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1 Preamble

This Technical Specification is to be read in combination with the General Management
Specification for Service and Supply (GM3S) —Ref [1] that constitutes a full part of the technical
requirements.

In case of conflict, the content of the Technical Specification supersedes the content of Ref [1].

2 Purpose

The purpose of this Technical Specification document to define the scope, responsibilities and
requirements relevant to the implementation of the ITER Boronization system and XRCS gas
supply system.

The change of the ITER machine with a first wall armour from beryllium to tungsten triggered
the need for boronization which aims at coating the surfaces with boron species by injecting a
mixture of diborane gas with helium from numerous locations in the ITER Vacuum Vessel and
performing a thin film deposition via glow discharge.

The XRCS system on the ITER machine requires the supply of Xenon gas from a single location.
This Xenon gas supply system is much smaller in scope than the Boronization system.

This document contains the technical specification for the design and analyses of the systems,
and for the manufacturing and optional installation of the ex-vessel components.

3 Acronyms & Definitions

3.1 Acronyms

The following acronyms are the main one relevant to this document.

Abbreviation Description

BGVB Boronization Gas Valve Box

BoM Bill of Material

CDR Conceptual Design Review

CRO Contract Responsible Officer

DIR Design Integration Review

EP Embedded Plate

EWP Engineering Work Package

FDR Final Design Review

GM3S General Management Specification for Service and Supply
HP Hold Point

ICD Interface Control Document

IDM ITER Document Management system
10 ITER Organization
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IS Interface Sheet
MIP Manufacturing Inspection Plan
MRR Manufacturing Readiness Review
MTO Material Take Off
PDR Preliminary Design Review
PED Pressure Equipment Directive
PFP Passive Fire Protection
PIA Protection Important Activity
PIC Protection Important Component
PRO Procurement Responsible Officer
RH Remote Handling
SIC Safety Important Component
PIC Protection Important Component
XRCS X-Ray Core Spectroscopy

ITER Abbreviations 2MU6WS5)

3.2 Definitions

The following definitions are the main one relevant to this document.

Word Description

CBT tool The validation of the EP capacity is performed using the Calculation
Book Tool (CBT). The validation is performed by using CBT Excel
spreadsheets (see Calculation Book Tool Validation - Standard and
Special Embedded Plates Interaction Diagram Check -

ENG 04 QQ 0D0012 CW (4HMAAT) and attached files)

Common Support | A common support is a new metallic structure replacing several
existing single supports from

various PBS

Contractor shall mean an economic operator who have signed the Contract in
which this document is referenced

May not a requirement or constraint, included as a suggestion or
recommendation to the implementing contractor

Shall mandatory requirement or rigid constraint

Shared Support A metallic supporting structure with attachment of another PBS’s
components

Should optional requirement or flexible constraint
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Original suppart Shared support

@ PBS A
PBS 62 Commor

n Support

Image 1 Shared Support Common support definition

4 Applicable Documents & Codes and standards

4.1 Diagram

The SRDs and PIDs shall be consistent with the design and shall be implemented by 10 [5] [6].

Examples are referenced in this document.

4.2 Applicable Documents

This is the responsibility of the Contractor to identify and request for any documents that would
not have been transmitted by IO, including the below list of reference documents.

This Technical Specification takes precedence over the referenced documents. In case of
conflicting information, this is the responsibility of the Contractor to seek clarification from IO.

Upon notification of any revision of the applicable document transmitted officially to the
Contractor, the Contractor shall advise within 4 weeks of any impact on the execution of the

contract. Without any response after this period, no impact will be considered.

Ref Title IDM Doc ID Version
1 | General Management Specification for Service and | 82MXQK 1.4
Supply (GM3S)
2 | Boronization SRD AQPUCT 1.0
3 | Boronization Defined Requirements ADKKPM 1.1
4 | List of ICDs AM634V 1.0
5 | CDR level - PFD DJGN6T 1.0
6 | CDR level - P&ID 9BJL49 1.1
7 | Boronization SDD DEWYGP 1.0
8 | In vessel Load Specification CH78LX 1.2
9 | Ex vessel Load Specification CQ5VB8 1.0
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10 | 3D models references Supplied
separately by
10
11 | PCR-001624 - Baseline 2024 - Scenario B - Addition of | PCR-001624
the Boronization system (daughter of PCR-001600)
12 | HAZOP Level 1 SCHF47 1.0
13 | Mass balance and sizing calculation 9BKBS8Z 1.0
14 | IC/STAC-Overview Boronization system 9EGV4Y 1.1
15 | Technical Uncertainties Register 9BJPSV 1.1
16 | CDR Input data package AF9DSX 1.1
17 | Pilot piping stress analyses DUPTR4 1.0
18 | Design Review Procedure 2832CF 7.0
19 | ITER System Design Process (SDP) Working Instruction | 4CK4MT 4.1
20 | Template for SDR Input Data Package TWWT7AY 4.1
21 Diagram - Electrical (single line diagram) of ITER GIS 3CQZDC 1.9
22 | Description Document of ITER GIS I&C (including | 3CR48X 1.7
Functional  Analysis, Machine State, Cubicles,
Conventional, Interlock, and Safety)
23 | I&C Signal List of ITER GIS 373XJ4 2.1
24 | 1&C Data List of ITER GIS 3744FP 2.2
25 | EWP Toolbox EWP
Toolbox link
26 | CBT tool 4HMAAT 3.0
27 | ITER Vacuum Handbook 2EZ9UM 2.5
28 | Décretn®2015-799 du ler juillet 2015 relatif aux produits | USTKD4 1.0
et équipements a risques - EN (U5TKD4)
29 | EDH Part 1: Introduction (2F7HD2) 2F7HD?2 1.4
30 | Plant Control Design Handbook (27LH2V) 27LH2V 7.1
31 | Instructions for Structural Analyses 35BVV3 4.1
32 | Instructions for Seismic Analyses VT29D6 2.0
33 | Classifications of the Boronization system DPNHKQ 1.0
34 | Input — Preliminary supports list Supplied
separately by
10
35 | Input — Preliminary embedded plate list Supplied
separately by
10
36 | Input — Preliminary models Supplied
separately by
10
37 | Input — floor response spectra Supplied
separately by
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10

38 | Input — preliminary analyses — geometry, 3D models, | Supplied

BoM Template separately by

10

39 | Chemical composition and impurity requirements for | REYVS5V 3.0

materials
40 | Order dated 7 February 2012 relating to the general | TM2YKF 1.7

technical regulations applicable to INB.
41 | List of ITER-INB Protections Important Activities PSTTZL 2.2
42 | Working Instruction for Manufacturing Readiness | 44SZYP 5.1

Review (44SZYP)
43 | Procedure for management of Nonconformities 22F53X 82
44 | Procedure for the management of Deviation Request 21.ZJTHB 73
45 | Procedure for Labelling on Physical Items VYJ7U2 1.3
46 | Working Instruction for the Delivery Readiness Review | X3NEGB 3.1
47 | Release Note Template QVEKNQ 3.1
48 | Delivery Report Template WZPYVZ 3.1
49 | Package & Packing List Template XBZLNG 1.1
50 | ATEX risk assessment of PBS18.BG E4TEBX 1.1
51 | CAD Supplier Package 5HHVT9
52 | CAD Manual 29FV(C2
53 | Shared Supports Management Working Instruction XQK5SMR 4.1
54 | ITER RAMI Analysis Programme 28WBXD 4.6
55 | Check list for TDFC Manufacturing Drawing produced at | 7MXHTR 3.0

10
56 | CATIA BOM Macro enhancements XB8&F7G 5.1
57 | Independent Peer Review Checklist VOVFEN 1.0
58 | Technical Checker Checklist for Structural Analysis TK33SU 2.0
59 | Safety Analysis for Explosion from Diborane Cabinet APNQIJK 2.0
60 | Template for Construction Support Tagged Item Lis 2CSXHN 3.1
61 | Quality Requirements for IO Performers 22MFG4 6.3
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4.3 Applicable Codes and Standards

This is the responsibility of the Contractor to procure the relevant Codes and Standards
applicable to that scope of work.

Ref Title Doc Ref. Version
Ex-vessel piping design
ASME B31.3 M 2020
In-vessel piping design
RCC-MR 2007

Supports design
EUROCODE STANDARD
EN1993 Eurocode 3

en Eurocode 8

Pipe bending

PFI Standard ES-24
(Reaffirmed - September 2010)
PIPE BENDING METHODS,
TOLERANCES,

PROCESS AND MATERIAL
REQUIREMENTS
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5 System Overview

Boronization Process Description The boronization process consists of forming a thin amorphous
layer of boron species on plasma-facing surfaces by injecting a mixture of diborane gas with
helium and performing a glow discharge process. As the boron layer is removed by plasma
operation, periodic recoating is required. At ITER it is envisaged to perform boronization st a
maximum frequency of every two weeks. To introduce this new Boronization function at ITER,
a process and mechanical design has been prepared including modelling, option studies,
development of operating steps, control schemes, sizing calculations and routing/layout studies.
A number of changes are required to perform the boronization process.

