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1.
JET: Work Programme 2014

Introduction and summary
The JET 2014 Work Programme remains strongly focused on delivering the high level work packages defined in the EU roadmap for developing fusion energy and in particular preparations for ITER construction and exploitation. 

The main deliverable of the 2014 Programme will be the JET Campaigns (WPJET1), with operation, shutdowns to prepare for future operation and analyses of the results obtained. Operation in deuterium and hydrogen is planned during the first three months; followed by a shutdown to install the ITER-Like Antenna, re-locate the pellet launcher and various in-vessel tile replacements. A restart will follow and is planned to be completed by the end of 2014, ready for experimental campaigns, starting early 2015.

Other deliverables in 2014 include Plasma-Facing Components (WPJET2) with the continuation of the analysis of tiles, dust and mirrors while by taking new samples from the ITER-Like Wall. The Technological Exploitation of DT operation (WPJET3) will bring the necessary preparations for maximising the technology output of a DT campaign at JET, by preparing for example an in-vessel 14 MeV neutron calibration and providing neutron transport code calculations. Further enhancements projects managed under WPJET4 will implement diagnostic upgrades required for DT operation; some of them will be installed in the 2014 shutdown.

Work Programme Deliverables
The 2014 JET Work programme will cover the headlines in the Work Plan outlined for the next few years. The high level Work Packages for JET are: 

· WPJET1: JET Campaigns 

· WPJET2: Plasma-Facing Components

· WPJET3: Technological Exploitation of DT operation

· WPJET4: JET Enhancements 

For the JET Campaigns in 2014, it is proposed to continue with the present task force structure and leadership.  Following a review of the task force structure, a Call for new Task Force Leaders, who will be responsible for the preparation of the 2015 experimental campaigns, will be launched in early 2014.  It is expected that responsibility for analysis of JET results will be handed to the new TFLs after the 2014 IAEA Fusion Energy Conference. For WPJET2 – WPJET4 the proposed management is through Project Leaders, to be appointed in October 2013. 

WPJET1: JET Campaigns

Headlines:

The experimental campaigns at JET are aimed at delivering the headlines set out in the Work Plan for 2014-2018. For 2014, the main focus of the experimental campaigns will be on:

· Headline 1.1: H-mode confinement optimisation (in deuterium and hydrogen)
· Headline 1.3: Avoidance and mitigation of disruption and runaways electrons 
· Headline 1.5: Control of core contamination and dilution from W PFCs
· Headline 2.2: Prepare efficient PFC operation for ITER and DEMO (in hydrogen)
While with sufficient contingency, other headlines may be addressed:
· Headline 1.2: Operation with reduced or suppressed ELMs
· Headline 1.4: Integration of MHD control into plasma scenarios 
· Headline 1.6: Determine optimum particle throughput for reactor scenarios
· Headline 1.7: Optimise fast ion confinement and  current drive
· Headline 1.8: Integrated scenarios with controllers
· Headline 1.9: Qualification of advanced tokamak scenarios
· Headline 2.1: Detachment control for the ITER and DEMO baseline strategy
Experiments and analyses will be targeted at specific deliverables under the headlines, detailed in part II of the document.
Experimental Campaigns:

Campaign C32 will extend into 2014, ending 17 January.  The experimental campaigns in 2014 will complete the experiments started in 2013 and carry out a short hydrogen campaign.  Operation is foreseen to continue until the end of March 2014.
Shutdown and Restart in 2014:
The planned shutdown activities will have to be compatible with the preparation of the remote handling systems for DT. The planned ex-vessel activities include:  Re-installing the ITER-like Antenna, re-locating the High Frequency Pellet Injector and DT technical preparations such as the installation of shielded visible and IR viewing systems. In-vessel, the main task are replacing the solid-W carrier used for W-melt experiments, repairing damage on the frame of the ILA, extracting/replacing marker tiles, test mirrors, dust collectors and performing diagnostic calibrations are the main tasks. The goal is to develop a shutdown and subsequent restart plan that is completed by the end of 2014, with experimental campaign restarting in January 2015.
WPJET2: Plasma-Facing Components
In 2013, the first results of post-mortem analyses of ITER-like Wall tiles, mirrors, dust samples, etc. are becoming available.  The analysis of these components is expected to continue into 2014.  In addition, the second set of ILW components intended for post-mortem analysis was installed in the machine during recent JET Tile Exchange Intervention.  These samples will be recovered from the machine during the 2014 shutdown and be replaced by a third generation.  Priority will be given to extending our understanding of material erosion, transport and re-deposition, to material mixing, to the retention of hydrogen isotopes in the machine, to dust quantification and characterisation and to developing realistic tests of first mirrors for ITER.  Finally, the PFC analysis programme to be run in parallel with the foreseen JET tritium experiments will be defined and the procurement of the necessary components launched.
WPJET3: Technological Exploitation of DT operation

