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The Safety Implications of Nuclear Power

Bie major hazard associated with the operation of a nuclear power station

is the buildup of radioactive fission products produced and contained in the

fuel pencils. Although small quantities of these fission products may escape

through pin-hole sized defects in the fuel cladding into the reactor coolant,

experience has shown that subsequent leakage frcm the coolant system and release

frcm contairment via the ventilation system or sump system can be controlled to

such an extent that the levels of radiation and radioisotopes in the environment

outside the exclusion area of the nuclear power station are virtually indis-

tinguishable from naturally occurring background radioactivity. To ensure that

this continues to be the case, the Board requires monitoring of all effluents

fran nuclear power stations.

Should a failure occur in these normally operating systems or components

such that the integrity of the fuel is endangered, then special safety systems

cone into action to ensure that the chance of a major release of radioactive

fission products is negligibly small. Thus, the safety criteria and principles

developed in Canada are direct»d towards minimizing the chance of mechanical

failure of the fuel in the first instance and towards preventing or reducing to an

acceptably low level the escape of fission products from the station should

fuel failure occur.

3he Canadian Reactor Safety Philosophy

Background

In 1956, the Reactor Safety Advisory Committee (RSAC) which was composed

of senior scientists, engineers and medical experts in the domains of nuclear
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and non-nuclear safety and radiological protection, was formed to advise tine

Atonic Energy Control Board (AEŒ) on' all aspects of reactor safety.

By 1964 basic safety criteria and practices were formulated. They were

subsequently referred to as the Reactor Siting Guide, which, in cannon with

approaches to reactor safety throughout the world, is based upon the concept

of 3efence-in-depth. Since 1964 the Reactor Siting Guide has evolved sarewhat

but the fundamental nature of the defence-in-depth approach has" not changed.

Application of the defence-in-depth approach is based first on minijnization

of the probability of human and equipment failures and secondly on the provision

of highly reliable protection systems just in case these failures occur anyway.

In the Guide, a nuclear power plant is considered to consist of two types

of systems:

Process Systems - these are the systems and equipment required for the normal

functioning of a nuclear power plant as a power producer and include such systems

as the heat transport systems, the turbine-generator and main power output

systems, the reactor and plant control systems, -the.refuelling ana spent fuel

transfer systems, and so on. Were it not for the radiation and fission products

produced in the reactor these would be the only systems necessary in a nuclear

power plant.

Special Safety Systems - These systems are designed to cope with postulated

failures in the process systems and, as will be explained later, also failures

in the process systems combined with unavailability of any one of the special

safety systems. Included in this division ate the shutdown systems which shut

down the neutron chain reaction, reducing reactor power to decay heat levels,
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the emergency core cooling system (EOCS) liiich cools the reactor fuel following

a pipe break in the reactor coolant system, and the containment system which

prevents or limits the escape to atmosphere of any radioactive material present

in the escaping coolant.

Defenos-in-Dspth Concept

Che way of illustrating the defence-in-depth concept is to consider the

various lines of defence (see Figure 1) which exist to prevent ..pr to mitigate

the effects of the release of radioactive materials from the fuel to the public.

The first line of defence is the UCu fuel itself. U0_ is a ceramic material

with a very high melting point and is chemically unreactive with -the ooolant.

More than 90% of the fission products are bound in the UO- mixture under normal

operating conditions. Even if the U0_ is overheated much of -the fission product

activity remains in the UO2 and the volatile fission products, such as the noble

gases (Kr, Xe, Rn), caesium and iodine isotopes, are released at a relatively

slow rate.

The second line of defence is the zirconium alloy sheath around the UCL

fuel. The zirconium alloy at normal operating conditions (560°F) is corrosion

resistant although it tends to lose ductility under neutron irradiation.

3he third line of defence consists of the piping and other pressure retaining

components of the reactor ooolant system and also the reactor control system.

The pressure retaining components must be designed and constructed to the high
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standards of modem pressure vessel technology, that is, to the ASME Boiler

and Pressure Vessel Oode, Section III; Class 1, and during their operating life

must undergo periodic inspection to ensure that a high level of integrity is

maintained.

