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1 Introduction

ENEA — National Agency for New Technologies, Energy and Sustainable Economic Development — is
responsible for the fulfilment of the project “Divertor Tokamak Test facility Upgrade” (DTTU), submitted to
the public call D.D. 3264/2021 “Rafforzamento e creazione di Infrastrutture di Ricerca”. This project,
approved on August 8th, 2022, is aimed at upgrading the Divertor Tokamak Test facility (DTT), a tokamak
device allowing for the magnetic confinement of a deuterium plasma.

DTT will be installed at the ENEA research centre in Frascati, hereinafter abbreviated as DTT site, and is
conceived to study innovative solutions to the problem of power exhaust in next-generation nuclear fusion
reactors, like ITER and DEMO, under a technological and scientific viewpoint. To this aim, DTT needs a
significant amount of additional heating that will be partially provided by an lon Cyclotron Heating (ICH)
system, able to inject electromagnetic waves into the plasma at the cyclotron frequency of the ion species.
The radiofrequency (RF) transmission lines of ICH systems are mainly constituted by RF components in rigid
coaxial cable which have low attenuation in the typical ICH frequency range from 30 to 100 MHz.

The DTTU project includes the development and test of a RF amplification system in the frequency range
from 60 to 90 MHz, consisting of two solid-state transmitters, each one with a nominal power of 1.2 MW.
The test of such RF source requires to set up a High Power Test Bed (HPTB) that shall allow Enea to carry
out the acceptance tests of the solid-state transmitters. The latter comprise RF operations at the maximum
power and duty cycle (50 s every hour) with some load mismatch, i.e., the HPTB shall allow for the variation
of Voltage Standing Wave Ratio (VSWR) and reflection coefficient phase at the transmitter output.

The HPTB consists of RF components that will interface with some auxiliary units required for their
operation, as for example power supplies, local control units, pressurization and cooling units. The present
technical specification (TS) pertains to a supply contract for the procurement of RF components for the
HPTB of the DTTU project. As explained in the associated project and quality management specification
(MS) [1]:

e A Bidder (candidate to become contractor), in the response to the call for tender, shall submit a
Technical Proposal, describing the items to be supplied ad their compliance with the present
technical specification.

e The Contractor, during the execution of the contract, shall issue a Technical Design Report (TDR)
including the thorough description of the items to be supplied and their interfaces.

e The Contractor shall deliver an Acceptance Data Package (ADP) including the as-built description of
all items to be supplied and their parts.

This document is property of DTT S.c.a r.l. This information shall not be transmitted to anyone who is not authorised to receive it.
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2 Acronyms, abbrevations and definitions

AC Alternating Current

ADP Acceptance Data Package

Bidder Tendered for the supply of the present specification

CE Conformité Européenne

CODAS Control and Data Acquisition System

Contractor Party appointed by Enea to perform the supply of the present specification

cw Continuous Wave

DTT Divertor Tokamak Test facility

DTT site ENEA Frascati research centre — Via Enrico Fermi 45 — 00044 Fractal (RM) — Italy

DTTU Divertor Tokamak Test facility Upgrade

EC European Commission

EU European Union

f Frequency

FAT Factory Acceptance Test

HMI Human Machine Interface

HPTB High Power Test Bed

ICH lon Cyclotron Heating

IEC International Electrotechnical Commission (Commissione Elettrotecnica Internazionale

LCU Local Control Unit

KOM Kick-Off Meeting

MPS Machine Protection System

MS Project and quality management specification [1]

P Power

PLC Programmable Logic Controller

RF Radiofrequency

SAT Site Acceptance Test

Subcontractor  Party (if any) responsible to perform part of the contract task in place of the Contractor

TDR Technical Design Report

TS Technical Specification (the present document)

Vendor Party that manufactures or supplies equipment and services to the Contractor or to the
subcontractors

VSWR Voltage Standing Wave Ratio

3 References

[1] “Project and quality management specification for the procurement of RF Components for the
High-Power Test Bed of DTTU ”, DTT ID: TLM-SPT-52021.
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1 Introduction

DTT is an infrastructure included in the European roadmap for fusion and will be one of the nerve centers of
the developments destined to demonstrate the feasibility of fusion energy. It consists of an experiment that
integrates research into physics and technology, which will accompany ITER (first fusion device to produce
net energy) during its operational phase and will contribute significantly to the design and construction of
the DEMO demonstration reactor (Demonstration Fusion Power Plant, a new international project presently
under design).

One of the main objectives is to make a fundamental contribution to the solution of one the most critical
open problems in view of the construction of the fusion reactor, the thermal loads on the walls as well as the
testing of advanced materials and innovative solutions for the disposal of the thermal load on the
components facing the plasma.

The scope of DTT Project is then the engineering, procurement, construction and installation in the ENEA
Frascati (Rome-Italy) Research Centre of the Divertor Tokamak machine.

This Project was proposed in 2015 by scientists from several Italian institutions (ENEA and its Third Parties),
with the support of EU labs, and the collaboration of scientists from various international labs. The results
were collected in “DTT-Divertor Tokamak Test facility. Project Proposal (Blue Book)”. In April 2019 a revised
version of the project was published in “DTT-Divertor Tokamak Test facility. Interim Design Report” (Green
Book)”. For the updated configuration of DTT Project refer to latest version of PID available (Plant Integration
Document).

In September 2019 the DTT Consortium was established with the aim of implementing the DTT Project.
Founding Partners of the DTT Consortium are:

e ENEA
e ENI
e C.R.E.A.T.E. (Consorzio di ricerca per I'energia, I'automazione e le tecnologie dell’elettromagnetismo

In the future other potential Partners can join the DTT Consortium.

1.1 Document objective

The scope of this document is to outline the philosophy and the basic mandatory requirements to be used in
the implementation of the Electrical, Instruments, Telecommunication and Security Cables of Divertor
Tokamak Test Facility (DTT) Project. Power connections between equipment shall be realized by means of
power cables. The use of bus ducts and cable buses can be considered on a case-by-case basis according to
specific needs.

This document is property of DTT S.c.a r.l. This information shall not be transmitted to anyone who is not authorised to receive it.
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1.2 Definitions

The following definitions will be utilized:

PROJECT
COMPANY
CONTRACTOR

SUBCONTRACTOR

SUPPLIER / VENDOR

PARTY / PARTIES

DTT (Divertor Tokamak Test) Facility

DTTS.c.ar.l.

Party appointed by COMPANY that undertakes responsibility for the
performance of a contract.

Any organization, distributor, vendor, or firm that furnishes supplies or
services to or for a prime CONTRACTOR or another SUBCONTRACTOR.

Organization or person that provides a product or services. The terms supplier
and vendor shall mean the same and interchangeable

Means all entities involved for the PROJECT both external and internal

For the interpretation of this specification and any other project technical documentation:

e The word “shall” indicate, or is relevant to, a “mandatory requirement” for the supply.

e The word “should” indicate, or is relevant to, a “recommended requirement” for the supply.

e The words “Manufacturer” and “packaged unit Manufacturer” have the same meaning.

e The words “electrical equipment sub-Supplier” and “sub-Supplier” have the same meaning.

e Bonding conductor: conductor suitable to ensure an equipotential connection.

Cables or multi-cores cables: an assembly of two or more insulated conductors, with
compound and outer sheath.

Circuits: a group of conductors or cables necessary to feed the electrical users. As an example,
a three-phase circuit consists of three single conductors, one for each phase, or one three-
cores cable. A single-phase circuit may consist of three single conductors (one for the phase,
one for the neutral and one for earthing).

Acronyms:
TERM DEFINITION
AC Alternating Current
CCR Central Control Room
DC Direct Current
DCS Distributed Control System
ER Electrical Room
DTT Divertor Test Tokamak facilities
ESD Emergency Shut-Down
F&G Fire and Gas
FOC Fiber Optic Cable
IEC International Electrotechnical Commission
LV Low Voltage
MV Moulded Case Circuit Breaker

This document is property of DTT S.c.a r.l. This information shall not be transmitted to anyone who is not authorised to receive it.
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TERM DEFINITION
PLC Programmable Logic Controller
UPS Uninterruptable Power Supply System
VSD Variable Speed Drive

1.3 Ambient conditions

The electrical system in its entirety and all individual components forming part of the supply shall be designed
for installation at the following outdoor ambient conditions:

a) Dry/Wet bulb minimum temperature: -49°C/-5.8°C

b) Dry/Wet bulb maximum temperature: 38.5°C/27.8°C

c) Relative humidity: 45 to 78%

d) Underground buried cables design temperature (depth 0,8 m): 20°C

e) Air design temperature for cables laid in cable trays: 40 °C

f)  Soil thermal resistivity (depth 0,8 m): 100 °Cxcm/W

g) Altitude a.s.l.: Lower than 1000 m

For more details refer to DTT Plant Integration Document Par [.14 - Site Conditions and Environmental Data.

1.4 Codes, standard and regulations

Electrical, Instruments, Telecommunication and Security Cables SHALL be designed and tested in accordance
with standards, codes and local laws and regulations.

Certification of equipment and materials for duty, rating, hazardous area use, etc. shall be obtained from
recognized national or international testing Authorities recognized by the Italian law. Evidence of the
appropriate certifications shall be obtained prior the commitment to purchase.

In any case, all laws, decrees and directives, issued by local Entities and Authorities under which the
equipment will be installed, shall be mandatorily applied.

In absence of a specific IEC or CEI/CEI EN standards, |IEEE standards will be considered whether present.

A non-exhaustive list of applicable standards and directives relevant to cables (power, auxiliary, control and
fibre optic cables) is the following:

DOCUMENT NUMBER TITLE

Multi-element metallic cables used in analog and digital communication a

CEI EN 50288-7 . e e . .
control. Sectional specification for instrumentation and control cables.

Power, control and communication cables - Cables for general applications in

CEI EN 50575 - . - . .
construction works subject to reaction to fire requirements

Electric cables - Low voltage energy cables of rated voltages up to and including

CEl EN 50525 Series 450/750 V (UO/U)

Test on gases evolved during combustion of material from cables
CEI EN 60754 Series Part 1: Determination of the halogen acid gas content
Part 2: Determination of acidity
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DOCUMENT NUMBER TITLE

CEI EN 60811-1-1

Insulating and sheathing materials of electric and optical cables - Part 1:
General application - Section 1: Measurement of thickness and overall
dimensions - Tests for determining the mechanical properties

Power cables, rubber insulated (G18), thermoplastic or elastomeric sheath,
with special requirements of reaction to fire performance according to the

CE1 20-45; V2 Construction Products Regulation (CPR) Cables with additional fire resistance
characteristics. Rated voltage: UO/U: 0,6/1 kV
Elastomeric insulated, halogen free power cables with special requirements of
CEl 20-38; V1 reaction to fire performance according to the Construction Products Regulation

(CPR) — AC rated voltages not exceeding U0/U 0,6/1.

CEI UNEL 35310

Power cables, rubber insulated (G17) with special requirements of reaction to
fire performance according to the Construction Products Regulation (CPR)
Single cables with flexible conductors - Rated voltages Uo/U 450/750 V - Class
of reaction to fire performance: Cca-slb,d1,al

IEC 60028 International standard of resistance for copper
IEC 60228 Conductors of insulated cables
IEC 60304 Standard colors for insulation for low frequency cables and wires

CEI EN IEC 60331 Series

Tests for electric cable under fire conditions

CEI EN IEC 60332 Series

Tests on electric and optical fiber cables under fire conditions

Basic and safety principles for man-machine interface, marking and

IEC 60445 identification - Identification of equipment terminals, conductor terminations
and conductors.

IEC 60708 Low-frequency cables with polyolefin insulation and moisture barrier polyolefin
sheath
Test on gases evolved during combustion of electric cables.

IEC 60754 Series Part 1: Determination of the halogen acid gas content
Part 2: Determination of acidity (by pH measurement) and conductivity

IEC 60793-1-1 Optlcall fibres — Part 1-1: Measurement methods and test procedures — General
and guidance

IEC 60793-2 Optical fibres - Part 2: Product specifications — General

IEC 60794-1-1 Optical fibers cables: Part 1-1: Generic specification — General

IEC 60794-1-2 Optical fibers cables: Part 1-2: Generic specification — Basic optical cable test
procedures

IEC 61034 Series Measurement of smoke density of cables burning under defined conditions

IEC 61196-1 Coaxial communication cables - Part 1: Generic specification - General,

definitions and requirements

ISO/IEC 11801-1 Series

Information technology — Generic cabling for customer premises
Part 1: General requirements - Part 2: Office premises

TIA-568.0

Generic Telecommunications Cabling for Customer Premises

TIA-598

Optical Fiber Cable Color Coding

Reg. UE - 305/2011

CPR — Construction Products Regulation
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2 ELECTRICAL CABLES

The reference standards for power cables with extruded elastomeric insulation (HEPR or XLPE) and their
accessories, for rated voltage from 1 kV (Un = 1,2 kV) up to 30 kV (Um = 36 kV), are the CEI EN 50575 and the
IEC 60502:

e Part 1: Cables for rated voltages of 1 kV (Um = 1,2 kV) and 3 kV (Um = 3,6 kV).

e Part 2: Cables for rated voltages from 6 kV (Ur = 7,2 kV) up to 30 kV (U, = 36 kV).

e Part 4: Test requirements on accessories for cables with rated voltages from 6 kV (Un = 7,2 kV) up
to 30 kV (Um = 36 kV).

Power cables to be installed in MV distribution systems (from 6 kV — U, = 7,2 kV included and above) shall
be also compliant to CENELEC HD 620.

The reference standards for auxiliary cables to be used for low voltage cabling inside switchgears and panels
are the CEI EN 50575, the CEIl 20-38; V1 and the CElI UNEL 35310.

The reference standards for fire resistant cables are the CEI EN 50575, the CEl 20-45, V2 and the IEC 60331.
All cables (including internal wiring of switchgears and other enclosures of electrical equipment) shall be:
e Flame retardant, according to IEC 60332-1-2.
e (Where applicable) Fire retardant, according to CEI 20-22/3-1 or IEC 60332-3-21.

e “Low smoke - halogen free” (LSOH), according to CEl EN 50267-2-1, IEC 61034-2, IEC 60754-1 and
IEC 60754-2.

e Compliant to CPR regulation 305/11/UE. Required CPR class for LV cables: Cca-slb, d1, al.

2.1 Cables for 20 kV distribution system
The rated insulation level shall be: Up/U = 12/20 kV (U, = 24 kV).

Cables shall be three-cores for cross-section up to 185 mm? included and single-core for higher cross-
section. The maximum allowed cross-section shall be 630 mm?.

Required CPR class: Cca-slb, d1, al.
Cables shall be made as follow:
e Annealed copper conductor, class 2 (rigid cord).
e Inner semi-conducting layer, elastomeric compound.

e Extruded elastomeric insulation G26 type, with at least 90 °C as maximum continuous operating
temperature — 250 °C as maximum adiabatic short circuit temperature and K = 143 A x Vs / mm?2.

e Outer semi-conducting layer, cold-strippable elastomeric compound.
e Bare copper-wire screen.

e (Only for three-cores cables) Round cable.

e (Only for three-cores cables) non-hygroscopic filler, LSOH.

e Thermoplastic compound sheath of M16 quality, LSOH.
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2.2 Cables for 6 kV distribution system
The rated insulation level shall be: Uo/U = 3,6/6 kV (U = 7,2 kV).

Cables shall be three-cores for cross-section up to 185 mm? included and single-core for cross-section up
to 630 mm?.

Required CPR class: Cca-slb, d1, al.
Cables shall be made as follow:
e Annealed copper conductor, class 2 (rigid cord).
e Inner semi-conducting layer, elastomeric compound.

e Extruded elastomeric insulation G26 type, with at least 90 °C as maximum continuous operating
temperature — 250 °C as maximum adiabatic short circuit temperature and K = 143 A x Vs / mm?2.

e Outer semi-conducting layer, cold-strippable elastomeric compound.
e Bare copper-wire screen.

e (Only for three-cores cables) Round cable.

e (Only for three-cores cables) non-hygroscopic filler, LSOH.

e Thermoplastic compound sheath of M16 quality, LSOH.

2.3 Low voltage cables
Low voltage power and control cables shall have rated insulation level: Ug/U = 0,6/1 kV (U = 1,2 kV).

Power cables shall be multi-cores for cross-section up to 185 mm? included and single core for cross-section
up to 630 mm?.

Number, function and characteristics of the cores shall be specified in the relevant technical data sheets.
Required CPR class: Cca-slb, d1, al.
Cables shall be made as follow:

e Annealed copper conductor, class 5 (flexible cord).

e High-modulus ethylene propylene rubber-based insulation compound (G16 type) with low smoke
and acidity emissions for an operating temperature of 90 °C for use in cables according to the fire
resistance classes set out in the Construction Products Regulation (CPR).

e (Only for multi-cores cables) Round cable.
e (Only for multi-cores cables) non-hygroscopic filler, LSOH.
e Thermoplastic compound sheath of M16 quality, LSOH.

Control cables that carry analogue signals shall also have twisted pairs or triplets with metallic screens.
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2.4 Low voltage auxiliary and earthing cables

Low voltage auxiliary cables used for cabling inside the switchgears and panels and yellow/green earthing
cables shall have rated insulation level: Ug/U = 0,45/0,75 kV.

They will be single core cables without sheath.
Required CPR class: Cca-slb, d1, al.
Cables shall be made as follow:
e Annealed copper conductor, class 5 (flexible cord).

e High-modulus ethylene propylene rubber-based insulation compound (G16 type) with low smoke
and acidity emissions for an operating temperature of 90 °C for use in cables according to the fire
resistance classes set out in the Construction Products Regulation (CPR).

2.5 Colors of cores and sheaths
The color of cores shall be in accordance with IEC-60445;

The colors of the outer sheath shall be:
e Black for low voltage power and control cables (up to 0,6/1 kV).
e Red for medium voltage cables (above 0,6/1 kV).

e Yellow/green for earthing cables.

2.6 Cables of battery sets

Power cables between each battery set and the relevant UPS panel shall be sized for the maximum current
that can flow during recharge (e.g. manual charge) or during discharge.

They shall have the following characteristics:

e Single core cables.

e High-modulus ethylene propylene rubber-based insulation compound (G16 type) with low smoke
and acidity emissions for an operating temperature of 90 °C for use in cables according to the fire
resistance classes set out in the Construction Products Regulation (CPR).

e External sheath resistant to the electrolyte of the battery sets.

2.7 Cables for low voltage IT distribution system

As additional requirement, low voltage cables installed in IT distribution systems shall be suitable for
continuous operation with one earth fault.

2.8 Power cable systems in parallel

According to the limits on cross-section previously stated, when two or more power cable systems shall be
laid in parallel for a single circuit, they shall have the same length and cross-section to achieve an equal
current distribution on each cable system.

When parallel power cable systems are laid, particular care and suitable design shall be carried out in
defining the laying position of each single-core power cable, to avoid/minimize the unbalance in current
distribution among the three phases due to unbalanced service impedances.
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2.9 Minimum cross-section of copper conductors
Minimum cross-section of copper conductors shall be:
e Power cables (including lighting circuits and earthing conductors): 2,5 mm?2.
e Control and auxiliary cables: 1,5 mm?2.
e Cables on secondary side of CTs: 2,5 mm>.
e Cables on secondary side of VTs: 1,5 mm?.

The cross-section of neutral conductors of power cables in low voltage distribution systems shall not be
lower than the corresponding cross-section of the phase conductor, except for three-phase cables with
phase conductors having a section greater than 16 mm?2. In such case the cross-section of the neutral
conductor can be the half respect to the cross-section of the phase conductors, with a minimum of 25 mm?,
if adequacy has been checked in respect to:

e The maximum current circulating in the neutral conductor due to load unbalances.

e The maximum current circulating in the neutral conductor due to harmonics (taking also into
account the additional skin effect due to harmonics).

e The maximum prospective fault current circulating in the neutral conductor and its clearing time.

The cross-section of the earthing conductors of power cables in low voltage distribution systems shall not
be lower than the corresponding cross-section of the phase conductor, except for three-phase cables with
phase conductors having a section greater than 16 mm2. In such case the cross-section of the earthing
conductor can be the half respect to the cross-section of the phase conductors, with a minimum of 25 mm?,
if adequacy has been checked in respect to:

e The maximum prospective fault current circulating in the earthing conductor and its clearing time.

e The maximum current circulating in the earthing conductor due to harmonics (taking also into
account the additional skin effect due to harmonics). Care shall be paid in earthing conductors of
cables supplying VSDs.

The power cables cross-section shall be calculated according to IEC standards complying all the following
criteria:
e Withstanding to the effects of short circuits.

e Voltage drops within stated limits.
e Continuous current-carrying capacity adequate to the load and laying conditions.

For each power cable, the highest calculated cross-section resulting from the application of the above stated
criteria shall be taken as reference; the next higher commercial cross-section shall be selected.
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3 CONTROL SYSTEM AND INSTRUMENT CABLES

Materials used for cable construction shall have high performance electrical characteristics and enhanced
mechanical properties. Cables shall be resistant to water, solar radiation, ultra-violet light, vermin, and shall
be suitable for the service life of the plant.