Options for technology projects to be carried out in conjunction with a DT experiment on JET have been developed in collaboration with experts from the ITER IO, Fusion for Energy and the European fusion laboratories.  For many of these projects, feasibility studies are underway as part of JET 2013 Work Programme with the goal of determining the required resources and schedule for implementation.  One project, for calibration of 14 MeV (DT) neutron measurements, will be launched in 2013 and will continue through 2014.  A proposal on which of the others to launch will be prepared as part of the Project Management Plan for this work package in early 2014.  It is expected that all of the chosen sub-projects will need to be launched in the first half of 2014.

WPJET4: JET Enhancements
The enhancement activities in 2014 will be restricted to high priority items in support of exploitation of the ITER-like Wall and in preparation for a DT experiment.  Three projects to be launched during 2013 (Cameras for DT Operations; Low Energy NPA Upgrade; 14 MeV Neutron Calibration) will continue into 2014.  In addition, following a phase of project definition in late 2013 / early 2014, a few diagnostic enhancement projects required to fully exploit the planned DT campaigns will be launched.

If a positive outcome is reached to the process of JET internationalisation, one or two significant upgrades: an Electron Cyclotron Resonance Heating system (for Headlines 1.4 and 1.9) and/or an ELM Control Coil system (for Headline 1.2) will be launched during 2014.  Implementation of either of these systems would be accompanied by a small number of associated diagnostics in order to maximise the physics return of the extended programme.
WPJET1: JET Campaigns
Introduction

The JET shutdown of 2009-2011 has completed the installation of the ITER-like wall with a tungsten divertor and beryllium wall, together with a neutral beam heating upgrade from 20 MW/short pulse to 30 MW/long pulse and a range of new diagnostics. The expansion of the operational domain with the ILW will be progressive and is expected to be completed in 2015, with experimental campaigns being interspersed by periods of system commissioning and intervention(s), primarily for the removal of tile samples for post-mortem analysis.

During the period 2014-18, a series of experimental campaigns and shutdowns are planned that include experiments covering the entire range of working gases foreseen for ITER (H, D, T and He), culminating in an extensive DT campaign in 2017 that is intended to provide the final demonstration of the compatibility of high performance inductive regimes of operation with the ITER wall materials. 
Headlines for the Experimental Campaigns
JET, as the machine closest to ITER in terms of size, its tritium capability and its use of the ITER first wall materials, will remain the focus of the European programme on tokamak physics.  The experimental programme in 2014 will primarily be used to address the goals of Mission 1: Plasma regimes of operation and Mission 2: Heat exhaust systems, as given by the Work Plan for the period 2014-2018, implementing the roadmap in the EU for realising fusion energy. The JET programme will be complemented by experiments on medium size tokamaks (WPMST1) and thus several of the milestones and deliverables are shared with that work package.

Priority will be given to completing the scenario development foreseen already in Campaign C32, in particular to the integration of the physics components being investigated in Campaigns C31 & C32 into complete conventional H-mode, hybrid and (if time is available) advanced scenarios of operation.  In addition, it is expected that dedicated time will be required to complete the initial exploitation of the second disruption mitigation valve.  The experimental campaigns will then finish with a series of experiments in hydrogen and using hydrogen beams; the first step in the systematic exploitation with the ITER-like Wall of all of the working gases foreseen for use in ITER.