Hie reactor control system ensures that the operational variables of

pressure, tenperature, and power stay within the design capabilities of the

fuel and the pressure retaining conponents. The control carponents are tested

frequently during operation and redundant canponents are employed to improve

the reliability of the control operation.

fourth Jirse of defence consists of the special systems which are designed

to protect against failures in the second and third lines of defence. These

systems also enploy redundancy and diversity of hardware to achieve high levels

of reliability and are tested frequently to ensure their availability when

called upon.

The fifth line of defence, the exclusion area of about 1000 metres radius

separating the general public frcm the plant, will result in significant dilution

of any released or escaping fission products before they reach the public.

Ihe Jœy point of the defence-in-depth philosophy of reactor safety is that

equal care is taken with each line of defence. Uius, emphasis is pJaced on

quality assurance throughout all phases of a project fran design through to

operation and subsequent in-seirvice inspection and maintenance.
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The requirement for a high standard of reliability of systems such as

the reactor power-regulating system and of all special safety systems has often

been used to illustrate in part the defence-in-depth approach. For exarple,

the reliability required of a shutdown system is achieved by providing three

completely independent "channels" of protection. Any two channels in the system

will perform the required protective function thus allowing for the unavailability

of the third without affecting the overall operation of the system. This tripli-

cation not only increases reliability but also permits testing and maintenance

of each channel individually during operation of the reactor. Should one channel

be undergoing testing, the reactor will be automatically shut down should either

of the remaining two channels detect an unsafe condition.

Avoidance of human errors is also an extremely important part of the Canadian

safety philosophy. Hie multiple consequences of a single error (either in design,

construction or operation) may defeat the purpose or impair the operation of even

a triplicated system, d u s , particular care is taken to eliminate opportunities

for human error during operation or during postulated accident situations.

Power ftaactor Safety Criteria and Principles

In applying the basic Canadian philosophy described above, a number of

specific criteria and principles have evolved. Seme of these are discussed

further in later sections of this paper, however, they are tabulated below for

ease of reference:
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1) Design and construction of components, systems and structures essential

to or associated with the reactor shall follow the best applicable code,

standard or practice.

2) The design, quality and operation of all process systems essential to the

reactor shall be such that the total of all serious failures does not exceed

1 per 3 years. A serious process failure is one that in the absence of

special safety system action could result in a release of radioactivity

in excess of acceptable values.

3) Special safety systems shall be physically and functionally separate from

the process systems and fran each other to the maxiimm extent practicable.

4) Each special safety system shall be readily testable, as a system, and

shall be tested at a frequency to demonstrate that its unavailability is

less than 10 .

5) Radioactive effluents due to normal operation shall be such that the dose

to any individual member of the public affected by the effluents, from all

sources, shall not exceed 0.5 rem per year whole body, or 3 rem per year

thyroid, and the total dose to the population around the reactor site shall
4

not exceed 10 man-rem per year.

6) The effectiveness of the special safety systems shall be such that for any

serious process failure the exposure of any individual of the population

shall not exoaed 0.5 rem whole body and of the population at risk, 10 iaan-rem.

7) For any postulated combination of a single. process failure and failure of a

special safety system (known as a "dual" failure), the predicted -dose to any

individual shall not exceed (i) 25 rem, whole body, (ii) 250 rem, thyroid,

and to the population, 10 man-rem.
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8) In carputing tiie doses in 6 and 7, the meteorology to be vised shall be

either the worst weather existing at most 10% of the tine or the Pasquill

F condition if local data are inccrplete. Individuals in the population

at risk shall be considered to be on the Exclusion Zone boundary. An

Exclusion Zone is an area, specified by the Board, immediately surrounding

a nuclear facility and under the control of the licensee or operator. For

all power reactors licensed to date, the Exclusion Zone extends fron the

reactor core to a radius of 914 metres, with the exception of navigable

waters.