All Selection of Cables and Multicables shall be as follow:

e Underground main interconnecting instrument cables and fiber optic cables for field installation
(outdoor) SHALL be armoured when laid underground.

e Safety application instrument cables (signal) and fiber optic cables for interconnection inside building
and protected with cable tray (or conduit) SHALL be in compliance with IEC 60331 fire resistant, and
COULD be un-armoured (un-armoured cable to be reinforced in order to avoid any break or rupture
during construction activities)

e All cables and fiber optic cables without any exception shall be LSZH Low emission of smoke, acid and
toxic gases, halogen free complying with IEC 60754-1, IEC 61034-2 and compliant to Reg. UE -
305/2011 CPR

Instrument single and multi-cables to be segregated according to the following criteria:
e Type of Signal (analogue 1/0, digital I/0, frequency, thermocouple)

e Certification (Intrinsically safe)

e Level and type of power (DC, AC)

e Systems (CODAS, DCS, ESD, F&G, Telecom, PLC, BN...)

Multicore cables composition:
e 2 Users (Pairs and Triples)
e 6 Users (Pairs and Triples)
e 12 Users (Pairs and Triples)
e 24 Users (Pairs)

Cables construction shall be according to IEC 60092 series, and, where applicable, shall be in accordance with
regulation UE - 305/2011 CPR (Construction Products Regulation). Required CPR Class: Cca-slb, d1, al. All

cables shall be suitable for environment with high presence of electromagnetic fields.

3.1 Voltage grade

CABLE SERVICE RATED VOLTAGE REFERENCE STANDARD
Uo/U(Um)=0,6/1 kV

for section > 1mm?
Uo/U(Um)=150 V/250 V (300 V)
for sections <= 1mm?

IEC 60092-353

General Instrumentation IEC 60092-376

90V, 300V, 500V. EN 50288-7
Thermocouples 300V, 500V -
Power (+Solenoid Valves) Uo/U(Um)=0,6/1 kV IEC 60092-353
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3.2 Conductors

All instrumentation cables (Analog and Digital Signal Cable) shall be of stranded conductor annealed copper-
wire type in accordance with IEC 60228 Class 5.
Conductor materials for thermocouple compensating cables shall be in accordance with IEC 60584-3. Cables
shall be solid conductor.
Conductor sizes shall be as follow:
e 1 mm?for general instrumentation cables
e 15-2.5-4-6-10mm?forinstrumentation power and solenoid valves cables (as per calculation)
e 1.5 mm?for Extension and Compensating Cables for Thermocouple

3.3 Insulation

Individual wire insulation shall be Thermoset or Thermoplastic material in accordance with IEC 60092-351.

3.4 Cores identification

By colouring:
e multi cored cable: BLACK numbered

e single pair cable: BLACK / BLUE

e single triad cable: BLACK / BROWN / BLUE

e BLACK/BLUE/ GREEN-YELLOW (for power cables)

e single quad cable: BLACK / BROWN / BLUE / GREEN

e multi pairs cable: BLACK / BLUE numbered per pairs

e multi triads cable: BLACK / BROWN / BLUE numbered per triads

e BLACK/BLUE/ GREEN-YELLOW (for feeding cables) numbered per triads

e multi quads cable: BLACK / BROWN / BLUE / GREEN numbered per quads

e according to IEC 60584-3 for Extension and Compensating Cables for Thermocouples

By numbering
e multicore cables with more than 3 cores:
e progressive numbering starting from the N° 1 and from the conductor in the centre of the cable
formation.
e multicore cables with pairs, triads or quads:
e progressive numbering for pair or triad on the black core, starting from the N° 1
e and from the couple or triad in the center of the cable formation

Lay-Up

Instrument Pairs Cable: cores shall be twisted in pairs; pairs shall be twisted to form a concentric cable. Two
pair cables (without individual screen) shall be constructed in a star-quad formation. Individual screens shall
be applied as required by this Specification.

Instrument Triples Cable: cores shall be twisted to form triples; triples shall be twisted to form a concentric
cable. Individual screens shall be applied as required by this Specification.

3.5 Pair/Triplet individual screens

Instrument Pairs/Triples shall be provided with a screen of Aluminum/Polyester (Mylar) tape over a tinned
stranded copper drain wire of 0.5 sgqmm applied helically over pairs/triad and multi-conductor components,
with aluminum on the inside in case of single pair or triad shielding and multi-pair or multi-triad cables
aluminum on the out-side. The metallic side of the tape shall be in direct contact with the drain wire according
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to IEC 60092-353. Minimum overlap of the laminated tape shall be 25%, to provide 100% coverage and
electrical isolation from conductor.

The cable construction shall completely isolate individual shields from each other.

The individual, color-coded wires shall be assembled as twisted pair or as twisted triad with individual pair
or triad shielding to be as required by the cable type.

3.6 Screen isolation

A non-hygroscopic material tape shall be applied to each individually screened Instrument Pair/Triple. A
Binder tape, with a minimum overlap of 25%, shall be applied to the resulting bundles. Suitable filler shall be
used as necessary.

3.7 Collective screen

Each instrument multi-pair/multi-triple cable shall be provided with a screen of Aluminum/ Polyester (Mylar)
tape over tinned, stranded copper drain wire of 0.5 mm2, where identified in the Material Specification. The
metallic side of the tape shall be in direct contact with the drain wire according to IEC 60092-353.

The minimum overlap of the laminated tape shall be 25%, to provide 100% coverage and electrical isolation
from conductor.

3.8 Fillers

Cable fillers shall be solid, non-hygroscopic type and fill the cross section such that the transmission of gas
and hydrocarbons along the length of the cable, under normal pressure, is not possible considering that
cables can be installed within classified hazardous areas.

Material: compound with low emission of halogen hydric gases according to IEC 61034.

3.9 Armour

Armoring shall be galvanized steel wires having 90% nominal coverage (round type, diameter of cable armor
wires according to IEC 60502-1).

3.10 Insulation

Material:
Individual wire insulation shall be Thermoset or Thermoplastic material in accordance with IEC 60092-351.

3.11 Shielding

Shielding of single pair
Shield with aluminum tapes, joined to polyester, complete with continuity wire, laid longitudinally and
continuously contacting the aluminum tape

Overall shielding:
Same as shielding for each pair.

3.12 Internal sheat

Material:
Unless otherwise specified, cable Jacket shall be Thermoset or Thermoplastic material in accordance with IEC
60092-359 flame/fire retardant and LSZH. Jacket minimum thickness shall be per IEC 60092-350.

Internal colouring:
All cables: black
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3.13 Jacket

Unless otherwise specified, cable Jacket shall be Thermoset or Thermoplastic material in accordance with IEC
60092-359 flame/fire retardant and LSZH. Jacket minimum thickness shall be per IEC 60092-350.

3.14 Outer jacket coloring:

e for process sensors/actuators for non-safety purpose:
e for process sensors/actuators for safety purpose:

e forthermocouples:

e for fire and gas, and personnel safety purpose:

o for power cable, tele and security cables:

e forintrinsic safe circuits (if any):

For the color of fiber optic cables refer to par. 5.2.5

3.15 Cable marking

The outer sheath of each cable shall be marked embossed to allow clear legibility of cable data with the
following minimum information at intervals not exceeding 1.0m:
e Manufacturer’s name
e Manufacturing year
e Number of cores and core size
e Reference standards
e Voltage grade

black

yellow

according to IEC 60584-3
red

grey

light blue RAL 5015
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4 SERIAL COMMUNICATIONS CABLES

Construction shall be according to ISO/IEC 11801 Class D, TIA/EIA 568B
Where applicable, shall be in accordance with regulation UE - 305/2011 CPR (Construction Products
Regulation). Required CPR Class: Cca-slb, d1, al. All cables shall be suitable for environment with high
presence of electromagnetic fields.
Typical usage:

e Serial link RS232/422/485

e Ethernet

e Voice (analogue/digital/ISDN)
Designation and formation requirements shall be in accordance with the Project Technical Data Sheet

4.1 Conductors

Construction:
With reference to ISO/IEC 11801 the cables shall be in:
- Category Cat 5 or 6A
- Maximum Data Rate 100 Mbps up to 1 Gbps
Material:
The conductors of the cables, object of this specification, in accordance with the IEC 61156-1 shall be:
- Solid bare annealed copper or stranded copper, 24AWG (0.5 mm o.d.) as minimum
Lapping:
- Binder Tape: Twisted pairs
Core identification:
- Pair 1: White with Blue Stripe and Blue with White Stripe
- Pair 2: White with Orange Stripe and Orange with White Stripe
- Pair 3: White with Green Stripe and Green with White Stripe
- Pair 4: White with Brown Stripe and Brown with White Stripe

4.2 Electrical characteristic

e Impedance: 100 Q +/- 15Q at (1 to 100 MHz)
e Capacitance unbalance: 330 pF/100 m.

e Velocity of propagation: 65 % (Nominal)

e Max operating voltage: 300 VRMS

4.3 (Cable marking

Identification marking shall be permanently printed on the outer sheath at intervals not exceeding 1.0 m.
The marking shall include as minimum:

e Manufacturer’s name

e Section

e Manufacturing year

e Reference standards

e Characteristic impedance

e Classification (e.g.: Category 5E)
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5 TELECOMMUNICATION AND SECURITY SYSTEM CABLE

T&S cables shall be flame retardant (according to IEC 60332-1-3), low smoke zero halogen (LSZH) type and
shall have conductor insulation rating of 150/250V (for cable section <= 1mm?2 in accordance with IEC 60092-
376), and 0.6/1 kV (for cable section > 1 mm2 in accordance with IEC 60092-353).

Cables for safety applications (such as SIS/F&G, including Fire and Gas detection circuits, Fire Fighting system
facilities, PA-GA facilities, etc.) shall be fire resistant and meet the fire performance characteristics defined
in IEC 60331.

Underground main interconnecting outdoor cables (both copper and fiber conductors) shall be armoured.
While it is acceptable a non armoured cable for the indoor applications.

The following categories of cables shall be segregate:
a) Communication cables for serial links.
b) Cables for low level voltage and analogue current and logic instrument signal for process.
c) Cables forlow level voltage and analogue current and logic instrument signal for safety system/F&G.
d) Cables for current alarm and shut down contacts for solenoid control and servo-motors for process.
e) Cables for current alarm and shut down contacts for solenoid control and servo-motors for safety
system.
f) Cables for power supply to instruments.
g) Telecommunication cables.
Intrinsically safe cables shall be segregated from all others.

Cables shall be clearly numbered at each end, on both sides of a transit point, as well as while entering a
panel or junction box or, gland plate. All connections shall be made on terminals and splicing of cables is not
permitted. Multi-core cables shall be provided with 20% spare cores.

5.1 Plant cabling system

All facilities SHALL be served by a network of fiber optic and copper cable to support the requirements of the
T&S and Control and Security systems within and external to plant buildings. All cables SHALL be circular and
SHALL be supplied on a cable drum. They SHALL have a compact construction and SHALL be continuous (i.e.,
SHALL not contain any joints or splices). All cable sheaths SHALL be UV resistant. All material SHALL be new
and free of defects.

5.2 Fiber optic cable network

All facilities SHALL be provided with an infrastructure of single mode (SM) fiber optic cable installed between
buildings that require T&S services. Multi-mode (MM) fiber OM4 to be considered when connection distance
is less than 400m (10Gb — 10GBA SE-SR).

Infrastructure fiber optic cable SHALL have a minimum of 24 fibers.

SM/MM fiber SHALL be installed from each core switch to each data distribution point and equipment room
location (star configuration) to suit the requirements of corporate and operational traffic. A fiber ring
configuration SHALL also be provided between main plant buildings to increase network resilience.

The fiber optic network SHALL be scalable, with a minimum of 50% free fibers in each cable and SHALL have
redundant paths and equipment to ensure high availability. Fiber installed between the CCR, and the plant
buildings SHALL run diverse A&B routes with minimum a separation distance of 5m.

Where diverse routed cables must be run within the same trench or rack, the maxi mu m practical separation
SHALL be maintained.

T&S fiber SHALL primarily run within instrument cable routes, but they can also be run within electrical cable
routes and fire water ring main where required for the segregation of redundant cable.
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All cables SHALL be terminated within dedicated fiber optic termination cabinets where they SHALL be
presented on patch panels.

Single mode fiber optic cable SHALL comply with the general and minimum optical parameters as defined in
ITU-T G.652-D — Characteristics of a Single-Mode Optical Fiber and Cable.

Multi-mode fiber optic cable SHALL comply with the general and minimum optical parameters as defined in
ITU-T G.651.1. OM4 fiber characteristics to be according to TIA-492-AAAD.

T&S and Control Systems SHALL not share the same fiber optic cable and SHALL be terminated in independent
termination cabinets. This is to ensure that telecom technicians only work on the T&S system without
inadvertently working on the control system fiber and vice versa.

Connectors for fiber cable SHALL be LC type connectors.

Between ENEA’s CED and DTT building 84, 5 core SM fiber optic cable is installed and will be used for
extensions (LAN/TELEPHONE/ACS).

5.2.1 Cable constructive characteristics

The optical fiber cable components must meet or exceed optical fiber characteristics required by the
international codes or data sheet (TDS).

OPTICAL CHARACTERISTICS | MULTI-MODE OPTICAL FIBRE | SINGLE-MODE OPTICAL FIBRE
Wavelength 850 or 1300 nm 1310 or 1550 nm
Core Diameter less than 62.5 um less than 9 um
Cladding diameter As per IEC 60793-2 As per IEC 60793-2
Attenuation coefficient As per IEC 60793-1 As per IEC 60793-1

5.2.2 Core loose packaging within a tube

The optical fibers shall be placed within tube; this loose packaging is usually called jelly filled loose tube. Each
loose tube will be filled with a filling compound to ensure low stress level of each fiber, and to prevent axial
and longitudinal flow of water throughout the cable.

5.2.3 Fireresistance
Fiber optic cable also SHALL be FIRE RESISTANT certified.

5.2.4 Stranding

The jacketed optical fibers shall be stranded around a central member together with all necessary non-
hygroscopic filling elements to form a compact and circular cable core. The dimensions and the number of
jelly-filled loose tubes can be different by way of the number of fibers they contain, the type of utilization,
etc. The strength member shall be a steel wire or dielectric extruded rod. The core shall be wrapped by tapes
of polyester or non-hygroscopic material.

5.2.5 Identification of optical fibers
Identification of the optical fiber shall be based on color coding according to TIA-598-C.

5.2.6 Cable marking
Identification marking shall be permanently printed on the outer sheath at intervals not exceeding 1.0 m.
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The marking shall include:
e Manufacturer’s name;
e Date of manufacture (mm/yyyy);
e Numbers of Strands;
e Type of Optical Glass;
e the wording “OPTICAL CABLE";
e cable designation code per reference documentation;
e arrow (pointing towards the running end of the cable).
e |EC 60331 (if fire resistant)
e |EC 60332 (if fire retardant)
In addition, the completed cable length shall have sequentially numbered length markers printed on the
outer sheath at regular 1.0 m intervals.

5.2.7 Jointing materials
Fiber optic jointing may be used.
Each joint splice and enclosure shall be suitable for buried and/or on tray installation.
They shall join in-line two (2) cable lengths to form a continuous cable. Joint splice closure quantities shall be
defined during engineering design phase with following criteria: for instance, n°1 joint splice closure every 4
km plus 10% spare of the total quantities.
The optical fiber shall be spliced by arc fusion welding.
The splicing shall be conducted in accordance with the ITU-T L.12 Recommendation with a particular
emphasis on cleanliness.
Considering that each single splice, introduce an attenuation in the link loss budget of the fiber optic cable,
this attenuation shall be as minimum as possible.
At cables joint points, all fiber of the Fiber Optical Cable shall be connected straightforwardly, splices shall be
accommodated in splicing enclosures and the surplus cable shall be coiled up.
All splices shall be clearly numbered in an overall numbering scheme which shall be detailed in as built
documentation. These numbers shall also appear on surface splice enclosure. At splice enclosures the cables
shall be marked upon entry indicating the destination of each cable end.
Each straight through joint shall include the following parts:
a) splice organizer with:
- cable strength member clamping;
- splice sleeves for the total g.ty of fiber in the cable;
- splice sleeve holders;
- excess fibre storage room.
b) sealing closure with:
- re-openable gaskets assuring a hermetic seal of the closure protection, without use of flames,
air heaters or rubber cement;
- external cable fixing by means of preformed end clamps in thermoplastic material loaded with
fiber glass;
- dissicant pack.
c) all miscellaneous and petty materials necessary for workmanlike execution of the joint. Some
common components of an optical network are as follows:
- Optical coupler. The optical coupler is often called a splitter. It is a passive optical component
(requires no power to operate) that can divide or combine light power between multiple
fibers.
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- Optical connectors. Many different styles of fiber connectors are available to the consumer;
the common connector types available on the market are the FC/PC, SC/PC, ST/PC, etc. Usually
the simplex SC connectors are used at cabling side.

- Fiber optic Pigtail. It is a fiber cable end with fiber optic connectors at only either side of the
cable while leaving sleep issues no connectors, so the connector side could be from the
equipment and the other part can be melted with optical cable fibers. Fiber optic pigtails are
utilized to achieve accurate mounting for precision alignment of fiber optical components.
They're usually used with fiber optic management equipment like ODF (or patch panel), splice
closures and cross cabinets.

- Fiber optic patch cord. It is generally used to connect a fiber from the patch panel to another
component/equipment (i.e.: optical/electric converter, switch, etc.) inside a cabinet.

Each joint kit shall be separately packed including all materials required to perform one complete joint.

5.3 Copper cable network

Copper cables SHALL not be used as a means of communication between buildings (infrastructure cabling).
The fiber infrastructure SHALL be used in all cases, with appropriate fiber to copper conversion modules
installed where required.

5.4 Structured cabling system

A structured cabling system SHALL provide a network of Cat 6a U/FTP multi-pair copper cable to support
delivery of voice, data and IT services within all buildings, offices and normally occupied internal areas.

The Cat 6a cable SHALL provide horizontal 4-pair cable between the patch panel in the equipment room and
associated dual RJ45 sockets / outlets. Single mode fiber optic cable SHALL be used for vertical cabling
between distribution equipment on different floors in large buildings. The use of Cat 6a vertical cabling may
be considered in smaller buildings where the overall cabling length is less than 90m.

Cat 6a U/FTP cabling SHALL be the standard for all new cabling installations. On existing installations that are
being upgraded or expanded, the entire structured cabling system SHOULD be upgraded to a Cat 6a system
where possible, depending on the complexity of the upgrade and the associated cost.

The structured cabling system SHALL be capable of supporting high performance voice and data
communications, typically 1000Base-T. The maximum horizontal cabling distance SHALL be no greater than
90 meters and SHALL include suitable allowance for work area and patch cabling.

All horizontal cabling SHALL be installed in cable trays and flexible conduit at all times. Cables dropped from
these trays SHALL be neatly bunched and tied with Velcro cable ties. Plastic cable ties SHALL not be used.
The system SHALL be designed by a BICSI or Equipment Industry qualified office building cable designer and
installed by BICSI or equivalent Industry qualified installers. Pin assignments SHALL be in accordance with
Work Areas

Buildings SHALL be “flood-wired” with structured cabling to an expected outlet to work area ratio of 2-to-1.
This will allow flexibility for furniture arrangements, room layout and ancillary equipment (printers, plotters,
etc.). A work area is defined as a 10m2 office space assigned to an individual to perform their tasks. Dual
outlet boxes SHALL be used.

To provide a high level of redundancy, the dual RJ45 outlet sockets at each work area SHALL be served from
two independent switches /distributors, hence reducing disruption to services during maintenance activities.

5.5 Cables for technical and control rooms

The Cat 6a cabling SHALL be presented on patch panels and interfaced with the active LAN switches and
telephony distribution frame, such that any telephone or IT service may be patched to any Cat 6a outlet
within a building.
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Within equipment rooms, each equipment cabinet SHALL be fitted with a dual Cat 6a outlet. Once installed
in-situ every third cabinet SHALL be cabled bac k to the distribution cabinet to allow for telephone access for
maintenance engineers, thus removing the need for trailing cables.

5.6 Cables distribution points

All Cat 6a cabling to the RJ45 outlets SHALL emanate from a distribution point located on the same floor level.
To ensure no cable is greater than 90 meters in end to end length, multiple distribution points per level SHALL
be installed at 50 meter radiuses where necessary.

Each distribution point SHALL be equipped with a 19” rack mount frame complete with Cat 6a patch panel
suitable to terminate the required quantity of cables allowing for 20% remaining spare outlets. The
distribution point SHALL also house a quantity of network switches suitable to serve the capacity of outlets
cabled. Power distribution and protection devices SHALL be contained within the distribution point and a
further minimum 20% spare space (by rack ‘U’ count) SHALL be available at time of handover to COMPANY.

5.7 Fiber optic cable network technical requirements

All facilities shall be provided with an infrastructure of single mode fiber optic cable installed between
buildings that require T&S services. Infrastructure fiber optic cable shall have a minimum of 8 fibers.
Existing ENEA’s FOC Network will be used for communication between ENEA’s CED and DTT plant.

Single mode fiber shall be installed from the server room in the Main Control Building, where main LAN racks
shall be positioned, to the other equipment room location (the technical room in Other Buildings).

The fiber optic network shall be scalable, with a minimum of 50% free fibers in each cable and shall have
redundant paths and equipment to ensure high availability.

Where diverse routed cables must be run within the same trench or rack, the maximum practical separation
shall be maintained.

T&S fibers shall primarily run within instrument cable routes, but they can also be run within electrical cable
routes and fire water ring main where required for the segregation of redundant cable.

All cables shall be terminated within dedicated fiber optic termination cabinets where they shall be presented
on patch panels.

T&S and Control Systems shall not share the same fiber optic cable and shall be terminated in independent
termination cabinets. This is to ensure that telecom technicians only work on the T&S system without
inadvertently working on the control system fiber and vice versa.

Connectors for fiber cable shall be LC type connectors.