The headlines for the 2014 Work Programme are taken from the Work Plan for the European fusion programme for the next five years. For each headline, a summary of key deliverables expected from the JET Campaigns during 2014 is given. The main headlines for 2014 are:

· Headline 1.1: H-mode confinement optimisation (in deuterium and hydrogen)

Demonstrate conventional H-mode and hybrid scenarios with ITER wall materials over wide a range of plasma currents and at full machine performance. Perform an ITER scenario demonstration. Document the H-mode pedestal and its contribution to overall H-mode confinement. In hydrogen: Characterise L-H threshold power, pedestal and ELMs, study confinement and isotope scaling.

· Headline 1.3: Avoidance and mitigation of disruption and runaways electrons 

Continue to develop robust operation of ITER scenarios (disruption prediction and avoidance) and their safe termination. Quantify the efficiency of massive gas injection using the new disruption mitigation valve (DMV2) for disruption mitigation to high current (4 MA).

· Headline 1.5: Control of core contamination and dilution from W PFCs

Demonstrate acceptable W concentration in the foreseen reactor regimes with the ITER-like Wall (inductive operation) and investigate the effect of central heating and ELMs on high Z accumulation.
· Headline 2.2: Prepare efficient PFC operation for ITER and DEMO (in hydrogen)

Document the isotope exchange from deuterium to hydrogen and effectiveness of various techniques for isotope inventory control. Perform retention studies in hydrogen. Prepare for long-term-sample taking to benchmark codes for material erosion, deposition and migration.
Given that it cannot yet be ascertained which elements of the C31 & C32 programme will require additional experimental time, it is proposed to allocate a significant amount of contingency during the experiments in 2014.  Since the experimental teams for the various scenarios will be on site (see above), it is expected that this contingency time can be allocated quite flexibly. For this reason, the number of other headlines in the Work Plan may be addressed during 2014, they include: 

· Headline 1.2: Operation with reduced or suppressed ELMs

· Headline 1.4: Integration of MHD control into plasma scenarios 

· Headline 1.6: Determine optimum particle throughput for reactor scenarios

· Headline 1.7: Optimise fast ion confinement and current drive

· Headline 1.8: Integrated scenarios with controllers 

· Headline 1.9: Qualification of Advanced Tokamak scenarios

· Headline 2.1: Detachment control for the ITER and DEMO baseline strategy
In all of the experiments in 2014, emphasis will be given to improving understanding of the underlying physics and to the validation of theory and models so as to improve our predictive capabilities for ITER and DEMO.  Specific deliverables will be defined for the post-campaign analysis of experiments with this goal in mind.  For example, the hydrogen campaign will address a range of physics issues and will be used to validate models of impurity erosion, transport and re-deposition, fuel retention, pedestal stability and transport, ICRF heating schemes for the ITER non-active phase and divertor detachment.  Campaign C32 includes experiments intended to address the physics of runaway electrons, of the interaction between 3D magnetic fields and fast ion confinement, and of the influence of central heating and momentum input on impurity transport, amongst other areas. The development of scenarios will also include a strong element of model validation not least with regard to the development of a tokamak simulator.
Machine Status
The experimental programme of 2014 will continue to take advantage of the enhancements to the JET Facilities installed during the shutdowns of 2009-2011 and 2012/13:

· New ITER-like Wall, comprising tungsten divertor and beryllium wall;

· Upgraded NB heating system;

· New or improved diagnostic systems;

· Refurbished High Frequency Pellet Injection system and flight lines;

· New wall monitoring and protection systems, including improved plasma control capabilities;

· Upgraded Error Field Correction Coil (EFCC) system, providing an extended capability for ELM control; and 

· Re-instate the ICRF power from the A2 antennas, by refurbishing the flux extruders in the intervention in 2012/13.

