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〇目的 
この文書の目的は、フランスのサン・ポール・レ・デュランスにある ITER プロジェクトの 11 号棟

（WS1）のトカマクピット内での、ITER クライオスタット内 TCWS 配管設置契約に関する作業範

囲、戦略、および必要な契約者の能力についての高レベルの概要を提供することです。これには、製

造前の準備、組み立て、および設置作業が含まれます。 
 
〇技術要件と作業範囲 
1 ITERプロジェクト 
ITERプロジェクトの組織的および技術的側面を包括的な説明については、www.iter.orgを参照下さい。 
 
2 トカマク冷却水システム 
トカマク冷却水システム（TCWS）は、炉内コンポーネントおよび真空容器（VV）から熱を取り除き、それ

をコンポーネント冷却水システム（CCWS-1）および冷水システム（CHWS）に転送します。TCWSは以下

の3つのサブシステムで構成されています： 
 
VV-一次熱交換システム（PHTS） - 総容量32 MW - VVの冷却を提供します。 
ブランケット、ELM-VS、ダイバータ（IBED）-PHTSの統合ループ - 総容量880 MW - 次の主要なクライ

アントの冷却を提供します： 
 ブランケットモジュール（FWパネルとSB） 
 ダイバータカセット 
 炉内コイル（VSおよびELMコイル） 
 計測システム 
 排水および再充填（DR）システム - 通常のTCWS排水に加えて、VVの安全排水機能を提供しま

す。 
すべてのクライオスタット内配管は、ASME B31.3 2010版の流体カテゴリMに従い、低コバルト（最大

0.05%）のステンレス鋼304Lで構築されています。配管は二重壁または共通の遮蔽を持つバンドルの一部と

して構成されており、同じカテゴリに属します。すべての支持構造物はステンレス鋼304Lです。配管と鋼構

造物の間の中間プレートは、アルミニウム青銅ASTM C63200です。 
 
クライオスタット内TCWSは、地理的に下部、中部、上部に分けることができ、主にダイバータカセットに

サービスを提供するIBED-PHTSの中間部分があります（図3.1参照）。 
 



図3.1 バイオシールド内トカマク冷却水システム 
（詳細は英文技術仕様書を参照ください） 
すべての3つのサブシステムは下部に配管され、B2Mレベルのローワーパイプチェイス（LPC）からバイオ

シールドの貫通部を通り、垂直にクライオスタットへ供給線を介して放射状に延びています。これは18分割

されています。この部分のIBED-PHTSには赤道ポートにサービスを提供する入口および戻りラインが含ま

れていますが、VV-PHTSではVVへの入口ラインのみが配管されています。DRシステムは、LPCからVVま

で同様の配管経路を辿りますが、9分割されています（各VVセクターに1本の排水ライン）。 
 
上部におけるVV-PHTSおよびIBED-PHTSサブシステムの配管 
上部には、VV-PHTSおよびIBED-PHTSのサブシステムが配管されています。この部分のVV-PHTSには、

VVコンポーネントからの戻りラインが含まれており、これらのラインはクライオスタットから上部パイプチ

ェイス（UPC）へ、9組の二重壁グループとして放射状に配管されています。これはクライオスタット壁の

貫通部およびバイオシールドの貫通部を通って接続されています。 
 
IBED-PHTSの入口および戻りラインは、ブランケットモジュール（FW/SB）、ELMコイル、VSコイルにサ

ービスを提供するために、上部のUPCとクライオスタットの間に配管されており、36本のバンドル（プロセ

スパイプラインとガードパイプ）がバイオシールドおよびクライオスタットを経由して上部VVポートに接続

されています。 
 
IBED-PHTSの中間部分の入口および戻りラインは、LPCから建物レベルB1に配管され、ここでダイバータ

カセット、下部VSコイル、その他のクライアントにサービスを提供します。この部分は、専用の貫通部を通

じてクライオスタットからVVへと接続されています。 
 
3 組立シーケンスアプローチ 
ITERトカマクマシンのフェーズIの組立は、8つの異なる期間に分けられています。 
 

A0 下部クライオスタット早期作業 
A1 下部クライオスタット作業 
A2 セクターサブアセンブリ（組立ホール） 
A3 セクターアセンブリ（インピット） 
A4 VVおよびマグネットのアライメント、トカマクアセンブリの基準設定 
A5 エクスベッセル側の領域の組立作業（A4のラジアルビーム除去後に開始） 
A6-I インベッセル組立作業 
A7 組立ホールでのコンポーネントプレアセンブリ（CS/LCTS/UCTS/ポートプレアセンブリ） 
この契約の作業範囲は、A5期間中に実施される予定です。 

