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1 Purpose

The purpose of these technical specifications is to describe the varied technical requirements of
the materials that are to be supplied throughout the construction phase of the ITER project.
This will include specified material properties, certification, testing regimes etc. that are
required to satisfy this specification.

2 Scope

This technical specification applies to all the SIC and SR civil works, buildings and site
infrastructure that are to be constructed on and around the platform of the ITER Worksite. It
may also be applied wholly or partially to non-SIC civil works, buildings and site infrastructure
at the discretion of the PA RO. Generally, non-SIC civil works, buildings and site
infrastructure shall comply with Eurocodes and supporting Euro-Norms (or French Codes as
applicable).

3 Definitions

For a complete list of ITER abbreviations see: ITER_D _2MUGWS5 - ITER Abbreviations
SIC  Safety Importance Class

SR Safety Related

PA Procurement Arrangement

RO  Responsible Officer

4 GENERAL PRINCIPLES

Modifications or adaptations to these rules (particularly regarding the characteristics of the
materials or processes and the associated inspections) may prove necessary in response to
changes in the industrial technology or to the technical constraints of the project.

4.1 Standards

These technical specifications refer to existing European standards. If these European standards
are not available, technical specifications are defined with reference to national standards.

The construction of structures covered by the present rules must fulfil the standards to which
reference is made in this document. The standards to observe are those in force on the issuing
date of the present rules. The use of standards other than those referenced in the present
document (other standard or revised standard) must be justified by a document attesting to their
equivalence. Only the requirements which are not contrary to those of the present rules can be
met.

4.2 National marks, certification, qualifications and approvals

The use of national marks, certifications, qualifications and approvals, other than those
mentioned in the present document, is possible on the condition that the quality guarantees are
proved to be at least equivalent (controls).

When a compliance certificate is required by the present regulations, it must be possible to
prove, before the start of the works, that the materials, products or processes benefit there from
or, failing this, from a compliance certificate approved as equivalent.
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4.3 Laboratories and organisations

Where laboratories or organisations are mentioned in the present document, other laboratories
or organisations may be used, on condition that proof is furnished that they provide quality
guarantees that are at least equivalent.

4.4 Working tolerances
| The relevant tolerances are collected in section 5.5.

4.5 Non-conformities - Deviations

If, during the controls, the requirements of the present rules are not met, a non-conformity is
declared. The materials or components concerned remain under control until processing of the
non-conformity.

Restoration of conformity is sought after the detection of non-conformities with respect to
these rules. They are only declared as deviations when this restoration of conformity cannot be
effected.

Deviations are declared as significant or brought to the attention of the Safety Authorities when
the final condition of the structure does not conform to the design and construction rules
described in the present document or in rules shown to be equivalent.

4.6 Applicable documents

Documents applicable to the construction are listed Section per Section in this specification.
Abbreviated notations used in the text are the following:

4.6.1 Ministerial documentation

They are designated in the text by an abbreviated tide that allows them to be identified.
Example: Documentation n°® 4 Title 11”.

46.1.1 Standards

The standards are coded according to their origin and status. They are designated in the text by
their alphanumeric code.

Meaning of the coding:

ISO: international standards

EN: european standards, adopted by the CEN
DIN: german standards

NF: standards approved by AFNOR

XP or no coding: experimental AFNOR standards
FD: AFNOR documentation

The order of the coding is shown by the following example: international standard (ISO)
adopted by the CEN (EN), and then approved in France (NF): NF EN ISO 14713.

4.6.1.2 Other documents
They are designated in the text by an abbreviated title that allows them to be identified.
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5 TOPOGRAPHY LAYOUT AND CIVIL WORKS
CONSTRUCTION TOLERANCES

5.1 Scope

This specification relates to the topographical works, it also defines the construction tolerances
of the civil works.

5.2 Topographical reference system

The topographical works and coordinate systems are described in the note ITER
COORDINATE SYSTEMS ITER_D 2A9PXZ v3.7.

5.3 Working tolerances

"Working tolerance™ is understood to mean the tolerances which take into account the
deviations inherent in the layout topographical operations and deviations attributable to the
work itself.

The tolerances relate to the permissible deviation in the specified value of a dimension,
position or surface condition. Three types of working tolerance are to be considered:

Absolute tolerance: tolerance on the absolute position (X,Y,Z) of a structure axis or any part of
a structure with respect to a "topographical reference unit".

For independent structures, namely: isolated structures without mandatory dimensional link
with other structures or installations, the topographical reference unit is part of a known "
primary" survey grid in the LAMBERT Ill projection system, for planimetry, and the NGF
altimetric system, for altimetry.

For connected structures, i.e. those requiring a mandatory dimensional link with one or more
other structures or installations, the topographical reference unit is part of a " secondary "
survey grid determined in a local coordinate system and attached to the primary survey grid.

Relative tolerance: tolerance on the relative position (X,Y,Z) of any part of a structure with
respect to a "topographical reference unit" linked to this structure. This «topographical
reference unit" is part of a «micro survey grid» set up on the structure itself and defined with
respect to the primary or secondary survey grid.

Basic tolerance: it is a tolerance on:

a dimension, orientation, inclination or surface condition requiring accuracy greater than the
one given by the absolute or relative tolerances.

the relative positions of equipment items or parts of structures.
The basic tolerance is one-dimensional: it does not refer to any topographical reference unit.
Table below summarizes above definitions:
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Types of structure Type of tol'erance tobe | Origin of the topog _raphlcal
considered reference unit
absolute Primary survey grid
Independent structures ; :
basic No topographical reference
absolute Primary or secondary survey
Connected structures : )
basic No topographical reference
. relative Microsurvey grid
Structure internals - ;
basic No topographical reference

Maximum allowable working tolerances under normal working conditions are given in the
| tables provided on Section 5.5.

5.4 Altimetric sounding
Each structure is equipped with a set of landmarks left in place during operation and enabling
the changes in basemat displacements and distortions to be measured.

The measuring frequency is generally quarterly during construction and annual during
operation. However, the frequency is adapted to match the foreseeable or observed movements.

This set of landmarks is supplemented by measurements of the differential displacements
between buildings and of the basemat tipping.

5.5 Tolerances

Reference Documents:

SFS-ISO 3443-8 Tolerances for Building, Dimensional Inspection and Control for
Construction Work

SFS-ISO 7077 : Measuring Methods for Building - General Principles and Procedures for the
Verification of Dimensional Compliance

Tolerances for normal working conditions are the most stringent of the tolerances specified in
Chapter 7 of NF P18-201 and the tolerances specified in the following tables:
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ABSOLUTE RELATIVE
Independent structures Connected structures Internal structures
TYPE OF WORKS . . vertical BASIC
levelness or tolefjlrlékn;gtrrgn o levelness or toleiI:nT:trrgn o levelness or | Measurements
indecision Y€ indecision Y98 indecision |tolerance range +or
+or - +or - _
Survey works
e  piezometers 20cm 2cm
e test boring 20 cm 10cm
e seismic profiles 20cm 20cm
e  gravimetric measurements 20 cm 2cm
e limnigraphic scales 1m 5cm
Open-air earthworks
e rocky soils (line A)
- without pre-splitting (1) 20 cm 15 cm 15 cm 10 cm
- with pre-splitting 15 cm 10 cm 10 cm 5cm For lined excavations, a line A basic tolerance with
e rocky  backfills  (profile respect to the adopted structure profile may be
performed) 15cm 10 cm required depending on the tolerance set for the lining
e loose earth spoils and backfills thickness
; : 10 cm 5cm
(line A or profile performed)
Underground earthworks
| e rocky soils (line A)
; P [Tolerances on the distance of the profile performed (or
- without pre-splitting (1
. P . p o(®) 20 cm (2) 15 cm 15¢m (3) 10.em@3) line A) to the axis set up after earthwork: + 3 cm.
- with pre-splitting 15.¢cm (2) 10 cm 10 cm (3) 5cm (3)
- with full-sized boring machine| 12 cm 2) 10 cm

(1) With surface adjustment or use of the careful splitting technique

(2) If the length of the tunnel (L in km) is > 5 km; the applicable tolerance in normal working conditions is increased by the value in cm given by
the expression: (L-5)?

(3) Applies to major excavation (underground factory).
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ABSOLUTE
Independent structures Connected structures
TYPE OF WORKS altimetry altimetry BASIC
levelness or levelness or
: e tolerance range + - e tolerance range +
indecision indecision
or - or -
e  Platforms - Roadways The deflections measured with the 3m ruler shall not exceed :
- Earth platforms 10 cm 5cm - Foundation layer : 2 cm
- Base layer : 1 cm
- Roadways m m
Y 5¢ 3¢ - Surface layer : 1 cm
e Boring in the earth 20 cm 10 cm The deviation of the boreholes shall not exceed 3% of their length.
° PiIIIIeiSH cast walls, sheet For structural foundations, the deviation of the vertical elements such as piles,
piiling . cast walls, sheet piling, etc. shall not exceed 1% of their length. This tolerance
- Structural foundations 5cm 3cm (1) is raised to 4.5% for inclined piles or sheet piling. For watertight walls, the
- Watertight walls 10 cm 5cm (1) continuity of the wall shall be guaranteed
e  Concrete structures (2)
t
- 1% phase concrete (3), 5cm 3cm 3cm 2cm For tunnel, shaft or other excavation linings, the tolerance on the distance of
em?eddeg %art_s, penetratltqns the profile performed (or line R) to the profile set up after earthworks is + 2 cm
erformed during concretin - . .
?4) g 9 For anchor plates and shells (sleeves and shells) the verticality or horizontality|
- 2™ phase concrete (3), tolerance is 1% with a maximum off-centre of 1cm
penetrations by boring

(1) At top of the structure

(2) For the structures made up of prefabricated elements, the tolerances and facing definitions shall apply as if the construction was performed on
site by cast in situ concrete.

|(3) The acceptance criteria of the facings (flatness and shape defects, texture) are defined in section 8.2

(4) Tolerances on the position of centre and the ends of the sleeves and shells.
(5) This tolerance may be increased for penetrations which do not require very precise positioning (electrical penetrations for example)
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ABSOLUTE RELATIVE
Independent structures Connected structures SIC buildings
TYPE OF WORKES altimetry levelness or altimetry levelness or mez;{seljrt':aﬁlents PASIC
levelness tolerance range + - e tolerance range + - e
or - indecision or - indecision tolerance range +or
e  Large diameters conduits 5¢cm 3cm lcm 0,5cm (1)
e Steel brackets for main )All points on the upper horizontal
cranes (2) 5cm 3cm 2cm lcm anchor plate shall be between two
horizontal planes 1,5 cm apart.
e  Structures and equipment
- Grouted parts lcm(3) 0,5cm (3) The basic tolerances applicable to the
| - Large steel works (4) 3cem 2 cm 3cm 2 cm 2 cm 1em steelwork and beams of the crane
iven in chapter 15.
- Small steel works, Lem 05 cm runways are given in ¢
metalworks ’

(1) Axis with connections to other supplies.

(2) Tolerances on the position of the horizontal anchor plate to which the rail will be fixed.
(3) Upper value of the tolerances of the grouted parts.

(4) Positioning tolerance of a given element with respect to the reference unit.
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TYPE OF WORKS

EXECUTION TOLERANCES

Walls, beams and columns

(1) retain the severest value of the
two values.