Public Exposure During Normal Operation

appendix A (Ref. 1) lists the reference dose limits which have been adopted

in Canada for a person living at the edge of the exclusion area and for the

population around the station, both for continuous normal operating conditions

and for accident conditions. limits are given for normal operation, single

process failures, and "dual" failures, i.e. failures of a process system assuming

any one of the safety systems designed to mitigate the effects of the failure

is unavailable at the mcment the process failure takes place.

The dose limits for normal operation are those in the Atomic Energy Cbntrol

Regulations which, in turn, are based on the recamendations of the International

Commission on Radiological Protection (Ids'). Mr. Bush covered the derivation of

all these limits in his presentation on July 9, 1979.



- 8 -

In the calculations of closes, various nodes of exposure of the most

sensitive person must be considered, such as: inhalation and direct exposure

fran radioactive material discharged to the atmosphere; ingestion of radioactive

materials deposited on the ground and subseauently introduced into a food chain;

ingestion of radioactive materials discharged to water bodies which may be used

for drinking water, recreation or food sources; and direct radiation fran the '

plant. (The shielding of the reactor is designed to protect plant personnel so

that as far as the public is concerned direct radiation from the plant is

negligible.)

Ihe ICKP also recommends that doses be kept as far below the limits as is

reasonably achievable. In Canada, we have designated the operating target for

all plants as 1% of the licence limits discussed above. With a few minor

exceptions for old plants, this operating target is routinely met at all plants.

Mr. Bush discussed this target in Ids presentation on July 9.

Serious Failures in Process Systems and Equipment

Bie Siting Guide requires that the process systems be designed, constructed

and operated to high standards so that the frequency of occurrence of a serious

failure in the process systems and equipment should be low. A serious failure

of a process system or equipment is one which requires action by one or more of

the spécial safety systems to prevent significant radioactivity release to the

public. Events in this category include a wide spectrum of events such as
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(depending an the detailed design of the plant):

- stepping of main coolant punps (loss of flow - usually caused by

malfunction of the main power system) ;

uncontrolled, or unrestricted demand for reactor power increase

(loss of regulation);

- mismatch between the power production in the reactor and the

ability to remove that power (loss of main heat sink); and

- rupture in the heat transport system pressure retaining boundary

Iloss of coolant).

It is assumed in the Siting Guide that the total frequency of all serious

failures could be as high as about once every three years. Uiat is not to say

we would accept or assume that a large pipe might break as often as ence in

three years. In fact, the frequency for such a failure is generally considered

-2 -4
to be 10 to 10 per year.

The intent of the Siting Guide is to recognize that serious process failures

can be caused by a myriad of initiating events but that the sum should not exceed

1 per 3 years. Ihe Guide makes no attempt to specify specific frequencies for

specific events. Experience has shown that serious process failures do occur

with about this frequency.

ïtie Siting C .de specifies Reference Dose Limits for serious failures in

process systems. Because serious failures are assumed to occur fairly frequently,
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the "limits" on individual and population dose are the sane as those for one

year of normal operation; however, any release from such a failure would occur

in a relatively short time (minutes to hours) so that whereas average weather

canditiens are assumed in the dispersion calculations for normal operation,

the worst atmospheric dispersion conditions which exist for about 10% of the

time are assumed for process failure calculations.

The Reference Dose limits for serious process failures in "process systems

determine, in part, the required overall effectiveness of the special safety

systems. For most serious failures the only action required is a rapid shutdown

of the reactor. Sane serious failure cases, such as "loss of coolant", would

require fast shutdown by tiie Shutdown System(s), and operation of ECCS and con-

tainment to limit the consequences.

In addition to the requirements set by the dose limits, targets have been

set for each of the special safety systems. For example,

(i) the shutdown system(s) must be capable of preventing fuel failure following

a loss of regulation (LOR) accident, and

(ii) the ECCS, together with shutdown action, must be capable of limiting fuel

failures to the extent necessary to ensure that the reference dose limits

aie not exceeded.