 
4 建設エリア 
契約の範囲内の作業は、現在建設中のITERプラットフォーム上に位置し、フランス南部のカダラッシュにあ



ります。施設の中心には、トカマク複合施設があり、これは強化コンクリートで構築された原子力評価構造

で、図3.2に示すように3つの統合された建物で構成されています。複合施設のフットプリントは118 x 81メ
ートルで、地面から-15メートルから+40メートルの高さまで垂直に延びており、トカマクマシンにサービス

を提供するプラントシステム（電力、熱、冷却、調整、燃料供給、監視、制御）を含んでいます。トカマク

マシンの組立をサポートするために、スチールフレームの組立建物および清掃施設があり、連続した作業ス

ペースを形成するように配置されています。 
 
図3.2 サイト概要 – 将来の最終構成 
（詳細は英文技術仕様書を参照ください） 
 
ITERサイトは、5つの独立した主要作業エリア（WS）に分けられています。作業エリアは、主要な分野ご

とに建物やエリアをまとめることで、作業契約者や適切な資格を持つ人員の割り当てを改善するために定義

されています。図3.3に示すように、サイトおよび作業の内訳は以下の通りです： 
 
WS1 - トカマク基本機械（組立および清掃施設の建物を含む） 
WS2 - トカマク複合施設の建物（トカマクピットを除く） 
WS3 - その他の原子力施設および制御建物 
WS4 - 低温プラントおよびサイトサービスの建物 
WS5 - 電気エリアおよび電力供給建物 
 
図3.3 ITERサイトと建屋の配置および独立した建設現場の位置図 
（詳細は英文技術仕様書を参照ください） 
 
契約範囲内の作業は、図3.3の破線で示された建物内のWS1 B11ピットで行われます。 
 
5 建設指示プロセス 
IOは、Momentum - 建設マネージャー（CMA）の支援を受けて、建設作業パッケージ（CWP）を通じて組

立プロセスを定義します。各CWPは、CMAによって契約者に指示され、契約者が単位として実施する作業

パッケージを定義します。これには、定義された開始点と完了点、及び各種作業の入札単価に基づいた必要

なコストが含まれます。 
 
6 作業範囲 
契約には、クライオスタット内部のTCWS配管システム、B2のクラウンエリア、およびL3のクライオスタッ

トスペースルームが含まれます。詳細については、付録の「クライオスタットTCWS配管設置作業の概要」

を参照してください。 
 
作業の範囲は、一般的に、恒久的な作業の準備、実施、管理、及び文書化に加え、恒久的な作業を達成する

ために必要な一時的な作業を含みます。 



 
この契約の範囲には、以下のようなさまざまな活動が含まれます： 

• 作業に必要なすべての文書の発行（品質計画、健康と安全の計画、労働力計画（設置シーケンスとレ

ベル4スケジュール）、および作業の実行のための設置作業パッケージ（IWP）を含む）。 
• 恒久的な作業を完了するために必要な一時的な作業の特定、定義、および提供（HVAC、照明、保

護、仮設アクセス、安全装置、標準工具など）。 
• モックアップおよび資格確認方法の開発。 
• モックアップおよび資格確認プロセスの実施、詳細な製造および設置手順の開発。 
• すべての設置活動中の現場測定および逆エンジニアリング。 
• 他の作業者によって設置された周囲のコンポーネントの保護。 
• 特別に設計された工具の設計、調達、およびメンテナンス。 
• 作業を完了するために必要な消耗品およびアクセサリーの提供。 
• 設置活動の追跡およびすべての活動を記録するために必要な文書の発行。 
• IOが調達した原材料（パイプ、フィッティング、鋼材、インラインコンポーネントなど）をIO倉庫

から契約者の製造ワークショップへ梱包・輸送。 
• サポート構造および配管スプールの前製作（パイプの曲げを含む）。 
• ガードパイプの外表面を粗さ0.2μm未満に研磨。 
• 製造ワークショップで配管スプールをバンドルとして組み立て。 
• バンドルのためのガードパイプ内面に断熱材を組み立て。 
• 製造ワークショップで真空フランジ、ベローズ、スペーサー、ブッシングなどのインラインコンポー

