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0. INTRODUCTION 

RFS or "Règles Fondamentales de Sûreté" (Basic Safety Rules) applicable to 
certain types of nuclear facilities lay down requirements with which 
compliance, for the type of facilities and within the scope of application 
covered by the RFS, is considered to be equivalent to compliance with technical 
French regulatory practice.' 

The object of the RFS is to ta)ce advantage of standardization in the field of 
safety, while allowing for technical progress in that field. 

These RFS should maxe safety analysis easier and lead to better understanding 
between individuals concerned with the problems of nuclear sarety. 

In no way do the RFS limit the overall responsibility of the operating utility 
and in no way do they release it from its obligation to see-; regulatory provi
sions in iorce. 

A RFS is applicable as a rule to any nuclear facility granted a construction 
permit sore than one year from the publication of the RFS. 
Unless explicitly excluded, this time period may be extended by two additional 
years, in the interests of standardization, in the case of a facility regarded 
as identical to a facility which has already been granted a construction 
permit. 

For those nuclear facilities to which a RFS is applicable according to the pro
visions laid down in the paragraph before, the operating utility which does not 
wish to apply this RFS must demonstrate that the safety objectives of the XFS 
are met by such alternative means as it shall propose, within the context of 
the regulatory procedures in force. 

As far as other nuclear facilities are concerned, inasmuch as the RFS allow for 
technical updating, RFS publication does not entail, unless explicitly requi
red, the obligation of modifying the installations or of supplying further 
justifications. 

Moreover, the SCSIN reserves the right to modify, when considered necessary, 
any RFS and specify, if need be, the terms under which a modification is deemed 
retroactive ; for other cases, the above-mentioned rules relating to the dates 
of applicability are to be applied under the same conditions as ar. original RFS 
when a SFS is revised. 

The RFS, applicable to nuclear power plant units equipped with a pressurised 
water reactor, are organized according to the table of contents appended to 
this S?S in Appendix 1. 



PURPOSE 

The purpose of this RFS is to speciiy the soil characteristics to be 
determined and the soil response studies to be performed as par.; or site 
geological i*) and geotechmcal (*) studies. 

The standing Committee £or Nuclear Reactors has been consulted concerning 
this RFS. 

TEXT OF. THE EVU 

The procedure outlined below is used to meet the goals described in 
paragraph 1. The soil characteristics for each site are determined using 
the rules given in 2.1. and the soil response studies for each site are 
performed in accordance with the iules given in 2.2. 

Because the characteristics specific to each site vary widely, the type, 
scope and depth of the investigations, the methods used to study soil 
geological and mechanical properties and on-site or laboratory tests shall 
be adapted to suit each individual case. 

Determination of soil characteristics 

Soil characteristics are determined using measurements and samples taker, 
an site. 

These characteristics relate to : 

- geology, with regard to the type and location of soils seen or reported 
on site and hydrcjeology ('), with regard to soil liquefaction (') ; 
and 

- oeotechnology, with regard to all mechanical data. 

The geological surveys and geotechnical measurements performed should 
enable the parameters used for soil/foundation calculations to be deter
mined. 

". Geological a.ii Hydroceoloaical Surveys 

Study of the sits geology includes examining the different soils and/or 
rocxs and their geometric iayout, and mapping of siar.ifica-t disconti
nuities and variations within the different formations fcr tne 
Projected analysis. 7o this end, unless otherwise justifie-:, -hz site 
geological survey shall include georhysical tests. Ir. adôitix-., the 
bottom of the excavation shall be geologically surveyed O'.for» permis
sion for concreting is granted. 

The hydroloçicai survey includes an examination of initial conditions 
and shall taxe into account any changes to the aquifer which may result 
fr;m natural variations and/or structures which say affect s;il 

•;*; Terms followed fcy an asterisk are defined in the appended glossary. 



characteristics, to this end, a program to monitor the aquifer during 
construction shall be implemented, if such monitoring is deemed neces
sary to the monitoring of soil subsidence or swelling during the 
plant's lifetime. In the event of a change in regional hydrogeological 
conditions, the usefulness of this monitoring shall be re-evaluated. 
The main hydrogeological characteristics studied are : 
- aquifer piezoaetry, 
- the permeability and grain (•) of the different layers, 
- the chemical properties of the water, 
- where applicable, flow conditions. 
Geotechnical Surveys 
The site geotechnical survey -shall enable all useful soil mechanical 
properties to be determined, in particular, those relating to deforma.-
tion, strength, dynamics (M and statics (•). Soil response in the 
various areas mapped shall be characterised by parameters measured 
under static and dynamic loads in order to estimate their values in 
limits which take into account conditions likely to occur. 

Geotechnical surveying normally comprises drilling and the collecting 
of samples for laboratory testing. It may also include on-site mechani
cal tests (penetration and pressure meter tests) used to reveal soil 
variations with depth. 
The operator shall justify any lack of laboratory tests. 
Soil parameter measurement shall result in ranges of credible values 
from which a study of the sensitivity of foundation movement tc varia
tions of these parameters. The soil study shall accompany foundation 
design and construction ; engineers specialized in soils and 
foundations shall continually monitor the project from the draft design 
stage to installation toiiow-up. 