Main linear dimension : e, < 0,25 *Vdb with :

db = theoretical dimension expressed in centimeters

€ois never less than 0.5 cm nor greater than 3 cm

This also applies to the dimensions of the cross section of walls, slab, columns and beams

Maximum off-centre : between two walls or two columns which must be superimposed

e (cm) < (1/15)X emin  Where epin = smallest thickness of the two elements

(1) e;<3cm

Verticality: cumulation of the tolerance over the height of a wall or column,

e, (cm) < (1/15)x e where e = thickness of the elements

€]

€,<0,5 cm per meter height between floors or ends

Where e, - deviation between the axis of the theoretical wall and any point on the axial plane executed

Offset between a beam and
another beam or a column at
support

= maximum of b/30 or 3cm
With b width of the beam in cm
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TYPE OF WORKS EXECUTION TOLERANCES

Straightness of the edges with respect to the straight line joining their ends : + 0,5 cm

Maximum counter-camber = (L/100+2.5) cm, where L is the span expressed in metres
Prefabricated slabs or pre-slabs
Maximum counter-camber after installation = 1 cm
Prefabricated beams
Maximum vertical or horizontal deflexion measured anywhere along the non-loaded member = (L/200+1.5) cm

Maximum deflection under loads = 1.5 cm
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EXECUTION TOLERANCES (in normal execution conditions)

TYPE OF WORKS

Faoling of walls and slabs

STANDARD
= a-b
Flatness, edges straightness and formwork panels flushing
fmax=a-b
Flatness under 2 m Flatness under Straightness of Projection of formwork
straight rule 0.20 mrule edges and internal panels (Panels
angles misalignment)
f max f max f max
Ordinary facing 1.5¢cm 0.6 cm 1.5cm 0.3cm
Fine facing 0.8cm 0.3cm 0.8cm 0.1 cm*

* with a length of misalignment of panels less than 1m per square meter of facing.

Embedded plates

Tolerance in the plane of installation = 50 mm in all directions, but limited to 30 mm for plates embedded at bottom of slabs
Tolerance perpendicular to the plane of installation :outwards from the surface =0 mm

> inwards from the surface = -5 mm
Flatness of embedded plates (rotation from installation plane) after concreting: maximal dip is 1 mm under the 0.20m rule.

Anchor rails

Tolerance in length direction : + or - 50 mm

Tolerance in cross direction :+ or - 20 mm

Tolerance perpendicular to plane of installation: outwards from the surface =0 mm,
. inwards from the surface = 10 mm

Steél waterproofing liners
(tanks, sumps)

Flatness of steel waterproofing liners after concreting:
Under the 2 m-rule and the 0.20 m rule, maximum dips are :
2mrule = 05cm

0.20 mrule = 0.2 cm
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EXECUTION TOLERANCES

Relative Tolerances
Specifically to SIC
structures
Type of Works Flatness Vertical STANDARD
tolerance measureme
nts /
tolerance
Screed, renderings lcm 0.5cm Flatness tolerance :

Under a 2 m rule and a 0.20 m rule, maximum dips are :

2m rule 0.20m rule
Thrown renderings lcm -
Renderings and second stage | 0.5cm 0.2cm
screeds
Incorporated screeds 0.7 cm 0.2cm

Tolerance in less on minimal cover @ is nil

. Tolerance on nominal cover is = 1.0 cm. This tolerance is reduced to + - 0.5 cm for pre-fabricated elements
Reinforcement bars 1

For parallel reinforcement bars having a spacing not exceeding 10cm, tolerance on this spacing is+ 1 cm
In other cases, tolerance is £2 cm in every direction.

(1) Use of coupling systems needs a precise positioning of the reinforcement bars. Arrangements made by the Civil Contractor to ensure this positioning (use of a
| templates, specific topographic organization...) as well as associated tolerances are defined in a procedure submitted to THE PURCHASER.

(2) Minimum cover and nominal cover are defined on the construction drawings.
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6.1 Foreword — applicable codes and standards
The works covered by the present specification must fulfil the standards cited in section 7
“Concrete Works” and 0 ”Reinforcement” and the below standards.

Modifications or adaptations to these specifications may prove necessary in response to
changes to the technical constraints of the project.

Standard Date Title

NF DTU 12 08/95 Earthworks for buildings

NF EN 1610 09/97 Construction and testing of drains and sewers

NF P 94-093 10/99 Sols. Reconnaissance et essais. Détermination des références de
compactage d’un matériau. Essai Proctor normal. Essai Proctor
modifié.

NF P 94-100 08/99 Sols. Reconnaissance et essais. Matériaux traités & la chaux et/ou
aux liants hydrauliques. Essai d’évaluation de 1’aptitude d’un sol au
traitement.

| NF P 94-102-1 01/12 Sols. Reconnaissance et essais. Sol traité au liant hydraulique,
éventuellement associé a la chaux, pour utilisation en couche de
forme. Partie 1 : définition — composition — classification.

| NF P 94-102-2 01/12 Sols. Reconnaissance et essais. Sol traité au liant hydraulique,
éventuellement associé a la chaux, pour utilisation en couche de
forme. Partie 2: méthodologie des études de formulation en
laboratoire.

| NF P 94-103 04/12 Sols. Reconnaissance et essais. Essai d’évaluation de I’aptitude d’un
produit de traitement minéral sec & émettre de la poussiére.

NF P 94-117-1 04/00 Sols. Reconnaissance et essais. Portance des plates-formes. Partie
1 : module sous chargement statique a la plaque (EV2).

NF P 94-117-2 04/12 Sols. Reconnaissance et essais. Portance des plates-formes. Partie
2 : module sous chargement dynamique a la plague.

| NF P 94-117-3 07/12 Sols. Reconnaissance et essais. Portance des plates-formes. Partie
3 : coefficient de réaction de WESTERGAARD sous chargement
statique d'une plaque.

NF ISO 6750 12/05 Engins de terrassements. Manuel de ’opérateur. Présentation et
contenu.

NF P 98-701 05/93 Matériels pour la construction et I’entretien des routes. Centrales de
traitement de matériaux. Terminologie et performances.

NF P 98-705 07/92 Matériels de construction et d’entretien des routes : compacteurs —
Terminologie et spécifications commerciales.

NF P 98-711 08/93 Matériels pour la construction et 1’entretien des routes. Traitement
en place ou retraitement : matériels de préparation des sols et de
stockage des liants pulvérulents. Terminologie.

NF P 98-712 08/93 Matériels pour la construction et 1’entretien des routes. Traitement
en place ou retraitement: épandeurs de liants pulvérulents et
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Standard Date Title
malaxeurs de sols en place. Terminologie.

NF P 98-713 08/93 Matériels pour la construction et 1’entretien des routes. Traitement
en place ou retraitement. Fraiseuses. Terminologie.

NF P 98-736 09/92 Matériel de construction et d’entretien des routes. Compacteurs.
Classification.

NF P 98-760 12/91 Matériel de construction et d’entretien des routes. Compacteurs a
pneumatiques. Evaluation de la pression de contact au sol.

NF P 98-761 12/91 Matériels de construction et d’entretien des routes. Compacteurs.
Evaluation du moment d’excentrique.

NF P 98-771 12/94 Matériels de construction et d’entretien des routes. Matériels d’aide
a la conduite et de controle embarqués sur les compacteurs.
Terminologie. Classification.

NOR: 09/94 Arrété du 22 septembre 1994 relatif aux exploitations des carriéres

ENVP9430348A et aux installations de premier traitement des matériaux.

NOR: 07/96 Circulaire n°96-52 du 2 juillet 1996 relative a 1’application de

ENVP9650231C I’arrété du 22 septembre 1994 relatif aux exploitations de carrieres

| et aux installations de premier traitement des matériaux de carrieres.

NOR: 01/01 Arrété du 24 janvier 2001 modifiant 1’arrété du 22 septembre 1944

ATEP0100044A relatif aux exploitations des carriéres et aux installations de premier
traitement des matériaux et I’arrété du 23 janvier 1997 relatif a la
limitation des bruits émis dans 1’environnement par les installations

| classées pour la protection de I’environnement.

6.2 Excavation

6.2.1 General
Preliminary earthworks: excavation works and backfill in some areas have been first carried
out in order to create a general platform set elevation 315 NGF.

This specification applies to the additional excavation works to be performed from this general
platform for the buildings which are classified as SIC.

It will be therefore necessary to perform the work in a very careful and safe way, so that a full
warranty may be given concerning the condition of the rock quality under the buildings.

It is recalled that all the blasting works must be completed before the first structural concrete
pouring.
The excavation shall be dewatered permanently as specified in section 6.4.

The rock quality, including the treatment if necessary, will be submitted to a quality control
and quality assurance program. Each step of the work has to be done according to:

The present technical specification,
Work procedures issued by the Contractor,
Quality plan prepared by the Contractor.

Each step of the work is performed under the responsibility of a qualified and experienced
Contractor and controlled by a qualified representative of THE PURCHASER.

An official document will be issued for each instruction, each completion of a work.
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All the documents issued during a work are reviewed, then stored in the “As built” document
package in the jobsites offices, as soon as the task is completed.

A particular attention must be paid to this way of working, to the documentation to be
implemented and consequently to the required degree of site organization at this stage.

The site organization should have the following features:
| Permanent office and staff of THE PURCHASER for the guidance and control of the works,
Permanent office and staff of the Contractor for the execution works.

6.2.2 Scope

These specifications describe the earthworks to be performed in order to reach the foundation
level from the level of the platform. It is considered that earthworks to obtain a platform at 315
NGF have already been done.

The earthworks will mainly stand in rock.

Excavation in the rock can be made using hydraulic rock-breaker, explosives or other technical
| means submitted to THE PURCHASER. Blasting will probably mainly be used for the
excavation in rock.

| These specifications do not apply to underwater blasting.

This specification does not give blasting detailed patterns and loadings, which are to be
proposed by and under the responsibility of the Contractor.

6.2.3 Prerequisite

Engineering documents:

Prior the beginning of the excavation works, the following documents must be available on
site:

Technical specifications

Technical specification for general earthworks,

Technical note concerning the engineering in situ properties of the foundation rock,
The rock parameters for the design of the structure (design criteria),

Technical specifications for blinding and substitution concrete,

Technical specification for the geological review and treatment under the buildings,
Technical note about the site topographic grid.

Work procedures:

Taking into account the requirements of the above documents, the Contractor will have to

describe how he will meet them, with which technical means (equipment, staff, and local

conditions on the site). The Contractor must prepare work procedures and working drawings
| and submit them to THE PURCHASER for review.

Work procedure for structural excavation, including blasting procedure,

Work procedure for the treatment of the rock faces of the cavity for Tokamak, Diagnostic and
Tritium buildings,

Work procedure for blinding concrete,

Work procedure for substitution concrete,

Work procedure for rock-foundation cleaning and review,

Work procedure for rock treatment,

Work procedure for the bolts,
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Work procedure for the shotcrete,

Work procedure for the drains drilled in the rock face.

Work drawings:

Excavation drawings, with the definition of the access and the phases of the works,
Excavation temporary drainage drawings,

Drawings of the rock faces with the definition and location of the nails, the drains, the weep
holes and the shotcrete,

Excavation planning and scheduling.
Contractor’s document submittal:

The work procedures and work drawings must be submitted to THE PURCHASER’s site office
at least 2 months before the beginning of the work. THE PURCHASER will review them
during one month and may ask any improvements to the Contractor during this period.

The work cannot start if the review of the work procedure is not finalised.

6.2.4 Site preparation
The site has been rough graded and cleared prior the beginning of excavation.

6.2.5 Realisation of earthworks

The height of the passes will have to take into account the local stability in the face. The
maximum height and the surface will be determined by the Contractor, depending on the nature
| of the rock encountered, but it shall not exceed 10 metres.

In all cases, the next pass will be done when the previous one is completed (earthwork, and if
necessary grouting and reinforcement by bolts and shotcrete).

In case of the need of reinforcement of the rock, the following points will have to be complied
with:
The earthworks in contact with shotcrete already done must be done carefully to avoid rock

slide located behind the shotcrete done. If such a rock slide occurs, it must be stopped up with
concrete before completion of the shotcrete below.

The earthworks will not be started unless all the structure (bolts and concrete reinforcement)
can be performed during the day.

It will not be allowed to stop working, and the maximum duration between the earthwork and
realisation of shotcrete will still be less than 12h.

A site survey will be done every pass and forwarded to THE PURCHASER in order to check if
geology suits with the results of the geotechnical investigation (that will have to be done prior
to earthwork).

In case of any difference between the findings and assumptions taken into account in preparing
the project, it is necessary to proceed to corrections as soon as possible.