5.8 Copper cable network technical requirements

Copper cables shall not be used as a means of communication between buildings (infrastructure cabling).
The fiber infrastructure shall be used in all cases, with appropriate fiber to copper conversion modules
installed where required.

The structured cabling system shall be capable of supporting high performance voice and data
communications, typically 1000Base-T. The maximum horizontal cabling distance shall be no greater than 90
meters and shall include suitable allowance for work area and patch cabling. Cat 6a FTP cabling shall be the
standard for all cabling installations.

All horizontal cabling shall be installed in cable trays and flexible conduit at all times. Cables dropped from
these trays shall be neatly bunched and tied with Velcro cable ties. Plastic cable ties shall not be used.
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6 CABLE INSTALLATIONS

All cables installed in air, shall be laid galvanized metallic cable trays, unless differently specified for electro-
magnetic compatibility reasons; the highest outdoor cable tray shall be provided with metallic cover. The
terminal part of a cable, which enters in the equipment’s enclosure, can be protected with a metallic conduit
with bushings at both ends.

GRP or plastic material, or diamagnetic material, SHALL be considered when electromagnetic interference to
be avoided.

In general, cable trays for power cables shall be ladder type, whilst cable trays for instrument and control
cables shall be perforated type.

Covers shall be used only outdoor and only to the highest tray level.

Cable transits, or multi-cable transits, ATEX certified, shall be used for penetrations within the battery rooms
and between hazardous areas and safe areas.

As far as possible, cables shall be continuous. Joints shall be minimized.

Power cables installed in cable trays shall be fixed with cleats certified to withstand the dynamic effects of
the short circuit current.

As far as possible, cable routes of redundant lines shall be different. When this kind of installation is not
possible, separate cable trays or conduits shall be used. In case the cables are directly buried in the ground,
suitable distances shall be kept between redundant lines and bricks diaphragms shall be installed amid
Minimum distances between electrical and instrument cable trays shall be as follows:

|CABLE TIPOLOGY CODE/DISTANCES (mm)
1 2 3 4 5 6 7 g
1 I.5. system 1] ] ] ] 300 300 1000 (2)
2 Analog. 4-20mA and RTD (Ex-d) o ] ] ] 300 300 1000 (2)
3 Digital 24 Vdc (Ex-d) 0 0 0 0 300 300 1000 (2)
4 Solenoid Drives 110 Vac (Ex-d) o 1] 1] o 300 300 1000 (2)
5 Thermocouple extension (Exd) (1] o o o 300 300 1000 (2)
6 250V or >50A 300 300 300 300 300 ] 300 (1)
7 440V or >2004 300 300 300 300 300 o 300 (1)
B 3,3 to 11kV or >B00A 1000 (2) 1000 (2) 1000 (2) 1000 (2) 1000 (2) 300 (1) 300 (1)
Notes:

(1) Insulation level Ug/U (Um)=0,6/1 kV (1,2kV)
(2) Distances subjected to be reduced, if possible, after evaluation and adoption of mitigation
systems (e.g. screened cables and/or screen protections)

Electrical cables shall be segregated as follow into the relevant cable trays:

e Cables for signals related to process control systems (communication cables for serial links, cables
for low level voltage and analogue current and logic instrument signal for process and cables for
alarm and contacts for logic, solenoid control and servomotors for process).

e Cables for signals related to safety systems (cables for low level voltage and analogue current and
logic instrument signal for safety system and cables for alarm and shut down contacts for logic,
solenoid control and servomotors for safety system).
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e (Cables for instruments power supply.

Cables for intrinsically safe applications shall be laid on a dedicated tray. All components of intrinsically safe
circuits shall be clearly identified.

The installation inside the same cable tray of cables of different systems (intrinsically safe or not) with use of
a mechanical separation provided between the two different types of cables shall be approved by COMPANY.
If metallic cable tray is considered, the connections between sections of cable trays shall be carried out with
AISI 316 SS as minimum.

The conduits, internally and externally galvanized, and their auxiliaries can be utilized as mechanical
protection of single pair cables from the main cable tray to each single user or as protection of multiple cables
from the digging to the junction box. Alternatively, an AISI 316 SS tube can be used as mechanical protection
purpose for the same application here described.

They can be utilized also for instrumentation electrical plants in Explosion proof execution and watertight
plants in accordance with the project requirements.
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7 TEST AND INSPECTION

7.1 General

Supplier shall perform the activities and comply with the requirements stated in following specifications:

1. Inspection data sheet for instrument and thermocouples cables

2. QCrequirements for vendors.

3. Project inspection procedure.

Supplier shall:

1. Prepare and include the Inspection and Test Plan (ITP) within the bid. This will identify Supplier’s
proposed inspection and testing activities. The proposed ITP will be modified by Contractor and/or
Company to include those activities Contractor’s and/or Company’s Representatives wish to monitor.

2. Apply all of the inspection and testing requirements to all sub-suppliers. All Supplier’s procured
equipment, components, parts, and materials shall be subject to shop inspection by Contractor.

3. Test the Supply as required by Contractor, and resolve all problems revealed during the tests prior to
final acceptance and shipment.

4. Execute inspection and tests per this requisition and approved Inspection Test Plan.

Contractor inspection do not release the Supplier from guarantee as to materials, apparatus, workmanship
and performance of the equipment supplied by him.

7.2 Check and Test

Inspection and Test Plan (ITP) will be prepared by Vendor on the basis of applicable codes, standard and
requirements set forth in the here mentioned technical specification.
Prior to shipment, all cables and multicables shall undergo the tests listed below to certify their compliance
with the project specification, to be carried out in the Vendor's workshop.
All certificates issued from these tests shall be included among the tests report.
The Vendor shall be totally responsible for carrying out the tests in his workshop and the checks and tests on
his sub-suppliers' materials.
The Vendor may carry out additional tests in accordance with his quality control plan.
It is a prior requirement to any final inspection that the drawings/relevant documents be certified/approved
by Contractor/certifying agency where appropriate.
Acceptance of shop tests shall not constitute a waiver of requirements to meet field test under specified
conditions and final guarantee for material design, workmanship and performance.
Detailed records of all tests shall be provided by the Vendor, which shall become the property of the
COMPANY.
Prior to shipment material shall, at least, undergo the tests listed below.
e Continuity test: to be performed by tester or line tester.
e Voltage test according to applied Standard construction in conformity with the nominal voltage.
During and after applied voltage test, no damage must be found on the insulating material.
e Insulating resistance between conductors according to the applied Standard construction — IEC
60092-353 Drainage wire of shield resistance: < 35 ohm/km (shield included).
e Check of insulating characteristics according to the applied Standard construction — IEC 60502-1
and/or IEC 60092-353
e Flame Retardant — IEC 60332-1-2 (sample test)
e Fire Retardant — IEC 60332-3-22 (sample test)
e Fire Resistant — IEC 60331-21 or IEC 60331-23 (prototype test)
e Check of galvanization on steel armour EN 10244-2 and according to the applied Standard
construction
e Check of sheaths characteristics according to the applied Standard construction IEC 60092-353
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e Resistance to solvents and contaminating fluids of outer sheating — IEC 60811-2-1 (Mineral QOil) (As
alternative test - Resistance to hydrocarbons of outer sheathing according to EN 50289-4-4)
e Check of the outside diameter. Outside diameter 10% smaller than the agreed ones shall be pointed
out.
The Vendor may carry out additional tests in accordance with his quality control plan.
All certificates issued from these tests shall be included among the tests report.
All inspection and tests shall be carried out at the place of Vendor. All tests at the factory shall be performed
under the responsibility of Vendor. Vendor shall indicate at the bidding stage in their technical proposal, the
place of manufacture of all types of cables.
The Vendor shall be totally responsible for carrying out the tests in his workshop and the checks and tests on
his sub-suppliers' materials.

8 DOCUMENTATION

The technical documentation shall be written in English which is the official language of the project. and shall
use the symbols required by the applicable standards.

Type test certificates shall be provided to confirm compliance with required IEC codes and standards.
Minimum information to be shown in the Vendor Drawings and Vendor Data Book.

9 PACKING AND SHIPMENT

The type of packing shall be suitable for overseas transportation and long storage periods in the site
environmental conditions for a minimum period of 18 months.
All cables shall be delivered in continuous lengths on non-returnable cable drums.
The Supplier shall submit to the Purchaser’s approval his procedure for overseas packing and the list of cable
lengths to be delivered with each drum.
The two extremities of each cable length shall be accurately sealed and fixed to the drum.
They shall be easily accessible for checks and tests without any need of unwinding the cable from the drum.
The cable drums shall be fitted with battens, fixed around the entire periphery of the drum.
All the cable drums shall have their serial number clearly stenciled on the outside of both flanges.
Furthermore, robust and non-fading metallic labels reporting the following data shall be attached on the
outside and inside of the drum flange:

e Company’s project name

e Contractor’s Purchase Order number

e Manufacturer’s name

e Manufacturer’s job number

e Fabrication date

e Drum identification number

e Cable identification code number

e Rated voltage Uo/U

e Cable construction type

e Core number and conductor cross-section

e Minimum bending radius for installation

e Minimum bending radius installed

e  Maximum pulling tension

e Length of cable on the drum

e Weight of cable (net weight in kg)

e  Weight of cable drum (kg)

This document is property of DTT S.c.a r.l. This information shall not be transmitted to anyone who is not authorised to receive it.






D

DTT

GENERAL SPECIFICATION FOR POWER,
INSTRUMENT, TELECOMMUNICATION
AND FIBRE OPTIC CABLES

DTT ID: Page: 27
TEC-SPT-44015 /a1

External ID: Rev. 1.0
DTTFO9BISG44015 v =

e Total weight (Gross weight in kg)

10 GENERAL HSEQ REQUIREMENTS

As first requirement, all supplies and installation work shall comply with and operate in accordance with

current and in force legislation on health, safety and the environment.

For more specific requirements, please refer to:

e SPG-HSE-001 - HSE Requirements for Supplier and Contractor

e SPG-QMS-002 - Quality Management Requirements for construction Contractor (if applicable for

installation and construction activities)
e Management specification for supply
e Technical specification for supply
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1 INTRODUCTION

DTT is an infrastructure included in the European roadmap for fusion and will be one of the nerve centers of
the developments destined to demonstrate the feasibility of fusion energy. Basically, it consists of an
experiment that integrates research into physics and technology, which will accompany ITER (first fusion
device to produce net energy) during its operational phase and will contribute significantly to the design and
construction of the DEMO demonstration reactor (Demonstration Fusion Power Plant, a new international
project presently under design).

One of the main objective is to make a fundamental contribution to the solution of one the most critical open
problems in view of the construction of the fusion reactor, the thermal loads on the walls as well as the testing
of advanced materials and innovative solutions for the disposal of the thermal load on the components facing
the plasma.

The scope of DTT Project is then the engineering, procurement, construction, and installation in the ENEA
Frascati (Rome-Italy) Research Centre of the Divertor Tokamak machine.

This Project was proposed in 2015 by scientists from several Italian institutions (ENEA and its Third Parties),
with the support of EU labs, and the collaboration of scientists from various international labs. The results
were collected in “DTT-Divertor Tokamak Test facility. Project Proposal (Blue Book)”. In April 2019 a revised
version of the project was published in “DTT-Divertor Tokamak Test facility. Interim Design Report” (Green
Book)”. For the updated configuration of DTT Project refer to latest version of PID available (Plant Integration
Document).

In September 2019 the DTT Consortium was established with the aim of implementing the DTT Project.
Founding Partners of the DTT Consortium are:

e ENEA

e ENI

e C.R.E.A.T.E.(Consorzio diricerca per I'energia, I'automazione e le tecnologie dell’elettromagnetismo)

In the future other potential Partners can join the DTT Consortium.

1.1 Document objective

The purpose of the document is to define the general technical requirements and criteria for the
instrumentation design in the project plant. Good practice rules shall be always applied, particularly with
respect to safety, accident prevention and asset integrity. The provisions of this specification shall apply to
all major and ancillary parts of the plant, unless otherwise agreed in writing by the COMPANY. Any other
additional information not covered by this specification such as the purchase conditions, the procedures for
packing, shipment and storage, as well as the requirements for pre-commissioning, commissioning and start-
up are part of the project documentation. This document is not applicable to the telecommunication
equipment / components and materials.

This document is property of DTT S.c.a r.l. This information shall not be transmitted to anyone who is not authorised to receive it.
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1.2 Definitions

The following definitions will be utilized:

PROJECT
COMPANY
CONTRACTOR

SUBCONTRACTOR

SUPPLIER / VENDOR

PARTY / PARTIES

DTT (Divertor Tokamak Test) Facility
DTT S.c.ar.l.

Party appointed by COMPANY that undertakes responsibility
for the performance of a contract.

Any organization, distributor, vendor, or firm that furnishes
supplies or services to or for a prime CONTRACTOR or another
SUBCONTRACTOR.

Organization or person that provides a product or services. The
terms supplier and vendor shall mean the same and
interchangeable

Means all entities involved for the PROJECT both external and
internal

For the interpretation of this specification and any other project technical documentation:
e The word “shall” indicate, or is relevant to, a “mandatory requirement” for the supply.

e The word “should” indicate, or is relevant to, a “recommended requirement” for the supply.

e The words “Manufacturer” and “packaged unit Manufacturer” have the same meaning.

Acronyms:
Term Definition
AC Alternating Current
EMC Electro Magnetic Compatibility
ESD Emergency Shut Down
F&G Fire and Gas
HART Highway Addressable Remote Transducer
IP International Protection
IS Intrinsic Safety
NPT National Pipe Thread
PAGA Public Access / General Alarm
PS Plant System
PSV Pressure Safety Valve
PU Plant Unit
SIF Safety Instrumented Functions
SIL Safety Integrity Level
TID Total lonizing Dose
UCP Unit Control Panel
UPS Uninterruptible Power Supply
Vac Volts Alternating Current
Vdc Volts Direct Current
Hz Hertz

This document is property of DTT S.c.a r.l. This information shall not be transmitted to anyone who is not authorised to receive it.
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1.3 Ambient conditions

The electrical system in its entirety and all individual components forming part of the supply shall be designed
for installation at the following ambient conditions:

a) Maximum ambient temperature: 35°C

b) Minimum ambient temperature: -2°C

¢) Minimum design temperature: -5°C

d) Air design temperature for cables laid in cable trays: 40 °C

e) Maximum relative humidity: 80%

f) Altitude a.s.l.: Lower than 1000 m

For more details refer to DTT Plant Integration Document Par 1.14 - Site Conditions and Environmental Data.

1.4 Codes, standard and regulations

All instrumentation, devices, equipment and systems design, procurement and works shall be fully in
accordance with all applicable regulations, codes, and standards.

The requirements of Laws, Rules, and technical codes, issued by the local Authorities of the country in which
the plants will be installed, shall be always respected.

The equipment shall be designed, manufactured, tested, and installed in accordance with the latest revision
of all relevant national/international codes and standards that will be defined and listed in the project
documents.

CONTRACTOR/SUPPLIER shall verify the validity and relevant applicability of each rule and standard, checking
the latest edition available and the issuance of new pertinent regulations.

The selection or priority criteria in the application of the normative references, European, international,
national, or issued by recognized Organizations, shall be defined in the project specifications.

The major families of international codes and standards and European Directives are listed below:
e American Iron and Steel Institute (AISI)
e American National Standards Institute (ANSI)
e American Society for Testing and Material (ASTM)
Atmospheres Explosible (ATEX)
British standards (BS)
European Norm (EN)
International Electrotechnical Commission (IEC)
e Institute of Electrical and Electronic Engineers (IEEE)
e International Society of Automation (ISA)
e International Organization for Standardization (ISO)
e National Fire Protection Association (NFPA)

This document is property of DTT S.c.a r.l. This information shall not be transmitted to anyone who is not authorised to receive it.
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A non-exhaustive list of applicable standards and directives is the following:

DOCUMENT NUMBER TITLE

Equipment and protective systems intended for use in potentially explosive

DIRECTIVE 2014/34/UE atmospheres (ATEX)

PED 2014/68/UE Pressure Equipment Directive

EN 60079-29 Part 29 Gas detectors

IEC 60721-2-1 Environmental conditions appearing in nature — Temperature and humidity

IEC 60721-3-0 Classification of groups of environmental parameters and their severities

IEC 61508 Functional safety of electrical/electronic/programmable electronic safety-
related systems

IEC 61511 Functional safety — Safety instrumented systems for the process industry
sector

ISA S5.1 Instrumentation Symbols and Identification

ISO 4126 Safety devices for protection against excessive pressure

IS0 23251 Petroleum, petrochemical and natural gas industries — Pressure-relieving

and depressuring systems

This document is property of DTT S.c.a r.l. This information shall not be transmitted to anyone who is not authorised to receive it.
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1.5 Measurement units

The measurement units shall be in conformity with the International System (SI).

1.6 Graphic symbols, codes and identification tags

The graphic symbols, codes and identification tag used for the instrumentation shall be in accordance with
ISO 3511 and/or ISA S5.1, as defined in the Project Specification.

2 BASIC REQUIREMENTS
2.1 General

The instrumentation shall be designed to control and to protect the plant and the personnel against injury
or loss under all conditions of operation or malfunction (start-up, normal operation, degraded mode of
operation and emergency shutdown).

Good practice rules shall be always applied, particularly with respect to safety, accident prevention and asset
integrity. In case of project integrating new facilities or equipment within existing plants, variations in the
selection of instruments and systems from the existing ones shall be kept to a minimum.

2.2 Hazardous Areas Classification

All materials/equipment and installation methods shall be specified to meet the requirement for the area
classification identified for the zone where such materials /equipment are placed.

In any case, project team shall consider evaluating the adequate enclosure / equipment protection in terms
of fire and blast resistances, and all operational/maintenance aspects.
2.3 Explosive Hazard Protection Methods and Certifications

All materials/equipment installed in hazardous areas shall be IEC Ex or ATEX certified by an international
recognized authority in the manufacturer country for use in the relevant hazardous area.

All electrical/electronic field instruments and equipment shall be certified in accordance with the normative
references indicated in the project specifications.

2.4 Equipment Protection
2.4.1 Mechanical Protection
The IEC 60529 is the international code to be followed for the mechanical protection degree of instruments,
components, equipment, panels, bulk materials and accessories to be installed in outdoor (naturally
ventilated areas) or indoor (room positively pressurized with air-conditioned environments) site.
As a minimum IP65 for outdoor installation and IP40 for indoor installation
2.4.2 Protection from Transient Static and Radio Frequency Interference
All equipment shall comply to radio frequency and electromagnetic interference according to IEC 61326 and
IEC 61000.
2.4.3 Fire Protection

The project documents shall provide the proper information about the fire protection requirements
(exposed duration, type of fire: jet or pool fire, heat load, etc.).

This document is property of DTT S.c.a r.l. This information shall not be transmitted to anyone who is not authorised to receive it.
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2.5

Instrument Supplies

2.5.1 Instrument Electrical Power Supply System

The following table details the usual electrical supply requirements for the different instrument equipment.

e 400V 3 phase, 50Hz (motor operated valves)

e 230VAC .t5%, 50Hz .£2% from UPS (instruments/systems)
e 230VAC .+5%, 50Hz .+2% (lighting and outlets)

e 24VDC (originated from PS or PU)

2.5.2 Instrument Air Supply System

2.6

Min. supply pressure 4.5 barg

Max. supply pressure 8.5 barg

Max. operating temperature 50 °C

Design pressure 10 barg
Design temperature 80°C

Water dewpoint -15°C@9.5 barg

Instrument Earting System

To obtain the best earthing conditions with a low level of disturbance and the maximum protection of the
personnel, the protection and functional earthing system for the electric and electronic instrumentation shall
be designed considering the following earthing networks:

The "Functional Earthing network" shall gather all earth connections of all electric/electronic “zero
volt” reference signal and shields of cables. To avoid the “spiral effect”, the shield of the same signal
shall be connected only to one end to the Functional Earthing network at cabinet side.

The “Protection Earthing network " shall gather all earth connections of all structures and metallic
casings of instrument or equipment (e.g. supports, cable tray, cable armours, casing or housing,
junction boxes, cabinet. etc.). To avoid the “spiral effect”, as per the shield described above, each
armour of cable shall be grounded at field side (e.g.: instrument, or junction box, or enclosure, etc.)
only in onshore applications. While the armour shall be grounded at both sides (field and cabinet) in
offshore applications. Unless different project requirements, the field instrument cables between
junction boxes and marshalling cabinet shall have the armour earthed at both ends of the cable via
the cable gland.

The Intrinsic Safety Earth shall be used for the earthing of all IS Cable screens, shields, screen drains,
etc. Earth leads between the control cabinet IS Earth and the control outstation earth bar shall be
provided with identification labels at both ends indicating an intrinsic safety circuit. To avoid current
loop, screen and shields grounding shall be provided only at one side

The conductor sizes to be used for the earthing networks shall be in accordance with the project
requirements.

This document is property of DTT S.c.a r.l. This information shall not be transmitted to anyone who is not authorised to receive it.
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2.7 Materials

The material selection, the pressure and temperature rating of the pressure parts and the process
connection type, either in-line or on vessel/equipment shall comply with the mechanical specifications and
project data.

The materials shall be compatible with the process fluid in terms of chemical corrosion and rating and
consistent with the piping class requirements.

However, instrument wetted parts shall be AISI 316 as minimum as long as the process fluid does not require
more suitable materials.

2.8 Instrument Air Network

Rigid pipes, with fittings and block valves, will be utilized for the instrument air network from the main
header to the air distribution manifold.

The air distribution manifold shall be in AISI 304 as minimum.

