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Technical Specifications
Abstract

This Tender specification is for the supply of support to the ITER Organization 
in the area of Resistive Wall Mode control.
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1 Background and objectives

1.1 The present specification is for the provision of support to the ITER Organization in the area of Resistive Wall Mode control.

1.2 General information on the background and objectives of this Contract is described as follows.

The main approach to on-inductive steady-state operation of the ITER is via negative or weak central magnetic shear high-bootstrap-current discharges. These discharges are characterised by relatively low values of the plasma internal inductance, li. For the achievement of high Q in the steady-state regimes, high values of (N are required. 

The value of (N is limited by low-n kink modes. The lower bound, (N(no wall), is the stability limit of the plasma without a stabilizing wall. The upper bound, (N(ideal wall), is the stability limit in the assumption of ideal conductivity of the wall. If (N is somewhere between these two critical values, in a plasma without toroidal rotation, the mode growth rates are determined by the time constant of the conducting walls. These modes are called resistive wall modes (RWM). 

When error fields are properly suppressed, the RWM can be stabilised by the plasma toroidal rotation (if its frequency is high enough) and/or by external helical magnetic fields produced by magnetic feedback coils. Control of RWM, expected to be necessary in ITER at operation with high (N, depends on geometry, position and eddy current decay time of the conducting structures surrounding the plasma, on the plasma rotation and on the geometry and position of the feedback coils.
In the present ITER design, the in-vessel coils used for ELM control (named hereafter as the “RMP coils”) are planned to be used also for RWM control. These are three sets of toroidally arrayed saddle coils (top, mid-plane and bottom coils) with nine coils in each set. Each coil has an independent power supply.
In ITER, the conducting structures are the blanket modules and the double wall vacuum vessel. The eddy currents decay time of the vacuum vessel is significantly longer than that of the blanket modules. However, the blanket modules may significantly affect the RWM control by in-vessel coils. So far, in numerical simulations of the RWM control, rather simplified models of the blanket modules are used. In these models the thickness of blanket modules is disregarded and the thin layer of blanket modules is assumed to be at the plasma facing boundary of the real blanket modules. In reality, the thickness of blanket modules is comparable with the plasma minor radius and proper modelling of the blanket modules in RWM codes is very important.

Multi-mode plasma model and 3D models of the coils are needed for assessment of capability of the feedback coils to stabilize RWM.
The objectives of this task are as follows:

1) development of a model of RWM control in ITER comprising a multi-mode plasma model (preferably taking into account the plasma toroidal rotation with prescribed radial profile), 3D model of the conducting structures (with a proper “thick” model of the blanket modules) and 3D model of the RMP coils, taking into account the location of the magnetic probes,
2) assessment of capability of the RMP coils to stabilize RWMs for plasmas with different values of (N,

3) development of requirements to the power supply for stabilization of moderately unstable RWMs.
1.3 The Tender, awarded and having signed the Contract shall be denominated as the Contractor.

1.4 The duration of the Service Contract will be 12 months from the date of the signature by the last of the contracting parties, with the option of extensions to be agreed and defined by both parties. The ITER Organization explicitly reserves the right to decide whether or not to extend the Contract.
2 Terminology and Acronyms
In the following table denominations and definitions are given of all the actors, entities and documents referred to in this Specification, together with the acronyms used in this document.
	Denomination
	Definition
	Acronym

	ITER Organization 
	For this Contract the ITER Organization
	IO

	ITER Organization Responsible Officer
	Person appointed by the ITER Organization with responsibility to manage all the technical aspects of this contract
	IO‑RO

	Contractor 
	Firm or group of firms organized in a legal entity to provide the scope of supply. 
	C

	Contractor’s Team 
	The Contractor plus all the sub‑contractors/consultants working under its responsibility and coordination for the performance of the contract
	C‑Team

	Contractor Responsible 
	The person appointed (in writing) by the legally authorised representative of the Contractor, empowered to act on behalf of the Contractor for all technical, administrative legal and financial matters relative to the performance of this contract
	C‑R

	ITER Organization Task Responsible Officer 
	Person delegated by the IO‑RO for all technical matters, but limited to one specific task order
	IO‑TRO

	Contractor Task Responsible Officer 
	Equivalent to the IO‑TRO in the Contractors team. 
	C‑TRO


3 Scope of the work

The task includes the following two subtasks. 

