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Technical Specifications (In-Cash Procurement)

Transmission Line Compensator Technical Specification
This document defines the technical requirements for the design, the manufacturing and the 
testing of the Transmission Line (TL) compensators, including the proposal for their 
installation.
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Abstract 

 

 
This document specifies a R&D activity to design compensators that shall be fitted between the 
ITER ICRH South wall penetration sleeves and the ICRH Transmission Lines. 

The work also requires the demonstration and validation of a suitable installation sequence for 
the designed compensators. 
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Abbreviation Description 

CMM Configuration Management Model 

DDD Design Description Document 

ESPN Nuclear Pressurized Equipment (from French "Equipements Sous 
Pression Nucléaire") 

HP Hold Point 

ICD Interface Control Document 

IDM ITER Document Management 

ICRH Ion Cyclotron Resonant Heating 

IO ITER Organization 

IS Interface Sheet 
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4 Applicable Documents & Codes and standards 

4.1 Applicable Documents 

It is the responsibility of the Contractor to identify and request any documents that would not 
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5 Scope of Work 
 

The present chapter details the technical requirements applicable to the contractor. The 
requirements in the present technical specification are focused on the TL compensator design, 
manufacturing, and testing. The completion of the design work and testing represents a Hold 
Point (HP) in the contract. 

If the above work is successful then the contractor shall develop and confirm a proposal for the 
installation process of the compensators at the South Wall of the Tokamak building (B11). 

Once the work is complete, the contractor shall deliver the compensators and mock-up(s) used 
for test purposes to the ITER site. 

 

5.1 Scope of Supply 

5.1.1 Background 
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5.1.2 Design requirements 

 

The present chapter specifies the requirements to be taken into account by the contractor to 
design the compensators, including the sealing system and the leak tightness tests. The contractor 
shall demonstrate compliance with all the requirements in the [DL2]. 

 

5.1.2.1 Dimensions, Shapes and Space Allocation 
 

The compensators shall be compatible with the IC system design [1].  

The distances between each of the flanges and the adjacent sleeve is extremely limited, 
approximately 2.5mm, and the distance to the gallery ceiling is restrictive. (Figure 5) 

 

Figure 5: South Wall Penetration Dimensions 
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The design of the interface between the compensator and the transmission line components is 
also required. The contractor shall work with the IO to either adapt the flange of the transmission 
line gas barrier to accommodate the requirements of the compensator connections, or produce a 
connecting piece that will allow the connection of the transmission line gas barrier to the 
compensator. 

 

Within the current IC system 3D model, the compensator has been implemented from the sleeve 
to the connection flange of the transmission line to the gas barrier.   

 

In the following Figure 6: 

 
 The transparent volume showing the expected area in which the compensator is likely to 

be implemented; 
 The maximum available space to the ceiling for the installation of the compensator (The 

red dashed line).  
 The flanges to which the compensator will be connected (The blue dashed lines). 
 The sleeve flange details to which the compensator has to be connected at the sleeve end. 
 The transmission line flange details to which the compensator has to connect. 
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5.1.2.2 Sealing, Leak Tightness, Compression, Pressure and Temperature Requirements 

 

The contractor shall design the compensator, as if were to be installed in ITER, and build a 
simplified mock-up of the ITER environment to test the compensator. The contractor shall then 
be able to demonstrate that the compensator is able to maintain the confinement through not only 
normal operational conditions but also through accidental events such as fire and earthquake.   

 

The maximum pressure differential expected according to the System Load Specification used 
for the diagnostic system [18] is 20kPA during an ex-vessel LOCA III event in the gallery. 

 

The overall leak rate provided in the overall open database [19] can be flowed down to define 
the acceptable leak rate for a single penetration, with the following approach adapted: 

 

The mechanical penetration is the sleeve, which has an inner diameter of 447.44 mm and an area 
of 0.15724 m2, with the transmission line fitting inside the sleeve with an outer diameter of 
318mm and area of 0.0794226 m2. 

 

As part of the overall nuclear confinement, which fulfil the requirements under specific 
environmental conditions of normal or accidental events, the openings sealing shall contribute 
to the overall air tightness requirement of rooms, confinement zones or buildings. 

Based on the information in the open database [19], the acceptable leak rate allotment is defined 
at a standard overpressure of 2000 Pa, which is, for the PBS 51 openings in B11, taken as 0.01 
m3/h/m2. In determining the leakage requirement, only the pressure (Pa) is taken into account in 
the calculation. 