From the air distribution manifold to each user the connection shall be realized with AlISI 316L stainless steel
tubing and with compression fittings and valves in AISI 316 stainless steel.

2.9 Process Connections

For the connections to the process (primary connections either hydraulic or pneumatic), AISI 316L stainless
steel tubing and instrument manifold, AISI 316 stainless steel compression fittings (double ferrule type),
isolation valves and accessories (such as separation cylinders and siphons) shall be used as minimum and in
any case suitable for the process conditions.

Tubing and fitting materials shall be suitable with the fluid characteristics, made of compatible material, to
avoid galvanic corrosion and selected for the worst process conditions.

2.10 Identification Nameplate

Field mounted instruments and junction boxes, panels, cabinets, equipment, etc. shall be identified by the
manufacturer using nameplates in engraved as per project specification, secured affixed (no glued tags and
nameplate shall be installed) and so located as to be easily accessible. Where necessary a tie wire (stainless
steel) will be used to secure the nameplate to the relevant field instrument and equipment.

2.11 Painting and Protective Finishing

All items shall be fully protected against the environmental conditions, the effect of process fluids, normal
wear and the handling during installation, erection, and commissioning.

Valves and field instruments can be shop painted according to the MANUFACTURER’s standard if the system
used is suitable for the environmental conditions.

This document is property of DTT S.c.a r.l. This information shall not be transmitted to anyone who is not authorised to receive it.
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3

3

3

INSTRUMENT AND EQUIPMENT GENERAL REQUIREMENTS

Field instruments shall be robust quality devices requiring no or minimum maintenance. The instrumentation
type, electric/electronic or pneumatic, and the signal type to be used will be defined, generally, inside the
project documentation and will be executed/installed according to the reference codes. Pressure containing
parts of the transmitter shall resist corrosive and erosive properties of fluids at the maximum design pressure
with its associated temperature and the maximum design temperature with its associated pressure.

Analog Electronic transmitters shall be microprocessor-based, smart type, suitable for maintenance by
dedicated software for HART application (except for applications where fast response time is requested). A
Handheld field communicator can also be required by project.

The output signal for analog electronic transmitters shall be hard wired 4+20 mA, obtained through a two-
wire system at 24V DC, defaulting with the current version of Highway Addressable Remote Transducer
(HART) protocol. Each electronic transmitter shall also have an integrated Liquid Crystal Display (LCD) local
indicator. If the integrated digital indicator cannot be visible from the equipment to be operated or if it is
technically not achievable, then a remote local digital indicator shall be provided with the facility for span
and zero adjustments. The scale of the digital indicator shall be in engineering unit.

All provided instruments shall be properly calibrated. For each transmitter, range, alarm, and trip setting
shall be compatible with the process requirements.

If applicable, a dedicated and individual process connection shall be provided for each instrument to be used
independently from its application/purpose such as measurement, signaling, alarm, control, trip. For the
level instruments, the installation on standpipes is accepted only for measure, control, and alarm functions.

.1 Field Instruments for Safety Applications

Instruments for safety trip purpose shall not be used for other functions, such as measurement or control.
The alarm and measurement functions originating in the safety system can only be transferred to the control
system for display purposes for the operators.

Only analogue electronic transmitters shall be provided in case of trip function for safety applications,
configuring the required thresholds on analog signal.

Instruments (such as solenoid valve, transmitter, actuator, etc.), which are part of a Safety Instrumented
Function (SIF), shall be compliant to the required Safety Integrity Level (SIL) rating class (minimum SIL 2 if
available on the market) in accordance with IEC 61508 and IEC 61511 and certified by a recognized third-
party authority (e.g. TUV, EXIDA, SIRA).

Safety Instrumented Functions shall be designed to meet the SIL requirement as defined by the project SIL
review. SIL certificates of conformity and calculations shall be supplied to demonstrate that this has been
achieved.

.2 Flow Measurement

The main technologies to be considered for the flow measures are: Differential Pressure, Coriolis Flowmeter,
Ultrasonic Flowmeter, Thermal Flowmeter, Electro-Magnetic Flowmeter, Turbine Flowmeter, Vortex
Flowmeter, Positive Displacement Flowmeter, Variable Area Flowmeter, Multiphase Flowmeter (MPFM).

This document is property of DTT S.c.a r.l. This information shall not be transmitted to anyone who is not authorised to receive it.
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3.3 Level Measurement

The main technologies to be considered for the level measures are: Hydrostatic Pressure, Displacer/Float,
Capacitance, Radar or Microwave, Level Gauge.

Other technologies (such as ultrasonic/sonic, nucleonic, conductive, radio frequency impedance or
admittance, vibrating fork, load cells, magnetic, etc.) could be necessary to be used in specific cases and
taken in consideration according to project needs.

3.4 Temperature Measurement
Local indication of temperature shall be by heavy duty, bi-metallic, every angle dial thermometer.

An extension capillary may be used to facilitate ease of reading; where a capillary extension is used, the
capillary tube shall be supported along its length.

All temperature measuring elements shall be installed in a thermowell, unless otherwise required for specific
applications (e.g. applications requiring the measurement of surface temperature). Test wells, if any, shall
be provided in locations where temperature readings are required for occasional checking of equipment.

Thermowell shall be machined in a tapered configuration from a single bar stock. Welded construction is not
acceptable.

3.5 Analysis Measurement

An analyzer system is generally constituted by the following components/equipment: probe inserted into
the process line, sample line or sample conditioning assembly (e.g. pressure reduction station, if required by
process conditions and/or the analyzer type, heating/cooling bundle tubing sample line (if any), flow control,
relieving, filtration), the analyzer and vent/drain connections for the waste samples, normally connected to
the close drain system or to the flare, according to the fluid type as applicable.

The typology of analyzers shall be selected for the specific applications taking into consideration the process
and corrosion requirements.

3.6 Special Requirement for Use in Radiation Area

As general design recommendation, installation of instrumentation in radiation area should be avoided
because they can have either their measurement principle (ion gauges, Residual Gas Analyser, etc.) or the
embedded electronics for signal conditioning (capacitive gauges) directly affected resulting from corrupted
data/shift in measurement to complete loss of data depending on device. The more sensitive the device, the
more severe the effect will be. The effect will be noticeable from a few Gauss for some instruments.

Solenoids and relays are inductive devices that will be directly affected by an external induction. Devices will
exhibit reduced forces and higher current draw at low field values (resulting in possible heating issues) and
will stop operating or feature spurious opening/closing at higher value (typically > 100-200Gauss).

Control electronics will be mainly affected when inductive components are used. Filters and oscillators will
be rapidly affected, whereas another electronic component will remain much less affected. First affected
parts will thus belong to the power supplies and signal conditioner where significant amount of filter
elements are used. Standard electronics without radiation-qualification shall not be exposed to radiation
conditions above the terrestrial natural radiation conditions. This corresponds approximately to the
following thresholds:

This document is property of DTT S.c.a r.l. This information shall not be transmitted to anyone who is not authorised to receive it.
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e Dose rate ~ 0.0025 Gy/year

e Accumulated dose (10 years) ~ 0.025 Gy

e Neutron flux ~ 102 n.cm?2.s!

e Accumulated neutron fluence (10 years) ~ 3.106 n.cm?

If installation in radiation area is mandatory, instruments shall be classified as radiation-hardened (rad-hard)
products and shall be tested to one or more resultant-effects tests, including total ionizing dose (TID),
enhanced low dose rate effects (ELDRS), neutron and proton displacement damage, and single event effects
(SEEs).

4 RELIEF AND SAFETY DEVICES
4.1 General

Pressure relief devices shall be designed, sized, constructed, tested and installed in accordance with the most
important international standards such as PED 2014/68/UE.

4.2 Other Safety Devices
Other types of devices (vacuum relief valves, rupture disc) can be used in specific applications.

Rupture Disc Devices may be used to provide faster action than PSV, wider range of materials, or at the inlet
of a PSV to meet emission standards or provide corrosion protection.

Rupture discs shall be designed for non-fragmentation upon activation. They shall preferably be reverse
acting buckling type. Reverse-acting rupture discs with knife blades shall not be used.

When used in combination with the pressure safety valve, rupture disc assembly shall be the same size as
the associated safety valve line size. In this case, it will be provided with a pressure connection suitable to
install a pressure gauge or a pressure transmitter/switch.

5 LOCAL PANEL GAUGE BOARDS

Local control boards may be either totally enclosed type with hinged back panel doors or open type; type
selection will depend on various factors such as type of instruments to be used, type of construction,
location, etc.

Local board mounted electric instruments, if any, SHALL have a protection degree suitable to the area
classification in which they will be located.

A mechanical separation SHALL be provided between electric equipment and instruments directly connected
to process fluids (i.e.: pressure gauges).

This document is property of DTT S.c.a r.l. This information shall not be transmitted to anyone who is not authorised to receive it.
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6 F&GSYSTEM

The F&G systems serving the individual buildings will be managed by the Main System located in the main
Control Room, together with the interfaces with other new and existing systems. The system will interface
with the PAGA which will manage the output alarms.

The components of the detection system must comply with the CElI EN 60079-29 standards

7 INSTALLATION AND HOOK-UP MATERIALS

All instrumentation piping/tubing shall be properly supported and identified, and the pipe routing shall be
laid in such a way as to suffer the minimum disturbance when any plant item is removed for maintenance.
Where piping is subjected to vibration, individual pipe shall not touch each other or any metal part, other
than the pipe support and clips.

All connections shall be made on terminals; splicing of cables is not permitted. Multi-core cables shall be
provided with 20% spare cores.

The outer sheath of cable shall be as follows:

CABLE TYPE FLAME RETARDANT FIRE RESISTANT

light blue RAL 5015 with an orange

Intrinsic Safety (1.S.) circuits. light blue RAL 5015 longitudinal stripe

Extension and Compensating according to IEC 60584-3 with an orange

Cables for Thermocouples. according to IEC 60584-3 longitudinal stripe
power cables. grey grey with an orange longitudinal stripe
all other cables black black with an orange longitudinal stripe

This document is property of DTT S.c.a r.l. This information shall not be transmitted to anyone who is not authorised to receive it.
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7.1 Instrumentation Cable Ladder/ Trays

Cable trays shall be perforated heavy-duty, return flanged type, and sheet thickness shall be 21 mm,
dependent on the tray width.

Minimum distances between electrical and instrument cable trays shall be as follows:

|C.ABLE TIPOLOGY CODE/DISTAMCES (mm)
1 2 3 4 5 & 7 B8

1 I.5. system 0 o ] 0 300 300 1000 (2)
2 Analog. 4-20mA and RTD (Ex-d) o 1] o 1] 300 300 1000 (2)
3 Digital 24 Vdc (Ex-d) o 1] o 1] 300 300 1000 (2)
4 Solenoid Drives 110 Vac (Ex-d) o o [1] 1] 300 300 1000 (2)
5 Thermocouple extension |Exd) 1] 1] (1] 1] 300 300 1000 (2)
& 250V or >50A 300 300 300 300 300 1] 300 (1)
7 440V or =200A 300 300 300 300 300 ] 300 (1)
g 3,3 to 11kV or »800A 1000 (2) 1000 (2) 1000 (2) 1000 (2) 1000 (2) 300 (1) 300 (1)

Notes:

(1) Insulation level Up/U (Un)=0,6/1 kV (1,2kV)
(2) Distances subjected to be reduced, if possible, after evaluation and adoption of mitigation systems
(e.g. screened cables and/or screen protections)

A suitable clearance (e.g. 300 mm minimum) shall be guaranteed between two parallel cable trays, installed
one over the other, to allow easy laying and fixing of cables.

Also, the power wiring cable trays will be placed in bottom of the floating floor, to minimize the electric
interferences.

Cable trays shall be sized for at least 10% future additions.

Cables shall be segregated as follows into the relevant cable trays:

e Cables for signals related to process control systems like PS/PU or UCP (communication cables for
serial links, cables for low level voltage, analogue current and logic instrument signal for process,
cables for alarm and contacts for logic, solenoid control and servomotors for process).

e Cables for signals related to safety systems like SIS or safety UCP (cables for low level voltage,
analogue current, logic instrument signal for safety system, cables for alarm and shut down contacts
for logic, solenoid control and servomotors for safety system).

e (Cables for instruments power supply.

Cables for intrinsic safety applications shall be laid on a dedicated tray. All components of intrinsic safety
circuits shall be clearly identified.

The installation inside the same cable tray of cables of different systems (e.g. intrinsically safe and not) with
use of a mechanical separation provided between the two different types of cables should be avoided, or if
necessary, it shall be properly designed.

This document is property of DTT S.c.a r.l. This information shall not be transmitted to anyone who is not authorised to receive it.
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7.2 Conduits

If required by the project design, the rigid conduits and their auxiliaries can be utilized as mechanical
protection of single pair cables from the main cable tray to each single user or as protection of multiple
cables from the digging to the junction box.

7.3 Instrument Junction Boxes

Cable entry into Junction Boxes shall be through the bottom for multicable and bottom or side for individual
cables.

All the conductors and shields shall be connected to terminal strips provided inside the Junction Box; a
suitable wire lug will be crimped on each conductor and screen.

Incoming and outgoing cables shall be connected to relevant Junction Box using cable glands certified for
use in the relevant hazardous area. Field Junction Boxes shall be designed with a spare capacity of 10%
minimum.

7.4 Instrument Stands

All the brackets, pedestals, frames, etc. for instruments, junction boxes, raceways, conduits, and various
installation supports shall be prefabricated, using appropriate steel section, at site in the CONTRACTOR'S
workshop.

After construction, these must be cleaned from rust and slag and then painted before their installation;
preparation and painting cycles shall be performed.

Instrument mounting supports shall not be fixed or welded to the grating, as this does not provide sufficient
stiffness and does not allow the grating to be removed.

The brackets shall not be welded to process columns or vessels or to process piping.

7.5 Process Hook-Ups

The field instruments to be installed in line or insertion type shall be connected according to the relevant
piping class specifications.

The tubing shall be seamless, coiled or stick form.

Impulse line for gas applications should slope upwards, to facilitate self-drainage of liquid. In case of liquid
applications impulse line should slope downwards, to facilitate self-vent of non- condensing gases and to
keep the leg filled.

7.6 Pneumatic/ Hydraulic Hook-Ups
Pneumatic/hydraulic connections shall be obtained with tubing and compression fittings.

Rigid pipes, with fittings and block valves, shall be utilized for the instrument air network from the main
header to the air distribution manifold.

Threaded joints in instrument air service shall be made up using Teflon dispersion sealant. Pocketing of piping
and tubing should be avoided.

This document is property of DTT S.c.a r.l. This information shall not be transmitted to anyone who is not authorised to receive it.
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Instrument connections should usually be %" for air supply and %"’ for pneumatic signals, NPT(F) as per ANSI
B 1.20.1.

The cable glands for instrumentation equipment shall be minimum IP65 for outdoor applications and I1P40
for indoor applications. Cable glands for certified equipment shall be of the same electrical execution as the
device being cabled.

Electrical connections for cables shall be threaded NPT(F) or ISO depending on the instrument type and
equipment, and in accordance with the electrical certification.

The instrument manifolds shall be made generally from bar stock or from forged block, according to the
project Technical Data Sheet.

The process connections are generally threaded NPT type. The instrument connections can be threaded NPT
type or flanged type. Instrument manifold should be preferably supplied together with the relevant
instrument.

8 GENERAL HSEQ REQUIREMENTS

As first requirement, all supplies and installation work shall comply with and operate in accordance with
current and in force legislation on health, safety and the environment.

For more specific requirements, please refer to:
e SPG-HSE-001 - HSE Requirements for Supplier and Contractor

e SPG-QMS-002 - Quality Management Requirements for construction Contractor (if applicable for
installation and construction activities)

e Management specification for supply

e Technical specification for supply

This document is property of DTT S.c.a r.l. This information shall not be transmitted to anyone who is not authorised to receive it.
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1

Introduction

1.1 Scope of document

Aim of this procedure is to:

describe the coding and numbering systems that will be adopted for the preparation, compilation and
identification of all type of documents to be issued by all parties (DTT Team, Suppliers, Service
Contractors, Construction Contracts, etc.) involved in DTT Project;

provide also the information about tagging system of Project items;

provide in Attachments the templates for all main document typologies to be use by internal and external
parties.

Official language for the project is the English language that shall be used for all project document.
Documents prepared for Italian Authorities approval and for Tender Management (in accordance with D.lgs
50/216) to be in Italian language.

1.2 Definitions

DEFINITION DESCRIPTION
COMPANY DTTS.c.ar.l.
CONTRACTOR A person or organization that undertakes responsibility for the performance
of a contract.
PARTY / PARTIES Means all entities involved for the PROJECT both external and internal.
PROJECT DTT (Divertor Tokamak Test) Facility.
SUBCONTRACTOR Any organization, distributor, vendor, or firm that furnishes supplies or

services to or for a prime CONTRACTOR or another SUBCONTRACTOR.

SUPPLIER / VENDOR Organization or person that provides a product or services. The terms

supplier and vendor shall mean the same and are interchangeable.

WP Manager Work Package Manager (WBS I° Level).

1.3 Acronyms

ACRONYM DEFINITION

ASS Assembly

AUT Plant Control Safety Security Telecommunication Systems
AUX Auxiliary Plant Systems

BOP Balance of Plant

BUI Building and Layout

CDA Board Members

CEC Chief Engineering Coordination

CFO Chief financial Officer

CoD CODAS

cCoM Integrated Commissioning Planning & Coordination
CON Construction Management

DIA Diagnostics

ECH Electron Cyclotron Heating

EDS Electrical Distribution System

HCD Heating Current Drive

HSE Health Safety Environment

This document is property of DTT S.c.a r.l. This information shall not be transmitted to anyone who is not authorised to receive it.
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ACRONYM DEFINITION
ICH lon Cyclotron Heating
IGS ICT & General Services
IVC In Vessel Components
LEG Legal
MAG Magnetic
NBI Neutral Beam Injectors
NEC Neutronics Coordination
ovC Vessel and Out Vessel Components
PCM Project Control Management
PER Permitting
PHY Physics
PMC Project Management Coordination
PRC Procurement Management
PRE President
PRM Project Requirements Management
PSS Power Supply Systems
QMs Quality Management System
RHS Remote Handling Systems
RPL Radiation Protection and Licensing
SAM Safety Management
SEQ HSEQ Management
SGI Sistema di Gestione Integrata HSEQ
SIM System Integration Management
SLE System Level Engineering
THM Tokamak Hall Management
TIM Technical Integration Management
WBS Work Breakdown Structure

1.4 References

ID DOCUMENT

TITLE

PRG-HSEQ-002-DTT Manuale del Sistema di Gestione Integrato HSEQ del Consorzio DTT S.c.a r.l.

QMS-PRO-20004

Management of Documentation issued by Suppliers/Contractors

2 Coding for Management and Technical Documents and Drawing

2.1 General requirements

This paragraph provides instructions for the numbering system to be applied for all type of documents

prepared for the Project.

In Attachments are included all document template to be used for the Project.

In the early phase, before start of activities, a detailed Project Document List shall be developed and stored
in the Document Management System (ALFRESCO) in correspondence of the main folder where the Project
document will be located once issued. The Project document List will help DTT personnel to retrieve Project

document even if is

known only the document title.

This document is property of DTT S.c.a r.l. This information shall not be transmitted to anyone who is not authorised to receive it.
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2.2 Coding for Technical & Management Document

Here below are included the criteria how to assign the number to a project deliverable.
The code relevant to a “deleted” document cannot be used for another document.

3 o | =
M

5 T2 | £8 |8
3] v £ o e i
< g3 25 >
) = O v =2 o
o0 (=) 172}

=

XXX XXX NNNNN N.N

Here following an example:

MAG-SPT-00001_1.0
It refers to WBS acronym included in the list of Acronym stored in ALFRESCO (refer to WBS-

MAG:

SPT:
00001:
1.0:

LST-40000 “WBS List”).

It can be used all WBS acronym listed in WBS-LST-40000, independently of the level (1st,

2nd, 3rd,...)

Type of document Technical Specification (see below the Table 1A)

Sequential Number (see below the Table 1B)
Revision

Attachments shall be coded by using the same coding number of the main document adding before the
revision number the alphanumerical index A1, A2, A3, etc.
Ex. MAG-SPT-60000_A1_1.0.

Drawings shall be coded by using the same coding number of the main document adding before the revision
number the sheet number.
Ex. MAG-SPT-60000_SH 1_1.0

For drawing documents, the box “Plant Unit” shall be filled in with the WBS 1st level related to the document.

Ex.

