewed in order

to ensure effectiveness. The emergency plans have been upgraded and

there is improved assurance of coordination among government agencies,

nuclear power stations and the local communities.

KOREA, Pep , of [KP-1]

a. Bnergency planning was drawn up for the reactor in operation

(Kori-1), and actual emergency preparedness drills have been exercised

once a year at the reactor site without evacuating people in the

vicinity of the plant.

b. CPX (Commanding Plan Exercise) is annually conducted under the

assumption of abnormal occurrences in nuclear power plants, such as an

event resulting in the release of radioactive materials to the

environment.
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c. Bnergency response organizations in 9 government Ministries have

been designated and their responsibilities have been defined. In

addition, 3 task forces have been organized ; namely, Government

Bnergency Management Centre, Onsite Bnergency Management Centre and

Technical Advisory Team.

MEXICO [MX-1]

a. The emergency plan for the PKLV is now in preparation. The plan

involves the participation of several ministries : Defense, Navy,

Transport and Communications, Health, State, etc. The CNSNS

participates as an observer.

b. Since the emergency plan also includes the upgrading of support

facilities, CNSNS does not consider imposing all the installations

required by the NUREG-0737 or NUREG-0696.

NETHERLANDS

PHILIPPINES [PH-1]

a. A Technical Support Centre which includes additional

instrumentation for diagnosis of reactor conditions in a room adjacent

to the control room is provided.

b. A separate on-site Operational Support Centre in an

aoninistrstion building near the reactor plant is provided.
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SPAIN

a. The Nuclear Safety Council has revised the existing approach to

emergency planning. This revision covers mainly two items, i.e., the

emergency reference levels and the planning zones [SP-3].

b. Review, upgrade and implement the applicable plant and

environmental emergency plans to assure that actions, when

implemented, are coordinated and efficacious [SP-2].

c. Each ut i l i ty has been required to incorporate a Technical

Support Centre, an Operational Support Centre, and an Bnergency

Control Centre out of the site [SP-3].

SWEDEN

SWITZERLAND

UNITED KINGDOM

a. Bnergency planning and related off-si te exercises were in place

in Britain prior to the THI incident. According to the CEGB, the plans

are very detailed including arrangements for cooperation with public

emergency services, local authorities, land and water authorities. To

date tablets can be readily issued [UK-1, UK-6].

b. Although emergency arrangements in the immediate vicinity of

nuclear sites in the U . K . are already thoroughly prepared and

exercised as a condition of the site licence, the Health and Safety

Executive says it now seems desirable for i t to establish and

publicize a nationally co-ordinated plan [UK-2, UK-6].
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c. The CEGB noted that at TMI, the short time in which telephone

systems can be overwhelmed was well illustrated, and they have noted

the need to strenghten telephone communication systems at some sites

[UK-1].

d. Additional emphasis needed on a range of detailed points

includes the performance of instruments in emergency conditions, the

presentation of information to operators in reactor control rooms and

communications in general in the period immediately following an

accident [UK-2] .

e. The Kemeny report 's comments on siting do not , the Health and

Safety Executive (KSE) says, cast doubt on the validity of the choice

of existing sites in Britain. But work has already started in Britain

and in the Commission of the European Communities on the possible need

to improve and unify siting policy and emergency plans. During an

announcement of the decision to build a British WR, it was stated by

the Deputy Director of the HSE that the Executive would require the

first one or two IVRs, as a new class of reactors, to be built at

"reasonably remote" sites but subsequently there should be no

difference with AGEs [UK-2] .

f. Following the TMI incident, a full review of emergency plans for

nuclear power plants was performed by the CEGB and while the plans

were in general shown to be adequate, the following changes have been

agreed and are being implemented [UK-3, UK-4] :

1) Managerial control in the event of the incident lasting

longer than a few hours. It is believed that it may be

desirable that the aspects related to off-site effects in
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such an event be taken away from the direct responsibility

of the Bnergency Controller, who could be fully concerned

with on-site actions.

2) Communication with external organizations and the press

and the public. The TMI incident indicated the very high

demand for communication with external organizations, and

improvements in communication facilities, and in the

organization and procedures for achieving such

communication are under review.

3) A clearer definition of responsibilities within the areas

outlined in (1) and (2) above.

4) Changes in the radiological monitoring procedures to

extend the distance to which the measures are taken, and

to enable integrated dose and dose ra te measurements to be

taken.

U . S . A . [US-1]

a. On-site and off -s i te emergency preparedness and emergency

support facilities (TSC, OSC and EOF) have been upgraded to better

respond to an event. Final requirements for TSC, OSC, EOF are included

in supplement to NUREG-0737 which is about to be published. Review

schedules are to be developed (III .A.I and I I I .A .2) .
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U.S.S .P .

YUGOSLAVIA [YG-1, YG-2]

a. Bnergency response plans have been developed. On-site and

off-site exercises have been conducted to demonstrate the

effectiveness of the plans.

b. A suitable room with equipment has been designated to serve as a

Technical Support Centre for the Krsko nuclear power plant.
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TABLE II.6

LIST OF ISSUES RELATED TO THE TMI INCIDENT

IN THE AREA OF

EMERGENCY PLANNING AND PREPAREDNESS

a. Leading organization defined

b. Integrated plan developed/reviewed

c. Utility plan developed/reviewed

d. Communications improved

e. Technical Support Centre

f. On-site Operational Support Centre

g. Bnergency Control Centre

h. Bnergency drill on-site conducted

i. Bnergency drill off-si te conducted

j. Stable iodine available for distribution

k. Information to nearby residents provided

1. Alarm system to nearby residents.
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7. MAN-MACHINE INTERACTION

BELGItM [BG-4]

a. Even before the 3MI incident, utility personnel have been

closely associated in the design of the control room, in order to

make the needs of the operators known. This step contributes towards

decreasing the probability of human error.

BRAZIL [BR-1]

a. Control room display was modi f ied in accordance with the

results of engineering review and operators suggestions. Anong the

items/areas for modifications were : ESF status light ; label of

instruments ; instrument scales ; provision of additional

information, etc.

CANADA

a. Information mus t be made available to the operator in a clear

and understandable form [CN-1].

b. Review design of control room to ensure that proper emphasis

has been placed on human factors engineering [CN-2].

c. A human factors engineering group is presently being set up in

the Atomic Energy Control Board (AECB) to improve expertise in this

area [CN-4] .
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CZECHDSLOVAKIA

FISLAND [FN-3]

a. In the control rooms of the Finnish nuclear power plants

emphasis has been placed on human factors engineering since the

beginning. Afterwards only some minor changes have been made

concerning visual indications, their location and computerized

indication of the operating condition of the plants.

FRANCE

GERMANY, Fed. Rep, of [FRG-6]

a. Improvement was made of the information available in the

control room in order to provide shift personnel with a better

knowledge of the plant status. These include :

1) Measurement of the Minimum DNBE

2) Measurement of the Reactor Pressure Vessel Level

3) Improved In-core Temperature Monitoring

A) Position indication of the Pressurizer Relief Valve

5) Position control of Safety-Related valves in the Safety

System .
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b. Revision was performed of instructions for the control of small

and medium LOCA.

HUNGARY [HN-1]

a. Anong the methods facilitating the operators' work, one is in

the stage of preparation. This is a safety parameter display to be

placed in the control room and it is expected to provide dual

information tasks. One of the systems will provide packed information

about the safety of the unit , while the other one supplies data on

the actual possibilities of intervention. For the development of

these systems extensive research and development work is still

required.

Other investigations into human factors have not yet been started.

ITALY [IT-6]

a. After the TMI incident, closer attention was given by the

designers to control room lay-out and construction details. For the

Alto Lazio nuclear power station (BWP 6-Mark III) which is now under

construction, a 1:1 scale model of the control room has been built

for design purposes. In particular, CRT displays have been adopted.

For the Caorso nuclear power plant (BWE 4-Mark I I ) , the control room

is under review in order to improve some human engineering factors

(e.g. lighting, clear identification of controls, identification of

important points on meters) .
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JAPAN [JP-1]

a. Human factors, both as a positive and negative contributor, are

of special interest.

b. Improvement of layout of control panels.

KOREA, Rep, of [KR-1]

a. Review of control room design was undertaken, with a view

towards improving the ability of plant operators to prevent accidents

or to cope with accidents. The review resulted in the conclusion that

the vendor-designed and -supplied control boards are not suitably apt

for the Korean operators, especially as regards the following

aspects :

1) In view of ergonomics, the control board is not suitable

for the operators and is rather too large in dimension.

2) Better arrangements and grouping of recorders, indicators

and switches are necessary.

3) Coding and labelling of some systems need improvements or

modification.

4) Improvements in the information display of some

instruments is required, and some measuring equipment

need to be provided with ample space for maintenance.
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5) There are numerous alarm lights and buzzers on the

control board which are frequently actuated and operators

are almost unable to cope with them in time.

6) Improvement is necessary in the fields of illumination,

noise prevention, communications system, etc.

Upon recommendation by the reviewers and suggestions from reactor

operators, gradual design modifications will be done for the

subsequent reactors including the relocation of safety-related

indicators in the control panel.

MEXICO [MX-1]

a. The CNSNS required CFE to perform a review of the control room

of PNLV from the point of view of man-machine interaction. The

initial result of the review revealed that the main control console

in the original design was such that the operator will have his back

towards the main panel. CNSNS will require a 180 rotation of this

console.

NETHERLANDS

PHILIPPINES [PH-1]

a. The main control board was modif ied to make it easier for the

operator to analyze conditions in the reactor and/or make him less

prone to commit mistakes.
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b. A design review was undertaken to identify the location of

vital areas and equipment in which personnel occupancy may be unduly

limited or safety equipment degraded by the radiation fields during

post accident operations.

SPAIN [SP-3]

a. A study was performed in Almaraz nuclear power plant to

determine if there are any major deficiencies in the control room.

The result of this study has been positive and only minor changes

have been introduced. This study was not required by the licensing

authori ties.

SWEDEN

SWITZERLAND

UNITED KINGDOM [UK-1]

a. Particular attention will continue to be paid to control room

layout and instrument display systems.

U.S .A . [US-1]

a. Provide a human factors review of the control room to improve

the ability of the operators to prevent accidents or cope with them

if they occur by improving the information provided to them. A

supplement to NUREG-0737 is about to be published that provides basic

requirements for this act ivi ty. Review schedules are to be developed

subsequently ( I .D . I ) .
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U.S.S.R.

YUGO SLAVIA [YG-2]

a. Plans are being developed to review and analyze the existing

control room of the Krsko Nuclear Power Plant for possible

improvements.

129



TABLE II.7

LIST OF ISSUES BELATED TO THE TMI INCIDENT

IN THE AREA OF

MAN-MACHINE INTERACTION

a. Man-machine interaction review of existing control room

b. Man-machine interaction analysis required in the design of
control room

c. Man-machine interaction review by the regulatory body

d. Development of standards for man-machine interaction design and
analysis.
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8. PROBABILISTIC RISK ASSESSMENT

BELGIUM [BG-4]

a. There is no legal requirement to utilize PRA techniques for the

nuclear power plant as a whole ; however, PRA analyzes have been used

in some cases for special aspects as airplane crash hazards.

b. Although there is no active work on large-scale PRA, there is a

growing interest for these techniques which can be used as a

supplementary tool in safety analyses.

BRAZIL [BR-1]

a. PRA techniques are used for systems analysis by CNEN.

b. Risk study of Angra is under consideration.

c. PRA studies are being conducted in universities, under CKEK

sponsorship. The support involves the provision of computer codes,

the description of the design of systems and financial support.

CANADA

a. Need to develop methods for analyzing postulated accidents
which will give reasonable prediction of most likely sequence of

events, and also demonstrate that equipment necessary for protection

of public is sufficiently reliable [CN-1].
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b. Continue present review of the reliability and redundancy of

feedwater supplies in Gentilly-1 reactor [CN-2].

CZECHDSLOVAKIA

FINLAND [FN-3]

a. More extensive use of PEA techniques for general licensing

decisions is considered. Previously, reliability analyses have been

performed at the system level for most systems of each plant but the

results have been used only informally to support licensing decisions.

FRANCE fFR-1]

a. Studies of component and system reliabilities for 1300 MWe

plants.

b. Re-analysis of potential common mode failures of auxiliary

feedwater supply.

GERMANY, Fed. Rep, of

a. In 1976 work on a German PWP risk study [FRG-5] was started.

Its results were published in 1980 in a main volume and eight special

volumes. Prior to the TMI incident interim results presented to the

public had already stated the importance of small leaks on the

pressurizers.

The most significant results of the German risk study were the

substantial risk contributions through small leaks and transient
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accidents and the associated influence of the secondary system. Eue

to the findings of the risk study a number of improvements on German

nuclear power plants were initiated [FRG-6].

b. The application of probabilistic methods and risk

considerations in the license procedure has received increased

attention in recent times. This could stem, however, from existing

experience and advancements in the field, rather than on influence of

the THI incident [FRG-6]

HUNGARY [HN-1]

a. up till now methodological as well as system studies have been

performed. Fault-tree/event-tree methods have been developed ;

however, due to lack of proper data for availability and failure

modes , their application in the nuclear power plant of Paks have not

been initiated. At present fault-tree/event-tree method is employed

for system analyses, consequence assessments and cause investigation,

b. One of the goals of the research work concerning the

reliability is the local development of PRA methodology.

ITALY [IT-6]

a. The use of probabilistic techniques in the licensing process

was started in Italy even before the TMI incident. Examples of

reactors for which the technique was employed include the Alto Lazio

nuclear power station, the 30 MW Prototype Pressure Tube Reactor

(ESSOP) and the IOC MW PEC fuel testing reactor.
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b. For the nuclear power plants to be built under the current

Italian En erg}' Plan, PRA will be used to verify the adequacy of

design criteria and that the plant protection is balanced (i.e., that

there is no dominating incident sequence for the plant risk). Also, a

reference target limit for the severe core melt probability is being

established.

JAPAK [JP-1]

a. The Japanese Atomic Energy Pesearch Institute (JAERI) has

embarked on a 5-year plan to develop risk assessment methodology.

WASH-1400 methods will be used as a baseline with more recent

developments added. Special factors relevant to Japan, such as

earthquakes, will be included. Human fac tors , both as a positive and

negative contributor, are of special interest.

KOREA. Pep, of [KR-1]

a. The state-of-the-art of the PRA methodology has been reviewed

by a group in the Korea Advanced Energy Research Institute (KAERI),

and a substantial amount of related data have been collected and

analyzed. The research group in the KAERI has been working for

computerized reliability analysis for safety-related systems of PWPs

along with the establishment of a reliability data base. However, a

*ull PRA application programme in support of probabilistic safety

analysis and licensing procedures still has to be formulated.
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MEXICO [MX-1]

a. CNSNS has not used PRA techniques to review post-TMI related

actions/issues, but it is planned to, particularly in regard to

Hydrogen Control Systems. The technique, however, has been used for

other applications, such as in the FSAR review, which has resulted in

the change of certain operating procedures for the Residual Heat

Removal System of the plant.

NETHERLANDS

PHILIPPINES

SPAIN [SP-3]

a. No studies have been initiated in this area, but the technical

staff is following the evolution of this new technique for safety

evaluation of nuclear power plants.

SWEDEN

SWITZERLAND

UNITED KINGDOM [UK-4]

a. Probabilistic risk assessment techniques are used by the CEGB.
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U.S.A. [US-1]

a. Nuclear power plants with a location in higher population

density areas (e.g. Zion and Indian Point) are being required to

perform PRAs to aid in the NRC review.

b. The Interim Reliability Evaluation Programme (IREP) was

implemented to provide greater insight into the relative safety

significance of plant features through the use of quantitative

reliability analyses.