6.2.6 Common excavation
Common excavation consists in removing and ripping, without drilling or blasting, soil, soft
rock and other material within the limits of the excavation.

The excavation shall conform to the elevations and grades, with allowable tolerance as defined
| in Section 5.

The Contractor may, at his expense, extend the sides of the excavation beyond the limit lines to
suit his method (and approved work procedure) of excavation.
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The finishing of the project level will be done by hand and mechanical tools as described in
| section 6.2.10.

6.2.7 Rock excavation

Excavation in rock can be made using hydraulic rock-breaker, explosives or other technical
| submitted to THE PURCHASER.

The possible use of rock-breaker will be regulated in the following manner:

If the power of rock-breaker is less than or equal to 250 joules, its use will not undertake any
constraint.

If the power of rock-breaker exceeds 250 joules, its use will be accompanied by measures of
vibrations. The vibration velocities should not exceed the limits allowed for the firing of
explosives.

6.2.8 Blasting

6.2.8.1 General

Below the main platform level, blasting will generally be needed to perform the excavation
works.

| It is recalled that employment must be specifically authorized by THE PURCHASER for the
excavation phase, and that the rules will have to be respected. The use of explosives will be
entrusted only to specialized people having a “Certificat de Préposé au Tir” (CPT) instituted by
the interministerial order of 26, March 1997, or an equivalent foreign qualification certificate.

| A copy of this CPT or of the equivalent certificate shall be provided to THE PURCHASER
two months before the beginning the works.

All the precautions must be taken in order not to damage the surrounding rock and the rock
face treatment already done by a too powerful blasting which could fissure or crumble the rock.

The surveying of shot firing and signal measurement has to be done by the Contractor.

The program in the use of explosives, subject to approval of THE PURCHASER will include:
The nature of explosives,

The height or the length of shot firing,

The plans and procedures of shooting (drilling, loading, firing, followed by the shooting,
marinating),

Security measures against projections and shocks,
Detonators for work in the open air.
Kind of blasting cap.

6.2.8.2 Security

The Contractor will plan blasting taking into account:
Geology,

Rock fracturing,

Existing building or structure close to blasting area,
Paying attention to the rock surrounding the excavation.

The excavation will be performed by bench blasting, using single-multiples rows of blast-holes
and short delays.

For the final grades slopes and embankment, pre-splitting, smooth blasting, as well as hand
mechanical finishing will be used.
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Pre-splitting and smooth blasted rocky faces will be cleared from spare blocks and secured.
Appropriate treatment of rock faces under the main buildings will be decided by the Engineer-
geologist in charge of the site geological review.

6.2.8.3 Blasting plan

For each shot firing, the Contractor will fill in a form on which will be given the below
information:

Before firing:
Blasting pattern must be placed on a plan,

Difficulties encountered during drilling and placing explosives (locating faults or clay lenses
for example),

Difference between predicted blasting and occurred blasting.

After firing:

The results of vibration recordings,

The statement from the front of slope,

The granularity of materials.

The forms will be signed by the foreman or the miner responsible for the shooting and brought
| to THE PURCHASER’s site office. These forms and the plans will be available permanently

on site.

This record does not relieve the Contractor of his responsibilities towards results to be
achieved.

6.2.8.4 Vibration control

Whatever the technique adopted, there will be restrictions about the vibrations induced in the
existing structures and buildings nearby.

As a general rule, the threshold values expressed in term of vibration peak particle velocity
depending on the frequency of vibration shall be those defined by the “Arrété du 22 septembre
1994 relatif aux exploitations des carrieres et aux installations de premier traitement des
matériaux » and the « Circulaire n°96-52 du 2 juillet 1996 relative a 1’application de 1’arrété du
22 septembre 1994 relatif aux exploitations de carriéres et aux installations de premier
traitement des matériaux de carriéres »

The peak particle velocity is limited to 10 mm/s. The ponderation function of the particle
velocity is represented by three lengths of straight lines in a bi-logarithmic scale diagram
defined by the below points:

Frequency Ponderation factor
(abscissa) (ordinate)

1 5

5 1

30 1

80 3/8

The above values may be reduced by THE PURCHASER for some buildings which houses
equipment sensitive to vibrations.
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For the reinforced concrete structures without any sensitive equipment, the threshold values are
those of the “Arrété du 22 septembre 1994 multiplied by a factor 1.5.

Additional requirements about vibration control are specified in paragraphs 6.2.8.8 and 6.2.8.9.

The monitoring of fire and the measuring of the signal are in charge of the Contractor (external
control at the expense of the Contractor).

6.2.8.5 Trial blast

The Contractor will test and adjust the drilling and loading pattern for:
Ordinary bench 2 to 4 metres high,

Low bench less than 2 metres high,

Pre-splitting row and smooth blasting row for ordinary bench heights,
Single hole loading less than 1 metre depth.

The equipment will be adapted to this specification and it will be used for the final works. It
will be fully described in the work procedure. This pattern will be adapted to the equipment
(and described in a relevant work procedure).

The maximum overbreakage of a round is 0.4 metre at the bottom; it is reduced to 0.15 metre
in case of pre-splitting.
The tests will be performed with the first rounds to be blasted. The detailed arrangement of the

| tests will be discussed between THE PURCHASER and the Contractor prior to the drilling of
the holes.

Fully detailed reports for each test will be written by the Contractor and submitted to THE
PURCHASER review at least one day after each test completion.

For each round, the test report will contain:

The date,

The location,

The name of the responsible engineer and his qualification,
The staff organization,

The drill hole diameter,

The drill hole pattern (scheme),

The detailed loading of the holes (scheme),

The type of equipment: drilling machine, charge type, fuse, detonators, ignition equipment,
The ignition plan: delay, sequence,

The throw,

The topographical checking of the final grade, the overbreakages and stumps compared to the
intended level,

The ground vibration record at 30 metres from the round,

The safety measures: mats, flags, warnings, staff involved and name of the engineer
responsible for the safety.

It is strongly recommended to the Contractor to involve a specialist’s assistance during the trial
tests and the work procedure finalization.

The final typical loading patterns successfully tested will be used without change for the whole
job. They will be described in the structural rock excavation work procedure.
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6.2.8.6 Pre-splitting and smooth blasting

The choice of pre-splitting or smooth blasting will be justified by the Contractor to get the best
possible cut in this rock.

The following provisions will be implemented and validated by trial blasting:

In the case of drilling with an out-the-hole drill, the maximum height of cut slope shall be 5 m,
in order to limit the drilling deviations.

Pre-splitting in closed site should be avoided.

A pre-splitting will be carried out whenever possible on the final slope.

The diameter drilling of pre-splitting will be adapted to the type of explosive used, the below
diameters are recommended:

For the pre-splitting with detonating cord, the diameter boreholes will be from 64 to 76 mm;

For the pre-splitting with boots gel (Cisalite, Sigmalite, etc..) the diameters of drilling will be
from 102 to 105 mm;

The spacing of boreholes will normally be around ten times the diameter drilling, but this
spacing may be changed depending on the nature of the rock and the results of trial blasting;

The tolerance of deviation drilling is + 1 cm per linear meter of drilling;
Charges will be uniformly distributed along the drilling of pre-splitting;

The trial blasting will determine the charges that are best suited to the substratum and in
particular to choose between technology pre-splitting by explosive high energy shock
(explosive cord) or technical pre-splitting by high energy explosive gas (flange gels).

It may be reviewed pre-splitting and blasting of the contiguous bench during the same
shooting, provided that the dates for the various detonation charges adhere to the principle of
the priority of pre-splitting in relation to the shot firing.

Smooth blasting, in order to get acceptable and stabilized excavation faces, is to be performed
for the external faces of the main excavations, when and where pre-splitting is not required.

Smooth blasting will be carried out for the subvertical slopes height of less than 3.50 m.

The spacing of the holes will be 10 times the drilling diameter and the bench (thickness of the
slice to mine) will not exceed 1.20 m.

Blasting of the bench in front slope: mesh drilling will not exceed 2.50 square meters in the
two rows of drilling on the front of cutting slope and the height of mining shall not exceed 6 m.

In front of a pre-splitted slope, earthwork of the bench will be operated by passes of maximum
height of 5 m, in order to permit the realisation of anchors and shotcrete intended to ensure the
stability of the rock mass, if needed.

A new earthwork cutting run will not be undertaken until slope reinforcements will not be
completed on the last cutting run.

6.2.8.7 Blasting authorization-explosives storage

The Contractor will get the necessary permits, authorization for purchasing, transporting and
storing the explosives at his own expense and with the respect to the safety regulations.

Prior the blasting of a round, the Contractor must submit to THE PURCHASER’s review:
A blasting authorization request,
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The time schedule of the blasting,

All detailed technical information concerning the round itself (hole diameter, pattern, load...),
Safety requirements.

This submittal is done at least 24 hours before blasting.

| THE PURCHASER may give his comments, as well as a “stop” order at any time before the
scheduled blasting time.

| THE PURCHASER engineering staff will provide one Engineer responsible for the follow up
of all these works.

The blasting shall be done only by skilled operators and under the authority of a qualified and
experienced foreman.

6.2.8.8 Blasting close to a structure

The secondary excavation works, will have to be completed prior to the pouring of the first
structural concrete. The following section applies only to quite exceptional and limited cases.

No blasting will be permitted within 30 metres of concrete or grout in place aged less than 5
days.

Blasting may be authorized, upon written request by the Contractor, at distance in excess of 30
metres from concrete or grout in place less than 5 days and more than 24 hours. In this case, a
peak particle velocity measurement must be performed (see next section).

Blasting performed close to concrete or grout (without distance limitation) in place more than 5
days will be authorized only in exceptional case, after written request by the Contractor; pre-
splitting will be request prior the blasting; the peak particle velocity will be controlled.

More usually, barring and digging by mechanical means only will be allowed.

| THE PURCHASER may require the Contractor to stop any method of blasting than can be
dangerous or destructive.

| THE PURCHASER may require the Contractor to restore at its own expense any building,
structure, masonry and equipment damaged by blasting direct or indirect effects.

6.2.8.9 Control of the peak particle velocity

The Contractor will provide at least one ground motion recorder in working order at any time,
in order to record the peak particle velocity. The equipment will be calibrated and certified so
that the results are reliable and of good accuracy. The record will be maintained in good
condition. The recorder will be used for blasting trial test.

Every blasting in the vicinity of a concrete structure will be controlled with the recorder.
A maximum peak particle velocity corresponding to that of the “Arrété du 22 septembre 1994”
multiplied by 1.5 is allowed for a concrete or a grout in place for more than 24 hours.

If @ maximum particle velocity higher than twice the values of the “Arrété du 22 septembre
1994 is registered for a given structure, this structure will be considered as being possibly
damaged and will have to be investigated so that possible repairs are proposed by the
Contractor, including possible rebuilding of part of the structure. A “non conformance report”
will be prepared for that.
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6.2.9 Rock face treatment of the cavity for Tokamak, Tritium and Diagnostic
Buildings
In order to guaranty the stability of the rock face and the excavation slope for a design life time

of 70 years, either the rock faces will be treated; either reinforced concrete retaining walls will
be constructed.

Rock face treatment includes:

Drilling holes and sealing bolts,

Placing shotcrete on the rock face,

Drilling and placing drains to collect and drain the water from the rock,

Drilling and placing weep holes to drain the water at the interface between the rock face and
the shotcrete.

6.2.9.1 Bolts
The aim of the nails is to improve the overall stability of the excavation slope.

The nails shall be protected from corrosion in the aim of ensuring a design life time of 70
years.

The Contractor shall provide in his offer a detailed description of the type of protection of the
nails that he proposes to reach this design life time.

In complement of this protection, a decrease of the nail diameter due to corrosion will be taken
into account for computing the allowable tension force resisted by the nail.

The spacing, inclination from the horizontal and length of the bolts will be determined by the

| Contractor in a technical note, submitted to the approval of THE PURCHASER, providing, by
detailed calculations, the proof of the stability of the rock face. A uniform grid will be adopted
whatever be the results of the calculations.

