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FOREWORD 
by the Director General

The demand for energy is continually growing, both in the developed and 
the developing countries. Traditional sources of energy such as oil and gas will 
probably be exhausted within a few decades, and present world-wide energy 
demands are already overstraining present capacity. Of the new sources nuclear 
energy, with its proven technology, is the most significant single reliable source 
available for closing the energy gap that is likely, according to the experts, to be 
upon us by the turn of the century.

During the past 25 years, 19 countries have constructed nuclear power plants. 
More than 200 power reactors are now in operation, a further 150 are planned, 
and, in the longer term, nuclear energy is expected to play an increasingly 
important role in the development of energy programmes throughout the world.

Since its inception the nuclear energy industry has maintained a safety 
record second to none. Recognizing the importance of this aspect of nuclear 
power and wishing to ensure the continuation of this record, the International 
Atomic Energy Agency established a wide-ranging programme to provide the 
Member States with guidance on the many aspects of safety associated with 
thermal neutron nuclear power reactors. The programme, at present involving the 
preparation and publication of about 50 books in the form of Codes of Practice 
and Safety Guides, has become known as the NUSS programme (the letters being 
an acronym for Nuclear Safety Standards). The publications are being produced 
in the Agency’s Safety Series and each one will be made available in separate 
English, French, Russian and Spanish versions. They will be revised as necessary in 
the light of experience to keep their contents up to date.

The task envisaged in this programme is a considerable and taxing one, 
entailing numerous meetings for drafting, reviewing, amending, consolidating and 
approving the documents. The Agency wishes to thank all those Member States 
that have so generously provided experts and material, and those many individuals, 
named in the published Lists of Participants, who have given their time and efforts 
to help in implementing the programme. Sincere gratitude is also expressed to the 
international organizations that have participated in the work.

The Codes of Practice and Safety Guides are recommendations issued by the 
Agency for use by Member States in the context of their own nuclear safety 
requirements. A Member State wishing to enter into an agreement with the 
Agency for the Agency’s assistance in connection with the siting, construction,
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commissioning, operation or decommissioning of a nuclear power plant will be 
required to follow those parts of the Codes of Practice and Safety Guides that 
pertain to the activities covered by the agreement. However, it is recognized that 
the final decisions and legal responsibilities in any licensing procedures always rest 
with the Member State.

The NUSS publications presuppose a single national framework within which 
the various parties, such as the regulatory body, the applicant/licensee and the 
supplier or manufacturer, perform their tasks. Where more than one Member 
State is involved, however, it is understood that certain modifications to the 
procedures described may be necessary in accordance with national practice and 
with the relevant agreements concluded between the States and between the 
various organizations concerned.

The Codes and Guides are written in such a form as would enable a Member 
State, should it so decide, to make the contents of such documents directly 
applicable to activities under its jurisdiction. Therefore, consistent with accepted 
practice for codes and guides, and in accordance with a proposal of the Senior 
Advisory Group, “shall” and “should” are used to distinguish for the potential 
user between a firm requirement and a desirable option.

The task of ensuring an adequate and safe supply of energy for coming 
generations, and thereby contributing to their well-being and standard of life, is a 
matter of concern to us all. It is hoped that the publication presented here, 
together with the others being produced under the aegis of the NUSS programme, 
will be of use in this task.

STATEMENT 
by the Senior Advisory Group

The Agency’s plans for establishing Codes of Practice and Safety Guides for 
nuclear power plants have been set out in IAEA document GC(XVIII)/526/Mod.l. 
The programme, referred to as the NUSS programme, deals with radiological safety 
and is at present limited to land-based stationary plants with thermal neutron 
reactors designed for the production of power. The present publication is brought 
out within this framework.

A Senior Advisory Group (SAG), set up by the Director General in September 
1974 to implement the programme, selected five topics to be covered by Codes of 
Practice and drew up a provisional list of subjects for Safety Guides supporting the 
five Codes. The SAG was entrusted with the task of supervising, reviewing and 
advising on the project at all stages and approving draft documents for onward 
transmission to the Director General. One Technical Review Committee (TRC), 
composed of experts from Member States, was created for each of the topics 
covered by the Codes of Practice.
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In accordance with the procedure outlined in the above-mentioned IAEA 
document, the Codes of Practice and Safety Guides, which are based on docu
mentation and experience from various national systems and practices, are first 
drafted by expert worjcing groups consisting of two or three experts from Member 
States together with Agency staff members. They are then reviewed and revised 
by the appropriate TRC. In this undertaking use is made of both published and 
unpublished material, such as answers to questionnaires, submitted by Member 
States.

The draft documents, as revised by the TRCs, are placed before the SAG. 
After acceptance by the SAG, English, French, Russian and Spanish versions are 
sent to Member States for comments. When changes and additions have been 
made by the TRCs in the light of these comments, and after further review by the 
SAG, the drafts are transmitted to the Director General, who submits them, as 
and when appropriate, to the Board of Governors for approval before final 
publication.

The five Codes of Practice cover the following topics:

Governmental organization for the regulation of nuclear power plants
Safety in nuclear power plant siting
Design for safety of nuclear power plants
Safety in nuclear power plant operation
Quality assurance for safety in nuclear power plants.

These five Codes establish the objectives and minimum requirements that should 
be fulfilled to provide adequate safety in the operation of nuclear power plants.

The Safety Guides are issued to describe and make available to Member 
States acceptable methods of implementing specific parts of the relevant Codes 
of Practice. Methods and solutions varying from those set out in these Guides 
may be acceptable, if they provide at least comparable assurance that nuclear 
power plants can be operated without undue risk to the health and safety of the 
general public and site personnel. Although these Codes of Practice and Safety 
Guides establish an essential basis for safety, they may not be sufficient or 
entirely applicable. Other safety documents published by the Agency should be 
consulted as necessary.

In some cases, in response to particular circumstances, additional require
ments may need to be met. Moreover, there will be special aspects which have 
to be assessed by experts on a case-by-case basis.

Physical security of fissile and radioactive materials and of a nuclear power 
plant as a whole is mentioned where appropriate but is not treated in detail. 
Non-radiological aspects of industrial safety and environmental protection are not 
explicitly considered.
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When an appendix is included it is considered to be an integral part of the 
document and to have the same status as that assigned to the main text of the 
document.

On the other hand annexes, footnotes, lists o f  participants and bibliographies 
are only included to provide information or practical examples that might be help
ful to the user. Lists of additional bibliographical material may in some cases be 
available at the Agency.

A list of relevant definitions appears in each book.
These publications are intended for use, as appropriate, by regulatory bodies 

and others concerned in Member States. To fully comprehend their contents, it is 
essential that the other relevant Codes of Practice and Safety Guides be taken into 
account.

NOTE

The following publications o f  the NUSS programme are referred to in the 
text o f  the present Safety Guide:

Safety Series No. 50-C-S 
Safety Series No. 50-SG-S1 
Safety Series No. 50-SG-S 1 OB 
Safety Series No. 50-SG-S11A

The titles are given in the List o f  NUSS Programme Titles printed at the end o f  
this Guide, together with information about their publication date. Instructions on 
how to order them will be found on the last page o f  this Guide.
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1. INTRODUCTION

This Safety Guide was prepared as part o f the Agency’s programme, referred 
to as the NUSS programme, for establishing Codes o f Practice and Safety Guides 
relating to nuclear power plants. It supplements the Code of Practice on Safety 
in Nuclear Power Plant Siting (IAEA Safety Series No. 50-C-S).

The Guide presents techniques for determining the design basis flood (DBF) 
to be used for siting nuclear power plants at or near non-tidal reaches o f rivers and 
for protecting nuclear power plants against floods. Floods on coastal sites and 
estuaries are discussed in a companion Safety Guide, IAEA Safety Series 
No. 50-SG-S10B. These Guides are shown in the List of NUSS Programme Titles 
printed at the end o f the present publication.

Since flooding o f a nuclear power plant can have repercussions on safety, the 
DBF is always chosen to have a very low probability of exceedance per annum.
The DBF may result from one or more of the following causes:

(1) Precipitation, snowmelt
(2) Failure o f water control structures, either from seismic or hydrological 

causes or from faulty operation of these structures
(3) Channel obstruction such as landslide, ice effects, log or debris jams, and 

effects of vulcanism.

Normally the DBF is not less than any recorded or historical flood occurrence.

1-2. Scope

For flood evaluation two types o f methods are discussed in this Guide: 
probabilistic and deterministic.

Simple probabilistic methods to determine floods o f such low exceedance 
probability have a great degree o f uncertainty and are presented for use only 
during the site survey.

However, the more sophisticated probabilistic methods, the so-called 
stochastic methods, may give an acceptable result, as outlined in this Guide.

The preferred method of evaluating the component of the DBF due to 
precipitation, as described in this Guide, is the deterministic one, based on the 
concept o f a limit to the probable maximum precipitation (PMP) and on the 
unit hydrograph technique.

Dam failures may generate a flood substantially more severe than that due to 
precipitation. The methodology for evaluating these types o f floods is therefore 
presented in this Guide.

1.1. General

1
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Making allowance for the possible simultaneous occurrence of two or more 
important flood-producing events is also discussed here.

The Guide does not deal with floods caused by sabotage.

2. PRELIMINARY INVESTIGATION

The potential for flooding is one of the site characteristics which shall be 
evaluated during the site survey. At the site survey stage, in certain cases, it may 
be evident that there is no potential for flooding (e.g. because of local topography), 
and further flood analysis may not be necessary. Where the potential for flooding 
exists it is usually impractical to make detailed flood analyses at this stage and 
generally one or more of the following empirical and approximate methods may be 
used to roughly estimate the probable maximum flood (PMF). The choice of 
method or methods will depend on the available data and the hydrological 
characteristics o f the region or the basin. With any approximate method the results 
of the evaluation are compared critically with any measured or otherwise 
recorded data.

2.1. Regional methods for the systematic survey of large areas

For the regional analysis of floods the following approximate methods may 
be used:

(1) If detailed PMF determinations have been previously made in the region, 
envelope curves may be prepared for similar basins in the same region and the 
magnitude of the PMF estimated. The drainage area may be plotted against peak 
flow, or more elaborate procedures based on the envelope of available data [ 1 ] 
may be preferred. It is often useful to plot curves of floods o f known mean 
return time (e.g. 100, 50, 20 years) and PMF curves on the same graph.

(2) For rapid PMF estimation, a multiple regression analysis may be made of 
drainage area, a rainfall index, soil conditions, and urbanization [2].

(3) Envelope curves of historical flood peaks in the region versus drainage area 
may be developed for estimating the PMF.

(4) In some areas, studies of the relationship between floods of known mean 
return time and the PMF have been or may be made. Such information may pro
vide rough approximations o f the PMF value required.

(5) By using aerial photographs and satellite imagery, areas subject to flood 
hazard may be identified and approximate checks may be performed o f the 
relationship between, on the one hand, flood flow and level and, on the other hand, 
the extent of the areas flooded.

2
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2.2. Site-specific methods

(1) Empirical curves extrapolated to low probabilities could be used for site 
screening purposes where 30 or more years of flow records are available as a first 
indication of the level of protection required [3—5]. When an approximate value 
of the flood flow has been obtained, the peak water level may be estimated by 
Manning-type formulae [6] on the basis of average river channel bottom slope, 
river cross-sections and conservative friction factors.

(2) Empirical formulae may be used for drainage basins of a few hundred hectares 
in which runoff characteristics are not influenced by the presence and operation of 
water control structures. An empirical relationship frequently used is the Rational 
Formula. In this case the peak water level may also be estimated by a Manning- 
type formula [6].

(3) A simple and approximate procedure for evaluating effects o f dam failures is 
to assume that all relevant upstream dams fail at such times as to produce the 
maximum potential flood.1 Constructions and obstructions downstream from the dam 
and from the site are usually taken into consideration [7].

(4) Frequency curves and relationships between flows and levels may be 
extrapolated and historical data may be used to check and possibly improve the 
results.

It is emphasized that the above methods are only approximate and are 
primarily used for site screening purposes.

The following sections specify the information required and describe in more 
detail the methods to be used in determining the DBF.