YUGOSLAVIA [YG-1]

a. A programme is under implementation to utilize local

capabilities for performing PRA-type analysis on specific plant

systems. The method will first be used for the evaluation of

auxiliary feedwater system reliability.
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TABLE II.8

LIST OF ISSUES RELATED TO THE TMI INCIDENT

IN THE AREA OF

PROBABILISTIC RISK ASSESSMENT

a. PRA required in the licensing process

b. PRA used for individual system analysis

c. Site specific risk study

d. National risk study (typical plant/site)

e- Improvement on PRA methodology

f. Quantification of safety goals.
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9. SAFETY RESEARCH AND STUDIES

BELGIIM [BG-4]

a. Most of the studies are related to small break LOCAs,

pressurized thermal shock and degraded cores. Belgium follows that

work through the Westinghouse Owners Group (WOG) and the INPO/KSAC

organization.

BRAZIL : [BE-1]

a. Natural circulation and block valve and PORV tests were

performed during commissioning programme.

b. FURNAS has joined the EPRI Valve Testing Programme.

c. CNEN is sponsoring programmes in the universities in such areas

PRA, Accident Analysis, etc.

CANADA

a. Examine and report on means to ensure that alternate heat sinks

will be available under all operating conditions [CN-2] .

b. Studies are being conducted on the fundamental properties of

hydrogen combustion [CN-4].

138



CZECHOSLOVAKIA [CS-1]

a. As a result of the 3MI incident, a comparative study was

performed between the Czechoslovak nuclear power plant Dukovany which

has 4 units of Soviet WWER-440 reactors and the TMI plant. The study

involved :

1) Comparison of Dukovany with IM I with regard to major

plant systems, their operation and control (e.g.

feedwater systems, ECCS, steam generators)

2) Comparison of concepts of safety precautions in the event

of accidents

3) Comparison of the responses of the plants to some

representative transients, through computer simulation.

FINLAND [FN-3]

a. Calculations on the behaviour of hydrogen and on the

consequences of hydrogen burn have been performed to support the

design of a hydrogen control system (glow plugs) in IVRs.

b. Post-accident radiation levels and working conditions due to

the radioactivity in systems are being analyzed. For PWBs, a similar

analysis is being performed regarding sky-shine and direct radiation

from the containment.
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c. A more suitable calculational model for the analysis of small

primary circuit leaks at JWRs has been developed. A number of small

break LOCA analyses have been performed.

d. Progress of the decontamination work in the MI-2 plant is

being monitored.

FRANCE

a. Research on principal ways of cooling the core in various

accident situations including leaks in the primary circuit while

shutdown f F E - 2 ] .

b. Studies of post-accident behaviour [FR-2].

c. Test programmes on pressurizer relief valves and safety valves,

using both test facilities and reactor systems [FB-2].

d. Study of core behaviour with temporary loss of coolant, with

l iquid and vapor phase cooling [FR-2) .

e. Studies on the storage of heavily contaminated wastes within

the containment building [FR-2].

f. unproved test conditions for reactor materials, especially

control rods f F R - 2 ] .

g. Studies on the behaviour of the reactor coolant pumps in a

heterogeneous two-phase situation [FR-1].
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h. Study of fuel behaviour in extreme conditions [FR-1] .

i. Study on hydrogen generation and removal in the RCS ; use of

recombiners [FR-1].

j. Study on improved measurement of radiation levels in coolant

and reactor building [FR-1]).

k. Carry out complementary test programmes to prove reliability of

components involved in moderately frequent transients [FR-2).

1. Need to develop improved physical models for moderately

frequent initiating events and their consequences [FR-2].

GERMANY Fed. Rep, of, [FRG-6]

a. In the present P & D programme for Peactor Safety of the

Minister of Research and Technology (BMFT), new emphasis is given to

four areas which had been part of the programme before the TMI

incident :

1) Man-machine interaction

2) Integral investigation of disturbances in the cooling

system

3) Investigation of possibilities to prevent

overpressurization of the containment

4) Core mel t investigation.
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HUNGARY [HN-1]

a. Following the TMI incident, several studies have been prepared

which review the conditions of the incident and compare the response

of the nuclear power plant of Paks with TMI-2.

ITALY

a. Italy has joined or is in the process of joining relevant

international safety programmes which address subjects which the MI

incident has shown to be important. Examples of these programmes

include the Severe Fuel Damage (SFD) of the USNRC, LOFT and Marviken

[IT-6].

b. Studies and experimental programmes are in progress, in the

aftermath of the TMI incident, in various areas such as small break

LOCAs, source term and safety systems. For the latter, a new proposal

for a Core Rescue System for PWFs is undergoing f inal

thermal-hydraulic, probabilistic and structural verifications. The

system is based on automatic depressurization on core damage signals

and addit ion of borated water by passive means (i .e. by low pressure

accumulators). It is estimated that the addit ion of the system to a

nuclear power plant can improve its safety by at least one order of

magnitude. For more details on this Core Rescue S3Tstem , reference can

be made to [IT-7].

c. A contract between CNEN ( the Italian regulatory body ; now

named ENEA/DISP) and ANSALDO (an Italian nuclear equipment supplier)

includes testing to qualify safety relief valves, including two-phase
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mixtures, subcooled discharge and quenching features of suppression

pads or quenching tanks [IT-2].

JAPAN [JP-1]

a. Seismic and reliability testing of valves.

KOREA, Rep, of [KR-1]

a. Government has set a rule that priority is given to the

safety-related research topics.

b. The preparation of Korea 's seismic m a p , the establishment of

primary coolant quality control and experimental study on small break

LOCAs, and the development of radwaste treatment and disposal

technology are being encouraged.

MEXI CO

NETHERLANDS

PHILIPPINES [PH-1]

a. The EPRI valve-testing programme will be applicable to the

PNPP-1.
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SPAIN [SP-3]

a. The utilities became member of EPRI programme on testing of BWR

and PWR relief and safety valves. The results of the tests are now

being applied to each particular discharge pipe size and layout.

SWEDEN [SW-2]

a. A 3-year analytical and experimental study of concepts of

fi l tered vented containment systems was started in 1980 to

investigate their potential capability of substantially reducing the

release of radioactive substances following a severe accident.

SWITZERLAND f C H - 2 ]

a. Additional analyses were required for small breaks,

particularly breaks in the pressurizer. An analysis of

loss-of-coolant through a stuck open relief valve was requested for

the BWP. This case dif fers from the normal loss-of-coolant accident

in that the drywell pressure limit of 0.14 bar cannot occur and thus

automatic depressurization is not initiated.

UNITED KINGDOM [UK-1]

a. Class 9 accidents and related mat ters were addressed by the

Nuclear Power Company (NPC) which felt that further investigation is

required in the areas of design features to mitigate core damage and

meltdown accidents. According to NPC, however, these matters were

already being given attention in the UK before the TMI incident.

144



U.S.A. [US-1]

a. Performance testing of reactor safety and relief valves along

with PORV block valves needs to be done. Plant specific submittals

are under NRC staff review (II .D.I) .

b. Analyze the proposed anticipatory trip modification to assure

that the probability of small break LOCA is not substantially

increased by this action (U.K.3.10).

c. Study the performance of isolation condensers to achieve

natural circulation with the pressure of non-condensible gases

(U.K.3.29).

d. Analyze the depressurization effects of less than full

actuation of the automatic depressurization system (I I .K.3.45) .

e. All Babcock and WiIcox (B & W) designed reactors were required

to perform a failure modes and effects analysis of the integrated

control system ( U . K . 2 . 9 ) .

f. Licences of B & W reactors shall perform a detailed analysis of

the thermal-mechanical conditions in the vessel during recover}' from

a small break with extended loss of all feedwater (U.K.2.13).

g. All B & W licensees had to analyze the effects of slug flow on

the steam generators (U.K.2.15).
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h. B & W licensees were required to evaluate the impact of reactor

coolant pump seal damage and leakage due to loss of seal cooling

(U.K.2.16).

i. All B & W licensees must analyze the potential for voiding in

the reactor coolant system during anticipated transients (U.K. 2.17).

j. All plants must provide a benchmark analysis of sequential APW

flow following loss of main feedwater (U.K.2.19).

k. Analyze plant response to a small break LOCA where the Reactor

Coolant System is repressurized to the PORV setpoint which

subsequently fails to close (U.K. 2 .20) .

U . S . S . R . fUSSR-2]

a. The USSP is "refining but not increasing its safe ty research",

YUGOSLAVIA [YG-1]

a. NEK has taken steps to obtain information on generic or plant

specific safety studies performed by specialized institutions (such

as EPRI, INFO or local institutes). These include :

1) Performance testing of PORV

2) Plant shielding design review

3) Auxiliary feedwater system evaluation
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4) Revised small break LOCA methods

5) Analysis of potential voiding of RCS during anticipated

transients•
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TABLE II.9

LIST OF TOPICS RELATED TO THE TMI INCIDENT

IN THE ARFA OF

SAFETY RESEARCH AND STUDIES

a. Accident analysis for operating plants reviewed

b. Comparison of TMI behaviour with specific plant

c. Alternative heat rejection methods

d. Valve testing (PORV and Safety)

e. Degraded core heat transfer

f. Explosion in the containment studies

g. Class 9 accidents

h. Post-accident instrument qualification

i. Snail break analysis

k. Decontamination and recovery of TMI-2 plant.
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10. INTERNATIONAL COOPERATION

BELGIUM

BRAZIL [BR-1]

à. An IAEA mission was requested to review the evaluation of

NUREG-0578 by FURNAS.

b. Bilateral agreement with the USA allowed the obtaining of

relevant USNRC and US Utilities safety documentation.

c. Participation in the IAEA - Incident Reporting System.

d. IAEA Mission to review FURNAS and CKEN emergency planning and

preparedness.

e. Training of CNEN and FURNAS personnel in IAEA courses on

Biergency Planning and Preparedness.

CANADA

CZECHOSLOVAKIA fCS-1]

a. All information concerning the 1MI incident was received in

Czechoslovakia through IAEA. From this point of view IAEA had very

useful and positive role.
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FINLAND [FN-3]

a. The following are some of the international cooperation

projects in which Finland is participating :

1) Development of a sufficiently reliable reactor vessel

level measurement system with the International

Electrotechnical Commission (IEC)

2) International effort on reporting operating occurrences

at nuclear power plants

3) Nordic project concerning use of PRA in the licensing

process

4) Nordic project concerning operator behaviour in the

control room

5) LDFT-international test series, Marviken test series, and

Halden project .

FRANCE

GERMANY, Fed. Pep, of [FRG-8]

a. Some of the activities of the FRG in this area include :

1) Current information about the 1MI incident is used as

basis for decisions in the FPG within the frame of

various bilateral agreements with other countries
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2) Participation in the Incident Reporting System of the NEA

3) Participation in international exchange of experiences in

evaluating the TMI incident, e.g. IAEA Conference at

Stockholm, October 1980.

HUNGARY [HN-1]

a. A close cooperation was reached with the Soviet partners.

b. There are several bilateral relationships with countries which

have the same type of reactor, such as GDR, Czechoslovakia and

Bulgaria.

c. There is an evergrowing relationship with Finland.

ITALY [IT-6]

a. Some of the activities of Italy in this area includes :

1) Bilateral agreement with the USNRC on exchange of

technical information

2) Participation in the Incident Reporting System of the NEA

and the corresponding system being established by IAEA

3) Participation in internationally-sponsored safe ty

research programmes.
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JAPAN

KOREA, Rep, of [KR-1]

a. The Korean nuclear regulatory authority and USNRC have agreed

upon mutual participation for the emergency planning and drill for

the reactor in operation, and have drawn up detailed programmes

through the exchange of experts.

b. The IAEA has provided assistance through the sending of experts

to Korea either as consultants or instructors for training courses in

nuclear safety-related topics.

MEXI00 [MX-1]

a. CNSNS believes that each country embarking in a nuclear power

programme must be capable of handling the initial stage of a nuclear

incident . However, for later phases, such as planning and performing

decontamination and recovery operations, international cooperation

can play an important role. In this regard, the CNSNS, in

coordination with representatives of the nuclear sector and under the

direction of the "Secretaria de Relaciones Exteriores", has been

exploring possibilities for participating in the establishment of

mechanisms for mutual assistance in the event of nuclear incidents.

NETHERLANDS
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PHILIPPINES [PB-1]

a. The PAEC and NPC sent personnel to the US through the IAEA for

training in Emergency Planning and Preparedness.

SPAIN [SP-3]

a. The Nuclear Safety Council has signed bilateral agreements for
exchange of information and mutual cooperation with the regulatory
bodies of U.S.A. (NEC), France (SCSIN), Portugal (GPSN), Italy
(ENEA), and Mexico (CNSNS).

SWEDEN

SWITZERLAND

UNITED KINGDOM

U.S.A.

U . S . S . R

YUGO SLAVIA [YG-1]

a. An IAEA safety advisory mission reviewed the "Post TMI Action

Plan" developed for NPP Krsko.

b. An IAEA training course on Fmergency Planning and Preparedness

was organized by the J. Stefan Institute.
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INTERNATIONAL ORGANIZATIONS

The role of the International Atomic Energy Agency in the field of

nuclear power plant safety is growing. In the period since the Three Mile

Island incident, a significant expansion in its nuclear safety programme has

taken place. To assure an acceptable safetj' level world-wide, new emphasis

is being placed on the major effort to establish and foster the use of a

comprehensive set of internationally agreed safety standards for nuclear

power plants. New initiatives are in progress to intensify international

co-operative safety efforts through the exchange of information on

safety-related operating occurrences, a n d , through a more open sharing of

safety research results, fin ergency accident assistance lends itself to

international co-operation and steps are being taken to establish an

emergency assistance programme so the Agency can aid in co-ordinating a

timely response to provide, at short notice, help and advice in case of a

nuclear power accident. There has been some strengthening of those advisory

services which involve missions of international experts primarily to

countries with less developed nuclear power programmes. Also, in conjunction

with the Technical Assistance Programme there is a co-ordinated programme

for developing countries, involving safety training courses and assistance

aimed at promoting an effect ive national regulatory programme in all

countries using nuclear power.

b. Organi_z£tipn_ f_or_ _Ec£n_prni_c_Cop£er_a_ti£n_(p_ECI))_/Nu£l_ear_ Energy Agency

The Three Mile Island incident has provided a large impetus for new,

or renewed, research activities on reactor safety in most of the leading
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industrial countries that are members of the Organization for Economic

Cooperation and Development (OECD). A report has just been published by the

Nuclear Energy Agency of OECD reviewing nuclear safety research programmes

in response to the MI incident. It was prepared by the NEA's Committee on

the Safety of fa clear Installations (CSNI).

There has been a great deal of re-examination of thermal hydraulic

computer codes with special emphasis on a better understanding of two-phase

conditions and small-break loss-of-coolant accident (LOCA). Development of

the codes is closely associated with small-break and two-phase experiments

on test rigs of all shapes and sizes. While the Loss of Fluid Test facility

(LOFT), in the united States, is still clearly the biggest and best of these
i

test facilities, the possibility of assessing the ability of the d i f fe ren t

codes to describe conditions in a wide assortment of test rigs of fe rs the

possibility of establishing greater confidence in their ability to predict

accurately what would happen in an actual power reactor. Another outcome of

this work, which now seems to be fairly close, is the development of

fast-running advanced system codes on special-purpose computers that would

be able to simulate transients 10 or more times faster than real time. The

objective of this work is to provide hardware that could be assimilated by

existing plant simulators in order to enhance their capability, especially

in the area of small-break LOCAs.

Another important area of work is aimed at obtaining more realistic

predictions of fission product release - in particular, iodine and cesium -

from damaged fuel and subsequent transport throughout a complex plant.