ネントとともにスプールまたはバンドルを組み立て。 
• 必要に応じて、サポートとともにモジュール構成として配管スプールをプレアセンブリ。 
• ステンレス鋼の溶接および配管表面の酸洗いおよびパッシベーション。 
• 契約者の製造ワークショップからIO倉庫へ、プレ製造されたスプール、サポート構造、モジュール

を梱包・輸送。 
• 一時的なサポートの設計、調達、取り付け。 
• プレ製造された配管スプール、バンドル、サポート構造の取り付け。 
• 技術的清掃（異物排除、塵埃管理、フラッシングおよび乾燥など）。 
• 断熱作業。 
• 保存作業。 
• 取り付け検査および試験（非破壊検査、圧力試験、ヘリウム漏れ試験など）。 
• 実施した寸法を明示した詳細な竣工図の準備および発行。 
• 機械的完了に関するドシエの発行。 

上記の作業は（前製作活動を除き）、すべてフランスのサン・ポール・レ・デュランスにあるITER施設内で

契約者によって実施されます。 
 
 
 



〇暫定的なタイムライン 
IO内部のマイルストーン、地域内の他のシステムの統合、および他のインターフェースシステムの設計スケ

ジュールを考慮して、この契約に対する以下のマイルストーンが考慮されます： 
 

〇必要な能力 
契約者の能力と経験、およびそのエンジニアリング・建設チームの能力、経験、訓練は、品質、再作

業、スケジュールに直接影響を与え、最終的には運転中のトカマクの性能に影響します。契約者は、

以下に示すいくつかの重要な分野において能力と経験を示す必要があります。 
 
コア能力は、契約者が提供しなければならない技術的経験の分野です。これらは表 5.1 に示されてい

ます。残りの能力は、調達概要文書に指定された制限に従って下請けによって取得することができま

す。この場合、契約者は、十分な技術監督を保証するために、下請けされた能力分野に対して SQEP
（Suitable Qualified and Experienced Personnel）スタッフを特定する必要があります。 
 
【※ 詳しくは添付の英語版技術仕様書「In-Cryostat TCWS Piping Installation Contract Technical 
Summary」をご参照ください。】 
ITER 公式ウェブ http://www.iter.org/org/team/adm/proc/overview からもアクセスが可能です。 
 

「核融合エネルギー研究開発部門」の HP： http://www.fusion.qst.go.jp/ITER/index.html 
では ITER 機構からの各募集（IO 職員募集、IO 外部委託、IO エキスパート募集）を逐次更新してい

ます。ぜひご確認ください。 

http://www.iter.org/org/team/adm/proc/overview
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イーター国際核融合エネルギー機構からの外部委託 
に関心ある企業及び研究機関の募集について 

 

＜ITER 機構から参加極へのレター＞ 

 

 以下に、外部委託の概要と要求事項が示されています。参加極には、提案された業務

に要求される能力を有し、入札すべきと考える企業及び研究機関の連絡先の情報を ITER

機構へ伝えることが求められています。このため、本研究・業務に関心を持たれる企業及

び研究機関におかれましては、応募書類の提出要領にしたがって連絡先情報をご提出下

さい。 
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1 Purpose
The purpose of this document is to provide a high level summary of the scope of works, strategy, 
and required Contractor competences for the ITER In-Cryostat TCWS Piping Installation 
Contract, covering the pre manufacturing, assembly and installation works inside the Tokamak 
Pit in Building 11 (WS1) of the ITER project based in Saint Paul Lez Durance, France.

2 Abbreviations
The following table lists and defines the abbreviations used in this document.

Abbreviation Definition
ASN Autorité de Sûreté Nucléaire
BM Blanket Modules
CCWS Component Cooling Water System
CHWS Chilled Water System (CHWS)
CMA Construction Management as Agent
CWP Construction Work Package
DA Domestic Agency
DR Draining and Refilling
EWP Engineering Work Package
ESPN Équipements Sous Pression Nucléaires
FW First Wall
IBED Integrated Blanket, ELM-VS, and Divertor (Loop)
INB Installation Nucléaire de Base (Basic Nuclear Installation)
IO ITER Organization
IWP Installation Work Package
LPC Lower Pipe Chase
NDE Non Destructive Examination
OHC Overhead cranes
PHTS Primary Heat Transfer System
PIA Protection Important Activities
PIC Protection Important Component
SB Shield Block
SQEP Suitably Qualified and Experienced Personnel
TCWS Tokamak Cooling Water System
UPC Upper Pipe Chase
VV Vacuum Vessel
WS Worksite

Table 2.1 Abbreviations and Acronyms
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3 Technical Description 

3.1 The ITER Project
For a complete description of the ITER Project, covering both organizational and technical 
aspects of the Project, visit www.iter.org.