The NB and ICRF heating power available on JET is foreseen to be as follows:

· NB in deuterium: Up to 17 MW on Octant 8 and 17 MW on Octant 4, adding up to approximately 34 MW of maximum power for up to 20s; 

· NB in hydrogen: Up to 8 MW for each octant, adding up to approximately 16 MW of maximum power for up to 20s and

· The total available coupled ICRF is expected to be, depending on the coupling conditions, at 42 and 51 MHz, between 4 and 6 MW in H-mode and between 6 and 8 MW in L-mode and at 33 MHz, between 3 and 4 MW in H-mode and between 4 and 5 MW in L-mode.
The experienced gained during the experimental campaigns in 2011, 2012 and 2013 is important. Plasma operation with the ITER-like Wall during will have progressed, in particular the understanding of H-mode operation at high input power together with effective protection systems to avoid excessive heat loads to the Be/W wall. 

During 2013 a W-melt experiment will have been performed. However, standard JET operations do not use the area of the divertor with the potential melt damage. During 2014, plasma scenarios (in deuterium) should be able to use the maximum input power/energy, providing the scope for physics studies at the full range of JET capabilities.
Implementation of the JET experiments
Operations 

In 2014, the operational domain will be explored up to full input power and toroidal field, as to maximise performance in JET in regimes compatible with the ILW. The experimental time available will not be sufficient to allow full optimisation of plasma operation in JET these maximum parameters; this will be done during the 2015 experimental campaigns. However, the results from experiments in 2014 should provide a basis for the DT campaign in JET.
In detail, operations at JET will have to maximise the scientific output in 2014 with constraints, mainly set by the limits for the Be and W tiles. These are:

· The use of the bulk tungsten tiles in terms of energy load, which will be limited to ~60 MJ per stack; 
· Limits for the surface temperature of the wall components: Currently at <950oC for Be, at <1200oC for the W-coated CFC tiles and <1000oC for the bulk-W, but with the option for a limited number of discharges above this limit up to 22000C; and
· The detection and mitigation (using massive gas injection) of disruptions at plasma current at or above 2.5MA. 
There will further be a need to coordinate and monitor the operational performance of the Operator, and especially the plasma restart targets to be in line with programme requirements. This will also include the training of control staff, in particular Session Leaders.
Experimental Campaigns

The experimental campaigns in 2014 will complete the experiments started in 2013 and carry out a short hydrogen campaign.  Campaign C32 will extend into 2014, ending 17 January.  Operation continues with C33 and C34 until the end of March 2014.

In detail the experimental campaigns are scheduled as follows:

· C31: D operation
8/7/2013 – 27/9/2013,

· C32: D operation
30/92013 – 17/1/2014, 
duration of 2 weeks in 2014

· C33: D operation:
20/1/2014 – 21/2/2014, 
duration of 5 weeks

· C34: H campaign:
24/2/2014 – 28/3/2014,  
duration of 5 weeks

The experiment schedule is based on 5-day operation per week until the end of March 2014. A short maintenance period is planned in the beginning of January 2014, to restart the
flywheel generators, with experiments starting on the 8th of January 2014. During the operating period, two further days for cryoplant maintenance are scheduled. Overall, the JET 2014 Experimental Campaigns C33 and C34 are foreseen to comprise 50 S/T days, including 2 days of scheduled maintenance.

Shutdown and Restart in 2014

The scope and duration of the subsequent shutdown will have to be compatible with a refurbishment and re-commissioning of the Remote Handling systems required to improve reliability and to modify the systems before DT operation. However, it is expected that the full remote handling capability will be available for the 2014 shutdown.

The planned shutdown activities include:  Re-installing the ITER-like Antenna, re-locating the High Frequency Pellet Injector, together with minor refurbishments, including DT technical preparations such as the installation of shielded visible and IR viewing systems. All these tasks are ex-vessel, the in-vessel tasks are: Replacing the solid-W carrier used for W-melt experiments, repairing damage on the frame of the ILA, extracting and replacing marker tiles, test mirrors, dust collectors, and performing diagnostic calibrations.

Optionally, replacement of the solid W Tile 5 with the W-coated carbon version is foreseen. The will only be done if the experimental programme requires higher energy limits for the divertor strike points (>60 MJ) or if the solid-W target tiles have been damaged.
In detail the planned Shutdown and Restart in 2014 are:

· Shutdown 2014:
Start 31/3/2014, 

duration of 6 months

· Restart 2014:
30/9/2014 – 19/12/2014, 
duration of 12 weeks

The shutdown and subsequent restart plan should be completed by the end of 2014, with experimental campaign restarting in January 2015. The plasma restart at the end of 2014 includes the standard activities such as establish vacuum, conditioning the machine, commissioning of power supplies and heating systems and commissioning with plasma, including diagnostic calibrations. The commissioning of the ILA will be staged and mainly parasitic to other RF commissioning. It is expected that, progressively, more power from the ILA will become available during the campaigns in early 2015.

Task Force Structure and Leadership

Two task forces will be responsible for the execution of the JET experimental programme. As for the 2013 Campaigns, it is proposed to continue the preparation and execution of the JET 2014 experimental campaigns under Task Forces E1 and E2:

· Task Force E1 is responsible for expanding the operational domain and has a task force leader and three deputies with specific responsibilities. Task Force E1 is responsible for the progressive expansion of the operational domain during periods of commissioning and during the experimental campaigns; and

· Task Force E2 is responsible for exploring the operational domain and has a task force leader and three deputies with specific responsibilities. Task Force E2 is responsible for the exploration of the ILW, exploiting JET fully to address in a systematic way the main scientific issues related to increasing the operating space with the ILW and to specific physics studies for ITER.
The Task Force Leaders will ensure the execution of the programme in line with the priorities approved and bring together communities of enthusiastic and dedicated specialists from all over Europe. The task forces provide the diversity of scientific competence and capabilities needed for the execution of the programme and for the preparation of ITER. The task forces are the link between the various experimental facilities in Europe and provide the basis for international collaborations, particularly for ITER high-priority multi-machine co-ordinated experiments.

During 2014 it will be appropriate to review and establish task forces to start the preparation for the 2015 campaigns. For example, it may be necessary to re-instate Task Force DT at an appropriate point for the preparation of JET DT operation, envisaged for 2017.  It is proposed that the funding of salaries and of mobility support for the first three months of experimental campaigns in 2015 be committed during 2014, in a similar fashion to the 2013 funding of experiments in 2014.

Resources:

86 ppy for execution of tasks, 6 ppy for TFL and 0.23 M€ for secondment/mobility.
WPJET2: Plasma Facing Components
Introduction
The programme of post mortem analysis of samples removed from JET, accompanied by appropriate modelling, will continue in 2014 along the three main strands identified in the Work Plan: Material erosion and deposition in the ITER-like Wall, Dust and First Mirrors.

Headlines
· Material erosion and deposition in the ITER-like Wall. 

The erosion and re-deposition of first wall material in ITER is expected to be the dominant contribution to the amount of fuel trapped in the machine and is thus a key safety issue.  In addition, the generation of mixed materials, particularly Be-W compounds, has the potential to reduce the performance of the PFCs.  Post mortem analysis of tiles removed from JET will be used to quantify the rate of material erosion, transport and deposition and thus to validate models of these processes. Also modelling of in-situ measurements (QMB) and shot-resolved observations (spectroscopy) shall be addressed. In addition, the elemental and chemical composition of deposited layers will be studied (Headline 2.2: Prepare efficient PFC operation for ITER and DEMO).
· Dust. 
The generation of dust in fusion reactors presents a safety risk for ITER, both in terms of dispersal of activated dust in a loss of vacuum accident and as a catalyst for the generation of hydrogen in a loss of coolant accident.  Two main mechanisms are expected to contribute to the generation of dust: delamination of deposited layers and melting or layer destruction by transient events such as disruptions.  JET shutdowns will be used to collect dust samples, which will be subsequently analysed for composition, size and fuel content.  These data will be used to calculate conversion factors from layers to dust and to validate models for dust production (Headline 2.2: Prepare efficient PFC operation for ITER and DEMO and Headline 5.2 Integrated safety analyses and demonstration of safety margins in the design).