The major changes are listed below:

e Installation of new Glow Discharge Cleaning electrodes to four ports with associated services
(cabling, power supply cubicles and cooling water) [11](out of scope of this document)

e Installation of 21 new gas injection lines (including in vessel distribution lines) with safety
isolation valves, gas valve boxes, control equipment and supply manifolds with building wall
penetrations (Within the scope of this document)

e Installation of a new gas cabin to house the supply cylinder of diborane (Within the scope of
this document)

e Introduction of a new diborane destruction unit (out of scope of this document)

Technical overview of system is available in STAC report[14]. Technical uncertainties are
recorded [15].

South of B74
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5.1 System component classifications
From [33].

5.1.1 Boronization Gas Cabin

Boronization Gas Cabin

Quality | Safety class | Seismic | Vacuum | PED class | ESPN Tritium
class class class class
Diborane QC-1 | SR SCI (S) | N/A No No N/A
confining Category | Category
components
within  Gas
Cabin
Gas Cabin | QC-2 |SR SCI(S) | N/A No No N/A
itself Category | Category

5.1.2 Boronization Piping Network

The Boronization Gas Supply Network provides Diborane in a carrier gas of Helium at
subatmospheric pressure.

BG Piping Network

Quality | Safety Seismic | Vacuum | PED class ESPN | Tritium
class class class class class

Internal pipe QC-1 | PIC-SIC2 | SCI(S) |N/A PED N/A N/A | N/A
External pipe | QC-2 | PIC-SIC2 | SCI(S) |[N/A PED N/A N/A | N/A

Supports QC-2 | PIC-SIC2 | SCI(S) |N/A PED N/A N/A | N/A
Penetration to | QC-1 PIC-SIC | SCI(S) |N/A PED N/A N/A | N/A
enter Tokamak 1HCC

Complex
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5.1.3 Boronization Gas Valve Boxes and Vacuum Extensions

Quality | Safety | Seismic | Vacuum | PED class ESPN | Tritium
class class | class class class
BGVB External | QC-2 | PIC/ | SCI(S) | VQC- PED N/A N/A | N/A
Barrier SIC-2 N/A
BGVB Internal | QC-2 | PIC/ |SCI(S) | VQC- PED N/A N/A | TC-1A
gas  confining SIC-2 N/A
components
Vacuum QC-1 | PIC/ |SCI1(S) | VQC-1A | PED N/A N/A | TC-1A
extension SIC-1

Boronization Gas Valve Boxes and Vacuum Extensions

5.2 Contract Gates

In addition to the contract gates specified in ref [1], A contract gate shall exist for design
implementation formailising the CAD strategy, 2D drawing format and analysis strategy.

6 Scope of Work — Design

More than a kilometre of gas injection lines will be required for the boronization system. Above, the preliminary
design of the proposed route through the lower level of the tokamak building with the gas lines in orange.
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— LFS: Low Field Side

21 gas injection points will be added to the inside of the tokamak for the boronization system.

This section defines the design scope of work and its requirements, in addition to the contract
execution requirement as defined in Ref [1].

No. | Design package Length | Pipe Support Task
(metres) | Information | information
1 Gas cabin to B11 ~106 DNO08 Post Produced detailed
Sch10s in drilled,~2- model in CATIA E&S
- DN32 3m span workbench suitable
Sch10s for promotion
according to ITER
Design rules to allow
PCF file production
and Manufacturing
Readiness Review
2 B11 gallery Bl ~180 DNOS Post drilled, | Produced detailed
Sch10s in Shared model in CATIA E&S
DN32 supports workbench suitable
Sch10s &EPs ~2-3m | for promotion
span according to ITER
Design rules to allow
PCF file production
and Manufacturing
Readiness Review
3 B11 gallery L1 ~66 DNOS Post drilled, | Produced detailed
Sch10s in Shared model in CATIA E&S
DN32 supports workbench suitable
Sch10s &EPs ~2-3m | for promotion
span according to ITER
Design rules to allow
PCF file production
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and Manufacturing
Readiness Review

4 B11 gallery L2

~235

DNO8
Sch10s in
DN32
Sch10s

Post drilled,
Shared
supports
&EPs ~2-3m
span

Produced detailed
model in CATIA E&S
workbench suitable
for promotion
according to ITER
Design rules to allow
PCF file production
and Manufacturing
Readiness Review

~222

DNO8
Sch10s in
DN32
Sch10s

Post drilled,
Shared
supports
&EPs ~2-3m
span

Produced detailed
model in CATIA E&S
workbench suitable
for promotion
according to ITER
Design rules to allow
PCF file production
and Manufacturing
Readiness Review

~188

DNO8
Sch10s in
DN32
Sch10s

Post drilled,
Shared
supports
&EPs ~2-3m
span

Produced detailed
model in CATIA E&S
workbench suitable
for promotion
according to ITER
Design rules to allow
PCF file production
and Manufacturing
Readiness Review

5 In-vessel

~377

DNO8
Sch10s

Supports
every ~1-
1.5m

Design is now
completed and
approved.
Manufacture of
supports is required to
be implemented by
supplier.

6 Xenon XRCS gas
supply system

~30
metres

TBC

Supports
every ~1-
[.5m

Produced detailed
model in CATIA E&S
workbench suitable
for promotion
according to ITER
Design rules to allow
PCF file production
and Manufacturing
Readiness Review

7 Gas cabin

N/A

N/A

N/A

Gas cabin information
in will be provided to
Supplier by IO.
Supplier shall
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Integrate, procure and
deliver to IO with
optional installation.
Exhaust stack of Gas
Cabin shall be 5m tall
and attached to roof
of cabin.

MRR shall occur according to ref [42]

The Scope shall best estimated in cost by supplier with a rework cost per metre in the event of
later change due to integration re-routing. The rework cost per metre shall include design and
analysis update. The rework costs can different values; for example, type 1 significant change
require design and pipe stress analysis update, type 2 simple change requiring only minor pipe
stress analysis update, Type 3 is support design and support calculation update only etc

6.1 Scope overview and requirements

6.1.1 Overview

The scope is to provide the detailed design and analyses for the boronization system. It starts by
using the conceptual design data and the system requirements (input data provided by the 10)
and ends with the completion of the final design phase and the closure of all the chits.

A general description of the boronization system is provided in [16].

It is planned to not have a PDR and the design shall be brought to a FDR level directly. A
combined PDR/FDR is hence foreseen with a design and deliverables meeting the FDR
requirements.

The detailed design scope is as follows:

A. Develop detailed and complete design and analyses for the boronization and XRCS
Xenon gas supply system
o Perform the engineering design
o Perform needed analyses for the ex-vessel pipe network piping structural
analyses, thermal analyses, and piping support structural analyses
o Demonstrate consistency of the design with all its technical interfaces[4]
B. Develop 3D CM and DM models
o Develop the models to represent the complete design
o Resolve integration, clash issues during design development
o Demonstrate consistency of the models against the P&ID
o Finalize the models post FDR (as needed) to close any remaining design issues
Support preparation of the DIR and resolutions of the post meeting actions
Resolve and close all the CDR chits (together with 10)
Prepare and develop all the required deliverables for the FDR (see Appendix 3)
Prepare and organize the FDR meeting
Resolve and close all the FDR chits (together with 1O)
Prepare and develop all the required deliverables, BoM, drawings, installation technical
specifications for the EWP
Develop the schedule of activities needed to execute the scope of work

TOmmoO

P
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6.1.2 Design requirements

6.1.2.1 General

The requirements to be met by the System are defined in the SRD [2]. The SRD is complemented
by a series of specific applicable documents which contain detailed requirements to be met
during the design of the system such as:

- Management of CAD Work and CAD Data [51] [52] [56]
- In-vessel and Ex-vessel Load Specifications [8,9]

- Electrical Design Handbook [29]

- Vacuum Design Handbook [27]

- Plant Control Design Handbook [30]

- Quality Requirements for IO Performers [61]

6.1.2.2 Licencing

The French Order [40] concerning Basic Nuclear Installation design, construction and operation
is applicable to the PIC components of the Boronization system.
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6.1.3 Safety Requirements

The design shall be compatible with the listed required in list of defined requirements for the
boronization system [3]

The responsibility of propagating and implementing the requirements is described after each one.
The Identifiers [IO] and [Supplier] are used to indicated whether the responsibility is a joint
responsibility of both the 10 and Supplier simply a responsibility of the IO.