3.2 Tokamak Cooling Water System 
The Tokamak Cooling Water System (TCWS) removes the heat from the in-vessel components 
and VV, and transfers it to the Component Cooling Water System (CCWS-1) and Chilled Water 
System (CHWS); it comprises three sub-systems:

 The VV-Primary Heat Transfer System (PHTS) - total capacity 32 MW – provides 
cooling for the VV.

 The Integrated loop of Blanket, ELM-VS, and Divertor (IBED)-PHTS – total capacity 
880 MW - provides cooling for the following main clients:
 Blanket Modules (FW panels and SBs)
 Divertor Cassettes
 In-vessel coils (VS and ELM coils)
 Diagnostic systems

 The Draining and Refilling (DR) system provides the VV safety draining function in 
addition to normal TCWS draining.

All the in-cryostat pipework is constructed in low cobalt (max. 0.05%) stainless steel 304L in 
accordance with ASME B31.3 Edition 2010 Fluid Category M. The pipe runs are either double 
walled, or part of a bundle with a common containment that is subject to the same categorisation. 
All support structures are stainless steel 304L. The intermedium plates between pipes and steel 
structures are Aluminium Bronze ASTM C63200.
The in-cryostat TCWS can be divided geographically into a lower part, an upper part, and an
intermediate portion of the IBED-PHTS serving mainly the divertor cassettes, as shown in Figure 
3.1.

Figure 3.1 In-Bioshield Tokamak Cooling Water System

All three sub-systems are routed in the lower part, and extend radially from the Lower Pipe Chase
(LPC) at building level B2M through penetrations in the Bioshield, and vertically via 
feedthroughs into the cryostat, with an eighteen-fold segmentation. The IBED-PHTS in this part 
includes the inlet and return lines serving the equatorial ports, while only the inlet lines to the 
VV are routed for the VV-PHTS. The DR system follows a similar routing from the LPC to VV, 
but with a nine-fold segmentation (one drain line per VV sector).
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In the upper part both the VV-PHTS and IBED-PHTS subsystems are routed. The VV-PHTS in
this part includes the return lines from the VV components; these lines are routed radially from 
the cryostat to the Upper Pipe Chase (UPC) at building level L3 in nine sets of double-walled, 
groups via feedthroughs in the cryostat wall and penetrations in the Bioshield. The IBED-PHTS 
inlet and return lines serving the BMs (FW/SB), and the ELM and VS coils are routed between 
the UPC and cryostat in the upper part, with the thirty-six bundles (process pipelines and guard 
pipe) routed via the Bioshield and cryostat to the upper VV ports.
The inlet and return lines of the intermediate portion of the IBED-PHTS are routed from the LPC
to building level B1, where it serves the divertor cassettes, lower VS coil, and other clients, via
eighteen vertical shafts. This portion of the IBED-PHTS is routed through the cryostat to the VV
via dedicated penetrations adjacent to or integrated into the port structures.

3.3 Assembly Sequence Approach 
Assembly of the ITER Tokamak Machine phase I in B11 Pit is separated into Eight distinct 
periods.

A0 Lower Cryostat early works
A1 Lower Cryostat activities
A2 Sector Sub-Assembly (Assembly Hall)
A3 Sector Assembly (In-Pit)
A4 Align VV and Magnets Establish Tokamak Assembly Datum
A5 Ex-Vessel Side Region Assembly activities (starts after the removal of the Radial 
beams in A4)
A6-I In-Vessel Assembly works
A7 Components Pre-Assembly in Assembly Hall (CS/LCTS/UCTS/Ports Pre-
Assembly)

The works of this Contract scope to be performed during A5 period. 