The report also outlines many other areas of research work related to

the TMI incident , including : component reliability studies and reporting

schemes, risk assessment and reduction of consequences of accidents, and

155



improvements in plant operations. It is apparent that, in addition to the

United States, France and German}' are parti culary active in TMI-related

safety research, but valuable contributions are also being made in Belgium,

Canada, Italy, Japan, The Netherlands, Spain, Sweden, Swizterland, and the

United Kingdom, as well as the work of the EEC Joint Research Centre.

the

At the Ispra Joint Research Centre (JRC) of the Commission of the

European Communities (CEC) , the various activities relevant to "MI lessons

learned" can be classified under the areas of : Man-Machine Interaction,

Probabilistic Risk Assessment, and Research and Studies.

Two international workshops have been held on assistance to

operators in emergency situations. Anong the items discussed were the

following :

Selection, training, qualification and licensing of

reactor operating personnel and the s taff ing of control

rooms

- Present control room design

Advanced reactor control room design

Post-accident crises and their management

Practice and trends in the non-nuclear industry.
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The results of the workshops are available in the document,

"Status Report on Assistance to Operators of Nuclear Power Plants in

Bnergency Situations in Europe", Vols. I-IV, Commission of the

European Communities, Joint Research Centre, Ispra, Varese, Italy.

2 ) P_rpb_ab_ili£_ti_c__Ri_sk_ _Ass_es_sm_ent

The "Reliability and Risk Evaluation Project" of the JRC has

two main sub-projects which are closely interdependent, i.e. European

Peliability Data System (ERDS) ; and IWE Accident Sequence Analysis.

The ERDS sub-project includes :

- Component event data bank

Abnormal occurrences reporting system

Operating unit status reports

Generic reliability parameter data bank.

Data is supplied by the CEC Member States and other countries

such as the U.S. and Sweden, Switzerland, Spain and Japan. It is a

major task consisting of collecting, codifying and structuring the

data in a way such as to enable event sequences to be identified.

Plans for this were made before the TMI incident but the

implementation was hastened by the event. A pilot exercise has be

completed and the major task completion is expected in 1983-84.
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The aim of the IK P Accident Sequence Analysis and sub-project

is to develop suitable methods to improve the completeness and to

reduce the uncertainties in risk analysis. The following main lines

have been defined for the methodology development :

Event Sequence Consequence Spectrum : an approach to

model accident sequences by taking into account the

interaction of the system behaviour with the physical and

time progression of the accident itself

Response Surface Methodology and its application : an

approach to study complex safety computer codes and to

replace them by simpler expressions

Fault Tree Analysis : linking its development to the

implementation of component models which have to be

coherent with the data collection procedures in the

European Reliability Esta System.

3) Re_se_ar_ch_ and_ _S_tu_di_es_

A major experimental programme at JRC which is directly

relevant to light water reactor safety is the Loop Slowdown

Investigations (LOBI) . A 1:700 scale model of a 1300 MW ÏWR is used

for thermo-hydraulic blowdown studies in small and large break

IDCA's . Although planned before TMI, the incident gave higher

priority to the small break tests.
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d .

The World Health Organization (WHO), a specialized agency of the

united Nations, is improving its capability to collect radiopathology data

and to render technical assistance in this area to developing countries.

To this e f f e c t , it was proposed to establish a number of WHO

collaborating centres on human radiopathology, whose terms of reference

would be :

1) To serve as focal points for advice and possible medical care

in cases of human radiation injuries

2) To facilitate when necessary the establishment of a network of

equipment and specialized staff in human radiopathology

3) To assist in the establishment of medical emergency plans in

the event of large-scale radiation accidents

4) To develop and carry out co-ordinated studies on human

radiopathology and epidemiological studies where appropriate

5) To assist in the preparation of relevant documents and

guidelines .
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It was planned that three such centres be established

gradually :

One in Paris (Curie Institute, Department of Radiation

Protection) for Member States in the African, Eastern

Mediterranean and European Regions

One in Oak Ridge university Medical Research Centre for

the An ericas

One in Japan, for the Western Pacific and South-East

Asian Regions.

As a first step, WHO has designated the Department of Radiation

Protection, Curie Institute, Paris, France, as WHO Collaboring Centre

on Radiopathology, and the Oak Ridge REAC/TS has been designated as a

WHO Collaborating Centre for Radiation Bnergency Assistance.

These institutions have all the necessary facilities and

experienced s taff to perform effect ively the functions of a

collaborating centre and , in the case of real radiation accidents,

might provide the following services :

1) A team for on site emergency treatment

2) A survey team for rapid external radiation and/or

contamination surveys with appropriate equipment
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3) 'Transportation of patients

O Facilities for medical investigation and treatment

including :

Bio-assay services

Whole-body monitors

- Radiochemica1 analysis of samples

Specialized s taf f and hospital facilities for

diagnosis and treatment of radiation injury.

The experience gained during the handling of the Three Mile

Island radiation incident emphasizes the need for more precise and

jus t i f i ed public health actions. WHO is initiating a s tudy on

scientific rationales for public health actions for the population in

the case of radiation accidents in order to provide a scientifically

sound basis for appropriate action including health indications for

population evaluation, medical supervision of populations and

individuals in the accident area, use of preventive medications and

treatment. W H O , through its collaborating centres and institutions,

has encouraged the development of co-operation between countries in

the establishment of joint health emergency plans and services and

the possibility of organizing exercises in simulated emergency

situations at government request.
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TABLE 11.10

LIST OF ISSUES RELATED TO THE TMI INCIDENT

IK THE AREA OF

INTERNATIONAL COOPERAT 10N

a. Exchange of operational experience

b. International safety research projects

c. International reliability data bank

d. International radiopathology data bank

e. Provisions for rendering assistance in case of emergency

f. International participation in the decontamination and
recovery of TMI-2 unit.
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APPENDIX

EXAMPLES OF NATIONAL EXPERIENCES

on

IM PL EM ENTAT 10 K OF TMI LESSONS LEARNED

INTRODUCTION

Several examples of national experiences on the implementation of

TMI lessons learned are presented in this Appendix. These provide addit ional

details on the post-TMI actions taken by some countries, which actions were

summarized in Part II of this document. The examples also give key

observations and highlight difficulties encountered (and solutions adopted)

in the execution of the national ef for t relating to the incident.

The experiences of the following countries are presented :

. Brazil

. Germany, F. R.

. Hungary

. Philippines

The examples of Brazil, Hungary and the Philippines will give

insight into the subsequent actions of countries which were at d i f f e r en t

stages of their nuclear power programmes when the TKI incident occured. The

German ( F . F . ) example will illustrate the response of a country with a

relatively large number of nuclear power plants, some of which have already

been in operation for many years before the incident .
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IMPLEMENTATION

OF THE

LESSONS LEARNED FROM THE TMI INCIDENT

IN

BRAZIL

Contribution from C.U.C. Almeida and W. Dezordi for the IAEA-

Technical Committee Meeting on the Status of Implementation of TMI

Lessons Learned Vienna, October 18-22, 1982
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I. GENERAL

At the time of the TKI incident, Angra-1, the first Brazilian

nuclear power plant was in the preoperational test phase. The initial

reaction in Brazil was a joint effor t of all organizations involved in

nuclear energy to collect information and understand the facts.

After the initial days of the incident, when more reliable

information became available and the implications of the incident could be

better understood, FURNAS , the owner of Angra-1, organized a Task Force to

perform a through investigation of the nuclear power plant under the light

of the TMI events.

A report with 24 tasks (Table 1) based on NUREG-0578 was issued in

mid-1980 and submitted to CNEN, the licensing authority in Brazil.

CNEN reviewed the report, partially with the help of an IAEA

mission, and accepted the proposed actions.

In general, the actions related to the 24 tasks were divided in 3

groups according to their implementation schedule :

. before core criticality

. before commercial operation

. up to the first refueling.

165



Basically this schedule is being followed (considering the delays

resulting from the recent concern regarding steam generator tube vibration).

The major problem encountered has been in the area of hardware, with

difficulties in obtaining qualified equipment in a short time.

A new study, based on KUREG-0737, consisting of 36 tasks (Table 2)

is underway. No final report has been issued, but actions have been taken in

cases where new studies are necessary or those actions related to operation,

review of procedures, training, etc.
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II. IMPACT AND ACTIONS

II. 1 LICENSING AND REGULATION

Although the impact of the "Ml incident has been felt in the

licensing of the first plant in Brazil, no significant change can be

reported in the licensing process itself.

In the initial days of the incident, a task force was organized

among CNEN (the regulatory body) , FURNAS (the utility) and NUCLEN (the

architect-engineer for the plants of the Brazilian/German Agreement), in

order to follow the developments. This task force visited the USNRC and the

IMI site one month after the incident and wrote a report to the Minister on

Mines and Energy regarding the incident and its consequences.

Later on, when additional TMI-related reports began to arrive in

Brazil , a screening group was organized at CNEN to review these documents.

Finally, a formal requirement was made that the utility (i .e.

FURNAS) review the "Short Term Pe commendation s of the TMI-2 Lessons Learned

Task Force" (NUREG-0585) and the related ACRS recommendations, and present

to CNEN a report on actions to be taken in the Angra-1 plant, at that time

of preoperational testing.

FURNAS decided to assemble a group, together with the plant

architect-engineer, to review not only the Short Term Recommendations
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(NUREG-0578) but also to review the Final Report (NUREG-0585) and the

vendor 's recommendations. The review of NUREG-0578 was completed before

initial operation and transmitted to CNEN. The report was entitled, '"MI-2

Impact on Angra-1". The implementation of several i tems, however, are still

underway.

When the USNRC published its "Action Plan" (NUREG-0660) and its

"Clarifications" (NUREG-0737) , FURNAS decided, with the agreement of CNEN,

to review this last document as more representative of the "state of the

art". The relevant report by FURNAS is still under development.

In a di f ferent area, considering the increased importance given to

the collection and analysis of operating experience, CNEN has developed a

specific regulation on reporting requirements, to be applicable to Angra-1

and future plants.

11.2 PLANT DESIGN

II. 2.1

P o i

a. Add stem mounted limit switches to the pressurizer power

operated relief valves. The switches shall comply with Regulatory

Guides* 1.100 and 1.89, IEEE 323, 344 and 383.

* All regulatory guides and regulations referred to are those issued by the

U . S . Nuclear Regulatory Commission.
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b. Add reed limit switches to the pressurizer safety code valves.

c. Add a minimum of 10 windows in the monitor light box, on the

main control board.

d. Add a common alarm for the condition "pressurizer relief valve

failed to close" (relief valve not closed in coincidence with low

pressurizer pressure) on main control board annunciator. Include a

time delay slightly higher than the valve closing time on the alarm

logic .

e. Add a common alarm for the condition "pressurizer safety code

valve not fully closed" on main control board annunciator.

f. Add pressurizer safety code valves status lights in the

monitor light box on themain control board, redundantly indicating

the conditions "valve not fully closed", "valve partially opened"

and "valve fully opened".

g. Add pressurizer power operated relief valves status lights in

the monitor light box on the main control board, indicating the

conditions "valve not fully closed" and valve fully opened".

h. Supply power to the valves position indication circuitry' from

redundant critical instrument buses-Class IE.
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2 . 2 " I n s t r u e n t a i o n f rDetect:ion f

a. Install a saturation pressure/temperature monitoring system

for the primary system that meets the following design and

functional requirements :

i. The system shall be redundant. Each subsystem shall

basically correlate primary system pressure and

temperature with a saturation curve and provide the

operators with the saturation pressure/temperature,

saturated pressure/temperature margin (either positive or

negative) .This information shall be available in the main

control room through digital displaying, and historical

recording for the temperature sensors location, in

conjunction with status light indication of abnormal

cooling conditions for two distinct situations : 1) when

standard conditions of operation deviate and reach the

safety margin boundary to a saturation condition ;

and 2) when the saturation condition is reached.

Furthermore, these situations shall be associated to

common alarms actuating two plant annunciator windows.

ii. The data provided by each subsystem of the saturation

pressure/temperature monitoring system shall be recorded

in a digital recorder, in the main control room, which

shall be started automatically when a deviation to a

saturation condition is in progress or manually when

requested by the operator.
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ill. Pressure signals to be processed shall come from sensors
located directly in the reactor coolant system hot legs
and, based on results from a detailed engineering
evaluation, in the pressurizer.

iv. Temperature signals to be processed in each subsystem
shall come from the following primary system sources :

. Core exit thermocouples

. Points located vertically within the core and in the
reactor vessel head plenum and/or vessel head

. Point in the loop hot leg

. Point in the loop cold leg

v. The saturation data relative to the worst case
(auctioneered high .temperature measurement/auctioneered

low pressure measurement) shall be displayed in the main

control board through digital display. This data shall

include saturation pressure/temperature, saturated

pressure/tenperature margin, auctioneered low pressure,

auctioneered high tenperature, period of time foreseen to

a loss of subcooling and identification of the point

(e.g. core, loop).
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vi . The instrumentation shall meet the design requirements as

stated below :

. Seismic qualification per Reg. Guide 1.100

. Environmental qualification per Reg. Guide 1.89

. Level of quality assurance per 10 CFR Part 50,

Appendix B

. Periodic testing per Reg. Guide 1.118

. IEEE Guides 323, 34A and 383

. finergency power source

. Compliance with Revision 2 to Reg. Guide 1.97

b. Install a reactor vessel water level instrumentation system

that meets the following functional and design requirements,

provided that feasibility and usefulness studies warrant its

installation :

. Provide reliable water level indication when water-steam

phase separation has occurred in the reactor vessel or in the

presence of non-condensible gases in the reactor vessel

. The system shall be redundant.
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II. 2. 3

a. Install a remotely-operated venting system for the Reactor

Coolant System with the following options :

i. Venting directly to the containment

ii. Venting into the pressurizer relief tank

iii. Venting the reactor pressure vessel head to the

pressurizer steam space.

1 1 . 2 . A " Cont_ai_nm_eTi t_Ispl_a tjLojn "

a. Review of Angra-1 essential/non-essential systems

classification against "Westinghouse TMI Owners Software Package"

with the objective to verify that isolation provisions and required

actuation logics for Angra-1 Containment Isolation Systems are

properly established and implemented.

b. Perform changes on the isolation and classification criteria

for penetrations No. 70 (Pressurizer Liquid Space Sampling Line) ,

Ko. 66 (Pressurizer Steam Space Sampling Line), No. 50 (RCS Hot Leg

Sampling Line) and No. 80 (Hydrogen Purge System Sampling Line).

1 . 2 . 5

a. Add on-line monitoring of containment hydrogen and oxygen

concentrations in the control room. This improvement shall address

the following points :
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i. The continuous hydrogen and oxygen monitoring shall be

provided to cover a range of at least 0 to 10% and 0 to

25%, respectively

ii. Two redundant hydrogen/oxygen analyzers shall be provided

iii. Power supply for the redundant analyzers shall be

provided from different emergency buses

iv. Evaluation shall be performed of proper containment

penetrations to be used , as well as, their respective

isolation means

v. Remotely-operated drains shall be considered for the

sampling lines

vi. Flow monitoring shall be provided upstream of the

H 2/0 2 analyzers in tbe main control panel.