Extrapolating the leak rate to different pressures from the AAR [20] using  

 

𝐿𝑅 = 𝐿𝑅 ×  , where P > 300 Pa 

 

Therefore, the allowed leak rate for a single penetration, which is considered as being between 
the sleeve and the transmission line from the gallery (B11) to the assembly building (B13) shall 
be interpolated as follows: 

 

a) In normal operation scenario with leak rate LR = LR per m2  x cross sectional area (where 
the cross sectional area is the gap between the sleeve and the transmission line) 
 

ἠ
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b) In the fire scenario 

 

𝐿𝑒𝑎𝑘 𝑅𝑎𝑡𝑒 = 0.01 ×
√5000

√2000
× (0.15724 − 0.0794226) = 1.23 × 10  @ 𝛥5000𝑃𝑎 

 

 

Converting in the same way as previously described 

 

 

𝐿𝑒𝑎𝑘 𝑅𝑎𝑡𝑒 = (1.23 × 10 ) ×
100000

3600
= 0.0342𝑃𝑎.

𝑚

𝑠
= 0.342𝑚𝑏𝑎𝑟.

𝑙

𝑠
  

 

 

c) In LOCA III scenario with ΔP 20 kPa 

 

𝐿𝑒𝑎𝑘 𝑅𝑎𝑡𝑒 = 0.01 ×
√20000

√2000
× (0.15724 − 0.0794226) = 2.46 × 10  @ 𝛥20000𝑃𝑎 

 

Converting in the same way as previously described 

 

 

𝐿𝑒𝑎𝑘 𝑅𝑎𝑡𝑒 = (2.46 × 10 ) × = 0.0683𝑃𝑎. = 0.683𝑚𝑏𝑎𝑟.   

 

 

Consequently, a maximum leak rate of 0.0837 mbar.l/s at all the delta pressures above, shall 
therefore be considered for the design. 

 

The contractor shall achieve the requested leak rate. However, if this is not possible the contractor 
shall provide the maximum leak rate the compensator is able to achieve. 

 

The contractor shall design the fastenings between the compensator and the sleeves and between 
the compensator and the transmission line gas barrier flanges, developing the interface with the 
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Movement 

 
 12.5mm movement in Normal Operations (average transmission line temperature of 

650C) 
 131mm movement in a Fire Event (temperature around 6000C in non-protected area).  

[Note: The compensator movement shall first be tested to ~45mm, which demonstrates 
the transmission lines movement if all the TLs are housed in a firebox where the 
temperature is reduced to 2000C in the TL area] 

 

Other Accidental Case 

 
 Overpressure of 20kPa on the gallery side of the penetrations  

 

5.1.3 Material Requirements 

 

The materials currently defined at the South wall penetration are the following: 

 
 Stainless steel 304L for the sleeves 
 Aluminum for the outer of the transmission lines and transmission line ga eves 
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5.1.4 Simplified Load Considerations 

 

(Note: this section is provided for information only as the compensator test article shall 
pass the tests detailed in section 5.1.8.) 
 

The final compensators will be assessed against the load specification [6], with the following 
tables 1 and 2 summarizing the loads that affect the components at the South wall penetration. 

 
  

No. Single Load Event Description 

1 DW Load due to the components self-weight 

2 PresO 
Water pressure during operation + air/gas pressure 
during operation 

3 ThO Thermal load during operation 

4 SL1, SL2, SMHV Seismic events 
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No. Load Combinations Description No. of Events 

1 
DW, PresO, ThO, ATMP, 
Bolts pre-tension, VV Normal 
OP 

Category I 30,000 

2 
DW, PresO, ThO, ATMP, 

Bolts pre-tension, VV Normal 
OP 

Category I – Initiating event SL1 1 

3 

DW, PresO, ThO, ATMP, 

Bolts pre-tension, VV 

Normal OP 

Category III – Initiating event LOCA 
gallery III 

 

4 
DW, PresO, ThO, ATMP, 
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5.1.8 Testing Requirements 

 

In order to validate the design of the compensator assemblies, the contractor is responsible for 
the design and manufacturing of a mock up for the assembly, test and validation of the 
compensator.  

If the initial compensator tests fail, then the contractor may propose an alternative solution, 
otherwise the contract will be terminated.  

If the initial compensator tests are successful then an extension or additional mock up for 
validating the assembly and installation of the compensators shall be provided. The design(s) 
shall be approved by IO and meet the functional test purposes.  

 

The contractor is free to implement the necessary technical solutions to meet the requirements 
and will submit the mock-up design to the IO for validation. This included any necessary 
installation displacement requirements that are needed to allow the compensator to work 
correctly over its range. The mock-up used to validate the functionality of the compensator shall 
include at least: 

 1x mock-up sleeve with flange (reduced length) 
 1x mock-up TL with flange (reduced length) 
 1x mock-up TL gas barrier with flange (reduced length) 
 1x compensator 
 1x sealing assembly (as determined needed by design) 
 Any necessary supporting pieces 

(If the compensator tests are successful then it is expected that the mock up will be expanded for 
the assembly and installation validation tests.) 