The spacing of the nails will be reduced in the areas where discontinuities are encountered
during the excavation works.

6.2.9.2 Shotcrete

The aim of the shotcrete is to protect the rock face from weathering and to prevent any local
detachment of a rock block from the rock face.

Shotcrete will be placed on the rock face by the dry method, the minimum thickness of the
shotcrete skin will be 250 mm, it shall be reinforced by welded wire mesh on both faces.

The Contractor shall draw up and submit to the approval of THE PURCHASER a work
procedure fully describing the equipment used, the composition of the concrete, the way of
placing, the trial tests and the controls on the placed concrete.

A test panel shall be shot, cured, cored and sawn, examined and tested prior to commencement
of the works. The sample panel shall be representative of the project and simulate job
conditions as closely as possible. The panel thickness and the reinforcing shall be the same as
the panels of the project. It shall be shot at the same angle, by the same operator, with the same
equipment and with the same concrete mix that will be used on the project.

All the requirements stipulated in the specifications for concrete and reinforcement in sections
| 7 and 0 apply to shotcrete, except those related to concrete placing.
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6.2.9.3 Drilled drains

The aim of these drains is to intercept the discontinuities in the rock behind the rock face of the
excavation which conduct the water and so to decrease the hydrostatic pressure exerted onto
the rock and to improve the overall stability of the excavation slope, enabling to decrease the
density of the nails. The drains also prevent the detachment of the shotcrete from the rock
under the effect of the water pressure when the water table is high after heavy rains.

In order to detect the discontinuities in the rock, the parameters of the drillings shall be
recorded.

The standard length of the drilled drains will be about 12 m, their standard spacing 4*4 meters
and their slope 5° upwards from the horizontal. The final spacing and length of the drains will
be determined by the Contractor in a technical note submitted to the approval of THE
PURCHASER. The length of the drains shall be greater than the length of the bolts.

One or several rows of sub-horizontal drains may be placed at the bottom of the rock face in
order to intercept the water below the excavation level. These drains act as discharge pits and
contribute to reduce the water pressure exerted onto the underneath face of the raft of the
buildings. Their characteristics are the same as the other drains, they are described below.

As guidance and as a minimum, if larger dimensions are not required to drain a higher flow, the
characteristics of the drain will be as follows: the diameter of the hole will be 115 mm, the
outside diameter of the PCV drain will be 90 mm; they are pierced by slots of width 1 to 2 mm,
perpendicular to the drain axis, the percentage of openings is above 5%. The space between the
PCV drain and the drilled hole is left void.

6.2.9.4 Weep holes

In complement of the above drilled drains, weep holes will be provided to drain the water at the
interface between the rock and the shotcrete.

The spacing of the weep holes shall be about 2*2 meters and their embedment in the rock about
0.5 m. The characteristics of the weep holes shall be the same as the ones of the long drains.

A geomembrane of an area of about 1 square meter has been previously placed between the
rock and the shotcrete at the location of the weep hole, in order to improve the efficiency of the
drain. This geomembrane consists in two layers: a draining layer placed against the rock and a
waterproof layer to be in contact with the shotcrete.

6.2.10 Hand mechanical finishing

This covers all hand equipment and tools used for excavating, wedging and finishing works in
rock:

Steel rods, stone pick, drill-hnammer,

Hammer, shovel.

This equipment needs usually to be completed by some mechanical devices such as:

Hydraulic backhoe,

Hydraulic or pneumatic rock break-hammer.

For the final cleaning of excavations, prior to topographical and geological checking, it is
necessary to keep on site:

An air-jetting equipment (remove of dust, small particles, spare stones),
Scratching and brushing tools.
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All finishing works will be done by hand mechanical means. This includes the over
excavations which will be done in order to remove the unsuitable-weak rock, if any.

6.2.11 Work procedures
| The Contractor shall submit to THE PURCHASER, for review, a procedure for structural rock
excavation that shall include, but will not be limited to the following:
Site preparation,
Dewatering,
Access,
Planning,
Common excavation,
Blasting :
Safety: warnings, protection mats, responsible safety teams...
Time-schedule for blasting so as to interfere the least with normal project works,
Technical information.
After blasting: removal of blasted rock,
Control of rock soundness; removal of spare blocks,
Rock face securing: anchoring, wire mesh, dowel pins...
Hand-mechanical finishing works: staff, means...
Cleaning: air jetting, hand brushing,
Topographic checking, marking, mapping.
| The works procedure first issue must be submitted to THE PURCHASER’s review at least 2
months before the beginning of the said work.

6.2.12 Acceptance of the final grade

The final grades must be dry and cleared. They must be sound, without noticeable cracks due
to blasting.

The temporary dewatering system must be ready.

A final cleaning will be performed. It includes:

Shovelling of dust, mud, stones particles deposited in hollow parts and their transportation to
waste areas,

Air jetting of the entire area and shovelling of the dust due to it, then transportation to waste
areas.

The quality plan forms must be completed.
6.3 Geological Review and Treatment under SIC Buildings

6.3.1 Scope

The acceptance of the rock-foundation is performed under the authority of a qualified and
experienced engineer geologist.

The target of this acceptance is:
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To check that the actual overall rock quality is in accordance with the hypothesis and criteria
taken into account for the design of the structure,

To identify the geological defects, if any, for which a correction action will be necessary. This
kind of action is called a “rock treatment”. Its target is to restore the foundation rock so that it
will be acceptable with respect to the design of the structure,

To record all the documents related to the acceptance and treatment, especially for the rock
underlying the SIC buildings of Tokamak complex; all these documents will be joined in the
as-built package.

6.3.2 Prerequisite

Prior to the beginning of the foundation acceptance process, for a given structure, several
conditions will have to be fulfilled:

Among engineering documents,

Among drawings,

Among related work procedures,

Among the progress of site works.

For the three first points, see 6.2.3.

6.3.2.1 Site works

For the best convenience the size of a basic area which will have to be reviewed for acceptance
should not be smaller than 1/6 of the total foundation surface of the SIC buildings and 1/3 for
each main building.The detailed arrangement and extent of the areas will be fixed on site
according to local conditions.

The first area to be reviewed will be the one where the first structural concrete will have to be
poured. The geological acceptance review and treatment sequence will then anticipate the raft
bottom level concreting sequence.

The geological acceptance work will begin right after the end of the excavation works.

As soon as (within 12 hours delay) the acceptance of an area will be delivered, the rock will
have to be protected by a layer of concrete. A cleanliness control is done just before pouring.

6.3.3 End of the excavation works

All the spare blocks, weakened layers, areas noticeably damaged by blasting effects must be
fully removed by mechanical means until project level is reached.

An efficient temporary drainage-ditch network has been excavated and equipped with
dewatering pumps, so as to maintain the project level in dry condition.

Enough access ramps allow an easy starting of the next activities and allow acceptable
handling facilities on site.

An accurate cleaning of the excavated area is performed by shovelling, then air-jetting
finishing. Hand brush finishing is necessary in order to get a perfectly clean rock bottom.

A topographical checking using some basic benchmarks related to the site secondary grid will
control that the excavation is achieved within the specified margins with respect to the
drawings.

A topographic map (recommended scale 1/100) will be drawn by the Contractor, showing the
“as excavated” rock; it will bear some reference grid axis and the structure basic outlines and
main boundaries (internal and external) which will be shown on site with some paint marks.
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6.3.4 Geological acceptance

6.3.4.1 Main steps

The main steps are:

Review of the site,

Mapping,

Rock treatment prior to pouring, when necessary,
Rock faces colour photography,

Final acceptance,

Concreting (substitution, blinding).

6.3.4.2 The geological review and mapping

The topographical map prepared is given to the geologist who will perform on site the
geological review of the area.

The geologist may ask for some additional cleaning if necessary, as well as additional spare
blocks removing.

Topographic marks or other points will be added on site by the geologist along geological
structures (cracks, faults, folds, change of rock nature and quality...) in order to plot them
accurately during the review. The Contractor will provide necessary help and equipment (paint,
topographical team...).

These points will be surveyed and added onto the topographical map described here above by
the Contractor topographical team, right after the review.

The completed map is given to the geologist who will use it to finalise the geological mapping.

The geologist will issue a geological map of the structure foundation level (recommended scale
1/100).

6.3.4.3 Criteria for the rock quality acceptance
Using the geological map, the geologist will give:
e The outlines of the area of acceptable rock,

e The outlines of the area where some rock treatment is necessary,
e The detailed treatment to be done in these areas.

The criteria of rock quality will take into account:

The type of rock,

The degree of weathering (grades derived from AFTES classification),

The density of cracks, joints, faults,

The length, depth and width of the defective areas (too strong weathering, too strong
faulting, unexpected rock conditions...).

N.B: doubtful case may be raised when an unexpected rock condition is met, which cannot be
treated according to the usual criteria and specification. It is then mandatory to solve this point
on a case by case basis, with the technical agreement of all the design parties involved.

6.3.4.4 Type of treatment
The method used for the treatment of usual defects is called “dental work™.
Other methods may be used for special cases which are not covered by this specification.
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6.3.4.5 Acceptance of treated area

When the treatment work is completed, the Contractor gives to THE PURCHASER all the
relevant documents including a full photographic cover of the rock bottom before any blinding,
and before any substitution concreting in the over-excavated areas.

The geologist in charge of supervising the treatment prepares an official acceptance form (for
each sub-area if necessary) if the final result is satisfactory. This form will be approved and
| dispatched by THE PURCHASER.

In cases of treatment with the dental work method, the geologist will check the rock quality and
then issue the acceptance after the over-excavation and before the concreting.

6.3.4.6 As built package
The entire here above documents are stored in an ““as built package”.

6.3.4.7 Final levelling

When the acceptance for an area is given, the Contractor will place concrete on the top of the
rock in order to restore the project foundation level. This placing has to be done at least 12
hours after the geological acceptance is issued.

This layer will be made with blinding concrete and substitution concrete which are laid onto
the rock.

6.3.5 Quality plan

Each step of the work is controlled through a quality plan managed by the Contractor.

| The Contractor gives a copy of the quality plan to THE PURCHASER, after completion of the
work.

6.3.6 Treatment with dental work method

6.3.6.1 Scope

This specification describes the removal of weak rock or soil areas, then the filling of such
areas with substitution concrete.

6.3.6.2 Rock weathering classification
The geology of the site consists in a calcareous substratum.
A classification in 5 grades is given below with correspondence with AFTES Classification:

e RS (residual soil): final weathering product of rock material which is completely
converted into soil. It corresponds to class AM 5 of the AFTES Classification.

e HW (highly weathered): the rock is discoloured and more than half of the rock material
is decomposed as a soil. It corresponds to class AM 5 and AM 4 of the AFTES
classification.

e MW (moderately weathered): the rock is discoloured and noticeably weakened. Less
than half of the rock material is decomposed to a soil. It corresponds to class AM 3 of
the AFTES classification.

e SW (slightly weathered): the rock is slightly discoloured but not noticeably lower in
strength than the fresh rock. All the discontinuities are stained. It corresponds to class
AM 2 of the AFTES classification.
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e F (fresh rock): no discoloration or slight discoloration along discontinuities, loss of
strength or any other effect of weathering. It corresponds to class AM 1 of the AFTES
classification.

6.3.6.3 Criteria

Under SIC buildings of Tokamak complex, fresh rock and slightly weathered rock will be
considered as acceptable rock quality.

Moderately weathered rock may not be acceptable, depending on the actual extend and shape
of such rock occurrence sensitivity to external meteorological condition (moisture...) and
noticeable secondary effects of blasting work. Engineering judgment will be done under the
authority of a qualified geologist and on a case by case basis.

Highly weathered (HW) rock and residual soil (RS) are considered as not acceptable rock.

Fault, shear zones, fractured zone when surrounded and-or filled with HW, RS, fault clay,
breccias... are considered as not acceptable.

Rock showing noticeable effects due to blasting because of excavation works will be
considered as not acceptable.

