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FOREWORD
This book is in two parts. The first is a Code of Practice for 

the Safe Operation of Nuclear Power Plants, prepared as a result 

of two meetings of experts which took place in Vienna on 5-6 December 

1966 and 11-15 September 1967.

The Code has been prepared by the International Atomic Energy 

Agency in co-operation with the World Health Organization, and its 

publication is sponsored by both organizations. In addition, the Code 

was approved by the Board of Governors of the International Atomic 

Energy Agency in June 1968 as part of the Agency1 s safety standards, 

which are applied to operations undertaken by Mem ber States with 

the assistance of the Agency. The Board, in approving the publica

tion of the present book, also recommended Member States to take 

the Code into account in the formulation of national regulations and 

recommendations.

The second part of the book is a compilation of technical ap - 

pendices prepared with the help of participants at the meetings of 

experts; its object is to give information and illustrative examples 

that would be helpful in implementing the Code of Practice. This 

second part, although published under the same cover, is not part 

of the Code.
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PART I 
CODE OF PRACTICE

IN TR O D U C TIO N

General

1. Safe operation of a nuclear power plant postulates suitable siting 

and proper design, construction and management of the plant.

2. Under the present Code of Practice for the Safe Operation of 

Nuclear Power Plants, those intending to operate the plant are 

recommended to prepare documentation which would deal with 

its operation and include safety analyses. The documentation 

in question would be reviewed by a regulatory body independent 

of the operating organization; operation would be authorized 

on the understanding that it would comply with limits and con

ditions designed to ensure safety. The Code may be subject

to revision in the light of experience.

3. The Appendices provide additional information together with 

some examples relating to certain topics dealt with in the Code; 

it must be emphasized that they are included as examples for 

information only and are not part of any recommendation.

Purpose and scope

4. The recommendations in the Code are designed to protect the 

general public and the operating personnel from radiation hazards, 

and the Code forms part of the Agency's Safety Standards. The 

Code, which should be used in conjunction with the Agency's other 

Safety Standards, provides guidance and information to persons 

and authorities responsible for the operation of stationary nuclear 

power plants whose main function is the generation of thermal, 

mechanical or electrical power; it is not intended to apply to 

reactors used solely for experimental or research purposes.

It sets forth minimum requirements which, it is believed, in 

the light of experience, must be met in order to achieve safe 

operation of a nuclear power plant. It must be clearly under

stood, however, that fulfilment of those minimum requirements 

will not necessarily guarantee safe operation.

1
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5. A  Government which wishes to enter into an agreement with the 

Agency concerning the construction or operation of a nuclear 

power plant will be asked to follow the recommendations of the 

Code. It should be noted, however, that the Code does not lay 

down the methods which should be employed to achieve that end. 

Thus, for example, while the operating organization is required 

to submit a Pre-Construction Safety Report to the regulatory 

body for review, it is left to these two bodies to decide the 

methods whereby this requirement is to be met.

1. E X T E R N A L  SUPERVISION

1.1.  The plant management has the primary responsibility for the 

safe operation of the reactor.

1.2.  Supplementary functions with a bearing on safety can be per

formed within the operating organization by a central body or 

a plant committee working independently of the plant operating 

staff.

1.3.  In discharging its responsibility for public health and safety, 

the Government should ensure that the operational safety of 

a nuclear reactor is subject to surveillance by a regulatory 

body1 independent of the operating organization.

1.4.  It is essential to the achievement of their common objective, 

safe reactor operation, that the relationship between the regula

tory body and the operating organization should be based on 

mutual understanding and respect. Consequently the operating 

organization should regard the regulatory body as a valuable 

source of constructive criticism and technical and administra

tive assistance, and the latter should maintain a high level of 

understanding of the technical problems of the operating 

organization and certain economic factors.

1.5.  Experience has shown that the following procedures should be 

followed in the performance of regulatory functions:

1 The regulatory body must discharge responsibilities of a special nature. Most existing 
organizations will have had no previous experience of the task involved. It will probably be 
necessary to establish a new authority and entrust it with special functions. The composition of 
this body as well as its position within the national governmental structure is left to the discretion 
of the Government concerned, but should include the authorities responsible for public health and 
atomic energy.

2
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(a) Safety Reports relating to the plant (see section 2) should 

be submitted by the operating organization to the regulatory 

body.

(b) On  the basis of safety considerations set forth in the Safety 

Reports, the operating organization should submit to the 

regulatory body for review and approval a document setting 

out for the plant the limits and conditions (see section 3)

in accordance with which, in the interest of safety, opera

tions are to be conducted.

(c) These limits and conditions can be revised in the light of 

experience. Proposed changes in the limits and conditions 

should be approved by the regulatory body prior to their 

implementation.

(d) Detailed operating instructions and procedures (see 

section 5) prepared by the operating organization should 

be in keeping with these limits and conditions.

(e) Records should be maintained (see 6. 1 and 6. 2) and be 

available to the regulatory body.

(f) The regulatory body should call for periodic inspection 

of the reactor facility. The inspection should be aimed

at both the technical and the management aspects of safety 

(see section 10).

2. S A F E T Y  R E P O R T S 2

2.1.  Site and environmental conditions, design information and 

safety analyses of the nuclear power plant should be the subject 

of Safety Reports.

2.2.  A  Pre-Construction Safety Report should be submitted to the 

regulatory body for review in support of the application for 

authorization to construct. A  Pre-Operation Safety Report3

2 For general information on the Agency's views on Safety Reports, see Appendix I.
3 In some countries the Pre-Operation Safety Report consists of the Pre-Construction Safety 

Report and subsequent amendments and additions.
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should be submitted in support of the application for authoriza

tion to operate. The type of Safety Report considered here in

cludes the basic document initially submitted and appropriate 

amendments or additions subsequently made hereto.

2.3.  The Pre-Construction Safety Report should take the form of a 

preliminary safety analysis of the proposed nuclear power 

plant. Informal contacts prior to the pre-construction review 

stage are encouraged between those planning to build a reactor 

and the regulatory body to develop mutual understanding of 

the nature of the project and the regulatory body1 s require

ments. The report should be a statement both of safety prin

ciples and of the intended design. It should contain sufficient 

detailed information, specifications and supporting calculations 

to enable those responsible for evaluating safety to assess 

whether the station can be constructed in a manner conducive 

to safe operation. It should emphasize both the safety features 

and the possible hazards, having due regard to the site.

2.4.  The Pre-Operation Safety Report should provide up-to-date 

and more specific information on the safety topics discussed 

in the Pre-Construction Safety Report and on any departure 

from the safety provisions set out in the latter report; re

ference should also be made to any major differences in the 

design. In addition, the Pre-Operation Safety Report should 

deal in greater detail than the Pre-Construction Safety Report 

with matters relating to plant operation. It is recommended 

that sections of the Pre-Operation Safety Report should be 

drafted and submitted to the regulatory body during the construc

tion period so that they can be reviewed at an early stage.

3 . LIM ITS A N D  CON DITIONS4

3.1.  Prior to the operation of the reactor a set of proposed limits 

and conditions should be submitted to the regulatory body for 

review and approval. An official copy of the approved limits 

and conditions5 must be held by the operating organizations.

4 For general information on limits and conditions, see Appendix II.
5 In some countries provisions governing limits and conditions are not set out in specific 

documents? the relevant information should, however, be easily identifiable and readily available.

4
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3.2.  It is generally recognized that the safety of reactor operations 

depends on people as well as equipment. The limits and con

ditions laid down for reactor operation should therefore cover 

organizational and procedural, as well as technical, aspects 

of operation having a bearing on safety.

3.3.  Organizational and procedural aspects of operation to be 

covered in the limits and conditions documents should be 

determined on the basis of the provisions contained in this 

Code of Practice.

3.4.  Technical limits and conditions should emphasize two broad 

categories of technical factors, namely:

i

(a) Those relating to the prevention of situations that could 

involve significant hazard from ionizing radiation; and

(b) Those relating to the mitigation of the consequences of 

such situations should they arise.

3.5.  Accordingly, limits and conditions should be established which 

cover the following:

(a) Safety limits;

(b) Safety system settings;

(c) Limiting conditions for safe operation; and

(d) Surveillance requirements.

3.6.  Technical limits and conditions are boundary values and will 

include both maximum and minimum settings and conditions 

for operation, as shown below.

3. 7. The setting of specific values for safety limits and conditions 

can be based only on a systematic analysis of the individual 

plant and its environment. These limits and conditions should 

always be in keeping with the current state of the plant and tech

nological development. The need for each technical require

ment should be substantiated by a written indication of the 

reason for its establishment.

3.8.  Safety limits are boundary values assigned to important para

meters or process variables to provide protection against the 

uncontrolled release of undue amounts of radioactive material.

5
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Such safety limits should generally be defined in terms of 

maximum or minimum values (as appropriate) within which 

the variables or parameters should remain.

3. 9. Safety system settings should be such as would actuate appro

priate automatic protective devices to prevent any safety limit 

from being violated. In determining such limits, both the 

values of the variables which should not be exceeded for safety 

reasons and the maximum allowable values for the protective 

circuits should be specified. Where a protective system, 

designed to ensure that a safety limit is not violated, fails 

to function as and when required, the situation must be re

viewed and evaluated by the operating^ organization, and such 

corrective action as the technical staff may recommend should 

be taken. Should the defined limiting value of the variable, or 

its equivalent, be violated as a result of the protective system1 s 

malfunctioning or failure to function, the review must be car

ried out by the operating organization prior to resumption of 

operation and the regulatory body should be notified. When 

so required by the regulatory body, such a situation may be 

subject to review by it or by such technical review group as 

it may choose to designate, before the resumption of operation 

is allowed. Should the regulatory body elect to review the 

matter, it should proceed expeditiously.

3. 10. Limiting conditions for safe operation are conditions relating 

to the availability and performance of equipment systems and 

components which are required for all modes of reactor opera

tion in order effectively to prevent abnormal situations or 

mitigate their consequences, as described above. When the 

limiting conditions for safe operation are not met, the operating 

organization should take whatever steps are necessary to en

sure safety until remedial action approved by the regulatory 

body can be taken.

3.11.  Surveillance requirements include tests, calibrations and in

spections necessary to ensure compliance with the limits and 

conditions defined above. Maximum intervals between different 

periodic tests should be established.

6
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4 .  C O M M ISSIO N IN G 6

4.1.  Commissioning a nuclear reactor and its associated plant re

quires careful planning. Accordingly a detailed programme 

of tests should be prepared, and the responsibility for imple

menting and reporting on the various parts of the programme 

should be clearly defined.

4.2.  The fulfilment of requirements regarding limits and conditions 

can take place step by step as the commissioning programme 

proceeds, and a clear statement of the prerequisites for each 

phase of commissioning should be approved by the regulatory 

body.

4.3.  With reference to the programme, documentation covering each 

test should be prepared in appropriate detail. This documenta

tion should include the following:

(a) The purpose of the test and the results expected;

(b) The minimum safety provisions required to be in force 

during the test;

(c) The test procedure; and

(d) Records of essential results as the results become 

available.

4.4.  With regard to 4 .1 to 4 .3  above, close liaison should be main

tained between the regulatory body and the operating organiza

tion throughout the whole commissioning programme.

5. O P E R A T IN G  INSTRUCTIONS A N D  P R O C E D U R E S 7

5.1.  For the guidance of plant operating personnel detailed operating 

instructions and procedures should be set out in writing. They 

will normally be drawn up together with the designers and 

equipment suppliers and must comply with the approved limits 

and conditions. It is essential that these instructions and pro

cedures be followed in operating the plant.

5.2.  The procedures set out should include sections dealing with 

plant operation under normal and foreseeable abnormal 

conditions.

6 For general information on commissioning, see Appendix III.
7 For general information on operating instructions, see Appendix IV.
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5. 3. The staff to whom the documents setting out the operating in

structions and procedures are issued should make themselves 

thoroughly conversant with their contents and any revision 

thereof.

5.4.  Adequate arrangements should be made for the regular review 

of all instructions and procedures and for the communication of 

any revisions to the operating personnel and to other holders

of the document.

5.5.  In general, where a written procedure for a particular operation 

is not available in advance, an ad hoc procedure should be 

drawn up before proceeding with the operation.

5.6.  It is considered to be good operating practice to make use of 

written orders for the purpose of controlling vital operations, 

whether or not written -procedures are available in advance.

The use of such written orders should be clearly laid down as 

a requirement by the operating organization.

5.7.  Copies of the operating instructions and procedures should be 

available to the regulatory body, which should also be kept 

informed of significant changes therein.

6. R E C O R D S  A N D  R E P O R T S

6.1.  Records should be kept of all essential information concerning 

the design and operation of the plant. Such information should 

include details of equipment and material supplied, "as built" 

installation drawings, and other essential records of construc

tion, commissioning, operation, testing, maintenance, modi

fications, inspection, radiation exposure control, radioactive 

waste discharge to the environment, and radioactive waste 

storage. The regulatory body may wish to specify adequate 

and reasonable retention periods for certain categories of 

records.

6.2.  A  record of the amount and movement of all fissile and fertile 

material should be kept on each reactor site.

6.3.  Periodic summary reports on matters relating to plant safety 

and reports on modifications (see 9. 2) should be supplied by

8
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the operating organization to the regulatory body8. In addi

tion, the regulatory body may specify certain categories of 

occurrences for which it will require separate reports. The 

scope, timing and distribution of reports should be agreed on 

by the regulatory body and the operating organization.

7. M A N A G E M E N T

7.1.  The management should ensure that each person concerned 

with the operation of a reactor installation or associated plant 

is, within his own sphere of responsibility, fully aware of the 

important part he plays in the safe operation of the plant.

7.2.  The knowledge, skills and abilities required of each member 

of the local operating staff should be defined. Suitably quali

fied staff should be selected and given the necessary training 

and instruction to enable it to assess operational situations 

from the standpoint of safety and to deal with abnormal situa

tions in accordance with appropriate operating procedures 

and sound industrial practices. In addition to fulfilling any 

regulatory requirements which may be laid down by the regula

tory body, the management should periodically check and satis

fy itself that individual staff members have the appropriate 

qualifications.

7.3.  In order to ensure that they are well known and fully under

stood, the duties and responsibilities of staff members at 

all levels in the operating organization should be clearly set 

out in writing. The authority vested in each staff member 

should be sufficient to ensure the effective discharge of his 

responsibilities.

7.4.  Only staff members with the specific qualifications required 

should be authorized to control and supervise the operation 

of the plant. A  list of currently authorized persons should 

be available at all times.

8 In som e countries it  is considered  ad v isab le  th at such reports should be supplied a t in tervals 
ranging from  every six m onths to every th ree y ears, depending on the type o f  o p eratio n .

9
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5. The reactor operator should have full authority, in writing, 

to shut down the reactor at his own discretion in the interests 

of safety.9

7.6.  The management may, at its own discretion, call upon advisory 

groups to review safety problems arising in the commissioning, 

operation, maintenance, modification and inspection of the 

plant.

8.1.  For the guidance of plant operating personnel, detailed main

tenance instructions and procedures should be set out in

The maintenance of all plant equipment having a bearing on 

nuclear safety should be of such a standard and frequency as 

to ensure that the level of reliability and effectiveness of all 

equipment is in accordance with the standards required in 

the Pre-Operation Safety Report.

8.3.  The decision to remove equipment from operation for main

tenance purposes should be the sole responsibility of the 

Operations Supervisor in charge when maintenance is to be

gin, and should be made with due regard to operational safety 

requirements.

^ 4 .  Following maintenance it is essential that equipment be in

spected and, where necessary, tested before normal operation 

of such equipment is resumed.

9. 1. All proposals for modifications to procedures or plant should 

be reviewed by at least one person other than the originator 

and should then be approved by the appropriate, designated 

individuals.

9 In this c a s e , re a c to r op erator m eans the person h and ling the con tro ls o f  the re a c to r , 

e sp e c ia lly  the scram  button .

8 . M A IN T E N A N C E

writing.

9. M ODIFICATION S
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if. 2. Any plant modification which involves changes in the limits 

and conditions laid down, or which might have a bearing on 

the established safety principles, or which could entail hazards 

different in nature, greater in magnitude or more likely to 

occur than those previously associated with the plant, should 

be subject to review and approval, in advance, by the regula

tory body.

9.3.  It is common practice in some countries for plant management 

to have available a technical group, drawn mostly from out

side the operating staff itself, to review and advise on proposed 

changes in the plant and procedures.

10. PER IODIC  TESTIN G  A N D  IN SPEC TION

10.1.  It is the responsibility and in the interest of the operating organiza

tion, and one of the functions of the regulatory body, to make 

sure that the safety status of the plant, as described in the 

Safety Reports, has not been adversely affected since the time 

of initial commissioning. It is also one of the functions of 

the regulatory body to satisfy itself that the plant is operated 

in conformity with the limits and conditions defined in section 3.

. Before the plant starts operating, the operating organization 

should prepare a programme of periodic testing and inspection 

of those components which are essential to safe operation.

This programme should be approved by the regulatory body.

10. 3. In determining the frequency of inspections due regard should 

be had to periodic tests carried out by and in the interest of the 

operator. Advantage should be taken of times during which the 

plant is shut down for other reasons.

10.4.  The periodic inspections should normally be carried out by

the operating organization, the results being subject to review 

by the regulatory body. The regulatory body may reserve to 

itself the right to have inspections carried out by its own staff, 

or by groups of specialists working on its behalf, or under the 

supervision of one of these groups.

5. The regulatory body should, prior to commencement of opera

tion and at appropriate times thereafter, review the administra

tive records, operational records and records of safety tests 

performed by the operating organization.

11
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10.6.  The frequency of testing and inspection of individual parts or 

equipment should be determined by their relative importance 

and the probability of their failure to function properly. The 

frequency with which equipment not normally in use is tested 

should be such as to establish that its reliability meets the 

requirements postulated in the Safety Reports. As experience 

is gained, it should be possible to estimate more accurately 

the time which elapses between failures to function properly, 

and the testing frequency should be adjusted accordingly.

^ . 7 .  It should be noted that the requirements to test and inspect 

equipment and the frequency of such tests and inspections 

may have a significant influence on the system design. These 

requirements should therefore be formulated as early as 

possible and included in the design parameters.

1. Guidelines for radiological protection10 should be laid down

by the competent authority. The amount of exposure of plant 

personnel and the public should be in conformity with these 

guidelines in normal operating conditions and should be kept 

as low as practicable. Economic and technical considerations 

should be taken into account in establishing guidelines.

. 2. On the basis of the above guidelines and taking into account the 

particular characteristics of the power plant and the site, 

working limits such as radiation dose limits and discharge 

concentrations for radioactive effluents should be determined. 