3.4 Construction Areas
The works in the scope of the Contract are located on the ITER Platform currently under 
construction in Cadarache, Southern France. Central to the facility is the Tokamak Complex, a 
nuclear rated structure in reinforced concrete that comprises three integrated buildings as shown 
in Figure 3.2 Site Overview – Future Final ConfigurationFigure 3.2. The Complex has a footprint 
of 118 x 81 m, extends vertically from -15 m to +40 m relative to ground level, and contains the 
plant systems that service (power, heat, cool, condition, fuel, monitor and control) the Tokamak 
machine.
To support the assembly of the Tokamak machine there is a steel-framed Assembly Building 
and Cleaning Facility, arranged to form a continuous working space.
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Figure 3.2 Site Overview – Future Final Configuration

The ITER site has been divided into 5 independent main worksites (WS). The worksites are 
defined to collect together groups of buildings and areas by major discipline, in order to better 
allocate works Contractors and suitably qualified persons. As presented in the Figure 3.3 below, 
the breakdown of the site and works is the following: 

WS1 - Tokamak Basic Machine (including Assembly and Cleaning Facility buildings)

WS2 - Tokamak Complex buildings (excluding Tokamak Pit)

WS3 - Other nuclear buildings and Control building

WS4 - Cryogenic plant and Site Services buildings

WS5 - Electrical Areas and Power Supplies Buildings
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Figure 3.3 Breakdown of the ITER Site and buildings to independent Construction Worksites

The works in the scope of the Contract will take place in the WS1 B11 Pit in the buildings 
indicated with dashed black line in the Figure 3.3.

3.5 Construction Instruction Process
The IO, assisted by the Momentum - Construction Manager as-Agent (CMA), will define the 
assembly process through Construction Work Packages (CWPs). Each CWP will define a 
package of works prepared and instructed to the Contractor by the CMA and performed by the 
Contractor as a unit, with a defined start and completion point and a required cost based upon 
the tendered unit rates for each type of work. 

3.6 Scope of Activities
The contract will include TCWS piping systems inside Cryostat, in crown area at B2, and in 
Cryostat space room at L3. 

Refer Appendix - In Cryostat TCWS Piping Installation Overview of Scope of Work for further 
details.

In terms of Scope of Work, the scope will generally consist of the preparation, execution,

control and documentation of the permanent works, plus any temporary works required to

achieve the permanent works. 

The scope of this contract includes various activities such as:

 Issue all necessary documentation for the works, such as Quality Plan, Health and Safety 
plan, Workforce planning (Installation sequence and Level 4 Schedule) and the 
Installation Work Packages (IWPs) for the execution of the works.

 Identification, definition and provision of any required temporary works required to 
complete the permanent works, such as HVAC, lighting, protection, temporary access, 
safety equipment, standard tooling, etc..
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 Develop mock-up and qualification method.

 Execute mock-ups and qualification process and develop detailed fabrication and 
installation procedures.

 Site metrology and reverse engineering during all installation activities.

 Protect the surrounding components installed by the others.

 Design, procurement and maintenance of purpose-built tooling.

 Provide the consumables and accessories required to complete the works.

 Issue all the necessary documentation required to follow-up installation activities and to 
record all activities.

 Packing and transport raw materials (procured by the IO like pipes, fittings, steels, and 
inline components) from the IO warehouse to the Contractor’s fabrication workshops.

 Pre-fabrication of support structure and pipework spools include pipe bending.

 Polishing outer surface of guard pipes with a finish roughness less than 0.2μm.

 Assembly of pipework spools as bundles in fabrication workshop.

 Assembly of thermal insulation parts on the inner surface of guard pipe for bundles.

 Assembly of spools or bundles with inline components like vacuum flanges, bellows, 
spacers, bushings, etc. in fabrication workshop.

 Pre-assemble pipework spools with supports as modules configuration if required.

 Pickling and passivation of stainless steel weld and piping surface.

 Packing and transport pre-manufactured spools, support structures, modules from 
Contractor’s fabrication workshops to the IO warehouse.

 Design, procurement and installation of temporary supports.

 Installation of pre-manufactured pipework spools, bundles, and support structures.

 Technical cleaning (foreign material exclusion, dust control, flushing and drying or 
others).

 Thermal insulation works.

 Preservation works.

 Installation inspection and tests (e.g. NDE, hydraulic pressure test, helium leak test).

 Preparation and issue of detailed as-built drawings, specifying dimensions achieved.

 Issue mechanical completion dossiers.

All above mentioned works (except the pre-fabrication activities) shall be performed by the 
Contractor within ITER premises at Saint Paul-lez-Durance in France.