6.3.6.4 The dental work method

Basically, the “not acceptable” areas according to the here above criteria will be removed by

mechanical means (without blasting), then carefully cleaned, and filled with substitution
| concrete (grade of substitution concrete is defined in paragraph 7.8.3.2). Then the excavation

project level is restored by adding, where it is necessary, a layer of blinding concrete (grade of
| blinding concrete is defined in paragraph 7.8.3.2).

6.3.6.5 Shape of substitution

The three below cases are considered with the recommended shape of the substitution concrete,
they shall be considered as typical cases and adapted on a case by case basis.

The grade of the substitution concrete is defined in paragraph 7.8.3.2.
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e The not acceptable area is shallow (criteria : WIDTH > H),

WIOTH

EXCAVATION PROJECT LEVEL

EXCAVATION PROJECT LEVEL
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The not acceptable area is subvertical, deep and narrow
(criteria: width < 2 m, Height >> width),

— |=

N

7

NN

7

Depth D = Width W
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e The not acceptable area is sub-vertical, deep and wide
(Criteria: 5m>W >2mand H>>W),

Sub-vertical means usually a flexible angle of deviation of £ 15° maximum from
vertical reference.

EXCAVATION PROJECT LEVEL

G0OD ROCK

W
EXCAVATION PROJECT
g 4 )
<J . N
1.9°4 SUBSTITUTION
1 ACCEPTABLE_ROCK - '
GOOD ROCK ABUTMENT
W= W+2A,

Where A is the width of the substitution concrete extending on each side of the weak rock, A =
0.2W

D=W
The slope of the sides of the substitution concrete plug shall be about 1 in horizontal for 3 in
vertical.

6.3.6.6 Other shape
Where the not acceptable area has another shape, this will be studied on a case by case basis.
The advice of a rock-soil mechanics consultant will be required.
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The rock-soil mechanics consultant will be designated by THE PURCHASER with the
agreement of the civil works designer of the SIC buildings.

He will make a proposal in order to solve the case. This proposal will be agreed by both parties
to its issuance toward site management with a CFC status.

6.4 Dewatering

The Contractor shall provide and run a dewatering network: trenches, pits, pumps so as to
maintain in dry condition the area of excavation works.

Electrical pumps with floating switches are recommended so that the system operates
automatically on a 24 hours/24 hours basis, when connected to the site electrical network.

If manual start of pump is preferred, the Contractor will have to place a special dewatering
team operating day and night.

There will be a safety diesel generator on the site, connected to the pumps and ready to start, in
order to face any electrical network breakdown.

The design of temporary dewatering system will be submitted to THE PURCHASER. It will be
design for a strong rainfall rate. In addition, it will have to pump out all the underground
ingresses.

The water flowing have to be divert in order to prevent flooding of the platform.

All the drainage outflows will be collected by trenches and culverts in order to keep the
accesses free of flooding.

The drained water will be rejected into the storm basins already constructed: either the south
storm basin or the ITER area storm basin

This system will run as long as required, until the construction of the buildings has reached a
specified degree of completion.

6.5 Topographic surveying

6.5.1 Tolerance

The final grades must be completed with the following tolerance:

e Presplitting: no more than 15 centimetres beyond the project line,

e Smooth blasted slopes bottom, only at raft elevations: no more than 15 centimetres
beyond the project line,

e Other: more than 10 centimetres and less than 40 centimetres beyond the excavation
project line.

All the excavations in excess will be filled with substitution concrete by and at the Contractor’s
expense, after the geological acceptance of the area.

6.5.2 Final grade

A topographical checking must be performed by the Contractor in order to establish the final
grade elevation and draw the as-built excavation line. This checking is clearly related to the site
topographic secondary grid monuments so that there can be absolutely no doubt concerning the
coordinates and the elevation of the final grade compared to the project level (accuracy of the
mapping shall be 2 centimetres).

When the excavation is clean, the topographical team will place paint-marks showing the major
buildings raft outlines, so that the boundaries of the structures are clearly shown.
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6.6 Backfilling

6.6.1 Scope
This specification covers the general backfilling.

6.6.2  Type of backfilling
If possible, materials coming from the preliminary site work and from the structural excavation
will be used for backfilling. It can be light material or coarse material.

The location of backfilling of each type of material will be given on execution documents or
drawings.

Fill material can be crushed, sorted, mixed in order to obtain different kind of material.
Unsuitable materials are forbidden in the backfill, especially:

Peat, timber and organic materials,

Material susceptible to spontaneous combustion,

Clay with a liquid limit > 80 and a plasticity index > 55,

Material with unsuitable moisture content.

6.6.3  Execution of backfilling

6.6.3.1 Common conditions
The backfill shall not contain unsuitable materials.
If unsuitable materials are found, they will have to be cleared.

6.6.3.2 Procedure

Backfill has to be spread correctly.

The meteorological conditions have to be good (not too dry, not too rainy).
The water content of each layer has to be checked.

The layer has to be removed if not acceptable.

Run-off water system if necessary to keep platform out of water (temporary drains or trenches
have to be removed at completion of backfilling).

Light and rocky materials have to be spread layer after layer, according to compaction tests.
For rocky materials, no block shall have a dimension exceeding 2/3 of the layer thickness.
If necessary, some water can be added to wet the backfill.

6.6.3.3 Execution tolerances — outside profiles
The Contractor shall execute profiles as specified in the working drawings.

Final platform adjustment is obtained by levelling the peaks and filling the hollows, possibly
with the addition of material, until the following requirements are met:

No point shall be above or below than 10 cm from the project altitude,
The surface obtained must be suitable for the circulation of light vehicles.
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6.6.4 Compacting

6.6.4.1 Test boards

For each type of material, defined by its grading and water content, before the beginning of the
works, the Contractor shall execute test boards to determine, as a function of the required
compactness, the equipment to use and the utilisation conditions of the various compactors.

For the materials which present a high sensitivity to the water content and for which the
compaction index decreases very much when the water content of the optimum Proctor is
exceeded, their specified water content before compaction shall be —1% to —2% below the
water content determined for the optimum Proctor.

6.6.4.2 Inspection

For light material, the requirements are:

Proctor’s optimum water content: + 3%, No value lower than 95% normal Proctor’s optimum,
An average value of 98% normal Proctor’s optimum.

Checking of these values have to be done by the Contractor every 2 000 m* for the general
backfilling work.

For rocky material, plate loading tests have to be carried out. The criteria are:
EV2 >80 MPa,
EV2/EV1<2.

6.6.4.3 Submission of documents
The Contractor will provide:
A technical note about the processes for the site excavated materials: excavating, stockpiling...
Backfilling trial-tests report,
A work procedure including at least:
Transportation,
Identification,
Measurement of the quantities,
Method for dewatering,
Methods for cleaning-clearing the subgrade,
Methods for backfilling, placing, compacting, checking,
Backfilling team organisation,
| Reporting to THE PURCHASER: forms, frequency.

6.7 Excavation and backfilling of galleries and trenches

6.7.1  Scope

This section describes the excavation, the placing and control of compacted backfills around
and under structures and buried structures.

6.7.2  Type of material

| See section 6.6.2.
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6.7.3  Compaction

Light materials will be controlled trough Proctor tests.
Rocky materials will be controlled trough plate loading tests.

6.7.4  Excavation and backfilling

6.7.4.1 Excavation

When digging trenches and excavations, the suitable excavated materials will be stored and
kept in order to be re-used for the backfilling after completion of the structure. They will be re-
used in accordance with the general criteria and specifications related to these structures.

Unsuitable and excess materials will be removed to dump areas as approved by THE
PURCHASER.

The Contractor will provide and maintain all necessary temporary access roads and temporary
drainage.

The Contractor will keep the excavation in dry condition with appropriate temporary means
that will be removed-filled at completion of the work.

| When and where blasting is required, specifications of section 6.2.8 will be fully followed.

When and where blasting is not required, specifications of sections 6.2.6 and 6.2.7 will be
followed.

The tolerance of the final grade will be adjusted as following: 40 centimetres maximum beyond
the excavation project line, and 10 centimetres minimum under the excavation project line.
These 10 centimetres are used for the placing of a blinding concrete layer.

The excavation in excess will be filled by compacted backfill or substitution concrete at the
Contractor’s expense.

The Contractor will maintain the excavations slopes at a stable and safe status.

6.7.4.2 Backfilling
See section 6.6.3.

When materials are laid within a 5 metre distance from a structure, the thickness of layer is
limited to 50 centimetres.

When filling is to be placed against structures, it will have no elements with a diameter more
| than 100 mm within 1 metre of the structure.
6.7.5  Backfill supporting a structure

| See section 6.6.4.

6.7.6  Subgrade of a structure

| See recommendation of light material in section 6.6.4.

It is assumed that unsuitable material will be removed and substituted with compacted fill or
substitution concrete.

The excavation has to be kept in dry conditions (temporary trenches and pumping pits if
necessary, that will have to be removed at the end of the work).

6.7.7  Backfill surrounding a structure

| For compacting light and rocky material see section 6.6.4.
The below particular measures shall be observed:
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When rocky materials are laid within a 5 metre distance beside a structure, the elements greater
than 350 mm must be carried away. No elements with a diameter more than 100 mm will be
placed within 1 meter of the structure.

Where backfill is to be drained, provide pervious coarse grained materials separated with filters
(non woven polyester material chosen to be compatible with the materials being separated)
from other backfills to prevent clogging of drains and washout of fines particles.

Close to low walls (height less than 2 meters), heavy compaction equipments are not allowed
to operate closer than a distance equal to 2/3 the unbalanced height of fill at any time.

The structure will be equally covered on all sides. Its stability must be preserved.

In narrow areas, or in areas without access for trucks, plate loading test could be replaced by
density test.

The criteria to be met will be the average value of densities corresponding to satisfactory plate
loading tests performed during trial tests.

Moreover, the accordance of compaction execution with the relevant work procedure will be
strictly controlled.

FILTER: NON WOOMVEN POLYESTER MAl

ORDINARY COMPACTED BACKFILL

?\//\;\\//\\//\{W\: ;/\\//\\

6.7.8  Backfilling trenches for pipes

| For compacting of light and rocky material see section 6.6.4.

When rocky materials are laid within a 5 metre distance beside a structure, the elements greater
than 350 mm must be carried away. No elements with a diameter more than 100 mm will be
placed within 1 meter of the structure.

Other recommendations

A cradle is formed in natural soil and backfill, placed by tamping in order to provide the proper
bedding layer. The bedding layer is compacted as indicated in section 6.6.4.

Backfill placed within 2 metres against pipes and buried structures will not have elements
larger than 100 mm.

The structures will be equally covered on all sides.

Any precautions must be taken when compacting above pipes in order not to damage them: the
use of heavy compactors will be strictly limited in such area and will take into account the
pipes-structures loading capacity and safe thickness of backfill cover over the said systems.
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The backfillina will be nerformed in such a wayv that the stabilitv of the structure is preserved.
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6.7.9  Backfill made of substitution concrete
Buried utilities may need to be maintained with concrete block support or to be laid onto
concrete bedding.

Besides, where and when soil fills cannot be compacted in compliance with the requirements:
narrow spaces, fills between circular pipes laid close to each other, it will be necessary to use
substitution concrete fill.

6.7.10 Tests

The following data are to be collected (using standards in application):
Current identification test:

Sieve analysis,

Atterberg limits,

Soil classification.

Compaction — moisture — density field test:

Dry density,

Moisture content,

Plate loading test.

Laboratory compaction test (Proctor test).

Frequency of these tests will be determined with quantities of backfill to be placed.

6.7.11 Work procedure

The Contractor will submit a work procedure where the following items will be described:
Backfill team organisation,

Backfill equipment,

Equipment for watering,

Laboratory equipment and internal testing procedures,

Control of fill material,

Backfilling method,

Fulfilling control forms,

Reporting to THE PURCHASER.
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6.7.12 Trial tests for the work procedure

Trial tests must be carried out before beginning the work.
Trial tests will determine:

Thickness of layer for each type of soil,

Compacting intensity,

Kind of roller used,

Number of passes.

Controls will have to be done during compacting.