The following approximate methods may be used for site screening purposes:

3. DETAILED INFORMATION

If it is established that there is a potential for flooding, a detailed study shall 
be performed. The following sections outline the information which shall be 
collected for evaluating the DBF.

i 4A simple formula for the evaluation of the breach wave height h is h = — (L|,—Lt), 
where Lj, and Lt are the headwater and tailwater levels respectively. For the calculation this wave 
is taken as being transferred downstream without attenuation and being combined there with an 
appropriate flood due to  precipitation (see sub-section 9.2).

3
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3.1. Information collection

All pertinent information on the region, including historical data, both 
hydrological and meteorological, that may be useful in evaluating the PMF, shall 
be collected, critically examined and checked for systematic and transcription 
errors. This information is preferably stored in a readily retrievable form such as a 
hydrometeorological data bank, where it will be available for hydrological studies, 
for setting up monitoring and forecasting systems, for developing emergency plans 
and procedures, and for regulatory purposes. In the collection and critical review 
of this material, emphasis must be given to data that are more closely relevant to 
the method selected for evaluating the PMF.

The data may be presented on maps of appropriate scale, on graphs or in tables. 
In some cases, where the existing network for collecting meteorological and 

hydrological data in the basin is inadequate, supplementary observation stations 
should be installed and operated. Although the time available for collecting 
supplementary data is usually relatively short; the information that can be obtained 
may be important.

3.1.1. Hydrological data

The hydrological data required include:

Location and hydrological characteristics of all relevant bodies of water in 
the region.

Description of the site, including topographical maps showing actual drainage 
features and any proposed changes.

Location and description of existing and proposed water control structures, 
both upstream and downstream of the site, that may influence site conditions 
(details of data to be collected on these structures are indicated in sub
section 3.2.2).

Data on the flood history in the region, including historical flood marks and 
information such as flood hydrographs, their dates of occurrence, peak flows 
and levels.

Hydraulic and geometric data on the river channel as indicated in section 8.

Records o f daily flows and maximum annual floods as well as historical 
flood marks, if available, for the period o f record at the gauges nearest to the 
site and at all relevant gauges in the hydrologically homogeneous regions that 
include the basins o f the relevant water bodies.

Any work of man or other potential flood-generating causes that may have 
had or may have an effect on floods (see sub-section 3.2.2).

4
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3.1.2. M eteorological data

The meteorological data required include:

Historical data on precipitation obtained from the gauges located in the 
drainage basins of the relevant bodies of water in the region and from the 
relevant gauges of the meteorologically homogeneous regions affecting those 
basins;

Storm precipitation records, depth/area/duration data and isohyetal maps for 
severe historical storms that have occurred over the drainage basin of the site or 
over the meteorologically homogeneous regions;

and when applicable:

Historical data on snow cover and snowmelt (temperature, albedo, wind, etc.).

For additional discussion of meteorological data relevant for evaluating the 
PMP and the PMF, see IAEA Safety Series No. 50-SG-S11A and Ref. [8].

3.1.3. Data other than hydrological and meteorological

Data to be collected other than hydrological or meteorological include, as 
appropriate, historical data on flood-producing events other than runoff, such as 
landslides, avalanches, volcanic eruptions, log, debris, and ice jams, and water 
control structure failures, and data on surges induced by glaciers and by ice.

Relevant aerial photographs and other remotely sensed data, including satellite 
imagery, should be collected.

3.2. Drainage basin
Flood analysis requires a thorough knowledge of the drainage basin. The 

basin characteristics have a significant influence on the peak and shape of the 
hydrograph, on the lag time between precipitation or snowmelt and the flood 
occurrence, and on the sedimentation and the erosion patterns which can occur 
during floods as well as in other periods. These are important factors in the design 
of much of the nuclear power plant and particularly in the planning and design of 
flood protection. A knowledge of these characteristics helps greatly in under
standing the origin and the pattern of development of floods produced by factors 
other than runoff from rain and/or snowmelt, such as ice effects, landslides, and 
basin and channel changes due to natural and artificial causes.

Man-induced changes in the basin may produce non-stationarities in the time 
series o f flood data. Therefore information on both natural and man-induced 
characteristics o f the basin shall be collected.
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If the analysis makes extensive use of data from other basins in the region, 
appropriate descriptions of those basins shall be obtained for the purpose of 
demonstrating their similarity with the basin under consideration.

3.2.1. Natural characteristics

Information required on the basin’s natural characteristics, in addition to the 
hydrological and meteorological data discussed in sub-section 3.1, includes, as 
appropriate:

Boundaries o f the watershed

Detailed topography

Geology and hydrogeology

Identification o f landslide-prone areas

Seismic and volcanic characteristics

Soil characteristics, in particular those related to infiltration and erodability

Data on land cover, in particular vegetation types, lakes, marshes and glaciers, 
and areas prone to glacially induced surges, areas of perennial snow, areas 
prone to avalaches

Historical data on changes in vegetation and forest covers and on grass and 
forest fires

Drainage network and channel hydromorphological characteristics such as slope, 
width and depth o f the main channel and flood plain, and roughness and bed 
sediment characteristics of channels of various orders

Data on channel changes in historical time.

Most of the above information can be conveniently presented in the form of 
maps and tables. The scale of the maps is usually selected to suit the size o f the 
basin and the accuracy of the available information. In some cases, particularly 
when the application o f a distributed hydrological model or a hydrological 
stochastic analysis of the region is considered, it may be convenient to use 
computerized data bank systems for storing the information. In any case, when 
using basin information in the analysis, care should be taken that the use of 
averaged (lumped) indexes does not degrade the significance of the information.

3.2.2. Man-influenced characteristics

Man’s interference with the hydrological characteristics stems primarily from 
two types of activity: (1) change in land use; (2) modification of existing
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channels and valleys, e.g. by constructing new channels. While the effect o f the 
second is usually obvious, the first may well be as important and in all cases shall 
be given careful consideration. Information on man’s relevant past and likely 
future activities to be collected includes:

(a) Changes in land use in the river basin, especially changes in:

Farmed areas and agricultural practices 
Logging areas and practices
Urbanized areas, population density, storm drainage practices 
Transportation networks and characteristics 
Mining and quarrying activities and related deposits.

(b) Changes in channels and valleys associated with the following types 
o f  structures:

Dams and reservoirs 
Weirs and locks
Dykes and other flood protection structures along rivers
Diversions into or out of the basin
Floodways
Channel improvements and modifications 
Bridges and transportation embankments.

For these structures the following information should be provided, as 
applicable:

Dates of construction, commissioning and starting operation
Administrative and operational control responsibility
Nature and type of main structures and significant appurtenances
Storage characteristics, flood design data, safety factors considered in the
evaluation of maximum, normal and average pool elevation and storage
Flood control and arrangements for emergency operation
Design inflow hydrographs
Seismic design data
Size and location of protected areas
Effects on flow, ice, sediment and debris
Effects on river aggradation or degradation.

4. METHODOLOGIES FOR FLOOD ANALYSIS

4.1. General

For each site all potential sources of floods shall be considered. For the 
discussion of methodology in this Guide floods are divided into three kinds:
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floods due to precipitation, mainly runoff floods (section 5); floods due to releases 
from natural or artificial storage (section 6), and floods due to other causes 
(section 7).

The methodology for the floods discussed in sections 6 and 7 is very site- 
specific and only general guidelines are given; the most important variable to be 
derived is the water level at the plant site, and the relationship between this and 
other flood-related variables is discussed in section 8.

Several analytical procedures are available for performing the DBF analysis.
As stated earlier, these can be characterized as deterministic and probabilistic 
(including stochastic methods); the two types are not to be seen as competitive 
but rather as complementary. Given the safety implications of floods for nuclear 
power plant siting, the annual probability that the DBF be exceeded shall be very 
low, in order to meet the requirements on the acceptable limit o f probability of 
serious radiological consequences.2

4.2. Deterministic methods

Deterministic methods are based on the use of models to describe the system; 
these models may be empirical or based on physical relationships. For a given 
input or a set of initial and boundary conditions, the model will generate a single 
value or a set of values to describe the state of the system.

These methods are aimed at determining the potential upper limit to flooding, 
irrespective of the probability o f its occurrence. To obtain ‘conservative’ estimates, 
appropriate extreme or conservative values of the input parameters shall be used.

Deterministic methods require consideration of specific features of the 
region and the application o f engineering judgement.

4.3. Probabilistic methods

Two types o f probabilistic method can be used for evaluating floods:
(1) frequency curves and (2) stochastic techniques based on time series analysis and 
synthesis (see Annexes I and II).

Stochastic methods as applied in hydrology combine deterministic and 
statistical analysis and synthesize a time (or space) series of stochastically variable 
data. It is assumed that the series represents the effects of a limited number of 
definable causes and an unknown number o f stochastic causes, and that with the

2 In some Member States a value of the order of 10~7 per reactor-year is used as the
acceptable limit of probability for an event (accidental sequence) having serious radiological
consequences. The probability of occurrence of an event having a level of severity greater than
the DBF can be taken an order of magnitude higher to provide the necessary target for stochastic
methods.
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stochastic causes there is no positively certain knowledge of the relationships 
involved. With these methodologies, jumps, trends and outliers of the data set are 
adequately taken into account. It is emphasized that the data used in stochastic 
evaluations are based on actual measurements or variables. As with deterministic 
methods, stochastic methods shall be used in conjunction with engineering judge
ment; where it is feasible they should be checked by the use o f a parallel 
simplified deterministic analysis, as discussed in section 2 for the preliminary 
investigation.

4.4. Usage of the deterministic and probabilistic methods

In all cases the margin o f uncertainty in the result shall be determined. This 
may be done by testing the degree to which predictions are affected by variations 
in relevant parameters and by evaluating the effect of the overall level o f un
certainty in these parameters. When possible, different methods should be used 
to check the conservativeness o f the chosen safety level.

The PMF shall be compared critically with recorded and historical data and 
the DBF shall be set at a value not less than a recorded occurrence provided that 
there has been no significant change in the basin both upstream and downstream 
of the site.

Dam failures, where applicable, may generate a flood substantially more severe 
than that due to natural meteorological phenomena. In these cases the site-specific 
methods outlined in sub-section 2.2 can be used to estimate the order o f magnitude 
o f the PMF.

Where it is obvious, from the site characteristics, that a PMF from whatever 
cause, including dam failure, is irrelevant, no flood analysis for deriving the DBF 
is necessary; if, nevertheless, an estimate of the range o f the PMF is still required, 
the site-specific methods outlined in sub-section 2.2 may here be used.

5. FLOODS DUE TO PRECIPITATION

5.1. Design basis

If there is a potential for flooding due to precipitation, the following flow 
parameters and relevant variables shall be determined and quantified as appropriate:

(1) Flow: peak flow and the flow time history of the entire flood event (flow 
hydrograph)

(2) Water level: peak water level and water level hydrograph. It should be noted 
that, in some cases, the peak level does not occur at the same time as the 
peak flow (e.g. if jams of debris occur)

9

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



(3) Flow and water level variations: hydrographs (if hydrographs are not 
developed it may be necessary to estimate the maximum variations o f the flow 
and o f the water level, both rising and declining)

(4) Velocity: normally, mean velocity, which is readily available from the flow 
and stream cross-sections. In many cases, however, estimates of velocities 
at specific portions of the cross-sections are necessary to analyse dynamic 
effects, estimate degradation or aggradation, etc.

(5) Channel stability: effect of floods on the shape and elevation of the bed and 
banks o f the channel, both during and after the flood event

(6) Sediment transport: suspended sediment and bed load

(7) Ice conditions: frazil, anchor and surface ice, and ice jams.

5.2. Runoff floods

The most common type o f flood results from runoff of rain or runoff of 
melted snow and ice, or a combination of them. Runoff occurs when the amount 
o f precipitation falling or melting in a given period exceeds the losses from 
evaporation, transpiration, interception (such as by leaves of trees), infiltration 
into the ground, and storage in depressions in the ground.