 

The mock-up used to validate the assembly and installation sequence of the compensators shall 
include at least: 

 4x mock-up sleeves with flanges (reduced length) 
 4x mock-up TLs with flanges (reduced length) 
 4x mock-up TL gas barrier with flange (reduced length) 
 4x compensators 
 4x sealing assemblies (as determined needed by design)  
 Part representing the ceiling 
 Any necessary supporting pieces (considering the equipment is at height) 
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The types of tests shall be performed on the compensator validation mock-up: 
 Pressure tests 
 Leak tightness tests 
 Thermal Cycling test 
 Movement tests 

 

5.1.8.1 Pressure Tests 

5.1.8.1.1 On Mock-up 

 

The contractor shall mimic the accidental overpressure on one side of the compensator (gallery 
side) up to a ΔP = 0.02 MPa. The contractor shall perform the pressure test at 20°C and shall 
maintain and monitor the pressure during at least 1 hour. 

 

5.1.8.2 Leak Tightness Tests 
 

These tests shall be performed after the pressure test described in chapter 5.1.8.1 

 

5.1.8.2.1 On Mock-up 

 

The contractor shall provide the test plan for the testing of the compensators. 

 

5.1.8.3 Mechanical Tests 
 

These tests shall be performed after the pressure and leak tests described in chapter 5.1.8.1 and 
5.1.8.2. 

Figure 7:Mock-up Layout Proposals 
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5.1.8.3.1 On Mock-up 

 

The tests shall mimic the thermal expansion of the transmission lines during operations, i.e. a 
movement of 12.5mm over 1,000 cycles to demonstrate that the compensator is able to withstand 
the operational expectations. As the displacement of the transmission lines in operations will be 
slow, the test for the cycling rate will be discussed with the contractor at the kick off meeting. 

 

Following the tests, the leak tightness shall then be checked as per the tests agreed and validated 
in chapter 5.1.8.2. 

 

Finally, the transmission line shall be moved 135mm (toward the assembly building) to 
demonstrate the compensator is able to withstand the transmission line displacement in the case 
of a fire. 

 

The leak tightness shall then again be checked as per the tests agreed and validated in chapter 
5.1.8.2. 

 

 

5.1.8.4 Thermal Cycling Tests 

5.1.8.4.1 On Mock-up 

 

The test for the mimicking of the normal operation thermal cycling will be discussed with the 
contractor at the kick off meeting. The contractor shall also mimic the conditions that a fire would 
have on the compensator when it is exposed to 2000C. 

 

 

5.1.8.5 Factory Acceptance Tests (FAT) Criteria 

 

5.1.8.5.1 During Pressure Tests 

 

The Supplier shall perform the described testing before shipping the components to the IO. The 
Supplier shall provide support necessary to test the component/system and to demonstrate that 
the required performance meets the given criteria. 

 

Acceptance criteria 1:  Leak test results 

 

The contractor shall monitor and provide results of the leak rate during the pressure tests, noting 
that a desired leak rate detailed in section 5.1.2.2. 

 

Acceptance criteria 2: The pressure shall remain constant during 1 hour (within the tolerance 
of the contractor measurements equipment). 
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5.1.8.5.2 During Mechanical Tests 
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8 List of deliverables 

8.1 General 

In the initial phase of this two-stage contract, the supplier shall provide the IO with a compensator 
designs compliant with the technical requirements presented in section 5. The supplier shall also 
manufacture the compensators and prepare any necessary mock-up(s) to test the compensators. 
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The contractor is responsible for: 
 The maintenance of Quality Procedures as specified in the following chapters and 

scheduled throughout the contract. 
 Producing the requested documentation, as specified in section 8.6. 
 The production of the design (3D and drawings) of the compensators and the mock-up; 
 The production of the test plan detailing the tests and measurements to be performed; 
 The manufacturing of the components in compliance with manufacturing drawings; 
 The production of the manufacturing report; 
 Performing all the tests allowing the validation of the assembly, and the leak rate 

measurements; 
 Inviting the IO to witness the tests and measurements; 
 Deliver all the deliverables listed in section 8.6 within the due dates specified in Table 4; 
 Organizing meetings and producing minutes of meetings as specified in section 11; 
 The delivery of the components on ITER site. 
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8.4 Manufacturing of the Equipment 

 

The contractor shall manufacture the different assemblies, and mock-up(s), based on the 
drawings approved by IO, which are to be detailed in the design package [DL2]. 