6.8 Underground earthing circuit

The underground earthing circuit is in the scope of the Civil Contractor and shall be
constructed in compliance with the following technical specifications:

The Civil Contractor shall refer to EDH Part 4: Electromagnetic Compatibility (EMC)
(ITER D 4B523E) and EDH Part 5: Earthing and Lightning Protection (ITER D 4B7ZDG)
for all technical requirements relating to the underground earthing circuit.
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7 CONCRETE WORKS

7.1 References

Civil Works - List of Applicable Codes and Standards.
Reference documents are indicated Section per Section in this specification.

7.2 Aggregates

7.21 SCOPE

This section applies to aggregates for concrete and hydraulic mortar in structures covered by
the contract. All materials must be subjected to acceptance tests before use and to check tests
during their utilization.

The materials used and the services provided shall meet the requirements of this specification
and the below reference documents.

7.2.2 DOCUMENTS QUOTED IN REFERENCE IN THIS SECTION

7.2.2.1 Standards
| NF EN 196-2 (04/06): Methods of testing cement — Part 2 — chemical analysis of cement

NF EN 206-1 (04/04) and Addenda Al of April 2005 and A2 of October 2005: Concrete — Part
1: Specification, performance, production and conformity

| NF EN 933-1 (05/12) Tests for geometrical properties of aggregates - Part 1: Determination of
particle size distribution - Sieving method.

| NF EN 933-2 (05/96) Test for geometrical properties of aggregates - Part 2: Determination of
particle size distribution - Test sieves, nominal size of apertures.

| NF EN 933-3 (03/12) Tests for geometrical properties of aggregates - Part 3: Determination of
particle shape - Flakiness index.
NF EN 933-4 (06/08) Tests for geometrical properties of aggregates - Part 4: Determination of
particle shape - Shape index.

NF EN 933-5 (06/98) + Addendum A1(07/05) Tests for geometrical properties of aggregates -
Part 5: Determination of percentage of crushed and broken surfaces in coarse aggregate
particles.

NF EN 933-6 (09/02) Test for geometrical properties of aggregates - Determination of surface
characteristics - Part 6: Flow coefficient of aggregates

NF EN 933-7 (08/98) Tests for geometrical properties of aggregates - Part 7: Determination of
shell content - Percentage of shells in coarse aggregates.

NF EN 933-8 (03/12) Tests for geometrical properties of aggregates - Part 8: Assessment of
fines - Sand equivalent test.

| NF EN 933-9 (12/09): Tests for geometrical properties of aggregates — Part 9: Assessment of
fines. Methylene blue test.

| NF EN 1744-1 (10/10): Tests to determine the chemical properties of aggregates — Part 1 —
chemical analysis.

NF EN 12620 + Al (06/08) (08/03): Aggregates for concrete.

NF EN 13055-1 (12/02) Lightweight aggregates - Part 1 : lightweight aggregates for concrete,
mortar, and grout

EN ISO 14001 Environmental management
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NF EN 1097-1 (08/11) Tests for mechanical and physical properties of aggregates - Part 1:
Determination of the resistance to wear (micro-Deval)

NF EN 1097-2 (06/10) Tests for mechanical and physical properties of aggregates - Part 2:
Methods for the determination of resistance to fragmentation

NF EN 1097-5 (10/08): Test for mechanical and physical properties of aggregates — Part 5 —
Determination of the water content by drying in a ventilated oven.

NF EN 1097-6 (06/01): Test for mechanical and physical properties of aggregates — Part 6 —
Determination of particle density and water absorption.

P 18-576 (12/90): Aggregates — Measurement of the friability coefficient for fine aggregate

NF P18 545 (09/11): Aggregates — Defining information, compliance, codification and related
test standards. Only french version

FD P 18-542 (02/04): Aggregates — Classification criteria governing natural aggregates for
hydraulic concrete with respect to the alkali-reaction. Only french version

P 18-556 (09/90): Aggregates - Determination of the continuity index. Only french version
P 18-557 (09/90): Aggregates - Elements for identification of aggregates. Only french version;

7.2.2.2 Other documents

Recommendations for the prevention of damage caused by the alkali-reaction, LCPC, June
1994,

Recommandations pour la prévention des désordres dus a la réaction sulfatique interne of the
LPC (Laboratoires des Ponts et Chaussées) August 2007.

Guide to drawing up the quarry file, LCPC, June 1994.
7.2.3 REQUIREMENTS AND RELATED CHECKS

7.2.3.1 General stipulations

The aggregates used are natural and common in accordance with standard EN 12620 and NF P
18-545 item 10.

The aggregates used for C30/37 concrete shall, at minimum, comply with the category B
specifications in standard NF P 18-545.

The aggregates used for C40/50 concrete shall comply with the category A (one or two
specifications could be B after studies or reference in accordance with Fascicule 65)
specifications in standard NF P 18-545.

Lightweight aggregates shall conform to the requirements of NF EN 13055-1.

The aggregates shall be subject to a certificate of compliance by obtaining the CE marking,
where applicable.

7.2.3.2 Classification with respect to the alkali-reaction

The prevention level adopted vis-a-vis the alkali-reaction is level C.

Each type of aggregate forming part of the composition of the concrete shall be classified as
either non-reactive (NR) or potentially reactive (PR), or potentially reactive to the effect of
pessimum (PRP). This classification must be carried out by a specialist laboratory, subject to
the approval of THE PURCHASER, according to document bundle P 18-542. The
classification of a production shall be carried out in accordance with the “Recommendations
for the prevention of damage caused by the alkali-reaction” (LCPC, June 1994).

In principle, NR aggregates will be used. However, bearing in mind local deposits, the use of

| PR or PRP aggregates is possible subject to compliance with the stipulations of Section 7.7.
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| Alkaline content levels in cement and aggregate shall be controlled and the non-reactivity of
the alkaline-boosted formula shall be ensured, whilst evaluating safety margin available vis-a-
vis the reaction activation threshold.

7.2.3.3 Chloride, sulphate and sulphur content

The chloride and sulphur content of the aggregates shall comply with the overall criteria of the
| concrete described in Section 7.8. To this end, marine aggregates, if used, shall be washed in

fresh water in order to observe the maximum level of chlorine ions (determined by the Civil
| Contractor and submitted for the approval of THE PURCHASER) which may be contributed

by the aggregates.

The maximum size of the pyrite grains and other oxidizable metal compounds shall be limited

to 2 mm.

7.2.3.4 Information to be submitted by the Civil Contractor

For each type of aggregate (including aggregates which fall within the composition of the mix),
| the origin and level of active alkaline content (test method LPC n°37) expressed in equivalent

Na,O (in the case of PR and PRP aggregates), and the origin and level of sulphates and

chlorides shall be submitted to THE PURCHASER at the same time as the technical datasheet

for the product.

When the aggregates come from a quarry, a deposit characterisation and identification file

(quarry file) shall be drawn up via core boring on the geological entities to be exploited during

the construction operations.

This file, drawn up during the design study of the concrete (for example, according to the

principles of the “Guide to drawing up the quarry file” of the LCPC, June 1994), shall show the

core boring plan and the results of the following tests for the various geological entities:

| e identification of aggregates via petrographic analysis in accordance with standard P 18-
557,

e determination of the continuity index of the rock for crushed stone materials, in
accordance with standard P 18-556,

e intrinsic and manufacturing characteristics: the tests shall be carried out in accordance
with the standards referenced in standard NF P18-545 and/or NF EN 12-620,

o friability coefficient of sands in accordance with standard P 18-576,

e micro-Deval coefficient in the presence of water, in accordance with standard NF EN
1097-1 + Addendum A1,

e classification with respect to the alkali-reaction as specified in LCPC, June 1994
document “Recommendations for the prevention of damage by alkali-aggregate
reaction”,

e the quarry exploitation plan with:

overview of the quarry installations (hoppers, breakers, crushers, screens,
storage, etc.)

the projected mode and programme for quarry exploitation operations.

7.2.3.5 Further requirements for aggregates for prestressed concrete

The aggregates used for prestressed concrete shall comply with the category A specifications in
| standard NF P18-545.

In addition to the stipulations of this standard, the sand friability coefficient, in accordance with
standard P 18-576, shall be equal to or lower than 30 (FS < 30) and the sands used shall have
regularity ranges comprised within the specification range as follows:
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Screened material

Sieve in mm PERCENTAGE OF TOTAL MASS OF SAND
at minimum at maximum

5 98 -

25 85 95

1.25 65 85

0.63 40 60

0.315 20 38

0.16 10 20

0.08 alluvial 2 6

0.08 crushed 2 10

Table 1

If the grain size of the sand extracted or manufactured does not fall within the range, it shall be
treated or mixed with several other sands. If necessary, elementary sands will be proportioned
separately at the concrete mixing plant.

7.2.3.6 Further requirements for aggregates for concrete subject to action from water flow

Fine gravel used for concrete subject to the action of water flow (for example, pumping station
casings) have a micro-Deval coefficient in the presence of water, in accordance with standard
NF EN 1097-1 + Addendum A1, of less than or equal to 25 (MDE < 25).

7.2.3.7 Further requirements for high density aggregates for Heavy concrete

The aggregate shall conform to the requirements of NF EN 12620. The clay, silt and dust
values shall be limited to 2% maximum by mass for coarse and fine aggregate. With prior
written permission of THE PURCHASER, alternate grading may be used if the Civil
Contractor can demonstrate their use satisfies all other requirements of the specification.

The relative density of aggregate on an oven dry basis for both coarse and fine material shall be
not less than 4.15. The Civil Contractor shall not mix different sources of heavy aggregates
throughout the duration of the Contract, without the prior written permission of THE
PURCHASER.

A chemical analysis of the proposed aggregate shall be submitted to THE PURCHASER for
acceptance at the start of the Contract and prior to any proposed change in source. This shall
include lead content together with any other heavy metals present. The Civil Contractor shall
note that these may have a derogatory effect on the hydration process of the concrete. A
maximum combined lead and zinc content of 1.5% by weight of total dry aggregate is
permitted, unless prior written agreement is given by THE PURCHASER.

The Civil Contractor shall guarantee THE PURCHASER that the supplier of heavy aggregates
operates adequate quality systems during all stages of the production of the aggregates in order
to meet the requirements of this specification.

The Civil Contractor shall ensure that all deliveries of aggregates are accompanied by a
Certificate of Compliance from the supplier in relation to grading and relative density.

The Civil Contractor shall submit a report of the physical properties of the proposed materials
to THE PURCHASER at the start of the contract. This shall include grading’s, relative
densities and water absorption, ten per cent fines, flakiness and elongation (coarse aggregate

only).
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Heavy aggregates shall be suitable to allow the same thermal expansion coefficient than the
one used for normal concrete (10x10-6/°C) therefore barite aggregates are not allowed.

7.2.3.8 Further requirements for lightweight aggregates for concrete, mortar and grout
Lightweight aggregates shall conform to the requirements of NF EN 13055-1.

The mastery of the production will be in accordance with the normative appendix F of the
standard NF EN 13055-1.

7.2.3.9 Study, suitability and control tests
The Civil Contractor shall carry out study, suitability and control tests on the aggregates. The
aggregates must satisfy:
e study and suitability tests, prior to the supply thereof on the site,
e control tests, prior to the use thereof in the concretes.
However, if the Civil Contractor can submit reports for tests carried out by a COFRAC-

| certified laboratory proving that the aggregates have some of the required characteristics, the
corresponding tests do not need to be repeated within the framework of the study test.