OaLLEwy POET CELL WADULIM VSR TRILSA FLEN T BLALDNNG
Segment 3 sy vem
TR0 Segment 4 & BDCATION &, GO
{ I/_ ' ECTROCES AND
) . W LY
Segment 2 4 ol 12 TR

IR TN
=101

LNLOENG 11

PROCESS FLOW DUADRAR
B8 e DA T PR OCERL
FOR mATDR

Y  CTUNDERCABINET

_‘/;: T WENTILATION AHD

CIBOMANE THAF

Segment 1

Segment Design intent
Sepment | Cabin and Gas cabinet
Seoment 2 Gas line supply
Sepment 3 Port Cells
Seoment 4 Injection system
Sub-segment 5.a YV pumpimg
Sub-sepment 3.b Pumpimge system
Sub-segment 5.¢ Thermal treatment

Sub segments 5a,5b and Sc in the image above are out of scope of this document.
Segment 1 — Cylinder cabined / outdoor area

Generic:

[RQ-1] [DRQ] Cooling of cabin with alarm control shall be implemented in order to
avoid diborane decomposition. [10]

[RQ-2] [DRQ] Forced ventilation of the cabin shall be implemented, discharging to
atmosphere via a diborane chemical trap. [IO] [Supplier]
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[RQ-3] [DRQ] Diborane detection shall be implemented in the cabin and gas cabinet. [IO]
[Supplier]
[RQ-4] [DRQ] The current safety assessment is based on the assumption that the cylinder
of diborane will be fully emptied without site storage. If it is expected to keep a full
cylinder on site, the current safety assessment shall be updated to demonstrate that there
is no additional safety risk. [IO]
Fire:
[RQ-5] [DRQ] The cabin shall be fire resistant with fire rating walls of 2 h. [IO] [Supplier]
[RQ-6] [DRQ] The fire loads inside the cabin shall be limited. [IO] [Supplier]
[RQ-7] [DRQ] The installation shall be equipped with fire-fighting means appropriate to
the risks and in accordance with the standards in force. [10]
Explosion:
[RQ-8] [DRQ] The risk of diborane cylinder explosion may be due to diborane
decomposition. To avoid this risk, the molar concentration of diborane in the cylinder
shall be limited to 10%. [1O] [Supplier]
[RQ-9] [DRQ] All equipment of cabin shall be ATEX rated. [I0] [Supplier]
[RQ-10] [DRQ] In case of explosion inside the cabin the overpressure wave must be
acceptable for buildings and PICs in the vicinity (less than 50 mbar). The current
identified targets are B74, B75, B13, B11, B44, B46 and area 53 (cryogenic tanks). [10]
[RQ-11] [DRQ] If required by overpressure wave study, a blast wall shall be implemented. [10]
[RQ-12] [DRQ] Periodic inspections of the cabin shall be carried out. [10]
External hazards
[RQ-13] [DRQ] Missile effects, external fire effects, external flooding and external
explosion effects from other buildings to cabin shall be assessed [10]
[RQ-14] [DRQ] Impact of seismic event on the cabin shall be assessed. The seismic design
of the cabin and its equipment shall be such that acceptable impact on nearby buildings
and PICs can be demonstrated. [IO] [Supplier]
[RQ-15] [DRQ] The route of the truck carrying diborane cylinder must be assessed to
avoid as much as possible crossing sensitive IO buildings. Transport route of bottle up to
cabin location shall take into account potential impact on PIC targets, for example due to
explosion of bottle. [10]
[RQ-16] [DRQ] Safety bollards shall be put around the cabin to avoid vehicle collisions. [1O]
Occupational health and safety:
[RQ-17] The respiratory protection equipment Self Contained Breathing Apparatus must
be used during cylinder change operations. [10]
[RQ-18] A restriction area around the cabin must be defined and applied for diborane
cylinder change operation. [10]
[RQ-19] When entering inside the cabin, operators must wear portative diborane detectors. [10]
[RQ-20] The risk of anoxia inside the cabin shall be assessed due to a potential default of
nitrogen or helium equipment. [10]
[RQ-21] Operators making cylinder changes shall be trained to ensure they will follow all
the safety requirements and also to avoid as much as possible human errors during
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cylinder handling and connections [10]

Segment 2 — Diborane distribution in gallery

Global/explosion:

[RQ-22] [DRQ] Provisions shall be taken to limit flow rate flowing from the gas storage
area in order to minimize the flammability and explosion risk in the gallery. [10]

[RQ-23] [DRQ] Double-containment (lines and components connected to such lines) shall
be required for diborane distribution in gallery. [10] [Supplier]

[RQ-24] [DRQ] Monitoring of the interspace of double-contained piping and equipment
located in gallery shall be provided. [10]

[RQ-25] [DRQ] Provisions shall be taken to minimize impact of co-activities performed in
the gallery during the boronization process. [1O]

Penetrations:

[RQ-26] [DRQ] Last confinement isolation shall be provided for penetration of piping
crossing the external wall of the tokamak complex. [10] [Supplier]

[RQ-27] [DRQ] The penetration of the boronization system from gallery to port cell shall
reconstitute the barrier properties [PR1198]. [10]

[RQ-28] [DRQ] The piping connected to the vacuum vessel shall be equipped with
redundant isolation devices. [IO] [Supplier]

Segment 3 — Diborane distribution in port cell

Global:

[RQ-29] [DRQ] Provisions shall be taken to limit flow rate flowing from the gas storage
area in order to minimize the flammability and explosion risk in the port cell. [IO]
[RQ-30] [DRQ] Access to port cell during boronization operation shall be forbidden. [1O]
Explosion:

[RQ-31] [DRQ] Double-containment (lines and components connected to such lines) is
recommended. In case of not having double-containment, provisions to limit inventory

in case of pipe failure/leak (detection/isolation) shall be implemented. Safety
classification of components shall consider the provisions credited to manage such
explosion risk and OHS hazard. [10]

[RQ-32] [DRQ] Diborane detectors inside the port cell or at the exhaust line of DS shall
be implemented. The response time must be assessed. [10]

Segment 4 - VV

[RQ-37] [DRQ] Diborane explosion inside the pump shall not challenge pump integrity
criteria. Cryopump shall be regenerated if inventory limit is achieved. [10]

[RQ-38] [DRQ] Means for controlling the inventory of diborane on cryopump shall be
defined and implemented. [1O]
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6.1.4 Design - Analyses

- Ex-vessel pipe distribution system, its supports, its spacers, including BGVB and Gas
cabin shall be analyzed and designed with full justification and demonstration.

- An assessment of the worst case loading conditions, and the frequency of the worst case
loading conditions shall be made to determine whether fatigue analysis is required, as set
out in the SRD and LS [2, 8 & 9].

- The contractor shall comply with the requirements of ITER guidelines for Structural
Analyses [33]

- The analyses shall be performed to meet all the loads and loads combination of the Load
Specifications. Iterations is foreseen to achieve the final design, to achieve design
optimization and to cope with clashes, limited space, pipe configuration, its support, its
internal spacers, EP failures and interfacing loads when attached to other components
supports.

- Internal spacers shall be designed, analyzed and qualified to meet the loads.

- PFP shall be taken into account since it brings additional loads.

o Analysis checklists shall be used [57] [58]

- Interface with VV feedthrough shall be considered, designed and analysed.

- For some locations, supports are attached on the concrete wall using a plate attached to
the wall using short HST stud anchor bolts from Hilti (50mm maximum depth inside the
concrete). Design and analyses shall be considered as such for the design of this kind of
supports.

- Mass balance and sizing calculation is available as in input document [13]

6.1.5 Design Implementation

6.1.5.1 Design — Mechanical piping system

The Boronization System shall be designed to retain its integrity during normal and all
combinations of abnormal events, as set out in the SRD and Load Specifications [2, 8 & 9].

The EP capacity shall be verified and confirmed using the CBT tool [26].

The Boronization supports loads shall be provided to the common/shared support owner using
the proposed 10 template [57].

6.1.5.2 Design — Mechanical Gas cabin

The design shall be resilient to the calculated explosion energy[59]. The design shall incorporate
fire safety provisions- as recommended by the Fire risk analysis -see 6.5. The design of the gas
cabin shall be leaktight to better than 0.245volume/day with a 300Pa delta P. The gas cabin
shall be demonstrated compatible with and robust to the Explosion hazard Case 1: Diborane
in Helium 6.1.1 Equivalent mass of TNT [63]. The Design shall be compatible with the other
requires described in[63]. The 10 shall provide the gas cabin part number and the Supplier shall
be responsible for integration and supply of the gas cabin.

6.1.5.3 Design -Mechanical Boronization gas valve boxes

The gas valve boxes shall be doubly confined with an air equivalent overall BGVB secondary
confinement leak tightness is 1e-5Pam?3/s. The internal confinement barrier shall have a leak
tightness of leak tightness is 1e-10Pam?/s. The connections of the internal barrier shall be welded
as a first choice and where a dismountable flanges connection is required Swagelok VCR
connections with locking mechanism shall be employed. The GVB shall have a dismountable
cover allowing maintenance. The sealing o-ring of the dismountable cover shall be EPDM. The
vacuum vessel isolation valves that exist between the BGVBs and the Vacuum vessel shall be
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the responsibility of the IO to procure. They shall be of the type VAT 48124-RE24-ARG1 with
a DN16 Weldneck interface. https://www.vatgroup.com/series/uhv-all-metal-gate-valve. The IO
shall provide a preliminary design of the BGVB with 3D and part numbers of the internal
components. (Mass Flow Controllers, pressure sensors, valves etc)

6.1.5.4 Design - Constructability

The constructability of the piping, its support and spacers design shall be considered and
demonstrated.