Document code: TFC-DRW-60001_1.0
Plant Unit number: MAG

TABLE 1A — Type of Documents
TYPE OF DOCUMENT ACRONYM
Drawing DRW
Drawing 3D D3D
Drawing Layout LAY
Documentation Schedule DCS
Inspection datasheet IDS
List LST
Plan PLN
Procedure PRO
Technical Datasheet TDS
Technical Report TEC

This document is property of DTT S.c.a r.l. This information shall not be transmitted to anyone who is not authorised to receive it.
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TABLE 1A - Type of Documents
TYPE OF DOCUMENT ACRONYM
Technical Specification SPT
Test Report TRP
Wiring Diagram WDG
General Management Document GEN
Tender Document TEN
TABLE 1B - WBS ranges
WBS from to
Governing Board (PRE-CDA) 00001 00199
Chief Engineering (CEC-NEC-TKM) 00200 00999
CFO 01000 01999
LEG 02000 02999
PMC 03000 03999
PHY 04000 05999
PRC 07000 07999
PCM 08000 08999
IGS 09000 09999
CON 25000 29999
com 30000 32999
SIM TIM 40000 41999
SIM PRM 42000 43999
SIM SLE 44000 45999
SIM COoD 46000 47999
SIM PER 48000 49999
PER (BS) 92950 92999
SIM SLE (LAY) 83000 83199
HCD ECH 50000 51999
HCD ICH 52000 53999
HCD NBI 54000 55999
HCD HCD 56000 58999
THM THM 22000 22999
THM ASS 23000 24999

This document is property of DTT S.c.a r.l. This information shall not be transmitted to anyone who is not authorised to receive it.
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THM PSS 59000 59999
THM MAG 60000 63999
THM IVC 64000 65999
THM ovC 66000 67999
THM DIA 68000 68999
THM RHS 76000 76999
BOP BUI 90000 92949
BOP AUX (MEC) 70000 70999
BOP EDS 71000 71999
BOP AUT 72000 73999
BOP AUX (PRO) 06000 06999
BOP AUX (MACH) 36000 36999
BOP AUX (SAFE) 82000 82499
BOP AUX (P&L) 83200 83499
SEQ RPL 81000 81999
SEQ SAM 85000 85999
SEQ QMs/sGl 20000 20999

All the electronic files shall be identified by the DTT ID Number followed by the revision index.

Ex. MAG-SPT-60000_1.0

Revision index depend on the impact of revisions within the document.

- Major revision: increase the first index (e.g. from 1.0 to 2.0)

- Minor revision: increase the second index (e.g. from 1.0 to 1.1)
Document Owner is in charge to evaluate and define the impact of revision.

Cover page of each technical document shall include the following information (in bold highlighted the

mandatory information):

DTT ID Number

According to the prescription provided in paragraph 2.2

External ID Number

(if any) according to numbering system of external parties

DMS ID Number

Identification code created by ALFRESCO. This number will remain the
same for the subsequent revisions

Authors & Contributors

(if any) List of people who provides their contributions in the
development of document (e.g applicable in case the document shall be
divulgated for presentation or conferences)

This document is property of DTT S.c.a r.l. This information shall not be transmitted to anyone who is not authorised to receive it.






D

DTT

. DTT-ID: Page:

Document Coding and Item QMs-PRO-20000 9/14
Numbering External ID: Rev.

N.A. 2.2

Distribution List

(if any) List of internal and external entities which shall receive the
document (independently of their involvement in the review/approval
process)

Abstract

To summarize the content of the document

In case some information are not applicable, it shall be marked as “N.A.” (Not Applicable).

2.2.1 Additional requirements for external document

For document provided by External entities (Vendors of materials & services and Contractors), if different
templates have been included in the contractual documentation package, the latter prevails (e.g. deviation

request form, non conformity form, etc.)

The sequential number range, based on Table 1B, to be used for Project document issued by External Parties

will be communicated by RUP/DEC at the Kick of Meeting.

Detailed information and requirements for the management of External entities documentation are provided

in the QMS-PR0O-20004 “Management of documentation issued by Suppliers/Contractor”.

2.3 Coding for other document type

All document such as Minute of Meeting, Transmittal ID, Progress Report, Release Note, Deviation request

and Non Conformity Report (not included in the type as per paragraph 2.2) shall be coded as follows:

Example:

- 5
C g £ e o
5 | 8| § |52 ¢
[} u o > °
(%) (%)) o o =2 ©
g () (%) <
S
|_
XXX XXX XX(X) | NNNNN | XXX(X)

DTT-BUI-MOM-00001-F4E

DTT: Sender (see below the Table 2A)

BUI: It refers to WBS acronym included in the list of Acronym stored in ALFRESCO (refer to WBS-
LST-40000 “WBS List”).

It can be used all WBS acronym listed in WBS-LST-40000, independently of the level (1st, 2nd,

3rd,...)
MOM: Type of document (see below the Table 2B)
00001: Sequential number
FAE: Addressee (see below the Table 2A).

In case the MoM is issued within DTT organization, this field shall not be filled-in

This document is property of DTT S.c.a r.l. This information shall not be transmitted to anyone who is not authorised to receive it.
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TABLE 2A - Sender/Addressee
SENDER/ADDRESSEE ACRONYM
DTT S.c.ar.l. DTT
FAE FAE
Contractor/Supplier *
* N.B. Acronym for each External Entities shall be defined at the Kick off Meeting.
TABLE 2B - Type of Documents
TYPE OF DOCUMENT ACRONYM
Administrative Act AMM
Deviation Request DR
Document Transmittal TRN
Minute of Meeting MOM
Non Conformity Report NCR
Progress Report PRR
Release Note RN
Tender Document TEN

2.4 Coding for Tender Management document (applicable only for document issued

internally by DTT organization)

Tender’s document “Relazione Tecnica e Quadro Economico” and “Disciplinare di Gara” shall be coded as

follows:

a) Relazione Tecnica e Quadro Economico

Q £ 8
= o
£5| 2| 5§ | & |5
cC o 4 - o} o=
(] [S o o — w
> @© < [} >
o 3 = - 5 (3]
o = L
NNN X XXX NNNN N.N
Here following an example:
001-L-PSS-2021_1.0
001: Sequential number of DTT Bids (to be provided by Procurement office)
L: Contract Type (see below)
PSS: WBS acronym reference of the bid (cfr. WBS-LST-40000 “WBS List”)

2021: Reference of year when has been start the purchase request
1.0: Revision Index

Contract type: L (Lavori), S (Servizi), F (Forniture), A (Altro)

This document is property of DTT S.c.a r.l. This information shall not be transmitted to anyone who is not authorised to receive it.
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b) Disciplinare di gara

Coding of this type of document shall follow the instruction provided for the Technical Document (paragraph
2.2 of this procedure) using the document type “TEN”.

3 Coding for Project Items and Equipment
3.1 Coding for Equipment

Example:

= 8
> > = ksl
= = 50| S 9
2 c c cal 35
< = £ =) S
— 0-3 Q
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m = = D w
=) x =
= o
w
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ECH-1-PA-001A

ECH:

1
PA:
001:
A:

refer to WBS acronym included in in the list of Acronym stored in ALFRESCO (refer to WBS-
LST-40000 “WBS List”).

It can be used all WBS acronym listed in WBS-LST-40000, independently of the level (1st, 2nd,
3rd,...)

number of the train/cluster (0 if common)

Pump Centrifugal — for the Equipment type refer to SLE-LST-40001 “Equipment Type List”.

sequential number
A/B... for redundancy - If no redundancy, field shall not be filled in

If a motor is connected to an equipment (Pumps, Compressors...), the equipment type tag of Motor will be
the same of the equipment with M prefixed.

Example:

ECH-0-MPA-001A

For Special items may be used 3 digit (if needed) as specified in Equipment type list (SLE-LST-40001
“Equipment Type List”.)

These are the only case where equipment type can have 3 digit.

3.2 Coding for Pipe

Example:

3 s | =

© o (]
S clw| = | €8 | &
Q © Z () [ o
< s — = ?, =] o
8 =) o =2 a

(e wn

=
XXX N L XX NNNN N

SLE-1-L-1A-0002-2"

SLE:

refer to WBS acronym included in in the list of Acronym stored in ALFRESCO (refer to WBS-

LST-40000 “WBS List”).
It can be used all WBS acronym listed in WBS-LST-40000, independently of the level (1st, 2nd,

3rd,...)

This document is property of DTT S.c.a r.l. This information shall not be transmitted to anyone who is not authorised to receive it.






. DTT-ID: Page:
Document Coding and Item QMS-PRO-20000 12/14
Numbering External ID: Rev.
N.A. 2.2
trainl
Line

Instrument Air — For the Fluid List refer to Attachment A5
sequential number
pipe size (in inch or mm)

3.3 Coding for Instrumentation

Example:

= 5
= — G)
=z | 2 S T | o9
i © =] c o L o3
- c| s S a = c = o'
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SLE-0-J-TT-00001A

SLE:

0:

J:

TT:
00001:
A:

refer to WBS acronym included in the list of Acronym stored in ALFRESCO (refer to WBS-LST-
40000 “WBS List”).

It can be used all WBS acronym listed in WBS-LST-40000, independently of the level (1st, 2nd,
3rd,...)

no train

Instrument

Temperature Transmitter — For the Measured Variable refer to Attachment A4

sequential number

redundancy

SLE-0-J-GDE-00001-FO01

SLE:

GDE:
00001:
FO1:

refer to WBS acronym included in the list of Acronym stored in ALFRESCO (refer to WBS-LST-
40000 “WBS List”).

It can be used all WBS acronym listed in WBS-LST-40000, independently of the level (1st, 2nd,
3rd,...)

no train

Instrument

Gas Detector — For the Measured Variable refer to Attachment A4

sequential number

Fire Zone 01
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D

DTT

. DTT-ID: Page:
Document Coding and Item QMS-PRO-20000 13/14
Numbering External ID: Rev.

N.A. 22

3.4 Coding for Electrical and Instrumentation Cables
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The TAG of the cable is referred to the primary item where it is connected.

Example:
Electrical Cable

EDS-1-C-EP-001-PP
EDS

EDS-1-C-EP-001:
PP:

Instrument Cable

refer to WBS acronym included in the list of Acronym stored in ALFRESCO (refer to
WBS-LST-40000 “WBS List”).

It can be used all WBS acronym listed in WBS-LST-40000, independently of the level
(1st, 2nd, 3rd,...)

the primary equipment where the cable is connected

Power Cable — refer to the Table 3A for the cable type

AUT-0-C-PT-00001B-AN

AUT

AUT-0-C-PT-00001B:
AN:

refer to WBS acronym included in the list of Acronym stored in ALFRESCO (refer to

WBS-LST-40000 “WBS List”).
It can be used all WBS acronym listed in WBS-LST-40000, independently of the
level (1st, 2nd, 3rd,...)

the instrument where the cable is connected
Analogue Signal — refer to the Table 3A below for the cable type

Cable
Type Table 3A - Cable Type Code Description
Code
Electrical Cables
CcC Control
DA DC Positive pole —Single Core - Batteries with more than one connections on
positive pole (a=A, B, C, D, E)
DN DC Negative pole — Single Core
DP DC Positive pole — Single Core
PE Protective Earth —Single Core
PN AC Power cable — Single Core — Phase N
PP AC/DC Power cable — Multi-core
PR AC Power cable — Single Core — Phase L1
PS AC Power cable — Single Core — Phase L2

This document is property of DTT S.c.a r.l. This information shall not be transmitted to anyone who is not authorised to receive it.
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Cable
Type Table 3A - Cable Type Code Description
Code
PT AC Power cable — Single Core — Phase L3
SH Motor Space Heater
Instrumentation Cables
AN ANALOGUE
CX COAXIAL
DI DIGITAL
FO FIBRE OPTICAL
LS LOUDSPEAKER
QB BEACON
TC THERMOCOUPLE (compensated cable)
ET ETHERNET
SE SERIAL CABLE
4 Attachment
4.1 A1l -Word template
4.2 A2 - Excel Template (format A3)
4.3 A3 - CAD Template (format AO, A1, A3)
4.4 A4 - Instrument Type and Measured Variable
4.5 A5 - Fluid Code
4.6 A6 - Excel Template (format A4)
4.7 A7 - Template Relazione Tecnica e Quadro Economico
4.8 A8 - Template per Disciplinare di Gara
49 A9 - Template per Minute of Meeting
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This document is issued for the execution of the DTT project

Project
Pl DTT ID Number | PRC-PRO-07000_1.0
External ID Number N.A.
DMS ID Number | TBD
Authors & .
Contributors D. Bonetti

Distribution

DTT Project Team / External Organization

List
Abstract This document describes the procedure and prescriptions that the Supplier shall follow for
design and execution of material and equipment packaging and marking.
1.0 | 01/06/2021 Issue for information D. Bonetti G. Pucino A. Oliva -
Rev. Date Issuing Description Prepared by Checked by Approved by | Authorized by
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1 Scope

This document describes the procedure and prescriptions that the Supplier shall follow for design and
execution of material and equipment packaging and marking.

2 Reference Standards and Rules

The Supplier shall design and execute the packaging and marking of materials in compliance with both
National and International best-known standards and rules.

At least the following standards shall be considered:

BS 1133-8 Packing Code Part 8: Guidance on wooden boxes, cases and crates

BS 3482 Methods of Test for Desiccants Used in Dynamic Dehumidification Equipment
-AMD 1

BS 3177 Method for determining the permeability to water vapor of flexible sheet
materials used for packaging

UNI 9151 Wood Packaging for content whose mass exceeds 300 kg

UNICEI 1 Wood Reels for electric cables of energy, communication and transmission

UNI CEI 2 Wood Reels for electric cables of energy, communication and transmission

UNI CEI 3 Wood Reels for bare wire and cords

UNI EN ISO 780 Graphical symbols conventionally used for markings the packaging for loading
and unloading, transport and storage

ISO 668 Regulates both external and internal dimensions of containers

ISO 3874 Series 1 freight containers - Handling and securing

MIL B-131 F Classe 1 Requirements for heat-sealable, greaseproof, flexible barrier materials having

(UsA) low water vapor transmission characteristics

MIL D 3464 D (USA) Specification for silica gel and clay desiccants

API SPEC 5L Specification for Line Pipe

In particular, for packaging of toxic, flammable and/or dangerous substances, the Supplier shall also
observe the requirements of the following Organizations:

IMO International Maritime Dangerous Goods Code

IATA Technical Instructions for the Safe transportation of Dangerous Goods

RID Regulations concerning the International Carriage of Dangerous Goods by
road

ADR European Agreement concerning the International Carriage of Dangerous
Goods by road

ISPM-15FAO International Rule on tree-health measurements (HT treatment) for all
packages

Moreover, the Supplier shall design the packaging so that stresses due to the various transport operations
do not exceed allowable stresses established in the specific rules indicated in the order, or do not cause
permanent deformation or other damages that might negatively affect the material performances or
require repair interventions.
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2.1 Packages Dimension

When designing the packages, the Supplier shall manage to be within the limits of maximum obstruction
for road and rail transport not to resort to exceptional transport.

2.2 Protection of Materials with processed surfaces subject to rust and corrosion

Except for particular requests, the Supplier shall protect the product sensitive to corrosion.
Once manufacture has been completed, the product shall be protected with a suitable procedure to
preserve it from corrosion, in order to avoid an irreversible oxidation process.

The indications and instructions related to employed protections, care of Supplier, shall highlight the
following information:

- Expiration of the terms of protection

- Removal of the methods of protection

Such information shall be written on:

- Tags applied to protected material
- Maintenance manual

2.3 Shipping Procedures
Minimum 30 days before delivery, the Supplier shall communicate to DTT Technical Officer (DEC or to a

delegated person) the dimensions and weight of each package taking in consideration the maximum
dimensions as follows:

2.3.1 Containers

According to Standard ISO 668.
According to Standard ISO 3874.

2.3.2 Articulated Lorries

ITALY: according to Italian Highway Code.
ABROAD: according to the Highway Code of the country.

2.3.3 Railroad

ITALY: according to Trenitalia Cargo regulations.
ABROAD: according to railroad laws of the country.

Minimum 7 days before delivery, the Supplier shall communicate to DTT the final and binding date of the
shipping.
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2.4 Packaging Standards
The packaging standards that can be adopted are the followings:

- Material in Bundles
- Wooden Boxes

- Cages

- Platforms (Pallets)
- Rolls for Reels

- Cardboard Boxes

- Drums

- Sacks

- Loose Piece

(See Attachment 1)

2.4.1 Choice of packaging standards

Depending on the complexity of material, equipment, panel, etc., the Supplier shall communicate to DTT
the possible partition of supply in multiple packages as well as which and how many standards he means to
provide.

DTT once approved, will communicate to Supplier.

2.4.2 Characteristics of material used to make packages

2.4.2.1 Polyethylene sheets:

The use of polyethylene is forbidden in the fabrication of closed cases unless when expressly required.
It can be used only for rain covers as long as settled in order to stand sunlight and heat, with a minimum
thickness from 0,8 to 10 mm.

2.4.2.2 Grip tapes:

They must resist to bad weather, sunlight and heat.

2.4.2.3 Wire ropes:

Comply with standard EN 12385; moreover, ropes and related postage clips must be in galvanized steel.

2.4.2.4 Material for filling gaps:

Material in self-extinguishing inert and not hygroscopic expanded polystyrene.

2.4.2.5 Staples and nails:

Comply with standard UNI 9151; moreover, staples and nails shall be treated against corrosion (copper or
other similar treatment).
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2.4.2.6 Straps:

Metallic straps for heavy packages.
Plastic, polypropylene and thermo welding straps for lighter packages.

2.4.2.7 Steel brackets:
Comply with standard UNI 9151.

2.4.2.8 Steel plates and angles:
Comply with standard UNI 9151.

2.4.2.9 Bolts and rods:

Comply with standard UNI 9151; moreover, they must be in galvanized steel.

2.4.2.10 Timber:
Comply with standard UNI 9151.

2.4.2.11 Plywood:

Comply with standard UNI 9151; moreover, the employment of used plywood is forbidden.

2.4.2.12 Marking of containers:
Comply with standard UNI EN ISO 780.

3 Prescription for Toxic and Dangerous Substances

As far as toxic and dangerous substances concern, the Supplier shall refer to International requirements
regulating the matter (see chapter #2 tab.2)

4 Responsibilities

These instructions provide a general set of rules constituting the minimum requirements that the Supplier
must observe.

Whenever the Supplier should find more restrictive requirements, imposed by special rules, then these
must be respected.

DTT at purchase order issuance shall communicate to supplier the references of the Contract manager and
its staff.

The Supplier is responsible for highlighting to DTT Technical Officer (DEC), upon purchase order, possible
modifications and/or improvement measures.
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The Supplier is responsible for design and manufacturing of packages as well as performing all the checks
prior shipment. Such checks must be executed to ensure a correct and suitable execution of provided
packages, marking and correct protection of delivered materials.

The Supplier shall submit to DTT approval the drawings showing the characteristics of expected packaging:
DTT has 15 solar days to examine and approve them.

After that period without comments or communications, the Supplier is authorized to proceed according to
his proposals.

Regardless of DTT comments on design of packaging, the Supplier is always responsible for their correct
execution and conformity.

The Supplier is responsible for any burden caused by non-compliance with these instructions and rules,
such as material loss or damage due to lack of packaging, stops, etc.

Damages that should not be recognized by the Insurance Company due to packaging defaults are, as per
Company compensation, charged to Supplier.

The protections of materials shall be selected by Supplier who will be responsible for the type used and will
have to answer for possible damages that might derive from material to be protected because of:

- Insufficient protection from corrosion

- Improper use of protective substance on materials whose functioning would be damaged.

When requested and clearly indicated in the Management Specification (refer to contract agreement), the
Supplier shall include in each package any stress sensor and provision to effectively monitor and verify that
the package itself and anything included is substantially sound.

5 Packing Type

5.1 Ordinary Packing

They are intended to be those domestic packaging employed if:

- Materials can be damaged because of shocks or transshipments and requires suitable protective
packaging made of cardboard boxes, or wooden cases or cages of light wood

- Means of transport: truck or train

- Number of transshipments: limited

- Length of storage at destination: up to 6 months

- Type of storage: covered if necessary

- Duration of possible dehydrating salts: at least 8 months.

5.2 Special Packing

They are intended to be oversea packaging and special oversea packaging employed according to the
following requirements:
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5.2.1 Oversea Packing

The material must be transported to distant foreign lands and can be damaged because of shocks and
transshipments and requires suitable protective packaging able to stand oversea journeys. It shall be made
of wooden cases or wooden/iron cages with characteristics of strength higher than those of domestic use:
- Means of transport: ship besides truck or train

- Number of transshipments: high and burdensome

- Length of storage at destination: greater than 6 months

- Type of storage: bare

- Climate: very hard

- Possible "Barrier Sack"

- Duration of possible dehydrating salts: minimum 12 months.

5.2.2 Special Oversea Packing

Same criteria of oversea packing are adopted with exception of:

- The duration of possible dehydrating salts is minimum 18 months since the storage is longer than that
oversea

- The storage at destination requires special care depending on the type of warm-humid tropical climate
(average 40°C - humidity 92% - forests e savannahs) or hot-dry tropical climate (average 55°C - humidity
below 20% - deserts and steppes)

- For warm-humid climates, antiseptic and anti-mold protections should be adopted according to
international standard FAO-ISPM 15:2000

- For hot-dry climates, protections against high temperatures and sunstrokes should be adopted such as
filling in cages with non-conducting substances and protections against the infiltration of dust or sand
containing salts (barrier sacks containing dehydrating salts and partial empty).

Climatic factor (f) — climatic ratio between the average contents of water vapor of the Climatic Area
considered and the initial one take in consideration.

Area 1 - Continental European and Subarctic, as a rule (f =1,0)
Area 2 - Subtropical maritime, as a rule (f=1,5)

Area 3 - Tropical (f = 2,0)

Area 4 — Equatorial with constant rainfall, as a rule (f = 2,5).

The sacks with dehydrating salt to be used shall comply with standards:
- NF H 00-321 (French)

-USMILD 3464 E (U.S.A.)

- EINHEITEN DIN 55473 (German)

5.3 Bulk Material

In this category are intended those moderate packaging applicable to equipment such as:

- Equipment or pressure vessels, heat exchangers, tanks, silos, prefabricated structures, plates, packages
plants, etc.

For such type of material, it is necessary to protect all protruding parts, all flanged and non-flanged
connections, any mechanical, electrical, pre-mounted instrumentation parts that cannot be shipped
separately.
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In particular for nozzles, manholes and similar, protection is required with appropriate blind flanges.