5.2.1. Deterministic method

The deterministic method is the preferred approach for estimating the PMF 
resulting from runoff. In this approach the PMF is derived from the PMP and the 
runoff-generating conditions evaluated from an analysis of the meteorological, 
hydrological and physiographic characteristics of the basin [3]. For computing the 
PMF from the PMP the unit hydrograph method is often used (see sub-section 
5.2.1.3). The PMP and the runoff-generating conditons are not estimated by a 
unique method but by a set of methods and processes of transposition, 
maximization and estimation of coefficients in which the hydrologist and 
meteorologist together apply their judgement (see chapters 2—4 of Ref. [3]).
In this work experienced and competent experts are essential to reduce the 
uncertainties to an acceptable level. Other rainfall runoff models different from 
those based on the PMP and unit hydrograph are equally acceptable, provided that 
their applicability has been demonstrated by validation [9].3

3 A short description of 18 operational rainfall-runoff models and the intercompaiison 
(calibration and validation) results of eleven of these models are given in Ref. [9].
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(1) A rainfall event is selected. This event may consist o f the PMP assuming 
full reservoirs or a larger base flow, or the PMP plus the precipitation of 
a smaller storm. The smaller storm may precede or follow the PMP; 
the sequence producing the most severe flood is used.

(2) The storms are adjusted for losses. After the losses are subtracted, the 
residuals represent that portion of the rainfall and snowmelt increments 
which are available to contribute to the flood. They are called excess 
rainfall or snowmelt increments.

(3) A suitable runoff model of the basin (such as the unit hydrograph) is 
developed, calibrated and validated [6, 9],

(4) The expected range of normal flows at the time of the flood is evaluated 
and an appropriate base flow is selected.

(5) The excess rainfall increments from item (2) above are used as input to 
the unit hydrograph model or to the selected runoff model. This 
produces a hydrograph of flood flow.

(6) The selected value of the base flood (item (4) above) is added to the flood 
flow hydrograph (item (5) above). This represents the total flow past the 
point of interest.

(7) The size o f the drainage area included in a single unit hydrograph should 
be small enough to ensure that the usual meteorological variations within 
the area will not be large enough to cause major changes in the shape
of the hydrographs [10] ? Larger areas may be divided into two or more 
sub-areas depending on the characteristics of the area under consideration. 
When this is done, channel routing procedures are used to transfer the 
floods computed by applying the excess rainfall to the sub-area unit 
hydrographs from the various sub-areas to the point of interest (see sub
section 5.2.1.5). Gauge data should be used to subdivide large drainage 
areas into sub-areas of 2000 km2 or less if such data are available.

When other rainfall-runoff models are used the criteria for subdivision o f the 
basin follows the recommendations of the developers of the selected models.

The following is an outline of the unit hydrograph method:

4 Both larger and smaller areas have been used in practice in the derivation of unit hydro- 
graphs. Upper limits of gauged areas ranging from 1000 to 8000 km 2 have been used. For 
ungauged areas, some experts believe that areas as large as 20000 km2 can be justified. The use 
of areas as large as 20000 km 2, where gauge data are not available, can be justified because the 
errors introduced in this way will not be greater than those resulting from the estimation of the 
unit hydrograph of sub-areas and the routing of the flows from the sub-areas.

11

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



The PMP and PMF resulting from such computations cannot be considered 
acceptable if

(a) the PMP is lower than any historical or recorded value in the basin or any 
equivalent value recorded in nearby similar basins;

(b) the resulting levels are lower or equal to any historical or recorded level;
(c) the PMP, PMF and resulting level values are lower respectively than 

precipitation, peak flows, and peak levels obtained by maximum likeli
hood extrapolation to a reasonably low probability level for which 
extrapolation is still meaningful [ l l ] .5

In exceptional cases where important modifications have occurred in the basin 
during the period of historical records, conditions (b) and (c) may not apply.

The following sections discuss the steps (1)—(7) listed above in more detail.

5.2.1.1. Probable maximum and antecedent precipitation

The estimate o f the PMP shall be based on a detailed and comprehensive 
analysis of the most severe storms in the meteorological record of the region 
under consideration. The analysis is usually performed according to the procedure 
presented in Ref. [8].

Precipitation data and the synoptic situations of the major storms on record 
in the region are used in the analysis in order to determine the characteristic 
combinations o f meteorological conditons that result in various rainfall patterns 
and depth/area/duration relations [12],

On the basis of this work, estimates can be made of the amount of increase 
o f rainfall that would have resulted if, during the actual storm, conditions had 
been as critical as those considered to be the limit of feasibility for the region.
In making these estimates due consideration is given to:

(a) the modifications in the meteorological conditions that would have been 
required for each of the recorded storms if they had occurred on the 
drainage basin of interest, given the topographical features and the 
orientation of the respective areas

(b) The regional orography, which has a marked influence on the intensity 
and on the location of rainfall

(c) the physical limits o f the meteorological parameters.

For additional discussion on determination o f the PMP the reader is referred 
to the Safety Guide, IAEA Safety Series No. 50-SG-S11 A, and to Ref. [8].

s Quantitative data on floods are rarely available for more than 100 years and extrapolation 
of this type cannot be extended to events with a probability of less than 1/1000 per year without 
introducing considerable uncertainty.
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According to the practice of some Member States the rainfall event consists 
of two storms, the PMP and one-half o f the PMP. The smaller storm is assumed to 
precede or to follow the PMP, with the most critical time sequence being used.
For frontal storms, one-half o f the PMP is assumed to precede or follow the PMP 
by a rainless period of three to five days. This time interval is determined by a 
study o f sequential historical storms. If the PMP is caused by convective activity 
(thunderstorms) the interval between the beginning of the two storms is assumed to 
be 24 hours. Detailed meteorological studies may suggest that a storm somewhat 
smaller than one-half of the'PMP is sufficiently conservative.

As is indicated by the preceding two paragraphs, the antecedent or following 
storm is determined by dividing each rainfall increment o f the PMP by two. The 
duration of the rainfall increments is selected to be consistent with the time 
interval of the unit hydrograph (or other rainfall-runoff model).

The position o f the storms over the basin is selected in such a way that 
maximum runoff (volume or peak water level, whichever is critical) will occur 
[13, 14].

In basins where snowmelt can contribute significantly to the PMF it is 
important to give special consideration to the maximization o f a combined event 
o f rain plus snowmelt. To compute the maximized snowmelt contribution to the 
flood in such basins, the seasonal snow accumulation is maximized and a critical 
melt sequence selected. A PMP event appropriate to the time o f year is then added 
to the maximized snowmelt event. Techniques for accomplishing these operations 
are described in Ref. [3].

5.2.1.2. Losses

Losses may be estimated by comparing the incremental precipitation with the 
runoff for recorded storms. Usually losses are expressed as an initial loss followed 
by a continuing constant loss over a period of time. For example, typical losses 
might be an initial loss of 10 mm, followed by a continuing loss of 2 mm per hour. 
It is often not worthwhile to make detailed studies of losses, because their effect 
on flood peaks may be insignificant. If, for example, the maximum hourly 
increment of the PMP is 150 mm, the effect of a loss of 2 mm per hour on such 
rainfall is insignificant compared with the errors inherent in the other parameters. 
The effect o f frozen ground is taken into account when appropriate.

Because two sequential storms are posited, the losses for the second storm 
are assumed to be less because o f increased ground wetness. In many cases, losses 
are ignored, which is the most conservative approach.

5.2.1.3. Unit hydrographs or other rainfall-runoff models

The unit hydrograph is the runoff hydrograph which would result from unit 
rainfall uniformly distributed over the basin in unit time. Typically, it might

13

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



represent the hydrograph resulting from 10 mm of excess rainfall increment in 
1 hour. The time increment may be decreased or increased depending on the size 
o f the drainage area [6]. In practice, unit hydrographs may be developed for 
rainfall patterns that are not uniform. For example, where orographic factors 
produce fixed but non-uniform patterns, the unit hydrograph is developed for the 
pattern typical for large storms in the basin.

The unit hydrograph is derived from recorded flood hydrographs and their 
associated rainfall. Since methods for doing this are outlined in many hydrology 
texts [3, 6] they are not discussed in detail here.

Unit hydrographs derived from small floods may not express the proper flood 
characteristics of the basin when applied to large storms. This is due to the fact that 
the assumption of linearity for the unit hydrograph model is not always valid 
because the hydraulic efficiency o f the basin increases up to a certain limit with 
increasing runoff, and also because changes in channel flow from within-bank to 
out-of-bank may occur. Unit hydrographs based on floods representing excess 
precipitation of about one-third or more of the PMP should be accepted as derived 
without adjustment for non-linearity. For smaller floods, methods have been 
developed [15] for adjusting the unit hydrographs for non-linearity; where only 
small floods are of concern, such methods of unit hydrograph derivation are 
usually applied. It is also sometimes possible to estimate the non-linearity by 
comparing the unit hydrographs derived from floods of various sizes. Usually, 
however, rainfall-runoff models not based on linear assumptions are used.

A thorough search is usually made to see whether any hydrological studies 
have been carried out in the basin or in hydrologically similar nearby basins and 
thus to ascertain whether unit hydrographs have been developed previously. If so, 
such data may be used in some cases as a guide in determining the unit hydrograph 
at the site of interest.

Synthetic methods of deriving unit hydrographs have been developed for some 
areas. When adopted, these methods should be used with great care and only as a 
last resort, because the relationships developed for one area may not be applicable 
to another.

A number of other rainfall-runoff models may be used to transform the PMP 
into PMF; some are described in Ref. [9]. Models other than the unit hydrograph 
may be used when significant changes have occurred recently or may occur in the 
future in the basin, or when the available data in the basin refer only to storms of 
relatively small magnitude. If any of these models are used they shall be validated; 
one method o f doing this is by split-sampling. This technique calibrates the 
model using only part of the available data and validates it by reproducing the 
remaining part. In this case the validation sample clearly must include at least two 
historical floods. Computerized runoff models offer an extremely efficient tool 
for estimating runoff rates and the PMF and for evaluating the sensitivity o f PMF 
estimates to possible variations in parameters.
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5.2.1.4. Base flow

The ambient flow in the stream at the time of the postulated occurrence of 
the design storm sequence shall be estimated. The base flow has to be reasonably 
representative of the season o f the year and of the period of time during which the 
PMP storm may be expected.

No great effort is justified for determining the base flow to high accuracy 
since it is usually a small percentage o f the flood runoff.

5.2.1.5. Flood routing

Flood routing shall be carried out; this is .the process of determining the 
characteristics o f a given flood at the point of interest when the flood 
characteristics at a location upstream from the point of interest are known.

A validated model of the reach o f the river channel through which the flood 
must travel is used. Flood routing methods are often divided into:

Hydrologic routing methods which use the equation o f continuity 
only (storage equations)

Hydraulic routing methods which additionally take dynamic effects 
into account.

These methods yield values of the flow. To convert these values into water 
levels the model to be used can either be based on steady or unsteady flow, as 
follows. For floods with relatively small rate-of-change of flow or stage, steady-flow 
routing will approximate channel flow rates with sufficient accuracy. Unsteady- 
flow routing is applied when flow variation is very significant; it computes 
simultaneously the time sequence of both flow and water surface elevation over 
the full, length of the watercourse. Further discussion of flood routing is given 
in section 8.

Routing a flood through a reservoir is a special case of channel routing, and is 
usually approximated by steady-flow methods. Where it is necessary to divide a 
watershed into sub-areas, runoff models are connected and combined by stream 
course models.

5.2.2. Probabilistic methods

Frequency curves and stochastic methods are the probabilistic methods used 
in runoff flood analysis. Of these two types only the stochastic methods are 
recommended for use at the site evaluation stage.
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5.2.2.1. Frequency curves

Care shall be exercised when applying frequency curves as estimates of 
probability distribution functions for floods (see section 2). In general, extra
polation o f frequency curves to low probabilities is appropriate for the preliminary 
investigations. Further discussion o f frequency curves is given in Annex I and 
in Refs [3—5].

5.2.2.2. Stochastic methods

The more sophisticated probabilistic methods, the stochastic methods, may 
be suitable for determining the PMF provided that sufficient and reliable data 
for stochastic treatment are available. This sub-section discusses these methods 
only briefly; more details are given in Refs [11] and [16].

Stochastic methods are a substitute for deterministic methodologies in cases 
where data on meteorological variables are scarce but where hydrological records 
of significant length are available at the site or at several hydrometric stations in 
the region (see Annexes I and II).