6.1.5.5 Design - Performance

The contractor shall confirm and update accordingly the Boronization GVB internal components
layout and confirm that the internal components meet the design and performance requirements.

6.1.5.6 Design - Seismic

The design shall include provisions to minimize the potential of earthquakes to challenge
confinement systems, as set out in the SRD and LS [2, 8 & 9].

6.1.5.7 Design - RAMI

Design — Implementation

The Boronization System shall be designed to be a highly reliable, efficient and a safe device. In
order to achieve this, RAMI Analysis shall be performed in accordance with the ITER RAMI
Analysis Program [57] to ensure the optimum system design and appropriate operation, testing
and maintenance programs, as set out in the SRD [2]. The Reliability Block Diagrams shall
provide availability estimate.

6.1.5.8 Design - Environmental conditions

The IO is responsible to provide the environmental parameters of the Boronization System,
especially for sensitive items, like the magnetic field and the temperature in each room as part of
the engineering design package.

6.1.5.9 Design - HAZOP

The IO shall perform a formal HAZOP to consider the hazard and risks associated with the
Boronization System design and to identify safeguard to be implemented in the system and to be

able to identify any show stopper or important issue. A preliminary HAZOP Level 1 has been
conducted for the CDR [12].

6.1.5.10 Design - Cubicles

The cubicles type, quantities, internal components list, and locations shall be defined and shall
be consistent with the already approved GIS 1&C design.

6.1.5.11 Design - Deliverables
The deliverables to be completed for the design phase are listed in Appendix 3.

The contractor shall prepare all the deliverables, diagrams and drawings listed at least 2 months
prior to the design review date to allow for enough time for the review and acceptance in IDM.
New versions of each deliverable are foreseen to answer comments/feedbacks from the
reviewers.

Each deliverable shall be accepted / approved at least 2 weeks prior to the design review to allow
enough time for the panel members to review the documents.
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6.1.5.12 CM and DM models

The contractor shall assess and demonstrate consistency between CM and DM according to [55].
The contractor shall assess and demonstrate consistency between P&ID and DM

6.1.5.13 Design Review and Design Integration Review

The contractor shall support the preparation of the DIR slides (together with the 10) and support
the resolution of the post meeting actions.

The contractor shall prepare and organize the FDR as per the Design Review Procedure [19].

The contractor shall prepare / support the preparation of the needed PowerPoint presentations for
the FDR, and it shall be uploaded in IDM at least 1 week before the design review meeting.

The contractor shall follow-up with presenters to make sure that the presentations are all
delivered on time for the design review meeting.

The contractor shall support the preparation of the design review notification, agenda, chit
management and meeting minutes.

The contractor shall support the design review chair as per request, before, during and after the
design review meeting.

6.1.5.14 Chit management and closure

The contractor shall support IO for the closure of the chits. A chit summary table to track the chit
closure progress shall be prepared.

6.1.5.15 Standardization

Standard commercially available components, equipment, materials, and processes shall be used
wherever possible. Specific components of sub-systems procured under this contract shall
preferably be chosen from ITER standards catalogues. There are however also mandatory
catalogued as decided by project policies and any selection deviating from the mandatory
catalogue parts, such as the PLCs, shall be subject to a Deviation Request. [44]

The following catalogues are available / in phase of implementation at the ITER project:

- Standardized interfaces for all ITER plant system instrumentation and control can be
found in the Plant Control Design Handbook [30]

- A catalogue for standard components for vacuum, Appendix 20 Standard Components to
the Vacuum Handbook [27].

Where possible components, equipment, materials, and processes should be standardized across
the system and be available from more than one source.

6.1.5.16 Operation and maintenance

Operation and Maintainability requirements are defined in the SRD [2] and includes special
tools, spare parts and consumables.

6.1.5.17 Spare parts
Components procurement shall include spare parts as follows:

1- Pipes, Calculate length for installation then add 20% extra by length
2- Off-the-shelf items, short lead time (<3months), 10% extra
3- Specific items, long lead time (>3months), 20% extra

6.1.5.18 Software
Piping stress analyses shall be conducted using Caesar II.
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Support structural analyses shall be conducted using GT Strudl.

6.1.5.19 Internal and external supports

The FDR design shall keep, as much as possible, the predefined locations of all the supports
(internal and primary/secondary supports) as well as the predefined EP or attachments to a

common/shared supports.

The support’s location and quantities are partly available in the 3D models and via the estimates

of pipe span within this document

6.1.5.20 Materials

- Materials for structural metallic components such as pipes, supports, flanges, valves ...

shall be Austenitic Stainless Steel

- To minimize activation of the materials exposed to neutron flux in ITER, the
following chemical composition and impurity levels shall be (as per Material Spec of

10) [39]
- For the majority

of the ex-vessel locations neutron flux is low and so derogation can

be sought for the low impurity requirements.

- 3.1 Material certification according to EN 10204:2004 shall be provided to ensure
compliance with impurity requirements. If compliance is not demonstrated due to
missing elemental composition PMI testing shall occur and reports provided.

- Exhaustive full list of material shall be submitted to the 10 for approval before any use.

The Approval of the

6.1.5.21 ATEX

list by 10 shall be identified as a PIA

ATEX assessment is completed [50].

6.1.6 Service Duration

February 2026 Contract signature
February 2026 KoM

December 2026 FDR meeting

March 2027 Final design approved
May 2027 — June 2027 | MRR

July 2027 — July 2028

Procurement, manufacturing, DRR and delivery

July 2028 — February
2031

Engineering support during installation

See Appendix 1, summary of key milestones
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6.2 Scope of Service — Pipe Design

6.2.1 Background
The IO performs a preliminary pilot analysis. The Supplier produces the following:

No. | Pipe stress Analysis Notes

1 Ex vessel CAESAR Il to be
used

2 Feedthroughs FEA analysis to be
completed. ANSYS
or equivalent to be
used

3 Ex vessel support STRUDL or

structural analysis equivalent to be used

6.2.2 Scope description

The scope is to update the analyses and to perform analyses of the remaining pipe sections.

The analysis shall be performed using Caesar II software version 2019 (or earlier version, to be
agreed with 10). The analysis shall be performed with the following objectives:

To evaluate the pipe stresses to confirm compliance with the design code and the 10
document ‘Allowable values and limits in Service Level C and D for ITER mechanical
components’ [17].

To determine the appropriate functions of the piping supports (e.g. Z, guide, axial stop);
and to identify if any more supports are needed, or if any of the supports can be removed.
To ensure that the loads on the pipe supports during all operating conditions are within
the defined limits

To ensure that the pipe vertical sag remains below 3mm (criteria from [17]) under
sustained load conditions, and that in operating conditions pipe displacements are within
the defined limits to prevent clashes with adjacent systems.

The piping and support layout could be changed if required (to be agreed with the 10).

The locations of the piping supports are already defined but could change as per the piping stress
analyses. The details of the piping support locations shall be provided in the isometrics drawings.

The Contractor shall determine the appropriate support functions (i.e. Z, Guide, Axial Stop, and
any gaps required) at each of the support locations to ensure that the design meets the criteria for
stresses, displacements and loads on supports.

Produce new pipe stress models for the missing lines.

There are a total of [TBD — Number to be finalized] sections.

All the lines shall be analyzed in a single pipe stress model.

Iterations are expected until no issues.

3D models shall be updated as per the analyses results.
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6.2.3 Piping layout with preliminary support locations

Complete 3D piping layout with preliminary support locations according to CAD design rules
and requirements set within this document

6.2.4 Complete pipe stress analysis

Complete CAESAR pipe stress analysis iterations until system is passing and optimised.
Generate reports and gain approval for documentation and supporting files via IDM.

6.2.5 Leak tightness requirements

Each of the pipe connections shall have a leak tightness of leak tightness of better than 1le-
10Pam?/s with a differential pressure of 1 atmosphere.

6.2.6 Inputs to Supplier

- Existing preliminary Caesar Il piping models
- Existing 3D models

- Interfaces

- Material data

- SRD

- SLS (EM loads, Thermal loads ...)

- Code and standards

- EM loads for in vessel piping

- Instructions for Analyses [31] [32]

6.2.7 Deliverables

The Contractor shall provide the final native files for all calculations performed including:
- Completed Caesar II model files
- Excel or mathcad files used for local stress calculations or other calculations
- Completed 3D models according to CAD rules.
- Structural integrity reports
- Pipe Stress analysis reports
- Isometrics

6.3 Scope of Service — Support Design
Support scope is the supports for the pipes and BGVB.

6.3.1 Background

Based on preliminary design work, there is about 1.5km of pipe with the estimated spans in
section 6 scope of work design

In B13, B11 galleries and Port cells, pipes are attached to EP, other components supports or
directly on the concrete wall or ceiling.
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There are no support designs, grouping or typical defined.