11. 2.6 " înp rove d_Pp_s t_-_Acc_i d_e£ t_Sam£li_ng_ _Capab_ili try

a. Install an on-line sampling system to be employed under normal

and post-LDCA conditions. Following are the significant features

and design requirements of the proposed system :

i. Have on-line monitors for boron, chloride, pE, dissolved

R , 0 and radioisotopes

ii. Have gross radiation monitors for samples
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iii. Remote control and instrumentation panel (logic module)

meeting the requirements in ANSI-Section C

iv. Include samples conditioner, to adequately regulate

temperature and pressure (conditioner module)

v. Removable shielded sample vessels for transport to

laboratory facilities

vi. Capability to flush the lines for cleaning purposes

vii. Separate liquid and gas sample collection and processing

S3'stems for (grab module) :

. undiluted samples

. diluted samples

. degassed liquid samples

viii.Use existing sampling taps, but separate piping, pumps

and coolers out of containment

ix. Incorporate associated piping for sample collection and

disposal of spills (derived from existing lines) and

drainage (to be installed in the area where the equipment

will be located)

x. Parallel-redundant or fail open valves at critical points

xi.. Valves shall be solenoid type, powered from emergency

sources
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xii. The area where the grab sample module will be located

shall be adequately ventilated for post-accident access,

taking into account potential spills

xiii.Incorporate flow restrictors in the R .H.E .S . sampling

lines

xiv. Incorporate means to prevent blockage of the sampling

lines

b. M o d i f y the existing hydrogen sampling system as follows :

i. Add flushing connections, associated piping and N

source for flushing purposes

ii. Install remotely operated ANS Class 2A solenoid valves

for containment isolation valves

iii. Change piping outside of the containment from NKS to

Class 2B

iv. Add ANS Safety Class 2B compressor powered from emergency

sources

v. Add a remotely operated on-line analyzer

vi. Add a module to supply diluted and undiluted grab samples

with adequate ventilation
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vii. Provide piping and associated valving to return excess

sample back to the containment

viii.Provide adequate radiation monitor in sampling area

(grab module area)

A provisional Post-Accident Sampling System is under installation

until the final one can be placed in operation. With this provisional system

it is possible to take diluted primary coolant samples.

11. 2. 7 " In_c_rea_se_d_Ra_ng_e_pf_ Rad_ia_ti_on_ Moni t_or_s "

a. Provide Angra-1 with a high range eff luent monitor or mult iple

monitors located in the vent stack. The range capacity of the

individual moni tors should overlap by a factor of ten. The

moni to r ( s ) shall have the following characteristics :

i. Noble gas only

ii. Fange 10 uCi/cc (overlap with normal e f f luent
-7 -4instrument range 5.0 x 10 to 1.0 x 10 uCi /cc)

iii. Not redundant

iv. Seismic - no

v. Power-vital instrument bus

vi. Specifications - per Regulatory Guide 1.97

177



vii. Display : Continuous and recording with readouts in the

Control Room, Technical Support Centre and Emergency

Operations Centre

viii.Environmental qualification - according to its service

conditions.

b. Provide Angra-1 vent stack with a sampling station for noble

gases, radioiodine and particulates.

c. Provide Angra-1 with a high range containment radiation

monitor . The monitor shall have the following characteristics :

i. Radiation : total radiation (alternative : photon only)

1 8ii. Range : from 10 up to 10 rad/hr (total radiation)

Alternate : 10 R/hr (photon radiation only) , sensitive

down to 60 KeV photons.

iii. Redundant : two physically separated units

iv. Seismic : per Regulatory Guide 1.97

v. Power : vital instrument bus

vi. Specifications : per Regulatory Guide 1.97, Rev. 2.
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11. 2. 8 "Ons it e_ .Technijjal Sup_port_ ^Centre "

a. A communication system for this area should be installed in

order to provide people with communication with the Control Room,

Onsite Operational Support Centre, FURNAS Central Off ice , CNEN,

organizations involved in the Bnergency Plan, Westinghouse of f ice

in the USA and the place outside the plant selected to be the

centre for management of o f f s i t e functions.

b. Equipment should be purchased and installed in the centre, in

order to provide cpability to display and transmit plant status to

individuals who will provide engineering and management support for

reactor operations in the event of an accident.

c. A new ventilation system should be designed and installed

accordingly, in order to provide habitability conditions to protect

personnel from chemical and radiation hazards.

11. 2 . 9 "<^n^a^T^en_t_Leye_l_In_sjtrumentation

a. Provide wide range containment water level indication

instrumentation for the Angra-1 containment that meets the

requirements of the Regulatory Guide 1.97. The range of the level

instrument will be 14.0 feet (from elevation - 4.6Qn to elevation -

0.333l). Continuous recording of containment water level shall be

provided. The objectives are :

i. To minimize transfering of radioactive liquids beyond

containment boundary
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ii. To assist in the diagnosis a loss of coolant type accident

iii . To follow the course of operation of safeguards systems.

1 1. 2. 10 "ContaInnent_Pressure Instrumentation"

a. Two redundant , additional containment pressure monitoring

channels shall be incorporated in Angra-1 design. The design of

these instrumentation channels shall address the following points :

i. The main control layout shall be reviewed to incorporate

the required pressure recording

ii. Pressure monitoring range shall be from - 5 psig to ISA

psig (Four times the containment design pressure).

2 .11 "De_si_gn_

0 p_e r_a_ti on s "

a. Control Room

Perform an evaluation, using the AXIDENT Code, of the airborne

radioactivity levels previously calculated.

b. On si te Technical Support Centre

Airborne radioactivity levels shall be performed upon

definition of HVAC system.
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c. Reactor Coolant System Sampling Area

Add shielding to sample lines to protect personnel.

d. Containment Atmosphere Sampling Area

Add shielding to sample lines to protect personnel.

e. Perform additional studies to include all vital areas and

equipment to be used on post accident conditions, such as :

radwaste control stations, emergency power supplies, motor control

centres, instrument areas, hot laboratory, e tc .

II.3 CONDUCT OF OPERATIONS

11. 3.1 'HeZ*.e-v_0.ii. P_P.f_ra_t_ing_ Prpj^^dures "

a. Pressurizer Pressure Control System

b. Primary System Excessive Leakage

Review the procedures (for a. and b. above) to ensure the
inclusion of recommendations for the use of the already existing
resistance temperature detectors (installed downstream of the
pressurizer power operated relief and safety code valves) on the

recognition of the condition "valve not fully closed". These
recommendations shall address the expected temperature decrease

rate after valve closing.
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c. Reactor Coolant System Inventory Balance

Review the procedure to include adequate calculation methods

to quantify the reactor coolant leakage rate.

d. Containment Air Recirculation System

Review the procedure to assure that in post-accident

conditions the Hydrogen Recombiners are put in operation as early

as possible and that adequate information on containment atmosphere

status is available.

II. 3. 2 "ïut .£££?• .DT_0JL -§715.™.! 2.ul.si.d± ^ontaim en_t_ Likely__t£

R a d i a c t i v e Materials"

A related preventive maintenance programme will be established

prior to commercial -operation satisf3 ring USNRC requirements for continuing

leak reduction (to as low as practicable levels). The evaluation of actual

leakage will be included in this programme wherever possible and practical.

Whenever possible, integrated leak rate tests of these systems or parts of

them will be per formed at a frequency not to exceed refueling cycle

intervals. ASME XI should be sat isf ied.

II. 3. 3 " AitomaticIni t ia t ion

a. An I & C Surveillance and Test Procedure should be prepared

for testing of the generation of the Auxiliary Feedwater (AFvJ)

System auto-starting signals, including test f requency and

initiation time.

182



b. The following test procedures : l)"Test of Operability of the

Turbine-driven AFW pump", 2) "Test of Operability of the

Motor-driven AFW pumps", and 3)"Test of Operability of the System",

should be revised to include reference to the I. & C Surveillance

and Test Procedure for Automatic Initiation of Auxiliary Feedwater

System .

c. The "Auxiliary Feedwater Surveillance and Periodic Test"

procedure should provide that the AFW flow indication channels can

be tested periodically with a certain frequency in order to ensure

the availability and dependability of the system.

n^ _Cap_abi_li_ty "

a. Feactor Coolant and Hydrogen Sampling Systems

Sampling and analysis procedures and training will be reviewed

for use in post-accident conditions.

b. Increased Range of Radiation Monitors :

i. Develop an interim method for quantifying high level

noble gases releases. The method should be able to

quantify up to 10 Ci/sec. Prepare the related

procedures.

ii. Develop special procedures for the removal and analyses

of the radioiodine/particulate sampling med ia , taking

into account post accident conditions.
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. 3 . 5

II. 3.6

a. Review of Angra-1 emergency' procedures in light of the

guidelines developed by Westinghouse for the Own er s ' Group .

b. The plant procedures, especially emergency and abnormal, shall

be in accordance with the latest analyses results developed by the

vendor and/or other sources for small break LOCA, inadequate core

cooling, and accident and transient analyses.

a. Issue a management directive which shall :

i. Emphasize the primary management responsibility of the

Shift Supervisor for safe operation of the plant under

all conditions on his shift

ii. Establish the Shift Supervisor command duties as def ined

by the related administrative procedures of the "Plant

Operating Manual"

iii. Enphasize the duties, responsibilities and lines of

command of the reactor operators.

b. M o d i f y procedures "Plant Organization and Besponsibilities "

and "Operation Organization - Shifts", in order to properly define

the dut ies , responsibilities and authori ty of the Shift Supervisor

and control room operators.
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1 1 . 3 . 7 " SM t a n d R e l i e f

a. Review and revise as necessary the plant procedures, to assure

that :

i. A checklist is provided for the completion and signature

of the incoming and outgoing control room operators,

shift foreman and shift supervisor

ii. Logs shall be provided for completion by the outgoing and

incoming auxiliary operators and technicians. Such logs

shall include any equipment under maintenance or test

that by themselves could : 1) degrade a system which is

critical to the prevention and mitigation of operational

transients and accidents ; or 2) initiate an operational

transient

iii. A system shall be established to evaluate the

effectiveness of the shift and relief turnover procedure

(for example, periodic independent verification of system

alignments) .

1 1 . 3 . 8 " C o n r o l R o c n

a. A specific procedure was prepared to limit the access of

non-essential personnel to plant operation during any plant

condition, including emergencies.
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1 1. 4 QUALIFICATION AND TRAINING OF OPERATORS

II. 4.1

The training with the reviewed procedures shall be implemented in
order to assure that operator actions in response to : 1) small break LOCAs,
2) conditions of inadequate core cooling ; and 3) accidents and transients,

shall reflect information from the latest analyses.

1 1 . 4 . 2 "sllil.t_sîiP£rZii.0I.

The normal training for the shift supervisor shall include the

procedure changes given in the revised procedures. This training will also

incorporate , to the extent practical, the requirements set forth in ANS 3.1,

"Selection, Qualification and Training of Personnel for Nuclear Power

Plants". The objective of the training is to enhance the command capability

of the Shift Supervisor.

11. 4.3 ".Shi/JL ^.upjer_vi_s£r_Qa_al_i fi c_a£ip_n "

Upgrade the qualifications of the Shift Supervisor (and possibly

the Shift Foreman). The objective is to improve his accident assessment

capability up to the level requirements of the "Shift Technical Advisor".

11. 4. 4 "Natural Circulation"

During the Integrated Tests Phase the operators were trained and

several natural circulation tests were performed.
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11.5 REVIEW AMD FEEDBACK OF OPERATIONAL EXPERIENCE

Brazil has recognized the extreme importance of collecting,

analj'zing and disseminating operational experience.

Bilateral agreements with USA and FRG have been used in order to

obtain useful information from plants similar to those being operated and

constructed in Brazil.

FURNAS has joined the Westinghouse Owner's Group, and the Anerican

institutions EPRI, NSAC and INPO. CNEN is a member of the AIF.

In the international area, CNEN is strongly supporting the effort

of IAEA to establish an Incident Reporting System.

At the national level, CNEN has established recently a specific

regulation on "Reports to be submitted to CNEN during the operation of

nuclear power plants".

On the area of analysis and feed back of related information to

plant operation, both FURNAS and CNEN have designated groups and established

procedures for the task.

11.6 EMERGENCY PLANNING AND PREPAREDNESS

11. 6 .1 "0£-£i^_T£ch_nLca.l__Sup£ort_Cen-tr e _(OTSC) "

Personnel with background in computers, operations, plant systems,

mechanical engineering, electrical engineering, instrumentation and control,
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reactor physics, accident and transient analysis, environmental protection

and radiological protection, plant management and administrative duties

shall be selected to be part of plant OTSC team. CNEN shall be invited to

participate in this team. An agreement has to be developed with

Westinghouse, specifying its participation.

In the control room and OTSC are being installed a TV system with

recording capability, composed of one camera with zoom capability, two

monitors, two video-tape recorders and a time/date generator. With the

system it will be possible to observe and record main control data , as well

as occurrences and operators actions.

11.6.2 "On_si_te_ 2p_era_tipn_al_ _Sup_p_o_rt_ _Cen_t£r_2_ (00_SC)_

The recommended place for the "Onsite Operational Support Centre"

is the training room in the Administrative Building. It is close to the

Control Room and has independent auxiliary power supply.

This training room is actuated as an OOSC when a Site Bnergency

situation exists (or when its activation is deemed necessary by the plant

manager) . It is not expected that additional facilities will be required

other than those listed below. No special habitability or seismic criteria

are required. Toilets and a kitchen facility are available nearby.

It is presently envisaged that only the phone extensions for

internal and external communications will be needed. This will allow

communications with, among others, the Control Room, OTSC and Bnergency

Centre.
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II.6.3 The emergency plan was revised and basically divided in two major

plans. A local plan, considering mainly the FURNAS activities in the plant

site and in the exclusion area. A second plan considers the external support

of Civil Defense, Aimy, Air Force, Navy, Transport Departments. The CNEN

will participate in providing directives and technical assistance related to

radiological protection. Also, for the local plan, CNEN and FURNAS will

establish groups in Pio de Janeiro (with help from international experts, if

necessary) to support the plant operators.

11.7 MAN-MACHINE INTERACTION

A study was performed in order to identify major deficiencies in

the control room that could be implemented before core load. The

implementation was made using suggestions from the engineering and operator

groups.

A new study using human factors guidelines are under development,

for use in the review of the ANGRA-1 Control Room. For Angra-2 and 3, a

similar study will be conducted.

11.8 PROBABILISTIC RISK ASSESSMENT

Even before the IM I incident CNEN had demonstrated interest in PRA

techniques for system analysis. After the incident, the subject gained an

increased interest and a technical group on PRA was established at CNEN.

Later on, under the sponsorship of CNEN, a group was also organized at the

local university, to develop techniques and further uses of PRA. Presently,

a complete "Risk Study" for the Angra site is under consideration, although

final decision has not been made.
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II. 9 SAFETY RESEARCH AND STUDIES

II. 9 . 1 "Perform anc£ ,Te_sti_ng_ ;fpr_ BWR an_d_ ÏWR ReLL ef_and_Sa_f et^_ Va.lv es "

a. EPRI analysis and results of WR Relief and Safety Valves

Testing will be applied to Angra-1 plant.

b. Eynamic analysis will be performed to determine the forces

acting on valves, piping, supports and instrumentation during

normal and accident conditions using liquid, two phase

(liquid/steam) and saturated steam flow.

c. Analyses will be made to verify the adequacy of relief and

safety valves and discharge pipe size and layout.

9 . 2 " Traris i e n t a n d A c c d d e n t

Analyses of Small Break LOCA, Inadequate Core Cooling and

Transients and Accident will be provided. Also, corresponding emergency

procedures guidelines will be developed to improve the plant emergency

procedures , as well as to improve operator training to cope with these

events .

11.10 INTERNATIO NAL COOPERATIO N

There are certain peculiar aspects of the Angra-1 nuclear power

project which have led FURNAS to adopt a strategy relying more on its own

staff and at same time strengthening of international cooperation. These

include : 1) limited experience of the Brazilian industry in nuclear power
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technology ; and 2) the relatively large distance between Angra-1 and

nearest nuclear power plant.

In pursuing this strategy, FURNAS joined INPO/NSAC in the USA, and

VGB in the FRG. It will be connected to the "Notepad" system INPO/NSAC this

year. FURNAS also joined the "Steam Generators Owner's Group" and

"Westinghouse Owners Group". In addition, a cooperation is being ID ore and

more developed with a few utilities that either are able to give specific

support or share similar problems with FURNAS.
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III. GENERAL CONCLUSIONS

The implementation of the lessons learned at TM1 in Brazil has

demonstrated the necessity of a large engineering capability in any country
embarking in a nuclear programme, even when nuclear power plants are

purchased from and constructed by a foreign supplier.