The table below summarises the study, suitability and control tests currently in progress, duly
stating the frequency of the control tests:
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TESTS STANDARD | ST | SU | CONTROL
ubD | IT
Y |AB
ILI
TY
FILLERS 0/D | Particle size distribution by | NFEN933-1 | X | X |1 perdelivery day
(D<2mm) sieving
and fine sand | Cleanliness: methylene blue | NFEN 933-9 | X | X | 1 perdelivery day
0/D (D<1mm) | Value
Alkali-reaction P 18-542 X
SAND 0/D Friability of sands P 18-576 X
Cleanliness of sands:Sand | NFEN933-8 | X | X |1 perdelivery day
1<D<6.3mm equivalent at 10% fines
Organic matter: colorimetric | NFEN 1744-1 | X | X |1 per month for
test alluvial materials
GRAVEL Continuity index (of rock | P 18-556 X
for crushed materials)
d/D Micro-Deval in the presence | NF EN 1097-1 | X
of water (for concrete
d particularly subject to the
>1mm action of water)
Los Angeles NF EN 1097-2 | X | X
D<125mm Surface cleanliness P 18-591 X | X | 1perdelivery day
Flakiness NFEN933-3 | X | X |1 perweek
Identification of aggregates | P 18-557 X
SAND Particle size distribution by | P 18-560 X | X | 1perdelivery day
sieving
and Density, porosity, | P 18-554 X | X |water content: 1
absorption coefficient, water | p 18-555 per  concreting
FINE conterlt _ day
GRAVEL Alkali-reaction P 18-542 X
Determination of the total | NF EN 1744-1 | X
sulphur content
| Gravimetric  proportioning | NFEN 196-2 | X
of sulphate
| Chloride content NF EN 1744-1 | X
| Chloride content of marine | NFEN 1744-1 | X | X | 1 per delivery day
aggregates
Table 2

For the lightweight aggregates the frequency of controls will be in compliance with the picture
(board) F1 of the standard NF EN 13055-1.
With the agreement of THE PURCHASER, the chloride content of marine aggregates may be
checked via a resistivity test.

The procedure for carrying out this test shall be drawn up by the Civil Contractor on the basis
of a resistivity calibration/chloride content study determined in accordance with the Volhard
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method (NF EN 1744-1). This procedure, subject to the approval of THE PURCHASER, shall
specify, in particular, the quantity of aggregates to be introduced, the amount of demineralised
water to be added, the waiting time, and the uncertainty of the measurement.

This test is conducted after washing the marine aggregates. The limit criterion, established by
the Civil Contractor and submitted for the approval of THE PURCHASER, must enable the
possibility, taking into account the uncertainty of the measurement, of ensuring, with regard to
reinforced concrete or concrete containing embedded metallic parts, that the chloride content of
the aggregates is low enough to observe the overall criterion in the concrete.

7.2.3.10 Storage
| The supplier has to take precautions to protect the quality of aggregates.

Aggregates of different categories or different grain classes are stored in separate batches in
order to avoid mixtures.

Aggregates shall not be delivered directly to the batching plant; instead it should be delivered
first to a buffer stock pile.

The storage capacities on or near the site for the various categories of aggregates correspond to
two weeks consumption at the highest concreting rate.

The storage areas and traffic systems around the storage areas shall be drained and coated with
a layer of concrete, or treated to ensure equivalent conditions of cleanliness. All the stocks, on
the ground or in hoppers, will have to be the object of identification by registrations or by
signs.

All precautions shall be adopted to avoid the segregation of the aggregates during storage or
reworking and to avoid any mud which may accumulate in storage areas and the bases of the
silos being mixed in the concrete and mortar. These storage areas and silo bases shall be
periodically cleaned and washed.

7.2.3.11 Further requirements for storage of High density aggregates

To avoid possible contamination of High density aggregates with aggregates for different
purposes, different sources shall be stored separately from other aggregates.

High density aggregates shall be stored under cover on an impervious hard standing with
suitable drainage measures.

The Civil Contractor shall employ handling methods that prevent degradation of High density
aggregates.

High density aggregates are prone to degradation by attrition. The mixing time shall be
controlled to prevent degradation of the aggregates by over-mixing.

7.3 Cement

7.3.1 SCOPE

This technical specification applies to the cement used in the construction of concrete
structures covered by the contract. It defines the following:

¢ the criteria governing the choice of cements,
¢ the conditions of delivery and storage,
e the related inspections and checks.
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e Any material must be subjected to manufacture tests before delivery and check tests
before use. Cement products shall be produced by certified suppliers operating EN 1SO
14001 systems.

7.3.2 DOCUMENTS QUOTED IN REFERENCE IN THIS SECTION

7.3.2.1 Standards
NF EN 196-1 (04/06): Methods of testing cement — Part 1: Determination of strength
NF EN 196-3 (04/06): Methods of testing cement — Part 3: Determination of setting time and
soundness
NF EN 196-6 (04/12) Methods of testing cement — Part 6: Determination of fineness. Only
French version
NF EN 196-9 (09/04): Methods of testing cement — Part 9: Heat of hydration — Semi-adiabatic
method
| NF EN 197-1 (04/12): Cement — Part 1: Composition, specifications and conformity criteria for
common cements
| NF EN 206-1 (04/04) and Addenda Al of April 2005 and A2 of October 2005 °: Concrete —
Part 1: Specification, performance, production and conformity
| P 15-466 (08/83): Binders — Rapid recognition of cement at the time of delivery by comparison
with a reference sample
P 18-363 (12/86): Admixtures for concrete, mortar and grout — Ordinary injection grouts for
prestressed concrete — Determination of false setting (Tusschenbroeck test)
NF EN 196-6 (04/12): Methods of testing cement — Part 6: Determination of fineness. Only
french version
NF EN 196-7 (07/08): Methods of testing cement — Part 7: Methods of taking and preparing
samples of cement. Only french version, english version expected in 2008
NF P 15-318 (09/06): Hydraulic binders — Cements with a limited sulphur content for
prestressed concrete. (Only french version)
NF P15-433 (02/94) Methods of testing cement. Determination of shrinkage and swelling.
NF P15-466 (08/83) Binders — rapid recognition of cement at the time of delivery by
comparison with a reference sample

NF P18-363 (12/86) Admixtures for concrete, mortar and grout — Ordinary injection grouts for
prestressed concrete — Determination of false setting (Tusschenbroeck test)

7.3.3 REQUIREMENTS AND RELATED CHECKS

7.3.3.1 Criteria governing choice of cements

7.3.3.1.1 General characteristics

Cements shall comply with standard NF EN 197-1 and shall be subject to a certificate
of compliance via admission under the marking “NF — Hydraulic Binders”.

If, under exceptional circumstances, special, non-standardised cements are used, these shall be

subject to an equivalent check in accordance with the marking “NF — Hydraulic Binders” via a
COFRAC-certified laboratory.

The additional characteristics required for the cement used are defined below and in Section
| 7.8.
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7.3.3.1.2 Cement for prestressed concrete

The cements used form part of the list of the marking “NF — Hydraulic Binders” with
the inclusion of CP1 for prestressing via post-tension and CP2 for prestressing via pre-tension.
These cements shall comply with standard NF P 15-318.

The cements used for prestressed structures shall not contain either fly ash or blast furnace slag
and must, moreover, observe the stipulations of paragraph “Cement for mass concrete”.

7.3.3.1.3 Cement for concretes exposed to sea salt or in contact with seawater

Cements used for concrete subjected to exposure classes XS1, XS2 and XS3, in
accordance with standard NF EN 206-1, form part of the list of the marking “NF — Hydraulic
Binders” with the inclusion of “PM” (for marine construction).

7.3.3.1.4 Cements for structures in contact with highly-sulphated water

When the aggressively class XA1, XA2 or XA3 as per standard NF EN 206-1 results
from the presence of sulphates, the following prescriptions shall be complied with:

e The cement used for concrete subjected to exposure class XAl are included in the list
of the mark “NF-Liants hydrauliques” and be labelled “PM” ( Prise Mer) and the
composition of the binder must be such that it meets the requirements of standard XP P
15-317.

e The cement used for concrete subjected to exposure class XA2 and XAS3 are included in
the list of the mark “NF-Liants hydrauliques” and be labelled ES (concrete works in
highly sulphated water) and the composition of the binder must be such that it meets the
requirements of standard XP P 15-3109.

7.3.3.1.5 Cements for structures in contact with pure (slightly mineralized water)

Cements used for structures in contact with waters the total hardness of which TH is
| less than 6 french degrees are either cements with a high slag content (CEM 111/B, CEM 111/C
in the context of standard NF EN 197-1or CEM I11/B, CEM IV or CEM V containing at least

| 30% of pozzolanic secondary constituents, in the context of NF EN 197-1).

The use of other cements meeting the standard NF EN 197-1 is possible, in combination with
| additives, provided that the slag content of the binder is greater than 60% or that the pozzolanic
secondary constituent content in the context of NF 197- is greater than 30%.

7.3.3.1.6 Cement for large volume of concrete and confinement areas

This clause is particularly important for cement used in concrete for slab and wall
elements designed for gas pressure confinement, i.e. where permissible cracking is governed by
the associated leakage.

The limitation of the heat of hydration of the cements used for concrete poured in large
volume concrete (thickness > 1.20 m) is used to minimise cracking, depending on the
formulation of the concrete and, in particular, the proportioning of the cement. The Civil
Contractor shall submit his proposals for limiting the temperature to THE PURCHASER.

Cement used for concretes in large volumes for the thick parts of the SIC buildings shall either:
e conform with class LH of standard NF EN 197-1, or
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| e the heat of hydration of the cement used for the concrete, measured in accordance with
standard NF EN 196-9, shall be less than or equal to 270 J/g at 41h.

However, if the specifications of Section 7.8 on the increase of the temperature of the concrete
during setting can be observed, cement “PM ES” with a greater heat of hydration may be used.

The maximal limit value of the cement shrinkage, measured according to the NF standard P15-
433 shall be in the most equal to 700 pm/m on average lower than 650 pm/m.

7.3.3.1.7 Cements for Heavy concrete
The cements used for heavy concrete
e shall conform with class LH of standard NF EN 197-1

e Or the heat of hydration of the cement used for the concrete, measured in accordance
with standard NF EN 196-9, shall be less than or equal to 270 J/g at 41h.

However, if the specifications on the increase of the temperature of the concrete during setting
can be observed, cement CEM 1 “PM ES” or CEM 2 “PM ES” with a greater heat of hydration
may be used.

7.3.3.1.8 Cement for injection grouts

The cements used for injection grouts on prestressed concrete pipes for cables and
prestressed tension rods shall be CEM 1, or CEM II/A-L, or CEM II/A-D limited to 8 % of
silica fume.

The cements, in accordance with standard NF EN 197-1 and admitted under marking “NF —
Hydraulic Binders”, shall, moreover, comply with the following specifications:

Cl < 0.05%

S* <0.01%

do not contain any element which may entail steel corrosion

secondary constituents < 3%

additives < 0.1%. Only grinding agent additive shall be tolerated

the cement must not have any false setting, measured by the Tusschenbroeck test, in
| accordance with standard NF P18-363.

7.3.3.2 Conditions of delivery and storage

The cements shall be delivered:

either directly by the manufacturing plant, or by a distribution centre approved by the specific
committee under the marking “NF — Hydraulic Binders” as being a terminal of the plant.

All the transportation and storage operations for the binders shall be designed to avoid:

mixing between different cements,

contamination of the cements, in particular during the transportation thereof,

any identification errors,

their exposure to bad weather.

Cement delivered in bulk shall be stored in silos, depending on the grade thereof, with, in
accordance with each grade of cement, at least two silos, thus ensuring there is always one silo
subject to filling and one subject to emptying. With the exception of cements intended for the
injections which will be delivered in bags.

Each silo shall be fitted with the following:
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e an independent riser fitted with devices to avoid any risk of unwanted filling of the silo,

e stock or flow control devices (level detector, anti-arching system, etc.)

e Every silo must be provided with two thermometers placed respectively; the one on the
base of the cone of draining, to allow measuring the temperature of the cement in the
use, the other one on the vertical sleeve (round) of filling of the silo, to allow measuring
the temperature during the supply.

The vertical sleeve will contain a sign with the name of the type of cement, a fool proof device
to avoid any error of filling and allowing taking sample of cement.

The storage capacity of the cement on site (in silos, in trucks or in wagons) shall correspond to
the quantity of cement of the biggest concrete elements to be concreted in a continuous way.
Furthermore the storage capacity of cement shall correspond to one week’s consumption at the
highest concreting rate.