6.3.2 Scope description

The contractor shall defined support groups and typicals.

The contractor shall perform the design for each individual support and shall perform
structural analysis calculations for each of the typical support assembly designs.

The structural analysis calculations shall cover the enveloping load cases for all of the
individual supports that are represented by the typical support design. This shall ensure
that each support has a valid structural analysis calculation to demonstrate the adequacy
of its design.

For the purposes of estimating the work, it shall be assumed that there will be in total

up to about 1000 individual supports, and no more than 25 typical support assembly
designs.

The Piping system is a Quality Class 1 System, as defined by Quality Classification
Determination (24VQES v4.3). The calculations to be performed under this scope of
work are classified as Protection Important Activities (PIAs)[41]. As such the process
described in “Analyses and Calculations Analyses and Calculations (22MAL7 v5.1)” is
mandatory. This process covers the activities associated with planning, preparing,
technical checking, reviewing issuing, and revising analyses and calculations. In
particular, it is required that a Quality Plan is prepared in accordance with Procurement
Requirements for Producing a Quality Plan (22MFMW v4.0) for approval by 10; and
that the calculations undergo Technical Checking and Independent Peer Review as
defined in “Analyses and Calculations Analyses and Calculations (22MAL7 v5.1)” Other
requirements associated with performing calculations classified as PIA are detailed in
“Analyses and Calculations Analyses and Calculations (22MAL7 v5.1)”.

The task of Technical Checking is within the Contractor’s Scope. The Independent Peer
Review shall be performed by 10, and is outside of the Contractor’s Scope. After
completion of the calculations and the Technical Checking, the report shall be submitted
for Independent Review. This is further described in Section 11.5.1, and the overall work
process is shown in Figure 1 of “Analyses and Calculations Analyses and Calculations
(22MAL7 v5.1).

Normal iterations, performed over the course of the various activities, are considered to
be within the Contractor’s scope of work.

Further details of the activities within the Contractor’s scope of work are provided in the
following sections.

6.3.3 Activity 1 - Design of piping support assemblies

The Contractor shall design the piping support assemblies based on the preliminary design
concepts and according to the space available in the IO 3D model. The design of the supports
shall take into account the restraint type, and the loads and displacements obtained from the
piping stress analysis calculation (by others).

The Contractor shall also review and, if necessary, modify the number and the configuration of
the ‘typical” support assembly designs that are required to represent all of the individual
supports. The Contractor shall propose a final list of ‘typical”’ designs, which shall be used as
the basis for the structural analysis calculations.

In general, the support assemblies consist of primary and secondary support components:

The primary support is the part of the support assembly which is directly connected to
the pipe (typically COTS hardware).

The secondary support is the part of the support assembly which is directly connected
to the supporting structure, and supports the primary support.
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The Contractor shall perform the design of both the primary and secondary support components:

- For the primary support components, the Contractor shall select suitable COTS
equipment from manufacturer’s catalogues. COTS references available for the equipment
selected shall be provided to 10.

- For the secondary supports, the Contractor shall select ASTM /EN standard profiles in
accordance with the design code (seamless square or rectangular structural steel tubing
shall be used whenever possible). The ends of all hollow sections shall be closed to avoid
contamination inside the sections. All selected structural steel sections should be readily
available.

The materials used in the manufacture of support assemblies shall be suitable for the operating
and environmental conditions where they are located. Where support materials come into contact
with the piping, they shall be of a compatible material.

Wherever possible, non-welded attachments shall be used for the primary support. Use of welded
attachments to the pipe pressure boundary (lugs or similar) where required shall be at the
approval of 10.

At the beginning of this activity, the contractor shall produce a Design Input Record of all the
design information received from 1O. This Design Input Record shall be updated periodically as
required.

6.3.4 Activity 2 - Update of Catia 3D model with support assembly designs
CAD shall be implemented according to ITER rules defined in this document [55].

6.3.5 Activity 3 - Structural analyses of designed supports

Structural analysis shall occur according to ITER rules defined in this document

6.3.6 Activity 4 - Supports structural analyses report

Structural analysis shall be implemented based upon conditions described in this document and
references [31] [32]

6.3.7 Activity 5 — Support assembly drawings

Support assembly drawings shall be implemented based upon conditions described in this
document and reference [55]

6.3.8 Activity 6 — List of supports
List of supports shall be implemented according to ITER design rules using template [60]

6.3.9 Activity 7— BoM

BOM shall be implemented according to ITER design rules using template and CATIA tools
[56]

Page 28 of 43



ITER D_ECGNCS v1.4

SUPPLY

6.3.10Input
10 shall make available to the Contractor at the KoM of the WP the following documents:

Load Specification

Support list template

Preliminary Embedded Plates (EP) list

Design Guidelines

Existing P&IDs

Existing Isometrics

Piping Specification

Example support drawings

CATIA non editable format (XML, 3Dlive or 3Dvia composer file) files showing the
Existing preliminary piping and supports integrated with other systems and into the
complete building environment

6.3.11 Deliverables

6.4

Design records

Final list of typical support assembly designs

Final 3D mode updated with qualified support designs

Final structural calculation software models after supports qualification
Final supports drawings

List of all the supports

Bill of Materials

Documentation schedule

Software Verification and Validation dossier

Scope of Service — BGVB Design

shall make available to the Contractor at the KoM of the WP the following documents:

Load Specification

Support list template

Preliminary Embedded Plates (EP) list

Design Guidelines

Existing P&IDs

CATIA non editable format (XML, 3Dlive or 3Dvia composer file) files showing the
Existing preliminary BGVB design integrated with other systems and into the
complete building environment

Deliverables

Design records

Final list BGVB assembly designs

Final 3D model according to CAD rules promoted in Enovia

Final structural calculation software models and structural qualification report
Final Manufacture and Installation drawings

List of all the supports

Bill of Materials

Documentation schedule

Software Verification and Validation dossier
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6.5 Scope of Service — Gas cabin Design

Cabin and concrete

A fire risk analysis shall be conducted by the Contractor to ensure that fire-related risks are

effectively identified, managed and mitigated.

The fire risk analysis shall recommend firefighting/fire protection provisions tailored to the
identified fire risks and considering the limited time the diborane gas will be available inside the
cabin.

The Fire Protection provisions developed during the FDR design phase shall address the unique
hazards and characteristics of the Gas cabin, ensuring full compliance with European normes,

French fire safety regulations, and the specific requirements of the ITER Project.

Gas Cabin Fire Risk Analysis, Gas Cabin Fire Protection Provision descriptive document and
BGS Fire Load document shall be provided at the FDR and updated at the subsequent contract

milestones.

IO shall make available to the Contractor at the KoM of the WP the following documents:

6.5.1

Load Specification
Design Guidelines
Existing P&IDs
Existing Isometrics
Piping Specification

CATIA non editable format (XML, 3Dlive or 3Dvia composer file) files showing the

Deliverables

Design records

Design Justification document

Final 3D mode updated with qualified support designs
Documentation schedule

Software Verification and Validation dossier

6.6 Scope of Service — I&C Design
BG 1&C design shall be implemented to replicate existing GIS 1&C [22],[23] & [24].

10 shall make available to the Contractor at the KoM of the WP the following documents:

Design Guidelines
Existing P&IDs
Existing IS, PBS 43, 44, 45, 46, 48.01, 48.02

Deliverables

Design records

Design Justification document

Final 3D model

Documentation schedule

Diagram - Electrical (single line diagram) of BG System
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Description Document of BG System (including Functional Analysis, Machine State,
Cubicles, Conventional, Interlock, and Safety)
1&C Signal List of BG System
[&C Data List of BG System
Diagram - Electrical (single line diagram) of Xenon XRCS Gas Supply System
Description Document of XRCS Gas Supply System (including Functional Analysis,
Machine State, Cubicles, Conventional, Interlock, and Safety)
1&C Signal List of XRCS Gas Supply System
1&C Data List of XRCS Gas Supply System
Update of IS, PBS 43, 44, 45, 46, 48.01, 48.02

7 Scope of Work - Manufacturing

7.1 Scope description and requirements

Taking the FDR deliverables, the manufacturing scope is as follows:

A-

B-
C-
D-
E-

Prepare material specifications and component specifications needed to select material
and component suppliers

Select suppliers

Develop detailed and complete documentation for the MRR together with the suppliers
Oversight suppliers work and ensure that it meets the requirements

Oversight delivery and perform delivery inspection accordingly

7.2 Input

7.3 Deliverables

Piping

Others

Close chits which could impact manufacturing

3D models shall be drafted and approved / frozen stage

material technical specifications

pipe BoM, supports BoM including spacers and all components needed

list of valves and components

2D drawings of all the supports according to [59]

GA drawings of the pipe network

Isometric drawings

Manufacturing process fluids and materials (e.g. cutting fluids, cleaning solvents ...)
shall be in accordance with the Appendix 3 Materials (27Y4QC) and Appendix 4
Accepted Fluids (2ELN8N)

List of cubicles

List of cables

List of instruments

Drawings of cubicles

Catalogue references as needed ...
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- Detailed classifications of all sub-components

- General Technical Specifications to include manufacturing requirements such as MIP,
delivery, packaging, FAT, SAT, list of deliverables, qualifications, procedures, welding
requirements, cleanliness requirements, code and standards, NCR process. [45] [46] [47]
[48][49]

- The Factory Acceptance Testing of the I&C systems will comply with the requirements
of Plant Systems Factory Acceptance Plan for I&C systems Plant system [&C Integration
plan BVVU9IW).