Subtask 1: Development of the model of RWM control in ITER

A multimode 3D RWM code comprising a multimode plasma model (preferably taking into account the plasma toroidal rotation with a prescribed radial profile), a 3D model of ITER conducting structure (with a proper “thick” model of the blanket modules) and a 3D model of the RMP coils should be developed. The model should take into account the location of ITER magnetic sensors. The model should include the possibility of using for RWM control: 

1) all three sets of the coils, 

2) only the mid-plane coils, 

3) the top coils in combination with the bottom coils. 

The convergence studies and the code benchmarking should be performed to ensure the code reliability and a sufficient accuracy in predicted performance of the RWM control.
Subtask 2: Study of RWM control by RMP coils

Based on the model developed in Subtask 1, an assessment of capability of the RMP coils to control RWM for plasmas with different values of (N should be made. The studies should be performed for three cases: 

1) all three sets of the coils, 

2) only the mid-plane coils, 

3) the top coils in combination with the bottom coils. 

Requirements for the RMP coils’ power supplies should be developed on the basis of these studies. 

For a given growth rate of RWM instability, make a proposal on the radial position of a thin conducting layer effectively substituting the thick blanket modules in the simulations of RWM control.

4 Task description
The present task description defines only the framework of the Task – General Task Description. Details of each subtask will be developed through communications between the corresponding Contact Persons.

Depending on the preliminary results and on the current needs for the ITER detailed design, some variation in the specification of detailed calculations may be required during the course of the task. Frequent communications between the IO-TRO and the C-TRO are therefore envisaged to discuss and agree on details of the calculations and priorities. 

5 Deliverables and Schedule 
The deliverables are reports describing input data and approximations used in the studies and the results obtained. Intermediate reports will be delivered at approximately 4 months and 8 months from the date of signature of the contract. Details on deliverables and priorities of the studies will be agreed between the IO-RO and the C-R. 

Starting date:
Signing of contract 

Completion date: 
12 months from the date of signature 
6 Responsibilities 
ITER:
ITER will provide the needed information and access to the adequate ITER files for executing this work when needed following the implementation plan.
Contractor:

The Contractor appoints a responsible person, the Contractor’s Responsible (C‑R), who shall represent the Contractor for all matters related to the implementation of this Contract. The contractor will provide results according to the scope of the work outlined above and agreed between the corresponding Contact Persons, and will fulfil the implementation plan and conditions of present contract. 

7 Quality Assurance Program 

Not applicable to this contract.

8 Specific Requirements and Conditions

In response to this call for tender the following shall be provided:

· Schedule of deliverables
· Cost breakdown

· Payment schedule

· Profile of key personnel involved in execution of the work activity

Taking into account the short timescale for the provision of the deliverables, it is anticipated that the study will be carried out using existing validated codes.

The official language of the ITER project is English. Therefore all input and output documentation relevant for this Contract shall be in English. The Contractor shall ensure that all the professionals in charge of the Contract have an adequate knowledge of English, to allow easy communication and adequate drafting of technical documentation. This requirement also applies to the Contractor’s staff working at the ITER site or participating to meetings with the ITER Organization. 
Documentation developed shall be retained by the contractor for a minimum of 5 years and then may be discarded at the direction of the IO. 
The work may require the presence of the Contractor’s personnel at the site of the ITER Organization, Cadarache, 13108 St Paul-lez-Durance, France, for short time.

For all deliverables submitted in electronic format the Contractor shall ensure that the release of the software used to produce the deliverable shall be the same as that adopted by the ITER Organization.

9 Acceptance criteria
Quality plan shall provide work breakdown and list of check points at which ITER should review status of the work and make a decision for its continuation. 

The Contractor shall submit a draft of the deliverables foreseen in the Scope at completion of the work.

The IO‑TRO shall review the deliverables and reply, within the time specified in the 15 following days, a commented version of the deliverables.
The Contractor shall perform all the necessary modifications or iterations to the deliverables and submit a revised version. 
Contract will be considered completed after ITER has accepted the last deliverable.

10 Meeting schedule
Contractor shall also propose a list of meetings with ITER for progress monitoring in agreement with schedule proposed in § 5. At least the following meetings should be foreseen.
	Scope of meeting
	Point of check/Deliverable
	Place of meeting

	Kick-off contract
	Work program


	Contractor site, ITER site, or video conference

	Progress meetings 
	Checking progress

Submission of first report
	Contractor site or ITER site or video conference

	Semi-final progress meeting
	Checking progress Submission of 2nd report
	Contractor site, ITER site, or video conference

	Closing contract meeting

Contract completion
	Checking final report
	ITER site or video conference
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