4 Interfaces and Resources
4.1 Boundary between Worksite 1 and Worksite 2
The physical boundary of the Tokamak is, for the purpose of assembly and installation works,
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defined by the outer surface of the Bioshield. In general terms, this surface demarcates the 
Tokamak Assembly Works to be executed by the WS1 Contractors from the Tokamak
Complex works to be executed by WS2 TCC Contractors as shown in Figure 4.1. 

Figure 4.1 Physical boundary principle between WS1 and WS2 in the Building 11

4.2 Worksite 1 Coordination
It is expected some coactivity with other Contractors working in Worksite 1.
To manage the coactivity in worksite 1 and the installation schedule, the IO is currently managing 
all construction activities with the supporting from Construction Management-as Agent (CMA).

 Coordinate all construction activities
 Manage the construction activities
 Develop and maintain the workface planning
 Manage the WS1 facilities with the support of Building and Site Management Program, 

the cleanliness, preservation and Foreign Material exclusion.

4.3 Workshops 
The IO will provide an area dedicated to the Contractor for the installation of his site facilities, 
possibly covering a workshop, local storage, and some pre-assembly activities on smaller 
components. These areas will be located on the ITER Worksite platform. The areas will be 
connected to the potable water, IT and electrical networks as well as to the industrial drainage 
network.
To support the pre assembly activities, the Contractor shall provide a general workshop facility 
within the area described above and as appropriate to volume and schedule an off-site locally 
workshop to enable the pre fabrication and modification of pipe spools, support structures, 
temporary meanings, etc. These workshops shall be staffed by competent technicians, and have 
an acceptable selection of hand tools, machine tools, control instrumentation and welding 
equipment.
The Contractor will be fully responsible for transport between the ITER site and these 
workshops, and for any ITER components while off-site.
On the site, ITER has available a number of buildings for component storage. In general IO 
special tools (if any) will be collected by the Contractor from these storage locations, and 
returned to them on completion of the corresponding CWP.

WS1
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Due to the limited area available for the onsite workshop, not suitable for complete scope 
prefabrication, the contractor is responsible to provide his own workshop for main spools and 
support structures prefabrication activities outside of IO site.

4.4 Interfaces to Other Contracts

4.4.1 Interfaces to IO WS1 Contractors
The Contractor may:

 Execute a CWP where the preceding CWP was performed by another Contractor.
 Complete a CWP where the following CWP is performed by another Contractor.

At the start of a CWP the Contractor will have an opportunity to examine and accept the 
components/environmental conditions, and at the end of the works, the completion will be 
certified by the IO with the support of the CMA.

4.4.2 Scaffolding 
The IO will put in place a framework contract for the lease of scaffolding (scaffolding 
contractor). This contract will be for the provision of scaffolding to the Contractor and other IO 
works contractors.
Due to the high level of interaction between different contractors, the use of this scaffolding 
contract will be obligatory for all work being carried out in WS1 as several works contractors 
may use the same scaffolding.

4.4.3 Lifting
The assembly hall overhead cranes (OHC, 2x50t and 2x750t) are largely used for the machine 
assembly. 
The works executed in B13, B17 and B11 require regular support from an electric mobile crane 
which provided by IO service Contractor. 
The installation Contractor is responsible for the Lifting and Handling operations include provide 
the lifting accessories.

5 Required Competences
The competence and experience of the Contractor, and the ability, experience, and training of his 
engineering and construction team will have a direct influence on quality, re-work, and schedule, 
and ultimately on the performance of the Tokamak during operation; the Contractor will be 
required to demonstrate competence and experience in a number of key areas as listed below.
Core competences are those areas of technical experience that must be provided by the 
Contractor. These are identified in Table 5.1. The remaining competencies may be obtained by 
sub-contracting subject to the limit specified in the Procurement Summary document, in which 
case the Contractor will be required to identify SQEP staff members for the area of competence 
subcontracted to guarantee adequate technical supervision.