The licensing organization has to be able to establish its own
requirements,' based on, but not necessarily copied from, new requirements in

the supplier country. It would also be advisable for the operating
organization to develop a capability for performing analyses, and even some

design capability, in order to be able to maintain safe plant operation

after the facility is constructed. Finally, provisions for obtaining
additional engineering services or equipment should be made by the operating

organization.
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Table 1

LISTING OF SFRIES-1 INVESTIGATION TASKS OF FÜRNAS

TASK TASK
No. DESCRIPTION.

I.I Emergency Power Requirement

1.2 Relief and Safety Valve
Testing

1.3 Direct Indication of Valve
Position

1.4 Instrumentation f Detect
Inadequate Core Cooling

1.5 Containment Isolation

1.6 Dedicated Hydrogen Control
Penetrations Capability

1.7 Systems Integrity for High
Radioactivity

1.8 Plant Shielding Review

1,9 -Automatic Initiation of
Auxiliary Feedwater

1.10 Auxiliary Feedv;ater Flow
Indication

1.11 Post-Accident Radiation
Sampling

1.12 High Range Radiation
Monitors

1.13 Improved Iodine
Instrumentation

SOURCE REFERENCE

KUÎXEG-0573
SECTION 2.1.1

NUREG-0578
SECTION 2.1.2
NUREG-0578
SECTION 2.1.3.a
NUREG-0573
SECTION 2.1.3.b
1ÎUÎIEG-057B
SECTION 2.1.4

NUREG-0578
SECTION 2.1.5.a
NUREG-0578
SECTION 2.1.6.a
NUREG-0578
SECT-ION 2.1.6.b
NUREG-0578
SECTION 2.1.7.a
NUREG-0578
SECTION 2.1.7.b
NUREG-0573
SECTION 2.1.8.a
NUREG-0578
SECTION 2.1.8.b
NUREG-0578
SECTION 2.1.8.C
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TASK TASK
No. DESCRIPTION
1.14 Transient and Accident .

Analysis
1.15 Shift Supervisor •

Responsibili ties
1.16 Shift Technical Advisor

1.17 Shift Turnover
Procedure

1.18 Control Room Access

1.19 Onsite Technical Center

1.20 Onsite Operational
Support Center

1.21 Containment Pressure
1.22 Containment Water Level
1.23 Containment Hydrogen

Monitor

1.24 Reactor Coolant System
Venting

SOURCE REFERENCE

NUREG-D578
SECTION 2.1.9

NUREG-0578
SECTION 2.1.1.a

NUREG-0578
SECTION 2.2.1.b

NDREG-0578
SECTION 2.2.1.C

NUREG-0578
SECTION 2.2.2.5.

NUREG-0578
SECTION 2.2.2.b

NUREG-0578
SECTION 2.2.2.C

ACRS

ACRS

ACRS

NRR

K.B.

NURKC-0578 : Short Term Recommendations of the TMI-2 Lessons Learned
Task Force

ACR.S : Advisory Committee on Peactor Safeguards
NRP : Office of Nuclear P.eactor Pegulation, USNPC
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Table ?
LISTING OF SFPIFS-2 INVESTIGATION TASKS OF FUPNAS

TASK

2.1
2.2
2.3
2.4
2.5
2. B
2.7
2.8
2. S
2.10
2.11
2.12
2.13
2.K
irlS
2. IB
,2.17
2.1Ï
2.19
2.20
2.21

2.22
2.23
2.24
2.25
2.26
2.27
2. 26
2.29
2.30
2.31
2.32
2.33
2.3<
2.35
2.36

NUREG-0737"

I.A. 1.3
I. A. 2.1
I. A. 2. 3
I. A. 3.1
I. B.I. 2
I.C. 5
I.C. 7
I.C. 8
I.O.I
I.G.I
II. B. 4
U.E. 1.1
XI. K.I. 5
II. K.I. 10
ii.n. i.ii
U.K. 3. 3
II-.K.3.9
iI.T.3.10
U.K. 3. 11
U.K. 3. 12
III. A. 1.1
III. A. 2
III. 0.3. 4
III. A. 1.2
I.C. 6
I. 0.2
U.K. 2. 13
U.K. 2. 17
U.K. 2. 19
II. K. 3.1
U.K. 3. 2
U.K. 3. 5
U.K. 3. 7
II.K.3.17
U.K. 3. 25
U.K. 3. 30
U.K. 3. 32

TITLE

Shift Manning
RO i SRQ Qualifications Upgrade
Adra. of Training Program
Revise Scope 1 Criteria for Licensing Exems
Evaluation of Organisation A Management
Feedback, of Operating Experience
NSSS Vendor Rev. of Procedure
Pilot Monitoring of Selectnd Fnergency Procedure
Control Room Oesign Reviews
Training During ^Low-power Testing
Training for Mitigating Core Damage
Aux. Feedwater Systems Evaluation
Review ESF valves
Operabillty Status
Trip P2R per Low Level Bistable
Reporting SV l RV Failures t Challenges
PID Controller if Installed on PORV
Anticipatory Reactor Trip
PORV Failure Rate
Confirm Anticipatory Trip
Emergency Preparedness/Short Terre

Control Room Habitability
Upgrade EOF
Verify Correct Performance of Operating Activities
Plant Safety Parameter Console
Thermal Mechanical Report
Voiding in RCS
Benchmark Analysis Sequential AFW Flow
Automatic PORV Isolation
Report on PORV Failures
Automatic Trip of RCP
Evaluation of PORV Opening Probability
ECCS Outages
RCP Seals Cooling Water
SB Loca Methods
Plant Specific Analysis

*NUREG-0737 : Clarification of TM1 Action Plan Requirements
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IMPLEMENTATION

OF THE

LESSONS LEARNED FROM THE TMI

IN THE

FEDERAL REPUBLIC OF GERMANY

Contribution from K. Kotthoff and U. Erven for the IAEA-Technical
Committee Meeting on the Status of Implementation of TMI Lessons
Learned, Vienna, October 18-22, 1982.
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I. GENERAL

As a consequence of the incident in the American nuclear power

plant MI-2 the Federal Minister of the Interior (BMI) ordered immediate

investigations if action had to be taken on German nuclear power plants.

First results revealed that there was no imminent danger for German

power plants due to differences in design and thus no immediate measures

needed to be taken. However, in order to evaluate the necessity of long term

measures, the BMI initiated a thorough investigation on operating

pressurized water reactors, but likewise included the facilities currently

being constructed. These investigations led to improvements in the currently

operating plants, in those being constructed and in those still in the

planning stage. These measures were insti tuted not only with the basic aim

of preventing "Harrisburg-like" accidents ; bu t , rather, to strive for the

creation of a sufficient safety net against all kinds of accidents which,

according to practical knowledge, may not be excluded from safety analysis.

The measures that have either been already implemented or initiated

on operating plants depend on the design of each individual plant. These

include improvements on high pressure injection (for the emergency cooling)

or on its actuation signals, and an increase in reliability of the safety

functions of both the pressurizer relief system and the feedwater supply

system and the heat removal. They have even gone as far as advanced systems

for the monitoring of the formation of hydrogen af ter a LDCA and its

recombination. Likewise, the investigations led to partial changes for

reactors under construction. These resulted in improvements of the

engineered safeguards, of the plant operation under disturbed conditions,
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and of the control room information on the plant status. In addition, for

these plants, a review was conducted on the need for additional devices in

the safety relevant indication systems and on the overall plant safety.

Again, the aim was to improve redundancy and diversity and further reduce

interconnections in S3rstems- Another goal was to make the plants as far as

possible independent of human failure and to gain sufficient time for

required human actions in case of accidents.

In summary there was no need to change the currently applied safety

philosophy. All measures taken have to be interpreted as complementary

measures to the existing safety concept, founded on the unanimously accepted

defense-in-depth strategy.

I I.I LICENSING PROCEDURE AND REGULATION

11.1.1 Thjs_Li_c_enj5i ng_P_rp£e_du£e

In the Federal Pepublic of Germany the execution of the Atomic

Energy Act and its Ordinances lies, with a few exceptions, within the

responsibility of the licensing authorities of the individual State

Governments. Within this system the Federal Minister of the Interior, as the

supreme licensing authori ty, supervises their activities with regard to

conformity with law and appropriateness. It may , fur thermore, issue

instructions and general administrative rules to the state authorities. Such

a federal structure represents a favorable synthesis of an effective

supervision of the respective nuclear installation by a nearby authority

while allowing for a central coordination by the Federal Minister of the

Interior (BMI) .
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In the conduct of licensing and regulation the German authorities

consult, in accordance with the Atomic Energy Act, independent technical

experts on questions of safety and radiation protection, such as the

Technischer Ueberwachungsverein (TUV) or the Gesellschaft fuer

ReaktorSicherheit (GRS).

In the FRG, a licence for a nuclear installation is granted in

certain stages, i.e., in terms of partial construction licences. However,

the first partial construction licence already requires a preliminary

positive decision on the construction and operation of the entire plant, and

a positive judgement on the site. Such, is only possible with sufficient

detailed application papers. Each other partial licence for a further

construction stage or for the operation of the plant may only be granted

after a consistent investigation of all relevant aspects. This, in turn,

requires and stimulates an intensive dialogue among the supplier, the

ut i l i ty , the licensing authorities and the independent technical experts.

Communication problems are thereby avoided. One notes that following the

investigation on the TKI incident, the Kemeny Commission has strongly

critized the lack of communication among the organizations involved in a

nuclear power project.

In general, the incident at the reactor TMI-2 has not given reason

to re-organize the existing licensing structure in the Federal Republic of

Germ any.
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11. l. 2 Regulativem

II.1.2.l RSF-Guidelines for PressuriEed Water Reactors

The Reactor Safety Commission (RSK) advises the Federal Minister of

the Interior on questions regarding safety of nuclear installations. The RSK

issues guidelines as a compilation of the safety requirements which, in its

opinion, have to be complied with in the design, construction and operation

of pressurized water reactors.

A third edition of the RSK-guidelines, which is an updated and

enlarged version of the second edition of January 24, 1979, was published

two months before the IKI incident. The later edition already contained

issues which proved important during the IM I event e.g. measures to cope

with small leaks.

It should be ment ioned, that the following parts of the third

edition of the RSK-guidelines, passed October 14, 1981, are the result of an

intensive discussion among authorities, RSK, TUVs, manufacturers and

utilities after the TMI incident.

1. Vent_i^_atio_n_Sy_st_em_s

a. Guidelines

An automatic closure of the ventilation shall be provided,

which is actived at high activity in the containment.

The limiting value should be f ixed, such tha t , depending on
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- the reactor coolant system activity (design activity)
- the amount of leakage

- the period of time until detection,

an unnecessary activation is avoided.

Limiting values should be provided, which activate alarm

signals prior to the limiting value for activation of
automatic actions.

b. Comment

This requirement aims at an improvement of the reliability of
containment isolation in case of a high activity level inside the
containment.

2. Sp_en_t_Fu_el_ .Storage^ P°o_l_Cp_ollng

a. Guideline

Those plants, in which the emergency core cooling system is

inter-connected with the spent fuel pool cooling system shall be

provided with an additional spent fuel pool cooling loop. This loop

must be capable of cooling the spent fuel pool autonomously af ter loss

of coolant accidents. The system shall not have active components

inside the containment vessel as far as possible and reasonable.

Valves, which shall be operated for the start-up of the system, shall

be located outside the containment vessel as far as possible and

reasonable.
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b. Comm ent

In German pressurized water reactors, the spent fuel storage

pools are located inside the containment and the latter is not

accessible for a certain period of time in case of a LOCA. In

facilities where the emergency core cooling system is interconnected

with the spent fuel storage pool cooling system, some valves have to

be operated to restart the fuel pool cooling.

The requirement for an independent additional fuel pool cooling

loop is intended to guarantee an increased reliability of the long

term spent fuel storage pool cooling af ter LOCA, for facilities with

intermeshed residual heat-removal and fuel pool cooling systems.

The valves by which the fuel pool cooling is reestablished should

be located outside containment to avoid exposure to the accident

atmosphere and to allow accessibility for maintenance under such

conditions.

3 . Me_£j5ur_es_ tp_Cope_ wi_th_Stoa_ll_Leaks

a. Guideline

To cope with small leaks the following assumptions shall be made

or shall be complied with as design conditions :

i. Additional components and systems required for coping with

small leaks (emergency feedwater pumps, secondary blowdown
station as well as their activation circuits) shall be
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considered as subsystems of the emergency core cooling and

the residual heat removal system

ii. The failure of station service power supply shall be

postulated for the incident analysis

iii.If a direct pressure reduction in the secondary system is

required to cope with the incident, it should be done

automatically

iv. The available borated water supply for the high pressure

injection and the water supply for the emergency

feedwater system shall be suff icient ly conservative

v. The drives of the emergency feedwater pumps shall be

designed such that they can be supplied with power from

the station service equipment in addition to the

emergency power system.

b. Comment

The first four requirements given above for the control of

small leaks in the reactor cooling system were already contained in

the second edition of the RSK-guidelines of January 1979. The f i f th

requirement was added in the recent révision. The emergency feed

pumps of modern KWU-reactors are driven directly by diesel engines.

The RSK incorporated in its guidelines a requirement for an

additional means to drive the pumps electri call}' if station service

is provided. Thus the reliability and availability for a long term

operation of the emergency feedwater S3rstem is increased.
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c. Additional Guideline

In order to assure the sufficient cooling of the core even

during small leaks with hypothetical failure combinations, the

possibility of high pressure injection during sump operation shall

be provided. For the start-up of high pressure injection with sump

operation, manual actions are acceptable.

d. Comment on Additional Guideline

In case of small and medium size leaks the heat mus t be

removed via the secondary side since the heat removal via the

leak would not suffice for a fast pressure decrease. The

pressure has to be lowered rapidly such that, when the heat is

removed via the steam generator, the residual heat removal

pumps (low pressure pumps) can start before the flood tanks,

which serve as the water reservoir for the high pressure

injection, have been emptied. In the licensing procedure it

has to be proven that there is sufficient reliability of the

pressure decrease in such cases.

Tne RSK has established the above requirement to assure

that sump water , which would always be replenished by the leak

flow, can act as substitute for the empty reservoir of the

flood tanks in providing high pressure injection into the

primary circuit in the event of hypothetical failure

combinations during heat removal via the steam generators.
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A. Remo_te_lv^-Op_£ra_te_d_De_ga_s£i£g_of_ _the_ £rim _ary_ _Sys_tem

Guideline

In order to have the capability for degassifying the primary

system, if necessary, even in case of a loss of coolant accident,

there shall be provided :

i. A connection between reactor pressure vessel and

pressurizer and/or pressurizer relief tank in plants with

U-tube steam generators ; or

ii. A connection between the highest points of the primary

system and the pressurizer/pressurizer relief tank in

plants with straight tube steam generators

The actuation of the valves shall be done remotely by

hand. Protection against maloperation shall be provided.

The equipment needed for remotely-operated degassifying

shall be designed such that they withstand the

environmental conditions during an accident.

b. Comment

The RSK suggested that the off-gas system, which is part of

the water purification system of the primary circuit , be improved

to allow the system to be controlled outside the containment. This

arrangement will render it possible to degassify the primary

system, if requi red , in the event of an accident.
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The distinction between the requirements for installations

with U-tube and once through steam generators accounts for the

differences in the construction of the facilities.