In developing the Siting Guide, it was recognized that even special safety

systems are fallible. This fact was also recognized by the designers of the

Douglas Point =nd NPD GS's. The fallibility of a special safety system can be
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expressed as unavailability, that is, the fraction of time the system is in-

capable of neeting its design requirements for effectiveness (usually because

of component failures or human error). Since a special safety system is normally

in a dormant or "poised" state, ready to operate if process parameters exceed

set limits, the availability of a special safety system during normal operation

must be determined by testing. A basic tenet of tha Siting Guide is that claims

of unavailability for special safety systems will not be believed unless those

claims can be verified by test during the operating life of the-plant. Consider-

ing th~ practical limitations of the frequency of testing and the reliability of

human operators, it is felt that the best one can claim for the availability of

any special safety system is .999, that is, an unavailability (=1 - availability)

of 10 , or, 8 hours per year, on average.

On this basis, the probability of a serious failure (once every 3 years)

occurring at the time that the appropriate special safety system(s) is (are)

-4

unavailable is about 3 x 10 per year, Tfce validity of even this simple cal-

culation depends on one important proviso, viz. that there is no cross-linking

effect whereby the factors which caused the serious failure could also disable

the operation of the special safety system (s) which are intended to ccpe with

the particular serious failure. The elimination of potential cross-links dominates

considerations of nuclear power plant design, construction and operation. It may
be relatively easy to shew on paper tnat a system will have an unavailability of

-6say 10 or less. It is much less easy to demonstrate this unavailability in

practice or to show that the system is iimune from cross-linked failures. Hence,
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much emphasis i s placed on design practices which experience has shewn will

minimize the potential fa : cross-linked failures between process and special

safety systems and ancng the special safety systems themselves.

Dual Failures

Even assuning the absence of cross-linked failures, it is considered that

a serious process failure coincident with the unavailability of a special safety

system, i.e. a dual failure, must be considered in the design and safety analysis

of the plant, though one can accept greater consequences than" those accepted

under the serious process system failure category. The individual and population

Reference Dose Limits for dual failures are listed in Appendix A. Exarples of

dual failures are:

loss of coolant (LOCA) coincident with loss of EOCS. In this event,

the reactor shutdown and aantaiiment systems are assumed available.

LOCA coincident with containment impairment. The reactor shutdown

system and EOCS are assumed available.

As inferred frcm the Siting Guide, the probability of occurrence for the

above dual failures can be estimated, by multiplying the sinple failure frequency

of 10~ to 10~ /year for a WCA by the (required) unavailability of lO" for the

special safety system, giving about 10 to 10 /year. One can carry on and

postulate a IOCA coincident with unavailability of more than one safety system,

e.g. ECCS and containment unavailable, but because the probability of such a

triple failure would be so low (less thar

not required in reactor safety analysis.

—8triple failure would be so low (less than 10 per year) consideration of it is
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However, examination of actual major accidents that have occurred in reactors

shows that cross-linked failures and human errors in the form of design weaknesses

or operating errors predominate over randan coincidence when one is considering

accidents of very low probability. This fact is not surprising when one considers

the amount of effort that goes into er >uring the low probability of coincidence

of purely random and unrelated failures in more than one system or component.

Experience has shown that an equal effort must be expended to ensure by careful

design, construction and operation that the probability of cross-linked failures

is indeed very low.

Worker Safety

Many of the measures designed to protect the pjblic also protect the operators

and maintainers of nuclear power plants; nevertheless, the workers must work from

time-to-time near sources of moderate to high radiation and in atmospheres con-

taining mixtures of volatile radioactive materials, mainly tritium. For this

reason plant staff are trained in radiological protection and they are also

provided with instruments and protective clothing for detection of and protection

against radiation in its various forms and sources.