These working limits should be in the proposed limits and 

conditions submitted to the regulatory body for approval 

(see 3.1).

2 . 1 . An emergency plan should be prepared by the operating orga

nization in co-operation with the appropriate governmental 

and local authorities or other bodies in order to ensure the

10 T h e term  "ra d io lo g ic a l p ro te c tio n " , as used h ere , m eans p rotection  only w ithin the 
op erating  p la n t. For precautions to  be taken  outside the p lan t, see sectio n  12 .

11 For g en era l in form ation  on em ergen cy p recaution s, see Appendix V .

11. R A D IO L O G IC A L  P R O T E C T IO N

12. E M E R G E N C Y  P R E C A U T IO N S 11

12
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effective co-ordination of all site services and external aid 

in the event of an emergency. Such co-ordination is of 

special importance when several organizations are responsible 

for different parts of the plan.

. 2. Provision should be made for emergency equipment, as re

quired in the emergency plan, to be available at the reactor 

site and at other agreed places.

. 3. All personnel within the plant should know what to do in the 

event of an emergency. Instructions should be adequately 

displayed.

. 4. The emergency plan should be reviewed from time to time. 

There should also be periodic practices, and the emergency 

equipment should be tested at pre-determined intervals.
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PART II 
TECHNICAL APPENDICES

A P P E N D IX  I

G E N E R A L  IN F O R M A T IO N  O N  S A F E T Y  R E P O R T S

The purpose of this appendix is to provide general information 

on Safety Reports, with particular reference to problems with a 

bearing on operations. A  detailed consideration of the recommenda

tions, which might be useful in providing guidance for the preparation 

of Safety Reports, led to the conclusion that there was no satisfactory 

international agreement on the subject. In many instances the re

quirements laid down in Safety Reports will inevitably be determined 

by the type of reactor involved and the conditions under which it is 

to be put into operation. The panel of experts agreed that for obvious 

reasons the Agency should itself study the matter and attempt to draw 

up some internationally acceptable, basic agreements on the subject 

and methods to be used in the preparation of Safety Reports. Some 

nuclear-power reactor experts believe that the concept of pre- 

established and pre-calculated exclusion areas may not be the best 

approach to reactor siting and operational safety; others believe 

that the current approaches to design analysis and safety evaluation 

need modification or complete re-appraisal. Having regard to the 

above consideration, the Agency proposes to convene a panel to 

consider the subject of Safety Reports.

In the light of the foregoing the Secretariat of the Agency believes 

that the considerations set out below may be helpful, but it should be 

clearly understood that they do not reflect the unanimous view of the 

panel of experts which prepared the Code of Practice for the Safe 

Operation of Nuclear Power Plants.

The reports should serve as the basis of the safety assessment 

to be made by the regulatory body, and of the limits and conditions 

to be formulated by the operating organization and approved by the 

regulatory body.

The information provided in Safety Reports should be sufficient 

to permit a technical review to be carried out of the design and plans 

for operation, and should include the following:

(a) An identification of the principal criteria for the design of 

the plant, showing the influence of site characteristics and setting
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out the design principles for the major systems and components with 

a bearing on safety.

(b) A  description of the intended design (Pre-Construction Safety 

Report) and the final design (Pre-Operation Safety Report).

(c) A  systematic safety analysis of the design of the plant in

cluding the influence of the environment and the features which en

sure safety under both normal and postulated abnormal situations.

The analysis of the abnormal situations should include evaluation

of the potential consequences. The safety analysis should establish 

that the features, which have been incorporated in the design to en

sure safety, are sufficient to provide a reasonable assurance that 

there is no undue risk to the public or the plant personnel.

(d) Information of a general character relating to the operation 

of the plant, such as management, maintenance, power production, 

etc.

Safety Reports should also include:

(a) A  technical description and design analysis of the plant, 

covering such topics as:

(i) Heat generation, heat transportation, steam generation 

and conversion and their technical characteristics;

(ii) Auxiliary equipment associated with the above;

(iii) Characteristic surveys of significant parameters and 

their limitations;

(iv) Reactivity balance and the methods of reactivity control 

under different operating conditions;

(v) Safety features of the design;

(vi) The power supply of the plant and the emergency power 

supply;

(vii) Information on the reliability of operational and stand-by 

equipment.

(b) An analysis of the reactions of the plant to abnormal con

ditions and external and internal disturbances (such as load transient, 

failure of a component or malfunctioning), their consequences, and 

the actions and precautions to be taken to limit their effects. (A 

description would then be given of the stand-by and emergency sys

tems, how and when to use them, together with an evaluation of the 

consequences of their malfunctioning. The problem of the contain

ment and dissemination of radioactive products would then be 

considered.)
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(c) An analysis of the site and environment in the light of the 

effects of abnormal as well as normal plant conditions.

(d) A  description of the plant organization including:

(i) Administrative procedures;

(ii) Operating procedures;

(iii) Qualifications, recruiting, standards of supplementary 

instruction and training of personnel.

It is most desirable to follow as closely as possible the develop

ment of the design from the moment the Pre-Construction Safety 

Report has been submitted. It is therefore suggested that sections 

of the Pre-Operation Safety Report be submitted to the regulatory 

body at an early stage and in accordance with an agreed program; 

this will allow flexibility with regard to the time when the complete 

Pre-Operation Safety Report is to be submitted

Safety Reports should provide the operating management with 

information on all safety aspects of the design, construction and 

operation of the plant and help it to compile operation manuals.

It is therefore strongly recommended that the future operator be 

associated from the outset with the work of drawing up these reports.

The following examples of the content of Safety Reports for 

actual nuclear power stations have been included for information 

only. Their purpose is to familiarize the reader with approaches 

that have been taken in the preparation of safety analysis reports in 

the past. It should be borne in mind that these examples will pro

bably not fully cover the requirements of other stations of similar 

type. Also included for the convenience of the reader are selected 

references for Safety Reports.

E x a m p l e  1

T A B L E  O F  C O N T E N T S  FO R  V O L U M E  I 

DESIGN  D E S C R IP T IO N  O F  D O U G LA S  POIN T  R E A C T O R

Summary description of station siting 

and environmental data

Site location

Topography of site area

Land use and population distribution
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Meteorology-

General

Building design data 

Diffusion data

Diffusion calculation approach 

Diffusion considerations 

Site area local conditions 

Geology and nature of land 

Seismology 

Hydrography 

General

Water temperature 

Water analysis 

Currents and diffusion 

Hydrology

Building arrangements for reactor and plant

General layout 

Reactor building 

General 

Internal layout

General layout and equipment location 

Hatches and cranes 

Stairs and passageways 

Spent resin chamber 

Reactor vault

Calandria vault 

Fuelling-machine vaults 

Concrete shielding

Building provisions for pressure equalization 

Overpressure design 

General

Uniform overpressure design 

Differential and surge pressure design 

Anchoring for steam header 

Containment leakage 

Gas leakage 

Water leakage 
Main and emergency airlocks 

Underdrainage system 

Service building 

General

Building arrangement and equipment 

Underdrainage
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Turbine building

Miscellaneous buildings and structures 

Administration building 

Pumphouse

Cooling-water intake and discharge structures

Switchyard

Minor structures

Reactor boiler and auxiliaries

General

Station heat balance 

General description of equipment 

Reactor design and construction 

Calandria 

Dump tank 

End shields

Calandria and end-shield support and alignment 

Coolant assemblies 

Feeders and headers 

Reactivity control mechanisms 

General

Mechanical details 

Reactivity control elements 

Coolant system 

Reactor enclosure 

General

Thermal shields 

Shield tank 

Reactor vault lining

Calandria-vault liner 

Fuelling-machine vault lining 

Calandria-vault pressure relief 

Provisions 

Moderator and cover gas system 

Requirements of the system 

Description of the system and its operation

Moderator circulation and heat removal circuit 

Associated cooling systems 

Helium circuit

Operation of the main systems 

Liquid-poison system 

Purification circuit

Connections for emergency use of heavy water 

Auxiliary systems related to the moderator system
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Heat-transport system 

General

Main coolant circuit 

General

Overpressure relief 

Primary circuit through boilers 

Primary coolant pumps 

Pressurizing and pressure-control system 

Feed to fuel-handling equipment 

Bleed cooling and tempering 

Stand-by cooling equipment

High-pressure auxiliaries for primary system 

Surge cooler and receiver 

Service tanks and systems 

High-pressure filter 

Low-pressure auxiliaries for primary system 

Gland cooler

Heavy-water storage and gas cover 

Ion exchange

Degassing and gas control 

Leakage collection systems 

Vapour recovery system 

Emergency coolant injection and recovery secondary system 

General

Boiler assemblies 

Boiler water systems 

Operation of the heat-transport system 

Reactor vault atmosphere 

General

Cooling and dehumidification system 

Carbon dioxide supply and purification control 

Shield cooling systems 

End-shield cooling 

Thermal-shield cooling 

Biological shield cooling system 

Shield tank cooling 

Dousing systems

Heavy-water dousing 

H 2 O  dousing

Fuel and fuel handling

Fuel

Fuel changing
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General

Fuelling machines

General description 

Operation and details 

Control of the fuelling machines 

Fuel-transfer system 

General

Fuel movements and mechanisms 

Control and fluid systems

Turbine generator and electrical output systems

General

The steam cycle 

Steam mains 

Turbine and auxiliaries 

Turbine

Turbine oil system 

Turbine control system 

Governing system 

Emergency governing system 

Auxiliary controls ■

Turbine supervisory equipment 

Moisture separators 

Reheaters 

Condensing system 

Condensate and feedwater system 

Generator and auxiliaries 

Electrical output system 

General 

Main equipment 

Protective relaying 

Station relaying 

Line relaying

Control

General

Control room and control equipment room 

Reactivity control 

Reactivity data

Reactivity control devices and methods 

General 

Reactivity rods
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M oderator level control 
M oderator poison 

Sensors for reactiv ity  control 
Ion cham bers
Tem perature m easurem ents 
M oderator level 

R eactor regulating system  
M oderator poison control 
Channel tem perature monitoring 
F lu x tilt control 

P rim ary  coolant system  control
P rim ary  system  p ressu re  control 
Stand-by cooling system  control 

B o ile r  w ater-lev el control 
B o ile r  steam -p ressu re  control 
Turbine generator control 
O v er-a ll plant control 

G eneral
Plant power control 
Start-up and cool-down sequences 

Start-up from  cold 
Cool-down from  operating condition 

R eactor protective system  
G eneral 
R eactor trip  

F ailed  fuel detection and location
Gaseous fission  product monitor 
Delayed neutron activity  monitor

Plant serv ices

W ater-supply system s 
G eneral
C irculating w ater system  
P ro ce ss  w ater system  
D om estic water system  
Stand-by and fire-fig h tin g  water supply 
W ater-treatm ent system  

D rainage and sewage 
Heating and ventilation 

Heating system s 
Ventilation system s

R eactor-build ing ventilation 
Service-build ing ventilation
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Turbine-building ventilation 
Administration-wing ventilation 

R eactor-build ing heating and cooling 
Station serv ice  e le c tr ic a l system  

G eneral
D escription of C lasses  of Power 

G eneral 
C lass IV power 
C lass III power 
C lass II power 
C lass I power 

Decontamination serv ices
Decontamination in re a cto r building 
Decontamination centre 
Clothing decontamination
P ersonnel em ergency decontamination and exit sprays 

Communication system s 
Telephones 

G eneral
Internal main system  
M aintenance telephone system  

Public address system  
Pneum atic m essenger system  

C om p ressed -air serv ices  
G eneral
Low -pressure system  
H igh-pressure system  

F ire -p rev en tio n  system
F ire -d etectio n  and alarm  
F ire-extingu ish ing  equipment

Radiation hazards control and radioactive-w aste management

Introduction
Radiation levels and a cc e ss  control 

Radiation levels 
A ccess control 

Contamination control 
Radiation m onitoring and alarm s 
O ff-s ite  check of contamination 
Active-waste management

G eneral-w aste treatm ent 
A ctive-w aste solids 

F a c ilit ie s  
A ctivities
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A ctive liquids 
G eneral
A ctive-liquid-w aste management 
Spent-fuel bay water and ion-exchange equipment 
A ctivity leaks into p rocess-coo lin g  water 
F in a l activity  check 

Active gases 
General
Source of airborne activity 
Monitoring and control of effluent 
C ontrol of exposure of plant personnel

P hysics

R eactor core ch a ra cte ris tic s  
Introduction 
Flux
Neutron balance 
Burnup
R eactivity  effects of m oderator volume changes 
Tem perature coefficients 
Xenon load
Voiding of cooling channels 
Xenon instability  
B o oster rods 
Control absorbers 

C ircu it activ ities
P rim ary  coolant circu it 
M oderator c ircu it ,
T h erm al-sh ie ld  coolant circu it 
Vault atm osphere circu it 
End-shield circu it 

Shielding
Heat cu rrents into side shields
Heat cu rrents into end shields
Shield th ick nesses and estim ated radiation levels
Shielding on ion exchangers
Shielding on w aste-d isposal system
Spent-fuel storage shielding
Radiation levels if the end shield or shield tank loses water
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E x a m p l e  2

PREPARATION OF SA FETY  REPO RT FOR 
ADVANCED GAS COOLED REACTOR 

HUNTERSTON "B "

1. The com plete safety subm ission for the reacto r plant shall 
consist of the following:

(a) P relim in ary  Safety Report
(b) F in a l Safety Report — P a rt A, Design
(c) F in a l Safety Report — P a rt B , Operation.

2. The P relim in ary  Safety Report

The P relim in ary  Safety Report should be presented as part of 
the tender for the station, and may be used as prelim inary  ju s tif ic a 
tion to the Government Agency. It should th erefore be w ritten with

34

This publication is no longer valid 
Please see http://www-ns.iaea.org/standards/



this in mind and should be a statem ent of both safety principles 
and intent. It should contain sufficient detail, drawings, sp e cifica 
tions and supporting calculations with appropriate graphical re p re 
sentations (e. g.  fo reca s t of perform ance under fault conditions) 
to satisfy  review ers that the station will be designed in a safe m anner.

W here appropriate, parts of the plant shall be studied on a 
"probability  of fa ilu re " b a s is , and p articu lar attention shall be 
paid to those m ajor parts of the plant which require an early  and 
irrev o cab le  decision on the main design featu res.

The headings for the required inform ation a re  listed on the 
attached schedule.

3. The F in a l Safety Report — P a rt A

This w ill be prepared under the sam e headings as the P relim in ary  
Safety Report. An agreed program  w ill allow a planned subm ission 
of the sections on a sequential b asis  as the design and construction 
proceeds. Each section shall be submitted as that part of the design 
has been com pleted, and w ill be revised  and brought up to date at an 
agreed date before fuel loading takes p lace.

These sections should d escribe the safety featu res and dem ons
tra te  the safety of the plant.

G eneral

The main d ifference between the P relim in ary  and F in a l Safety 
R eports is  that the form er w ill be statem ents of intent, while the 
la tter a re  statem ents of design conclusions and th erefore require 
to be supported by fin al detail design calcu lations, drawings, c i r 
cuit and writing d iagram s, etc.

SCHEDULE OF ITEM S REQUIRED IN SA FETY R EPO RT FOR 
ADVANCED GAS COOLED REACTOR HUNTERSTON "B "
(The design incorporates a concrete p ressu re vessel)

1. O v er-a ll description of the station

An o v e r-a ll description of the plant, followed by:

2. Siting and environm ental data

(a) Name of site
(b) s ite  location including map re feren ces
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(C) topography of site
(d) inform ation on population in area
(e) future proposals fo r development in area
(f) w ater supplies
(g) m eteorological conditions
(h) cooling water
(i) drainage
U) foundation conditions
(k) m ajor c iv il and m ilitary  installation up to 5 m iles
(1 ) site  a cc e ss
(m) amenity consideration.

3. C oncrete p ressu re  v esse l

The following inform ation on the design of the concrete pressu re 
v e s se l is  required.

D escription

Plans and drawings providing:

(a) a com plete description of the v esse l
(b) its  principal dimensions
(c) the layout of the p re -s tre s s in g  tendons
(d) the form  of the anchorages
(e) the disposition and form  of the penetrations and the lin er
( f ) the insulation and the cooling system
(g) the p ressu re  re lie f devices
(h) the v e sse l supports
(i)  the foundations

are  required .

D esign princip les

The design philosophy, princip les and c r ite r ia  should be de
scribed  fully, p articu lar attention being paid to the use of codes of 
p ra ctice , th e ir relevance and the ju stification  for departures from  
code values or requirem ents.

A nalysis of design s tre s s e s  and tem peratures in a ll parts of 
the stru ctu re including supports and foundations should be given 
for;

(a) p r e -s t r e s s  and self-w eight (construction)
(b) proof test
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(c) cold start-up
(d) norm al operation
(e) hot shut-down
( f ) any fault condition that may result in higher s tre sse s  

than (a) t'o (e).

The s tre s s  concentration factors and the variations in e lastic  
moduli must be examined with particu lar attention given to s tre sse s  
in the region of large penetrations, the stand-pipes, the anchorage 
zones and the changes in s t r e s s  owing to long-term  changes in the 
tendon s tre s s e s  and concrete p roperties.

Ultim ate load and fa ilu re  analysis

The integrity  of the v esse l at the specified ultim ate load factor 
of 2. 5 should be dem onstrated by analysis of the possible modes 
of fa ilu re . The analysis should be supported by discussion of the 
behaviour .of the stru ctu re, as the p ressu re is  increased , through 
the e lastic  range, to te st p ressu re , up to ultim ate p ressu re  of 
1540 lb/in2 .

Model tests

It must be shown that the model te s t program  is  adequate and 
that it is  com patible with the v esse l construction program . Important 
dimensions and details of the models must be examined together with 
an outline of the te st program . The influence of model constructional 
featu res and the effects of sca le  must be discussed and departures 
from  sca le  justified .

Cable and anchorages

Inform ation is  required on the type of anchorage and tendon 
employed and on th e ir te st and development program s.

L in er, insulation and cooling system

The design of the lin er should be described and the m echanical 
properties of the lin er m ateria l shown to be adequate.

The design of the insulation should be described with particu lar 
re feren ce  to the following:

(a) the development program  for the insulation taking into a c 
count the range of tem perature and p ressu re  involved, the
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orientation of the various components and the effects of gas 
leakage paths

(b) possible deterioration of the insulation m ateria l with tim e
(c) the stru ctu ral integrity of the insulation under norm al and 

fault conditions.

The description of the cooling system  should include:

(a) its  required perform ance
(b) the effects of local fa ilu re
(c) the design of the external plant
(d) instrum entation to monitor the sy s te m 's  perform ance 

during com m issioning and operation.

