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1 Abstract

The task is to provide results of the modelling of the edge magnetic MHD stability and associated ELM energy losses for ITER H-mode plasmas in the Type I ELMy H-mode regime. These aspects of H-mode behaviour should be explored in all phases of ITER operation, including the three ITER reference operation scenarios in DT (inductive, hybrid and steady-state). In principle, the task can be subdivided into two types of modelling activities that could be carried out by different codes/contractors: a) linear MHD stability analysis to determine the instability thresholds that set the limits to edge plasma gradients leading to the triggering of the Type I ELMs and the associated maximum pedestal plasma parameters in ITER, and b) non-linear MHD-energy/particle transport simulations to evaluate the growth of these unstable modes and their final effect on the edge plasma and the associated Type I ELM energy loss and fluxes to PFCs. 

2 Background and Objectives

1.1 ITER operation in high fusion performance DT scenarios relies on the achievement of the H-mode confinement regime. The H-mode regime is characterised by the formation of an edge transport barrier and steep edge plasma density and temperature gradients, which are finally limited by the growth of MHD instabilities and the triggering of ELMs. Operation of ITER with H-mode plasmas is also foreseen during the non-active (H & He) and DD operation to allow the study of the features of plasmas in this confinement regime at the ITER scale and to develop scenarios (including ELM control schemes) for DT operation in ITER during these pre-DT phases. 

1.2 Analysis of edge MHD stability from Type I ELMy H-modes in divertor tokamak experiments has been the object of extensive studies [1, 2] that have allowed the derivation of scaling laws allowing the prediction of edge gradient limits in ITER [3]. However, a systematic study of the magnitude of these limits for the foreseen ITER plasma regimes and scenarios in all phases of operation (H/He, DD and DT) and including a sensitivity analysis to modelling assumptions, etc., is still outstanding. Similarly, modelling of the non-linear growth of MHD modes that lead to the ELMs and the associated transport of energy and particles at the edge plasma causing the loss of energy from the confined plasma during ELMs are subject of modelling studies which are able to reproduce many of the features seen in present experiments [4, 5]. Modelling studies along these lines for ITER plasma conditions have not yet been performed and are expected to provide physics-based guidelines to refine the specifications for thermal loads by uncontrolled ELMs in ITER which have been so far based on empirical extrapolations from experimental results [6, 7].

1.3 The objective of this task is twofold : a) perform modelling of the edge MHD stability in linear approximation for a relevant range of plasma scenarios covering both the non-active and active phases of ITER operations and for a relevant range of assumptions concerning the physics mechanisms that determine the width of density and temperature edge transport barriers and b) perform modelling of the non-linear MHD evolution and associated energy and particle transport for a representative set of plasma conditions from those in a) and evaluate the associated ELM energy loss and power flux characteristics (i.e., number and poloidal width of ELM filaments, etc.) for a range of modelling assumptions for the ELM event (reconnection, transport along/across the field, etc.).

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

1.5 The duration of the Task Agreement will be 16 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 edge linear MHD stability for Type I H-mode plasma conditions in ITER as well as the non-linear MHD evolution of linearly unstable edge plasma conditions with the objective of evaluating ELM energy losses and spatio-temporal patterns of power fluxes on ITER PFCs for uncontrolled ELMs. The task involves two subtasks that address separately the linear and non-linear MHD/edge transport modelling to be carried out. The analysis will be performed for a range of plasma scenarios including the ITER reference inductive scenario at 15 MA for QDT =10 operation as well as hybrid and steady-state scenarios aiming at long pulse QDT = 5 including the foreseen H&CD methods in ITER. Other plasma regimes such as those foreseen in the initial phase of operation (i.e. 7.5 MA q95 =3 H-mode) will also be studied. The linear stability analysis will include sensitivity studies with regards to assumptions of core profile density and temperature stiffness as well as to the mechanisms that determine the width of the pedestal for density and temperature profiles at the plasma edge. Non-linear MHD/edge transport simulations will be performed for a representative set of conditions selected from the linear MHD stability studies and will evaluate the magnitude of the ELM energy loss for uncontrolled ELMs in these conditions, the calculated 3-D power flux pattern and timescales for energy deposition on ITER plasma facing components by uncontrolled ELMs as well as the sensitivity of the modelling results on modelling assumptions. 