However, for nuclear power plants on river sites, stochastic methods have 
not been used up to now for evaluating the PMF. Where there is a lack of sufficient 
meteorological data for applying the deterministic method and the controlling 
hydraulic event is the flood due to natural meteorological phenomena, the 
evaluation shall be carried out with an appropriate conservative method (such as a 
stochastic method), the conservativeness of which shall be demonstrated to the 
satisfaction of the regulatory body. Stochastic methods may also be used in the 
final stage o f site survey (candidate site comparison) or when the PMF, because of 
meteorological natural events, does not represent, and is substantially less severe 
than, the controlling hydraulic event.

5.2.3. Limitations in the methods

Both deterministic and stochastic methods suffer from constraints which limit 
their applicability. For example, with the deterministic method, it is not possible 
to express quentitatively the level o f safety achieved, and with stochastic methods 
there are limitations in the data base and there is insufficient experience in their 
use in the very low probability range.

In addition, the application of deterministic methods requires data for the 
region which, in some areas of the world, are not available. Similarly, the use of 
stochastic methods requires site data which may not be available. Thus the 
availability o f the proper data can play an important role in the choice of method 
to be used.
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6. FLOODS FROM SUDDEN RELEASES OF 
NATURAL OF ARTIFICIAL STORAGE

Natural or artificial storage of large volumes o f water may exist upstream of 
a site (e.g. water may be impounded by a man-made structure such as a dam, for 
power generation, irrigation or other purposes or by temporary natural causes 
such as an ice or debris jam which causes an obstruction in a river channel).

The failure of such water-retaining structures, due to hydrological, seismic or 
other causes, such as landslides into a reservoir, or dam deterioration with time, 
may cause floods in the site area [17, 18].

In the first general site survey, all upstream dams, existing or planned, shall be 
considered for potential failure or faulty operation. Some may be eliminated from 
consideration because of small storage volume, distance from the site, low 
differential head or major intervening natural or artificial water retention capacity.6

A detailed investigation, as outlined in sub-section 3.2, shall be performed of 
the drainage area upstream of the site, to determine in which sections the formation 
of a natural channel blockage is possible, taking into account, inter alia, that man- 
made structures, such as mine waste dumps, highway fills across valleys, or low 
bridges, may act as dams during floods.

Dams located on tributaries downstream of the site shall be taken into 
consideration if their failure can increase the PMF water level at the site.

No reduction o f flood level at the site due to failure o f a downstream dam shall 
be claimed unless it can be demonstrated that the dam will certainly fail.

6.1. Hydrological dam failures

Hydrological dam failures can be caused by floods of any origin in the drainage 
basin of the dam [19]. Both man-made dams and naturally created water- 
impounding obstructions, such as landslides, ice jams, etc., may experience failure 
from hydraulic causes.

6.1.1. General considerations

Dam failure shall be postulated unless non-failure can be demonstrated by 
engineering computations.

6 Some Member States consider systematically the collapse of each large dam upstream of 
the plant, evaluate the one critical for the site level and assess the wave which results from the 
collapse of this dam associated with the collapse of all the dams located downstream of the dam 
as far as the plant.
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Dams whose failure may create the controlling flood at the site are then 
assessed for failure under two major hypotheses:

(1) The PMP isohyetals are critically centred in the basin upstream of the 
dam

(2) The PMP isohyetals are critically centred in the entire basin above the 
site.

In both cases the PMP isohyetals are arranged to produce maximum floods, in the 
first case at the dam, in the second at the site.

Since it is generally very difficult, expensive, and time-consuming to determine 
and to demonstrate, on a quantitative basis, the safety and stability of a dam 
(structural, hydrological or otherwise) it can be more efficient to do a simple 
conservative analysis assuming the collapse of the dam. If this conservative analysis 
shows no significant effect at the site, other more detailed analyses are unnecessary.

If it can be demonstrated that a dam can survive the flood from hypothesis (1), 
no further analysis is needed except that related to the failure of upstream dams.
If not, the degree and mode of failure is estimated, and the resulting flood wave, 
combined with the downstream flows that would be produced in this flood, is 
routed to the site. If the watershed controlled by the upstream dam is a major part 
of the total site watershed, the values of the PMP depths for computing flows 
below the dam may be estimated from the outer isohyetals o f the PMP pattern or 
from extending the depth/area curves used to evaluate the stability of the dam.

If it is judged that an upstream dam would fail in the PMP from its own 
watershed, the potential for failure shall also be examined for the PMF applicable 
to the total watershed of the site (hypothesis (2)). If the dam is judged to fail 
in either case, the resulting flood wave shall be routed downstream to the site for 
comparison and selection of the critical case.

A dam which otherwise would be safe in the PMF may fail as a result of such a 
flood augmented by the flood wave generated by an upstream hydrological dam 
failure. An analysis of the integrity of all dams along the path to the site is 
performed and unless non-failure can be established failure shall be postulated. 
Floods resulting from all assumed dam failures are routed to the site. If several 
dams are located on various tributaries the physical possibility, and when 
appropriate, the probability and the consequences of flood waves arriving 
simultaneously at the site shall be considered.

It is recognized that floods originating from dam failures could be increased 
by flood waves due to landslides into rivers and reservoirs which could result from 
severe precipitation. Floods caused by dam failures must generally be combined 
with an appropriate flood from other causes (see section 9) to obtain the controlling 
flood. The appropriate coincident wind-wave activity (wave setup and wave runup) 
shall be superimposed on the flood still-water level that has been determined 
(see section 9).
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6.1.2. Postulation o f  failure

If non-failure of a dam due to flood water cannot be demonstrated (see sub
section 6.1.1) the mode and degree of failure shall be postulated using conservative 
judgement based, to the extent possible, on stability analysis.

Postulation of the failure mode takes into account the type of dam 
construction and the topography of the river channel immediately downstream of 
the dam.

Concrete gravity dams are analysed against overturning and sliding; the mode 
and degree of the probable failure can be judged together with the most critical 
position and amount of downstream fragments. From this analysis, applied to the 
postulated failed section, the water path and the likely elevation/flow relationship 
can be estimated with reasonable accuracy.

Arch dam failure is likely to be practically instantaneous and the destruction 
of the dam may be total. Consequently, unless non-failure can be demonstrated 
to be instantaneous and complete, arch dam failure with no appreciable 
accumulation o f fragments downstream shall be postulated. •

With rock or earth-fill dams, failure takes a longer period o f time than with 
concrete dams. The time for total collapse of the structure may range from a few 
minutes to several hours.

Failure of a rockfill dam may take a considerably longer time than that of an 
earth-fill dam. In erosion calculations to determine time and rate of failure an 
initially breached section or notch is postulated. These computations also give the 
outflow hydrograph.

Since it is impossible to determine the time required for the collapse of an 
earth-fill dam, instantaneous and total failure shall be postulated.

6.1.3. Failure outflow hydrograph

Outflow from a partially failed non-embankment dam depends on the degree 
and mode of failure, the resulting headwater/flow relationship, and the geometry 
and volume of the reservoir. Unsteady-flow methods are the most suitable for 
downstream routing of dam failure surges. Where distances are considerable, 
however, and if the intervening channel or reservoir storage can be shown to 
attenuate surge flows adequately, less complex storage and flood routing may be 
used in the model [20, 21].

6.2. Seismic dam failures

Flooding can result from dam failures caused by seismic events or from the 
consequences o f seismic events such as landslides into a reservoir (see sub
section 6.3). Failures may occur of both man-made dams and naturally created 
water-impounding structures.

19

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



As stated in the Code o f Practice on Safety in Nuclear Power Plant Siting 
(IAEA Safety Series No. 50-C-S), any proposed site shall be evaluated for the 
potential consequences arising from a seismically induced failure o f any dam 
upstream or downstream which could affect floods at the site. If the evaluation 
reveals potentially unacceptable consequences, then the potential for dam failure 
shall be assessed.

6.2.1. General considerations

The seismic analysis o f dams requires consideration o f the dynamic loading; 
furthermore, a detailed stability analysis requires proper documentation o f the 
condition of the structure. Inspection reports issued by the appropriate national 
technical bodies may be used in the stability analysis. Additional data may 
include the results o f strength tests of the dam foundation areas, field surveys, 
and inspection by other bodies, and pertinent data from instrumentation installed 
at the dam site.

For the seismic analysis of each dam, an appropriate S2 earthquake (see 
Safety Guide 50-SG-S1) shall be derived, specifically for the dam site. For 
evaluating the seismic event a methodology is described in 50-SG-S 1.

The possibility that the failure of two or more dams be caused by the same 
seismic event shall also be taken into consideration. If there is a potential for 
common failure, the simultaneous arrival o f the flood peaks is considered unless it 
can be demonstrated that the times of travel o f the peaks are sufficiently different 
for simultaneous arrival to be impossible.

6.2.2. Postulation o f  failure

Most o f the procedures described in sub-section 6.1.2 may be applied to 
seismic failures. However, failure models for hydrological dam failures assume that 
the dam is overtopped by water, while in the seismic failure this does not 
necessarily occur. Mode and degree of failure should be postulated using 
conservative judgement based as far as possible on stability analysis.

The potential of the seismic failure of a dam for producing a flood which may 
cause failure of one or more downstream dams shall be investigated.

The seismic effects on dam appurtenances shall be analysed with respect to 
reservoir surcharge and resulting dam instability or breaching by overtopping. 
Sudden failure o f gates from seismic action shall also be postulated for its resulting 
downstream flood wave.

In the detailed analysis, the forces normally taken into account in dam design 
are considered as loads for dam break stability analysis in addition to the dynamic 
components of earthquake forces. Such loads may include:
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Dead load
External water pressure 
Uplift (internal water pressure)
Earth and silt pressure 
Effects of ice in the reservoir 
Floating objects (other than ice)
Wind pressure 
Sub-atmospheric pressure 
Wave pressure 
Reaction of foundations.

Routing of the resulting flood, if the failure is postulated, can be performed 
according to the methods mentioned in sub-section 6.1.3.

6.3. Failures due to causes other than hydrological and seismic

Water-retaining structures may fail as a consequence o f causes other than 
those mentioned in sub-sections 6.1 and 6.2. Examples are:

Deterioration o f concrete or embankment protection 
Excessive or uneven settlement with resultant cracking
Leakage through foundations, embankment rim or passages (‘ through-conduits’ ) 
brought about by action o f vegetation roots or burrowing animals 
Functional failures, such as gates
Accumulation of silt or debris against the upstream face 
Landslide into the reservoir.

As a rule, these on-site causes may result from gradual changes in, under, or 
adjacent to the dam. Proper inspection and monitoring will be necessary to detect 
these gradual changes early enough for adequate corrective measures to be taken.
As an essential safeguard against the possibility of landslide-induced floods at the 
site, studies shall be made along the slopes of the terrain surrounding the reservoirs 
to determine the potential for landslides that may affect the reservoirs directly.

6.4. Faulty operation of dams

Faulty operation o f dam facilities can create floods that may occasionally 
exceed naturally caused floods. An investigation o f upstream dams from this 
viewpoint, particularly those with gates capable of controlling large flows, shall 
be made to assess the magnitude o f possible water releases and to investigate the 
potential for faulty operation. In this investigation, the possibility of faulty or 
abnormal operation caused by emergency situations, by human error, by abnormal 
functioning of automated systems, and by erroneous information or information 
interpretation in relation to inflows into reservoirs is usually investigated. The
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possibility of simultaneous faulty operation of two or several dams shall be taken 
into consideration if there is a reasonable likelihood that the causes o f faulty 
operation may coincide or occur within a short interval at these dams (see sub
section 9.2).

7. FLOODS FROM CAUSES 
OTHER THAN PRECIPITATION 

AND RELEASE FROM STORAGE

In addition to the floods due to precipitation and from failures of water- 
control structures there are several potential causes o f floods which shall be analysed 
when appropriate for the specific site. Annex III gives more detailed information on 
most o f the causes discussed in this section.

7.1. Effects produced by natural causes

If there is a potential for flood conditions being caused or otherwise affected by

phenomena attributable to ice conditions, 
landslides or avalanches into water bodies, 
log or floating debris jams, and
vulcanism (if there is a history o f volcanic activity in the region) 

the effects on safety shall be investigated and taken into account.

7.2. Natural channel changes

From time to time river channels may change their configuration or alignment 
as a result o f natural processes. If a potential for these phenomena exists, the 
influence on flood conditions shall be investigated and any possible effects on 
safety taken into account (see section AIII-5 of Annex III).