Penetrations

The use of close pitched penetrations, fo r exam ple, for r e 
fuelling stand-pipes must be fully justified and evidence must be 
provided that problem s of design and construction can be s a t is 
factorily  overcom e. The effects of larg er penetrations on the lay
out of the p re -s tre ss in g  system  and the resulting s tre ss  concentra
tion fa cto rs  must be examined in detail.

Special attention must be paid to the design of the stee l pene
tration  closure units and m easures taken to prevent or lim it the 
effects of th e ir fa ilu re . Ju stification  for the use of existing codes 
fo r these components w ill be required. If inspection is  put forward 
in ju stification  of th e ir integrity it must be demonstrated that the 
required type, degree and frequency of inspection has been allowed 
for in th e ir design.

Construction and operation

A description of the v e sse l construction method is  required 
with p articu lar re feren ce to any unusual problem s such as the top 
slab and other im portant difficult areas fo r concrete placem ent 
where te s ts  on m ock-ups might be n ecessary .

The v e sse l te s t requirem ents and the operational inspection 
procedures should be described together with the n ecessary  in stru 
mentation.

4. In ternal structu res

The need for, and the perform ance of, the internal structu res 
and shielding shall be justified  in relation  to the design of the plant 
as a whole.
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The design of a ll in ternal stru ctu res and shielding shall be 
such that th e ir fa ilu re does not prejudice the safety of the plant, 
and in p articu lar, where inspection is  relied  on, it must be shown 
that the stru ctu res can be effectively  and adequately inspected 
during construction and during the life of the plant; the use and 
applicability of codes of p ractice  shall be carefu lly  examined and 
any departure from  the codes fully ju stified .

Gas baffle

The following aspects of the gas baffle should be examined:

(a) The analysis of s tre s s e s  for norm al and a ll foreseeab le  fault 
conditions including p ro o f-s tre ss  to the required code value.
The analysis should cover s tre s s  concentrations at penetra
tions and at im portant changes in thickness or shape. Ju s t i
fication  w ill be required for the acceptability  of s tre s s e s  and 
m ateria l p rop erties, p articu larly  at high tem perature.

(b) The fa ilu re modes examined should include excessiv e deform a
tion, h igh-cycle fatigue, high stra in  — low -cycle fatigue, 
creep  to rupture and b rittle  fractu re .

(c) The instrum entation to be fitted to the baffle, both permanent 
and tem porary (for the p ressu re  test), for tem perature and 
stra in  should be described . It must be shown that complete 
inspection of the structu re during construction and in serv ice  
is  possible and is  unhampered by problem s of a cce ss  and 
insulation rem oval.

(d) A description of the method of construction and the construction 
program  is required with p articu lar re feren ce  to the stand-pipe 
a re a . The welding techniques to be used should be described .

(e) Inform ation is  required on any model te sts  which may be 
n ecessary  to prove the integrity of the structu re. The p ressu re 
te st requirem ents and procedure should be described.

5. F u el and fuel handling

The influence of the choice of fuel and fuel-handling system s 
on the design of other re a cto r components, p articu larly  the v esse l 
and internal p ressu re  dome* should be discussed.
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F u el design should be examined in relation to the maintenance 
of the required degree of fuel integrity  under a ll foreseeab le fault 
conditions including depressurization and loss of coolant circulation; 
the extent to which fuel design depends on the Results of future r e 
search  and development; the long-term  effects of re a cto r operations; 
the effects of refuelling operations on-load which might make de
velopment work n ecessary .

The fuel-handling system  design must be shown to prevent the 
p ossibility  of fuel damage and activity  re le a s e . It must be such as 
to prevent the ejection  of fuel from  the reacto r due to any failure 
of the fuel-handling or stand-pipe closu re system s.

6 . C ontrol and instrum entation

A com plete description of the control and instrum entation 
system s is  required with sp ecia l attention paid to any new techniques 
and equipment method. The system  must be shown to be capable 
of shutting down the re a cto r  under a ll foreseeab le  conditions with 
an acceptable re liab ility . Evidence of confidence in its  p erform 
ance should be presented, again particu larly  for new equipment 
and techniques.

The instrum entation must be described and shown to be such 
that the re a cto r  can be controlled under a ll norm al and em ergency 
conditions. P a rticu la r attention should be paid to the ro le  of the 
operator under the la tte r .

7. Cooling system

The re a cto r cooling system  should be described and shown to 
supply adequate cooling under a ll foreseeab le  fault conditions. The 
em ergency cooling system , including the natural circu lation , and 
the em ergency power supply system  must be shown to have the 
required re liab ility .

8 . Fault studies

The fault studies should exam ine, in addition to the kinetics 
of the re a cto r  system , the likelihood of the initiating faults, the 
sequences of subsequent events as influenced by the control and 
p rotective system s and the operator, and the m echanics of any 
re le a se  of radioactivity. Fau lts examined should include;
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I. F au lts  which do not involve loss of prim ary coolant such as:
(a) fa ilu re  of c ircu la to r drives
(b) reactiv ity  faults
(c) channel blockage
(d) gag closure faults
(e) protective system  fa ilu re
( f ) lo ss  of secondary coolant

II. F au lts which involve lo ss of prim ary coolant:
(a) fa ilu re of v e s se l structu re or penetrations
(b) fa ilu re  causing lifting of re lie f valves

III. Fuel-handling faults.

9. Special featu res

Any novel or unusual featu res of the design should be b riefly  
d escribed .

I n f o r m a t i o n  o n  t h e  a b o v e  i t e m s  i s  r e q u i r e d  i n  b o t h  t h e  

P r e l i m i n a r y  S a f e t y  R e p o r t  a n d  t h e  F i n a l  S a f e t y  R e p o r t .

In addition to further inform ation on the above, details will 
a lso  be required on the following item s in the F in a l Safety Report:

R eactor core

D etails of graphite la ttice , support structu re and re stra in t 
sy stem s.

R adiological protection

The use of shielding to reduce radiation exposure. M easu re
ment of radiation and contamination levels and protection for 
em ployees.

Reactivity  and lo ca l c r itica lity

D etails of core  reactiv ity  and con tro ls. If local cr itica lity  
may be a problem  th is should be d iscussed.
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Effluents and wastes

The general treatm ent of waste should be described and the 
solid, liquid and gaseous arisin g s should be detailed.

Safeguard logic

A reasoned case  on the safeguard logic is  to be presented. 
W here the operator is  involved it should be c learly  justified .

E ssen tia l supplies system s

Those item s of essen tia l plant which need a guaranteed supply 
to be listed and detailed description of the supply system  chosen 
to be given.

R eactor serv ices

A description of the w ater, steam , gas, e lec tric ity , and CO 2 
serv ices  on the site  and a detailed layout of the various system s.

E x a m p l e  3

CONNECTICUT YANKEE ATOMIC POWER COMPANY 
HADDAM NECK PLANT, HADDAM, CONNECTICUT

FA C ILITY  DESCRIPTION AND SA FETY  ANALYSIS REPO RT 
NYO - 3250 - 5

CONTENTS

Introduction and sum m ary

Introduction
Summary

Site

G eneral s ite  ch a ra c te ris tic s  
M eteorology and clim atology 

Introduction 
Diffusion clim atology 
T r a c e r  studies 
Diffusion model
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Hydrology
Geology
S e ismology______ -________________

| iunvir onmental mgnitoriJig_p.mgr.aiq 
R iv er-w ater study 
F a c ilit ie s

Containment

G eneral description 
Design c r ite r ia

Internal p ressu re 
S tress  c r ite r ia  
T herm al loads 
Impact loads 
Seism ic loads 
M iscellaneous loads 

Design description 
G eneral
Reinforcing stee l
Concrete
Liner
Internal stru ctu res 
A uxiliary fa c ilitie s  

Penetrations
E le c tr ic a l penetrations 
Piping penetrations 
A ir locks and a cc e ss  ports 
F u e l-tra n sfe r  penetration 
Penetration monitoring 

Testing
Construction testing 
In itia l leakage rate  test 
Continuous leak te st 
P eriod ic tests  

Containment system s 
General
A ir recircu lation  system  
F iltra tio n  system  
Spray system  
Purge system
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R eactor m echanical design 
G eneral description 
F u el pellets 
F u e l rods 
F u el assem bly
Rod c lu ster control assem bly 
Neutron source assem blies 
R eactor internals 
C ontrol-rod drive m echanism 
P rin cip les of operation

C ore nuclear design 
C ore description 
R eactiv ity  control

C ontrol by soluble absorber 
C ontrol by rods 
Rod worth 
Rod program  

Power distribution analysis 
R eactiv ity  coefficients

M oderator tem perature coefficient 
M oderator p ressu re  coefficient 
Doppler coefficient

R eactor therm al and hydraulic design 
G eneral
D eparture from  nuclear boiling
Coolant flow
H ot-channel factors
Bulk boiling
M easurem ent e rro rs
F ilm  boiling heat tra n sfe r coefficient
T herm al conductivity of UO2

Hydraulic and therm al design data

R eactor plant system s

R eactor coolant system  
G eneral description 
R eacto r coolant system  
R eactor v esse l 

G eneral
V e sse l design requirem ents 
D esign c r ite r ia

Reactor design
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R esu lts of v e s se l s tre s s  and fatigue analysis. 
M ateria l specifications 
Inspection 

Components
Components
R eactor coolant pump
Valves
Piping
Instrum entation and control 

R eactor au xiliary  system s
C hem ical and volume control system  

G eneral description 
Volume control system  
Seal water system  
C hem ical control system  
W ater chem istry  
E le c tr ic a l heat tracing  
Vents and drains 
Equipment description 

P re ssu re  control and re lie f  system  
A uxiliary cooling system  

G eneral description 
Component cooling system  
R esidual heat rem oval system  
Spent fuel pit cooling system 

Sampling system  
Vents and drains 
P urification  system  
Safety in jection system  
Core deluge system  
Fuel-handling and storage fa c ilitie s  

Boron recovery  and w aste-d isposal system  
G eneral
Boron recovery  system  
A erated-liquid-w aste disposal system  
G aseous-w aste treatm ent system  
Solid-w aste disposal system  
T ritium  

A uxiliary stru ctu res
P rim ary  auxiliary  building 
F u e l-s to ra g e  building
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Shielding

G eneral
D escription of shielding 

P rim ary  shielding 
Secondary shielding 
Accident shielding 
Fuel-handling shielding 
A uxiliary shielding

Instrum entation and control

G eneral instrum entation and control 
R eactor control and protection system  

G eneral
R eactor control system  (
R eactor protection system  
P erm issiv e  circu its  

N uclear instrum entation system  
Radiation monitoring system  
In -co re  instrum entation
Rod-drive control and rod-drive position indicating system  

Rod-drive control system  
Rod position indicating system  

Plant inform ation system  computer

Secondary system s

Steam system s 
Turbine generators 
Condensate and feedw ater system  
Condenser
C irculating water system  
Vent and drain system s 
W ater supply and treatm ent 
Lubricating o il system  
Serv ice w ater system  
C om pressed a ir  system  
Building serv ice  system  

Heating 
Ventilation 
F ir e  protection 

Building serv ices
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E le c t r ic a l  systems

G eneral
G enerator and 345-kV  transm ission  
115-kV system  
Station serv ice

4160-V  system  
System  design
V ita l and sem ivital 120- V a- c  system s 
Lighting system s 

Em ergency generation 
D irect cu rrent system s

125- V station battery  system  
Rod-drive power supply 

Security  of e le c tr ic a l equipment

Incidents and potential hazards

G eneral
R eactivity  incidents

C ontrol-rod  withdrawal incidents 
G eneral
Uncontrolled rod withdrawal from  a su b critica l condition 
Uncontrolled rod withdrawal from  power 
Conclusions 

Isolated loop start-u p  incident 
G eneral
Method of analysis 
R esults 
Conclusions 

Boron dilution incident 
G eneral
A nalysis and resu lts 
Conclusions 

E x ce ss  feedw ater incident 
G eneral
Method of analysis 
R esults 
Conclusions 

E x cessiv e  load in crea se  incident 
G eneral
Method of analysis
R esults
Conclusions
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Dropped rod incident 
G eneral
Method of analysis 
R esults 
Conclusions 

C ontrol-rod ejection  incident 
G eneral
Method of analysis 
R esults 
Conclusions 

M echanical incidents
L oss of coolant incident 

G eneral
Method of analysis 
R esults 
Conclusions 

L oss of coolant flow incident 
G eneral
Method of analysis 
R esults 
Conclusions 

Steam line rupture incident 
G eneral
Method of analysis 
R esults 
Conclusions 

Steam generator tube rupture incident 
G eneral
Method of analysis 
R esults 
Conclusions 

Loss of load incident 
G eneral
Method of analysis 
R esults 
Conclusions 

L oss of feedw ater flow incident 
G eneral
Method of analysis and assumptions 
R esu lts 
Conclusions 

Fuel-handling incident 
G eneral
Method of analysis
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R esults 
Conclusions 

W aste-gas incident 
G eneral
Method of analysis 
R esults 
Conclusions 

Hypothetical accident 
G eneral
Method of analysis 
R esults 
Conclusions 

Conclusions

T e st and operation

P re-pow er te s ts  and inspections 
Core loading and in itia l c r itica lity  tests  
Low (zero) power re a cto r  tests  
R eactor te s ts  at power 

G eneral
R eactor physics m easurem ents at power 
R eactor physics m easurem ents at zero power after 

power operation 
Maximum worth control-rod  m easurem ents 
Plant ca lo rim e tric  m easurem ents 
Core power distribution m easurem ents 
R eactor shielding effectiveness 
Operation of nuclear instrum entation system  
Dynamic operation of re a cto r control and protection system  
Plant behaviour during ramp power changes 
Plant response to 10 per cent step load changes 
Dropped rod te sts  
Plant response to turbine trip  
Plant response to fu ll lo ss of load 
Loss of re a cto r coolant flow 
R eactor coolant natural circulation  test 
C ontrol-rod drop te s ts  a fter operation at power 

Procedu res
Radiological health and safety
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G eneral
Organization
Training

Administration and training
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APPENDIX II

As stated in Section 3 of the Code of P ra c tic e , a set of c learly  
defined lim its and conditions relating to the operation of a nuclear 
plant should be readily  available.

The following exam ples have been included, giving the type of 
inform ation which may be included in a lim its and conditions 
document. The exam ples, however, do not cover a ll the inform ation 
that should be included in such a document.

GENERAL INFORMATION ON LIMITS AND CONDITIONS

E x a m p l e  1

EXA M PLES OF OPERATING LIM ITS AND CONDITIONS 
TY PICA L OF COMMERCIAL AGR PRACTICE

P re stre sse d  concrete p ressu re v esse l

Normal working p ressu re
Maximum accum ulative p ressu re , with re lie f  valves lifted 
R e lie f valves lifting p ressu res
Maximum concrete tem perature, except for hot spots 
Maximum concrete tem perature differential 
Maximum tem perature d ifferentials:

(a) L iner/concrete
(b) Penetrations/concrete
(c) Support structure/shield  wall

Maximum rate of tem perature change of concrete/liner 
PV cooling-w ater tem perature r ise  (with both c ircu its  in operation) 
PV cooling-w ater tem perature r ise  (with one circu it in operation) 
Maximum internal dome cylinder tem perature or hot box tem perature 
Maximum support structu re tem perature
V ertica l and horizontal alignment lim its owing to PV settlem ent 
L in er -  minimum tem perature perm itted during shut-down and 

before pressurization  
Standpipe self-lock in g  plugs. Maximum p ressu re  at which co rre ct 

locking occurs 
Tendon m aintenance:

(a) Minimum p restressed  cable loading
(b) Proportion of cables to be checked for relaxation and 

slippage and re-shim m ed
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(c) Selected cab les withdrawn for corrosion  inspection at 
specified in tervals

(d) Inspection and recording of external surface cracking 
and spalling of concrete, esp ecially  in anchorage regions

T herm al insulation of concrete p ressu re v esse l, in ternal inspection 
as fa r  as a ccessib le  at agreed intervals or when concrete 
tem perature surveys indicate this to be d esirable 

Periodic inspection of a ll p re ssu re -v e sse l penetrations to confirm  
integrity

Periodic p ressu re  testing of p re ssu re -v e sse l cooling-w ater pipe
work system s

Core conditions

Maximum graphite tem perature 
Maximum channel inlet gas tem perature 
Maximum channel outlet gas tem perature 
Minimum gas p ressu re  before start-up 
Minimum perm itted gas flow per channel
Maximum indicated fuel pin tem perature, when fuel assem bly is  

thermocoupled
Maximum rate of change of channel gas outlet tem perature during 

on-load gag setting 
Torque lim it on gag re -se ttin g  device
A maximum graphite, fuel o r c ircu it tem perature to be stated 

before purging with a ir  is  perm itted 
When re a cto r is  shut down and filled  with a ir  humidity lim its  to be 

stated
Maximum controlled rate of change of fuel pin tem perature or 

CGO to be stated for power raising  
Core inspection:

(a) M easurem ent of straightness of fuel and CR channels
(b) Integrity of shock absorbers at bottom of channels, if  fitted
(c) TV inspection of channel w alls for damage due to vibration 

of C R 's o r fuel assem blies
(d) D eterm ination of core movement by m easurem ent of 

W igner gaps
Graphite m onitoring:

(a) 14C determ ination for radiolytic corrosion
(b) Graphite sample monitoring
(c) Trepanned sam ples of core
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C02 coolant conditions

Gas sp ecification  fo r liquid storage 
CO2 in gas c ircu it:

(a) Maximum CO concentration
(b) Maximum H20  concentration
(c) Maximum H concentration
(d) Maximum a ir  concentration
(e) Minimum CH4 concentration

Maximum particulate activity before blow-down to atm osphere 
Maximum gaseous activity  before blow-down to atm osphere 
Blow-down of gas circu it shall not com m ence until gas tem perature 

is  below a stated maximum tem perature 
Capacity of C 0 2 evaporators to m eet maximum feed requirem ent of 

fault studies
Capacity of supplies fo r em ergency heating of evaporators 
C ircu it iodine activity  above which blow-down must be routed via 

absorption units 
C 0 2 plant safety-valve settings 
Minimum C 0 2 liquid stocks perm itted
Routine functional testing of iodine absorption plant to prove the 

continuing efficacy  of the system

R eactor protective channels

Sufficient d iversification  shall be provided so that the re a cto r 
is  protected against any fault by at least two different physical 
p aram eters. Sufficient redundancy to be provided to allow routine 
m aintenance and testing of equipment to be done on an operating 
re a cto r  safely , by the use of veto fa c ilit ie s . Maximum periods 
between guard line protective channel te s ts  to be stated. P ro te c 
tive channels from  the following param eters should be available and 
arranged in a double 2/3 logic arrangem ent.