The soil surveys shall be re-examined, where necessary, in accordance 
with observations made during excavation work and in accordance with 
measurements taken during construction and operation (subsidence or 
swelling, water level, etc.). 

Scope of_the_Surveys 
The scope and accuracy of the samplings depend upon the heterogeneity 
of the site and the type of installations planned. The operator deter
mines the sample and profile meshes resulting from the geological sur
vey and the overall results o: the leasurements are presented in safety 
analysis reports. 



As a general rule for non-rocky s*tes, where h is the depth of building 
subsidence and 0 its diameter, a survey is performed to a depth which 
is at least equal to the greater of the values 2 h and 2 a. On rocky 
sites, the fractured, impaired and cracked zones shall be examined. 
However, the minimum sample depth can be waived if justification is 
provided. The scope and accuracy of soil parameter measurements shall 
be justified by studies on the sensitivity, with regard to these para
meters, of results obtained from the methods used in structural design. 

Standardized procedures (') are used to determine the static and 
dynamic characteristics of the soils. Where said procedures are not 
used, those used shall be described and justified. 

Static_characteristics 
The physical and mechanical properties (grain siae, density, water 
content, void coefficient, Young's modulus, shear strength, etc.) of 
the various layers composing the foundation soil shall be identified 
and determined. 

The following tools and techniques are used on site to do this : 
- penetrometer, 
- pressure meter, 
- loading tests, 
- shear strength meters. 
These are completed by laboratory tests (oedometric('), shear and 
tension tests). Dncertainties for the parameters measured car. be 
considered to be significant without correction when the percentage of 
large grain elements eliminated is low (15'»). Laboratory tests shouid 
reproduce actual on-site soil conditions. 

The two mam parameters to be measured are Young's modules and 
Forsson's coefficient. Plane and depth variations o£ these two 
Parameters and their corresponding uncertainties shall be determined sc 
that the effect of a set of possible values on soil movement and 
soil-foundation interaction can be examined. These two parameters are 
determined using on-site measurement of shear and compression wave 
Propagation velocities. ?or suitable soils, laboratory tests complete 
the on-site measurements, especially to determine the Young's modulus 
variation laws as a function of deformation for a number of cycles 
equivalent to plausible earthquakes and internal materials dampening. 
These laboratory tests shall accommodate relatively significant 
deformation. Tests with previously demonstrated validity shall ae usei 
for small deformations (1C"»J. 



Soil response studies concern roundation soils, any site earthworks and 
soils located in the vicinity of nuclear facilities. 
As noted previously, the extent of the soils studied shall ensure that 
the uncertainties with regard to measurements taken have a negligible 
effect on response study results. 
Subsidence and Swellinc 
Foundation soil deformation and subsidence or swelling amplitude shall 
be evaluated from the tune construction begins and throughout the 
entire life of the plant ,- the compatibility of this amplitude with 
acceptable displacements for the structure and its equipment shall be 
verified. The operating utility shall study all foreseeable changes in 
soil characteristics and set up a monitoring program for the 
construction period and the installation life ; where necessary, 
special measures shall be implemented to monitor any changes in 
phenomena which say occur. 

In the event that subsidence or swelling values after construction are 
significantly higher than had been estimated, the geological, 
geotechnical and hydrogeological characteristics listed above shall be 
re-examined in order to determine the physical cause of the anomaly. 
Liquefaction 
Liquefaction caused by high-intensity seismic movement is a risk 
specific to certain soils ; where applicable, said risk shall be 
carefully analyzed. In this event, evidence of previous liquefaction on 
the site or in the vicinity shall be looked for during the site 
geological study. 
Where the permeability of these soils is less than 10 2 m/s, 
liquefaction risk analysis shall be performed. The actual risk is 
determined by evaluating the liquefaction potential. 
Evaluation of the possibility of liquefaction generally comprises the 
following stages : 
- evaluation of shear stress (*) which may result from plausible 
earthquakes ; the latter are reproduced by a number of lead cycles 
whose constant amplitude simulates the overall effect : the operator 
shall justify the equivalence in cycles used ; 

- determination of soil shear strength using appropriate laboratory 
tests (triaxial tests, single shear tests, etc.) and on-site 
(penetration) tests; 

- comparison of the shear strength determined and the stress generated 
by plausible earthquakes m order to demonstrate that no iir-^efactior. 
risk exists. 
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The results of this analysis shall demonstrate that an adéquat.» safety 
margin exists in regard to liquefaction propagation in the laye:rs of 
soil concerned and in earthworks. An acceptable safety narg n shall be 
set for each individual case. 

As a first approximation, a safety factor of 1.3 to 1.5 (ratio of shear 
strength to 3tress from plausible earthquakes) may be used, but higher 
•values may have to be used in some cases, e.g. for low-density sands. 