8 Scope of Work — Installation and Construction

8.1 Scope description and requirements

Taking into account design and manufacturing data, the installation and construction scope is as
follows:

A- Prepare EWP as per IO guidelines and requirements
B- Install Boronization components as per design, integration and installation requirements

Guidelines and requirements as per EWP Tool box [25] EWP Toolbox link

8.2 Input

All relevant Installation documentation shall be provided by IO to supplier in support of the
supplier’s activities at the KOM.

8.3 Deliverables

Supplier shall
EWP are prepared, delivered and approved using ICP4.

9 Scope of Work — Post delivery services duration
Phase 1 duration is until the delivery of the parts at the IO + 6 months to address any receiving
inspection issues

Phase 2 duration is phase 1 + 3 years to support and address any RFI, DR, field modifications
and documentation update (e.g. supports dimensions changes, update of drawings and related
documents)
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9.1 Engineering services

Any additional services not covered in this Technical Specification shall be managed by the
method described below.

The contractor shall in their offer supply the fixed hourly manpower rates of the engineering
work rates used for these works. In the offer the supplier shall propose a price revision formula.

To manage such an additional service 10 shall issue for the service following this process.

1. The ITER Organization shall issue and send to the Supplier a Supply Request for any
additional engineering service it may require from the Supplier.

2. The Supply Request shall include the following information.

- Scope of work

- Technical specification

- Required completion date

- Deliverables

- Deadline date for the Supply Offer submission
- Any other information required.

3. By the deadline date described in the Supply Request, the Supplier shall submit the financial
and technical Supply Offer to the ITER Organization.

4. The Supply Offer shall include the following information:

- Compliance with the Supply Request
- Required total manpower hours and its breakdown

5. After the review of the Supply Offer, the ITER Organization may issue and send to the
Supplier a Supply Order for the service it requires from the Supplier. The Supply Orders shall
be prepared and sent by two original copies.
6. The Supply Order shall include the following information.

- Scope of work

- Quantity

- Unit price in EURO

- Total amount of order in EURO

- Required delivery timing

- Payment plan

- Point of contact in each Party during the implementation of the Task Order

- Deliverables

- Any other conditions required

10 Location for Scope of Work Execution

The Contractor can perform the work at their own location, but it is preferred to have key
personnel at the IO for daily communication and make the progress more efficient.

11 10 Documents & 10O Free issue items

10 shall free issue the Vacuum Vessel isolation valves to the Supplier.
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12 Deliverables and Schedule Milestones

12.1.1Schedule for delivery

BGVBs, control and
safety isolation valves

1&C components for
both systems

Delivery need date Description
July 2028 He/Diborane cylinder cabin
January 2029 Pipes and supports for diborane gas distribution
BGVB, control and safety isolation valves
1&C components
Reference ID | Description UOM | Quantity | Delivery | Comment
Time*
Delivery 1 He/Diborane cylinder | Piece | 1 July 2028
cabin
Delivery 2 Pipes and supports for | Piece | I January
diborane gas 2029
distribution and
XRCS gas supply
system

Please find hereafter the expected detailed schedule:

Schedule Description Is Contract Expected
Milestones Gate? Timing

(Y/N) (TO+x) *

#1 FDR XRCS Y 8 months

#2 FDR BG Y 9 months

#3 MRR XRCS Y 12 months

#4 MRR BG Y 15 months

#5 DRR Gas Cabin Delivery 1 Scope Y 22 months

#6 DRR Pipes and supports for diborane gas Y 24 months

distribution and XRCS gas supply system

BGVBs, control and safety isolation
valves I&C components for both systems.
Delivery 2 Scope.

* TO = KOM date.
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12.1.2 List of deliverable documentation

The Supplier shall provide IO with the documents and data required in the application of this
technical specification, the GM3S Ref [ 1] and any other requirement derived from the application

of the contract.

You can find here below a minimum list of documentation, but not limited to, that are required
within the expected timing:

Category Document Type Further Description Expected
Timing
(TO+x) *
Design KoM List Appendix 3
Progress meeting List Appendix 3
FDR List Appendix 3
Manufacturing Preparation List Appendix 3
MRR List Appendix 3
Delivery List Appendix 3

(*) TO = Commencement Date of the contract ; X in months.

Supplier shall prepare their document schedule based on the above and using the template
available in the GM3S Ref [1] appendix II (click here to download).

13 Quality Assurance requirements

The Quality class under this contract is described in section 5.1 of this document. [Ref 1] GM3S
Compliance with IO procedure

section 8 applies in line with the defined Quality Class.

22MFG4 shall be ensured.

14 Safety requirements

The Safety class under this contract is described in section 5.2 of this document. “The scope
under this contract covers for PIC and/or PIA and/or PE/NPE components, [Ref 1] GM3S section

5.3 applies. ”

14.1 Nuclear class Safety

The Nuclear Safety class under this contract is described in section 5.2 of this document.
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14.2 Seismic class

The Seismic class under this contract is described in section 5.2 of this document.

15 Special Management requirements

State here if “Requirement for [Ref 1] GM3S section 6 applies in full ” and remove the below
or “Requirement for [Ref 1] GM3S section 6 applies completed/amended with the below specific
requirements:”

15.1 Contract Gates

In addition to the contract gates as defined in [Ref 1] section 6.1.5, the scope of work call for
Contract gates as defined in section 5 of this document

15.2 CAD design requirements
This contract requires for CAD activities, [Ref 1] GM3S section 6.2.2.2 applies

16 Appendices
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16.1 Appendix 1 — Phases and Milestones

Summary of key milestones

- FDR
- MRR
- Delivery
- Installation
Dates Milestone Description
January 2026 Contract signature
January 2026 KoM
November 2026 FDR meeting
February 2026 Final design approved
April 2027 — June 2027 MRR
July 2027 — July 2028 Procurement and manufacturing
July 2028 — February 2031 Engineering support during installation and optional installation
Delivery need date Description
July 2028 He/Diborane cylinder cabin
January 2029 Pipes and supports for diborane gas distribution
BGVB, control and safety isolation valves
1&C components
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16.2 Appendix 2 — Minimum required HP and PIA for the contract

Control Point PIA (Y/N) Comment
Tender
Contract awarded HP N
Final Design
Kick-Off Meeting HP N
Quality Plan approved by 10 HP Y
Model review HP
PFD review HP
P&ID review HP
HAZOP review HP
FDR meeting HP Y
Chits closure HP
Pre-fabrication Activities
MRR meeting HP Y
Material receiving inspection HP Y
Welding consumables verification HP Y
Qualification of Welders and Welding Procedures HP Y
Workshop cleanliness inspection HP N
Manufacturing Activities
Marking and Identification of pipes, supports ... HP N
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Cleaning of pipes, bellows, hoses, fittings HP N
Welding HP Y
RT tests HP Y
He leak tightness of assembly HP Y
Dimensional and visual inspection HP N
Cleanliness inspection HP N
Packing and Shipping

Conditioning of the parts HP N
Manufacturing Dossier HP Y
Delivery documentation (CRN, packing list ...) HP Y
Receiving inspection at the 10 HP Y
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16.3 Appendix 3 — Contractor deliverables for each phase and milestone

16.3.1 Expected list of deliverables for the Boronization FDR

The FDR preparation and list of deliverables shall be proposed by the Contractor in accordance
with the DR procedure [18], the SDP Working Instruction [19] and the Template for SDR Input
Data Package [20]. A representative example of the Boronization System FDR List of
deliverables and Activity responsibility is shown below for the purpose of supplier cost

estimation.