4 Estimated Duration

Starting date:
Signing of contract 

Completion date: 
16 months from the date of signature 

5 Work Description 

The task consists of two subtasks described below in the general terms.

5.1. Evaluation of edge MHD stability for H-mode plasmas in ITER.

This sub-task concerns the modelling of the linear MHD stability of edge plasmas in ITER for a range of plasma conditions which are expected to be explored in ITER. The plasma conditions for which the edge MHD stability will be studied will include, at least, the following scenarios with nominal parameters (to be defined in detail in the final contract specifications):

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) 13.8 MA/5.3T plasma hybrid scenario conditions for QDT ≥ 5 with burn duration longer than

    1000s

d) 7.5 MA/2.65T H-mode plasma, which is 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 in from d) to a) that will be carried out in the non-active or active phase depending on H-mode access power requirements.

The study will include the production of MHD equilibria and the study of their linear stability for the conditions above and for a range of assumptions such as : a) detailed plasma shaping features, b) stiffness (or peaking) of the main plasma density and temperature profiles in ITER, c) physics mechanisms that determine the pedestal width of density and temperature profiles for H-modes in ITER (such as neutral opacity effects, etc.), d) Effects of heating and current drive on the central q profile and knock-on effects on edge stability, etc. 

The evaluated plasma equilibria will include those for ITER reference scenarios with standard modelling assumptions, which will be provided by the ITER Organization to the Contractor to be used as benchmarking cases. The study will identify areas where the edge stability of ITER plasmas may be qualitatively different from today’s experiments (for instance 7.5 MA H-mode plasmas with ~ 2.0 MA of central current drive by NNBI).

The choice and range of modelling assumptions to be explored from those described above will be agreed in detail between the ITER Organization Task Responsible Officer and the Contractor. 

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. Evaluation of uncontrolled ELM energy losses for H-mode plasmas in ITER by non-linear MHD/edge transport analysis.

This sub-task concerns the modelling of : a) the changes of ITER edge plasma parameters associated with the non-linear growth of MHD modes leading to an ELM and the ensuing enhance edge energy and particle transport, b) the evaluation of the associated ELM energy loss from the main plasma in ITER and c) the evaluation of the spatio-temporal characteristic for ELM energy deposition on ITER plasma facing components on the basis of the non-linear MHD-edge energy/particle transport analysis across and along the distorted magnetic field lines.

The modelling will be carried out for a set representative conditions selected from those studied under the sub-task in 5.1 and will assess : 

a) the relation between the linearly unstable modes leading to the triggering of the ELM with the total ELM energy loss and ELM power deposition characteristics to be expected in ITER.

b) the relation between the non-linear MHD ELM evolution and the magnitude of the ELM energy loss and dominant ELM energy transport mechanisms (conduction versus convection) in ITER.

c) the sensitivity of  non-linear MHD-edge energy/particle transport modelling results in a)-b) with respect to assumptions on physics process driving plasma reconnection, the transport of energy along and across the field during the ELM event, etc.

d) other effects that may be relevant to evaluate on the basis of specific physics considerations for ITER (such as the co-existence of a high density divertor with a low collisionality pedestal plasma., etc.)  or identified by the analysis to be done in this sub-task.

The number of cases to be modelled as well as the range of modelling assumptions to be explored as part of the foreseen studies in a)-d) above will be agreed in detail between the ITER Organization Task Responsible Officer and the contractor.

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 PF coils, plasma facing components, etc., guidance regarding profile stiffness and transport assumptions, 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. Reports will be delivered at approximately 3 months, 9 months, 12 months, and 16 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

· Implementation Plan for execution of the contract to demonstrate how the work will comply with the requirements of this specification. The Implementation Plan shall include list of points which need ITER to check and/or approve for continuation of the work

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 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

Estimated cost of the contract is 1.0 PPY

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 time schedule 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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