The recommandations of the ICRP are largely concerned with establishing

permissible doses for occupationally exposed workers. In Canada, these people

are called Atomic Radiation Workers. Despite the higher annual radiation doses

permitted for Atonic Radiation Workers, most receive much less dose than the per- .

missible amounts. Even at the permissible dose levels, the risk to health of the

worker is very low.
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Extreme Load Design

Introduction

Extreme loading and response of nuclear power plant structures under internal

and external catastrophic events bécarre the focus of nuclear power safety con-

sidérations about a decade ago. Extrente loading is associated with such events :

as aircraft crash, explosion, turbine disintegration, pipe burst, tornadoes,

earthquakes and floods. Ihese events are categorized as internal and external

events; the former are a function of plant design while the latter are a function

of the siting of the plant. Furthermore, external events are also classified

into man-induced events and natural events. The International Atomic Energy

Agency in Vienna is now producing a set of Siting and Design Guides which en-

compass the majority of extreme load events (see Appendix B). Canada has tech-

nical representation on the committees producing and approving these documents.

Internal Events

Accidental rupture of high energy pipe lines with possible missile generation,

reaction leads, and jet impingement is of primary concern. Systems required for

safety are, if possible, physically located away from high energy pipe lines. If

this is not possible, barriers are erected or the high energy pipe lines are re-

strained.

A concern associated with pipe rupture is the possible inpairment of fuel

cooling. The Board initiated _i. 1977 a research program with Carleton University

(Dr. J. T. Rogers) to evaluate experimentally and analytically, the themchydraulics
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of emergency core cooling systems. In response to questions arising during

the Porter Cbranission hearings of last year, this investigation ha? î ow Y* en

extended to a study of the ultimate behaviour of an uncooled CBNDU oore. It

will focus on ttie physical feasibility of fuel melt-through to ground water in

the postulated absence of various heat sinks.

The behaviour of the concrete containment structure to over-pressure con-

ditions has also been of particular concern to the AEŒ, since, if chunks of

concrete were to fall loose they might impair the effectiveness of the reactor

shutdown system(s) or the amergency core cooling system(s). As the behaviour

of such structures could not be determined by the usual engineering analyses

with existing data, the AECB initiated a 5 year $450,000 research program with

the University of Alberta to determine experimentally and analytically the

probable failure modes (Hef. 2). Although this study is not yet conplete,

results to-date indicate that the post-tensioned, reinforced concrete contain-

ment structures used with the 600 Mfe CflNEU plants have resiliency and toughness,

more than was expected.

Missiles could also result from such internal events as flywheel or turbine

breakup. The AECB requires the licensee to examine the potential for such events

and to provide appropriate protection in the form of missile barriers or re-

orientation of the component to minimize the hazard to other equipment.
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External Man-Induced Events

Aircraft crashes, explosions on nearby transportation routes or in chemical

plants, and release of toxic gases are exatples of external man-induced events

which have been consicfered for nuclear power plants. Ihs approach taken in Canada

has been to erect protective berms or siaply to relocate the nuclear plant or aie

potential hazard. Nevertheless, the AECB has financed a study (Rsf. 3) to, first,

assess the chances of an aircraft striking a plant and, second, to assess the

physical damage that may occur to a reinforced concrete reactor containment.

Preliminary findings are that the central shafts of large aircraft engines coula

penetrate this containment. However, such penetrations would depend upon a favour-

able orientation and hiçfr aircraft velocities. When ccnpleted, the study should

be able to attach probabilities to the penetration events.

External Natural Events

Earthquakes, winds, and floods are the major external natural hazards to

which a plant may be subjected. Historically, the design basis loads for these

events have been extracted fran the National Building Code of Canada (NBCC). In

general, such design loads are based on a 100 year return period at a specific

site, that is, on a probability of occurrence of 10~ per year. Use of conservative

engineering practice will usually result in structures which can withstand actual

loads in excess of these design basis loads.
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The external natural event that would seem to have the greatest potential

for dsniage to a nuclear power station As a seismic event. While some places of

the world such as California have a reasonably clear understanding of the earth-

quake causing mechanism in ttieir region, this is not the case in eastern Canada

(Kef. 4). Since 1974, the AECB has worked closely with the Earth Physics Branch .

of Energy Mines and Itesources and the Canadian Standards Association to produce

a seismic prediction methodology suitable for Canadian nuclear power s tations.