To limit the risks of false set, cements must be delivered at a temperature lower than 70°C.

At the time of use, the temperature of the cement shall be under 50°C and the Civil Contractor
shall adopt all measures to ensure that this maximum temperature is complied with, whatever
be the temperature of the cement at the time of delivery.

Storage of the cement in bags for the injections: the bags of cement will be stored under cover
in a dry premise and shall be used in the delivery order.

7.3.3.3 Inspections and checks
The Civil Contractor shall:
For Test study and Trial mix testing check the following characteristics:
e Determination of the setting time and stability, in accordance with standards NF EN
196-3
e Determination of fineness french version NF EN 196-6
e Determination of the density, in accordance with standards NF EN 196-6

e Measurement of the heat of hydration, at 12 h and 41 h in accordance with standard NF
EN 196-9

e Determination of the shrinkage
e A compression strength test after 2 days
e A compression strength test after 28 days,

For each delivery truck or container and according to the grade of the cement:

e inspect the packaging, markings and delivery dockets,

| e carry out a rapid identification test on the cement in order to detect any errors in the
delivery. This test shall be conducted on site on the arrival of the cement and prior to
the transfer thereof to the silo, in accordance with standard P15-466.

e Sample-taking for tests shall be carried out in accordance with NF EN 196-7 on the
arrival of the cement at the site. Ten kilograms of cement taken shall be reserved for
sampling as a precautionary measure. The conservative samples shall be placed in
waterproof containers and deposited in a dry area. They shall be destroyed (unless
stipulated otherwise by THE PURCHASER) at the end of six months.

Per delivery day and for each grade of the cement, check the following characteristics:

e Determination of the setting time and stability, in accordance with standards NF EN
196-3
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e Determination of the density, in accordance with standards NF EN 196-6

| The results of these tests must comply with the specifications of standard NF EN 197-1
according to the class of cement concerned, and the cement must not be subject to false setting.
When the manufacturing plant is 1ISO 9001 certified and deliveries of the quality of cement are

| on a daily basis, the frequency of the checks may be reduced to two days.

Once a month and according to the quality of cement:

e acompression strength test after 28 days,
e acompression strength test after 2 days for cement with high short-term strength.

These tests shall be carried out in accordance with NF EN 196-1. They shall be conducted for
the purposes of checking the characteristics of the cements used in relation to the
characteristics of the concrete. The sampling operations shall be carried out at the concrete
mixing plant and correspond to the cement used in the batch subject to a concrete inspection

| test. The results must comply with the specifications of NF EN 197-1 for the class of cement
concerned.

With regard to the cements used for large volume of concrete

e Before the first large volume concrete pours, measurement of the heat of hydration, in
accordance with standard NF EN 196-9 shall be carried.

e a measurement of the heat of hydration, in accordance with standard NF EN 196-9, for
every 500 m* of concrete used. The results must comply with the stipulations of
paragraph 7.3.3.1.6 “Cements for large volume of concrete”.

e Determination of the shrinkage shall be carried out for every 500 m® of concrete
produced and once a month of delivery.

7.4 Additions
7.4.1 SCOPE

This technical specification applies to the standardised additions used in concrete for the
structures covered by the contract. The additions concerned are as follows:

coal fly ash,

limestone additions,

siliceous additions,

silica fume,

ground granulated blast furnace slag.

This technical specification does not concern constituents directly added to the clinker (added
constituents) in compound cements.

742 DOCUMENTS QUOTED IN REFERENCE IN THIS SECTION

7.4.2.1 Standards

NF EN 206-1 (04/04) and Addenda Al of April 2005 and A2 of October 2005 °: Concrete —
Part 1: Specification, performance, production and conformity.

NF EN 450-1 + Al (12/07): Fly ash for concrete — Part 1 - Definitions, specifications and
| conformity criteria.
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NF EN 450-1 IN1 (12/07): Fly ash for concrete — Part 1 - Definitions, specifications and
conformity criteria- Instruction sheet.
NF EN 450-2 + A1 (12/07): Fly ash for concrete — Part 2 - Conformity evaluation.
NF EN 13263-1+A1 (05/09): Silica fume for concrete — Part 1 - Definitions, specifications and
conformity criteria.
| NF EN 13263-2+A1 (05/09): Silica fume for concrete — Part 2 - Conformity evaluation.
NF EN 15167-1 (09/06): Ground granulated blast furnace slag for use in concrete, mortar and
grout — Part 1 - Definitions, specifications and conformity criteria.
NF EN 15167-2 (09/06): Ground granulated blast furnace slag for use in concrete, mortar and
| grout — Part 2 - Conformity evaluation.
NF EN 451-2 (12/94): Method of testing fly ash — Part 2: determination of fineness by wet
sieving. Only french version.
NF P15-317 (09/06): Hydraulic binders — Cement for operations at sea. Only french version.
NF P18-507 (11/92): Additions for hydraulic cement — Water requirements, regularity
checking — Method for measuring fluidity by flow with “Marsh cone”. Only french version.
NF P18-508 (01/12): Additions for hydraulic concrete — Limestone additions — Specifications
and conformity criteria. Only french version.
NF P18-509 (12/98): Additions for hydraulic concrete — Siliceous additions — Specifications
and conformity criteria. Only french version.
NF P18-512-1 (09/06) Ground granulated blast furnace slag for use in concrete, mortar and
grout - Part 1: definitions, specifications and conformity criteria.

NF P18-512-2 (09/06) Ground granulated blast furnace slag for use in concrete, mortar and
grout - Part 2: conformity evaluation.

7.4.3 REQUIREMENTS AND RELATED CHECKS

7.4.3.1 General stipulations

An addition is a finely divided mineral material used in concrete to enhance certain properties
or provide it with specific properties.

The additions for concrete used shall be subject to a certificate of compliance by obtaining an
EC marking, where applicable.

The additions can be added, in the concrete or in the mortar, only in quantities and with
characteristics such as they are harmful neither to the durability (porosity, heat of hydration,
resistance in the frost, the alkali-reaction, the corrosion of the reinforcement), nor in the quality
of aspect of facings.

The Civil Contractor shall take into account the influences, possibly negative, on certain

parameters (water requirement, setting time, resistance at the youngest age) and particular
conditions given below.

The additions used in partial substitution of cement will be admitted in the strict respect for the
table NA.F.1 of the NF standard EN 206-1.

The chloride content of the additions shall be compliant with the overall criteria for the
| concrete, as specified in Section 7.9.

During inspections and checks on receipt of the additions, rapid identification tests shall be
carried out prior to transfer to the silo.
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7.4.3.2 Delivery and storage on site
All the transportation and storage operations for additions shall be designed to avoid:

mixing between the different additions,

contamination of the additions, in particular during the transportation thereof,

any identification error,

their exposure to bad weather.

In the case of bulk transportation via sealed road tanker, a certificate of cleanliness for each
tanker shall be attached to the delivery docket.

A 5 kg sample of additions shall be taken from each mix at the time of delivery to the site. The
precautionary samples shall be placed in waterproof packaging and deposited in a dry area.
They shall be destroyed (unless otherwise stipulated by THE PURCHASER) at the end of a
period of six months.

The additions shall be stored in silos. The storage capacity on the site corresponds to three
weeks’ consumption at the highest concreting rate.

Each silo shall be fitted with the following:

e an independent riser fitted with devices to avoid any risk of unwanted filling of the silo,
e stock or flow control devices (level detector, anti-arching system, etc.).

7.4.3.3 Coal fly ash

The fly ash used shall comply with standards NF EN 450. The use of fly ash is prohibited for
the concrete of prestressed structures.

Physical and chemical characteristics

In addition to standard NF EN 450, water requirements shall be subject to a determination in
accordance with standard NF P 18-507. A variation range for the value thereof shall be adopted
from the average values measured during the concrete study test.

The fly ash used shall, at minimum, observe the class B specifications of standard NF EN 450.
The specification of class A of standard NF EN 450 shall be met if they are used in a concrete
subjected to exposures classes XF3 or XF4 as per standard NF EN 206-1.

Inspections and checks on receipt

The inspections and checks on the receipt shall be carried out on each batch of fly ash delivered
to the site.

Receipt shall cover the following:

e checking the delivery docket,

e checking the water requirements in accordance with NF P 18-507, adopted as a rapid
identification test. The result must fall within the variation range established by the
formulation studies,

e checking the fineness, measured in accordance with the method described in standard
NF EN 451-2. The result must comply with the specifications of standard NF EN 450.

7.4.3.4 Limestone additions
The limestone additions for concrete used must comply with standard NF P 18-508.
Physical and chemical characteristics
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In addition to standard NF P 18-508, the water requirements shall be subject to a determination
according to standard NF P 18-507. A variation range governing the value thereof shall be
created from the average values measured during the concrete study test.

Inspections and checks on receipt

Inspections and checks on receipt shall be carried out on each batch of limestone additions
delivered to the site.

Receipt shall cover the following operations:

e checking the delivery docket,

e checking the water requirements in accordance with NF P18-507, adopted as a rapid
identification test. The result must fall within the variation range established by the
formulation studies,

e checking the grain size distribution and fineness (Blaine mass surface), according to the
standards referenced in standard NF P18-508. The result must comply with the
specifications of standard NF P18-508.

7.4.3.5 Siliceous additions

The siliceous additions for concrete used must comply with standard NF P18-509.

Physical and chemical characteristics

In addition to standard NF P18-509, the water requirements shall be subject to a determination
according to standard NF P18-507. A variation range governing the value thereof shall be
created from the average values measured during the concrete study test.

If siliceous additions are used in prestressed concrete, they must observe the type A
specifications of standard NF P18-509.

Inspections and checks on receipt

Inspections and checks on receipt shall be carried out on each batch of siliceous additions
delivered to the site.

Receipt shall cover the following operations:

e checking the delivery docket,

e checking the water requirements in accordance with NF P18-507, adopted as a rapid
identification test. The result must fall within the variation range established by the
formulation studies,

e checking the grain size distribution and fineness (Blaine mass surface), according to the
standards referenced in standard NF P18-509. The result must comply with the
specifications of standard NF P18-509 for the type of siliceous addition and fineness
concerned.

7.4.3.6 Silica fumes

The silica fumes for concrete used shall comply with standard NF EN 13263.

Physical and chemical characteristics

The silica fumes used shall observe the class A specifications of standard NF EN 13263.

Additional characteristics shall be subject to a determination in accordance with standard NF
EN 13263:

e water requirements,
e bulk density.
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Variation ranges governing the values thereof shall be created from the average values
measured during the concrete study tests.

Silica fume production plant and treatment units

The choice of production plant and treatment units shall be made by the Civil Contractor, and
subject to the approval of THE PURCHASER. No change to these items shall be permitted
during operations without the consent of THE PURCHASER and renewed justification.
Delivery and storage on site

In addition to the specifications of paragraph 7.4.3.2, a buffer stock shall be created,
corresponding to a minimum of six weeks’ consumption of silica fumes at the highest
concreting rate.

The stock volume must be managed in accordance with the production requirements at the
plant and the treatment units. In particular, it must be increased prior to a silica fume
production shutdown (where scheduled), thus ensuring that the six-week minimum stock rule is
observed until the end of this shutdown.

In the case of densified powders, the transportation and storage modes shall ensure permanent
water content for the silica fumes of less than 1% at any time.

Inspections and checks on receipt
Inspections and checks on receipt shall be carried out on each batch of silica fumes delivered to
the site.
Receipt shall cover the following operations:
e checking the delivery docket,
e checking the water requirements, adopted as a rapid identification test. The result must
fall within the variation range established by the formulation studies,

e checking the bulk density. The result must fall within the variation range created by the
formulation studies.

7.4.3.7 Ground granulated blast furnace slag

The ground granulated blast furnace for concrete used shall comply with standards NF EN
15167-1 (NF P18-512-1) and NF EN 15167-2 (NF P18-512-2). The use of slag is forbidden
for concrete of prestressed structures.

The inspections and checks shal