5 . M£aju r_e_£ fp r_ _thje .Limi_ti ng_ £/ _Hv_d _ro^en_ _Cp nc en_tr£t_ip n_ a_f _ter_ a_ _LO_CA

In the second edition of the RSK-guidelines there were already

requirements regarding integral and local hydrogen concentrations

in the containment after a LOCA. The relevant guideline deals with

the following issues :

. Monitor ing system

. Mixing system

. Recombination.

a. Guidelines

If the calculation of the integral hydrogen concentration

reveals that a volume concentration of 42 cannot be precluded, the

following shall apply :

i. It shall be shown that means for connecting a hydrogen

recombiner to the containment vessel is suitably

provided. This requirement is fulfilled when a recombiner

system is installed which can be actuated during an

incident .

ii. The licencees of nuclear power plants shall ensure that

during an incident, a reliable application of hydrogen

recombiners is assured in time.
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6 .

iii. The hydrogen recombiner flow rate shall be such that the

total hydrogen concentration, in case of maximum initial

loading by hydrogen originating from Zr-H.O reaction,

always remains below 4% volume content.

iv. The design of the hydrogen recombiner shall assure its

availability, upon demand, even under the conditions

prevailing within the containment vessel. It shall be

demonstrated that the fission product load of the

hydrogen recombiner, determined with conservative

limiting conditions, will not unduly affect the

recombiner operation.

v. With regard to the possibility of large quantities of

radioactivity being displaced from the containment vessel

into the recombiner leg, the hydrogen recombiner should

be installed as near as possible to the containment

vessel, with due consideration given to accessibility.

This location and other rooms outside of the containment

vessel which are penetrated by the inlet and outlet pipes

of the hydrogen recombiner, shall be ventilated through

aerosol and iodine filters. The pipes shall be shielded

accordingly .

a. Gui deline

The following information or instrumentation should be

provided :
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1. Boiling margin (pressure and temperature)

2. A state of the art measuring device should be provided that

enables judgements•concerning the water level in RPV.

b. Comment

The measurement of the boiling margin and water level in the

primary system (in addition to water level in the pressurizer) have

been provided. They supplement the other primary circuit data and

improve the reliability of the information for the control room

staff .

c. ' Additional Guideline

Instrumentation for measuring core outlet temperatures up to

1000°C shall be provided.

d. Comment

The PSK considers that useful if certain operational

instrumentation have measuring ranges which are beyond the ranges

of normal operation.

II .1.2.2 KTA-Rules

The Federal Ministry of the Interior has established a body , the

Kern tech ni s ehe Ausschuss (KTA), which has been given the task of promoting

the development of technical rules and their application in those fields of

nuclear technology where, as a result of operating experience, there exist a
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consensus opinion of experts from the component manufacturers, operators of

nuclear facilities, technical experts and authorities. All parties

participating in the nuclear licensing procedure are represented in the KTA.

Subsequent to the TMI incident all regulator}' bodies conducted a

review of the incident and evaluated its possible impact on the existing

rules. Some of the results of findings were recently considered and

incorporated into the rules. However, neither a basic change nor a shift of

emphasis in the KTA working programme resulted from the incident evaluation.

II. PLANT DESIGN

Shortly af ter the 1MI incident , a review was made to determine if

there were any repercussions on nuclear power plants in the FRG. In this

review, consideration had to be given on a number of differences between

German IWRs and the TMI-facility. Anongst the more important features of the

German IVRs are the following :

- Higher redundancy in the feedwater supply and a separate

emergency feedwater train for each steam generator

- Larger secondary coolant volume of the steam generators

- Different geometric spacing of steam generators and reactor

pressure vessel

- Automatic closure of the block valve in the pressurizer relief

line in case of a stuck-open pressurizer relief valve
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- Lower pressure head of the high pressure injection system (EPI

charging head is below the set point of the pressurizer relief

and safety valves)

- Different activation signals for the reactor scram for

comparable initiating events, causing a response of the

pressurizer relief valves only in the case of more severe

transients

- Automatic secondary shut-down for modern plants

- Improved control room design.

Due to these differences, initial analyses indicated that no

immediate action was necessary for German nuclear power plants. However,

fur ther , investigations revealed the potential for a number of long-term

improvements to be incorporated into the design of new plants and to be

backf i t t ed , as far as possible, in older facilities. These modifications are

mainly aimed at the improvement of the existing facilities, in order to

further reduce the probabilit}* of a TMI-type incident and minimize possible

consequences .

II. 1 MEASURES TO BE APPLIED TO NEW NUCLEAR K)WEP PLANTS

Hy_d J_p_gen_ _Cp _nt r_o_l_

The discussion on the following items already started before the

Ttfl inc ident , especially regarding local increase of hydrogen concentration

in the containment after a LOCA :
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l . By_drpg_en_ Mpni Do_riiig__S^st_em_

To determine the local concentration of hydrogen and its

distribution inside the containment, the number of sampling points is

increased to enable a representative information on the distribution of

hydrogen inside the containment. Thirteen (13) measuring points are provided

(2 in each steam generator, 2 in the pressuriser, and 3 at different levels

in the containment dome) .

Two different measuring methods can be used :

a. Via Measuring Lines-samples are taken in the containment and

evaluated at irregular intervals. This system also enables the

follow-up of long-term variations in flow mixing or the result of a

forced mixing by means of fans. Furthermore, the respective samples

can be used to arrive at a conclusion concerning the activity

concentration inside the reactor containment.

b. On-line Measurement with a special measuring device.

2 . A c c i d e n t - R e i d e n t F l w

To avoid high local concentrations of hydrogen, an

accident-resistant flow mixing system will be provided inside the reactor

containment. For this purpose, A x 50% fans are set up inside the reactor

containment but outside the cylindrical missile shielding. The fans take
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suction above the cylindrical missile shielding and discharge above the

sump. Part of the flow is blown into the reactor building dome where it

contributes to the mixing process. In addition, alternative means (such as

the injection of helium) of breaking through inversion layers are under

investigations.

3 . Capa_bilit_v_ .£o_Ins_taill__a_Hy_drpjEein_ Recpmb _in_er

In accordance with the practice followed so far at various

operating plants, the containment could be vented after a LOCA to avoid

unacceptable concentrations of hydrogen. However, it should be demonstrated

that the additional radiological exposure will be below acceptable limits.

According to accepted calculations, the necessity of venting exists no

sooner than 80 to 100 days after a LOCA (design basis accident), although

some reviewing organizations calculate shorter times.

The RSK-guidelines require that active features must be provided

(such as the capability to install a hydrogen recombiner) to keep the

concentration of hydrogen inside the containment below the ignition limit.

The licencees of the nuclear plants shall make sure that the recombiners can

be put into reliable operation in time, if an accident occurs.

2 Remo_t e_lv_-Con_t£0 3_le_d_De_ga_ssi ng_pf_

The investigation of non-condensible gases phenomenon with respect

to KS-7U pressurized water reactors showed that the buildup of a gas bubble

that could considerably in ter fere with the cooling process could be ruled

out . Furthermore, experiments showed that sufficient cooling could be

assured even if there were non-condensible gases in the primary system.
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Nevertheless, the venting line on the reactor pressure vessel which

has been provided for operational purposes (i.e. venting during the

refilling of the primary system) and whose valve in the containment requires

manual actuation, is being upgraded.

Pipes are installed between the reactor pressure vessel head and

the pressurizer and the pressuriser relief tank.

The valves in these lines are activated manually in the control

room. A protective feature against maloperation is provided.

If necessary, 50 m /h of inert gas could be fed into the

pressurizer relief tank at a primary pressure of 110 bar.

II. 1.3 jAd^i^i£nji.l_In_f£r^a^ion_f£r_the_Op_erating_Pier_spnnel on_ tli_e_ Status of

_the_ P_rima_ry_ JLoo_p

In addition to measurements of the temperature and pressure of the

primary coolant (which are carried out by accident-resistant instruments)

and the determination of the pressurizer level, the following features have

been provided.

1. M ea surem en t o f __th_e_M i_nimum_DNB R^

For normal operating conditions and for most of the accidents to be

considered, the display of the pressurizer level is a representative

indication of the coolant level in the primary loop. However, the operator

should have an improved display for the determination of the degree of

primary loop subcooling.
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For each loop, coolant outlet temperature and pressure are used to

calculate the minimum DNBR which is displayed as differential temperature in

relation to the boilding temperature by a continuous line recorder in the

control room. This display is provided in addition to the DNB logic already

existing in the reactor protection system.

The minimum DNBR measurement causes no action by the reactor

protection system. However, the operating manual contains certain criteria

for manual switching operations which can be performed on the basis of these

measurements (e .g . cut-out criteria for the high-pressure safety injection

of the emergency core cooling and residual heat removal system).

2 .

Twenty-four (24) in-core thermocouples are used for the in-process

measurement of the temperature of the primary coolant as it leaves the core.

The thermocouples used are able to measure temperatures considerably higher

(up to 1000°C) than those occuring in the reactor pressure vessel under

normal operating conditions. Thus, information on fuel element outlet

temperatures can be obtained even under accident conditions.

3. M e a s u r e n D e n t f

Measurement of the pressurizer level is not an absolutely safe

indication of the primary loop level, as has been shown in investigations of

special leaks (e.g. from the pressurizer). Thus, in such cases, the

pressurizer water level display is not necessarily an indication that the

reactor core is covered sufficiently and that the existing cooling process

is adequate.
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Therefore, means for displaying the water level of the primary loop

by measuring the reactor pressure vessel water level are under

investigation. One approach is that already realized at Atucha Nuclear Power

Plant (D,0 reactor) where measurements are made by comparing the

tempersture of a heated resistance thermometer with that of an unheated

resistance thermometer when both thermometers are provided inside the

reactor pressure vessel. Laboratory experiments which were conducted to show

if this method is applicable in PWR' s are practically completed. In 1983,

the measuring device is to be installed in a PWE for testing purposes.

In the K\TU design, the pressurizer relief valve, af ter initiation,

closes automatically when the primary pressure decreases by A bar. If the

relief valve fails in open position, the block valve up stream of the relief

valve automatically closes when the primary pressure decreases by 7 bar.

Now, in addit ion, position indicators are installed which measure

directly the position of the spindle of the relief valves and the safety

valves. The "close" signal for the block valve of the pressurizer relief

valves is derived directly from the position indicators of the relief valves

and of their pilot valves.

The measuring process itself relies on the induction method,

which permits an analog monitoring of themain valve position displayed in

the control room. In addition there is an alarm signal in the control room.

Furthermore, the block valves receive an independent "close" signal if the

primary circuit pressure falls below 125 bar and the temperature is

simultaneously more than 280 C.
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Opérait e_d_V£lve_s_ in__the

- T h e position of safety-related, manually operated valves are

displayed in the control room for the following systems :

a. Residual heat removal system and emergency core cooling system

b. Auxiliary feedwater system

c. Secured intermediate cooling system

d. Extra berating system

e. Chilled water system

f. Service water cooling system.

The valve positions are measured directly at the spindles.

For other manually operated valves in small pipes (for example,

drain lines) or auxiliary mechanical systems which do not have substantial

safety importance, "special lock devices" are provided. The key required for

positioning of the manually operated valves can only be removed if the

spindle is in the correct position. The monitoring concept is based on a

control of the presence of all keys in one centrally located area.

217



1 1 . 1 . 4 Sump_ Op_era_ti_on_ £.f_the_Sa_f £ty_ ^.nie£_tion_ System

Compared to former plants, the safety injection pumps of the new

standard plants are capable of taking alternative suction from the sump. The

purpose of this variant is to assure the flooding of the core even in case

of hypothetical combinations of failures. If, in the event of an unforeseen

delay in the pressure reduction in the primary loop which may be caused,

e .g . , by faulty shut-down on the secondary side, such that the berated water

stored in the flooding tanks (high pressure injection) is exhausted before

the system is switched to sump operation (low pressure injection), it is

possible to operate the safety injection pump in the sump mode . This variant

should be considered as a backup measure which can be started by manual

actuation. This creates an almost inexhaustible injection reserve and the

strict adherence to the shutdown gradient becomes less important.

1 1. 1.5 Up_gr_ajiLng_o_f_ _th£ _CoTVtaim_en_t_ J^nc^ijon^ PjL^i.Cu.-Lar.ly. the C£n_tainm_en_t

Is_ol_a^io_n_Comppn_en_t_s_

1. Automatic Isolation of Containment Ventilation

Measures are provided to ensure that the isolation of the

containment ventilation is effected as soon as possible, in the event of

detection of radioactivity in the containment .

2. Isolation of the Building Sump

In contrast to the earlier design, the containment isolation valves

of the containment drain systems of new plants are closed. Anounts of excess

water in the containment sump are recorded in the control room. The opening

of isolation valves in the drain line and the pumping of the excess water
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into the liquid waste storage tanks in the auxiliary building is initiated
manually, but only after an activity check. Subsequently, the isolation
valves are closed again.

In addition to the interlocking measures existing so far, an
activity measuring point is provided in the two discharge lines from the
reactor building to the auxiliary building. This point will cause an alarm
in the control room if certain limits are exceeded so that the building

drain pumps can be cut out manually.

II- 1 .6 Inrp £p ved_ _Prp_ce_du_re_ fpr_ a_ St &am_

In the design of German P W R ' s , a double-ended rupture of a steam

generator tube is assumed. With the assumed course of the accident, the

safe ty injection signal is not act ivated.

Assuming, additional failures, however, the safety injection system

may be activated. Since the zero head of the safety injection pumps (110

bar) is above the response pressure of the steam generator safety valves

(between 80 and 90 bar for the dif ferent p lan ts ) , under unfavorable

conditions, it may not be excluded that the safety valves in the concerned

steam generator will respond and thus primary coolant will be released. To

avoid this, either the safety injection has to be interrupted in time or the

response of the safety valve of the concerned steam generator has to be

prevented .

Currently being discussed is a system modi f i ca t ion for new plants

which will allow the response pressure of the safety valves of the concerned

steain generator to be raised above the zero head of the safety injection

pumps, and thus avoid a switch-off of the safety injection pumps.
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. 1.7 Separa_te_ _Spe_nt_ 2^e_l_St_o£ag_e_Popl_ .Coo_ling_

In German PWRs, the spent fuel storage pool is situated within the

containment. The containment is not accessible in the early phases of a

LOCA. In standard plants whose emergency cooling system is intermeshed with

the fuel storage pool cooling system (2 x 100%) several valves have to be

operated inside containment in order to restart the storage pool cooling.

The addit ion of a separate fuel pool cooling loop (100%) is to

improve the reliability of the long term fuel pool cooling after a LOCA. The

valves which will be remotely operated to switch to the fuel pool cooling

mode are to be situated outside the containment. This will avoid the

exposure of the valves to the accident atmosphere and improve their

accessibility for repair purposes af ter a LOCA.

1 1. 2 MEASURES TO BE APPLIED TO OPERATING PLANTS

. 1 . 2 Nuclea P w e r Plant Grafenhein.feld

The nuclear power plant Graf enrheinf eld , a FWR ( K W U ) with a nominal

capacity of 1200 M W e , started operation at the end of 1981. At the time of

the TMI incident it was already in a verj' advanced state of construction.

Measures to cope with small leaks such as the automatic fast

secondary shut-down had already been incorporated into the design.

Of the measures to be applied to nev nuclear power plants, which were

described in Section II. 1, the following were implemented in

Graf enrheinf eld :

1. Hydrogen control in the containment a f t e r LOCA

220



2. Remotely operated degassing of the reactor pressure vessel

3. Supplementary information for the control room staff

a. Degree of subcooling of the primary coolant

b. Extended in-core temperature measurement

c. Level indication in the reactor pressure vessel (scheduled

for 1983)

d. Position indication of the pressurizer relief valve

e. Position monitoring of safety relevant manually operated

valves

4. Measures to improve contaiment isolation

5. Additional, separate spent fuel storage pool cooling circuit .

1 1 . 2 . 2 !^l_e£r_Po_w£r_Pl_a£t_Bi_bli £ L l̂ -̂Pi.6—0! £rl_C)I.d.£rJPi.aILt )

The nuclear power plant Biblis B, a PWR (KfU) with a nominal output

of 1200 MWe, started operation in 1976. As a result of the f inding on the

TMI incident , several improvements have been or are being implemented in

this plant, just like in the other currently operating plants.