If necessary, the Supplier shall provide suitable shaped saddles to be fixed to the piece (wood or steel)
whose size is proportionate to weights to be supported and of a possible minimum height.
All measures will be used in order to avoid any deformations of the material to be shipped.

5.4 Unpacked Material

In this category are intended those materials for which no packaging is required such as: pipes (except for
stainless steel or special alloys ones), fittings and valves of large diameter (if the package is not expressly
requested), not prefabricated structures, drums, plates, prefabricated ferrules, etc.

For such materials it is necessary to homogenize the shipment in bunches, groups or packs tied with steel
bands, wood or steel spacers appropriately sized and spaced.

In detail:

- The bundles of pipes shall be protected at the extremities with gunny cloth or heavy plastic; each bundle
should weight nearly 2/4 t.

- Valves and fittings must have protection at the extremities, either welded, flanged or threaded

- The extremities of blunted metal sheets must be properly protected

- For drums where palletizing is not possible, it is necessary to fix anchors or eyebolts or other devices
suitable for lifting

5.5 Skidded Material

In this category are intended the plants mounted on slide:

- This material requires an external brush of the slide.

- A special protection will be applied to delicate parts adjacent to walls.

- Delicate parts that are easy to be remounted will be disassembled and packed apart in boxes.

- The joints of non-solid parts (e.g. pump motor) will be appropriately reinforced.

For packaging modalities see Attachment 2.

5.6 Packing for Air Transport
The selection criteria are: urgency of the shipment, impossibility to use other means of transport.

The packaging must comply with IATA prescriptions
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6 External and Internal Marks

The Supplier shall ensure the application of external and internal packaging markings, accompanied by all
required marks.

6.1 Particular Marking

The Supplier shall provide for their application in function of particular necessities.

Such marks may be for example: triangle, circle, etc. including Company initials, Job Number, destination,
etc.

They will be specified by DTT in the order or in related specification.

6.2 Marking of Containers

Graphic marking of containers is regulated by standard UNI EN I1SO 780.
Besides this standard there are laws concerning:

- Dangerous goods,

- Products for structural use “CE”,

- FAO ISPM 15

Firma 1741 IT'OIO'OOO
o € HT-DB-SFN

- .- -

— -

DRY GRADED C 24 0000/00  FiTOK

6.3 External Marking on Each Package

Comply with standard UNI 9151.

6.4 External Marking on Small Packages, Loose Pieces, Bundles, Sacks and Reels

Comply with standard UNI 9151.

6.5 Contents of External Marking

Comply with standard UNI 9151.
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6.6 Internal Marking

When multiple material are gathered together into a box or a cage but are individually packed in boxes,
packages, etc., they must be suitably marked indicating:

- item or order position

- item of the main belonging equipment

7 Instructions for Handling

The packaging of goods shall be designed and fabricated so as to allow an easy handling during all steps of
transport, from ex-factory to final destination.

Comply with standard UNI 9151, moreover:

Big boxes and wooden cages
Boxes and wooden cages of large dimensions that do not allow lifting hook shall be provided with splinter-
bar properly dimensioned.

Big loose pieces
Loose pieces of large dimensions shall have lifting lugs suitably dimensioned and positioned so as to allow
balanced lifting respect to its center of gravity.

Transport of line pipe
The stacking on truck can be made for loading units, formed by a number of pipes such that the weight
does not exceed 24 tons and the height 4 m.

For the transportation of line pipes by barge or ship: comply with standard API SPEC 5L.
For the transportation of line pipes by rail: comply with standard APl SPEC 5L.

8 Language, Unit of Measurement, Coloring

The documentation shall be written by Supplier in the official languages Italian and English.

Markings shall be executed by Supplier in Italian and English (for any other language it must be agreed with
DTT).

The units of measurement in documents and markings must be expressed according to Plant Integration
Document (PID) PBC.GEN.00001_3.0 “List of Physical Quantities and Units”.

Particular coloring of symbols or writings shall be confirmed by DTT through the issue of specific annexes.
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9 Inspection Before Shipment

9.1 Inspection by Company

The packaging of the ready-for-shipment components shall be inspected at the manufacturer premises to
verify the respect of the requirements for transport.

The inspection shall consist in a visual verification of the packaging and in a review of the formal and
technical documentation for transport.

The inspection and documentation verification shall be performed at the presence of representatives of the
Supplier and DTT. An official note of the inspection shall be prepared and approved by the present
representatives.

DTT reserves the right to have inspections conducted by:

- its personnel

- Testing organization in charge of carrying out the inspection on behalf of DTT

9.2 Inspectors Duties

The Inspectors shall ensure that shipment material as well as related packaging, marking and documents
are in conformity with requirements.

They have the faculty to require a Supplier possible reconditioning of packages due to lacks or defects that
Supplier shall be required to carry out at his expense.

9.3 Company Reserves

The acceptance by the Inspector does not relieve the supplier/packer from his responsibilities.

DTT reserves the right to inspect the content of the packages at destination: in case of non- conformity with
the quantities declared in the “packing list”, DTT will written inform the Supplier, who shall provide for their
reintegration of missing supply at his expense.

9.4 Custom Inspection

The Supplier shall properly find an agreement with DTT so that the inspection takes place at packaging still
open.
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10 Shipping Documentation

The shipping documents that the Supplier shall fill in must comply with laws in force in Countries where
goods are destinated, where they pass as well as documents prescribed in this specification.

Documents related to dangerous goods must be codified and follow related rules in force.

10.1 Packing List

This is the main document that the Supplier must fill in, useful during shipment of goods.

It must clearly contain the following data:

- The reference to related invoice (number, date, Company name and order number).

- The amount and type of packages, their marking and numbering, measurements, volume and weight,
both detailed and total for each single package.

The packing list constitutes integrant part of the invoice.

It is useful to apply additional copy of the packing list outside and inside each package so to facilitate the
operators of the various involved stores.

10.2 Content List of each Package
Comply with Standard UNI 9151.

Mentioned copies shall be sent in 2 phases as follows:

a) Preliminary draft to be sent two months before the shipment (only those for the Company) highlighting:
- Exceptional or oversized packages,

- Packages requiring splinter-bar for lifting.

b) in final form after authorization to shipment issued by DTT (all of them).

11 Content of External Marking

General Data

Follow the Standard UNI 9151, moreover it is necessary to highlight:
- W of the package (expressed as a fraction)

- Numerator: number of packages

- Denominator: total number of packages

Shelter at destination

The Supplier shall define, in accordance with DTT, the destination shelter
expected for supplied materials specifying:

"A" —if it is indoor

"B" —if it is under roof

"C" —ifitis open-air

"D" —if it requires ventilation and/or air conditioning.

Warnings and precautions
Comply with Standard UNI 6720.
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12 Attachments
12.1 Attachment 1 - Packing Standards

12.1.1 Material in Bundles

TYING:

- In relation to the bundle weight, the bindings will be done in stainless steel straps or
iron U double section-bars tightening the bundles with 2 tie-rods.

- Maximum distance between two bindings: 3 m, in symmetry to the bundle.

BUNDLE WEIGHT:
- Maximum 3000 Kg

BUNDLE PROTECTIONS:
- They will be made at the extremities and between a workpiece and another
constituting the bundle.

DOMESTIC PACKAGING, OVERSEA, SPECIAL OVERSEA:
- There are no particular differences unless a major care of protections for normal and
special oversea protections.
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12.1.2 Wooden Boxes
Comply with Standard UNI 915, moreover:

For boxes whose packaging is domestic:
- Joints on lateral boards and cover simply placed side by side.
- Possible dehydrating salts together with material, lasting 6 months.

For boxes whose packaging is special oversea:

- Joints on boards with male/female groove or by means of pawl or small flap.

- It is necessary to apply a few drill holes of 10 mm diameter on the bundle, obliquely upwards from outside
to inside.

- Internal coating, excluding the bottom, with highly waterproof tar paper resistant to extreme
temperature.

- Cover internally coated with a polyethylene waterproof sheet externally folded.

- The material shall be closed into appropriate cases or in double barrier with salts (12 or 18 months
duration).

Top cleats Akvlux Sheathing
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12.1.3 Cages

Comply with Standard UNI 915, moreover metallic cages must be agreed with DTT time by time.
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12.1.4 Platform (Pallets)

Comply with Standard UNI ISO/TS 8611-2 and UNI ISO/TS 8611-3.

12.1.5 Roller for Reels

Comply with Standard UNI CEl 1-2-3, moreover:

DOMESTIC PACKAGING
- Closure made with wooden staves nailed to roller flanges.

OVERSEA OR SPECIAL OVERSEA PACKAGING

- Closure made with wooden staves nailed to roller flanges.
- Reinforcements to be performed:

Rollers within 1,5 m diameter: with wooden beams minimum 80 x 80 mm put under the

staves at a distance of 500 mm between them.
Rollers over 1,5 m diameter: with tie-rods bolted to flanges.

- Under the staves it is necessary to put a tar paper sheet as well as a polyethylene one.
- The final fixing of the slats must be executed with two laps of strap around the roller
circumference.
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12.1.6 Cardboard Boxes

Comply with Standard BSI BS 1133 — 7.6-8; moreover:
- Fillers with polystyrene or expanded polyurethane.
- Crossbars or platforms are to be applied when:
The weight exceeds 50 Kg
Dimension exceed mm 700 x 700 x 800 h

FOR DOMESTIC PACKAGING:

- Waxed cardboard box

- Minimum thickness of 3 mm

- Box closure:
Lateral and bottom with staples.
Cover with high resistance adhesive tape (retractable plastic film).
Final fixing with metallic or synthetic strap.

- Reinforcement corners in correspondence with the strap.

FOR DOMESTIC, OVERSEA AND SPECIAL OVERSEA PACKAGINGS

1° TYPE:

- Tarred cardboard box

- Minimum thickness of 3 mm

- Box closure:
Lateral and bottom with metal studs
Cover with high resistance adhesive tape (retractable plastic film)
Final fixing with metallic or synthetic strap

- Reinforcement corners in correspondence with the strap.

MULTI-LAYER CARDBOARD BOX
2° TYPE:
- It allows packing of materials weighing up to 300/400 Kg.
- Minimum thickness of 14 mm.
- Box closure:
Lateral and bottom with metal studs
Cover with high resistance adhesive tape (retractable plastic film)

Final fixing with metallic or synthetic strap
- Reinforcement corners in correspondence with the strap
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12.1.7 Drums
Comply with Standard DSI BS 1133 —10.2; moreover:

DOMESTIC PACKAGE

- Drums up to 100 L will be stacked and fixed to platforms by means of steel straps.
- Glass cases will be packed in wicker and/or PVC baskets properly padded and fixed on platforms by means

of steel straps.
- Drums over 100 L will be shipped unpacked.

OVERSEA PACKAGING

- Drums up to 100 L will be packed in wooden cages.

- Glass cases will be packed in wooden boxes properly padded.
- Drums over 100 L will be shipped unpacked.

SPECIAL OVERSEA PACKAGING

- Drums up to 100 L will be packed in wooden cages.

- Glass cases will be packed in wooden boxes properly padded.
- Drums over 100 L will be shipped unpacked.

12.1.8 Sacks

Comply with Standard DSI BS 1133 - 7.6; moreover:
- Sacks are loaded on pallets and crossed each other
- Global coverage with retractable polyethylene or final fixing straps.

OVERSEA PACKAGING
- Sacks are loaded into cages.

SPECIAL OVERSEA PACKAGING
- Sacks are loaded into boxes.
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12.1.9 Loose Piece

The Supplier, if necessary, will provide suitable shaped seats to be fixed to the piece, in wood or steel, and

shall specify the type in the offer that DTT will confirm in the order.

The Supplier shall verify the stresses to which the packaging will be subject during transportation and shall
size it accordingly.

The seats sizing and fixing will be proportionate to the weight to be supported and their height will be as

minimum as

For weights over 40000 Kg the seats shall allow the movement with hydraulic self-lifting trucks.

possible.

The Supplier shall ensure that no piece deformation may occur, that the nozzles are properly closed, that
harnesses are balanced, etc.

-
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12.2 Attachment 2 - Skidded Material

12.2.1 General

In this category are intended materials installed on metallic slides.

The skid dimension shall take account of national regulations for transport (see 2.3.1 and 2.3.2) in order to
avoid overweight load.

Since the skid has self-carrying function, the packaging will only have protection purpose.

On the four corners, bolted uprights are needed to facilitate the paneling.

Lifting pad eyes will be provided within the slide perimeter.

The characteristics of lateral and higher packaging shall take account of standard UNI 9151 regarding cages.
For characteristics related to wood, refer to Standard UNI 9151.

The material inside cages shall be protected from rain through a polythene additive sheet

against UV and set in accordance with Standard UNI 9151 point 9.2.2.1.

12.2.2 Skid Internal Component

Materials on skid limit edge.

- Flanged Pipes emerging near the slide perimeter.
If the thread of the flange is not aligned with the bundle of the cage it is necessary to
protect it both vertically and horizontally with a Masonite panel of 3 cm thickness.

If the thread of the flange is aligned with the bundle of the cage what is sufficient to

create in the area to be protected is not a cage but a unique wall formed by the beams

of the bundle placed side by side.
- Electrical or Instrumental panels, instruments-carry racks and Junction boxes shall be protected by
covering them with Masonite panels. Electric panels shall be coated by polythene sheath sealed at the base
and containing a dehydrating such as silica gel.
- Valves, instruments and condensate drains shall be protected with Masonite panel.

The disassembled instruments placed near the perimeter facilitating the reassembly shall be put into a box,
which will be inserted and fixed within the Skid.

12.2.3 Material within Skid

Combinations of pump engine, motorized, activated and safety valves, as well as series of Junction Boxes
shall be protected with heat-shrinking polythene.

12.2.4 Vessels

They do not require particular protections in case there are instruments at the top, see what already
mentioned as regards materials at the Skid limit edge; threaded connections or symbols need to be
protected with polythene caps.

The Supplier, during preliminary phase, shall submit to testing office his theory of packaging, receive
approval/comments, then proceed.

The approval from testing office does not relieve the Supplier from his objective responsibilities.

The testing office will request the Supplier to execute a final photo session of the packaging in which the
adopted solution is highlighted on the four sides of the Skid.
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12.3 Attachment 3 - Cases in Coupled Barrier

12.3.1 Use

For all material subject to deterioration due to moisture.

12.3.2 Material cases

Thermoweld according to Standards "USA MIL 8-131 F CLASS 1 (or equivalent)
(aluminum and double layer polyethylene).

12.3.3 Dehydration

With dehydrating salts according to Standard MIL D-3464 D (or equivalent), internally inserted into the
case.
- In such quantity as to keep relative humidity below 35% for one of the following minimum duration to be
agreed with DTT:

For 8 months

For 12 months

For 18 months
- The approximate supply of salt quantity necessary for 1 year is calculated as follows:

1/2 unit x mq package surface

12.3.4 Empty

With a suction pump a partial empty space is created inside (air reduction of the 70-80%).
- Heat resealing of the air intake port.
- In correspondence of the holes made in the container (for the fixing of protected material to
platforms, boxes or cages) synthetic rubber gaskets shall be put to ensure tightness.

12.3.5 Inspection Window

To be put at the upper part of the case.
- Dimensions 200 x 200 mm.
- Clamp with transparent PVC of 2/10 mm thickness and welded to the container, integrated with
additives as a protection from bad weather.

Purpose of the window is to allow:
- Customer inspection without tearing the case.
- A visual check of the internal moisture through the introduction, in its correspondence, of litmus
indicators (light blue/pink).

This document is property of DTT S.c.a r.l. This information shall not be transmitted to anyone who is not authorized to receive it.






DTT

=

Packing & Marking Procedure for
Material and Equipment

DTT ID: Page: 25/

PRC-PRO-07000 25
External ID: Rev. 1.0
N.A.

12.4 Attachment 4 - International Symbols for Packages

The table below shows the symbols most commonly used for marking boxes

INTERNATIONAL MARKS

¢ %ia Il'
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4 Contract scope

The contract scope consists in the supply of radiofrequency (RF) components for the High Power Test Bed
(HPTB) of the DTTU project, which will be based on 9 3/16" or equivalent rigid coaxial cables with
characteristic impedance of 50 Q. The supply shall include the items listed in section 4.1 and the activities
listed in section 4.2. The items are grouped in two batches, whose delivery time can differ (see section 5).

4.1 List of deliverables
4.1.1 Batch #1

Item Quantity Reference
Straight Line with length=2 m 3 §7.1
Straight Line with length=1.5m 4 §7.1
Straight Line with length=1m 5 §7.1
Straight Line with length=0.5 m 5 §7.1
Straight Line with length=0.2 m 4 §7.1
Unflanged Straight Line with length=1 m 4 §7.2
Flange for welding 16 §7.2
Coupling Element with accessories for its connection, e.g.,

O-rings and sets of nuts, screws and washers for tightening 40 §7.2
90° Elbow 15 §7.3
Bi-Directional Coupler 2 §7.4
Adapter to type N 2 §7.5
Cable Testing Section 2 §7.6
Flexible Line Section 1 §7.7
Gas Barrier and pressurization-relevant instruments 1 §7.8
Gas Inlet and pressurization-relevant instruments 1 §7.8
Phase Shifter with Electrical Motor (variable length = 2.6 m) 1 §7.9
Variable Stub with Electrical Motor (variable length = 2.6 m) 1 §7.10
Control Unit for Phase Shifter and Variable Stub 1 §7.11
Dummy Load with P=2.5 MW 1 §7.12
Soda unit for P=2.5 MW 1 §7.13

This batch shall also include any special tool required to connect the RF flanges of the components.

If the Contractor opts for a different solution from the IEC standard (see section 6.1.1), the following items
shall be also provided:

Item Quantity
Transition from the standard IEC flange to the equivalent flange adopted by the Contractor 2
Coupling element of the IEC flange with accessories for its connection, e.g., O-rings and sets )

of nuts, screws and washers for tightening
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4.1.2 Batch #2

Item Quantity Reference
Straight Line with length=2 m 2 §7.1
Straight Line with length=1.5 m 2 §7.1
Straight Line with length=1 m 3 §7.1
Straight Line with length=0.5 m 3 §7.1
Coupling Element with accessories for its connection, e.g.,

O-rings and sets of nuts, screws and washers for tightening 15 §7.2
90° Elbow 5 §7.3
Bi-Directional Coupler 2 §7.4
Adapter to Type N 2 §7.5
Cable Testing Section 1 §7.6
Flexible Line Section 1 §7.7
Gas Barrier and pressurization-relevant instruments 1 §7.8
Gas Inlet and pressurization-relevant instruments 1 §7.8
Dummy Load with P=0.25 MW 1 §7.12
Voltage Probe 2 §7.14
Short-circuit Flange 2 §7.15

3 dB Hybrid Coupler 1 §7.16
Two-Way Switch 1 §7.17

4.2

Activities covered by the contract

The contract scope includes the following activities:

Verification of the performance of RF components by means of calculations and simulations.

Detailed layout of the piping system for the soda solution.
Manufacturing and assembling.

Checks and tests at Contractor/Subcontractor premises.
Delivery of all items to the DTT site.

Supervision during installation and tests at the DTT site and technical consulting (see section 9.4).
Transportation back to the factory if needed to make a component compliant with specifications.
Documentation (see section 5 of the MS and section 11 of the present specification).
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5 Contract shedule

Contract activities officially start at the Kick-Off Meeting with the signature of a “Start of activities”
declaration by the parties. The KOM shall be held within two months from the contract signature. The
contract is structured in milestones, whose timing is summarized in Table 1. The activities associated to the
milestones are clarified in the TS and in the MS. A possible time evolution of the contract is graphically
exemplified in Figure 1.

In its reply to the call for tender, the Bidder shall propose a schedule for the milestones M06, M07, M08,
M09, M13, M14, and M15.

Table 1: list of contract milestones with their timing.

Duration from predecessor

M# | Milestone unless otherwise specified
MO01 | Kick-Off Meeting (KOM) -

MO02 | Issue of the TDR by the Contractor for comments 1 month

MO3 | Comments and/or modifications to the TDR by Enea 2 weeks

MO04 | Issue of the TDR by the Contractor for approval 1 week

MO5 | Acceptance of the TDR by Enea 1 week

MO06 | Manufacturing and FAT of Soda Unit and 2.5-MW Dummy Load

MO07 | Manufacturing and FAT of Phase Shifter, Variable Stub, and their control unit

MO08 | Manufacturing and FAT of the remaining components of batch #1

MO9 | Batch #1 delivered to the DTT site within 15 months from KOM
M10 | SAT of batch #1 completed within 21 months from KOM
M11 | Issue of the ADP by the Contractor for batch #1 2 weeks

M12 | Acceptance of the ADP by Enea for batch #1 2 weeks

M13 | Manufacturing and FAT of 3 dB Hybrid Coupler and Two-Way Switch

M14 | Manufacturing and FAT of the remaining components of batch #2

M15 | Batch #2 delivered to the DTT site within 20 months from KOM
M16 | SAT of batch #2 completed within 21 months from KOM
M17 | Issue of the ADP by the Contractor for batch #2 2 weeks

M18 | Acceptance of the ADP by Enea for batch #2 2 weeks
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Figure 1. Example of contract schedule assuming the maximum allowable duration of the activities.
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6 General Specifications

The contract goods shall be realized and tested in agreement with the law in force, the applicable
standards, the best engineering practice, and the state of the art in the corresponding technical areas. In
particular, unless otherwise stated in the present specification, they shall comply with the international
standards IEC 60339-1 and IEC 60339-2 as regards the terminology, the definition of parameters, the
designation of components, the procedures and test conditions, the marking, the mechanical and electrical
specifications.

