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1 Abstract

The aim of this task is to provide simulations of the edge magnetic field structure resulting from the application of resonant magnetic perturbations (RMP) for ELM control in ITER and to perform estimates of the toroidally asymmetric power/particle fluxes to plasma-facing components (PFCs) associated with the perturbations. The task consists of two subtasks. Although they are both related, the two subtasks require different models and codes. Therefore, the two subtasks can be granted to different contractors.

2 Background and Objectives

1.1 Power fluxes to plasma facing components during uncontrolled Type I ELMs in ITER are expected to exceed thresholds for material damage and thus reduce the operational lifetime of these components to unacceptable levels for reliable ITER operation [1].

1.2 One of the schemes for control and/or suppression of Type I ELMs being adopted in the ITER design is based on the perturbation of the edge magnetic field structure by a dedicated system of in-vacuum vessel coils (ELM control coils). The potential of this technique for ELM control and/or suppression was first demonstrated on the DIII-D tokamak [2] and then elsewhere, such as at JET [3]. Coil systems to perform studies on this subject have been implemented or are in the process of implementation on other tokamaks such as MAST, NSTX , ASDEX-Upgrade, TCV etc. 

1.3 From the experimental results obtained thus far in tokamaks [4, 5], it is expected that the application of RMPs for ELM control in ITER may lead to toroidally asymmetric deposition patterns of power and particle fluxes on ITER PFCs. The potential consequences for component design and lifetime (due to steady-state erosion) need to be quantified. 

1.4 The objective of this task is twofold: 

a) perform the required modelling for the edge magnetic field structure associated with the application of ELM control coils in ITER for a relevant range of plasma scenarios covering both the non-active (hydrogen and helium) and active (deuterium and deuterium-tritium) operation phases.
b) evaluate the 3-D structure of the associated particle/power fluxes taking into account both the magnetic field and ITER first wall and divertor PFC geometry for these scenarios and for a range of edge transport assumptions covering the range expected in ITER. An initial assessment of the associated divertor PFC erosion for a restricted set of conditions under these toroidally asymmetric power/particle loads will also be performed as part of these studies. 

1.5 The Tenderer, awarded and having signed the Contract shall be denominated as the Contractor.

1.6 The duration of the Service Contract will be 18 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.

3 Scope of Work

The work involved in this task concerns the modelling of the structure of the edge magnetic field induced by the use of ELM control coils and of the expected toroidally asymmetric particle and power fluxes on ITER first wall and divertor PFCs, together with their associated erosion. The task comprises two subtasks which separately address these two issues (magnetic field structure and expected PFC power/particle fluxes and their consequences). The analysis is to be performed for a range of plasma scenarios including the ITER reference Scenario 1 at 15 MA for QDT =10 operation, together with the hybrid and steady-state scenarios aiming at long pulse QDT = 5 operation. Additional plasma regimes, such as those foreseen in the initial phases of operation (e.g. 7.5 MA q95 =3 H-mode) are also to be studied. 

The edge magnetic field structure should be evaluated in the vacuum approximation (i.e. no plasma shielding) for all scenarios/perturbation strengths considered. Optionally, if a suitable model for incorporation of plasma-shielding effects is available, evaluation of the edge magnetic field structure including plasma-shielding effects for a restricted set of conditions should be performed.  The calculated edge magnetic field structures will be produced in a format suitable for the modelling of edge particle and power fluxes (to be discussed between the ITER Organization Task Responsible Officer and the Contractors). 

Modelling of power/particle fluxes associated with the application of ELM control on ITER is to be performed for a range of edge conditions and transport assumptions to be defined both on the basis of B2-Eirene modelling for ITER [6] and through extrapolation of empirical observations as described in [7] for a subset (to be defined) of the evaluated edge magnetic field structures. The model applied for the evaluation of the power and particle fluxes will contain an adequate 3-D description of the transport of plasma energy and particles in the ITER device, including Monte-Carlo treatment of the neutrals, and 3-D field and PFC geometry to the level required (e.g. inclusion of PFC castellations is not required). The initial assessment of associated erosion/deposition will be based on the modelled 3-D plasma and neutral parameters and will evaluate the balance of erosion and deposition in 3-D geometry at the ITER divertor region both for the initial CFC/W divertor and the second W divertor for a restricted set of conditions among those modelled for evaluation of power/particle fluxes.