Aurpact -
FOR Haturity
T Kl i areviie Mg i g idie g S Expactad Dmcamasnt ICP Duc Trps
SF Srirarea S o ler S, S drr ¥ rForgm woleml
[Deriqn Requirementr] Zxrkam Requirementr Dozument-SR0 [ or Zub-SR0O)) Svrkem Requirementr Dozument-SRO zomplats [[e]
[Dlorign Fic quirementr] Intorface Control Document-lGO0 Intorfazs Gontrol Document-IG00 zomplete 10
[Dlorign Fic quirementr] Intorface Sheet-IS Intorfazs Theet-IS zomplete 10/ Cantractar
[Dlorign Fic quirementr] Canfiguration Management Madel-GHM Flears provide CHAF Fiof zomplete 10
[Dlorign Fic quirementr] SyrtomLoad Specifization Load Sposifization zomplete 10
Syrtem Derign Des cription-DO0 Syrtem Derign Des cription-DOD zomplete 10
Sprtem Layout Drauing Sprtemlayout draving somplete Cantractar
Euilding Cir auing Site & Building Drauing zomplete Cantractar
Frazers FlouDiagram-FFD Frozess FlouDiagram-FFD zomplete 10
Figing and Inrtrumentation Diagram-F I Fiping andInrtrumentation Diagram-F I zomplete 10
Singls Line Diagram or One Line Diagram Singls Line Diagram zomplete Cantractar
JDerign Definition] _______JCabling Disgram-CED Cabling Diggram CGED sompleks 10
[DirignDefinition] I Detailed Wiring Diagram-WE Dictailod Wiring Diagram-WD zomplete 10
[Derian Dieinitian] Flant Sprkem Inrbrume nkation and Gantral Technizal Fequirements Specifization camplets Cantractar
kiifization
[Derian Definitian] Inrtrumentation and Gantral - Lirk of Siqnalr Inrtrumentation and Gantral Dosument zomplote Cantractar
[Derian Dieinitian] :":"“:':"’"““"'3“‘"”"'“""“'“““"“"'“““"'3"“"’“' Inrtrumentation and Contral Dacument camplets Cantractar
Lhirfacc
[Dlerign Diefinition] GCubicle Har duare Configuration Diagram Inrtrumsntation and Gontrol Document zomplete Cantractar
i Des cription of Flant Syrtem State Mazhiner Inrtrumsntation and Gontrol Document zomplete 10
[Dloxian Dofinitian] IFnrtrurnont-utiun.qndCuntrul-F‘hy:i-:-ulqnd Irstrumentation and Cantral Dazument - Pharical camplots Contractar
anikinnal Brabiteeiurg and Punctignal Srshiteshurs
[Dui:nD.-,Fi tinn] E:ui:mmturﬂum:unmuht c.:m:un..-,ntlin -“_n\p-l#t# Conkrazkar
[Dlerign Diefinition] Eill of Material - EOM Eill of Material - EOM zomplete Cantractar
i Campanent Technizal Specifization Technizal equirementr Specifization zomplete Cantractar
Arrombly Draving Fipinglrametriz Ciraging zomplete Cantractar
[Dlerign Diefinition] Arrombly Draving Suppart Draging zomplete Cantractar
[Dlerign Diefinition] Cubizle Internal Definition Cubizls Internal Definition zomplete Cantractar
[Dlorign Jurtifization] Derign dustifization Flan-DuF Vurifization and Yalidation Flan somplete 0
[Clorign Jurtifization] Derign Campliance Matriz - DGH Campliance Matriz: - COGH ar YGH ar 101 zomplete 10
[Clorign Jurtifization] Inkerfaze Compliance Matriz Campliance Matriz: - COGH ar YGH ar 101 zomplete 10
[Clorign Jurtifization] Calzulation repart-gar Flou Calzulationr zomplete 10
[Clorign Jurtifization] Inworselruppartrstrustural analeric Engincering Analeris zomplete 10
[Dlarign Jurkifization] Exwerrelruppartr riructural analpris Engincering Analpris zomplste Cantractar
| [Ciorign durtifization] Esvorrel pipestross analyric Engincering Analeris zomplete Cantractar
Dicrign durtifization] Invorselpipestrorr analpric Engincering Analeris zomplets Contractor
(Derigndurtifization] ___ JHazard [dentifization andFirk Analerir (HIFG) Engincering Analeris zomplets L
Dicrign durtifization] At Aralyric Engincering Analeris zomplets L
[Cuorigndurtifization]  IHazard and Operability Study (HAZOF] Engincering Analeris zomplete 10
[Deriqn Jurkification] Humarn and Orqanirational Fazkor Analyric (HOF) Enqincering Analyrir complete [Le]
Fiemate Handling Gamp atibility Fepart (Femats
[Deriqn durkifization] Harndling Comgatibility fererrment Repork, Mock up | Engincering Analyrie samplete L]
Lonockl
[Clorign Jurtifization] Gualifization Flan Gualifization Flan zomplete 10
[Clorign Jurtifization] Acceptanze Flan (FAT SAT) FAT#SATFlan and Frocedure zomplete 10
Duisn..lunifi-:niun Fiosuiromorn\'qliquiuankrix Gumgliqncoqurix-DGMur\'GMurlGM cumglon [[«]
[Clorign Jurtifization] Fith and Fiorcar ch and Develapment Fipart Fith and Fiorcar ch and Development Fiepart zomplete 10
[Eommirrioning] Syrtem Commisrioning Flan Cammisrigning Flan zomplete 10
[Eommirrioning] Commisrioning Test Frocedurs Commisrioning Tert Frocedurs zomplete 10
[Manufacturing] FartDrauing FartDrauing zomplete Cantractar
[Arrembly and Inrtallation] Inrtallation Drauing Inrtallation Drauing zomplete Cantractar
[Arrembly and Inrtallation] Arrembly or Inrtallation Flan Inrtallation Execution Document somplete Cantractar
[Ciperation and Maintenance] | Conceptaf Opsrations Canzeptof Operation zomplete 10
[Dpcration and Main i ardln-Tarvize Inrpection Flan ﬁl’""““M"'“"“““““““‘““'5“’“"“'““""““ camplets Cantractar
E
(Dccommirrioning] _______JDccommicrioningPlan Dezommirrioning Document zomplets L
(D commisrioning] Fiaduarke Checlirt Dezommirrioning Dozument zomplete 1
Lrrug or Fiirk or O partunits Analiris Fepork IFicars Frovide FROF DakaBare Link zomplete 10

The 10 shall review and approve the list of deliverables.
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16.3.2 Expected list of deliverables for the Boronization MRR

The MRR preparation and list of deliverables shall be proposed by the Contractor in accordance
with the Template for SDR Input Data Package [21]. A representative example of the
Boronization System MRR List of deliverables and Activity responsibility is shown below for
the purpose of supplier cost estimation.

Aspect MRR Maturity
Select the main Aspect to guide you to Expected Document ICP Doc Type (Please don’t change Responsibility
the Document selection. values]

[Design Requirements] Configuration Management Model-CMM  |Please provide CMAF Ref If Useful 1o
[Design Definition] Building Drawing Site & Building Drawing Complete Coentractor
[Design Definition] Cabling Diagram-CBD Cabling Diagram-CBD Complete Coentractor
[Design Definition] Detailed Wiring Diagram-WD Detailed Wiring Diagram-WD Complete Coentractor
[Design Definition] Instrumentation and Control Document Instrumentation and Control Document Complete Coentractor

. R Instrumentation and Control - Physical Instrumentation and Control Document - Physical and
[Design Definition] R N v R N ¥ Complete Coentractor
and Functional Architecture Functional Architecture

[Design Definition] Equipment or Component List Component list Complete Contractor
[Design Definition] Bill of Material - BOM Bill of Material - BOM Complete Coentractor
[Design Definition] Component Technical Specification Technical Requirements Specification Complete Contractor
[Design Definition] Assembly Drawing Piping Isometric Drawing Complete Coentractor
[Design Definition] Assembly Drawing Support Drawing Complete Contractor
[Design Definition] Assembly Drawing Assembly Drawing Complete Coentractor
[Design Definition] Cubicle Internal Definition Cubicle Internal Definition Complete Contractor
[Design Justification] Compliance Matrix - DCM or VCM Compliance Matrix - DCM or VCM or ICM Complete 1o
[Design Justification] Qualification Plan Qualification Plan Complete 1o
[Design Justification] Qualification Summary Report for PIC Comy Qualification Synthesis Report for PIC Component - Complete 1o
[Design Justification] Acceptance Plan (FAT, SAT) FAT & SAT Plan and Procedure Complete 1o
[Design Justification] Factory Acceptance Test Procedure FAT & SAT Plan and Procedure Complete 1o
[Manufacturing] Manufacturing Inspection Plan-MIP Manufacturing Inspection Plan-MIP Complete Coentractor
[Manufacturing] Manufacturing Instruction or Procedure Manufacturing execution document Complete Coentractor
[Manufacturing] Mon-destructive Examination Procedure Manufacturing execution document Complete Coentractor
[Manufacturing] List of Manufacturing Tools and Equipmen{ Manufacturing execution document Complete Coentractor
[Manufacturing] Manufacturing Process Qualification RepolManufacturing execution document Complete Coentractor
[Manufacturing] Training or Qualification Record Manufacturing execution document Complete Coentractor
[Manufacturing] Data Sheet Manufacturing execution document Complete Coentractor
[Manufacturing] Manufacturing Drawing Manufacturing Drawing Complete Coentractor
[Manufacturing] Part Drawing Part Drawing Complete Coentractor
[Cperation and Maintenance] Operation and Maintenance Manual Equipment Operation and maintenance Manual Preliminary 1o

[Dasign Justification Structural Integrity Report Engineering Analysis Complete Contractor invessel support structural analysis

[Design Justification Structural Integrity Report Engineering Analysis Complete Contractor Ex vessel supports structural anzalysis

[Dasign Justification Structural Integrity Report Engineering Analysis Complete Contractor Ex vessel pipe stress analysis

[Design Justification Structural Integrity Report Engineering Analysis Complete Contractor In vessel pipe stress analysis

[Design lustification Hazard Identification and Risk Analysis [HIRA] Engineering Analyzis Complete 10

[Design Justification RAMI Analysis Enginaering Analysic Complete 10

[Design Justification Hazard and Operability Study [HAZOP) [Ensineering Analysis Complete 10

[Dasign Justification Human and Grganisational Factor Analysis (HOF) Engineering Analysis Complete 10

" Remote Handling Compatibility Report [Remote Handling . . .