The number of components to be manufactured is detailed in section 5.1.8. 

The manufacturing report shall be completed and delivered [DL3] after completion of the 
manufacturing and the different inspections validating the tolerances given in the manufacturing 
drawings [DL2]. 

Following successful testing of the first stage of the contract [DL4], the contractor shall propose 
and demonstrate the installation process for the compensators, using the appropriate mock-up 
(section 5.1.8) and complete further leak tightness tests. [DL5] 

Following either the failure of the first stage of the contract, or the completion of the full contract, 
the contractor shall pack and deliver the different components to the ITER site and produce the 
delivery report [DL6] according to requirements detailed in section 12. 

 

 

8.5 Assembly and Testing 

 

The main aim of the mock-up(s) is to validate, with tests, the assembly and installation feasibility 
and the leak-tightness of the compensator assemblies. The contractor shall perform the tests and 
issue the tests report [DL4] detailing: 

 
 The steps needed to complete the assembly. The aim is to verify the different tolerances 

for centering, insertion and the use of tools if needed. 
 The leak rate measurements after pressure tests and thermal cycling.  
 Mechanical stroke tests to ensure the compensator does not fail due to the operational 

movement of the transmission lines. 
 Mechanical stroke tests to ensure the compensator does not fail in the case of movement 

of the transmission line due to a fire 

 

The tests shall be performed in accordance to the procedures produced in [DL2] approved by IO. 

 

The tests acceptance criterion are defined in section 5.1.8. 
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In case of Contracts concerning SIC components and/or a Safety Related Activity, or PIC and/or 
Protection Related Activities, the Quality Assurance Programme of the Supplier shall comply 
with the requirements of the INB Order dated 7 February 2012 [5] and the subsequent ASN 
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11 Specific General Management requirements 
The specific general management requirements taken from GM3S section 6 [17] applies with the 
below specific requirement amendments noted: 

 

 

11.1 Contract Gates 

In addition to the contract gates as defined in the specific general management requirements 
taken from GM3S [17] section 6.1.5, the scope of work calls for a contract gate for the completion 
of the design and test of the compensator, as defined in section 5 of this document. 

 

 

11.2 CAD design requirements 

This contract requires CAD activities where the specific general management requirements taken 
from GM3S [17] section 6.2.2.2 applies  
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12  Delivery of Equipment used in Contract 

12.1.1  Requirements for Labelling, Cleaning, Packaging, Handling, Shipment and 
Storage 

 

12.1.1.1 Scope of Application 

 

The following generic requirements apply both for the shipment of equipment, etc. from the 
manufacture/assembly site to the ITER Site or to any intermediate site. 

Suitable precautions shall be taken to avoid damage to the equipment. The components shall be 
fitted with the required accelerometers or other sensors and shall be packed as defined below. 

The equipment shall be subject to control and inspection, as defined below.  

 

12.1.1.2 Labelling and Traceability 
 

All components and the main subcomponents shall be clearly marked in a permanent way and in 
a visible place with the IO official numbering system according to the document “ITER 
Numbering System for Components and Parts” [8]  

 

For simplicity purpose, IO will provide the identification numbers to the contractor. 
  

12.1.1.3 Cleaning 
 

During cleaning, particular attention shall be given to the removal of weld spatter, debris and 
other foreign matter.  Final cleaning shall ensure effective cleaning without damage to the surface 
finish, material properties or, if metal, metallurgical structure of the materials.  The Supplier shall 
submit to the IO the proposed cleaning procedure for approval/acceptance.  
 

12.1.1.4 Package and Handling 
 

Any special IO or regulatory transportation requirements shall be documented and provided to 
the Supplier prior to shipment.  

 

Subsequent to the Factory Acceptance Test, the components shall be partially disassembled to 
the maximum size that can be shipped.  All components requiring re-assembly at the ITER site 
shall be clearly labelled and tagged.  

  

The supplier shall design and supply appropriate packaging, adequate to prevent damage during 
shipping lifting and handling operations.  Where appropriate, accelerometers or other sensors 
shall be fitted to ensure that limits have not been exceeded. When accelerometers are used, they 
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Each shipment shall be accompanied by a Delivery Report [DL6] shall be prepared by the 
Supplier, stating as a minimum: 

 The packing date; 

 The full address of the place of delivery and the name of the person responsible to receive 
the package, as well as of the Supplier’s name and full address; 

 Bill of Materials 

 Security Measures 

 Release Note [9]; 

 Packing List; 

 Material Safety Sheet; 

 The declaration of integrity of the package; 

 The declaration of integrity of the components; 

 Any additional relevant information on m  

��


