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Task Force Leader and Deputies: A. Bécoulet, P. Strand, H. Wilson

Field Coordinator: K. Thomsen

Work Programme 2005-2006

Call For Participation

November 2004

At its tenth meeting on September 30th, 2004, the STAC recommended the EFDA-SC to endorse the ITM TF work plan, together with the 2005-2006 work programme. The EFDA-SC approved this recommendation on November 3rd, and invited the TF to Call For Participation into the corresponding Projects. The present Call For Interest is issued in order for Associations to propose a Project Leader to the so-called Integrated Modelling Project #3 (IMP#3), dealing with transport codes and discharge evolution. The corresponding technical material can be found in Appendix of this Call, or on the task force website (www.efda-taskforce-itm.org).

Following Associations’ answers, ITM-TF will nominate a Project Leader for a period of two years. The Project Leader will be first responsible for refining the detailed project plan (manpower, milestones and deliverables), and coordinate the overall project work in close contact with the TF leadership, and the other TF’s projects. The Project will be manned through a second Call for Participation later in 2005.

The Heads of Research Units are thus invited to:

(i) express the interest of their Research Unit in participating to the Project.

(ii) identify a possible Project Leader.

(iii) provide any comment relevant to the global structure of the Project.

The EFDA Associate Leader for JET is invited to:

(i) provide any comment relevant to the global structure of the Project.

Answers to the present Call For Participation should be sent by December 17th, 2004 by electronic mail:


To: minhquang.tran@efda.org

Cc: alain.becoulet@cea.fr, Howard.Wilson@ukaea.org.uk, elfps@elmagn.chalmers.se
Plan for Integrated Modelling Project 3:

transport code and discharge evolution
Objective:

To provide the computational basis for a modular transport code, taking account of the core, the pedestal and the scrape-off layer. Ultimately, to enable the simulation of complete tokamak scenarios, eg for ITER.

Scope:

The intention is to adopt a modular approach to the construction of a transport code. The modules may be adapted from parts of existing transport codes, or new ones could be developed. This project would design both the overall framework (platform) for the transport code (with input from the work of Area 2) and the individual physics modules, which the user could “plug into” the platform. These modules would be continually updated and extended as improved physics models or more efficient algorithms are developed. The model development will be performed in collaboration with the teams working in the other Integrated Modelling Projects (IMPs). The emphasis in those projects will be on developing a detailed understanding of specific plasma physics phenomena, often through the development of computationally intensive codes. The emphasis in this project, on the other hand, will be to decide and implement appropriate compromises between efficiency (speed) and accuracy, and to quantify the impact of any approximations made, in order to provide modules that can usefully be employed in a transport code.

The modules should include all issues of relevance to the simulation of tokamak discharge evolution, including: the core plasma transport and stability; the scrape-off layer plasma transport and stability, plasma control issues, sources, sinks and plasma-wall interactions. The ultimate aim would be to have a complete set of modules to enable the simulation of a full discharge (ie a “tokamak simulator”).

Project structure:

Each project is composed of a number of separate, but often interacting, topical areas. The work in this project is divided into three Topics:

3a: Core transport

3b:SOL/edge transport 

3c: Integrated discharge evolution

The project plan describes the work that will be performed within each of these three Topics.

Work Plan for Topic 3a:

core transport
Introduction:

This topical area will address all the issues associated with the core transport modules. These would be constructed based on the physics studies being performed in the other projects. In those projects, the emphasis will largely be on developing a detailed understanding of the processes that are involved in specific phenomena. However, in many situations, the models will be too computationally intensive to provide useful (ie fast) modules for a transport code. Thus, a large fraction of the work for this topic will be to develop and benchmark simplified models for the core plasma physics processes. These should include: an appropriate transport equation solver; particle, heat and momentum sources; transport coefficients; current drive; equilibrium; stability criteria, etc. The transport equations should evolve heat, density (including impurities) and momentum. Options for non-diffusive transport (including pinches) should be explored.

There are a number of well-developed core transport models available in the community, and many of the required modules could be taken, or adapted from these, if appropriate. 

The Tasks:

A number of tasks have been identified, as detailed below. The purpose of these tasks is to provide convenient packages of work, which have near or mid-term objectives. These tasks then feed into the project as a whole.

(i) Equilibrium

With input from Topic 1b, identify and develop the necessary equilibrium modules suitable for incorporation into the transport code

(ii) Transport equation solvers

· One could envisage a need for two types of transport equation solvers:
1) Those that evolve flux-surface averaged quantities
2) Those that evolve the full 2D spatial structure of quantities
This task should assess the need for a 2D solver.