7.3. Works of man

Since the works of man may increase or decrease floods generated in a given 
drainage basin, their potential effects on safety shall be evaluated and taken into 
account. Not only man-made structures in the channel but also man’s operations 
throughout the basin shall be considered.

7.3.1. In-channel structures

Structures or systems herein designated as in-channel include dams, weirs, and 
barrages; dikes; levees; works of channel realignment or modification; diversions
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within, into or out of the basin; bridges and other drainage restrictions; highway 
and railroad cuts and fills.

All the in-channel structures upstream and downstream of the site shall be 
investigated for their possible effects on flood levels (see section AIII-6 of Annex III).

7.3.2. Off-channel operations

The works of man on the off-channel portions of a drainage basin may have 
various effects on the flood-producing characteristics. They shall be investigated 
and properly taken into account (see section AIII-7 o f Annex III).

7.4. Direct rainfall on the site

The PMP falling directly on the site shall be investigated as a potential cause 
o f the most severe drainage load at the site and the effect shall be taken into 
account in the design o f the site drainage system. This system should be designed 
for precipitation o f this magnitude so that rainfall of the design amount will not 
cause ponding, overflow of ditches or conduits, or flooding from other causes.

The fact that this major drainage load is likely to occur simultaneously with 
flood conditions shall be taken into account in the design of the drainage system.

In addition, the effect of the local PMP on the roofs o f buildings important 
to safety shall be studied. Roof drains are usually designed to discharge rainfall 
intensities considerably less than the PMP. Since these drains may be obstructed 
by snow, ice, leaves or debris, buildings with parapets may pond water (or combined 
water, snow and ice) to such a depth that the design load for the roof will be 
exceeded. Several methods have been used to cope with this problem, among which 
are the omission of parapets on one or more sides o f the building, limiting the height 
of the parapet so that excess ponded water will overflow, installing scuppers through 
the parapet, and heating the roof to prevent buildup of excessive amounts of 
snow and ice.

7.5. Waterspouts

In some parts o f the world, notably in the tropics, waterspouts may transfer 
large amounts o f water to the land from nearby water bodies. Such events are 
usually of short duration and cover relatively small areas.7 If there is a history of 
waterspouts in the region the associated precipitation shall be taken into account in 
the design of the drainage system.

7 As an example, in 1916 a ‘rainfall’ of 200 mm in 15 minutes from such an occurrence 
was recorded in Jamaica.
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. 8. RELATIONSHIP BETWEEN FLOW, 
WATER LEVEL AND 

OTHER FLOOD PARAMETERS

8.1. Evaluation of flood level

Irrespective o f the methodology used in evaluating the PMF, the primary 
variable obtained is usually a flow value, but the most important figure required 
is the flood water level at the site. This latter shall be determined and in achieving 
this it is very important to take into consideration the shape of the cross-sections 
o f the valley where the site is located. A wide, open shape may allow large 
variations in the water flow with no great variation in level; but in a narrow 
valley, small variations in flow may cause great variations in level.

To evaluate flood levels, a routing model, as mentioned in sub-section 5.2.1.5, 
is developed and the design flood level hydrograph corresponding to the design 
flood flow hydrograph is computed.8

In the evaluation of flood level, consideration shall be given to the existence 
of structures in the flood channel which may give rise to backwater phenomena. 
Backwater computations may be carried out using analytical [24] or graphical [25] 
techniques. The graphic techniques have the advantage of providing immediately 
the control points and the direction of computation (upstream or downstream). 
Any o f these techniques could be used on computers, but in that case intermediate 
results should be examined to avoid the introduction of otherwise undetectable 
errors.

Erosion and sedimentation during the flood may be ignored. However, where 
the type o f channel bed indicates that erosion may lead to increased roughness, 
the hypothesis o f higher roughness during the peak o f the flood and immediately 
after should be included. Variation in depth and in roughness in the cross-section 
and the possible presence of ice as a total or partial river cover are considered where 
appropriate. Partial constrictions such as bridges are considered as a complete 
obstruction during the flood and accepted, where appropriate, as control points, 
if these assumptions are conservative.

When considerable storage may accumulate behind such obstructions, their 
failure, or the release o f that storage during a critical flood period is taken into 
consideration using appropriate routing techniques.

If the design flood is generated by a dam failure or similar occurrence (e.g. 
failure o f ice jam, obstructed bridges, landslide, glacier surge), flood routing may be 
carried out using adequate computer programs [20] or manual computations [22].

8 Routing models appropriate for such purpose are discussed in detail in Vol.IlI of Ref. [4] 
and in Refs [8], [22] and [23],
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In such calculations, in addition to river valley characteristics, the role of 
obstructions, debris, floating houses, ice and other large objects on the water 
levels should be considered and conservative assumptions made on the possible 
generation o f successive flood waves.

The water levels discussed above do not take account of wind effects.
Generated waves and wave setup and runup shall be superimposed on these levels 
(see sub-section 9.2).9

8.2. Additional hydrological variables

When a probabilistic method o f flood forecasting has been used, consideration 
shall be given to including the margin of uncertainty in determining the DBF (see 
sub-section 4.4).

In addition to the flow associated with the DBF and the resulting flood level, 
other hydrological variables shall be estimated such as the maximum rate of 
increase and decrease o f flows and levels during the DBF, the water velocity, the 
sedimentation and erosion conditions, and the amount o f ice cover, floating ice, 
debris and logs. Methods o f estimating these parameters shall have accuracy 
compatible with the available data and the design needs. When the above parameters 
are likely to affect safety, conservative but reasonable assumptions shall be made 
in order to arrive at an estimated value.

8.2.1. Maximum rates o f  change o f  flow and level

The maximum rates o f change of flow and level can be read directly from the 
maximum flow and level hydrograph. It should be noted that periods o f maximum 
increase or decrease in flow may not coincide with the corresponding periods of 
maximum increase or decrease in level. If these parameters are critical for the 
design of certain structures important to safety, such as levees, consideration shall 
be given to the possibility that small-area PMPs on sub-basins of the watershed may 
lead to faster rates o f level increase or decrease.

8.2.2. Water velocity

Floods may affect safety not only through water levels but also through the 
effects of the water velocity. Water velocities could be derived directly from 
backwater and routing computations. However, if increased roughness 
coefficients have been considered for the conservative estimation of levels, 
adjustment to the roughness coefficients to obtain conservative values of the

9 O n e  m e th o d  o f  d o in g  this is g iven  in  R e f. [2 6 ] .
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velocities and related levels are usually introduced. In situations where mathematical 
models are difficult to develop, e.g. where river channels are complex and velocities 
may be high enough to affect structures important to safety such as levees or fills, 
a physical-hydraulic model is built for estimating the design velocities [27]. 
Mathematical models are considered in such cases only for interpreting the results 
from the physical models.

8.2.3. Sedimentation and erosion

The currently available analytical techniques, even if supported by measure
ments, are incapable o f providing reliable estimates o f sedimentation, erosion 
conditions and related channel morphology changes during and after extreme flood 
conditions. If the safety features of the plant are affected by sedimentation or 
erosion, a physical-hydraulic model should be built to study these phenomena.
In some cases it may be possible to check the results by a mathematical model. In a 
desert-mountain environment, the potential for mud flows shall be considered.

8.2.4. Floating debris, logs and ice conditions

The effect o f channel obstruction from floating material may be very difficult 
to predict analytically. If the safety features of the nuclear power plant are affected, 
a physical-hydraulic model should be built to study these phenomena.

9. INITIAL CONDITIONS 
AND COMBINED EVENTS

When deriving the DBF for a nuclear power plant, combined events shall be 
considered as well as single events. The ambient conditions relevant for the 
important flood-causing event or for each event o f the selected combinations shall 
also be identified and properly taken into account.

9.1. Initial and other ambient conditions

Some environmental conditions contribute in varying degrees to the magnitude 
o f floods. Three such conditons which as initial states influence a flood are:

Soil moisture 
Base flow 
Reservoir level.

During a flood the wind conditions may also influence the level.
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For example, for any flood-causing rainstorm, two of the initial ambient 
conditions to be considered are:

(a) The amount o f moisture in the soil near the surface o f the ground
(b) A certain amount o f flow (base flow) in the stream at the time o f the 

rainstorm, upon which the flood runoff is superimposed.

These ambient conditions are not usually considered as separate events, 
although the probability o f a certain selected value for each may be assumed. 
Because the events which cause important floods have a very low probability it is 
not necessary to assume very improbable parameters for these conditions.
However, the parameters assumed in the analysis must be selected taking into 
account the local circumstances; for example, there are soil types which, if 
initially at the median moisture condition, could absorb a significant fraction of 
the PMP. In such cases it is inappropriate to assume median soil moisture as the 
initial condition. Apart from such special cases, the following have been selected 
on the basis o f engineering judgement as suitable parameters to be combined with 
important flood-causing events:

(1) Soil moisture: median soil moisture for the expected month of the flood 
(to be used at the start of the antecedent storm) (see sub-section 5.2.1.1)

(2) Base flow: mean flow for the expected month of the flood (to be used 
at the start o f the antecedent storm)

(3) Reservoir level: the reservoir levels are taken as being at the upper point 
of the curve given in the operating rules when the first of the flood- 
producing events occurs

(4) Coincident wave height: height of the waves generated by a wind o f an 
appropriate recurrence interval10 from the critical direction and for the 
critical duration for maximizing the waves (assumed to coincide with the 
peak of the flood). However, attention should be paid to the possibility 
that the wind is a dependent variable and is related to the meteorological 
conditions generating the flood.

In some cases, such as very small basins, making allowance for the antecedent 
storm may not be necessary because the hydrograph will have reached the base 
flow in the interval preceding the storm. In such cases conservatively high base 
flow and soil moisture may be used instead of the antecedent storm. The best 
general recommendation however is to use the antecedent storm with the median 
soil moisture and mean base flow as the initial conditions.

10 Some Member States use a 2-year recurrence interval wind [7],
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9.2. Combination of events

The DBF at a given site may not result from the occurrence of one severe 
event and its ambient conditions, but from the simultaneous occurrence of more 
than one severe event. In any combination of flood-causing events, distinction 
between dependent and independent events is not sharp. Time sequential 
meteorological events, for example, are only partially and not always even 
partially dependent and their magnitudes are likewise only partially and not 
always even partially dependent. In contrast, seismic and wind events are clearly 
independent.

At present the technology is not available to assess the precise numerical 
probabilities that a given level o f severity of an effect is exceeded in each separate 
event or in a combination of events. However, conservative values can be postulated 
of:

(a) the probability that a given level o f severity o f an effect is exceeded 
for each separate event, and

(b) the likelihood that separate severe events may occur together in a 
combination o f events,

so that reasonable values o f the probabilities that a certain level o f severity of an 
effect is exceeded in the combination can be estimated. In this way the combina
tions of events causing flood effects against which the nuclear power plant has 
to be protected can be identified.

The greater the number of independent or partly dependent events that are 
combined, and the greater the magnitude o f each event, the lower will be their 
combined exceedance probability. Nuclear power plant protection against an 
excessive number and severity o f events that are combined may result in over
conservative values of the DBF.

The events to be combined should be selected appropriately, taking into 
account not only the decrease in probability but also the relative effect of each 
secondary event on the resultant severity o f the flood.

To sum up: in addition to the single severe flood event (see sub-sections 
5.2 and sections 6 and 7) applicable combinations of events11 shall be considered

11 A n  ex a m p le  o f  a list con ta in in g  o n e  even t and co m b in a tio n s  o f  even ts  w h ic h , tog e th er  
w ith  th eir  ap p rop ria te  a m b ien t c o n d it io n s , is used in  a M em b er S tate is: (a )  P M F  due to  
p re c ip ita t io n ; (b )  P ro b a b le  m a x im u m  sn o w p a ck  co in c id e n t  w ith  100 -year sn ow -season  rain
fa ll; ( c )  1 00 -y ear  re cu rren ce  in terval s n o w p a ck  c o in c id e n t  w ith  sn ow -season  P M P ; ( d )  D am  
fa ilure cau sed  b y  an S 2  eq u iva len t earth qu ak e (see G u id e  N o . 50-S G -S  1) co in c id e n t  w ith  peak  
o f  2 5 -y e a r  f l o o d ;  ( e )  D am  fa ilure caused  b y  an S I equ iva len t earth qu ak e (see G u id e  N o . 
5 0 -S G -S 1 ) c o in c id e n t  w ith  p eak  o f  f l o o d  caused  b y  o n e -h a lf  P M P ; ( f )  1 00 -year-recu rren ce - 
in terval ice  ja m  co in c id e n t  w ith  P M F  fo r  the  a p p rop ria te  season ; (g )  Inadverten t o p en in g  o f  
all ga tes  o n  an u pstream  dam  c o in c id e n t  w ith  p eak  o f  f l o o d  caused  b y  o n e -h a lf  PM P ;
(h )  Inadverten t o p e n in g  o f  all lo w -le v e l o u t le ts  in  an upstream  dam  c o in c id e n t  w ith  peak  
o f  f l o o d  caused  b y  o n e -h a lf  PM P.
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and if their consequences are significant and their probabilities are not very low 
they shall be taken into account. Considerable engineering judgement is necessary 
in selecting the appropriate combinations.