Section Area of Competence Core Competence
5.1 Codes and Standards √
5.2 Occupational Safety √
5.3 Nuclear Regulation √
5.4 Clean Conditions Working √
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5.5 Precision Assembly of Multi-Process Piping System √
5.6 Process Development and Qualification √
5.7 Quality Assurance / Quality Control √
5.8 Stainless Steel Welding and Brazing Process √
5.9 Inspection and Non-Destructive Examination √
5.10 Lifting and Handling √
5.11 Metrology, Reverse Engineering, Customization and 

Precision Pipe Forming
√

5.12 Execution of Mock-ups and Development of Detailed 
Fabrication and Installation Procedures

5.13 Management and Execution of Site Works in Highly 
Regulated, Complex, Industrial/Nuclear Projects

5.14 Component and Tooling Maintenance, Storage and 
Preservation

5.15 Polishing of Stainless Pipe Exterior
5.16 Thermal Insulation
5.17 Packing and Transportation

Table 5.1 Required Competences

5.1 Codes and Standards
The systems that comprise the Tokamak have significantly varied functions, operating
conditions, safety classifications, quality classifications, integrate a wide range of technologies,
and the hardware is being sourced among all the ITER Parties. A number of Codes and
Standards apply to the design and fabrication of the Tokamak systems, including RCC-MR and
ASME Section III for the Vacuum Vessel, ASME Section VIII Division 2 for the Cryostat.
TCWS piping system will be connected to or attached to above systems by welding which 
applying the most stringent requirements.
ASME B31.3 Edition 2010 Fluid Category M apply to the design, fabrication, and installation of 
the TCWS piping systems. 
ANSI/AISC N690 Edition 2012 apply to the design, fabrication, and installation of the TCWS 
support structures.
AWS D1.6 Edition 2007 and AWS A5.7 & ASME SFA 5-7 apply to support structural welding.
ASME B31.3 and ASME Section IX for welder or welding operator and welding procedure 
qualification.
ASME BVP Code Section V and B31.3 for Non-Destructive Examination.
Comply with Sections 342 and 343 of ASME B31.3 for qualification and certification of non-
destructive testing personnel.

5.2 Occupational Safety
The working environment of the Tokamak presents numerous occupational safety risks, which 
includes heavy lifting and handling, confined spaces, suffocating gasses, working at heights,
hot work, industrial radiography, pressure testing, and co-activity.
Maintaining safe working conditions in this environment shall be a key priority for IO and for
the Contractor. The IO with the supporting by CMA shall operate a work permit system, and 
shall co-ordinate work between contractors, but the Contractor shall be responsible for 
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performing and documenting risk assessments for each work package, augmented by point-of 
work risk assessments.
A clear, uncompromising commitment to safety and excellent track record, demonstrating the
practical and consistent application of best-practice principles to ensure a safe working culture
is required.

5.3 Nuclear Regulation
Per French Order of 7th February 2012, the ITER Organization is the Nuclear Operator of the
ITER nuclear fusion facility (INB 174).
In order for the IO to satisfy the INB Order, the Contractor shall comply with all the safety 
requirements in the Provisions for Implementation of the Generic Safety Requirements by the 
External Interveners.
Except the connections to VV which according to ESPN Order and RCC-MR requirements, 
TCWS pipework has received an exception from the ESPN (Équipements Sous Pression
Nucléaires) however all components are considered PIC so all quality steps are mandatory. PIAs
shall be defined as per ASN (Autorité de Súreté Nucléaire) requirements.
Where equipment falls under any other European Directive, it is the responsibility of the
Contractor to ensure they all come with their certificate of compliance and bear the CE
marking prior to use for installation purpose.

5.4 Clean Conditions Working
The WS1 is composed of the Cleaning Facility (B17), the Assembly Building (B13), the 
Tokamak pit and the Crane Hall (B11). 
The highest cleanliness requirements apply to the whole volume of WS1 (B17, B13 and the 
Crane Hall) with the specificity of the Pit which requires to wear a hairnet. 
Establishing and maintaining cleanliness and controlling debris and foreign objects is vital for 
machine performance and reliability. Strict control must be implemented throughout the 
assembly cycle to ensure contaminants do not accumulate, and the Tokamak and Assembly 
buildings will be operated under ISO Class 9 Cleanroom Standards.
During the assembly process, temporary access and supports will be required to all parts of the 
Tokamak. Because of the limited space, clean conditions, and abundance of high value, sensitive
components, scaffolding is a specialist activity. All such scaffolding is to be supplied and
erected by the Contractor.
Knowledge and experience in clean assembly works, and the demonstration of robust processes 
to manage operator skills, and the storage and control of clean conditions equipment is required.