Shut-down re a cto r :
(a) Counters (B F 3 o r fission)
(b) F E  or CGO tem perature (trip levels set down)
(c) Rate of change of pressu re (if re a cto r  is  pressurized)
(d) Shut-down am p lifiers (trip  levels set down)

Operating re a c to r :
(a) DC log
(b) Shut-down am plifiers
(c) F E  o r CGO tem perature
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(d) Rate of change of pressu re
(e) E x ce ss  pressu re
(f) Coolant flow
The desk em ergency re a cto r  shut-down button to be always 
available.

W here secondary shut-down devices a re  fitted there shall be an 
agreed testing schedule stating the functional te sts  required at stated 
in tervals.

During on-load gagging operations continuous monitoring of the 
channel gas outlet tem perature must be observed and the rate of 
change of tem perature must be lim ited.

Safety c ircu it trip  settings

The maximum fuel-elem ent sheath tem perature and channel 
gas outlet tem perature should be stated (see Table I).

T A B L E  I. SA FETY  CIRCUIT T R IP  SETTINGS

Trip parameter Shut-down Start-up Low power High power

Temperature channels

(a) Fixed lev el T T A ’s
(b) Servo reset TTA 's

Flux channels

(a) Counters
(b) DC log
(c) SDA

Level and Period
PeriodLevel and

Level

Flow channels

(a) Circulator e lectr ica l trip
(b) D ifferential flow

Depressurization channel 

Rate o f change o f pressure

Excess pressure channel
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Equipment faults must satisfy  the fa il-sa fe  c r ite r ia . Em ergency 
initiation of C 0 2 feed may be n ecessary  under depressurization 
conditions.

Inspection and testing of each protective channel to prove the 
continuing efficacy  of equipment to be done at agreed in tervals.

R eactivity  control

Installed reactiv ity  of core
E x ce ss  shut-down capacity of control rods
Minimum shut-down capacity of safety rods
Maximum number of control rods which can be removed from the 

re a cto r  simultaneously 
Control rod drop ch a ra c te r is tic s :

(a) Insertion/tim e
(b) Maximum velocity at position of full insertion
(c) Maximum induced volts in CR actuator m otor
(d) Maximum trav el of rod to discharge position
(e) D istance to fully out auto-stop position 

Maximum period between ch a ra cte ris tic  proof tests  
Maximum period between rig  inspection for straightness of rod

and chain and actuator examination 
Rem oval sequence of control-rod  groups 
Insertion sequence of control-rod  groups 
Maximum reactiv ity  re lease  ra tes on rod groups 
Maximum cu rrent of control-rod  actuator m otor 
Maximum environm ental tem perature of actuator m otor 
Minimum reacto r doubling tim e perm itted before rod movement is  

inhibited autom atically 
Minimum counts on su b -c ritic a l protection when re a cto r is  shut 

down with safety rods removed are to be provided by neutron 
sources

Maximum period between functional insertion te sts  on a ll control 
rods initiated from  the safety circu its  

C ontrol-rod actuator chain load/extension te sts  at p rescribed  
in tervals.

B o ile rs  and c ircu la to rs

Minimum number of fully operational gas c ircu its  allowed before 
start-up  and during operation 

Minimum number of fully operational c ircu its  available when fission  
product heating is significant a fter reacto r shut-down
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B o ile r  dry-out tim e constant with burst bo iler tube or feedwater 
failure 

Single c ircu la to r trip :
(a) A uto-isolation of c ircu la to r to lim it tem perature transient 

on reacto r
(b) Tem perature trip  m argins to perm it rev erse  gas flow for 

a short period without causing reacto r trip
Maximum inlet gas tem perature to c ircu la to r including xenon o v er

ride case for positive m oderator tem perature coefficient 
Maximum rate of change of tem perature of c ircu la to r casing and 

lin er tube 
C ircu lator over-speed trip setting 
C ircu lator ov er-cu rren t trip  setting
P ercentage of maximum m ass coolant flow obtained by:

(a) Natural convection
(b) A uxiliary or main motor drives from em ergency e le c tr ica l 

supply system
Maximum rate of change of c ircu la to r speed to be stated for auto

m atic and manual control 
The maximum period without computer, alarm  analyser, during 

which the re a cto r can be controlled manually, to be stated 
The maximum amount of auto-control equipment which can be

tran sferred  to manual operation and controlled satisfactorily , 
a fter  which the reacto r must be shut down, to be stated 

B o ile r  maintenance and inspection:
(a) P roof p ressu re and leak testing at agreed intervals
(b) Inspection of b o iler tube banks, b o iler supports and gas 

sea ls '
(c) Inspection and testing of bo iler safety valves at agreed 

intervals
Routine inspection of c ircu la to r im pellor and shaft gas/oil sealing 

system
V ibration on c ircu la to rs  to be monitored 

Em ergency e le c tr ic a l supplies

Guarantee supply stand-by generator must be available at a ll tim es 
on au to -start

Sufficient redundancy of equipment to be provided for routine 
m aintenance and to cover breakdown of stand-by plant 

A proportion of the guarantee supplies must be uninterruptible and 
shall be backed by batteries 

Pony m otor supplies to be d iversified  to alternative essen tia l 
supply boards
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R eactor essen tia l instrum ents to be supplied from two sou rces of 
essen tia l supply with auto-changeover device 

Minimum d iesel or GTA fuel stock to be stated 
E ssen tia l supply battery capacity to be stated 
A vailability of essen tia l supply system  stand-by equipment to be 

dem onstrated at stated periods 
E ssen tia l b atter ies  to have open c ircu it a larm s
Em ergency generating equipment to be protected by blast w alls and 

individual fire  preventative equipment 
Em ergency, generating-plant fu el-storag e tanks to be separately  

contained, individually protected against fire  hazards 
Fuel-supply lines must be protected against waxing of the fuel in 

cold w eather, and should be duplicated o r segregated to the 
prim e mover

Routine maintenance and inspection to be carried  out on a ll plant 
and equipment at agreed intervals

Feedw ater

A minimum reserv e  feedwater quantity, proportional to the number 
of re a cto rs  operational, to be always available 

Sufficient feed-pump stand-by plant on auto-changeover control to be 
available

Sufficient em ergency feed-pump capacity must be available with 
auto-initiation from low feed main p ressu re tran sm itter 

Feed-valve trip  settings and a larm s to be stated

B u rst cartrid ge detection

Continuous sampling of c ircu it bulk gas to be done and recorded.
Maximum rate of change of bulk gas sample signal, above which 
re a cto r  w ill be shut down, to-be given 

Sam ples from individual channels to be analysed at agreed periods, 
and discharge c r ite r ia  should be stated 

Sample gas tem perature and p ressu re  lim its to precip itators to be 
stated

Low flow and high count a larm s on each scanning system  to be given 
Sensitivity of p recip itators to be stated

Fu el handling and storage

Maximum tem perature of irradiated  fuel in dry storage 
Maximum gas tem perature or fuel tem perature in fuelling machine 
Speed for loading o r discharging fuel strin g er from re a cto r

57

This publication is no longer valid 
Please see http://www-ns.iaea.org/standards/



Charge/discharge operations shall be suspended im m ediately a 
re a cto r trip  occurs 

Charge/discharge operations shall be suspended if  essen tia l safety 
c ircu its  becom e inoperative with the re a cto r in a shut-down 
condition

The approved type of fuel to be loaded to be stated

E x a m p l e  2

LIM ITS AND CONDITIONS OF A 
TY PIC A L PRESSURIZED  WATER REACTOR PLANT

CONTENTS

Section 1. Definitions

Section 2. L im its and safety system  settings 

R eactor core
Lim iting combination of power, p ressu re and tem perature 
maximum safety system  settings

Section 3. Minimum conditions for operation

R eactor coolant system
Maximum re a cto r coolant activity 
Operational components
Combined heat-up, cool-down, and p ressu re lim itations 
Maximum prim ary system  leakage 

C hem ical and volume control system  
Safety in jection and containment spray system s 

Operating status 
Shut-down status
Minimum w ater volume and boron concentration in the refuelling 

w ater-sto rag e tank 
Turbine cycle
Instrum entation and control

Operational safety instrum entation 
Control group insertion  lim its 

Containment
A uxiliary e le c tr ic a l supply 
Refuelling
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Section 4. Surveillance standards

Operational safety item s
Safety in jection  and containment spray system  periodic testing 
Containment testing
Em ergency power system  periodic testing 
Radioactive liquid-w aste re lease  
Radioactive gaseous-w aste re lease
R eactor coolant system  and rod clu ster control assem bly 
R eactivity  anom alies

Section 5. A dm inistrative standards

Review and audit 
Plant operating procedures 
R adiological procedures 
R ecords and logs

DEFINITIONS

Operable

Operable means that the system  or component is  com pletely 
capable of perform ing its  required function in its  required m anner.

Containment integrity

Containment integrity means that a ll the conditions below are 
satisfied :

1. A ll non-autom atic containment isolation valves (or blind 
flanges) are  closed

2. The equipment door is  properly closed

3. At le a s t one door in each personnel a ir  lock is  properly 
closed

4. All autom atic containment isolation valves are  operable. 

Channel check

A qualitative determ ination of acceptable operability by o b ser
vation of channel behaviour during operation. This determ ination 
shall include com parison of the channel with other independent 
channels m easuring the sam e variable .
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Channel test

In jection of a simulated signal into the channel to verify its 
proper response including, where applicable, alarm  and/or trip 
initiating action.

Channel calibration

Adjustment of channel output such that it responds, with a c 
ceptable range and accuracy , to known values of the param eter 
which the channel m easu res. C alibration shall encom pass the entire 
channel, including equipment actuation, a larm , or trip .

PRESSURE ( lb / in 2 abs.)

F1G.1. Safety lim its; pressure, temperature, power, lOO ô nominal flow.
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R eactor core -  Lim iting combination of power, p ressu re and 
tem perature

Specification

Safety lim its

A. The reacto r coolant system  p ressure shall not exceed 
2735 lb/in2 gauge with fuel assem blies in the re a cto r.

B . The combination of reacto r system  p ressu re and coolant 
tem perature shall not exceed the locus of points established for
the power level in F ig s 1 and 2. If the actual p ressu re  and tem pera
ture is  above or to the left of the locus of points for the appropriate 
power level, the safety lim it is  exceeded.

LIMITS AND SA FETY  SYSTEM SETTINGS

PRESSURE ( lb  / in 2 abs.)

FIG .2 . Safety lim its; pressure, temperature, power, 60°/o nominal flow.
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Maximum safety system  settings

The maximum safety system  trip  settings shall be as stated in 
Table II.

TA BLE II. MAXIMUM SA FETY SYSTEM  SETTINGS

Three reactor coolant 
pumps operating

Two reactor coolant 
pumps operating

1. Pressurizer 
High level

< 2 7 . 3  ft above bottom of 
pressurizer

Same

2. Pressurizer
Pressure: high <  2220 lb/in2 gauge Same

3. Nuclear Overpower3 ^ 109%  of indicated full 
power

<Q6°/o of indicated 
full power

4 . V ariable low*3 >  14 .4 5  (1 .3 1 3 A T + T  average) 
-7 2 9 8 .7

Same

5. Coolant flow15 >  85% of indicated full loop 
flow

Same

a The nuclear overpower trip is based upon a sym metrical power distribution. I f  an 
asymmetric power distribution greater than 10% should occur, the nuclear overpower trip on all 
channels shall be reduced one per cent for each per cent above 10%. 

k May be by-passed at power levels below 10% of full power.

MINIMUM CONDITIONS FOR OPERATION 

R eactor coolant system  

Maximum re a cto r  coolant activity 

Specification

The re a cto r  shall not be made c r it ic a l or maintained c r it ic a l unless 
the radioactivity concentration of fission  and corrosion  products in 
the re a cto r  coolant is  below the value determined by the following 
form ula: 100 nCi/cm3 divided by the num erical MeV value of the
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weighted average gamma radiation energy of a ll fission  and c o r r o 
sion products with h alf-liv es g reater than half-an-hour.

Operational components

Specification

A. At le a st one p re ssu riz e r  safety valve shall be operable or open 
when the re a cto r  head is  on the v esse l, except for hydrostatic te s ts .

B . The concentration of boron in the re a cto r coolant system  shall 
not be reduced unless at least one reacto r coolant pump or one 
residual heat-rem oval pump is  circulating  re a cto r coolant.

C. The re a cto r shall not be made c r it ic a l or maintained c r it ic a l 
u n le ss :

1. Both p re ssu riz e r  safety valves a re  operable

2. One steam  generator is  operable.

D. R eactor power shall be lim ited in accordance with the number 
of coolant pumps operating as follows:

Combined heat-up, cool-down and pressu re lim itations 

Specification

A. R eactor p ressu re  and heat-up and cool-down of the re a cto r 
coolant system  during the f ir s t  165 days of equivalent full power 
operation shall be lim ited in accordance with F ig . 3. T h ereafter, 
lim its shall be based on a projection of neutron exposure equivalent 
to not le ss  than 165 days of full power operation, and F ig . 3 shall be 
updated accordingly.

B . F igure 3 shall be updated in accordance with the following 
c r ite r ia  and procedure:

1. At any point in the prim ary system  the combined p ressu re 
and therm al s tre s s e s  shall not exceed 2 0 % of the yield strength

Number of pumps Pow er (nominal)

1
2
3

1% < P S 10% 
10% < P S 60% 
60% < P 5 100%
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at DTT plus 10°F. The s tre s s  lim it shall be linearly  reduced to 
a minimum of 10% of the yield strength with decreasing tem pera
ture as shown by the slope of the curves in F ig . 3.

2. The "m ax. for 550°F" curve in Figure 1-2 of Amendment 
No. 11 to the Safety Analysis Report 1 shall be used in predicting 
the transition  tem perature in crease  unless m easurem ents on 
the irrad iation  specim ens show in creases  to the left of the p re
dicted curve, in which case a new curve having the sam e slope 
as the original shall be constructed.

REACTOR COOLANT TEMPERATURE ( ° F )

FIG .3 . In itial lim its on reactor pressure, hourly cool-down and hourly heat-up 
(based on 330 full- power days).

1 Safety Analysis Report (SAR) for the San Onofre Plant (Southern California Edison Co. 
and San Diego Gas and Electric C o .) , San C lem ente, C alifornia.
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C. Heat-up and cool-down ra tes of the coolant in the p re ssu riz er  
sh all not exceed 195°F per hour.

D. Irradiation  specim ens shall be withdrawn from  the re a cto r 
v esse l a fter  approxim ately 2 y ea rs , 3 y ea rs , 5 y ears , and 10 y ears 
of operation.

E . Except for determ ination of " ju s t c r it ic a l"  rod positions during 
low-power physics te s ts , the re a cto r shall not be made c r it ic a l at
a tem perature below 500°F if  the m oderator coefficient is  positive.

F . When the re a c to r  coolant system  is  below the tem perature 
specified in E above, the re a cto r shall be su b critica l by an amount 
equal to o r g rea ter than the potential reactiv ity  insertion  due to 
depressurization.

Leakage, (re a c to r  coolant system )

Specification

A. The re a c to r  coolant system  shall be monitored for evidence of 
leakage.

B . D etectable leakage from  the prim ary coolant system  shall be 
investigated and evaluated. In any event, if  the leakage exceeds
1 gal/min and the source of leakage is  not identified, the reacto r 
shall be shut down. If the sou rces of leakage have been identified 
and the resu lts  of the evaluations are such that continued operation is 
safe , operation of the re a cto r  with a total leakage rate not exceeding 
10  gal/min shall be perm itted.

C hem ical and volume control system 

Specification

A. When fuel is  in the re acto r, the following chem ical and volume 
control system  conditions shall be m et:

1. One charging pump o r the test pump shall be operable.

2. One b o ric -a c id  tra n sfe r  pump o r the b o ric -a cid  in jection 
pump shall be operable.
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3. A solution of at least 3450 lb of boric acid in not le ss  than 
3500 gal of w ater at a tem perature of 140°F or higher, with at 
least one heater operable, shall be in the b o ric-acid  tank.

4. System piping and valves shall be operable to the extent of 
establishing two flow paths for b o ric -acid  in jection to the suction 
of the pumps specified under 1 above.

5. During periods when borated w ater is  in the refuelling 
cavity, the requirem ents in A. 1 through A. 4 may be waived 
provided that an alternate source of borated w ater is  available 
to establish  at least one flow path to the core for bo ric-acid  
in jection which can be initiated from the control room . The 
minimum capability for boric acid addition shall be equivalent 
to that supplied by a charging pump from the refuelling w ater- 
storage tank.

B . The re a cto r  shall not be made c r it ic a l unless the following ad
ditional conditions are  m et:

1. One additional charging pump or test pump operable.

2. One additional b o ric-acid  tra n sfe r pump or bo ric-acid  
in jection  pump operable.

3. E le c tr ic a l heat tracing  for b o ric -acid  piping operable.

C. A fter c r itica lity  is  achieved, maintenance on item B . 3 w ill be 
allowed providing the b o ric-acid  tem perature does not fa ll below 
140°F.

Safety in jection  and containment spray system s 

Operating status 

Specification

A. The re a cto r  shall not be made c r it ic a l unless the following 
conditions a re  m et:

1. Safety in jection system

(a) Refuelling tank w ater storage and boron concentration
comply with Specification below (Minimum W ater Volume
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and Boron Concentration in the Refuelling W ater-Storage 
Tank).

(b) Two safety in jection pumps are  operable.
(c) Two feedwater pumps are operable.
(d) Two recircu lation  pumps are  operable.
(e) The recircu lation  heat-exchanger tube side is  operable.

2. Containment spray system

(a) Sphere spray upper header valves are  operable.
(b) Two refuelling w ater pumps are  operable.

3. Valves and interlocks associated with each of the above 
system s are  operable.

B . During c r it ic a l operation, maintenance shall be allowed on any 
one of the following item s at any one tim e:

1. One m otor-operated valve at a tim e (MOV 1100B or 1100D) 
in the recircu lation  loop upstream of the charging pump suction 
header, for a period of tim e not longer than 10  consecutive 
hours.

2. One refuelling w ater pump at a tim e, for a period of time 
not longer than 10 consecutive hours.

C. P r io r  to initiating maintenance on any of the components, the 
duplicate (redundant) component shall be tested to dem onstrate 
availability.

D. In the event of a failure of a recircu lation  pump, plant operation 
may continue provided operability of the rem aining pump is s a t is 
factorily  demonstrated on a daily basis.