· Provide the necessary modules to evolve the temperature and density of the plasma species (including impurities), consistent with the magnetic field and current profile evolution. Modelling of the plasma flow evolution will also be important for some applications. Flexibility to incorporate non-diffusive transport should be provided.
(iii) Sources and sinks

· A range of modules for the various sources will be required, including:

· Heat sources from auxiliary heating schemes
· Density sources from pellets, gas fuelling, NBI, etc
· Current drive
· Momentum
· Modules for sinks should include radiation and dissipation of the plasma flow.
(iv) Internal transport barrier modelling

Models for the generation of ITBs should be incorporated to permit the self-consistent study of the interaction between current drive profile, heating profile, flow profile and the sustainment or position of the transport barrier.

(v) MHD phenomena

· The effect of MHD phenomena on tokamak evolution should be included, with modules to describe sawteeth and NTMs (these may require a 2-D description: see Task (ii)).
· The modules should include both a trigger criterion and a model for the impact of the MHD on the tokamak plasma performance (or transport properties).
Work Plan for Topic 3b:

SOL/Edge Transport
Introduction:

The core transport modelling typically takes boundary conditions at the top of the pedestal. These boundary conditions should be determined by transport modelling of the pedestal and scrape-off layer regions. In addition, modelling of these regions is important to determine the exhaust characteristics of the tokamak and, in particular, what the steady state heat load on the divertor target plates would be. The purpose of this Topic is to address these issues.

The scrape-off layer plasma differs from the core plasma as the field lines are open, connecting to the target plates, and this requires a full 2-D (spatial) analysis. Flows and particle drifts play an important role in the scrape-off layer, and these must be incorporated into the model. 

The pedestal region can be thought of as the transition region between the core plasma and the scrape-off layer (for example a transition from 2-D in the SOL to 1-D in the core, or the transition from open to closed magnetic surfaces). This transition region will need special attention.

There are a number of well-developed SOL transport models available in the community, and many of the required modules could be taken, or adapted from these, if appropriate. 

The Tasks:

A number of tasks have been identified, as detailed below. The purpose of these tasks is to provide convenient packages of work, which have near or mid-term objectives. These tasks then feed into the project as a whole.

(i) Equilibrium magnetic geometry

Provide the necessary modules to determine the equilibrium magnetic geometry for given plasma density, temperature and current distributions (which will be 2-D in general)

(ii) Transport processes

Provide modules to calculate the transport processes along and perpendicular to the magnetic field lines. These should include:

· Neoclassical diffusion coefficients in relevant collisionality regimes
· Turbulent diffusion coefficients across the flux surfaces
· Non-diffusive transport processes (eg avalanche processes or “blobby” transport)
· Drifts
· Modules to describe the evolution of the plasma parameters (pressure, current, flow, etc)
· Boundary conditions
(iii) Sources and sinks
· A comprehensive radiation package should be provided
· Particle sources should be addressed
· The heat flux from the core should be modelled, including the possibility of localised, transient heat loss, which may arise from ELMs, for example.
· Momentum sources and sinks may be required
(iv) Plasma-wall interactions

This is a key area which should develop all issues related to plasma-wall interactions, including:

· Erosion

· Dust formation

· Tritium retention

· Boundary conditions

(v) Stability

· Modules to assess the stability of the SOL plasma may be desirable (eg temperature-gradient driven modes)
· A module to assess the MHD stability of the pedestal region would be useful for incorporating an ELM model
(vi) Benchmark Models
· Benchmark output from modules both against experimental data and against more complete models.

Propose experiments to provide rigorous benchmarking

Work Plan for Topic 3C:

Integrated discharge evolution
Introduction:

The ultimate aim of this project is to provide a capability for fully integrated simulations of tokamak discharges. Topics 3a and 3b provide modules for various physics elements associated with the core and edge plasmas respectively. The objective of this Topic 3c is to provide the code platform into which these modules can be “plugged”. There is, therefore, a large overlap with the work of Area 2. To complete the integration of all systems, it will also be necessary to develop the modules required to simulate the plasma control system.

The code platform must be flexible and allow different degrees of integration according to a user’s needs. Thus, at the lowest level, the platform should accept and integrate all the modules to allow either core or edge plasma modelling. A higher level of integration must also be possible, permitting integration of the core and edge routines. Finally, to permit full discharge simulation, the platform must also have the capability to model plasma control and feedback systems to provide a full “tokamak simulator”. Options to work in either predictive or interpretative modes will be important.

The Tasks:

A number of tasks have been identified, as detailed below. The purpose of these tasks is to provide convenient packages of work, which have near or mid-term objectives. These tasks then feed into the project as a whole.

(i) Develop the formalism to provide the integration between the core and edge plasma regions
· Identify how to couple the core plasma (closed flux surface, 1-D spatial structure) to the scrape-off layer plasma (open flux surfaces, 2-D spatial structure) through the pedestal region.
· Incorporate models for the L-H transition to generate the pedestal, as they are developed (eg through IMP4)
· Link to stability models for the pedestal region to model the impact of ELMs on core confinement and transient exhaust heat loads in a self-consistent manner.
(ii) Provide the modules necessary to simulate the tokamak plasma control system

Together with the transport modules developed in Topics 3a and 3b, this will provide a full set of modules to allow full discharge scenario simulation.
(iii) Provide the tokamak simulation code platform

· The platform will need to be developed with input from Area 2. 
· It must be sufficiently flexible to accommodate all the modules that are generated within this IMP (and the other ones). 
· The capability to provide an arbitrary level of integration is required, limited by the choice of modules linked by the user.
Mid-term Project Plan: Transport Code and Discharge Evolution

	TASK
	Q1/05
	Q2/05
	Q3/05
	Q4/05
	2006
	2007
	2008

	Topic 3a: Core Transport
	
	
	
	
	
	
	

	(i) Equilibrium
	0.2


	0.2, W
	0.2, W
	0.2, W
	
	
	

	(ii) Transport equation solvers
	0.5


	0.5
	1.0, W, C

3a(ii)1-3
	2.0, W, C

3a(ii)1-3
	2.0, W, C

3a(ii)1-3
	2.0, W, C

3a(ii)1,3
	2.0, W, C

3a(ii)1,3

	(iii) Sources and sinks
	1.0, W


	1.0, W
	1.0, W
	1.0, W
	1.0, W
	1.0, W
	

	(iv) Internal transport barrier modelling
	
	
	0.5, W
	0.5, W
	0.5, W
	1.0, W
	

	(v) MHD phenomena
	
	
	
	
	1.0, W,C


	1.0, W,C
	1.0 W,C

	
	
	
	
	
	
	
	

	Topic 3b: SOL/Edge Transport 
	
	
	
	
	
	
	

	(i) Equilibrium magnetic geometry
	0.2


	0.2, W
	0.2, W
	0.2, W
	
	
	

	(ii) Transport processes
	0.5


	0.5
	2.0, W,C

3b(ii)1-5, 3a(ii)3
	2.0, W,C

3b(ii)1-5

3a(ii)3
	2.0, W,C

3b(ii)1-5

3a(ii)3
	2.0, W,C

3b(ii)1-5

3a(ii)3
	2.0, W,C

3b(ii)1-5

3a(ii)3

	(iii) Sources and sinks
	1.0, W

3b(iii)1


	1.0, W

3b(iii)1
	1.0, W

3b(iii)1
	1.0, W

3b(iii)1
	1.0, W

3b(iii)1
	1.0, W

3b(iii)1
	

	(iv) Plasma-wall interactions
	0.2, W

3b(iv)1,2
	0.5, W

3b(iv)1,2
	1.0, W

3b(iv)1,2
	2.0, W

3b(iv)1,2
	2.0, W

3b(iv)1,2
	2.0, W

3b(iv)1,2
	2.0, W

3b(iv)1,2

	(v) Stability
	0.1, W,C

3b(v)1
	0.1, W,C

3b(v)1
	0.1, W,C

3b(v)1
	0.1, W,C

3b(v)1
	0.5, W,C

3b(v)1
	0.5, W,C

3b(v)1
	0.5, W,C

3b(v)1

	(vi) Benchmark models
	0.2

3b(vi)1,2


	0.2

3b(vi)1,2


	0.5, W,C

3b(vi)1,2


	0.5, W,C

3b(vi)1,2


	0.5, W,C

3b(vi)1,2


	1.0, W,C

3b(vi)1,2


	1.0, W,C

3b(vi)1,2



	Topic 3c: Integrated Discharge Evolution


	
	
	
	
	
	
	

	(i) Develop the formalism to provide the integration between the core and the edge plasma regions
	0.2

3c(i)1-7
	0.2

3c(i)1-7
	0.2

3c(i)1-7
	1.0, W,C

3c(i)1-7
	2.0, W,C

3c(i)1-7
	2.0, W,C

3c(i)1-7
	2.0, W,C

3c(i)1-7

	(ii) Provide the modules necessary to simulate the tokamak plasma control system
	0.2
	0.2
	0.2
	1.0, W
	1.0, W
	1.0, W
	

	(iii) Provide the tokamak simulation code platform
	1.0

3c(iii)1,2,3
	1.0

3c(iii)1,2,3
	1.0

3c(iii)1,2,3
	1.0, W,C

3c(iii)1,2,3
	1.0, W,C

3c(iii)1,2,3
	1.0, W,C

3c(iii)1,2,3
	1.0, W,C

3c(iii)1,2,3


Code to entries:

The first number in each entry is the man-power as a fraction of a scientist’s time; this is a very crude estimate which will be refined following the response to a Call for Interest.

The second letter indicates the level of computing power required according to the following key: W=workstation, C=parallel cluster, P=large-scale parallel computing requirements

The third number (or group of numbers) indicates a reference number for a proposal that has already been made related to the task
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