Of the measures described in Section II. 1, those that have been

implemented in Biblis B are the following :
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1. Supplementary information for the control room s taf f :

a. Degree of subcooling of the primary coolant

b. Position indication of the pressurizer relief valves

c. Position monitoring of the valves in all systems needed

for residual heat removal

d. isolation of the building sump

2. Improvement (automation) of the main steam relief control for

fast shutdown with 100°C/hr

3. Revision of the operating manual for small and medium LOCA

A. Alteration of the interlock in the emergency cooling and

residual heat removal system in order to prevent K_

injection from the accumulator into primary circuit in case of

small and medium LOCAs.

11. 3 CONDUCT OF OPERATIONS

One of the aims behind the deliberations on the TMI incident was to

fur ther reduce the probability of human failure in the control of accidents.

The more important alterations, partly described in the preceeding chapter,

were :
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1. A review of the operating manuals, particularly those sections

concerning accidents.

2. The revision of the instructions for the control of small and

medium leaks.

3. The reduction of the number of required manual action by

further automation of actions essential for accident control

(e.g.automatic secondary fast shut-down).

A. The improvement of the control room instrumentation in order

to provide the shif t personal with a better knowledge of the

status of the primary circuit and of the safety relevant

systems.

11.4. QUALIFICATION AND TRAINING OF OPERATORS

No basic changes had to be made for the education and required

qualification of the responsible shift personnel. However, a number of goals

were derived from the findings of the IM I incident for further development

and optimization of the s taff education. Anongst these are :

1. The existing educational programmes, qualification

requirements and courses for staff personnel have to be

directed more effectively towards identif ied specific

requirements. Particular emphasis has to be placed on the

development of the capability to take appropriate

counterroeasures even under adverse or d i f f i cu l t plant

conditions. This also includes the ability to correct prior

inappropriate action.
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2. The most effect ive educational method to develop these

capabilities is the education and training on power plant

simulators. Hence such simulator training needs to be

intensified and improved. One important basis for this task is

the systematic review of all events and accidents which have

been displayed on German simulators. The findings from

accident reports, the results of risk studies, operating

experience and analytical studies from the manufacturer have

to be accounted for . In particular, events which require

planned or unplanned manual actions of the shift personnel

have to be incorporated. A corresponding study on the subject

is almost completed.

3. Simultaneous to the development of the simulator-instruction

programmes, the technical design of the simulators has to be

improved. The ultimate goal must be an authentic as possible

picture of the overall plant response (including that of the

secondary systems) for normal operation as well as for

abnormal conditions and transients, including accidents.

4. The evaluation of operating experiences, particularly of

actual faulty actions by the responsible shift personal, has

to be intensified and continuously fed into the educational

programmes.

5. The accreditation of educational courses at nuclear

educational facilities is now based on uniform criteria. The

requirements on the qualifications of the instructors are in

the process of being formalized. In addi t ion, the BMI is
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preparing a proposal regarding requirements on the education

and skills of nuclear power plant personnel, which will expand

existing guidelines.

11.5 REVIEW AND FEEDBACK OF OPERATIONAL EXPERIENCE

a. In the FEG, the operational experiences of nuclear power

plants have been collected and evaluated for some time in order to

deduce possibilities for further improving the operations of

plants. In addi t ion , since 1975 there have been uniform federal

criteria regulating the reporting responsibility of the utilities

to the respective authorities. At the same time, a unit within the

Gesellschaft fuer Reaktorsicherheit (GRS) was established for the

collection and evaluation of all reported incidents.

In general, the evaluation of the TOI incident did not show the

necessity to alter the procedure introduced in the FRG. The

evaluation of operating experiences, however , was further

intensified by :

1. The utilities were urged to evaluate operating experiences

froTD other German and also foreign nuclear power plants for

possible use in their own facilities, and to routinely report

the results of their investigations to their authorities.

2. The results of the evaluation of operating experiences are

increasingly incorporated into the training programmes of the

plant personnel.
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3. The centralized collection and evaluation of operating

experience was expanded. In particular, foreign experience is

evaluated to a larger extent for possible consequences on

German plants.

11.6 EMERGENCY PLANNING AND PREPAREDNESS

The early detection and assessment of a potential danger is of

vital importance for the activation of an emergency response plan. In order

to obtain better qualitative and quantitative information on a hazardous

situation in a shorter time than currently achievable, research and

development work has been in i t ia ted. Likewise, work has been started on the

improvement of the accident and emergency intrumentation within the

facil i t ies, of the monitoring and communication system outside the

faci l i t ies , of the communication systems among the involved authorities and

of the information of the public.

In addi t ion , the Federal Minister of the Interior has reviewed and

evaluated the existing environmental monitoring systems of German nuclear

power plants . As a result of th is , extensive research and development work

is being conducted. Initially, the concept of the operator-independent plant

surveillance is being considered to provide ready information on the status

of the plant for the authorities, even in accident and emergency conditions.

Technical discussions have been held between the site authorities

responsible for emergency protection measures in the vicinity of nuclear

facilities and the Federal Minister of the Interior. Their discussions have

continued in the conference of the State Ministers of the Interior. Into

such deliberations is incorporated the question if the
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Atomic-Biological-Chemical (ABC) emergency response crews of the civilian

protection service should also be educated for peacetime task. In this

context it should be noted that a total of 204 such ABC-em ergency response

crews are distributed all over Germany and some 40 more will be added . These

crews have been recruited by the Federal Government for national defense

activities. They are, however, at the unrestricted disposal of the State

governments in case of a civilian nuclear emergency, just like other

institutions and installations established by the Federal Goveriment for

overall emergency preparedness (such as sanitary and health care services).

The States have, in addit ion, established and equipped decontamination

crews. Finally, the conduct of periodic emergency preparedness exercises

shall be continued for the d i f fe ren t emergency response services in the

vicinity of nuclear installations.

Iodine tablets have been stocked at suff icient quanti ty , their

application as well as general information on the action to be taken in case

of a nuclear emergency are explained to the public and the medical community.

The informat ion of the public on the appropriate behaviour for

self-protection is made through information leaflets and brochures. The

public can also inspect the special emergency preparedness plans for the

vicinity of nuclear power plants. As soon as the results of relevant

research in this f ie ld is available, the authorities shall review the

eff iciency of these means of public information.

In summary , it may be concluded that in the FRG sufficient

precautions have been established for assuring protection against possible

hazards. It has not been found necessary to make alterations or

modi f i ca t ions of the existing basic recommendations for emergency protection

because of the TMI incident.
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II.7. MAK-MACfilNE INTERACT 3D K;

The more important aspects of this topic have already been dealt

with in the sections on "Conduct of Operations" and "Qualification and

Training of Operators".

11.8 PROBABILISTIC RISK ASSESSMENT

In the FRG, reliability analyses on safety relevant system have

been required and conducted for quite sometime as part of the licensing

procedure.

In 1976 work on a German EVE risk stud}7 was s tar ted. Its results

were published in 1980 in a main volume and eight special volumes. Prior to

the 1MI incident interim results presented to the public had already stated

the importance of small leaks on the pressurizers.

The most significant results of the German risk study were the

substantial risk contributions through small leaks and transient accidents

and the associated influence of the secondary system. Due to the findings of

the risk s tudy a number of improvements on German nuclear power plants were

init iated.

The application of probabilistic methods and risk considerations in

the licensing procedure has received increased at tention in recent times.

This, however, mrght stem from existing experience and advancements in this

f i e ld , rather than an influence of the TMI incident.
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II.9 SAFETY RESEARCH AND STUDIES

For the current research and development programme for reactor

safety of the Federal Minister for Research and Technology (BMFT) the 1MI

incident proved to be an endorsement of the goal of the programme. There

also resulted new thrusts and shifts in emphasis in the implementation of

the programme. In this regard, four areas of research have been emphasized ;

namely :

1. Man-Machine Interaction

Current e f for t s on man-machine interaction studies are being

continued and intensif ied since it has proved important to f ind an

optimum balance between automatic action by the safety system and

the possibility of manual interference by the operator. Apart from

a substantial improvement of the measurement methods and

instrumentation for the determination of the status of the sj'stem,

the following aspects are of particular importance :

a. Appropriate choice of the essential measuring methods and

instrumentation for the determination of the status of the

S3rstem .

b. Appropriate choice of the essential da ta , their processing and

transformation into an immediately usable form , as well as

their further use as a diagnosis aid for faster and accurate

accident analysis.
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2. Integral Investigation of Disturbances in the Cooling System

Experimental and theoretical studies to achieve a better

understanding of the dynamic behaviour of the complex primary and

secondary cooling systems for a broad spectrum of potential causes

and sequences of disturbances were intensified. It is expected

that the experiments will yield detailed understanding of the

djTiamic behaviour of the overall system and of the individual

components. This knowledge might also assist the shift personnel

to safely recognize which are the optimal actions for accident

control.

3. Investigation of Means to Prevent Overpressurization of the

Containment

Theoretical and experimental studies are being conducted to

determine if depressurization or flushing of the containment as an

emergency measure against hydrogen deflagration or

Overpressurization after a core melt could be conducted in such a

way that as little as possible fission products are released.

4. Core Melt

The investigations aimed at gaining detailed understanding of the

sequences of a core melt , particularly the efficiency of measures

against a melt through and destruction of the containment, have

been intensif ied.
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IMPLEMENTATION

OF THE LESSONS LEARNED FROM THE IM I INCIDENT

IN

HUNGARY

Contribution from L. Voeroes to the IAEA-Technical Committee
Meeting on the Status of Implementation of the TKI Lessons Learned
Vienna, 18-22 October, 1982.
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I. GENERAL

Hungary's first nuclear power plant to be operated with WWER-440

pressurized water reactors constructed by Soviet f i rms , is being installed.

The nuclear power plant in its full operation will comprise of four units

each having a capacity of 440 MWe. The first unit is about to undergo

start-up testing.

The WWER-440 reactor is a FWR type one ; one reactor has two steam

turbines each having a capacity of 220 MWe. Pressure in the primary circuit

is 123 bar and in the secondary circuit, it is 43 bar. Concerning its design

criteria, the unit well corresponds to other PWRs throughout the world ;

however, it d i f f e r s significantly from them on certain constructional

features.

The main supplier of the nuclear power plant is the Soviet

ATOMENEROOEXPORT. It provides the main equipment of both the primary and

secondary circuits. Some parts of the nuclear power plant will be

constructed, produced and installed by Hungarian f i rms . Foreign and domestic

companies work together at the si te, which is in a nearby Hungarian town

named Paks.

At the time of the IM I incident the NPP of Paks has already been

under construction and in the stage of equipment installation as well. The

TKI incident has attracted great attention in Hungary and the evaluation of

the events has been started by different institutions.

Conclusions learned from 1MI incident have been drawn, the goals

have been partly accomplished, while the rest are in the stage of research

and development.
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II. IMPACT AND ACTIONS

II. 1 LICENSING AND REGULATION

At the time of TMI incident the nuclear licensing and regulation

system in Hungary has not been fully established. The atomic law was created

only in 1980 and the establishment of the authori ty system and the authority

allocations has been performed at this time. In spite of this f ac t , the

system of licensing and regulation has basically not been affected by the

TMI incident . However, its influence has been felt in the work of the

author i ty , in the following areas :

1. In addition to the accident analysis carried out in the Safety

Analysis Report, further analysis has been required by the

au thority.

2. More rigorous controls have been enacted in the field of

quality assurance, the areas of supervision have been expanded

and measures have been taken to improve the documentation

system .

3. The authority re-examined the regulations and ordered more

stringent procedures for the training and examination of

operators.

A. The authorities follow up the experiences gained from the TMI

incident and these experiences are taken into consideration in

the legislative and licensing work.
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II.2 PLANT DESIGN

The design for the nuclear power plant of Paks has been developed

in the Soviet union. Eomestic activities in this area have been limited to

review of the plans in the light of the TMI incident, paying particular

attention to operational safety and reliability.

Studies and investigations have been carried out to simulate how a

TMI-type incident would proceed in case of a WWER-440 type reactor and what

of consequences would result. A basic conclusion was that this incident

would take place in a quite d i f ferent way in case of WWER-440 units, and its

probable consequences would be less serious. This is due primarily to the

different constructions of the reactor. Significantly more time is available

for determining plant status and executing control measures, because the

processes in WWERs proceed much slower.

The most important features that distinguish the V7WEE nuclear plant

are as follows :

1. Six loops for one reactor.

2. Horizontal steam generators with large quantity of water in

the secondary side.

3. Two independent secondary7 circuits for one reactor.

^. Four feedwater pumps and one reserve pump, so the malfunction

of one pump causes only 25% decrease in capacity. There are

two auxiliary feedwater pumps and two pumps are in reserve.
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5. Three redundant High Pressure (HP) and Low Pressure (LP)

Injection Systems for emergency core cooling and containment

pressure reduction. These are completely independent of the

normal feedwater and make-up system of the primary circuit.

In connection with the general lessons learned from Trfl incident,

additional information have been requested from themain supplier. Our

questions referred to the subsystems and equipment involved specifically

during the TMI incident. They include the following :

1. Belief valves and safety valves of the pressurizer.

2. Isolation of the containment.

3. Increased range of the sensors.

A. Leakages from the primary circuit and their transport.

5. Control and protection of the secondary feedwater system.

11. 3 CONDUCT OF OPERATIONS

The most important lesson gained from the 1MI incident is that the

operators must be prepared for a much wider scope of accidents that start as

mi ld disturbances, b u t , afterwards become rather serious failures due to

unfavourable conditions and/or incorrect interventions.

From this statement three fundamental conclusions were drawn, they

are as follows :
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1. The scope of accidents to be analyzed has to be extended.

2. The operations personnel must also be prepared for the

unexpected low probability events.

3. Instruments and methods for accident forecasting have to be

extended and systems to facilitate the operator's job in

emergency situations have to be improved.

11. 3 .1 Extensji.£n_of_ _Acc_id_en_t_Ana]_ys_i_s_

The Soviet company that designed the nuclear power plant of Paks
was requested to perform additional safety analyses. A list of analyses
requested, which was drawn up by working group of Hungarian experts,

included the MI incident sequence. In addition, analyses of different

transients associated with the disturbances of pressurizer and feedwater

supply system were also called for.

The completed analyses are built into the final safety analyses

report and they showed that the NPP is provided with sufficent safeguards

even in case of an accident similar to IM I.

In addition to the analyses made by Soviet firms, Hungarian

institutes also carried out independent computations using their own

simulation programmes. The following subjects, which are derived from the

1MI incident experience, have been investigated :

1. Stuck relief valve in the pressurizer.
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2. Stopping of feedwater supply with the reactor trip system

functioning properly.

3. The same transient as in 2. above but with delayed

intervention of the reactor trip system.

4. Analysis of core cooling under two-phase coolant flow

conditions.

The analyses carried out by local institutes have confirmed that

the WWER-440 uni ts , owing to the design features mentioned earlier, are able

to withstand the above transients, including cases of mult iple failures

and /or human fai lure.

II. 3. 2 Op_er_3_tpr_ ^a.l.ifi5£tipn_ an_d_

. 3 . 3 Ac_ci_de_nt_ £°£e£a_s_ti_ng_ _^ K.£gnjDS_ti_c_S yst_em_

An accident forecasting and recording system has been installed for

Unit No. 1 of the NPP of Paks. It is a noise-analysis system which is based

on vibration, pressure pulse and neutron fluctuation monitoring. These

signals are continuously collected, evaluated and recorded. The signals

provided by sensors placed in different places of the primary and secondary

circuits are automatically recorded and processed b)T a locally-made

microprocessor system. The sensors, however, were imported from abroad.

Alterations in the noise spectra indicate changes in the

technological process occuring in the plant and so this system can be used

for failure forecasting.
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The information system for aiding the operator in emergency

situations are described in Section II.7.