[Design Justification Compatibility Report, Mock up report) Engingering Analysis Complete o

[Design Justification Qualification Plan Qualification Plan Preliminary 10

[Design Justification Acceptance Plan [FAT, SAT) FAT & SAT Plan and Procedure Preliminary 10

[Design Justification, Requirement Validation Matrix Compliznce Matrix- DCM ar VCM ar ICM Complete 10

[Design lustification ROX and Research and Development Report ROX and Research and D it If Useful 10

[Commizsioning] System Commissioning Plan Commissioninz Plan Complete 10

[Commissianing] Commissioning Test Procedure Commissioning Test Procedure Preliminary 10

[Manufacturing] Part Drawing Part Drawing Preliminary. Contractor

[Assembly and Installation] Installation Drawing Installation Drawing Complete Contractor

[Assembly and Installation] Assembly or Installation Plan Installation Execution Document Complete Contractor

[Operation and Maintenance] Concept of Operations Concept of Operation Complete 10

[Operation and k System and In-Service Inspection Plan System Maintenance and In-Service Inspection Plan Complete Contractor

[Decommissioning] Decommissioning Plan D acument Complete 10

[Decommissioning] Racwaste Chacklist |pecommissioning Document Complete 0

Non Technical Documents

[Cther] |Issue or Risk or Cpportunity Analysis Report IPIease Provide PROR DataBase Link | Atany stage 10

The 10 shall review and approve the list of deliverables
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16.3.3 Expected list of deliverables of the I&C design

The control system of the Boronization system and Xe gas delivery system is expected to be a
replica of the GIS I&C system.

The deliverables shall be prepared as per the PCDH guidelines Plant Control Design Handbook
(27LH2V) and Methodology for Plant System I&C specifications (353AZY).

This document completes the PCDH core document by focusing on methodology for plant
system I&C technical specifications. It aims to give guidelines to issue the deliverables for the
design phase as mentioned in PCDH, scope and workflow for I&C design data.

16.3.4 Expected list of deliverables for the Xenon gas supply FDR

The FDR preparation and list of deliverables shall be proposed by the Contractor in accordance
with the DR procedure [18], the SDP Working Instruction [19] and the Template for SDR Input
Data Package [20]. A representative example of the Xenon gas supply System FDR List of
deliverables and Activity responsibility is shown below for the purpose of supplier cost

estimation.

Aspect ICP Doc Type Title Fesponsibility
[Design Diefinition] Technizal Requirements SRD Lu]
[A. Oesign Fequirements] Specification
[Design Definition] Configuration Management | SRR [n]
[&. Design Requirements] Model-CRar
[Design Oiefinition] (B. Design Design Description ooo Lu]
Diescription)
[Design Definition] [B. Design Load Specification Load Specifications Lu]
Diescription)
[Design Definition] (B. Design Component Technical Technizal Specifization for Bellows Procurement IO Supplier
Dlescription] specifications
[Design Definition] (B. Design | Process Diagram PFD [n]
Dlescription]
[Design Definition] (B. Design FProcess Diagram FilDs Ln]
Dlescription)
[De=sign Oiefinition] (B. Design Instrumentation and Control | Cabling diagrams Lu]
Diescription) Diagram
[De=ign Diefinition] (B. Deszign Eill O Material-BOM BOM Supplier
Dlescription]
[Design Definition] (B. Design | Design Description Enginzering madels and drawings Supplier
Dlescription]
[Definition Justification] erification Report Compliance Matriz Supplier
[Definition Justification] Functional Analysiz Report- | Functional Analysis Report-F AR [u]
FAaR
[Definition Justific ation] Engineering Analysis and Structural Integrity analysis repork Supplier
Calculation Repart
[Definition Justific ation] Engineering Analyszis and Leak Oetection Scheme and Analyses Lu]
Calculation Repart
[Definition Justific ation] Rar Lu]
[Definition Justific ation] HAzZOoP Lu]
[Definiticon Justific ation] HIRA 0
[Manufacturing] Azzembly drawing Aszzembly Orawings Supplier
[Manufacturing] Other Manufacturing Input | Factory Gualification Tests Plan Supplier
[Manufacturing] Prart drawing Part drawings Supplier
[Assembly and Installation] On-site Assembly Plan Supplier
[Azsembly and Installation] He Leak Testing on Site &ssembly Supplier
[Operation and Maintenance] Concept of Operations Operations plan Lu]
[Operation and Maintenance] Maintenance of Inspection [ Maintenance Plan 0
Flan
[Product Lifecycle Records] (B, | Deliverable List Dieliverable List Lu]
Frocurement] [Fiewiew or Dlecizion or
Fiecommendations Feport]
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16.3.5 Expected list of deliverables for the Xenon gas supply MRR

The MRR preparation and list of deliverables shall be proposed by the Contractor in accordance
with the Template for SDR Input Data Package [21]. A representative example of the Xenon Gas
Supply System MRR List of deliverables and Activity responsibility is shown below for the
purpose of supplier cost estimation.

Aspect
Select the main Aspect =
ICP Doc Type Title Responsibility Notes
to guide you to the YR po
Document selection.
Factory Acceptance Test Program 0
. o FAT & SAT Plan and
[Design Justification] -
Procedure Site Acceptance Test Program o
™ facturing] Manufacturing Inspection M fact . tion Pl 10/5uppli 10 to define Notification and Hold
anufacturin Plan-MIP anufacture Inspection Plan upplier Points
‘Welding Procedure Supplier
. . ‘Welding Process Specification
Manufacturing execution i
[Manufacturing] = Supplier
document
Helium Leak Test Procedure .
Supplier
Liquid Penetrant Examination Procedure| .
Supplier
R Manufacturing execution - —
[Manufacturing] Visual Examination Procedure .
document Supplier
Radiographic Examination Procedure .
Supplier
Manufacturing execution  |Welding Qualification Report
[Manufacturing] e e P Supplier
document
. Manufacturing execution  |Personnel Qualification .
[Manufacturing] Supplier
document
Manufacturing Drawingsl
[Manufacturing] Manufacturing Drawing £ £ Supplier
[Other] Quality Plan 10/5upplier

16.4 Appendix 4 — Installation and Construction Work Packages
EWP Toolbox link [25]

The contractor shall follow the instructions in the tool box to implement according to 1O process
Engineering Work Package (EWP) Toolbox

Engineering Work Package (EWP) Development /| Review /| Handover

i

+ MQP Working Instruction: WI for Construction Preparation (EWP/CWP/IWP)

- Applicable Technical Document Types (TDT) for EWP: Technical Document Types for EWP

EWP Production

Design Developer Design Developer
Responsiiities (Production) Responsibiies (Coord

Document Production Plan

Scope statement / Technical
ster Documes

Technical Specifications

Construction Verification

Compliance Matrix

Drawings & Diagrams
Identification & Tagging

Data Sheets

EWP Coordination

ities (Coordination)
Interface Control

Configuration Management
Page
Joint Integration Team (JIT)

CAD/EWP Anticipation

CAD Work Plan

EWP Checking

Designer Developer.
Responsibilities (Checking)

Engineering Checklists
Design Risk Assessment

EWP Handover

Design Developer
Responsibiliies (Handover)

Handover of EWP

Pre-Construction Preparation

CWP Preparation

EWP Review

EWP Readiness Review

Bills of Material

Tagged Item Lists for
Construction

Model Data: CAD Data
Consistency under
Configuration Control

Catalog workflow for a
centralized request for CAD
and cataloging

Equipment Storage &

bl
2:8

eservation Requirements

JIRAEWPR

EWP Production Monitoring

Rules for EWP Monitoring

Design Developer PLM EWP Monitoril
Respnngbilmes (Egziew) &

Construction Events

Requests For Information (RFI)
Deviation Requests (DR)

Non-Conformance Reports (NCR)
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