Shut-down status 

Specification

A. When re a cto r fuel assem blies are in the v esse l and the re a cto r 
coolant p ressu re is  le ss  than 500 lb/in2 gauge, two "positive 
b a rr ie rs "  shall be provided between the feedwater condensate system  
and the piping connections to the reacto r coolant system . A "p o si
tive b a rr ie r "  is  defined as follows:
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1. Motor operated valves -  When closed and tagged with 
safety switches open, except that power may be restored  during 
no-flow te sts  of the safety in jection system  (see below, Safety 
In jection and Containment Spray System Periodic Testing)

2. Manually operated valves -  When locked closed and 
condition tagged.

Minimum w ater volume and boron concentration in the refuelling 
w ater-storag e tank

Specification

When the safety in jection system  or the containment spray system 
is  required to be operable, the refuelling w ater tank shall contain 
not le ss  than 20 0  000  gal of w ater having a boron concentration of 
not le ss  than 2900 ppm.

Turbine cycle

Specification

The re a cto r shall not be pressurized  above 500 lb/in2 gauge unless 
the following conditions are  m et:

1. A minimum turbine cycle steam -reliev ing  capability of
5 706 000 lb/h (except for testing of the main steam  safety valves)

2. Both auxiliary  feedwater pumps operable, or the steam - 
driven auxiliary  feedwater pump in continuous operation when 
the residual decay heat levels a re  g reater than the natural heat 
lo sse s  from the re a cto r coolant system .

3. A minimum of 15 000 gal of w ater in the condensate storage 
tank, and an additional 105 000 gal in the serv ice-w ater r e s e r 
voir and/or the prim ary plant make-up tank.

4 . System piping and valves d irectly  associated  with the above 
components operable.

A fter c r itica lity  is  achieved, one auxiliary feedwater pump may be 
removed from serv ice  for maintenance for a period not to exceed 
24 consecutive hours.
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Instrumentation and control

Operational safety instrum entation 

Specification

T his specification  re la tes  to the item s listed  in Table III.

A. F o r  on-line testing or in the event of a sub-system  instrum enta
tion channel fa ilu re, plant operation at rated power shall be p e r
mitted to continue in accordance with Table III, Column II.

B . In the event the number of channels of a p articu lar sub-system  
in serv ice  fa lls  below the lim it given in Table III, Column II, 
operation shall be lim ited according to the requirem ent shown in 
Table III, Column III.

Control group insertion  lim its 

Specification

A. Except for low-power physics tests  at or below 10% of full 
power o r determ ination of " ju s t c r it ic a l"  rod position, operation 
of the contro l-rod  banks shall be above the lim its shown in F ig . 4.

B . The curve shown in F ig . 4 shall be updated as a function of core 
lifetim e as follow s: The maximum insertion  of control bank 2 at full 
power shall be 41%. At le ss  than full power, maximum insertion 
shall be determ ined operationally as a function of power by inserting 
the control banks according to the reactiv ity  requirem ents for the 
total change in power of 100%, under the following conditions:

1. The program m ed re a cto r coolant average tem perature 
changes from 575°F to 535°F

2. Boron concentration rem ains constant, and

3. Xenon concentration rem ains constant or the insertion 
lim its a re  calculationally  adjusted so that the effect of any 
xenon change is  negated.

When bank 2 has reached 75% insertion, bank 1 may be inserted  to 
m eet the above requirem ents.
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- Jo
T A B L E  III. INSTRUMENT OPERATING CONDITIONS

Functional unit

COLUMN 1 
Minimum operational 

channels

COLUMN 11 
Minimum redundancya 

required

COLUMN III 
Required operating action if 

Column I or Column 11 
cannot be met

1 . Nuclear power -  critical 3 For 3-channel 
operation -  1 

For 4 -c h a n n e l^  
operation -2

Maintain hot shut-down conditions

- subcritical 3 1 Maintain hot shut-down if  at least 
one source and one intermediate 
channel are available; otherwise, 
maintain 10% Ak/k shut-down margin

2 . Pressurizer variable (low pressure) 2 1 Maintain load below 10% FP

3 . Pressurizer fixed (high pressure) 2 1 Maintain hot shut-down conditions

4 . Pressurizer high level 2 1 Maintain hot shut-down conditions

5 . Reactor coolant flow
3-loop operation 3 2 Maintain load below 60% FP2-loop operation 2 1 Maintain load below 10% FP

6. Pressurizer low pressure
(safety injection function 2 1 Maintain hot shut-down conditions

7 . Pressurizer low level
(safety injection function) 2 1 Maintain hot shut-down conditions

8. Manual trip 1 Maintain hot shut-down conditions

9 . Containment sphere pressure 
(isolation valve signal)

1 Maintain cold shut-down

10. Steam feedwater flow mismatch 3 1 Operator shall assume continuous 
surveillance and actuate manual scram 
if required

a Redundancy is defined as N-M, where N is the number of channels in operation, and M is the number of channels in operation which, when tripped, will cause an 
automatic shut-down.
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POWER. PER CENT OF 1347 M W (th )

FIG. 4 . Initial lim iting control group insertion during reactor operation.

C. If it is  determ ined that a rod has been dropped, re triev a l shall 
be perform ed without increasing  power level. An evaluation of the 
effect of the dropped rod shall be made to estab lish  p erm issib le  
power levels for continued operation. If  re triev a l is  not su ccessfu l 
within 3 hours, appropriate action, as determined from the evalu
ation, shall be taken. In no case  shall operation longer than 3 hours 
be perm itted if  the dropped rod is  worth m ore than 0.4%  A k/k.

D. No m ore than one inoperative rod shall be perm itted during 
c r it ic a l operation.

Containm ent.

Specification

A. Leakage

The re a cto r  shall not be made or maintained c r it ic a l if  the contain
ment leakage exceeds the maximum acceptable values specified
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under the heading Surveillance Standards below (Specification, 
Containment Testing)

B . A ccess to containment

1. Containment integrity shall not be violated unless the 
re a cto r coolant system  is  below 500 lb/in2 gauge and a shut
down m argin g rea ter than l%Ak/k with a ll rods inserted  is  
maintained for the m ost reactive tem perature.

2. Containment integrity shall not be violated when the re a cto r 
coolant system  is  open to the containment atm osphere unless a 
shut-down m argin g rea ter than 5%Ak/k is  maintained with a ll 
control rods.

3. P ositive reactiv ity  changes shall not be made by rod drive 
motion o r boron dilution whenever the containment integrity  is  
not intact.

4 . Rem oval of the ventilation system  blind flanges is  not 
considered a violation of containment integrity during hot stand
by conditions.

C. Internal p ressu re

The re a cto r  shall not be made c r it ic a l, nor be allowed to rem ain 
c r it ic a l, if  the containment sphere internal p ressu re  exceeds
0 .4  lb/in2 gauge, o r the in ternal vacuum 2 . 0 lb/in2 gauge.

A uxiliary e le c tr ic a l supply

Specification

The re a cto r  shall not be made c r it ic a l or maintained c r it ic a l unless 
the following conditions are  m et:

1. E ith er two 220-kV  or two 138-kV, or one 220-kV  and one 
138-kV tran sm ission  lines operable

2. E ith er au xiliary  tran sfo rm er A o r B , and tran sform er C 
4160-V  supplies operable

3. Any two of three 4 8 0 -V station serv ice  tran sfo rm ers 
operable
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4. 48 0 - V Bus No. 1 and Bus No. 2 operable

5. One d. c .  battery charger and supply operable

6 . D iesel generator operable.

Refuelling

Specification 

During refuelling operations:

A. Radiation levels in the containment and spent-fuel building 
shall be monitored.

B . Core su b critica l neutron flux shall be continuously monitored 
during the entire refuelling period by not le ss  than two neutron 
m onitors, each with continuous visual and audible indication.

C. One residual heat rem oval pump shall be in operation.

D. During re acto r-v e sse l-h e ad  rem oval and while loading and 
unloading fuel from the re acto r, a minimum boron concentration of
2 900 ppm shall be maintained in the prim ary coolant system .

E . If any of the specified lim iting conditions for refuelling is  not 
m et, refuelling of the re a cto r  shall ce a se ; work shall be initiated 
to c o rre c t the violated conditions so that the specified lim its are  
m et, and no operations which may in crease  the reactiv ity  of the 
core  shall be made.

SURVEILLANCE STANDARDS 

O perational safety item s 

Specification

A. Instrum entation shall be checked, tested, and calibrated  as 
indicated in Table IV.

B . Equipment and sampling te s ts  shall be as specified in Table V.
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TA BLE IV. MINIMUM FREQUENCIES FOR TESTING, CALI
BRATING, AND/OR CHECKING OF INSTRUMENT CHANNELS

Channels Action Minimum frequency

1. Nuclear flux Calibration, using heat Once/day
balance

Check Once/shift

2 . Intermediate range Test o f log level Prior to each start-up if  test has
not been performed within
7 days

Test o f period circuits Prior to each start-up if  test
using known exponen has not been performed within
tially  varying input 7 days
currents

Check log and period Once/shift when in service
channels

3 . Source range Test (60 cycle) Prior to each start-up if  test has
not been performed within
7 days

Check Prior to each start-up; once
per shift when in service

4 . Reactor coolant Calibration At each refuelling shut-down
temperature

Test Every 2 weeks during operation

Check Once/shift

5 . Reactor coolant Calibration At each refulling shut-down
flow Test Every 2 weeks during operation

Check Once/shift

6. Pressurizer pressure Calibration At each refulling shut-down

Test Every 2 weeks during operation

Check Once/shift

7 . Pressurizer level Calibration At each refulling shut-down

Test Every 2 weeks during operation

Check Once/shift
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T A BLE IV. (contd)

Channels Action Minimum frequency

8. Variable low- Calibration At each refuelling shut-down
pressure calculator

Check Once/shift

9 . Rod position recorder Calibration

Check, comparison with 
digital readouts

At each refuelling shut-down 

Once/shift

10. Steam generator 
lev el, including 
flow mismatch

C alibrate, lev el 
and flow

T est flow mismatch 

Check lev el and flow

At each refuelling shut-down

Every 2 weeks during operation 

Once/shift

11. Charging flow Calibration At each refuelling shut-down

12. Boric-acid  tank level Calibration

Test

At each refuelling shut-down

Once per month during 
operation

13. Residual heat 
pump flow

Calibration At each refuelling shut-down

14. Refuelling-tank level Calibration

Test

At each refuelling shut-down 

Once per month during operation

15. Volume control tank Calibration At each refuelling shut-down

lev el Test Once per month during operation

16. Containment sphere 
pressure (isolation

Calibration At each refuelling shut-down

valve signal) Test Every 2 weeks during operation

17. Area radiation Calibration Once per month

monitors Test Once per day
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TA B L E  V. MINIMUM EQUIPMENT CHECK AND SAMPLING 
FREQUENCY

Check Frequency

1. Routine coolant 
samples

a.

b.

Total activity 

Boron concentration

Weekly

Tw ice per week

2. Safety in jection  
water samples

a. Boron concentration Monthly

3. Control rod drop a. Verify that a ll rods 
move from full out 
to full in, in less 
than 2 .7  sec.

At each refuelling shut-down

4 . Control-rod
exercizing

a. Partial movement of 
a ll rods

Every other week

5 . Pressurizer safety 
valves

a. Pressure setpoint At each refuelling shut-down

6. Main steam safety 
valves

a. Pressure setpoint At each refuelling shut-down

7 . Main steam power 
operated re lief 
valves

a. Test for operability At each refuelling shut-down

Safety in jection  and containment spray system  periodic testing

Specification

I .  S y s t e m  t e s t

A. Safety in jection  system

1. During re a c to r  shut-down at in tervals not longer than the 
norm al plant refuelling in tervals, a "no-flow " system  test 
shall be conducted to dem onstrate proper availability  of the 
system . The te st shall be perform ed in accordance with the 
following procedure:
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(a) The feedw ater, safety in jection, condensate, and heater 
drain pumps shall not be operating. T h e ir  respective 
b reak ers shall be racked-out to the test position with 
control power available.

(b) The flow path for condensate shall be positively blocked 
p rio r to the te s t.

(c) In jection system  operation shall be initiated by in stru 
mentation and controls installed in the control room.

(d) A ll valves not autom atically controlled shall be operated 
by rem ote manual control.

2. The te st w ill be considered sa tisfactory  if  control board 
indication and visual observations indicate a ll components 
have operated and sequenced properly. That is , the appropriate 
pump b reak ers  have opened and closed, and a ll valves have 
completed th e ir travel.

B . Containment spray system

1. During re a cto r  shut-down at in tervals not longer than the 
norm al plant refuelling in tervals, a "no-flow " system  test 
shall be conducted to dem onstrate proper availability  of the 
system . The te st shall be perform ed either by closing a 
manual valve in the system  o r e le c tr ica lly  disabling the r e 
fuelling w ater pumps and initiating the system  by tripping the 
norm al actuation instrum entation.

2. The te st w ill be considered satisfactory  i f  visual observ a
tions indicate a ll components have operated sa tisfactorily .

I I .  C o m p o n e n t  t e s t s

A. In addition to the above te st, the safety in jection  pumps, r e 
circu lation  pumps, and refuelling w ater pumps shall be started  at 
in tervals not to exceed one month to verify  that they are  in s a t is 
factory  running order.

B . A cceptable levels of perform ance shall be as follows:

1. The safety in jection pumps shall reach  and be capable of 
maintaining 95% of th e ir rated shut-off head within 10 sec a fter 
starting.

2. The refuelling w ater pumps shall be capable of maintaining 
90% of th e ir rated shut-off head.
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3. The recircu lation  pumps shall be run dry. P rop er starting 
of the pump is  confirm ed by observation of the running current 
on the am m eter.

Containment testing

Specification

I .  I n t e g r a t e d  l e a k a g e  r a t e  t e s t

1. T est

(a) The integrated le a k -ra te  te st shall be perform ed at intervals 
as specified in I. 2 below at an in itia l p ressu re  (beginning 
of test) at o r above 23 . 2  lb/in2 gauge (50% of design 
p ressu re).

(b) Containment leakage shall be considered acceptable if  the 
m easured leakage does not exceed 0.26%  of the contain
ment volume per 24 h based upon the in itia l test pressu re 
specified in 1. (a) above.

(c) B efo re  plant operations are  resum ed, containment leakage 
shall be reduced to or below 0.20%  of the containment 
volume per 24 hours based upon the p ressu re specified in 
1 (a) above.

2. Frequency

An integrated le ak -ra te  test shall be perform ed as follows:

(a) Within 24 months from the date of in itia l cr itica lity
(b) Within 26 months from the date of the te st in 2 (a) above
(c) Within 39 months from the date of the test in 2 (b) above
(d) Within every 39 months from the date of the previous te st.

The in tervals specified in 2(a), (b), (c) and (d) may be varied 
within an allowance of plus 4 months and minus 8 months to coincide 
with planned shut-downs. In the event it is  determined during any 
one te s t that the containment leakage rate does not m eet the accep ta
bility  lim it specified in 1(b) above, the condition shall be corrected , 
a re te s t made, and the testing frequency shall rev ert back to item 
2 (a).
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I I .  P e n e t r a t i o n  t e s t i n g

If individual penetration te sts  indicate the containment leakage 
would exceed 0. 20% of the containment volume per 24 h adjusted for 
a p ressu re of 23. 2 lb/in2 gauge, the re a cto r shall be shut down and 
depressurized until rep airs are  effected and leakage is  within sp e ci
fied lim its .

A. Types D, E , and e le c tr ica l penetrations

1. T ests

Leakage tests  of types D, E, and e le c tr ica l penetrations 
through the containment sphere shall be perform ed at an in itia l 
p ressu re (beginning of test) of 46 . 4  lb/in2 gauge.

2. Frequency

Types D, E , and a ll e le c tr ic a l penetrations shall be tested 
at a frequency of at least every 6 months.

B . Personnel a ir  locks

1. T est

Leakage te sts  of personnel a ir  locks shall be perform ed at 
an in itia l p ressu re (beginning of test) of approximately 
10 lb/in2 gauge.

2. Frequency

During operation, personnel a ir  locks shall be tested at a 
frequency of at least every 6 months.

C. Isolation valve testing

1. T ests

A ll isolation valves shall be tested for operability and leak- 
rate c h a ra c te r is tic s . Isolation valves norm ally operating with 
p ressu re le ss  than 50 lb/in2 gauge shall be tested at an initial 
p ressu re (beginning of test) of 46 . 4  lb/in2 gauge.
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2.  Frequency

Isolation valve testing shall be at a frequency of at least every 
6 months for those valves which can be secured during op er
ation. F o r  those essen tia l for plant operation, testing shall be 
accom plished during shut-down when the reacto r is  depres
surized if  the test has not been perform ed within the previous
6 months.

D. F u e l-tra n sfe r  tube (type F  penetration)

1. T est

F u e l-tra n sfe r  tube flange tests  shall be perform ed at an in itial 
p ressu re of 46 . 4  lb/in2 gauge.

2. Frequency

The fu e l-tra n sfer tube tests  shall be perform ed after refuellings 
and a fter  any other time the sealing flange is  removed and 
replaced.

E . Containment sphere equipment door

1. T est

Leakage te sts  of the equipment door shall be perform ed at an 
in itia l p ressu re (beginning of test) of 46 . 4  lb/in2 gauge.

2. Frequency

The equipment door shall be tested a fter each tim e it is 
removed and replaced or at least every 6 months.

I I I .  R e c i r c u l a t i o n  s y s t e m

1. T e st

(a) T e s ts  shall be perform ed on portions of the safety in jection 
system  used for recircu lation  at a hydrostatic p ressu re 
equal to or g reater than the operating p ressu re under 
accident conditions.

(b) V isual inspection shall ensure that leakage is maintained 
at an insignificant level.
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2. Frequency

The safety in jection recircu lation  system  shall be tested at the 
sam e frequency as the integrated leak ag e-ra te  te s ts . In ad
dition, whenever components of this system  are  used during 
norm al operation, visual inspections for leakage shall be 
made.

Em ergency power system  periodic testing 

Specification

A. At in tervals not to exceed one week, a te s t of the d iesel genera
to rs shall be conducted to dem onstrate proper operation of the 
em ergency e le c tr ic a l power system . The test shall be perform ed 
in accordance with the following general procedure with the norm al 
e le c tr ic a l power system  in serv ice .

1. The d iesel generator shall be started  manually from the 
control room .

2. A fter the d iesel generator reaches speed, the 4 8 0 -V 
break ers linking the d iesel to buses Nos 1 and 2 shall be closed 
from  the control room .