10. FLOOD PROTECTION ASPECTS 
OF NUCLEAR POWER PLANT SITING

Because floods and associated effects may affect safety through their 
actions upon the items important to safety these items shall be protected from 
the DBF so as to retain their functions. The preferred method of protection is 
that specified in sub-section 10.1, item (a), and consequently sites should be 
examined with this in mind.

The action o f water may be static or dynamic, or there may be a combina
tion o f effects (see sub-section 9.2). In many cases the effect of ice and debris 
transported by the flood must be considered. Erosion from floods may also 
affect safety. Sedimentation, usually occurring at the end o f a flood, may 
produce problems with water supply for the nuclear power plant.

10.1. Types of protection

Protection of a nuclear power plant from the DBF may be achieved by the 
following methods:

(a) Construct all items important to safety above the level o f  the DBF, 
taking into account wind-wave effects and effects of potential ice and debris 
accumulation. This may be accomplished either by taking advantage of existing 
topographical features or by construction arrangements that raise the ground 
level at the site. This method is preferred over the following method by most 
Member States.

(b) Construct permanent external barriers such as levees or dikes. In this 
case, care shall be taken that appropriate design bases (e.g. seismic) are selected 
and that periodic inspections and maintenance o f these barriers are provided.
The barriers themselves shall be considered as items important to safety. In 
certain cases such protection of the plant against extreme hydrological phenomena
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is augmented by waterproofing and appropriate structural design of all items 
important to safety12.

10.2. Analysis of the protection

The two types of protection outlined in sub-section 10.1 represent basic 
ways to protect a nuclear power plant from a flood. In some cases protection 
can be achieved by a combination of the two types.

It will be necessary, however, to analyse carefully the effect that any works 
on or around the site, such as those mentioned in sub-section 10.1, may have 
upon the flood water level at the site. Flood protection structures (see sub
section 10.1) shall be analysed as structures important to safety.

11. MONITORING AND FORECASTING 
FOR PLANT PROTECTION

The extent and type of monitoring and forecasting measures which may 
need to be taken during the operation of the plant will depend on the degree of 
protection offered by the site selected. These measures should be considered 
at the planning phase, since their implementation requires a significant amount 
of time. Moreover, some o f the measures might be useful, if implemented early 
enough, for validating the results obtained during the evaluation of the DBF.

If monitoring is required, the need for one or both o f the two following 
networks should be considered (see Annex IV):

A flood forecasting and monitoring system
A monitoring and warning system on water-controlling structures which
may be related to the safety of the plant.

12 A s  an alternative it is co n s id e re d  perm issib le  b y  som e  M em b er S tates t o  p rov id e  
p erm a n en t D B F  p r o te c t io n  f o r  th ose  item s necessary  to  assure the ca p a b ility  to  shut d o w n  
the re a c to r  and m ain tain  it in  a safe sh u td o w n  c o n d it io n ; all o th e r  system s and c o m p o n e n ts  
im p orta n t t o  sa fe ty  are p r o te c te d  against the e f fe c ts  o f  a lesser f l o o d .  T h is  is a ccep ta b le  i f  
th e  fo l lo w in g  c o n d it io n s  are m et:

(1 )  S u ffic ie n t  w arn ing tim e is available to  shut the  plan t d o w n  and im p le m e n t adequ ate  
em erg en cy  p ro ce d u re s .

(2 )  A ll item s im p o rta n t t o  sa fe ty  are d esigned  to  w ithstand  f lo o d -p r o d u c in g  co n d it io n s  
that are co n s id e re d  rea son a b ly  ch aracteristic  o f  the geog ra p h ica l reg ion  in v o lv ed  (e x c lu d in g  
e x tre m e ly  rare c o m b in a tio n s ).
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12. CHANGES IN FLOOD 
CHARACTERISTICS OF DRAINAGE BASINS

The continuing validity of the DBF shall be checked by periodical surveys 
of conditions in the basin which may be related to floods (e.g. forest fires, 
urbanization, deforestation). These surveys should be carried out at appropriate 
intervals, mainly by aerial surveys supplemented, as necessary, by ground sur
veys. Special surveys should be undertaken when particularly important changes 
(e.g. extensive forest fires) have occurred. Where the size of the basin precludes 
the carrying out o f sufficiently frequent air surveys, the use of data obtained 
from satellites such as the Landsat type may be considered.

The data obtained from

(a) flood forecasting and monitoring systems, and
(b) the operation o f any warning systems

should be periodically analysed for changes in the flood characteristics of 
drainage basins.

Indication of changes in flood characteristics of drainage basins shall be 
used to revise, as appropriate, the design flood values, and to improve the protec
tion o f structures and systems, the forecasting and monitoring system, and the 
emergency measures.
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Annex I

FREQUENCY CURVE METHOD AND ITS 
RELATION TO STOCHASTIC METHODS

The use of extrapolated frequency curves for estimating extreme events 
such as floods is well documented [3]. In this method, which is usually based 
on a series of maximum annual flows, it is assumed that:

The available data represent a stationary time series of events and that 
conditions in the basin will continue to remain stationary over the lifetime 
of the nuclear power plant. (These assumptions are rarely correct.)

The data are homogeneous (e.g. the series o f floods analysed have been 
produced by the same type of causes). (This rarely agrees with actual 
flood data.)

The time series o f data is an independent — not an auto-correlated — one. 
(This is rarely true for most large rivers along which nuclear power plants 
are likely to be located.)

Moreover, outliers cannot be properly considered in most applications of this 
method. For these reasons the limitations of the method cannot be overcome.

If, however, the data are treated in a more sophisticated way by taking 
into account random components, trends, jumps and outliers, the method falls 
into the category of stochastic methods and can be used for site evaluation as 
suggested in this Guide. Methods have been developed which embrace not only 
the maximum annual flows but all floods where mass flow exceeds certain 
thresholds appropriately selected [28,29]. They thus allow historical extremes 
to be brought into the calculations.

Other means of increasing the input information is to link together the 
probability distribution of floods and those of generating precipitations. The 
idea has been developed in the Gradex method [30,31 ].
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Annex II

STOCHASTIC METHODS IN 
EVALUATING RUNOFF FLOODS

Stochastic methods attempt to determine by the analysis-synthesis process 
the asymptote of the frequency curve, which is directly estimated if one uses 
deterministic methodologies. The application of stochastic methods in hydrology 
has been discussed in Refs [32—36].

Because of the combined deterministic-statistical treatment of the time or 
space series of data, one can estimate theoretically the error affecting the results 
of a stochastic method, whereas the error of a deterministic method can be 
estimated only through a validation process. Nevertheless, stochastic methods 
may be used only after proper validation.

Stochastic methods can be applied to determine flood peaks or flood levels 
of various return periods. Since for many applications in nuclear power plant 
siting the most important hydrological parameter is the extreme water level 
rather than the extreme flow, the direct analysis of a time series o f water levels 
may eliminate the difficult computational steps required for estimating the 
levels corresponding to the selected design flow. However, in contrast to the 
deterministic methodologies, the stochastic methods do not provide a continuous 
flood hydrograph and the related information on the rate o f change of flow 
(or of water levels). Therefore, when stochastic methods are applied it will be 
necessary to make additional hydrological computations to estimate a reasonably 
conservative set of hydrological parameters (sub-section 5.1) as required for 
nuclear power plant siting and design.

AII-2. Stochastic analysis

Stochastic methods o f analysing a time or space series are based on the 
hypothesis that a series of this type represents the numerical expression of non- 
stationary stochastic variables, possibly including perturbation by systematic 
factors connected with human activity. These last factors are initially identified 
in the analysis and their effects eliminated from the data series. The residuals 
are considered as values of a random variable whose parameters may change 
with the season. They have an auto-correlation structure which is essentially 
a function of the storage effects in the basin. In the case o f mass flow, one 
possible model for this random variable or its logarithm is the sum of the seasonal 
systematical term and random auto-correlated residuals distributed according to

AII-l. Introduction
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a normal distribution law. However, other representations are possible [36],
It is important to verify by statistical tests that the model and the probability 
distribution considered (normal or other distribution law) fit the data. The 
model parameters (including those characterizing the systematic and seasonal 
effects) are only estimates of the actual values because they are obtained from 
a limited sample of an infinite population. Therefore the parameters are affected 
by sampling errors that can be evaluated by statistical methods and taken into 
account in the stochastic synthesis.

AII-3. Stochastic synthesis

When the parameters o f the time or space series have been determined, it is 
in theory possible to express the flood of a given probability of exceedance in 
terms o f these parameters. One method which avoids statistical and mathe
matical difficulties consists of generating a long sequence of flows by a Monte 
Carlo technique and estimating from this sequence the probability of the extreme.

To allow for errors in the time series parameters, the synthesis by Monte 
Carlo techniques is extended not only to the synthetic generation of the random 
component, but also to the generation of various samples o f the parameters 
which have normal or other distributions and standard deviations equal to the 
corresponding standard error o f estimation.

The model is validated by dividing the input-output data available into 
two or more sets of samples. Some o f the sets are used to calibrate the model. 
The others are then used as inputs to synthesize outputs, which are compared 
with the observed ones. The errors thus computed are compared with the errors 
of the calibration set, and statistical or judgemental inferences are made about 
the validity of the model. This is termed the ‘split’ sampling technique. The 
parameters finally used, however, are to be based on the use of the entire set of 
data.

AIM . Application of stochastic methods

The techniques used in the application of stochastic methods, which 
require the availability of computer technology, can be readily understood and 
checked at each step in the course of the computation. A number o f techniques 
for analysing and synthesizing time series have been developed [33,34, 37—40]. 
Certain practical limitations of some techniques have been outlined in Ref. [41 ]; 
these may be taken into the reckoning when the choice of a synthesis technique 
is being made.

35

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



AII-4.1. Gauged sites

It has been suggested by some experts that for applying stochastic methods 
a site may be considered gauged in any of the following circumstances:

(a) If there is a long period o f  record at the site. A long period of 
record is defined for middle and higher latitudes (north of 40°N 
and south of 40°S) as 30 years and for lower latitudes as 50 years of 
record, if all extreme meteorological events13 in the region have 
affected the relevant basin; otherwise 50 and 70 years respectively.
The extension to a period of 50 and 70 years of record respectively 
is required because if the basin has not been subject during such 
period of record to a storm that is o f an exceptional intensity com
pared to the usual storms experienced by it, one could safely assume 
that the basin is for one reason or another sheltered from such storms. 
Evidence that this assumption is correct may be obtained through 
detailed meteorological analysis.

(b) I f  the period o f  record can be extended by correlation with one or 
two other gauges to a period o f  record equivalent to that indicated 
in item (a) above. The computation o f the equivalent number of 
years is carried out as indicated in Ref. [42], The actual extension 
of data is carried out using complete correlation equations, including 
the random component, so that there is no reduction in variance of 
the extended time series.

(c) If it can be demonstrated that the period o f  record provides a time 
series o f  data having variance less than the variance obtained from a 
regional analysis. This check is made in accordance with the metho
dology developed in Ref. [43]. It should also be shown that all the 
extreme meteorological events in the region have affected the relevant 
basin, otherwise allowance must be made for those events that have not.

The time series to be used consist of the series of instantaneous maximums 
or maximum daily flows14 within the time interval At. The choice of the inter
val At, which marks the first step in the stochastic analysis, is made by considering 
various successively shorter time intervals (one year, one month, one week, etc.),

13 S u ch  e x tre m e  m e te o r o lo g ica l even ts  are th ose  that appear o n  usual p ro b a b ility  
curves as ou tlie rs  and m ay  have b een  re c o r d e d  e ith er b y  the  m e te o r o lo g ica l n e tw o r k  o r  b y  
the h y d ro lo g ica l o n e .