· First mirrors.
Post mortem analysis of mirrors exposed to JET plasmas provides unique information on the expected lifetime of first mirrors in ITER (mirror coatings depend strongly on the plasma impurity content and thus on the plasma-facing armour material).  The programme will investigate mirrors in geometries as close as possible to those foreseen for ITER and will assess potential mirror cleaning techniques (Headline 6.8 Diagnostics and control systems).
Status

In 2013, the first results of post-mortem analyses of ITER-like Wall tiles, mirrors, dust samples, etc. are becoming available.  The analysis of these components is expected to continue into 2014.  In addition, the second set of ILW components intended for post-mortem analysis was installed in the machine during the recent JET Tile Exchange Intervention (JTEI).
Implementation

The samples installed in the machine during the JTEI will be recovered from the machine during the 2014 shutdown and be replaced by a third generation.  In addition, vacuuming will be carried out to collect any dust that may have accumulated in the machine.

A programme of analysis and modelling will be implemented, both for extension of the work already on-going on samples removed during the JTEI and for first studies of samples extracted during the 2014 shutdown.

Finally, given the time scales for procurement of components, the scope of sample installation for the JET tritium experiments will be defined and procurement of these components launched.
Resources:

13.1 ppy for execution of tasks, 0.25 ppy for PL, 0.2 M€ hardware, 0.04 M€ for missions and 0.01 M€ for secondment/mobility
WPJET3: Technological Exploitation of DT Operation

Introduction

Considerable added value can be obtained from the implementation of a package of technology projects in conjunction with a DT experiment on JET.  In order to be ready to implement the identified activities in time for the DT campaign and fully exploit their potential value, preparatory work, either in the form of feasibility studies or of pre-analysis of the expected neutron flux and fluence at relevant position must be started in 2014.

Headlines, Status and Implementation during 2014

The activities described in the table below are expected to contribute to a variety of programmatic headlines:

· Headline 1.8:
Develop integrated scenarios with controllers
· Headline 2.2:
Prepare efficient PFC operation for ITER and DEMO

· Headline 4.1:
Design and R&D of HCLL/HCPB blanket concepts
· Headline 5.2:
Integrated safety analyses and demonstration of safety margins in the design
· Headline 5.3:
Radioactive waste management

· Headline 6.5:
Heating & current drive systems

· Headline 6.6: 
Tritium, fuelling vacuum systems
· Headline 6.8:
Diagnostics and control systems

	Headlines
	Status
	Implementation in 2014

	Project management
	Project Leader to be appointed in 2013. 
	Draft Project Management Plan by spring 2014.  Sub-project leaders appointed by summer 2014.

	Neutron detector calibration at 14 MeV neutron energy (Headline 6.8)
	Project started in 2013 with purchasing of DT neutron generator and identification of laboratories participating in the project.
	Characterization of DT neutron generator. Procurement of detectors. Preparation of Safety and Remote Handling cases for in-vessel calibration. Support neutronics analyses.

	Characterisation of neutron field, activation and dose rates (support activity)
	A MCNP model of JET has been already developed in the previous years in the frame of FT tasks. However, some changes are required for specific applications.
	This activity is needed to provide the neutron flux and spectrum required for the other activities in WPJET3 (except validation experiments), in positions such as the irradiation ends, close to the first wall, in the torus hall penetrations, etc. 

1. Identification of needs and priorities

2. Modification of JET MCNP model, as required

3. Calculations of neutron fluxes and spectra at selected locations

	Experiments for neutron transport & activation code validation

(Headline 5.2)
	Experiments are in progress at JET with measurements of shutdown dose rates and of neutron streaming through penetrations of the torus hall (FT tasks). The measured data are compared with predictions obtained by codes and nuclear data used in ITER design.  These experiments in DD are preparatory in view of the DTE2. The purpose is the validation of ITER design calculation.
	Selection of experiments. These may include:

1. Shutdown dose rates 

2. Streaming of neutrons through torus hall penetrations

3. Activation cross sections

Pre-analyses of expected measurement ranges.  Detailed design of measurements to be carried out during 2015 DD campaign (preparatory) and during DTE2. 

Selection of detectors and of experimental positions. 

	Activation measurements for ITER material characterization and data validation

(Headline 5.2)
	Activity not started yet
	Selection of ITER materials to be investigated (e.g. samples of ITER-grade W, Be, CuCrZr, 316L(N)-IG, from various suppliers, plus other materials TBD).