II.A QUALIFICATION AND TRAINING OF OPERATORS

The TMI incident aroused the attention to the importance of the

qualification and continuous education of the operations personnel. The

operations personnel have to know the characteristics and behaviour of

nuclear power plants in d i f ferent situations and the possibilities for

interventions.

The qualification of the operations staff to operate the nuclear

power plant of Paks is per formed according to programmes organized by the

Soviet main contractor. The IM I incident and the lessons learned from it are

also part of these programmes. Additional analyses made by Soviet f i rms at

special request and the results of these are also parts of the training. The

qualification examinations include psychological tests as well.

The theoretical and practical qualification tests of the operations

personnel of Unit No. 1 of the nuclear power plant of Paks has been

completed. During the examination, particular attention has been paid to

issues through which the examiners could properly decide whether the

operators acquired the rules appropriately to prevent an accident.

Several measures are in the stage of preparation which will define

competency in operational precautionary measures.

To keep abreast with, the growing demands in the f ield of nuclear

engineering and to upkeep the standard level of knowledge and abilities of
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the operators and other operations staff of the nuclear power plant, a plan

for a domestic educational centre is under way. The centre will offer

simulation training courses as well.

The preparation of an examination system is in progress. This

system will provide regular theoretical and practical tests for the

operations personnel, thus keeping their knowledge up to date.

11.5 REVIEW AND FEEDBACK OF OPERATIONAL EXPERIENCE

The Hungarian institutions, in addition to the data from foreign

publications, are supplied with information coming from foreign partners who

have same type of reactors. This exchange of information provides mutual

benefits.

Apart from this, the operations personnel of the nuclear power

plant of Paks are prepared systematically to collect and record operational

data from the start of plant operation. The data collection system will also

provide a basis of reliability calculations, including the applicability of

fault-tree/event-tree methods.

11.6 EMERGENCY PLANKING AND PREPAREDNESS

A requirement that must be met before any nuclear facility can be

operated in the submission and approval of a detailed emergency plan. For

the nuclear power plant of Paks, the emergency plan consists of two separate

parts : the f i rs t one refers to the on-site accidents , while the other to

the off-s i te ones. Experiences from the IM! incident have been employed when

preparing the emergency plan, especially in the following aspects :
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1. The emergency plan prescribes multi-level interventions

ranging from the probable emergency situations to the actual

accidents.

2. Through a monitoring system, the development of the entire

accident can be followed. By this means, serious consequences

can be avoided or mitigated.

3. A minimum period of time during which radioactivity is

released to the environment and the emergency levels of the

main technological processes/parameters, taking into account a

highly serious, hypothetical accident, have been determined by

means of computer simulation. A very pessimistic assumption,

i.e. the electric power supply is cut-off during the accident,

has been postulated. Since the emergency plan considers only

consequences, this rough preliminary condition gave the

quickest result to determine the proper levels of alarm system.

4. Decision has been arrived concerning the production of

adequa te , stable iodine-containing preparation for iodine

prophylaxis as well as its storing and in case of necessity

its distribution.

5. Bnergency telecommunication and alarm systems have been

established.

6. Comprehensive information has been provided for the

inhabitants living in the proximity of the nuclear power plant

of Paks on its normal operation, as well as about the

emergency situations and their consequences.
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II. 7 MAN-MACHINE INTERACTION

Anong the methods facilitating the operators'work one is in the

stage of preparation. This one is a safety parameter displaj7 to be placed in

the control room and it is expected to provide dual information tasks. One

of the systems will provide packed information about the safety of the unit ,

while the other one supplies data on the actual possibilities of

intervention. For the development of these systems extensive research and

development work are still required.

11.8 PROBABILISTIC RISK ASSESSMENT

Up till now methodological as well as system studies have been

performed. Fault-tree/event-tree methods have been attained ; however, due

to lack of proper data for availability and failure modes their application

in the nuclear power plant of Paks have not been initiated. At present

fault-tree/event-tree method is employed for system analyses, consequence

assessments and cause investigation.

One of the goals of the research work concerning the reliability is

the home development of PRA methodology (See Section I I .9 ) .

II.9 SAFETY RESEARCH AND STUDIES

Following the TMI incident, several studies have been prepared

which reviewed the conditions of the incident and compare the response of

the nuclear power plant of Paks with TMI-2.

A comprehensive research programme has been developed and started

which is geared towards ensuring the reliable operation of nuclear power

plants. This programme, to be carried out for five years, has been adopted
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after wide range discussions and it started in 1981. The lessons learned

from the TMI incident have been taken into consideration while preparing the

programme plans. The tasks involved in the programme can be classified

according to the following topics :

1. Start-up tests and measurements

2. Safety analyses

3. Research associated with corrosion and water chemistry

4. Material testing and stress analyses

5. Development of methodology appropriate for the analyses of

normal and abnormal operational situation

6. Handling and storing of radioactive wastes

7. Medical-biological research and safeguarding of public health.

11.10 INT ERNAT 10 NAL CD 0 PERAT ID K

A close cooperation was reached with the Soviet partners who are

involved in the nuclear power project. In addi t ion, Hungary has bilateral

relationships with several countries such as the GDP, Czechoslovakia and

Bulgaria which have the same type of reactor. With other COMECON countries,

Hungary has multilateral agreements, which includes provisions for

production specialization in the nuclear power f ield.

There is an ever growing relationship with Finland. Contacts with

other non-socialist countries are rather occasional and limited to

scientif ic areas.
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IMPLEMENTATION

OF THE LESSONS LEARNED FROM THE TMI INCIDENT

IN THE

PHILIPPINES

Contribution from E. Mejia for the IAEA Technical Committee Meeting
on the Status of Implementation of TMI-Lessons Learned, Vienna,
October 18-22, 1982.
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I. GENERAL

The TMI incident occurred during the early part of the construction

of the civil works of the Philippine Nuclear Power Plant (PNPP-1) and when

the design of the reactor was being finalized. After the release of

NUREG-0578 by the US NRC, the Philippine Atomic Energy Commission (PAEC)

required the National power Corporation (NPC), the Philippine government

ut i l i ty in charge of the construction of the PNPP-1, to comply with the

short term recommendations of the IM 1-2 Lessons Learned Task Force.

I.I THE SHORT TERM RECOMMENDATIONS OF TMI LESSONS LEARNED

The NPC mace a s tudy of the short term recommendations and then

conducted a thorough review and evaluation of the contract plans and

drawings of the PNPP-1, the technical descriptions of the plant and sys tems,

and the provisions of the main contract between NPC and the main contractor

(Westinghouse). This was done to determine which of the short term

recommendations have already been complied with in the PNPP-1 and which hsve

yet to be implemented/ incorporated in the plant.

1.1.1 Shpr_t__Term_ B_ec_omm e_nd_at.i otis_ _Ccm_plie_d_wi_th_

The NPC found out that the PNPP-1 already complied with the

following short term recommendations (the numbering is the same as in

NUREG-0578) :
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1. Rnergency Power Supply Requirements for the Pressurizer

Heaters, Power-Operated Relief and Block Valves, and

Pressurizer Level Indicators.

2. Containment Isolation Provisions.

3. Post-Accident Hydrogen Control System.

4. Post-Accident Control of Radiation in S3rstems Outside

Containment.

5. unproved Auxiliary Feedwater System Reliabili ty.

1.1.2 Shprt_Term_ ^ecjaiimend_a£io_ns_ _To_Be_ _inp_leme_nt_ed_ iji_PN?Z.""i

The other short term recommendations which have yet to be

incorporated/implemented are the following :

1. Performance Testing for Relief and Safe ty Valves.

2. Information to Aid Operators in Accident Diagnosis and Control

3. Instrumentation to Follow the Course of an Accident.

A. Analysis of Design and Off-Normal Transients and Accidents.

5. Improved Reactor Operations Command Functions.

6. In proved In-Plant Bnergency Procedures and Preparations.
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7. Revised Limiting Conditions for Operation of fcclear Power

Plants Eased Upon Safety System Availability.

The above was the evaluation of NPC on the status of PNPP-1 in so

far as compliance with the short term recommendations is concerned. The next

step taken by NPC was to require its contractor, Westinghouse, to go over

the short term re comic en cations and determine the extent by which PNPP-1, as

originally o f f e r e d , complies with the short term recommendations dealing

with the design of the plant. It turned out that the assessment of

Westinghouse agreed with that of NPC's . Westinghouse was then required to

meet with NPC for discussions of its position on each recommendation

including its plans on how each recommendation would be complied with in the

PKPP-1.After the discussions, which took several days , an agreement was

reached and Westinghouse was requested to submit a formal report to NPC.

II. IMPACT AND ACTIONS

The technical/design changes applicable to PNPP-1 that were

recommended by Westinghouse and accepted by NPC for the purpose of complying

with the short term recommendations including those that FPC, on its own,

plans to implement, could be classified into areas which were already

ment ioned before in this repor t . The following is a more detailed discussion

of the changes and the required studies and review.

II.I LICENSING AND REGULATION

The procedures that the Philippine Atomic Energy Commission has

formulated for the licensing and regulation of the PNPP-1 are patterned

af te r those of the US NEC. A f t e r the TMI-2 Lessons Learned Task Force report

was released, the PAEC did not ins t i tu te any change in the basic procedures,
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rules a*»d regulations for licensing. Instead it made a minor modif icat ion in

their internal procedures by assigning permanently to the PNPP-1 site, a

resident inspector for construction.

II.2 PLANT DESIGN

II. 2.1 Inf£rma_tion__to .Aij^ Op_erat£rs in_Acci_dent_ _K.£gnp_s_i s an_d_ _Contr_ol

1. Direct Indication of Power-Operated Relief and Safety Valve

Positions

There are many indications available which can show the

conditions surrounding the valves. However, while the relief

valves are equipped with direct indications of valve stem

position, the safety valves are not . To sat isfy this

recommendation a Critical System Leak Monitoring System will

be installed. The System utilizes acoustic sensors mounted in

selected locations to detect leakage in critical reator

systems. A basic sj'stem includes five transducers and

pre-amplifiers mounted in the containment. Outside the

containment are five conditioning modules , leak detection

m o d u l e and control board module .

2. Instrument for Detection of Inadequate Core Cooling

i. Core Subcooling Monitor

The core subcooling monitor utilizes inputs from the

existing hot leg PTDs, reactor coolant system pressures,

and twenty selected in-core thermo-couples. A
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microprocessor is employed to calculate saturation
temperature for existing reactor coolant system pressure

and determine the margin to saturation based on the

various temperature inputs. Information display consists

of main control bord indication of margin to saturation

and expanded information at the electronics drawer which
may be located with existing plant protection and control

equipment .

ii. Reactor Vessel Level Instrumentation System

The Reactor Vessel Level Instrumentation System proides a

simple and straightforward means of monitoring the water
level in the reactor vessel. It will assist in the

detection of the presence of a gas bubble or void in the

reactor vessel. It will indicate the need for the

addition of water to the reactor coolant system. It will

indicate the formation of a void in the reactor coolant
system during a transient.

1 1. 3 CONDUCT OF OPERATIONS

1. 3mprpve_d_ Re£Ct.p£ Op er at ipns_Cm.ma.na functions

a. The plant administrative and management procedures will

be formulated to assure that rector operations command and

control responsibilities and authority are properly defined.
After approval of the nuclear plant organization, corporate

management will issue an operations policy directive that

emphasizes the duties, responsibilities, and authority and
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lines of command of control room operators, the shift

supervisor, and the person responsible for the reactor

operations command in the control room.

2. Shi ft and Re_l i e f Turn over_Prp ce_du re_£

a. The operating procedures that will be formulated will

require that a shift turnover checklist is provided and must

have to be completed and signed by the on-coming and off-going

individuals responsible for command of operations in the

control room. The procedures will also require that

supplementär}' checklists and shi f t logs will be developed for

the entire operations organization including instrument

technicians, auxiliary operators, and maintenance personnel.

2. Administrative procedures and physical security access control

measures will limit access to the control room under normal

and accident conditions to those persons necessary to the safe

command and control of operations.

II. L QUALIFICATION AND TRAINING OF OPERATORS

1. KPC required that all candidates for operator training m u s t

have a Bachelor of Science degree in Engineering or physical

sciences. This directly a f f ec t s the requirement of a Shif t

Technical Advisor under Section 2.2.1 of the IMI lessons

Learned. The KPC may preclude the assignment of the STA int he

organization of the plant.
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2. Per agreement with Westinghouse the theoretical part of the

training course for the operators was expanded by adding

subjects like thermodynamics and heat transfer.

3. The simulator course was expanded to include control of more

complex situations.

A. Operators who have previously completed their training courses

were sent back to the Westinghouse training centre for more

exposure to the expanded simulator course.

11.5 REVIEW AND FEEDBACK OF OPERATIONAL EXPERIENCE

T h e - K P C has a contract with its US consultant to be furnished with

copies of information on operating experience from other plants through

bulletins and brochures coming from the US NRC and other U . S . institutions.

II.6 EMERGENCY PLANNING AND PREPAREDNESS

1. The WC made proposals to the PAEC that instead of providing a

separate Technical Support Centre (TSC) it is creating a

Technical Support Complex which is composed of the control

room an adjacent visitors gallery, the shift supervisors

of f ice and two other adjacent to the control room. A CRT

display will be connected to the reactor instrumentation and

installed in the visitors gallery. The NPC just i f ied this by

showing that this alternative satisfies all the requirements

of a TSC. The PAEC is making a study of the proposal.
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2. An or-site Operations Support Centre will be housed in an

Administration building very near and within the protected

area of the reactor plant.

3. While the NPC is responsible for the in-plant emergency

planning, the submission of a National Bnergency Plan (NEP) is

a requirement of the FSAR. The Off ice of Civil Defense, PAEC

and NPC pooled their e f for t s in formulating an NEP. The NEP

delineated responsibilities for certaion activities during an

emergency to the proper national , provincial, and municipal

organizations. The organizations responsible for logistics

were i den t i f i ed . Procedures for rehearsals and practices are

part of the KEP.

11. 7 KAK-MACHIFF INTERACTION

1. The main control board was m o d i f i e d to make room for

addit ional instrumentation controls required for the cold

shutdown sys tem, critical systems leak monitoring, core

subcooling moni to r ing , reactor level monitoring and

post-accident monitoring systems. These revisions and other

modif ica t ions makes it easier for the operator to monitor the

reactor conditions and will aid him greatly in accident

diagnosis and control.

2. The plant design was reviewed to iden t i fy locations of vital

areas and equipment in whichpersonal occupancy may be duly

limited by the radiation f ie lds during post-accident
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operations. Shielding calculations will be made of system

containing primary coolant outside containment and

identification of areas where access is essential following an

accident.

11.8 PROBABILISTIC RISK ASSESSMENT

(No activity under this area)

11.9 SAFETY RESEARCH AND STUDIES

1. P£r£prman£e_Te_s_ting_o_f_ jte.li.ef_an.d_Saf et_y_ Valves

The Electric Power Research Institute will conduct tests

on pressurizer valves that will be representative of valves

that will be used in PNPP-1. Thus the test results will be

applicable.

III. CONCLUSIONS AND. RECOMMENDATIONS

Considering the importance of the TMI Lessons Learned

recommendations in the enhancement of sa fe ty , they should be implemented in

all nuclear power plants . More so for countries like the Philippines which

are embarking on nuclear power programmes for the first time.

The importance of highly skilled and knowledgeable operators to

reactor safety cannot be over emphasized. Neither time nor money should be

spent in the training of operators. Emphasis should be given on simulator

training plus on-the-job trainig in nuclear power plants.
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In the preparation of emergency procedures, local conditions and

resources should be considered. Procedures should be direct, simple and easy

to implement.
4

Owners of nuclear plants, especially those who are new in the

f ie ld , should take the initiative in estalishing good relations with other

utilities so that there will be a free exchange of information between them

and both would profit from the experience of the other.
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