Mathematical procedures have now been developed which allow a reasonable deter-

mination of the ground motion characteristics at a particular site for a 1000

year return period, or a probability of occurrence of 10" per year. (A detailed

description is available in Hef. 5.) However, e"en use of the 1000 year return

period loading would not have guaranteed that a nuclear power station located at

Cornwall would have withstood the 1944 M6 earthquake. Such a combination of

magnitude and location corresponds mathematically to a probability of about

-610 per year.

What should be an acceptable probability of occurrence for specifying the

design basis seismic loading? It has been suggested that the risk of a major

seismically induced accident might be tolerable at probabilities of occurrence

greater than the occurrence of serious internal events, if it could

be shown that this would constitute only a minor addition to the other non-nuclear

damage that might be expected in the community.- as a result of the earthquake.

However, this would lead to the absurd conclusion that a reactor sited in a

rural setting would have to be designed to more stringent requirements than one

sited in an urban setting. For exanple, the M7.2 earthquake near the mouth of

the Saguenay River in 1975, the M6 Baniscaning (1935) and Cornwall (1944) earth-
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quakes caused no fatalities. It would appear that at least rural construction

in Canada is such that there is very little likelihood of death in even the

most severe earthquake- Hierefore, the AECB is ccranittad to achieving a very

low probability of occurrence for radioactive releases exceeding acceptable

limits, and is devoting considerable effort to developing analytical techniques,

naking use of non-linear material properties, to show how ccnpliance with this-

objective can be achieved (Rsf. 6).

Evolution of Design and Safety Raquirements

For reasons of econany there is a strong inclination toward repeating proven

facility designs with relatively few changes as shown in Table 1. The trend

toward standardization of designs should facilitate licensing; however, carponent

obsolescence and carponent innovation are powerful influences for change in

succeeding generations and experience with earlier plants is also reflected in

the requirements for later plants. The increasing conplexity of plant systems

and greater use being made of carputers have resulted in a need to examine a wider

spectnm of postulated failures, and to examine them in greater depth with more

sophisticated tools.

Licensing of the first nuclear plants in Canada was done on the basis of

risk to public safety for selected design basis accidents. The first nuclear

plant licensed under the single and dual failure approach outlined in this paper

was the Pickering A generating station although dual failures were also examined



- 19 -

for the Douglas Point station. As more and more reactors are built the licensing

guide-lines must of necessity become more explicit and ccnprehensive to ensure

consistency of application. In addition, changes in reactor design have made

necessary sane changes in safety system requirements and confusion has arisen.

about the applicability of these new requirements to the older plant designs.

Sans have inferred that the older plants are less safe because of these di.ffer-

ences, without understanding the reasons for the differing requirements. This

is not to say that older reactors would not be reassessed if significant new

information or better analytical techniques become available, as in the case of

the AECB requirement for the reassessment of the ECCS performance for reactors

licensed before Bruce A reactors.

The Board, within the tight resource situation which has now existed for

several years, has acquired and is acquiring the necessary capability to deal

with the sophisticated safety evaluations presented in support of licence appli-

cations. Where Board staff expertise does not yet exist, appropriate consultants

have been retained to carry out the necessary evaluations. Design and safety

requirements will no doiiit continue to evolve, in response to social and economic

pressures, but it is our opinion that the present level of safety achieved in the

nuclear power industry could well serve as a goal for the regulation of other

hazardous activities.



TABLE 1

Canadian Natural Uranium Heavy Water Power Reactors

in Operation, Under Construction, or Committed

Reactor

NPD

Douglas Point

Gentilly-1

Pickering A

Bruce A

Gentilly-2

Point Lepreau

Pickering B

Bruce B

Darlington

Year

1962

1967

1971

71 - 73

76 - 79

1980

1980

81 - 83

83 - 86

86 - 88

Power
(We)

20

200

250

4 x 514

4 x 750

600

600

4 x 514

4 x 750

4 x 800

Safety Systems
SDS

Number

1

1

2

2

2

2

2

2

2

2

ECCS •

Type

LP (*)

LP (*)

LP (*)

LP (*)

LP (*)