Components and materials shall be selected considering DTT operational and environmental conditions,
parasitic parameters, and expected lifetime as well as taking adequate safety margins from their nominal
maximum operational values.

6.1 Mechanical specifications

6.1.1 Cross-section and mating interface
The reference cross-section and mating interface of RF components shall be

e Line: 339 IEC 50-233-1 or equivalent.
e One-piece flange connector: 339 IEC 50-233-2 or equivalent.
e Swivel type flange connector: 339 IEC 50-233-3 or equivalent.

The chosen reference shall be uniform throughout the supply. If the 339 IEC 50-233-1 line is chosen, the
diameters, thicknesses and relative tolerances shall comply with the part of the IEC 60339-2
recommendation pertaining to the 9 3/16" line with characteristic impedance of 50 Q. Different choices are
considered “equivalent” if they comply with all provisions of the present specification and they have been
routinely used in similar high-power applications, preferably in other ICH plants. In such cases, the supply
shall also include at least two adapters for the connection with the 339 IEC 50-233-2 flange, whose
interface type (male/female) will be defined by Enea during the preparation of the TDR. In any case, the
flanges shall ensure the proper alignment between connected components, e.g. by means of holes and
alignment pins or through an adequate number of holes provided with a calibrated diameter, so that the
alignment is ensured with the insertion of screws having calibrated heads.

6.1.2 Pressurization

The pressurization is the application of a positive pressure, relative to the atmospheric pressure, of dry air
to the interior of a coaxial line. Unless otherwise stated, each RF element of the supply shall withstand a
maximum pressurization of 3 bar without damage or deformation.

6.1.3 Straight line specifications

e Ellipticity: not higher than specified in Table | of IEC 60339-1.
e Curvature: the external curvature for a transmission line length of 3 m shall not exceed 12.7 mm.

6.1.4 Flanges

e Maximum deviation of flatness: 0.03 mm.
e Perpendicularity to the axis of the coaxial lines: 90° £0.25°.

All male interfaces shall be provided with accessories for their connection, e.g., O-rings and sets of nuts,
screws and washers for tightening. The Contractor can propose a different type of interface (male/female)
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and flange connector (one-piece/swivel) from those specified in sec. 7. Enea will assess the change request
and decide whether to accept it or not.

6.2 Materials

The Bidder shall specify the bulk and coating materials of the RF components. The materials shall ensure
high RF performance and reliability. Possible choices are:

e Inner conductor: high conductivity copper or copper alloy.

e Quter conductor: copper or its alloys or aluminium.

e Flanges: brass or other material compatible with that of the external conductor.

e Inner connector: copper alloy with high resilience characteristics.

e Spacers: ceramic material with a configuration up to the Bidder allowing for the passage of dry gas.

6.3 Radiated field

Maximum intensity of electric field (RMS) from 60 to 90 MHz: 61 V/m at a distance of 1 m from any RF
component.

6.4 Electrical specification

e Operating frequency range: (60-90) MHz, unless otherwise stated;

e Characteristicimpedance: 50+ 0.3 Q;

e Proof voltage for high-power components: 25 kV in air at sea level and 45 kV with a pressurization
of 3 bar;

e  Minimum RF shielding > 100 dB.

6.5 HPTB requirements

As a minimum, unless otherwise stated, all RF components shall be usable, with a pressurization of 2 bar, in
the following conditions between 60 and 90 MHz:

- Pulsed operations: 2500 kW with VSWR up to 3 for a duty cycle of 50 s every hour.
- CW operations: 250 kW with VSWR up to 3 for a duty cycle of one hour every two hours.

6.6 Finishing treatments

The internal surfaces of all RF components and the contact surfaces between the flanges shall be free from
scratches, burrs, cracks, dust, grease and other imperfections. These surfaces shall have a bright glossy
appearance according to good current practice. The contact surfaces of all components shall be adequately
treated if there is the possibility of corrosion phenomena.

External corners and edges shall be adequately rounded off. The external surfaces shall be painted with
coloured epoxy paint. The colour will be agreed during the TDR.

Paiting and protective finishing shall ensure item protection against environmental conditions, the effect of
process fluids, normal wear and the handling during installation, erection, and commissioning.
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6.7 Environmental conditions

The Contractor shall specify the range of ambient temperature and relative humidity that ensure normal
operations of the contract goods. Such ranges shall be compatible with the following ambient conditions:

e temperature range between 10 °C and 40 °C;
e relative humidity < 95%.

For specific needs, the Contractor can ask to modify the above mentioned ambient conditions, justifying its
request. Enea will assess the change request and decide whether to accept it or not.

Equipment that is liable to suffer from internal condensation shall be fitted with proper devices to prevent
condensation in the worst ambient conditions. The operation of these devices shall be monitored and an
alarm shall be generated in the form of an output electrical signal in the case of fault. Local visible
indication of fault shall be provided too.

Ventilation systems, if any, shall be equipped with dust filters. The Contractor shall take any possible
precautions to avoid dust accumulation upon dust-sensitive components. In particular, openings and
possible fans shall be located taking into account the position of such components.

All components will be installed indoor in an unclassified area as to ionizing radiations and ATEX.
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7 Detail Specifications
7.1 Straight lines

Type of flange connectors: one-piece;
Interface type: female;

Precision of line length: £0.5 mm;
VSWR £1.03;

Insertion loss < 0.006 dB/m.

The straight line with length=0.2 m is meant as a male-to-male adapter. Shorter lengths than 0.2 m or
specifically-designed adapters are acceptable too, provided that they allow for an easy connection of two
male RF interfaces.

7.2 Unflanged straight lines with separate mating interfaces

Unflanged straight lines are required to make sections of transmission line with custom length to fit specific
needs dictated by the currently unkown HPTB layout.

Unflanged straight lines consist in outer and inner conductors with length of 1 m 0.5 mm for subsequent
cutting, flanging, and assembling by Enea.

To this aim, the supply shall also include flanges for welding, coupling elements with accessories for their
connection, e.g., O-rings and sets of nuts, screws and washers for tightening, as per the quantity given in
section 4.1.

Type of flange connectors: one-piece.

7.3 90°elbows

Type of flange connectors: swivel type.
Interface type: male/male;

VSWR £1.03;

Insertion loss < 0.03 dB.

7.4 Bi-directional couplers
Main line (high power) interface:

- Type of flange connectors: one-piece;
- Interface type: female.

Secondary line (probe) interface: two, type N, 50 Q, female connectors (IEC 61169-16), terminated with
precision 50 Q/20 W load.

Forward power coupling at 75 MHz: 64 +0.2 dB;
Reflected power coupling at 75 MHz: 58 dB +0.2 dB;

Bi-directional couplers with adjustable forward and reflected coupling, respectively in the range (63-80) dB
and (55-76) dB at f=75 MHz, will be preferred;

Directivity 2 30 dB;
VSWR at the ports of the main line, with the others matched, < 1.03;
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VSWR at the ports of the secondary line < 1.05;
Insertion loss of the main line < 0.05 dB;

The HPTB requirements of section 6.5 do not apply to the secondary line of bi-directional couplers.

7.5 Adapters to type N
Interfaces:

- N,50Q, female, (IEC 61169-16),
- 339 1EC 50-233-2 or equivalent (one-piece), female;

VSWR < 1.04;
Insertion loss < 0.05 dB;

The HPTB requirements of section 6.5 do not apply to this component.

7.6 Cable testing sections

A cable testing section is meant here as a component that provides a direct access to the coaxial
transmission line for measurement purposes. It allows for the replacement of a short line section with a
measurement insert, equipped with two adapters for the simultaneous measurement of both branches of
the main line.

Main line (through-line) interface:

- Type of flange connectors: swivel type;
- Interface type: male.

Measurement insert interface: two, type N, 50 Q, female connectors (IEC 61169-16). The use of a different
interface is acceptable, but adapters from this interface to type N shall be also provided.

VSWR of through-line ports < 1.03;

VSWR of measurement ports < 1.04;

Insertion loss of the through-line < 0.06 dB;

Insertion loss between measurement port and main line < 0.06 dB;

Average power rating of the measurement insert > 1 kW with a pressurization of 0 bar.

The cable testing section should be preferably equipped with a means to prevent the RF power
transmission before the removal of the measurement insert. Such means can be for example in the form of
an electrical contact that is open (closed) when the measurement insert is present (absent).

The HPTB requirements of section 6.5 and the pressurization requirements of section 6.1.2 do not apply to
the measurement insert.

7.7 Flexible line section

Type of flange connectors: one-piece;
Interface type: male;

Maximum length: 1 m;

Maximum axial movement: +5 mm;

Maximum lateral movement: 4 mm;
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VSWR < 1.06;

Insertion loss < 0.05 dB;

Protection against excessive deformation.

7.8 Gas barriers and gas inlets

A gas barrier is meant here as a component able to separate a straight coaxial line in two independent
environments as regards filling gas and pressurization, while being continuous and almost transparent to RF
waves. It generally consists in a line section equipped with a dielectric barrier, e.g. in the form of a ceramic
disk perpendicular to the line axis. A gas inlet is meant as a straight line section with an interface allowing
for the pressurization of the coaxial cable. The mechanical interface, i.e. the gas injection nozzle, will be
agreed between Enea and the Contractor during the preparation of the TDR.

For the scope of the present contract, gas barriers shall be equipped with two gas inlets, respectively
placed upstream and downstream the ceramic layer.

RF interface:

- Type of flange connectors: one-piece;
- Interface type: female;

VSWR < 1.1;

Insertion loss < 0.05 dB;

Maximum pressure difference between input/output coaxial lines: > 3 bar;

Each gas barrier and each gas inlet (supplied as separated item) shall be provided with

e 1x manually-operated pressure regulator;

e 1x pressure safety valve;

e 1x pressure gauge transmitter (2-wire type, minumum scale: 0-6 bar, accuracy < 0.1%, output: 4 to
20 mA, indoor use) with local pressure indicator.

Instruments shall be compatible with the mechanical interface of the gas inlet and comply with TEC-SPT-
44016 [3]. Should any conflict arise between the TEC-SPT-44016 [3] and the other documentation, the
latter prevails.

7.9 Phase shifter with electrical motor
Type of flange connectors: swivel type;

Interface type: female;

VSWR <1.1;

Insertion loss < 0.06 dB;

Electrical length variation: 2.6 m;

Minimum variation step: 1 mm;

Precision <1 mm;

Travelling speed: 3 m/45 s;

Maximum value of the longest dimension <4 m;
Suitable for installation with the longest dimension parallel as well as perpendicular to the room floor;

Operation: motorized tuning via electrical drive;
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Motor electrical interface: 400/230 V AC £10%, 50 Hz +5%;

The phase shifter shall be equipped with a graduated scale and a mechanical pointer indicating the current
position of the travelling part with respect to some reference position to be agreed.

The definitive drawings must show the strokes of the moving parts with the minimum and maximum
dimensions and the characteristics of the motor.

7.10 Variable stub with electrical motor

Type of flange connectors: swivel type;

Interface type: female;

Stub termination: short circuit;

Electrical length variation: 2.6 m;

Minimum variation step: 1 mm;

Precision <1 mm;

Travelling speed: 3 m/45 s;

Maximum value of the longest dimension < 7.6 m;
Suitable for installation with the longest dimension parallel as well as perpendicular to the room floor;
Operation: motorized tuning via electrical drive;

Motor electrical interface: 400/230 V AC £10%, 50 Hz +5%;

The variable stub shall be equipped with a graduated scale and a mechanical pointer indicating the current
position of the travelling part with respect to some reference position to be agreed.

The definitive drawings must show the strokes of the moving parts with the minimum and maximum
dimensions and the characteristics of the motor.

7.11 Control unit of phase shifter and variable stub

The supply shall include a Local Control Unit (LCU) to drive the motors of at least six tunable components
such as phase shifters and variable stubs. The LCU shall be mountable on a standard 19” rack.

The Contractor shall provide cables and/or optical fibers between LCU and RF components. The maximum
distance between the LCU and controlled components will be 25-30 meters. Enea will communicate the
exact distance to the Contractor during the preparation of the TDR. Cables and optical fibres shall comply
with the provisions of TEC-SPT-44015 [2].

The LCU shall have redundant power supplies.
Electrical interface: 230 V AC £10%, 50 Hz +5%.

The LCU shall have an interface allowing for its remote control by the DTT control system (see the
guidelines in section 8); its details will be agreed between Enea and the Contractor during the preparation
of the TDR.

7.12 Dummy loads

A dummy load is meant here as a one-port RF component that employs a solution of deionized water and
sodium carbonate (hereinafter referred to as soda-water solution) to achieve an almost perfect absorption
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of the incoming RF wave. The mechanical interface, i.e. the inlet/outlet flanges for the soda-water solution,
will be agreed between Enea and the Contractor during the preparation of the TDR.

RF interface:

- Type of flange connectors: swivel type;
- Interface type: female;

VSWR <1.1;
RF power ratings from 50 to 100 MHz:

e for the dummy load of batch #1:

o atleast 2.5 MW with duty cycle of 50 s every hour and

o atleast 250 kW with duty cycle of one hour every two hours;
e forthe dummy load of batch #2:

o atleast 250 kW with duty cycle of 50 s every hour and

o atleast 25 kW with duty cycle of one hour every two hours.

7.13 Soda unit

A Soda Unit is meant here as the primary cooling system of the dummy loads for the first ICH cluster of DTT.
It is connected with the secondary water cooling system of DTT and consists in a reservoir for the soda-
water solution (see section 7.12), capable of absorbing the RF power transmitted to the loads, and all
equipment, such as pumps, resistor, heat exchangers, electrical panel, etc., required to distribute and cool
the soda-water solution.

In its final configuration, the first ICH cluster of DTT will require the following dummy loads:

(@) 1x dummy load of 2.5 MW, distance from soda unit < 30 m.

(b) A set of 4 dummy loads, which can consist either in
o 2x dummy load of 1.0 MW, distance from soda unit < 65 m.
o 2x dummy load of 0.25 MW, distance from soda unit < 40 m.

orin
o 1xdummy load of 1.0 MW, distance from soda unit < 65 m.

o 2x dummy load of 0.625 MW, distance from soda unit £ 65 m.
o 1xdummy load of 0.25 MW, distance from soda unit <40 m.

The choice between the two sets of 4 dummy loads will be taken during next years. The chosen set will be
progressively deployed and, during different stages of deployment, some dummy loads may be relocated.
The soda unit shall include all equipment to operate the two dummy loads that are within the scope of the
present supply. This equipment shall include the amount of sodium carbonate required to prepare the
soda-water solution for the first startup as well as the piping between the soda units and such dummy
loads.

At the same time the soda unit shall be upgradable to work with either of the abovementioned sets of
dummy loads (i.e., point (b) of the previous list). For instance the reservoir shall be sized and provided with
suitable connectors to cover all configuration cases and the frame shall be conceived for the future
installation and connection of other pumps to set up the hydraulic circuits for the chosen set of dummy
loads. The electrical panel shall be also adaptable to the different configurations.

With reference to the previous list, the dummy load (a) and the dummy loads (b) will not absorb their rated
power simoultaneously. In brief, the power dissipation capability of the soda unit shall be > 2.5 MW for RF
pulses of 50 s every hour and = 250 kW for RF pulses of one hour every two hours.
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The soda unit shall be installed on a steel frame. It can be delivered pre-assembled or in few parts
accompanied with detailed assembly instructions. The access door to the room where the soda unit will be
located has a width of 2.5 m and a height of 2.8 m. The available space in the room does not allow the Soda
Unit to exceed door size and be longer than 6.5 m.

The Contractor shall design the piping system between the soda unit and the two dummy loads of this
supply. The Contractor shall provide all items of such piping system with instruction for their installation
that will be up to Enea. During the preparation of the TDR, Enea will provide information about the building
and about the location of the soda units and the two dummy loads. In any case, the maximum distance
between the soda unit and the two dummy loads will be shorter than 30 m.

The piping materials shall be compatible with the process fluid in terms of chemical corrosion and rating. As
a minimum, instrument wetted parts shall be AISI 316 as long as the process fluid does not require more
suitable materials. For the connections to the process (primary connections either hydraulic or pneumatic),
AISI 316L stainless steel tubing and instrument manifold, AISI 316 stainless steel compression fittings
(double ferrule type), isolation valves and accessories (such as separation cylinders and siphons) shall be
used as minimum and in any case suitable for the process conditions. Tubing and fitting materials shall be
suitable with the fluid characteristics, made of compatible material, to avoid galvanic corrosion and
selected for the worst process conditions.

Instrument included in the soda unit shall comply with sections 3 of TEC-SPT-44016 [3]. Should any conflict
arise between the TEC-SPT-44016 [3] and the other documentation, the latter prevails.

The soda unit shall be equipped with a control panel reporting a visual indication of the unit status, e.g., by
means of colored LED lights, and allowing for local operation of the unit and the change of the segregation
state (local/remote). Further details regarding such aspects are given in section 8.

The soda unit shall have the following

- Electrical interface:
o 400V AC £10%, 50 Hz £5%.
- Cooling interfaces:

o 2x connection (inlet + outlet) with the secondary cooling water system of DTT. The latter
will provide softened water with hardness in the range 7 — 15 °f, temperature of 15 °C and
pressure of 5 barg. For specific needs, the Contractor can ask to modify such features,
justifying its request. Enea will assess the change request and decide whether to accept it
or not. Interface details such as flange type, pipe diameter, flow rate and other process
data, will be agreed between Enea and the Contractor during the preparation of the TDR.
Flanges should be preferably based on EN/ISO standards.

o Connections with the pipes that bring the soda-water solution to the dummy loads. This
interface depends on the primary cooling circuit proposed by the Contractor for the
abovementioned configurations of dummy loads for the first ICH cluster of DTT. Connection
details will be agreed between Enea and the Contractor during the preparation of the TDR.

- Control interfaces:

o 1x emergency push button, clearly visible and easily accessible, that Enea will connect to
the DTT emergency loop.

o 1xlocal/remote key switch.

o A set of signals, alarms and/or interlocks to be agreed between Enea and the Contractor
during the preparation of the TDR along with their logics, characteristics, and protocols.
This set should include:

= An output signal proportional to the soda-water solution temperature. Enea will use
this signal to set up a feedback control of the water flow entering the soda unit from
the secondary cooling water circuit.
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= Aninput signal with two logical values, which enables the activation of the soda unit.
It notifies that the external machine protection system is alive and no external
interlocks are present.
= An output signal with two logical values, which notifies the presence of an internal
fault or alarm, e.g. when the temperature of the soda-water solution, its flow or its
level in the reservoir are out of the allowable ranges.
- Interface with the building:

o The design shall be optimized to ensure equipment recovery after faults and/or
malfunctioning due to seismic actions in line with the nominal seismic hazard of the
geographic zone of installation (type 2B, peak ground acceleration of [0.15-0.20] g, 10%
probability of exceedance in 50 years according to the DGR no. 387/2009) without damage.
The seismic resistance refers to the soda unit integrity, i.e., operating continuity during a
seismic action is not required. If chemical or mechanical anchorages are required to secure
the equipment, the Contractor shall provide them.

7.14 Voltage probe
Main line (through-line) interface:

- Type of flange connectors: swivel type;
- Interface type: female;

Probe interface: one, type N, 50 Q, female connector (IEC 61169-16);
VSWR of through-line ports < 1.04;

Insertion loss < 0.05 dB;

Voltage ratio: 1 : 5000.

The HPTB requirements of section 6.5 do not apply to the probe line.

7.15 Short-circuit flange

The short-circuit flange terminates the radiofrequency port with a short circuit. It will be used to carry out
the high voltage test of the RF components installed on the HPTB.

Type of flange connector: one-piece;
Interface type: male;

Maximum current: 1 kA.

7.16 3 dB hybrid coupler

Type of flange connectors: swivel type;

Interface type: female;

Coupling: (3.01 £0.35) dB;

Phase shift between the coupled and through ports: 90° +3°;
Insertion loss (without coupling loss) < 0.06 dB;

Isolation between coupled and through ports > 27 dB;

VSWR < 1.1 at the input of each port when other ports are matched;

Maximum power rating on one input/output (divider/combiner): 2.5 MW.
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7.17 Two-way switch

A two-way switch is meant here as a kind of motorized double-pole double-through (DPDT) RF switch with
4 ports. Different ports can be internally paired through the electrical motor.

Type of flange connectors: swivel type;

Interface type: male;

VSWR < 1.06 at the input of each port with other ports matched;
Insertion loss < 0.06 dB;

Switching time < 30 s;

Operation: motorized via electrical drive;

Motor electrical interface: 230 V AC £10%, 50 Hz +5%;

The switch shall be remotely controlled by the DTT control system; the control interface will be agreed
between Enea and the Contractor during the preparation of the TDR.

8 Guidelines for control interfaces

This section provides some information about the interfaces of the DTT Control and Data Acquisition
System (CODAS), addressing slow control, fast data acquisition and control, timing and machine protection.
It is not intended to represent a full interface specification, but to provide guidelines the Contractor can
comply with, i.e., the use of different interfaces from those described hereinafter is acceptable too. If
relevant to the execution of the contract, Enea will provide details regarding the implementation of next
interfaces as well as the naming convention of signals and variables during the preparation of the TDR.

Slow interfaces involve the communication between the DTT CODAS and the local control units with a
refresh rate up to 100 Hz (also possibly not synchronous), such as communication with local PLCs. Such
communication will be performed via Ethernet by means of a set of OPC-UA Process Variables (PVs).