4 Estimated Duration

Starting date:
Signing of contract 

Completion date: 
18 months from the date of signature 

5 Work Description 

The task consists of two sub-tasks described below in the general terms.

5.1. Subtask 1: evaluation of the magnetic field structure associated with application of ELM control coils in ITER.

This sub-task concerns the modelling of the magnetic field structure for various conditions in which ELM control by in-vessel coils is expected to be used in ITER. The modelling will be performed in the vacuum approximation for the plasma conditions/coil current specifications detailed below. Optionally, the effect of plasma shielding on edge magnetic field structure can be evaluated for a restricted set of conditions and assumptions on plasma rotation to be agreed between the Contractor and the ITER Organization Task Responsible Officer.
The plasma conditions for which the edge magnetic structure is to be modelled should include, at least:

a) 15 MA/5.3T reference QDT = 10 H-mode plasma

b) 9 MA/5.3T reference QDT = 5 steady-state plasma with internal transport barrier. 

c) 13.5 MA/5.3T plasma hybrid scenario conditions for QDT ≥ 5 with burn duration longer than 1000 s

d) 7.5 MA/2.65T H-mode plasma - the foreseen scenario for development of ELM control methods in the non-active phase

e) 10MA H-mode plasma with BT = 3.5T and 5.3T as representative of an intermediate development of the scenarios in ITER from d) to a) that will be performed in the non-active or active phase depending on H-mode access power requirements.

Regarding the distribution of currents in the ELM control coils, at least the following cases should be considered in the modelling of the edge magnetic field structure for each of the plasma conditions above:

i)
Optimised current distribution to achieve a Chirikov parameter > 1 for  > 0.835 following the DIII-D based specification

ii)
A current distribution proportional to that of i) in which the current level is pushed to the maximum foreseen in the present design (details to be provided by the ITER Organization Task Responsible Officer).
iii)
An intermediate current level between i) and ii) with the same current distribution

iv)
Two cases with the same current distribution as that in i) but with lower current level by factors of 2 and 4 respectively

v)
Two cases with non-optimised current distribution (i.e. resonant perturbation not aligned with q-profile) for which the requirement of a Chirikov parameter > 1 for  > 0.835 can be met within the coil current capabilities.
The numerical information regarding the results on the modelling above will be provided in a format that can be used for the calculations in the second sub-task. The detailed format for this information will be proposed by the ITER Organization Task Responsible Officer in consultation with the Contractors for the two sub-tasks.  

5.2. Subtask 2: evaluation of the power and particle fluxes to plasma-facing components in ITER associated with the use of ELM control coils.

This subtask concerns the modelling of the particle and power fluxes for the magnetic field structures associated with the application of ELM control coils in ITER evaluated in subtask 1 (Section 5.1). The model used for the evaluation of these fluxes should contain a plasma physics edge model adequate to describe accurately the processes expected in these ITER plasma conditions; namely a fluid description of the edge plasma transport in 3-D geometry (with appropriate flux limits if required) and a Monte-Carlo treatment of the recycling neutrals, as required to simulate adequately the low temperature/high density conditions at the ITER divertor. Ideally, the modelling should also include impurities but if unfeasible, their effect can be evaluated in the approximation of constant edge impurity fraction, by adequate approximations of the radiation losses caused by these impurities at the ITER plasma edge. Before addressing the 3-D modelling, an initial set of benchmark calculations should be performed for an ITER toroidally symmetric edge magnetic field and PFC configuration, in order to compare the results of the plasma edge model used in the task with reference results from B2-Eirene simulations for ITER (as a method to assess the adequacy of the physics model used to perform the 3-D calculations in this subtask). The modelling in this subtask should include both the full 3-D edge magnetic field configuration and a basic 3-D structure of the ITER PFCs to the level of refinement required to evaluate the power/particle fluxes in these conditions to be agreed in detail between the Contractor and the ITER Organization Task Responsible Officer.