14 T h e  use o f  in sta n ta n eou s  m ax im u m s is p re ferred  i f  da ta  are available in th is fo rm . 
H ow ev er , in  m o s t  cases m ax im u m  d a ily  f lo w s  w ill be co n s id e re d  and re la tion sh ip s  b e tw een  
these and in sta n ta n eou s  m a x im u m s w ill be  used to  c o r re c t  the  fina l result.
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selecting the corresponding maximum flows, eliminating the seasonal component 
and computing the auto-correlation coefficients for lag one, two, etc. The time 
interval selected is the smallest one for which the lag-two auto-correlation 
coefficient becomes insignificant.

Since the effect o f various causes is multiplicative rather than additive, 
the time series has to be analysed after a logarithmic transformation of the data.

The time series with the selected time interval is than analysed for definable 
significant causes so that their effect can be eliminated. The usual definable 
significant causes are:

(a) Seasonal variation of meteorological conditions
(b) Causes that may produce trends (e.g. urbanization, deforestation)
(c) Causes that may produce jumps (construction of large reservoirs, 

diversions)
(d) Changes brought about by storage.

Cycles other than the seasonal one need not be considered.
From the residual terms a suitable probability distribution (e.g. log normal 

distribution) and associated standard deviations are then derived.
If other representations are used (e.g. Ref. [36]) the technique as described 

here has to be adjusted accordingly, particularly with respect to the treatment of 
outliers and data synthesis. In the technique suggested here outliers are explained, 
where this is possible, deterministically or as belonging to an additional separate 
distribution, superimposed on the ‘basic’ one. Under no circumstances is it 
acceptable to ignore without full justification any outliers belonging to the 
higher flows, and synthesis techniques provide for the generation o f such outliers 
with a frequency consistent with their actual frequency of occurrence. When 
using a distribution function other than log normal it is to be demonstrated that 
the frequency distribution function is such that the results are acceptably con
servative. Outliers belonging to lower flows can be ignored only when it is 
conservative to do so.

Monte Carlo techniques can be used to generate long time series of synthe
sized flows. Within the framework of such a synthesis each parameter needs to 
be synthesized separately before use; it is assumed that its value changes in time 
consistently with its error of estimation (i.e. according to a distribution whose 
standard deviation is equal to its error of estimate). After synthesizing a stationary 
time series the effects o f non-stationarity detected in the first analysis stage are 
superimposed when it is conservative to do so.

The set o f numbers so generated is then used together with the recorded 
set to define the medium frequency curve and a suitable confidence limit. This 
curve will then be extrapolated up to a sufficiently low probability of exceedance. 
The resulting estimated flow is increased to take into account the confidence 
limits of the estimation.
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AII-4.2. Ungauged sites

When the site is ungauged (see sub-section AII-4.1 for a description of a 
gauged site) but when there are at least 30 gauges in the region, as in Ref. [44], 
a stochastic analysis and synthesis may be carried out in the following manner.

A stochastic analysis is performed at each of the gauged sites, and the 
values o f the time series parameters and their standard errors defined at each 
site.

Correlations between each time series parameter and the corresponding 
basin characteristics are determined. The square grid technique can be used 
for the definition o f the basin characteristics. The formulae for the error of 
estimation of each parameter at an ungauged site are developed at the same 
time [43].

The time series parameters and their standard error o f estimation at the 
site are then worked out from correlation with the physiographic characteristics 
and the computation continued as for a gauged site.

The computation is validated by appropriate statistical methods.
For an example of the application of the technique, see Ref. [45].
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Annex III

CAUSES OF FLOODS OTHER THAN 
PRECIPITATION AND RELEASE FROM STORAGE

AIII-l. Ice

Ice can cause or contribute to floods in several ways. Formation o f surface 
or anchor ice in a stream may cause a temporary backwater situation, raising 
the level o f the stream above what it would normally be for the same flow under 
open water conditions. This effect seldom creates major floods.

When the flow in a stream breaks up and dislodges the ice and floats it 
downstream, an ice jam may occur if the floating ice encounters an obstruction 
and piles up against it. The obstruction may be, for example, a bend or constric
tion in the channel, a bridge or other similar type of structure, or surface ice 
which has not yet broken up. A jam behaves as a temporary dam, storing water 
and causing flooding upstream by raising the water level.

Major floods may also result from the sudden release of the water stored 
behind an ice jam. As the water level rises behind an ice jam and as more ice 
joins the accumulation, the static and dynamic effects on the jam increase, 
resulting eventually in the collapse of the jam. An ice jam typically collapses 
in a short period of time, releasing the stored water suddenly.

A glacier may block a stream course and create a temporary lake upstream. 
As with ice jams, the backwater effect may cause flooding upstream but more 
serious flooding may frequently occur when the temporary ice dam is destroyed 
by overtopping, erosion and melting. This effect has been observed, for example, 
in Pakistan and in Alaska.

AIII-2. Landslides and avalanches

Landslides or avalanches into water bodies can cause flooding in the 
following three ways:

(1) As a result o f waves caused by the sudden displacement of water by 
the mass of soil, rock, snow or ice. (Note that a landslide or 
avalanche into a water body causes waves both upstream and down
stream, so flooding can occur on both sides of the point of entry.
An example is the Vaiont Dam catastrophe in Italy in 1963 [46].)

(2) By creating a temporary dam, causing flooding by backwater 
upstream.
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(3) When the temporary dam mentioned in item (2) above is overtopped 
and washed out, releasing the stored water and causing flooding 
downstream. (Such a blockage occurred in the Madison River, USA, 
where, however, serious downstream flooding was avoided by con
trolled removal of the slide debris and gradual release of the stored 
water.)

AIII-3. Log or floating debris jams

The effects o f jams of logs or floating debris are similar to those of ice, 
landslides and avalanches in that a temporary dam is created, backing water 
up above it and releasing the stored water when the jam washes out; this type 
of release can be treated similarly to a jam created by such causes as ice, landslide, 
avalanche, etc.

AIII-4. Vulcanism

Volcanic eruptions may create blockages of river channels, storing water 
upstream. These natural dams may or may not collapse, depending on the 
erodibility of the deposited volcanic material. Volcanic ashes may be highly 
erodible and the effects may be similar to those of the other temporary dams as 
discussed in this Annex. If, however, the blockage is caused by lava flows, the 
natural dam may be essentially permanent and the effect may be a physical 
change in the regime of the river basin.

Another effect of volcanic activity can be the blanketing of large areas with 
volcanic debris. Again, the effect of this blanketing on floods depends on the 
type of the material deposited. If the material is impervious lava, the effect 
could be to make the surface less permeable and to increase runoff. On the 
other hand, the deposit of ash may have an attenuating effect on floods (an 
example is a large area north o f Crater Lake, Oregon, USA, which is covered to 
a depth of several metres by pumice granules of uniform size). These areas are 
characterized by a very high permeability and a large capacity for storing water 
in the pumice layer. Floods from these areas have, as a result, a very long lag 
time and the flood flows are comparatively low but may persist at or near the 
peak for many hours.

AIII-5. Natural channel changes

An example of natural channel changes is the breaking through of the land 
barrier between meander loops with resultant channel shortening and the forma
tion o f oxbow lakes. Such a breakthrough increases the velocity in the shortened
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channel, often resulting in degradation of the channel in the immediate areas 
and aggradation in the downstream reaches.

A stream may also change its course from such causes as erosion o f the 
drainage divide, seismic action, or flood overflow. This may bring about either 
increases or decreases in the drainage area above the site with resultant changes 
in the flood regime.

Continuous natural aggradation may occur in some reaches of streams that 
carry significant amounts of sediment, thus increasing the levels, frequency and 
duration of the flood.

AIII-6. In-channel structures due to works of man

In-channel structures and systems due to the works of man may have varying 
effects on the flood regime. The failure of these structures is discussed in sub
section 6.1, and other effects are mentioned in the following paragraphs here.

Dams are usually the most important structures to be reckoned with. In 
general, the effect of a dam on a flood is to redistribute the flood flows both in 
magnitude and time, but often there is little or no change in the total flood 
volume. A dam with a non-gated spillway will usually lower and delay the flood 
peak. The effect o f a gated spillway cannot be categorized because it depends 
on the operation o f the gates. Under certain conditions the travel time of a 
flood wave through a reservoir is less than the travel time through the natural 
channel which is inundated by the reservoir. This may result in an important 
change in the downstream flood characteristics because o f variations in the 
coincidence of peaks from the tributaries. The upstream flooding effects at a 
dam may be compounded by aggradation at the upstream end o f the reservoir.

Dikes and levees are used to protect parts o f the floodplain from inundation. 
The usual result of installing such structures is to increase the level of the flood 
within the channel.

Channel realignment and other channel modifications (e.g. removal of 
rocks and vegetation, channel pavement) are designed to increase the velocity, 
reduce backwater, and thus lower the flood peak. Such works may have the 
opposite effect downstream because o f aggradation. Diversions into and out 
of the basin may cause changes in flood peaks.

Bridges and culverts cause backwater, increasing upstream flood levels and 
aggradation. In addition, they act as obstructions against which floating debris 
or ice may form jams. Many culverts are designed to provide temporary storage 
of flood waters at their upstream sides. While the effect o f a single culvert may 
be insignificant, a basin may contain hundreds of culverts and their combined 
influence on flood flows may be significant. Highway and railroad fills require 
bridges or culverts for each channel crossed by the fill. In addition, the fill 
may obstruct the channel o f a parallel, flowing stream or require relocation of
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reaches of the channel. Highway or railroad cuts may cause water which would 
naturally flow in one direction to flow in the opposite direction. The soil from 
a hillside cut paralleling a water course may obstruct the channel. In addition, 
transportation cuts and fills may be the triggering factor for landslides. Vibra
tions from land transportation vehicles may trigger avalanches.

AIII-7. Off-channel operations

Off-channel operations include lumbering or removal of vegetation; 
planting of trees and crops; paving of surfaces, such as roads, driveways and 
parking lots; construction activity; cultivation o f crops, etc. and possible 
changing of cropping patterns; irrigation and topographic changes; mining and 
quarrying; and abandonment of cultivated land. The possible occurrence of 
forest fires is also to be considered in this context.

The removal of timber from land surfaces will usually increase flood peaks, 
reduce their lag time, and increase sediment generation. This is done by 
(a) reducing the interception losses, (b) decreasing the infiltration rate by rain
drop compaction, (c) reducing the storage capacity in the upper few centimetres 
of the ground surface by eliminating forest litter, and (d) increasing overland 
flow velocities by smoothing the land surface. The effects of forest fires, whether 
caused naturally or by man, are essentially the same and in some cases more 
severe. The planting of trees, crops, or other vegetation cover, or an increase 
in the vegetation cover brought about by, for instance, the abandonment of 
previously cultivated land, may reverse these effects.

Paved roads and the roofs of buildings provide virtually impervious, smooth 
surfaces from which losses.are very low and runoff is rapid. Storm drainage 
practice in urban areas may increase, or, less frequently, decrease flood runoff.

Cultivation practices, particularly the direction of ploughing, can have a 
marked effect on runoff. Certain farming practices may increase runoff and 
soil erosion. Contour ploughing forces surface runoff to flow across furrows 
rather than to follow each furrow as a channel, thus retarding the flow. Strip 
cropping, where regularly spaced strips of land are left unploughed and unplanted, 
provides similar barriers to overland flow. The effect of ploughing in providing 
greater infiltration rates is obvious. Irrigation, on the other hand, by increasing 
the soil moisture content, decreases the infiltration opportunity for precipitation.