LP + HP

LP + HP

LP + HP

LP + HP

LP + HP

Containment ,

Type

1

1 •«- (a)

1

2

2 - (b)
- (c)

1

1

2

2

2

Notes :

SDS:
ECCS:
LP:
(*):
HP:
Containment
Type 1:
Type 2:

(a):

(b):

(c):

Shutdown System
Emergency Core Cooling System
Low Pressure
Under Review
High Pressure

Pressure Suppression/Relief Type
Vacuum and Pressure Suppression Type

Formulation of the Reactor Siting Guide
(issued during the design stage of Pickering A)

Requirements for Two Shutdown Systems

Reanalysis of ECCS Performance for pre-Bruce Reactors
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APPENDIX A

OPERATING DOSE LIMITS AND REFERENCE DOEE LIMITS

Situation

Normal
Operation

Serious
Process
Equipment
Failure

Process
Equipment
Failure Plus
Failure of
any Safety
System

Assumed
Maximum
Frequency

1 per 3
years

1 per 3 x 103

years

FOR ACCIDENT CONDITIONS

Meteorology
To be Used in
Calculation

Weighted according
to effect, i.e.
frequency times
dose for unit
release

Either worst weather
existing at most 1C«
of time or Pasquill F
condition if local
data incomplete

Either worst weather
existing at most 10%
of time or Pasquill F
condition if local
data incomplete

Maximum
Individual^
Dose Limits

0.5 rem/yr
whole body
3 rem/yr to
thyroid (a)

Maximum
Total

Population
Dose Limits

10 man-rem/yr

104 thyroid
rem/yr.

Same as annual doses for
i.irmal operation.

25 rem whole
body
250 rem
thyroid (b)

10 man-rem

10 thyroid-rem

(a) For other organs use 1/10 ICRP occupational values

(b) For other organs use 5 times ICRP annual occupational dose



APPENDIX B

INTERNATIONAL ATOMIC ENERGY AGENCY SITING AND DESIGN GUIDES

B.I SITING

Code of Practice

50-C-S Safety In nuclear power plant siting

Safety Guides

5O-SG-S1 Earthquakes and associated topics in relation to nuclear
power plant 9iting

50-SG-S2 Seismic analysis and testing of nuclear power plants

50-SG-S3 Atmospheric dispersion in relation to nuclear power plant siting

5O-SG-S4 Site selection and evaluation for nuclear power plants with
respect to population distribution

50-SG-S5 Extreme man-induced events in relation to nuclear power
plant siting

50-SG—S6 Hydrological dispersion of radioactive material in relation
to nuclear power plant siting

50-SG-S7 Nuclear power plant siting - hydrogeological aspects

50-SG-S9 Site survey for nulcear power plants

50-SG—S10A Determination of design basis floods for nuclear power '
plants on river sites

5O-SG-S10B . Determination of design basis floods for nuclear power
plants on coastal sites

5O-SG-S11 Evaluation of extreme meteorological events for nuclear power
plant siting

5O-SG-S11B " Design Basis Tropical Cyclone - Wind and Pressure Field

Published 1978

Planned for 1979

Planned for 1979



B.2 DESIGN

Code of Practice

50-C-D Design for safety of nuclear power plants

Safety Guides

50-SG-D1 Safety functions and component classification for BWR,
PWR and PTR

50-SG-D2 Fire protection in nuclear power plants

50-SG-D3 Protection systems and related features in nuclear power plants

50-SG-D4 Protection against internally generated missiles and their
secondary effects in nuclear power plants

5O-SG-D5 Man-induced events in relation to nuclear power plant design

50-SG-D6 Ultimate heat sink and directly associated heat transport
"systems for nuclear power plants

5O-SG-D7A Emergency electrical power systems at nuclear power plants

50-SG-D8 Instrumentation and control of nuclear power plants

50-SG-D9 Design aspects of radiological protection for operational
states of nuclear power plants '. f

Published 1978

Planned for 1979

Planned for 1979

50-SG-D10 Fuel handling and storage systems in nuclear power plants