The conditions for the modelling to be carried out in this task should include at least :
1) Two magnetic field structures for at least three of the plasma regimes described in a)-e) of Section 5.1 to be agreed in detail between the Contractor and the ITER Organization Task Responsible Officer following the results of Subtask 1. 

2) Two separatrix density values spanning the range with acceptable power loads to the divertor target in the toroidally symmetric (non-ergodised) conditions as modelled with B2-Eirene.

3) Two sets of assumptions regarding the values of plasma transport coefficients in the plasma edge region spanning the range expected for ITER in the plasma regimes selected, as well as one simulation per plasma condition in which transport in the far SOL is described by a convective approximation.
The modelling results will provide the 3-D distribution of plasma/neutral parameters for every condition modelled as well as the power and particle fluxes to the ITER first wall and divertor PFCs.
From the results above, a restricted set of conditions (~ 3) will be selected for modelling of erosion and deposition at the ITER divertor target/baffle region. The precise set of conditions will be proposed by the ITER Organization Task Responsible Officer in consultation with the Contractor. This set of modelled conditions should be sufficient to provide an initial estimate of the erosion/deposition balance associated with the application of ELM control coils in ITER both for the initial CFC/W divertor and second full W divertor. 

6 Responsibilities (including customs and other logistics) 

ITER:
ITER will provide the needed information and access to the adequate ITER files for executing this work, such as geometry of ELM control coils, plasma facing components, assumptions regarding edge plasma transport, B2-Eirene results, etc. as required by 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 will fulfil the implementation plan and conditions of present contract. 

7 List of deliverables and due dates (proposed or required by ITER)

In each subtask, the deliverables are reports describing the statement of each problem, input data and approximations used in the studies and the results obtained. Intermediate reports will be delivered at approximately 3 months, 9 months, 14 months, and 18 months from the date of signature of the contract. Details on deliverables and priorities of the subtasks will be agreed between the PT/DA Responsible Officer and the ITER Organization Task Responsible Officer. 

Four progress meetings will be organized as required to exchange information and to review the intermediate results of the task. 

8 Acceptance Criteria (including rules and 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. ITER will also participate in reviewing the results of test and analysis. 

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.

9 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

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 use of computer software to perform a safety basis task activity such as analysis and/or modelling, etc shall be reviewed and approved by the IO prior to its use, it should fulfil IO document on calculation code for safety analysis.

The work shall 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 the purpose of meetings and data gathering. 

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.
10 Work Monitoring / Meeting Schedule

Contractor shall also propose a list of meetings with ITER for progress monitoring in agreement with schedule proposed in § 4. 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

	First progress meetings 
	Checking progress

Submission of 1st report
	Contractor site or ITER site or video conference

	Second progress meetings 
	Checking progress

Submission of 2nd report
	Contractor site or ITER site or video conference

	Third progress meetings 
	Checking progress

Submission of 3rd report
	Contractor site or ITER site or video conference

	Closing contract meeting

Contract completion
	Checking final report
	ITER site or video conference


11 Payment schedule / Cost and delivery time breakdown

To be specified on selection of the successful proposal.
12 Quality Assurance (QA) requirement

Prior to commencement of any work, a Quality Plan must be provided to IO for approval. This is a separate document which comprises: 

1) a workplan with proposed timeschedule and agreed preliminary dates for progress meetings,

2) a statement of those involved in the activity and their approximate role and contribution in time,

3) a statement of what work will be subcontracted and who will responsible for checking this.

13 References / 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
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