Slow interfaces will include the change of segregation states. At least two segregation states will be
implemented in the DTT CODAS and most of its units: local and remote. A third condition where no
interface is fully active will be also foreseen. From this condition the full control of the unit can be
requested from either local or remote interface. When the control is taken from an interface, the
segregation state cannot be changed until that interface releases the control. Specifically:

e Released: the unit is not controlled by anybody but it accepts requests to change its segregation
state to either local or remote. Commands sent from the DTT CODAS can only enable the remote
mode. Commands sent from the local HMI can only enable the local mode.

e Local: the unit is controlled by commands issued by the local HMI. Should more local panels or local
screens be available to issue commands, the arbitration between them will be handled by the
Contractor software logic. Remote commands from the DTT CODAS are ignored, but the remote
monitoring of the unit status and parameters is allowed.

e Remote: the unit is controlled by commands issued by the DTT CODAS. Commands from the local
HMls are ignored.

When the local control unit is powered on (e.g. during its bootstrap), it will enter the local segregation state
or the released condition. In no case the local control unit will enter directly the remote segregation state
when powered up. At the restart or in case of a communication loss with the DTT CODAS, the local control
unit will set the configuration data of the local mode and update the information on the DTT CODAS.
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For the units of the present supply, the Contractor can alternatively opt for a hardware configuration of the
local/remote segregation state, based on a clearly visible key switch on the front panel of the unit.

All HMIs shall be in English. If graphic pages are conceived to control a unit, they shall be agreed between
Enea and the Contractor during the preparation of the TDR as regards the specifications for standard
functions (start, stop, reset, etc.), visualization (colour convention, browsing, graphic layout, alarms, etc.),
diagnostic messages, user privilege policies, etc.

Fast interfaces involve the communication between the DTT CODAS and the local control units with a
refresh rate above 100 Hz. Such communication will not be carried out via OPC-UA PVs, but, depending on
the signal features, possible methods will be:

e UDP Ethernet communication, for output signals requiring a sampling speed up to 5 kHz. Specific
data format and header will be agreed.

e TCP/IP Ethernet communication, for bulk data acquisition with high sampling speed and/or a large
number of channels.

e Digital and analog links can be agreed, preferably with galvanic insulation and a range of £10 V in
the case of analog signals.

As far as time synchronization is concerned, for the slow interfaces the Network Time Protocol (NTP)
normally active on PLCs is enough. More precise time synchronization is required for signals with higher
bandwidth. DTT will adopt the IEEE1588 (Precision Time Protocol or PTP) synchronization among different
units. Otherwise DTT CODAS will provide external synchronization signals such as clock and triggers. The
preferred communication for clock and triggers is fibre optics.

The interface with the Machine Protection System (MPS) of DTT will be used to handle fast recovery
actions. A unit is supposed to handle all internal faults without involvement of MPS by detecting internal
fault and alarm conditions and activating the necessary protective actions. MPS will be involved to handle
fault conditions that affect other DTT units. MPS is also responsible for enabling units during startup.

A solution for the functions of the equipment protection could consist in transmitting frequency-coded
binary signals with fail-safe logic over optical fibres. In general, solutions that are as simple as possible and
easy to be integrated, e.g., through dry contacts with fail-safe logic, will be preferred.

The most important protections will have a back-up detection system, e.g. a secondary protection chain
relying on different transducers, acting if the primary protection is not triggered. A safety integrity level SIL
3 is necessary for functions relating to personnel safety . The protections (interlocks) will be of latched type,
i.e., a reset command shall be given to the unit after an interlock event to bring it back to its normal states.
As to alarms, no reset is required: the alarms will disappear after being acknowledged (“Ack” command) via
local HMI or remotely, if the alarm cause is no longer present.

9 Further provisions
9.1 Component identification

Except for interchangeable assembling hardware such as O-rings, nuts, screws, washers, etc. that do not
need to be tagged, each component shall be identified with a suitable tag consistent with the technical
documents. The components with considerable size shall be also identified by means of external metallic or
plastic plates. For some components such as flanged and unflanged straight lines and elbows, the tag can
consist in name, manufacturer's symbol, and identification code given to that component by the
manufacturer. For other components such as variable stub and phase shifter tag numbering and labelling
shall comply with the procedure QMS-PR0O-20000 [4] and be submitted to Enea for approval. Enea will
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provide the Contractor with clear directions regarding the component identification during the preparation
of the TDR.

Component identification does not relieve the Contractor from the implementation of marking
prescriptions coming from international standards. Directional couplers shall be also provided with a label
indicating the values of the coupling, of the directivity and the direction of the incident power.

9.2 Delivery site

The Contractor shall deliver the RF components at the DTT site. Should the site be unavailable for
unpredictable reasons, Enea will communicate an alternative location for delivery to the Contractor and
will bear additional expenses relating to the new site.

9.3 Storage, packing and transportation

The Contractor shall ensure that all components to be dispatched to the DTT site are properly stored until
their delivery to destination so as to avoid possible damage, deterioration or contact with contaminant
agents. Upon Enea request, the Contractor shall provide "free warehousing" for two months. In the case of
longer warehouse storages, Enea will pay to the Contractor a daily allowance for the period exceeding two
months. The cost and duration of the warehouse storage will be agreed between Enea and the Contractor
during the execution of the contract only if necessary.

The Contractor shall organize and deal with the transportation of the contract goods to the DTT site. The
Contractor shall comply with the applicable provisions of the procedure PRC-PRO-07000 [5]. Should any
conflict arise between the PRC-PR0O-07000 [5] and the provision of the present section, the latter prevails.

The packing shall provide adequate mechanical and environmental resistance for the adopted transport
means together with component protection from dust and transport environment. It shall ensure that the
characteristics of the components are not altered during transport. The packing shall be made and
managed in order to avoid and prevent component contact with any contaminant agent. Clamp screws,
coupling elements and O-rings must be supplied inside protective envelopes in plastic material. Each
component shall be supplied with protective covers in plastic material applied to each termination. In
addition, the use of wooden packing for the heavier components is suggested.

The packing shall provide adequate attachments for loading and unloading by crane or equivalent
lifting/moving tools and for its stable fixation on trucks and ships. Packing material shall be in agreement
with UE rules and with international sanitary rules. For instance, if wooden packing is used, phytosanitary
certificates shall be provided where prescribed by regulations.

The packing shall ensure a clear identification outside it as well as traceability of transported components.
The indication of the content must be shown on the outside of the packaging. In any case the Contractor
shall take any possible precaution to avoid damages and consequent delays in the supply. For example, the
Contractor shall include stress sensor/shock recorder or other provision in each package to allow for an
effective and easy monitoring that the package itself and anything included is substantially sound. The
Contractor shall bear all costs relating to packing, shipment, possible custom clearance, insurance,
necessary documentation and procedures as well as possible damages during packing, transportation and
delivery. The shipment shall be DDP (Incoterms). Enea assumes the absence of oversize loads in road
transport; the Contractor shall inform Enea in the case of oversize loads.

The Contractor shall allow Enea to inspect components packing to check that packages to be dispatched are
adequate and intact. The Contractor will be allowed to perform similar inspections once the packages are
delivered to the DTT site. An official note documenting the list of checked packages and possible issues
shall be prepared after each inspection. Heavy goods shall be fitted with structures, supports, and devices
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that facilitate their handling. For example, rods or feet may be needed to move some equipment with
elevation platforms or pallet trucks. Enea will provide no tools for unloading operations.

9.4 Supervision and consulting

When requested and not necessarily continuously, the Contractor shall provide on-site supervision
regarding assembly, installation, and site acceptance tests for up to 20 person-days (meant as working
days), starting from the delivery date of the batch #1 up to the end of the contract.

During the whole execution of the contract, upon Enea request, the Contractor shall provide technical
consulting in particular with respect to:

e Advices concerning component assembly, installation, layout definition of the HPTB.
e Advices about cutting, welding, flanging, and assembling of unflanged straight lines.
e Support to interface the component control unit with the DTT CODAS.

e Testing and conditioning of RF components at the DTT site.

The competences requested for the technical consulting include at least: radiofrequency, cooling,
mechanics, instrumentation and control systems.

9.5 Warranty and equipment lifetime

A 2-year warranty shall cover all components against defects in design and construction from the approval
of the Acceptance Data Package. The warranty is limited to the direct costs of repair and component
renovation. Any other warranty is excluded.

Except for wear-and-tear items, all components shall have a design life of at least 25 years.

9.6 Electric and electronic equipment
Electric and electronic equipment shall be certified in accordance with applicable directives:

- Directive 2011/65/EU (restriction of the use of certain hazardous substances in electrical and
electronic equipment).

- Directive 2014/35/EU (low voltage).

- Directive 2014/30/EU (electromagnetic compatibility).

The equipment shall comply with the requirements provided for in the relevant regulations CEl / CENELEC
and in the technical standards ISO/IEC (ISO International Organization for Standardization, IEC International
Electrotechnical Commission) and IEEE (Institute of Electrical and Electronics Engineering).

The equipment shall also follow the direction of section 2 of TEC-SPT-44016 [3]. Should any conflict arise
between the TEC-SPT-44016 [3] and the other documentation, the latter prevails. The details of the
electrical connections, like wire scheme, earthing system and type of terminals, will be agreed between
Enea and the Contractor during the preparation of the TDR.

9.7 CE marking

The Contractor shall determine EC/EU directives and/or regulations requiring CE marking that apply to
components/equipment/assemblies in the scope of the contract.

For the components/equipment/assemblies in the scope of the contract, the Contractor/subcontractors
shall perform conformity assessment, affix the CE marking and issue EC/EU declaration of conformity
where EC/ EU directives and/or regulations that require CE marking apply. The Contractor shall ensure that
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purchased components/equipment/assemblies comply with EC/EU directives and/or regulations that
require CE marking where applicable. This includes verifying CE marking, EC/EU declarations of conformity
and operating and maintenance instructions.

The Contractor shall deliver components/equipment/assemblies certified and CE marked at the highest
possible integration level, i.e. at the level of independent functional units (assemblies).
Equipment/assemblies composed of CE marked components also require conformity assessment and CE
marking on equipment/assembly level. Enea does not perform certification/CE marking or integration
under national legislation for the components/equipment/assemblies of the present supply, unless
otherwise specified in the contract.

The Contractor shall provide the following documents to Enea for review and acceptance:

e A Compliance Report with results of the Contractor assessment regarding applicability of EC/EU
directives and/or regulations to the scope of the contract and a CE marking strategy for the
complete scope of the contract at the level of independent functional units (assemblies). The
Compliance Report shall be included in the TDR. Enea approval of the Compliance Report does not
relieve the Contractor from its responsibility regarding the applicability of CE marking.

e EC/EU declarations of conformity and, if applicable, documents issued by Notified Bodies in the
course of conformity assessment. These documents shall be included in the ADP.

9.8 Safety requirements

The Contractor is responsible for the implementation of all precautions relating to personnel safety. All
components shall be designed, realized and tested in accordance with the safety standards IEC, any other
applicable regulation and the good engineering practice. The design and realization of pressure equipment
and assemblies shall comply with the directive 2014/68/EU and the corresponding legislative decree no.
26/2016.

Personnel safety shall rely on fail-safe hardware components (mechanical interlocks, grounding switches,
shielding, etc.). Key interlocking shall be implemented where useful to prevent improper actions.

9.9 Equipment noise and vibrations

The equipment shall operate without unnecessary vibrations and with the minimum level of audible noise,
trying to reduce any hazard and/or inconvenience for the staff. Noise and vibrations shall be measured
keeping cabinet doors closed.

The noise level at a distance of 1 m from each equipment shall not exceed the following limits:

- 80dB(A) during normal operational states,
- 105 dB(A) during emergency states.

For vibrations, the values, normalised for 8-hour exposure, are as follows:

o Arm-hand vibration:
o Action value: 2.5 m/s2.
o Exposure limit: 5 m/s2.
. Whole-body vibration
o Action value: 0.5 m/s2.
o Exposure limit: 1.15 m/s2.
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10 Testing and approval
10.1 General conditions

In the response to the call for tender, the Bidder shall include a preliminary Test Plan describing all tests to
be performed on the contract goods. Such plan shall include at least all tests listed in the following, abiding
by all directions given hereinafter and all prescriptions of applicable standards.

The tests and procedures of the preliminary Test Plan will not be exclusive for the selected Contractor:
Enea and the Contractor can agree additional tests during the preparation of the TDR. The final list of tests
will be reported in the Final Test Plan to be approved at the end of the preparation of the TDR.

Three types of test are considered in the present supply:

1. Intermedial tests: the Contractor shall perform all further tests necessary for the development of
RF components to ensure their compliance with the specifications.

2. Factory acceptance test (FAT): official tests at the Contractor/subcontractor premises.

3. Site acceptance test (SAT): official tests at the installation site.

The Contractor shall allow Enea to attend the three types of test. To this aim the Contractor shall inform
Enea of the place and time of the tests in accordance with the MS. For each performed test, regardless of
Enea attendance, the Contractor shall submit a Test Report to Enea for approval in accordance with the MS.

The tests can be performed on single RF components and assemblies. Testing conditions shall be as close as
possible to the operational ones, but taking into account possible worsening in some parameters (for
instance limit ambient temperature, maximum temperature of cooling water, noisy environment, etc.). All
measurements shall be performed after the warm up time of the equipment and of the device under test.

Testing procedures shall specify which component shall undergo:

- Type test, to be performed on a typical component, proving that it effectively represents other
items of the same kind. Should any doubt on its representativeness arises, each item shall be
tested.

- Routine test, to be performed on every components.

The Contractor can ask Enea to be exempted from some tests if it can provide detailed documentation
proving that equivalent or more stringent tests have been performed on an identical component. The
exemption needs Enea approval.

The Contractor is responsible for all material, instrumentation, tools, auxiliary services, personnel and
safety actions required for testing activities. In particular, the Contractor shall demonstrate that all adopted
instrumentation is calibrated in accordance with its procedures and applicable regulations (see also section
11.4).

10.2 Preliminary checks

For both FAT and SAT, a general visual inspection of all RF components shall be carried out, aimed at
checking aspects such as dimensions, connectors, earthing connections (where applicable), etc.

10.3 Minimal set of Factory Acceptance Test (FAT)

The RF components shall undergo a detailed testing at the Contractor/subcontractors premises. They shall
be characterized under main aspects like electrical, mechanical and RF, checking the compliance with
design specification and tolerances. The tests should be preferably carried out in the most critical
conditions in terms of ambient temperature, input power, mismatching, etc. If the emulation of such
conditions is unfeasible, a verification through calculations shall be provided.
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Where applicable and feasible, the following tests, either type or routine depending on what agreed in the
Test Plan, are required on components:

- Insulation tests between inner and outer conductors.

- RFsignal tests, i.e., measurements of S-parameters through low-level RF signals.
- Check of full stroke, step, precision, and travelling speed of moving parts.

- Verification of safety measures (emergency button, key interlocking, etc.).

- Emulation of all faults and their protection (interlocks).

- Management of internal and external alarms.

- Switch between segregation states.

Depending on the measurement, RF signal tests can be done either on single components or on a cascade
of components. If communication interfaces with the DTT CODAS are implemented and Enea can provide
an emulator of the DTT CODAS, such interfaces will be tested too.

The following tests are required on a section of line with a length of at least 10 meters containing the most
significant components:

- Pressure thightness: test for one hour at the maximum pressurization.
- RFsignal tests, i.e., measurements of S-parameters through low-level RF signals.

10.4 Minimal set of Site Acceptance Test (SAT)

Enea will repeat most factory tests at the DTT site. Signal tests will be carried out randomly on a few
components. Where applicable, the communication with the DTT CODAS will be tested.

Then the components will be installed, setting up the high-power test bed, and operated at high power.
The RF operations will be carried out in the conditions referred to in the HPTB requirements of section 6.5,
or in the closest possible conditions allowed by RF power availability of the DTT site. During such
operations, Enea will test:

e component compliance with the HPTB requirements of section 6.5;

e component heating via direct and indirect temperature measurements in the most critical parts;
o reliability;

e RF shielding and radiated field.

11 Technical documents
The contents of the main technical deliverables are given in the following.

11.1 Technical Proposal
The Technical Proposal, subjected to evaluation for the selection of the Contractor, shall specify:

e Technical characteristics of each RF component, including approximate weight and dimensions,
materials, geometry of coupling elements and the following component-specific features:

o bi-directional couplers:
= forward and the reflected coupling variation in the (60-90) MHz frequency range;

o phase shifter and variable stub:
=  maximum travelling speed,
= electrical characteristics;

o local control unit:
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= electrical characteristics;
o dummy loads:
= type of connections,
= process data for the soda-water solution;
o soda unit:
= capacity (volume) of the tank,
= duty cycle as a function of the RF power and of the pulse duration,
= operational range of the soda-water solution in terms of concentration and
temperature.
= preliminary hydraulic diagram for the dummy loads of the present supply with their
process data,
= electrical scheme and characteristics,
= description of the upgrade capabilities of the soda unit with reference to the
configurations of dummy loads described in section 7.13,
o wideband 3 dB hybrid coupler:
= definition of the output/input ports and phasing between them when the RF
component is used as divider and combiner;
Maximum temperature on the inner and outer conductor of a straight line in the conditions given
in section 6.5;
Thermal expansion per meter for the inner and outer conductor of a straight line in the conditions
given in section 6.5;
Description of all interfaces, including air cooling requirements, if any;
Description of Local/Remote operations.

11.2 Technical Design Report

The Technical Design Report (TDR), detailing the components to be realized, shall include at least:

CAD models of the external shape of each component.
Detailed drawings and schemes of each components with dimensions and weight.
Electrical characteristics (where applicable) such as inrush current, power absorption, power factor,
and total harmonic distortion.
Features, performances, tolerances, and operational limits of each component.
User manuals, including for example the load to be applied to the tightening bolts, and all
information required to remotely interface with components (when such feature is foreseen) and
to safely operate them, including
o minimum time interval between two RF pulses for a set of RF operating conditions (input
RF power, VSWR, phase of the reflection coefficient, frequency and pulse duration) to be
agreed during the preparation of the TDR;
o acceptable thermal expansion.
Detailed design description of the local control units and electrical drives, with diagrams showing
the main functional blocks and signal flows, the list of exchanged signals with their properties, a
table of fault conditions, which lists fault events, their detection, corresponding protections, and
alarms. Faults involving fire or explosion hazards shall be clearly identified and described.
Description of the acceptance tests and of the procedure to carry out all tests.
Packing instructions and/or special care to be taken for component transportation.
Compliance Report as per section 9.7.
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11.3 Test Plan
The Test Plan shall include:

e List of tests to be performed whether in factory or somewhere else.

e Detailed description of the procedures to follow.

e Acceptance criteria.

e Required instrumentation and its minimum technical requirements.

e Possible applicable standards.

e Time schedule of each test; this schedule can be better defined later on.
e Testing place, which can be better defined later on.

The list of tests shall include at least those given in section 10.

11.4 Test Report

Each Test Report shall include all useful information to attest the test outcome, e.g. applied procedures,
performed measurements, possible post-processing, relevant photos, and calibration certificates. In
particular, each Test Report shall clearly describe all useful data to assess the compliance of the component
under test with the TS, the acceptance criteria given in the Test Plan, and other requirements.

The Test Reports shall clearly specify adopted instrumentation and its calibration status. All relevant
information concerning the proper use of instrumentation shall be easily available from the Test Reports or
the references cited therein. Such information can include for example calibration certificates or reports,
warranty period, metrological proof, operational range, accuracy, and format of output data.

11.5 User Manual
The Contractor shall draw up a User Manual that contains, where applicable for the given item,

e Instructions for handling, installation and connection of the components, including indications of
the center of gravity of heavy components and recommendations for their lifting.

e Any instruction to follow or special care to take for their disassembling, packing and transportation.

e Any useful instruction for startup and commissioning.

e Any necessary information to arrange the reception, storing, and identification of contract goods.

e Operation procedures.

e Maintenance instructions.

e (Calibration and adjustment procedures.

e Guide to perform check and troubleshooting operations in case of faults or alarms. The guide shall
include comprehensive information for each electronic board, sufficient to understand its function
and to perform necessary measurements, a list of test points, and the expected value and/or
waveform at each test point in normal conditions.

e A Safety Manual that contains safety documentation. The Safety Manual shall also describes the
operational limits of the components, prohibited operations, and safe environmental conditions.

11.6 Acceptance Data Package
The Acceptance Data Package (ADP) shall include:

e All documents that have been issued during the contract execution with proper updates.
e Final Quality Plan.
e Test Plan, Test Report, and test certificates.
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e Collection of non-conformities and corresponding deviations or implemented modifications.

e Collection of Progress Report and minutes of progress meetings.

e List of recommended spare parts with useful information for their procurement.

e As-built drawings of the components.

e Electrical, electronic, and functional schematics of all subsystems.

e Wiring diagrams, including connections and interconnections.

e Interlock description.

e Description of the control system including the information for remote control.

e Source code of any software used in PLCs, microcontrollers, or other programmable devices,
complete with documentation, software tools and licenses to modify it.

e Printout (in electronic format) of graphical pages.

e Printout (in electronic format) of software configurations.

e List of critical components.

e List of all supplied material, including spare parts.

e Collection of the technical data sheets of all used materials.

e Certificates of standard components, where applicable.

e CE marking.

e Technical documentation relating to hazard identification, risk evaluation and risk mitigation of the
component/equipment/assembly.

e List of vendors of raw materials and standard components.

e Vendor qualification.

e All documents demonstrating the traceability of contract goods and their compliance with the TS.

e Summary of activities.

e Useful photos or movies (if any).
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