B . At in tervals not to exceed the norm al plant refuelling interval, 
a load test sim ulating a failure of the norm al power supplies shall 
be conducted in accordance with the following general procedure:

1. The d iesel generator shall be started  autom atically by 
tripping 4160- V buses 1-C  and 2- C.

2.  The c ircu itry  which locks out n o n -critica l loads shall be 
operated.

3. A fter the d iesel generator reaches speed, the 4 8 0 -V breaker 
linking the d iesel to the appropriate de-energized bus shall be 
closed from the control room.

4. P rop er operation of the em ergency power system  shall be 
dem onstrated by starting selected  m otors from  the control 
room .
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C. At in tervals not to exceed every second week, the auxiliary 
feedw ater pump shall be started to dem onstrate satisfactory  
operation.

These te sts  shall be considered satisfactory  if  control board 
indication and subsequent visual examination dem onstrate that a ll 
components have operated and sequenced properly.

Radioactive liquid-w aste re lease

Specification

A. Averaged over a y ear, the re lease  ra tes  of liquid w astes shall 
not resu lt in concentrations in. the circulating  w ater discharge in 
excess  of P art 20 lim its for u nrestricted  a r e a s ,2 except that the 
maximum re lea se  rate over the period of one hour shall not exceed 
10 tim es the yearly  averaged lim it.

B . At least one circu lating  w ater pump shall be in operation when
ever radioactive liquid w astes are re leased .

C. P r io r  to re lea se  of w aste, gross activity  shall be sampled. A 
record  of a ll re le a se s  shall be kept in accordance with the Sp ecifi
cation for R ecords and Logs below.

D. A ll radioactive w astes entering the circu lating  w ater system  
shall be monitored for g ross activity  during discharge.

E . The liquid-w aste m onitor and the flow -rate m eter shall be c a li
brated at a minimum frequency of once every six  months, and 
norm al response of the monitor shall be tested weekly.

Radioactive gaseous waste re lease  

Specification

A. Averaged over a y ear, re lease  ra tes  of gaseous w astes in 
C i/sec shall not resu lt in a value exceeding that calculated from 
the following form ula:

2 Code o f Federal Regulations (CFR), T it le  10, Part 20, Standards for Protection against 
Radiation, p a ra .2 0 .1 0 5 .
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where Cx is  the concentration of any radioisotope x; the values of 
the concentrations of a ll isotopes discharged shall be such that 
E CX/(MPC)X is  le ss  than 1 .0  . (MPC)X as defined above shall be 
that stated in column I, Table II of 10 C FR 2 0. The maximum 
re le a se  rate over any one hour shall not exceed 10 tim es the yearly  
averaged lim it as stated above.

B . At le a st one stack  fan shall be in operation delivering norm al 
flow whenever radioactive gaseous w astes a re  re leased  to the vent 
stack .

C. All radioactive w astes discharged through the stack  shall be 
m onitored continuously for gross activity.

D. A record  of the above re le a se s  shall be kept in accordance with 
the Specification for R ecords and Logs below.

E . T h e 'stack  gas and particulate m onitors shall be calibrated  at a 
minimum frequency of once every six months, and norm al response 
of each m onitor shall be tested weekly.

R eactor coolant system  and ro d -c lu ster control assem bly 

Specification

A. High s tre s s  a re a s  in the re a cto r coolant system  including but 
not lim ited to re a c to r -v e sse l nozzle welds, re a c to r-v e sse l flange 
welds, coolant-system  piping welds and re a c to r -v e sse l studs shall 
be inspected.

B . In tervals between inspections may range from approxim ately 
two y ears to twelve y ea rs , depending on the sp ecific area to be 
inspected.

Typical inspection in tervals shall be as follows:

Inspection frequency

1. R e a c to r-v e sse l nozzle welds 2 - 3 y r

2. R e a cto r-v e sse l flange welds 2 - 3 y r

3. R eactor coolant system  piping welds 4 - 5 y r
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4. R e a c to r -v e s s e l  s tuds 1 - 3 y r
5. P re ssu riz e r head to shell welds 1 0 - 1 2 y r

C. Any indication of defect initiation and/or growth shall be 
investigated and evaluated.

D. One-third of the rod clu ster control assem blies shall be visually 
inspected during each refuelling. The visual inspection shall include 
rods from the control and shut-down groups.

E . Any evidence of an abnormal condition in the rods shall be 
investigated and evaluated.

Reactivity anomalies

Specification

Following a normalization of the computed boron concentration 
as a function of burn-up, the actual boron concentration of the 
coolant shall be periodically compared with the predicted value. If 
the difference between the observed and predicted concentrations 
reaches the equivalent of 1% in reactivity, an evaluation as to the 
cause of the discrepancy shall be made and reported to the Atomic 
Energy Commission.

ADMINISTRATIVE STANDARDS

The Operating Organization shall be solely responsible for the 
operation of the nuclear power plant.

Review and audit

A. Safety review and audit

The following safety groups shall be organized prior to initial 
re a cto r operation:

1. On-Site Safety Review Committee (Quorum: 3)

2. Nuclear Safety Audit and Review Committee (Quorum 4)

3. Nuclear Safety Control Board.
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The functional ch aracteristics  and responsibilities of each of 
these groups are shown in Fig . 5.

The organizational chart of the On-Site Safety Review Com
mittee is shown in Fig . 6.

RESPONSIBILITIES

ON-SITE SAFETY REVIEW COMMITTEE NUCLEAR SAFETY AUDIT AND REVIEW COMMITTEE NUCLEAR SAFETY CONTROL BOARD

1. Analyse instances when techn ica l sp ec i- 1.
f ica tion i have been vio lated

2 . Subm it t first-hand fac tua l report to the 2.
audit co m m ittee  if a  techn ica l sp ecifica
tion has been vio lated

'3 .  D etect po tential safety hazards by analysis 3.
of plant activ ities

4 . Review a ll  p lant procedure! and changes

5. Review a l l  p lant abnorm alities6. Recom mend m odifications to tec hn ic a l 4.

7. Prepare reports requested by the chairm an 5.
o f the audit co m m ittee

6.

Review and ev aluate  technical sp ecification  v io la
tions. Take appropriate action 
Analyse recom m ended changes to  techn ica l speci
fications and prepare a report to the co n tro l board 
if  die recom m endations are accepted  
Review and approve proposed equipm ent rep lace
m ent or m o difications, and proposed system 
changes. Docum ent reasons for change and 
whether it  involves an *uri reviewed safety

In itia te  its own recom m endations on change* to 
techn ica l specifications
In itia te  opera tional im provem ents to p lant safety 
within the  scope of the techn ica l specifications 
Review and ev aluate  p lant safety during abnorm al 
p lant conditions
Perform periodic au d it o f  operation , equipm ent 
perform ance, logs and procedures

1. Form ally subm it safety analysis report to AEC 
if  a techn ica l specification  ii  vio lated

2 . Review and approve recom m ended changes to  
tec h n ic a l specifications

3 . Subm it proposed changes to  tec h n ic a l speci
fications to AEC for concurrence

4 . M ainta in  m anagem en t contro l w ith respect 
to nuclear safety in com pany operations

FIG. 5. Administrative chain of command.
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M eetings o f  the O n -S ite  Safety  Review C om m ittee shall include not less 
than two m em bers and the chairm an.

In the absence o f  any of the C om m ittee m em bers, the position shall be 
filled  by his designated representative.

F IG .6. On-site safety review com m ittee.

B. Action to be taken if maximum safety setting or a limiting 
condition for operation is violated

1. When maximum safety setting is violated, the incident will 
be reviewed and acted upon in accordance with the statement 
of responsibilities shown in Fig. 5. The results of the review 
and actions taken, with reasons therefor, shall be recorded
by the licensee and maintained as part of his permanent record s.

2. When a limiting condition for operation is violated, either 
the plant shall be shut down o r other actions as provided for in 
the applicable specification shall be taken. In any event, the 
condition shall be remedied as soon as possible. The incident 
shall be reviewed by the On-Site Safety Review Committee and 
the results of the review and actions taken, with reasons there
for, shall be recorded by the licensee and maintained as part 
of his permanent records.

C. Action to be taken if a safety limit is exceeded

If a safety limit is exceeded, the reacto r shall be shut down until a
safety analysis of the incident is made by the Company's Safety
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Review and Audit Organization, and until resumption of operation is 
authorized by the Atomic Energy Commission.

Plant-operating procedures

A. Normal start-up , normal operation, and normal shut-down 
procedures of m ajor plant components and system s with applicable 
check-off lists and instructions shall be prepared by station 
personnel, and reviewed by the On-Site Safety Review Committee.

B . Procedures covering the course of action for the operator to 
follow in the event of specific plant malfunctions and reactivity faults 
shall be prepared by station personnel, reviewed by the On-Site 
Safety Review Committee and audited by the Nuclear Safety Audit 
and Review Committee.

C. All procedures described in A and B shall be approved by the 
station chief p rior to implementation.

D. Changes to procedures shall be prepared, reviewed and approved 
in the same manner as the original procedure. Reasons for such 
changes shall be documented in plant record s.

Radiological procedures

A. W ritten information shall be prepared for all station personnel 
regarding (1) perm issible radiation exposure levels, and (2) methods 
for control of radiation exposure.

B. W ritten em ergency procedures shall be prepared to guide be
haviour and action of all plant personnel in the event of an emergency  
condition involving the release of radioactive m aterials. P ractice  
drills shall be conducted periodically.

Records and logs

A. Records and/or logs relative to the following item s shall be kept 
in a manner convenient for review:

1. Operation at each power level, including but not limited to:

(a) routinely pertinent data regarding system  operation,
(b) actions of operators,
(c) details of any abnorm alities occurring and actions taken 

thereon.
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2. Maintenance activities, including but not limited to:

(a) routine maintenance and component replacem ent,
(b) equipment failures,
(c) replacem ent of principal item s of equipment.

3. Periodic checks, inspections and/or calibration performed 
to verify that requirements specified under Surveillance 
Standards are  being met.

4. Routine plant radiation and contamination surveys.

5. O ff-site environmental monitoring surveys.

6. Radiation exposure for all station personnel including all
con tractors and visitors to the plant who enter the controlled 
a re a s .

7. Records of radioactivity levels in liquid and gaseous 
w astes released to the environment.

8. All review s, including actions taken and reasons therefor,
required in Sections 1, 2, and 3 of this specification.
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A PPEN D IX  III

COMMISSIONING

P rio r  to commissioning, a technically competent person (or 
persons) should be designated who would be entrusted with the 
n ecessary  authority and responsibility to ensure that the proposed 
program  is carried  out.

Information on the technical qualifications of the person (or 
persons) so designated, and the qualifications and competence of 
the senior staff m em bers responsible to such persons, should be 
available to the regulatory body.

A Station Commissioning Committee should be set up composed 
of designers, con tractors, operators, reacto r physicists and radio
logical safety personnel. If the regulatory body so desires, it may 
be represented on the Committee.

The principal function of the Committee would be to prepare  
and certify  the n ecessary  documentation, to examine the resu lts of 
commissioning tests and to phase the subsequent test program  in 
the light of e arlie r test results.

A phased program  for bringing the reacto r to power should be 
worked out in detail, approved by the regulatory body and carefully  
followed through. After a nominal low power has been achieved no 
alterations should be permitted without reference back to the Com
missioning Committee and the regulatory body.

Some of the tests to be included in such a program  relate to 
the following:

System and components 
P re ssu re  vessels  
Containment 
Shielding
Fuel-loading procedures 
Reactivity insertion rates  
Control and safety (scram ) rods 
Safety circu its  
Response tim es
Coolant specifications and flow.
At the commissioning stage the main engineering and functional 

drawings are  checked against the equipment as installed. If changes 
are  subsequently required, they should be made in accordance with 
a special procedure which would involve both the operating organiza
tion and the regulatory body. At this stage it is also necessary  to 
check the em ergency safety equipment and sy stem s.
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In considering the scope of the test documents, the following
points should be borne in mind:
(a) A clear statement of the purpose of the test and the results ex 

pected will enable a ready check to be made with the results  
actually obtained.

(b) The minimum safety provisions applying to the test make it 
clear which particular safety circu its or other safeguards are  
essential for the duration of the test. Unless all concerned  
are  clearly  aware of what safety equipment may be considered  
redundant, commissioning may be unnecessarily delayed, or 
alternatively some essential safeguards may be circumvented.

(c) A detailed description of the test procedure enables special 
attention to be paid to all or selected parts of the tests as 
they proceed.
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A PPEN D IX  IV

LIST OF TOPICS SUGGESTED FOR INCLUSION IN THE 
OPERATING INSTRUCTIONS

(a) Instructions for starting up the reacto r, operation, etc. with 
steady and changing power, and controlled shut-down;

(b) Instructions for work with the reacto r and auxiliaries while 
shut down;

(c) Instructions for all fuel-handling operations, including criticality  
control, new fuel handling, charge and discharge operations and 
operations involving the handling and storage of irradiated fuel;

(d) Instructions for planned maintenance and testing of all alarm s, 
protective equipment, emergency equipment, etc. ;

(e) Action to be taken in the event of alarm s or the p lant's failure 
to operate as expected;

(f) Instructions designed to ensure adequate cooling of the reacto r  
under all conditions, including isolation of normal heat sink;

(g) Action to be taken when m ajor faults occur, the faults envisaged, 
and the warning that may be received;

(h) Procedures for work in areas where radiation exposure is a 
current or potential hazard.
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A P P E N D IX  V

1. A distinction is usually made between a site emergency  
and a d istrict em ergency. In the first case the effects of the 
em ergency are  limited to the site of the power station; in the 
second case  the effects extend beyond the site perim eter.

2. An emergency plan should provide the necessary  inform a
tion on;
(a) The action to be taken at different levels of release of radio

active m aterials;
(b) The executive responsibility for the precaution to be taken;
(c) Personnel;
(d) Internal and external liaison;
(e) The reporting and communications procedures, and
(f) The emergency equipment available.

3. Control points, one or m ore as required, should be de
signated and equipped in advance.

4 . All personnel within the nuclear plant should know what 
to do in the event of an em ergency. Instructions should be ade
quately displayed.

5. Arrangem ents should be made for the provision of mutual 
assistance between nuclear power stations and for calling in external 
experts during an emergency.

6. An example of an existing emergency plan is given in order 
to indicate the type of. planning and arrangem ents which would be 
suitable for dealing with a serious emergency.

E x a m p l e
RADIATION INCIDENTS AND EMERGENCIES

GENERAL

Definitions

A radiation incident with potential for serious human injury 
and/or extensive damage to property is an em ergency. There are

E M E R G E N C Y  PRECAUTION S
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two classifications: A station em ergency and a sector em ergency. 
Both can exist simultaneously.

A station em ergency is declared if there is an uncontrolled r e 
lease of serious quantities of radioactive m aterial within the station. 
A sector em ergency is declared when there has been an airborne 
re lease  of radioactive m aterial from the station at ground level, or 
a significantly increased release  of radioactive m aterial out of the 
stack.

R elease of active m aterials

General information on possible escape routes for radioactive 
m aterial, pressurizing, dousing, p ressure equalization, probability 
of occurrence and fission products of importance in an emergency  
is contained in Annex H (Information on Release of Active M aterials 
at Radiation Incidents).

Em ergency radiation dose

To avert extensive plant damage, emergency action should be 
based on norm al perm issible dose levels. If this is impossible, 
individual dose must not exceed 12 rem  whole body, and precautions 
must be taken to prevent internal uptake of radionuclides. The 
shift supervisor shall, if at all possible, obtain the approval of 
the m edical services division before exposing anyone to greater  
than norm al perm issible doses.

In a voluntary act to avoid danger to life, for example, in the 
rescue of an accident victim  in an extrem ely high radiation field, 
action must not be taken without due regard  to the consequences.
As a guide two tables are  given in Annex F  (Em ergency Dose Guide). 
Table IX shows the probable effect of acute whole-body doses and 
Table X shows the time to accumulate a dose of 10 rem  in various 
fields.

Communications

Em ergency communications will be channelled system atically, 
as stated later for each type of em ergency. The telephones must 
not be used by station personnel during em ergencies except for 
em ergency duty calls.

In an em ergency, an information officer will be appointed by 
supervision. Personnel must not release  information to the public 
and should direct those seeking information to the information 
officer.
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Log
Supervisory staff are  required to keep personal logs during 

the course of an em ergency, so that these can be later co-ordinated  
in order to establish a m aster log.

Equipment 

Em ergency centre

An em ergency centre has been built in the vehicle maintenance 
building east of the service building, the closest door being the 
m echanical maintenance shop exit. This provides a possible em er
gency command point, a change room, a treatm ent area  and an 
em ergency equipment sto res.

Sufficient instruments and equipment are  stored to cope with 
the initial phases of an em ergency. It is listed in Annex J  (Equip
ment Stored in Em ergency Centre).

Em ergency vehicle

An "International T ravelall" vehicle is provided for emergency  
surveys, which may also be used within the station area  as a general 
service  vehicle. However, perm ission is required from  the assistant 
superintendent if the vehicle is required to leave the station. In this 
event, the vehicle radio must be on continuously to receive calls  
from  the station. When not in use, the vehicle will be kept in the 
garage.

The vehicle is equipped with four-wheel drive and provided with 
a mobile radio and a recording low-level gamma survey m eter for 
environmental gamma d ose-rate  m easurem ent.

A weekly inspection of the vehicle must be carried  out on call-up. 
The form  showing details of this inspection is in the operating manual 
(reco rd s, reports and notifications).

Radio equipment

Six two-way radio sets assist communications in sector em er
gencies. One is a mobile set in the emergency vehicle; the others 
are  portable se ts . One of these is kept in the control room connected 
to an antenna on the turbine building roof. An alternative antenna 
is mounted on the em ergency centre roof. The remaining four sets  
are  stored in the em ergency centre, available for secto r survey 
p arties.
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One em ergency kit, which will accompany a contaminated 
casualty to hospital, is located in the first aid room . Its contents 
are  listed on the outside of the kit, and in Annex K (Equipment in 
Contaminated Casualty Kit). A duplicate kit is stored in the em er
gency centre.

High-range gamma survey m eters

Two high-range gamma survey m eters with a range of up to 
5000 R /h are  located conspicuously in the station. One is at the 
entrance to the reacto r building a ir-lo ck , and the other outside 
the control room. These instruments are  for em ergency use only.

R espirators

F u ll-face  resp irators have been issued to station personnel 
for norm al and em ergency use. Personnel who normally work 
in the administration wing will keep them at the work location.
All others will store them in the rack  in the service building 
zone-2 passage.