Mining and quarrying may have several impacts on floods. Topographic 
changes from removal of material can affect flood characteristics, particularly 
in small basins. Tailings dumps or constructed tailings dams create storage oppor
tunity for flood runoff; such storage may, however, fail during floods. The 
mining of sand and gravel directly from the beds of streams is a common practice 
which can change the aggradation or degradation characteristics. Mining opera
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tions may increase the production of sediment. Open pit or strip mining may 
cause increases in infiltration rates, as well as storage of flood runoff. These 
factors will affect flood runoff significantly only in small river basins, i.e. of the 
size o f a few square kilometres.
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Annex IV

MONITORING AND FORECASTING 
FOR PLANT PROTECTION

AIV-l. Flood forecasting and monitoring systems

Flood forecasting and monitoring systems are usually set up for predicting 
and monitoring floods that may affect the plant site. If a satisfactory flood 
forecasting network already exists in the region, this network may be connected 
to the plant. If such a network does not exist, a study of the flood forecasting 
and monitoring needs is made and an appropriate network of data collecting 
stations (rainfall, streamflow, snowpack, etc.) is set up. The stations are installed 
in representative locations chosen by means o f physiographic regionalization [44] 
or similar techniques. Hydrological forecasting models are developed. Tech
niques for flood forecasting are described in Ref. [47],

Satellite data collection platforms, meteorburst telemetering systems, 
meteoradars, and facilities for receiving data and imagery transmitted from these 
devices may be used as appropriate for transmitting data from stations monitoring 
the condition o f the drainage area (e.g. forest fires, urbanization) and early flood 
warnings.

The flood forecasting models are developed and checked during the design 
and construction phase of the nuclear power plant.

AIV-2. Monitoring safety features affected by floods

Gauges are installed at or near those structures important to safety that may 
be affected by floods. Both hydrological and structural conditions are monitored. 
The list of the hydrological variables to be measured includes, but is not limited 
to, water levels and velocities (including levels and infiltration rates in existing 
structures) and amount o f sediment. Structural gauges measure stresses and 
strains (deformations), displacements, and vibrations. A system of taking 
soundings, perhaps by echosounders, in areas near the plant that are exposed to 
erosion during floods where the erosion could affect safety features, is taken into 
consideration, if appropriate.

AIV-3. Emergency measures

Three groups of emergency measures are considered, according to the 
distance from the plant; they are discussed in the following three sub-sections.
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A IV -3 .1. In the basin

Emergency measures in the basin are generally related to the possibility of 
destruction of significant natural or artificial obstructions that could subject 
the plant to dangerous conditions if large amounts of water storage accumulate 
behind them and are suddenly released. Such conditions may occur, for example, at 
ice jams, log jams, avalanches, ice surges, obstructions at bridges, and barrages.
The monitoring system is usually able to detect such phenomena early enough 
for appropriate measures to be taken. In some cases emergency measures may 
be required for the repair of the upstream dams or other structures whose 
failure may be relevant for safety.

AIV-3.2. Around the plant site

The personnel of the plant need to be prepared to cope with emergency 
conditions such as erosion around the site or at levees, infiltration through water
proofed walls, or underground back-up through faulty storm drainage systems.
The monitoring system at the site is used as a basis for alerting the emergency 
teams.

AIV-3.3. Inside the plant

During a major flood the site may be physically isolated and on-site indica
tors may have to be provided to give warning of potential flood emergencies 
and to monitor the flood variables. Typically the variables monitored are the 
flood level and the rate of the level rise. In the event of a flood reaching the 
critical indicator level, procedures are specified for on-site plant personnel to 
shut down the plant if necessary. During an extreme event such as the DBF, 
it is likely that communication to off-site sources will be difficult or impossible. 
Telephone and electric lines may be broken, radio-transmission may be interrupted, 
and roads and bridges may be washed away.
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DEFINITIONS

The following definitions are intended for use in the NUSS programme and 
may not necessarily conform to definitions adopted elsewhere for international 
use. Those marked with an asterisk apply only to the terms as they are used 
in the present Safety Guide.

* Aggradation

A rise in the level of a river channel and flood plain. It has various dynamic 
causes.

^Degradation

A lowering of the level of a river channel and flood plain. It has various 
dynamic causes.

*Design Basis Flood (DBF)

The flood selected for deriving a design basis for a Nuclear Power Plant.

*Deterministic Method

A method for which most o f the parameters and their values are mathe
matically definable and may be explained by physical relationships.

*Hydrologically Homogeneous Region

A region for which a hydrological model can be used to transfer hydro- 
logical data using the same parameter or parameters systematically varied as a 
function of definable space-variable characteristics of the region.

Items Important to Safety

The items which comprise:

(1) those structures, systems, and components whose malfunction or 
failure could lead to undue radiation exposure of the site personnel 
or members of the public;1

1 T h is  in c lu d es  successive  barriers set u p  against the release o f  ra d io a c tiv ity  fro m  
nu clear fa cilities.
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(2) those structures, systems and components which prevent anticipated 
operational occurrences from leading to accident conditions;

(3) those features which are provided to mitigate the consequences of 
malfunction or failure o f structures, systems or components.

♦Meteorologically Homogeneous Region

A region for which a meteorological model can be used to transfer 
meteorological data using the same parameters systematically varied as a 
function of definable space-variable characteristics of the region.

Nuclear Power Plant

A thermal neutron reactor or reactors together with all structures, systems 
and components necessary for Safety and for the production of power, i.e. heat 
or electricity.

Potential

A possibility worthy of further consideration for Safety.

*Probable Maximum Flood (PMF)

The hypothetical flood (characterized by peak flow, volume, and hydro
graph shape) that is considered to be the most severe reasonably possible, on 
the basis of probable maximum precipitation and comprehensive hydrometeoro
logical application of other hydrological factors favourable for maximum flood 
runoff such as sequential storms and snowmelt.

* Probable Maximum Precipitation (PMP)

The estimated depth of precipitation for a given duration, drainage area, 
and time of year, of which there is virtually no risk of exceedance. The probable 
maximum precipitation for a given duration and drainage area approaches and 
approximates to that maximum which is thought to be physically possible within 
the limits of contemporary hydrometeorological knowledge and techniques.

Region

A geographical area, surrounding and including the Site, sufficiently large 
to contain all the features related to a phenomenon or to the effects o f a 
particular event.
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Regulatory Body

A national authority or a system of authorities designated by a Member 
State, assisted by technical and other advisory bodies, and having the legal 
authority for conducting the licensing process, for issuing licences and thereby 
for regulating Nuclear Power Plant Siting, construction, commissioning, operation 
and decommissioning or specific aspects thereof.2

* Relevant Bodies o f Water

All streams, rivers, artificial or natural lakes, ravines, marshes, drainage 
systems and sewer systems that may produce or affect flooding on or adjacent to 
the Nuclear Power Plant. Bodies o f water located outside the watershed in 
which the plant is located, but which may, by overflowing the watershed 
divide, produce or affect flooding of the plant, are also considered relevant 
bodies of water.

Safety

Protection o f all persons from undue radiological hazard.

Site

The area containing the plant, defined by a boundary and under effective 
control of the plant management.

Siting

The process of selecting a suitable Site for a Nuclear Power Plant, including 
appropriate assessment and definition of the related design bases.

‘•'Stochastic Variable (as applied in hydrology)

A term applied in hydrology to a variable whose value is basically of a 
probabilistic nature, but which may contain a non-random dependence on

2 This national authority could be either the government itself, or one or more 
departments of the government, or a body or bodies specially vested with appropriate 
legal authority.
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time (or space).3 In a stochastic Time Series, a term in the series may be signi
ficantly related to neighbouring terms and this possibility is taken into account 
in the analysis and synthesis of the series.

*Time Series

A chronological tabulation of data measured continuously or at stated 
time intervals, e.g. mean daily flow, maximum annual flood, daily water level 
at 8.00 a.m.

3 For example the time series for the variable water level at a specific location in a 
river is composed of a stationary random component and non-stationary components such 
as those that are periodic (e.g. seasonal) and those (trends and jumps) due to gradual or 
sudden changes (e.g. changes in basin characteristics).

54

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



LIST OF PARTICIPANTS

Date of meeting: 19 to 30 September 1977 

Consultants

WORKING GROUP

Giuliani, P. Italy
Milliken, D.L. United States of America
Solomon, S.I. World Meteorological Organization

IAEA staff members 

Karbassioun, A.
Iansiti, E. Scientific Secretary (Siting)

TECHNICAL REVIEW COMMITTEE (TRC) -  SITING

Dates of meetings: 7 to 11 November 1977, 13 to 17 November 1978, 
24 to 28 September 1979, 6 to 10 April 1981

Members and alternates participating in the meetings

Candes, P. (Chairman) France
Gonzalez, A. Argentina
Beare, J.W. 
Atchison, R.J. Canada
Kourim, V. 
Namestek, L. Czechoslovakia
Witulski, H. Germany, Federal Republic of
Soman, S.D. India

Italy
Subbaratnam, T. 
Giuliani, P.
Mochizuki, K. 
Fukuda, S. Japan
Baumgartner, G. Switzerland
Tildsley, F.C.J. United Kingdom
Roberts, I. Craig United States of America

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



Observer

Doumenc, A. France

Participants from the Working Group

Milliken, D.L.
Solomon, S.I.

IAEA staff members

Karbassioun, A.
Iansiti, E.

United States of America 
World Meteorological Organization

Scientific Secretary (Siting)

SENIOR ADVISORY GROUP (SAG)

Dates of meetings: 5 to 8 March 1979, 10 to 14 December 1979, 
15 to 19 June 1981, 7 to 11 December 1981

Members and alternates participating in the meetings

Hurst, D. (Chairmanj
Beninson, D. 
Paganini, C.
Beranek, J.
Messiah, A.
Clement, B.
Franzen, L.F.
Ganguly, A.K. 
Soman, S.D.
Dastidar, P.R.
Suguri, S.
Ishizuka, M.
Velez, C.
Sanchez, J.
Bello, R.
Hedgran,A.
Jansson, E.
Zuber, J.F.
Kovalevich, O.M. 
Isaev, A.
Gausden, R.A. 
Gronow, W.S.
Mattson, R.J. 
Minogue, R.B.

Canada
Argentina
Czechoslovakia
France
Germany, Federal Republic of 

India

Japan

Mexico

Sweden
Switzerland
Union of Soviet Socialist Republics 

United Kingdom 

United States of America

56

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



Participants from  international organizations

Vinck, W.
Pele, J.
Tolley, B.
Burkhardt, W.
Nilson, R.
Becker, K.
Stadie, K.B.
Komarov, E.I.

Observer

Guimbail, H.

Participants from TRC — Siting 

Candes, P.

IAEA staff members

Council for Mutual Economic Assistance
International Organization for Standardization
OECD Nuclear Energy Agency 
World Health Organization

UNIPEDE (International Union of Producers 
and Distributors of Electrical Energy)

Chairman, TRC — Siting

Commission of the European Communities

Karbassioun, A. 
Iansiti, E. Scientific Secretary (SAG and Siting)

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



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



LIST OF 
NUSS PROGRAMME TITLES

For the Safety Guides no plans exist to fill 
the gaps in the sequence o f  numbers.

Safety Series 
No.

Title Publication date 
of English version

1. Governmental organization

Code o f  Practice

50-C-G Governmental organization for the
regulation o f nuclear power plants

Safety Guides 
50-SG-G1

50-SG-G2

50-SG-G3

50-SG-G4

50-SG-G6

50-SG-G8

50-SG-G9

Published 1978

Qualifications and training o f staff Published 1979
of the regulatory body for nuclear 
power plants

Information to be submitted in Published 1979
support of licensing applications 
for nuclear power plants

Conduct of regulatory review and Published 1980
assessment during the licensing 
process for nuclear power plants

Inspection and enforcement by the Published 1980
regulatory body for nuclear power
plants

Preparedness o f public authorities for Published 1982
emergencies at nuclear power plants

Licences for nuclear power plants: Published 1983
content, format and legal considera
tions

Regulations and guides for 
nuclear power plants
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Safety Series Title
No.

Publication date
of English version

Code o f  Practice 
50-C-S

Safety Guides 
50-SG-S 1

50-SG-S2
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External man-induced events in 
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Hydrological dispersion o f radioactive 
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Safety aspects of the foundations 
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Design basis flood for nuclear Published 1983
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Design basis flood for nuclear 
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Published 1980 

Published 1980

Published 1981
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Safety Series Title
No.

Publication date
of English version
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Code o f  Practice 
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Safety Series Title
No.

Publication date
of English version
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power plants
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Safety Series Title
No.

Publication date
of English version
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Safety Guides 
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Quality assurance for safety Published 1978
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Safety Series Title
No.

Publication date
of English version
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