5.5 Precision Assembly of Multi-Process Piping System 
The scope of the TCWS installation contract is the construction of multi-process piping and 
double wall piping systems with tight tolerances requirements. High precision work, rigorous 
and robust quality control are required for the scope of works. 
A broad range of experience and skills is demanded, including precision fabrication, assembly, 
handling, placement and interconnection of the multi core pipes with a high degree of 
accuracy. Precise bending and fit-up for weldments. Lifting and positioning the large and 
heavy bundles within the very congested area which surrounded by many sensitive and high 
value components. Alignment and welding of complex multi-process spools within tight and 
confined space.
The workforce shall be qualified and experienced mechanical and piping craftsmen. 
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5.6 Process Development and Qualification
Assembly of the multi-process bundles will require tests and mock-ups to develop and 
successfully qualify the specific procedures and processes.
Experience in the development and qualification of detailed, specific assembly processes and
procedures are required.

5.7 Quality Assurance / Quality Control
Quality Organizations consistent with achieving and guaranteeing compliance with the
demands that nuclear regulation and regulator surveillance imposes; ISO 9001 accreditation of 
the Contractors’ QA systems is required.
The Contractor is responsible for controlling the quality of his work, and that of his
sub-contractors. All work will be subject to assessment by IO or IO representatives, and 
Protection Important Activities or Safety Relevant work will be subject to ASN audit.

5.8 Stainless Steel Welding and Brazing Process
Welding is a key activity, and the joining processes are a significant part of the TCWS piping 
installation work. Experience in the implementation of high-quality welding processes, 
supported by rigorous quality control standards and compliance with numerous construction 
codes is required. Piping and main support structures are made of stainless steels plus the 
limited Aluminium Bronze C63200 plates.
The main welding technologies envisaged for the works are:

 TIG/GTAW
Manual, mechanized, and narrow gap techniques

 MIG/GMAW
Manual and mechanized

 FCAW-G
Mainly for support fabrication in workshop. 

 Orbital Welding GTAW
To include orbital lathes for weld preparation and rework

 Dissimilar Metal Welding
To weld the Aluminum Bronze plates on stainless steel structure

 SMAW
Limit to tight space only.

5.9 Inspection and Non-Destructive Examination
The Contractor is responsible for performing and documenting the specified inspections and 
tests necessary to guarantee the quality of their work, and for qualifying all such processes and 
the operators performing the work. Relevant experience in the implementation of a range of 
standard NDE techniques is required, including:

 System flushing
 Hydrostatic test
 Helium Leak Testing
 Visual Inspection
 Endoscopic inspection
 Ultrasonic Testing
 Radiographic Testing
 Dye-Penetrant Testing
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Qualification of operators and techniques shall be in accordance with the relevant codes and
harmonized standards and will be performed by the Contractor as required.

5.10 Lifting and Handling
The Contractor will be responsible for planning the lifting and handling operations
required to complete TCWS piping installation from component point of delivery (B17). The 
scope includes the development of lifting plans for all the spools, support structure, Bundles 
and inline components during the long installation period.
The Contractor will supply riggers and banksmen experienced in heavy, complex lifting
operations (IO will supply crane operators).

5.11 Metrology, Reverse Engineering, Customization and Precision Pipe 
Forming

Optical metrology system to be used for controlling the dimensions of the TCWS piping 
system to achieve the tight alignment tolerances. The system will have to be operated at the 
limit of its capabilities to deliver the required precision.
Survey work will comply with the ITER Metrology Handbook, and will be subject to
verification and audit by IO.
Extensive experience of large volume optical metrology and knowledge of best practice
techniques is required. 
TCWS piping system will connect to numbers of components all around the Tokamak. Most of 
the client components already installed by the others. To accommodate assembly and 
manufacturing tolerances, particularly for the multi-process pipes with precise bending and 
alignment requirements, the Contractor will perform all the activities necessary for the
customization process, including:

 Comply with IO CAD Data Management system requirement during the synchronous 
collaboration phase by using of Envoia and ideally Aveva, or software completable 
with Aveva to transfer data intelligently. 

 Dimensional control and reverse engineering
 Analysis and presentation of data, provision of models and drawing to define the 

custom forming to be performed
 Producing spooling shop drawings
 Manufacturing spools and bundles
 Polishing of stainless pipe as required
 Cleaning of parts comply with the ITER Vacuum Handbook
 Packing and logistics.

Experience in reverse engineering and precision manufacturing of spools is required.

Appendix - In Cryostat TCWS Piping Installation Overview of 
Scope of Work
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