Iodide pills

An inert iodide pill has been issued with each personal r e s 
pirator and an additional supply is available in the first-a id  room . 
These will minimize the effect of radioiodine uptake in the event 
of a m ajor volatile fission product release  within the station. One 
pill only is to be taken on medical services division's instruction. 
These pills are  not harmful but must not be taken unless directed.

Stretchers

Stretchers are  located at convenient locations in each building, 
as well as in the em ergency centre.

Equipment from  other establishments

Em ergency equipment is also available from  other HEPC  
nuclear generating stations. Such item s are  listed in the station  
operating manual procedures for radiation incidents and em ergencies.

In addition, the nuclear laboratory has made equipment avail
able as listed in Annex L.

C o n tam in ated  c a su a lty  kit
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All em ergency equipment will be checked for serviceability  
every three months on call-up. Instruments that are  not rotated  
will have batteries changed annually.

Em ergency drills and p ractices

During initial station operation, drills of particular phases of 
the emergency procedure will be carried  out monthly and th ere 
after as required to maintain fam iliarity with the procedure. Ad
ditionally, a simulated fu ll-scale  station em ergency practice will 
be carried  out at least once a year.

STATION EMERGENCY

General

Organization

G eneral. The station organization, which automatically  
takes effect in a station em ergency, is set out in Annex A.

Shift supervisor. The shift supervisor assum es o v er-a ll r e s 
ponsibility until relieved by the station superintendent, assistant 
superintendent or another shift supervisor. If the shift supervisor 
is not available, the control room operator assum es responsibility  
until properly relieved.

Advisory group. The superintendent, assistant superintendent, 
health physicist and radiation control supervisor form an advisory  
group to advise the shift supervisor. Liaison with the shift super
visor is effected by the senior member present. On weekday shifts, 
when a command group is form ed, the radiation control supervisor, 
although part of the advisory group, will assist and advise the 
command group co-ordinator, after reporting to the advisory group.

Command group. At em ergencies occurring on weekday shifts, 
the shift supervisor is assisted  by the command group made up of 
unit leaders shown on the emergency organization chart. Action is 
co-ordinated by the maintenance supervisor if present, otherwise by 
the next in line as listed on the chart. The group ca rrie s  out auto
m atic action as required by this procedure, to leave the shift super
visor free to act at the command point. Liaison between the command

E q uipm ent insp ec tio n
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group and the shift supervisor is effected by the command group 
co-ordinator.

Note that on off-shifts there is no command group, and the 
shift supervisor exercises direct control.

Em ergency units. To avoid confusion and to assist personnel 
accounting in the initial stages, personnel are  allocated to emergency  
units as shown in Table VI.

TA BLE VI. ALLOCATION OF PERSONNEL 
TO EMERGENCY UNITS

Emergency unit Personnel

Operating Shift supervisor and all operators

Technical T ech n ical engineer, assistant technical 
engineers, chem ist, chem ical technician, 
stores personnel, radiation protection 
technician

Control maintainers Control engineer and all control maintainers

M echanical maintainers M echanical maintenance foreman and all 
m echanical maintainers

Service maintainers Service m aintenance foreman and all 
service maintainers

C lerical C hief clerk , general office personnel, 
guide and non-station personnel (visitors, 
e t c .)

Command points, assem bly areas and treatm ent areas

The following is the preferred  order for command points, 
assembly areas and treatm ent areas for selection by the shift super
v isor. The locations are  in set combinations and not interchangeable.

Order Command point

1 Control room

Administration building, 
m aintenance o ffice

Emergency centre

Assembly area

Service building, zone-2 
passage

Administration building, 
assembly room

Outside emergency centre

Treatm ent area

First-aid room

First-aid room

Emergency centre
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Station  e m erg en cy  ac tion
General

Station emergency action is summarized for fast reference  
in Annex B (Station Em ergency Summary of Action). The following 
section presents the action in complete detail.

Evaluation

The shift supervisor will evaluate a radiation incident and de
cide if a station emergency exists. In an emergency he will select 
a command point, assembly area and treatm ent area, in the p re 
ferred  order above.

Signal and announcement

"The shift supervisor will operate the 20 -sec  emergency signal 
and make the following announcement over the public address system :

"ATTENTION -  THIS IS A STATION EMERGENCY

ALL PERSONNEL PROCEED TO ASSEMBLY AREA AT - - - .

COMMAND POINT IS AT - - - .  AVOID INCIDENT AREA AT —

He will repeat the signal and announcement immediately.

Notifications

The notifications are  carried  out by telephone. On all shifts 
the notifications are  made by the duty shift supervisor or his dele
gate and by the central-nuclear-operations reactor-safeguards  
engineer or his alternate. On off-shifts some local notifications 
are  additionally made by one off-duty shift supervisor. The pro
cedure is shown as a chart in F ig . 7. The current names and 
phone numbers of persons represented on the chart, together with 
their alternates, will be issued to all persons concerned, and r e 
vised as necessary .

It will be seen that some calls to the off-shifts are  made on the 
municipal telephone sy stem . No discussion of the emergency must 
take place on those lines. Instead, a code m essage is to be given 
after the caller identifies himself. The code m essage meaning 
that a station emergency exists, is:

"THE ADVISORY GROUP IS CALLED"
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The recipient of the call must simply indicate that he has understood 
the m essage. When local notifications have been completed, the 
off-duty shift supervisor calls the duty shift supervisor to indicate 
that the action is complete.

DUTY SHIFT SUPERVISOR

f D irect lin e  '

(O ff-sh ifts  only)

M unicipal system ’

POWER
SUPERVISOR

C ity line

O FF-D U TY 
SHIFT SUPERVISOR

REACTOR 
SAFEGUARDS ENGINEER

M unicipal system

ALL ADVISORY 
/GROUP MEMBERS

DUTY
SH IFT SUPERVISOR 

-  LOCAL M .O .H .3

1 On w eekday sh ifu  the shift supervisor must c a ll  the M .O .H . d irec t.

NUCLEAR
OPERATIONS ENGINEER

MEDICAL SERVICES 
DIVISION

-  INSPECTION OFFICER

HEALTH AUTHORITY

DEPT OF NATIONAL 
HEALTH AND WELFARE

DEPT OF HEALTH

PUBLIC RELATIONS OFFICER

FIG. 7. Telephone notification chart (station emergency).

Action by shift supervisors and operators

(1) Operators will report to the command point.

(2) If the command point is not the control room, the shift super
v isor or control room operator will obtain the following readings 
before leaving (if conditions perm it):

M eteorological instruments 
Stack monitors 
A rea gamma monitors 

and will take with them the station log. F urth er, if time perm its, 
any fast action should be taken before leaving, which might mini
mize the extent of hazards.
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(3) At the command point, the shift supervisor will determine if 
any persons are  m issing, and accordingly arrange a search /rescu e  
party. On week-day shifts, the assistance of the command group 
co-ordinator will be available. On off-shifts the treatm ent area  
action will be carried  out by operators as in Section "Action at
the assem bly a re a "  below.

(4) As a back-up for this accounting, the photo-badge rack  in the 
guard house should be cheeked, to ensure no one is m issed.

(5) After accounting, the shift supervisor will a ssess  the need 
for iodine control and accordingly request advice from the medical 
serv ices division.

(6) The shift supervisor will use all available operators (and other 
personnel from  the command group co-ordinator on week-day shifts) 
to control hazards and regain control of station system s.

(7) The shift supervisor will make arrangem ents for the direction  
of persons arriving at the station to the assem bly area  (e .g . 
relief shifts or day w orkers).

(8) The shift supervisor will term inate the emergency by notifying 
the assistant superintendent when an em ergency condition no longer 
exists.

Action by the advisory group

Any advisory group m em bers in the station when an emergency 
is announced will proceed to the command point. On weekday shifts, 
the co-ordinator will be responsible for accounting for group 
m em bers to the shift supervisor.

Action by cle rica l unit

On weekday shifts, in emergency, if the assembly area  is in 
the service building, c le rica l unit personnel in the administration  
building will rem ain in their places. If c le rica l unit personnel 
are  in other buildings they will report to the assembly area , to 
prevent spread of contamination to the administration building.
The unit leader in the administration building will also check the 
service building assem bly area  for cle rica l personnel before r e 
porting to the command group.
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Action by personnel other than shift supervisor, operators, 
cle rica l unit and advisory group

(1) O ff-shifts. If there are  persons in zones 2, 3, and 4 on off- 
shifts, in this category, they will report to the assembly area .
One of the assembled group will report to the shift supervisor 
with a list of those present, so that missing persons will be 
determined.

(2) Weekday shifts. On weekday shifts all persons of this ca te 
gory will report to the assem bly area without delay. On the way, 
they will assist injured and v isitors, obtain and wear resp irators  
if possible and collect any portable radiation protection instru
ments they may see. An attempt should be made to leave equip
ment at work locations in a safe condition, if hazards there p er
m it. If at the tim e of em ergency there are  persons wearing 
plastics or coveralls, they should continue to wear them until 
reaching a safe a rea , but remove them before arriv a l at the 
assem bly area .

Action at the assem bly area

(1) Personnel on arriv a l at the assembly area will immediately 
make known to the command group co-ordinator, or any unit leader, 
knowledge of any obvious casualty in the station who could not be 
helped on the way. The command group co-ordinator will immed
iately organize rescue.

(2) All personnel will assem ble in units as listed in Annex A (Station 
Em ergency Organization C hart). Signs in the service building 
zone-2 passage assem bly area assist grouping.

(3) Unit leaders will immediately account for all unit personnel, 
and establish likely locations of any missing persons.

(4) Unit leaders will then form  the command group at a location  
indicated by the command group co-ordinator, and report missing  
persons to him.

(5) The command group co-ordinator (if there are  missing persons) 
will immediately dispatch rescue team s, preferably selecting m e
chanical maintenance personnel. The team s should wear protective  
clothing consistent with equipment availability if there is tim e to get' it 
on, but at least resp irato rs must be worn. They will bring casual
ties to the treatm ent a rea , and report completion to command group.
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(6) The command group co-ordinator will appoint an information 
officer and if the radiation protection technician is not in the station 
he will select a treatm ent area supervisor from  the command 
group. The treatm ent area supervisor must be one of the staff
who has received first-a id  training. If injured persons are  involved, 
he in turn will notify a m edical officer, who will come to the tre a t
ment area if he considers it necessary . The information officer 
will establish contact with Public Relations for guidance.

(7) If rescue operations are  under way, the command group co 
ordinator will advise the shift supervisor of details.

(8) Unit leaders will return to their units and supervise segrega
tion. Injured, badly contaminated or those who have high radiation  
dose indicated on direct-reading dosim eters, will be sent to the 
treatm ent a rea . However, if possible, uninjured but contaminated 
personnel will first remove as much loose contamination as possible, 
in the change room s or em ergency centre decontamination room.

(9) The number of persons remaining will be noted by unit leaders 
who will then reform  the command group. These numbers are  
obtained by the command group co-ordinator who will report them 
to the shift supervisor as available personnel.

(10) Meanwhile, air sam ples will be collected at the assembly area  
(including radioiodine sam ples); resp irators will be worn until 
announced by the shift supervisor.

(11) F urth er action will be as required by the shift supervisor, 
as conveyed by the command group co-ordinator to unit leaders.
The command group co-ordinator will also act for the shift super
visor regarding control of emergency equipment and the utilization  
or dism issal of personnel.

Action at the treatm ent area

(1) The treatm ent area  supervisor will render first aid and check 
the injured for contamination (if assistance is required, he will 
notify the command group co-ordinator and health physicist). If 
casualties have contaminated open wounds they will be treated in 
accordance with Annex G. If there are  injured personnel, the 
treatm ent area  supervisor must consult a medical officer on the 
phone who will attend if they consider it necessary .
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(2) Other casualties will be decontaminated if contamination is 
found unless, in the treatm ent area su p erv isor's  opinion, delay in 
hospitalization, or the effect of the decontamination process, would 
jeopardize a patient's recovery. If the casualty can remove his 
clothing with aid, and take a shower, this will be done. If not,
the following procedure will be followed:

(i) Take norm al precautions to prevent contamination spread;
(ii) If contamination level is high wear a resp irator, and fit 

one on the casualty if possible;
(iii) Improvise shielding for attendant personnel, if possible, 

where the casualty is emitting a high radiation field;
(iv) Cut away contaminated clothing;
(v) Sponge contaminated areas with soap and warm water, 

then rinse with warm water; repeat several tim es.

(3) Casualties requiring hospitalization (which includes personnel 
with suspected extrem ely high radiation dose) will be sent to a 
hospital where pre-arrangem ents have been made. The treatm ent 
area  supervisor will phone the medical officers in this event, in
forming them that the casualty is en route. The contaminated 
casualty kit is prepared by placing current film packs in the 12 
film holders and this will accompany the patient. A vehicle, 
driver and a person qualified in radiation protection are  requested 
from the command group co-ordinator to take the patient to hospital.

(4) After contaminated persons have been sent to hospital, the 
treatm ent area  supervisor will notify the command group co 
ordinator requesting a shift schedule to maintain one man quali
fied in radiation protection at the hospital, until terminated by the 
health physicist.

(5) The treatm ent area supervisor will then direct attention to 
the remaining personnel at the treatm ent area , to ca ter for the 
following item s:

(i) D irect-reading dosim eter check and record  of results;
(ii) Collection and replacement of film and LiF dosim eters 

from  persons whose direct-reading dosim eters are  
off-scale ; the collected dosim eters will be given to the 
health physicist;

(iii) Remove skin contamination by the norm al station pro
cedure, and record  all cases and results;

(iv) Collect tritium  bioassay samples and arrange for further 
samples in one hour, and for a general sample to be 
collected over the next 16 hours;
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(v) Transm it all record s to the health physicist;
(vi) Prom pt dose evaluation for persons whose dosim eters 

read off-scale ; in the absence of the radiation protection  
technician, the treatm ent area supervisor must contact 
the health physicist.

(6) Persons with less than the perm issible levels of radiation 
dose and skin contamination will then be sent back to the assembly  
a rea . Others will be retained at the treatm ent area  pending the 
decision of the health physicist.

SECTOR EMERGENCY

General

Sectors

An area  of about 10 m iles radius around the station is divided 
into four secto rs , to assist in emergency surveys. The sectors  
a re  known as south, south-east, north-east, and north. Annex D 
defines these areas and shows them on a map (deleted from this 
exam ple).

Sector survey parties

There is a sector survey party allocated to each secto r. These 
are  made up of personnel who do not normally work shifts. Lists  
will be posted and revised as necessary .

Sector em ergency action

General

Sector em ergency action is summarized for fast reference in 
Annex C (Sector Em ergency Summary of Action).

Initial evaluation

The shift supervisor will evaluate a radiation incident and de
cide if a sector em ergency exists. Reference will be made to 
Annex E (Activity Levels for Sector Em ergencies), which gives 
values for stack monitor readings relating to quantities of radio
active m aterials released.
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If emergency conditions exist, the m eteorological instruments 
must also be examined to determine which sector is likely to be 
affected.

Notifications

The notifications are  carried  out by telephone. On all shifts 
the notifications are  made by the duty shift supervisor or his 
delegate and by the central nuclear operations reacto r safeguards 
engineer or his alternate. On off-shifts some local notifications 
are  additionally made by one off-duty shift supervisor. The procedure 
is shown as a chart in F ig . 8. The current names and phone numbers 
of persons represented on the chart, together with their alternates, 
will be issued to all persons concerned, and revised as n ecessary .

DUTY SH IFT SUPERVISOR

POWER
SUPERVISOR

(O ff-sh ifts  only)

M unicipal system

O FF-D U TY 
SH IFT SUPERVISOR

M unicipal system

C ity line 

REACTOR 
SAFEGUARDS ENGINEER

B ell system

ONE MEMBER OF EACH 
SECTOR SURVEY PARTY

ALL ADVISORY 
GROUP MEMBERS 

DUTY
SH IFT SUPERVISOR 

* -  LOCAL M .O .H . a

On w eekday shifts the shift supervisor must c a ll  the M .O .H . d irect.

NUCLEAR
OPERATIONS ENGINEER

MEDICAL SERVICES 
DIVISION

INSPECTION OFFICER

-  HEALTH AUTHORITY

DEPT OF NATIONAL 
HEALTH AND WELFARE

DEPT O F HEALTH 

PUBLIC RELATIONS OFFICER

F IG .8 . Telephone notification chart (sector em ergency).

It will be seen that some calls on the off-shift are  made on 
the municipal telephone system . No discussion of the emergency  
must take place on those lin es. Instead, a code m essage is to be 
given after the ca ller identifies him self. The code m essage  
meaning that a sector em ergency exists is:

"THE SECTOR GROUP IS CALLED"
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The recipient of the call must simply indicate that he has under
stood the m essage. When local notifications have been completed, 
the off-duty shift supervisor calls the duty shift supervisor to in
dicate that the action is complete.

If the course of the em ergency requires assistance of the local 
officials specified la ter, the calls at that stage may be made on 
the system , but conversation must be guarded to prevent raising  
undue alarm .

Sector surveys

(1) On day-shifts the survey p arties will be at work and will be 
called up by the command group co-ordinator. On off-shifts each 
survey-party  member notified by the off-duty shift supervisor 
will immediately pick up another m em ber of the party, in his ca r .
It is permitted to use taxis or other transportation if a personal 
ca r is not available. Do not use the telephone to discuss this 
action.

(2) The two m em bers of each survey party will immediately r e 
port to the station control room (or command point if a station 
em ergency is in p ro gress).

(3) On arriv a l at the control room or command point, all survey 
parties will be briefed by the shift supervisor, regarding

(i) The nature of the release ;
(ii) M eteorological conditions;
(iii) A ir sample and road survey requirem ents (for the 

party with the em ergency vehicle).
As m ore information and survey results arriv e , the shift super
v isor will amend or extend this briefing by radio.

(4) The party for the secto r judged to be the most affected will 
be allocated the em ergency vehicle and the battery a ir collector
by the shift supervisor. The other parties will use private vehicles. 
All parties will be equipped with two gamma m eters, two contamina
tion m eters, a portable radio set and, at night, a headlamp lantern. 
If possible, instrument calibrations will be checked before leaving.

(5) Each party will proceed along its sector survey route taking 
m easurem ents at least 10 yards from  the road and survey vehicle, 
at locations marked on the secto r maps, as follows:

(i) Gamma radiation field, 1 m from  ground (about waist 
level);
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(ii) Contamination-meter reading at the same location with 
open beta window;

(iii) Contam ination-m eter reading at the sam e location with 
closed beta window.

(6) The sector survey parties will record  all readings and relay  
them by radio as obtained, to the shift supervisor. When the 
survey is complete, parties will return to the shift supervisor 
and hand in all results, including the vehicle low-level gamma 
m eter reco rd er chart and a ir sample discs for counting.