Wnere the evaluation results in an inadequate safety factor, 
deformation (") calculations shall be performed. The operating utility 
shall propose an acceptable deformation criterion. 

Where the calculations do not meet this criterion, soil strength shall 
be increased. 

The method described above is the one usually used for site 
liquefaction problems. The operating utility may, however, propose 
another approach if its validity can be demonstrated. 

2.2.2. glope Stability 

The stabilityof all slopes (earth, rock, snow or ice), be they natural 
or the result of human activity (e.g. cliffs, dykes, dams, earthworks, 
etc.), including site work, shall be examined since their rupture may 
jeopardize facility safety. 

A limit equilibrium calculation is usually performed to analyze slope 
stability. 

Rock slopes are subjected to a special analysis because of the 
possibility that slides may occur as the result of cracks or fractures 
in the rock. 

2.2.4. fault Slippage 

Seismotectonic data currently available in rrance indicates that 
s'urface fault slippage is an exceptional event. However, if site soil 
investigations reveal accidents whicn may be interpreted as being 
evidence of such faults, a detailed tectonic and neotectonic analysis 
shall be performed in order to be able •? discount the possibility of 
fault slippage during pla.-.t life. 

Head or the Central Department 
for the Safety of Nuclear 
Installations 

Christian de T5S;"AT 



SLQSSMÏ 

Déformation : Stress-induced change in the shape of a solid. 

Dynamics : That part of mechanics which studies the movement considered in 
relation to the forces which cause it. 

Geology : That science which includes the study of those parts of the 
earth which can be directly observed and the elaboration of 
hypotheses enabling their history to be determined and their 
layout to be explained. 

Onterrhnics : That area of geology which studies the technical application of 
geological research to the field of civil engineering. 

Grain : The result of granulometry. 

Granulometrv : Measurement of the dimensions and determination of the shape of 
particles and grains. 

Hvdroaeolopy : That part of geology which studies water circulation in soil. 

Liquefaction : Process whereby a substance is transformed into a liquid. Sand 
liquefaction corresponds to a total temporary or permanent loss 
of shear strength. 

oedomptrv : An oedometric test is a test for measuring the amplitude of a 
(Test) subsidence and studying its development over time. 

Slippage ; Movement of the edges (surfaces caused by cracks) of one fault 
in relation to another. 

Static; ; That part of mechanics which studies the systems of material 
points subjected to the action of forces which do not cause 
movement. 

Standardised : Procedures which are recommended or specified, e.g. 
Procedures - procedures recommended by the Laboratoire Central des Ponts 

et Chaussées, 
- standards specifies by the American Society fcr Testing ar.d 
Materials (AST.».: . 

Stress : Directed pressure on one point of a material body. 

Shear Strength: Device used to determine the shear strength of a consistent 
Meter soil. 



ftffgmiit.,,1 

TABLE 0? CONTENTS OF BASTC SaFFTY mir.ES 

(Nuclear power plant units equipped with a pressurized water reactor) 

I - GENERAL DESIGN AND INSTALLATION PRINCIPLES OF THE PLANT 

1.1. General plant layout description 
1.2. Protection against externally generated hazards 
1.3. General design and installation principles 

II - BASIC STRUCTURES AND SYSTEMS DESIGN 

II.1. Successive barriers against the release of radioactive 
products 

11.1.1. Fuel cladding 
11.1.2. Reactor coolant system 
11.1.3. Containment barrier 
11.1.4. Other barriers 

II.2. Engineered safety features 

11.2.1. Emergency core cooling system 
11.2.2. Containment spray system 
11.2.3. Containment atmosphere control system 
11.2.4. Steam generator auxiliary feedwater system 

11.3. Auxiliary systems 

II.3.1. Fuel handling and storage system 
Zl. 3.2. Reactor cavity and spent fuel pit coclm? a.-.d 

treatment system 
11.3.3. Ventilation systems 
11.3.4. Residual heat removal system 
H.3.5. Chemical and volume control system and reactor boron 

and water maice-up system 
11.3.6. Component cooling water system and essential cooling 

water system 
11.3.7. Radioactive waste treatment systems 

11.4. Electrical systems 

11.4.1. Instrumentation and control systems 
11.4.2. Electrical power 
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III - INTERFACE CRITERIA 
III.1. Installation criteria 

J III.2. Nuclear steam supply system and structures interlace 
III.3. Nuclear steam supply system and other balance of plant 

systems interface 

IV - OPERATING CONDITION AND ANALYSIS CRITERIA 
IV. 1. Equipaient classification 
IV.2. Equipment operating conditions 
IV.3. Heactor coolant systea (main priaary circuit) operating 

conditions 
IV.t. "Accident analysis 

V - GENERAL RULES APPLICABLE TO SEVERAL SYSTEMS, STRUCTURES AND COMPONENTS 
V.1. Radiation protection 
V.2. Other general rules 