Evaluation of survey results

(1) The shift supervisor will ensure that all survey results are  
plotted on a secto r map, as communicated by radio. (On return  
of the survey parties these results will be checked and augmented 
by a ir sample resu lts .)

(2) As a picture of the plume develops, the shift supervisor will 
contact survey parties to extend survey areas as necessary  until 
results are  obtained approaching the natural background of about
7 to 10 fiR /h .

(3) On the basis of resu lts, and on consultation with the medical 
officer of health (M .O .H .), the health physicist will initiate the 
em ergency milk m easurem ent procedure.

(4) If the survey results show that there is less than 30 )uR/h
at 1 m from fallout, the emergency may be terminated in consulta
tion with the M edical Services Division.

(5) If survey results are  greater than 30 |uR/h. the shift supervisor 
must consult the advisory group co-ordinator who will notify 
Medical Services Division. Medical Services Division will then 
consult the M .O .H . regarding further action such as evacuation
of the population. Arrangem ents have been made by the M. O. H. 
with the station and the appropriate local organizations, so that 
such action can be carried  out under his direction. A copy of this 
planning is contained in correspondence file in the general office.
It must be noted however that the station may be called upon to 
a ssist in specific operations, such as monitoring and decontamina
ting evacuees, posting warning signs and manning a check-point 
into the contaminated region. The termination of the em ergency is 
the responsibility of the M .O .H .

Approved b y : _______________________
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A N N EX  A

TECHNICAL

UNIT

T ech n ical engineer 

Assistant technical engineers 

Chem ist

C hem ical technician

Stores personnel

Radiation protection technician

STATION EMERGENCY ORGANIZATION CHART 
(MONDAY-FRIDAY WEEKDAY SHIFTS ONLY)

DUTY SHIFT SUPERVISOR ADVISORY GROUP CO-ORDINATOR 

Superintendent

OPERATING UNIT 

All operators

COMMAND GROUP 

CO-ORDINATOR

M aintenance supervisor

COMMAND GROUP

ADVISORY GROUP

Assistant superintendent 

H ealth physicist 

Radiation control supervisor

T echnical engineer 

Control engineer

M echanical m aintenance forem an 

Service m aintenance forem an 

C hief clerk

CONTROL MAINTENANCE

Control engineer 

Control m aintainers

MECHANICAL 

MAINTENANCE UNIT

M echanical m aintenance 

foreman 

M echanical m aintainers

SERVICE MAINTENANCE 

UNIT

Service m aintenance 

forem an 

Service m aintainers

UNIT

C h ief clerk office 

Personnel 

Draftsman 

Guide and visitors

TREATMENT 

AREA SUPERVISOR

Radiation protection 

technician
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A N N EX  B

STATION EM ERGENCY SUMMARY OF ACTION

ANNOUNCEMENT: GIVES ASSEMBLY AREA. COMMAND POINT AND INCIDENT AREA

COMMAND POINT 
(S h ift supervisor)

ASSEMBLY AREA 
(Com m and group co*ordinator)

TREATMENT AREA 
(T re a tm e n t area supervisor)
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SHIFT SUPERVISOR

A N N EX  C

SECTOR EM ERGENCY SUMMARY OF ACTION

Less than  3 0  p R /h  M ore th an  3 0  fiR/h

a t  1 m  a t  1 m
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ACTIVITY LEVELS FOR SECTOR EMERGENCIES

If quantities of radioactive m aterial shown in Table VII are  
known to have been released from  the stack, a sector emergency  
is necessary .

A N N E X  E

TA BLE VII. RELEASE VIA STACK

Nuclide group
Stack

release

Stack air activity  if  released in:
Stack monitor reading 

i f  released in*

(Ci)
10 sec 1 min 1 h 24 h 10 sec 1 min 1 h 24 h

Radioiodines 2 .5 9 X 1 0 '8 1 .5  x l o " 8 2 .5  x 1 0 " 10 1 .0 1  X 10" 11

Fission product 
particulates 10 3 .6  x 1 0 '7 6 x 1 0 '8 1 x lO-5 4 .2  x l o ' 11

Tritium  oxide 2 X 10s 7 .2  X 10* 1 .2  x 102 2 8 X 10‘ 2

Noble gases 1 .5  X 1 0 s 5 .4  X 1 0 2 0 .9  x 1 0 2 l . S 6 .2 5  X 1 0 " 2
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TA B LE VIII. RELEA SE VIA REACTOR BUILDING (OVERPRESSURE EXISTING)

Overpressure AP existing 
for 1-hour period a (lb/ in2 gauge)

Air contam ination concentration (piCi/cm3) 
in reactor building requiring environmental survey

Iodines Particulates Tritium  oxide Noble gases

1 4  X 10"1 1 .6 3 .2  x 104 2 .4  x 104

2 2 X 10" ' S x 10'1 1 .6  X 1 0 4 1 .2  x 104

4 ID '1 4 x 1 0 " 1 8 x 1 0 3 6 x 103

6 0 .7  X 10"1 2 . 7  x 1 0 " 1 5 x 10 3 4 x 103

a Concentrations for tim es other than 1 h are obtained from table by dividing by required tim e in hours.

This publication is no longer valid 
Please see http://www-ns.iaea.org/standards/



AN N EX  F

EM ERGENCY DOSE GUIDE

TA BLE IX. PROBABLE E FFE C T S  OF ACUTE, 
WHOLE BODY DOSES

Acute exposure 
(R)

Probable effects

0 - 2 5 No detectable c lin ica l effects . Probably no delayed effects

25 - 100 Slight blood changes with later recovery. Possible nausea. Delayed 
effects possible but serious effects improbable

100 -  200 Nausea and fatigue, possible vom iting. Reduction in certain  blood 
ce lls with delayed recovery

200 -  300 Nausea and vomiting on first day. Two-week latent period followed by 
general m alaise, loss o f appetite, diarrhoea, moderate em aciation . 
Possible death in 2 -  6 weeks but for most healthy individuals recovery 
likely

300 -  600 Nausea and vom iting, diarrhoea in first hours. Short latent period 
followed by ep ilation, loss o f appetite, general m alaise, haemorrhage, 
diarrhoea, em aciation , sore throat. Some deaths in first week possible, 
eventual death of 50% of individuals for about 450 rems

600 or more Nausea, vom iting, diarrhoea in first hours. Short latent period followed 
by diarrhoea, haemorrhage, em aciation , inflam m ation of mouth and 
throat, fever by end of first week. Rapid em aciation and death as 
early as the second week with possible eventual death o f 100% of exposed 
individuals

1 1 4
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TA B LE X. A PPRO X IM A TE TIM E FOR A 10- re m  DOSE

Dose rate 
(rem/h)

T im e for 10-rem  dose a 
(min)

1000 0 .5

500 1

100 5

50 10

10 50

a Includes a safety factor and provides simple numerals.

ANNEX G

FIRST AID TREATMENT OF CONTAMINATED WOUNDS 

General

Wounds, whether contaminated by radioactive substances or 
not, are  to be treated in conformity with the principles laid down 
in the St. John1 s booklet entitled "Fundamentals of F irs t  Aid". 
There is a copy of this booklet in every Ontario Hydro first-a id  
kit and in the station first-a id  room. Additional copies for p er
sonal use may be obtained by order from central sto res. From  
tim e to tim e, courses in general first aid will be given by Ontario 
Hydro instru ctors at the station. These will be made available 
to all station personnel.

In the first-a id  treatm ent of contaminated wounds, the following 
general principles should be rem em bered:
(a) Speed is important. Many isotopes are  absorbed very quickly 

through the skin.
(b) Remember the patient. Be calm , gentle and reassuring. This 

is most important with extensive or painful inju ries.
(c) You are  concerned with first aid only. Get the patient as 

quickly as possible to the attending physician.
(d) A brief written report of the nature of the accident and of the 

probable contaminating m aterials should be made. This 
should be sent with the patient to the attending physician.
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(e) Swabs, gauze squares or other m aterials used in the deconta
mination of a wound should be saved for use, if needed, in
the further investigation of the accident. Contaminated clothing, 
tools and other articles should also be kept.

(f) All wounds which a re  contaminated or are  suspected of being 
contaminated, no m atter how sm all, should be reported to the 
Medical Services Division at once.

Treatm ent

When a wound is or is suspected of being contaminated, the 
following procedure is to be followed after such vital first-aid  
procedures as control of brisk bleeding, artificial respiration, 
e tc . ,  are  carried  out:
(a) All contaminated clothing around the wound should be quickly 

removed. While this is being done, the wound itself should 
be protected with a sterile  dressing to prevent further conta
mination with dirt or radioactive m aterials.

(b) Monitoring should be carried  out at the wound itself, in an 
attempt to gauge the degree of contamination. This should 
be done and recorded both before and after decontamination.

(c) If the wound is not extensive, does not appear to be very deep 
and does not appear to be penetrating into one of the body 
cavities such as the skull, chest or abdomen, it should be 
washed thoroughly with soap and copious amounts of lukewarm 
w ater. Following this, it should be monitored again and
the change in activity level noted. It should then be covered  
with a clean (preferably sterile) dressing.

(d) If heavy contamination of the surrounding skin is present, 
it should be washed thoroughly using soap and water, and,
if n ecessary , a soft-bristled brush. All washing should be 
conducted away from the wound which is kept covered to p re 
vent further contamination. Where possible, the operator 
should wear protective gloves. Decontamination procedure 
should not be too energetic for fear of destroying the natural 
b a rrie r  of the skin.

(e) When the wound is extensive, or is very deep, or penetrates 
through the bone of the skull or into the chest or abdomen, or 
where there is an associated compound fractu re (bone pro
truding from  the wound), no attempt at decontamination should 
be made. If activity is high around such a wound, the su r
rounding skin may be decontaminated as in (c), the wound it 
self being carefully protected with a sterile  dressing while 
this procedure is being carried  out.
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AN N EX  H

INFORMATION ON RELEASE OF ACTIVE MATERIAL 
AT RADIATION INCIDENTS

1. Possible escape routes for radioactive m aterial

There is multiple containment of the fission products within 
the reacto r system s, and for a gross release  of fission products 
to the environment the simultaneous or successive failure of the 
multiple containment must occur. Diagram m atically, the route 
from  fuel to the environment is as follows:

Sheath System Building containment
failure failure failure

This route is possible when irradiated fuel is in the reacto r  
co re , the fuelling machines or in the fuel tran sfer mechanism.

The first line of defence and the overriding principle for p re 
ventative action is that cooling must be maintained to the fuel. If 
this is not possible, the second line is to maintain fission products 
within the system . Finally, if it is not possible to prevent the 
escape of radioactive m aterial from the system s, then it is essen
tial that they be contained within the building or parts of the building.

2. P ressurizing, dousing, pressure equalizing

Because of the importance of maintaining the integrity of the 
re a cto r building and to minimize spread of fission products within 
the building itself, an attempt has been made to halt an escape 
at various points before it reaches the building general a reas .
This is summed up in F ig . 9 which illustrates dousing, pressure  
equalizing, and containment.

3. Probability of occurrence

The probability of occurrence of an accident which will release  
fission products to the outside atmosphere is very sm all and has 
been estimated to be not m ore than once in 103 y ears.

1 1 7
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DjO j DOUSE HjO j DOUSE

F IG .9. Pressurizing, dousing, pressure equalizing.
-----------------^ Planned rupture path
 --------------^ Pressurizing medium
--------------Depressurizing medium
Notations give the Relief Panel number; e .g .  N o .7 = N o.7 Relief Panel.
Data give yield pressure difference and approximate area of Relief Panel; e .g .  12/ 0.5 = 12 lb/in 
0 .5  f t 2.

4. F ission  products of importance in an emergency

Although the probability of a release is low, a fission product 
re lease  is possible. The nuclides which are  most likely to be 
released are  the volatile fission products, i .e .  the inert gases 
krypton and xenon, the iodines, caesium  and ruthenium; of these  
the iodines present the m ajor hazard within the plant itself and 
to the surrounding d istrict. The particular iodine isotope which 
is the most troublesome is 131I. If 131I is released to the atm o
sphere it deposits on the ground and can enter the human food 
chain by way of dairy products from the contaminated land.

In addition to the volatile fission products, in most accidents 
tritium  will be a m ajor problem mainly within the station. Large  
quantities of this nuclide can be released to the atmosphere as 
live steam . Tritium  will accompany most fission product releases  
and is very likely to be released on its own.

Of the non-volatile fission products, 90Sr is biologically the 
most hazardous, but release  of this nuclide is fortunately much 
less likely to occur in comparison with a volatile release .
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A N N EX  J

EQUIPM ENT STORED IN EM ERGENCY CEN TRE

1. Command point accesso ries

1 desk 
6 chairs  
Stationery 
Blackboard

Em ergency procedure 
D istrict maps 
Site plans
System flow -sheets and floor plans

2. Instruments

4 two-way radio communicating 1 iodine m eter
sets 1 tritium  monitor

5 gamma m eters 10 gamma dosim eters
2 high-gamma m eter I 10 high-gamma dosim eters
5 contamination m eter I 1 air collector
1 air-sam p le m eter 2 battery a ir collectors
2 portable chargers

3. P rotective equipment

8 Scott air-packs
16 spare a ir cylinders 

300 resp irato rs  
100 air-supplied resp irato rs  
100 25-ft a ir hose 

2 vault suits 
25 ventilation harnesses  

200 plastic suits 
200 plastic hoods 
150 coveralls  
100 caps

100 underpants 
100 vests  
100 socks
100 pairs of orange rubbers 

25 pairs of red rubbers 
25 pairs of rubber boots 
18 Parkas  

200 p airs of cotton gloves
5 boxes of Latex gloves
6 pairs of arm -length gauntlets 

18 pairs of linesman gloves
100 towels
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4. C on tam ina tion  c o n tro l equipm ent
2 25-lb containers Alconox 

20 lb of cloth wipers 
100 mop heads 

25 mop handles 
10 pails and squeezers 

300 disposal bags 
25 radiation signs

1 ro ll polythene sheet
1 ro ll Fibrene. paper

5. Medical equipment

1 stretch er
1 basket stretch er

5 lb of hand cleaner 
50 cakes of hand soap 
12 hand brushes 

500 ft of b a rrie r  rope (radiation)
5 rolls of floor tape (radiation) 

20 rolls of masking tape (2 in .) 
25 steel posts 
12 packet sm ears

4 blankets
1 first-a id  kit

6. Miscellaneous

6 headlight lanterns (with red 
flasher)

2 loud hailers
2 100-ft nylon ropes

2 axes
2 multi-purpose knives
2 pairs of sc isso rs

ANNEX K

EQUIPMENT IN CONTAMINATED CASUALTY KIT

1 contamination m eter I 
12 film dosim eter holders

1 portable charger
10 high-gamma dosim eters 

300 ft2 of 0 .0 1 0  in. plastic
2 radiation blackboard signs
2 contamination signs

1 box Latex gloves
6 pairs of cotton gloves
2 ro lls of masking tape 

24 disposal bags
24 contamination labels

6 resp irato rs
24 packets of hand cleaner
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A N N EX  L

The following equipment is held in stores as an emergency  
supply, and the use of any item s can be obtained by contacting the 
radiation and industrial safety branch head.

Quantity Description

EM ERGENCY EQUIPM ENT AVAILABLE

1 Bench, 4 ft (rubber station b arrier)
4 Demand air apparatus back type

14 Compressed a ir cylinders, 40 f t3
123 Large resp irato rs an ti-gas, light

64 Small resp irato rs anti-gas, light
362 Norm al resp ira to rs anti-gas, light
250 Willson airline resp irato rs, style C .A .2
800 Modified Comfo resp irato rs
500 R164 cartridges for Willson Airline resp irators

3500 Cannisters Combat Mil
2347 Cannisters light weight for particulate only

25 25-ft length of Airline hose iin .
24 P a irs  of coveralls, cotton, white
20 P ark as, white
60 P a irs  of cotton gloves

100 No. 10 one-piece plastic throwaway suits
100 No. 24 dust hoods, throwaway type

17 Headlight lanterns
3 25-ft e lectric  extension cords
2 Spades, ditching
4 4 ft ro lls Fibrene paper

100 B ags, disposal, large
3 Large garbage cans
4 Mopping pails
4 Mop w ringers
1 Table with blackboard

170 Rods, steel |in. X 4 ft (sharpened at one end)
34 Rolls, plastic yellow tape
43 Rolls, plastic red tape
60 Rolls, orange cotton

1 Roll, butcher twine
120 Mop heads

40 lb of rag s, wiping
48 10-oz tins Alconox
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L I S T  O F  P A R T I C I P A N T S

FIRST MEETING: 5-9  December 1966

CHAIRMAN 

Sevcik, A. Czechoslovak Socialist Republic

PANEL MEMBERS

DiNunno, J .
Doyen, R .
Ganguly, A. K. 
Gausden, R.

Horton, S.G.  
Iansiti, E . 
Magnusson, T . 
N agara, K. 
Schw arzer, W. 
Teste du B ailler

United States of A m erica
Belgium
India
United Kingdom of Great Britain  

and Northern Ireland 
Canada 
Italy 
Sweden 
Japan
F ed eral Republic of Germany 
F ran ce

OBSERVERS

Etienne, P. 
Musilek, F .  
V estergaard, R.

F ran ce
Czechoslovak Socialist Republic 
Sweden

R EPR ESENTATIVES
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Luykx, F .  
Meilland, G. 
Vinck, W.

World Health Organization 
European Atomic Energy Community 
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European Atomic Energy Community
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SC IEN TIFIC  SECRETA RIES
Beranek, J . International Atomic Energy Agency, 

Division of Health, Safety and 
W aste Disposal

Hawley, C. A. International Atomic Energy Agency, 
Division of Health, Safety and 
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McCullen, J . D. International Atomic Energy Agency, 
Division of Nuclear Power and R eactors

SECOND MEETING: 11-15 September 1967

CHAIRMAN 
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PAN EL MEMBERS
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Doyen, R .
Ganguly, A, K. 
Gausden, R.
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Im para, R . 
Magnusson, T. 
Molloy, T . J .  
N agara, K. 
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Czechoslovak Socialist Republic
F ran ce
Belgium
India
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DiNunno, J .  United States of Am erica
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Velona, F .  Italy
V estergaard, R. Sweden

REPRESENTATIVES

Luykx, F  
Vinck, W

SCIENTIFIC SECRETARIES

Hawley, C. A.  International Atomic Energy Agency,
Division of Health, Safety and 

W aste Disposal

McCullen, J . D. International Atomic Energy Agency,
Division of Nuclear Pow er and R eactors

European Atomic Energy Community 
European Atomic Energy Community
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