Analysis of feasibility of short-term activation (relevant to accident doses and decay heat), of medium-long term activation relevant to maintenance.

Pre-analysis of neutron induced activation in JET neutron spectrum (irradiation end, first wall) for the expected DTE2 neutron irradiation history. 

Calculation of expected gamma activity vs cooling time.

	Validation of calculations of activation corrosion product (ACP) generation (Headline 5.2)
	Feasibility study already completed in 2013. The study has confirmed the feasibility of measurements of ACP in a stainless steel or copper loop irradiated in a vertical port of JET in a full DTE2 (1.7x1021 neutrons).
	Detailed design of experiment and installation on JET.

Technical specifications of test loop components and measurement system.

	Functional material damage studies (Headlines 6.5 & 6.8)

	Activity not started yet.
	Selection of ITER materials to be investigated (e.g. samples of ITER-grade materials used in heating and diagnostics systems).

Analysis of feasibility of measurements in JET.

Pre-analysis of neutron-induced damage (dpa) and of activation in JET neutron spectrum for the expected DTE2 neutron irradiation history. 

Calculation of expected gamma activity vs cooling time.

	Measurement of T outgassing and airborne T

(Headline 5.2)
	Activity not started yet.

ITER is interested in any information from JET experience concerning the T outgassing from in-vessel materials and the airborne tritium.


	Feasibility study and definition of measurements for monitoring outgassing at ambient and, if possible, different temperatures, and for monitoring the airborne tritium.

Preliminary design of measurements. 



	T permeation and retention studies

(Headline 5.2)
	Activity not started yet. T permeation and retention studies for materials of interest for ITER
	Feasibility study and definition of measurements using e.g. layered samples as used in earlier campaigns.

	Test of detectors for tritium breeder blankets (Headline 4.1)
	Activity not started yet.

F4E is developing detectors to be used in TBMs, capable to withstand the harsh environment due to high radiation, high magnetic field and high temperature. These detectors should be developed by 2017 and could be tested in JET. Detectors would be provided by F4E
	Feasibility study and definition of test objectives. Preliminary design of measurements.

	Operational experience on occupational dose

(Headline 5.2)
	Activity not started yet.

 ITER is interested in any information from JET experience that may help with aspects of ITER collective dose assessment. In order to maximize the exploitation of JET experience.  Careful planning of data collection, definition of data format and of measurements will be required prior to the start of the DTE2 and should be started in 2014
	Start of definition of data to be measured and related format. Design of measurements.

	Waste production and characterization

(Headline 5.3)
	Activity not started yet.

 ITER is interested in any information from JET experience that may help with aspects of ITER waste and characterization. In order to maximize the exploitation of JET experience, careful planning of data collection, definition of data format and of measurements will be required prior to the start of the DTE2 and should be started in 2014
	Start of definition of data to be collected and related format. Design of measurements.

	DEMO-relevant studies, including:

- Erosion & T retention in neutron pre-irradiated materials (Headline 2.2)

- Fuel cycle (Headline 6.6)
	Activity not started yet.


	Detailed design of experiments.


Resources:

15 ppy for execution of tasks, 1.7 ppy for PL, 0.13 M€ hardware, 0.05 M€ for missions and 0.09 M€ for secondment/mobility
WPJET4: Enhancements
Introduction
In order to complete the exploitation of the JET ITER-like Wall and to take full benefit from deuterium-tritium experiments on JET, it is necessary to carry out a small number of system refurbishments or upgrades. First priority will be given to completion of on-going EFDA projects, primarily those launched in 2013. For these on-going projects, resources are required only for manpower that would have been covered under Notifications in EFDA and for missions that would have been covered by Secondment Agreements, as payment of manpower and procurements under EFDA Orders is already foreseen in existing (or soon to be placed) contracts.   During 2013, the following projects have been or will be launched:

· Vertical Neutron Spectrometer.

This project was agreed as part of the 2012 Work Programme.  Delays in launching the project and the need to commission the system on plasma mean that completion is now expected in 2015.
· Re-installation of the JET ITER-like Antenna.

The system will be re-installed during a shutdown in 2104 and re-commissioned and exploited in deuterium plasmas in 2015 and in DT plasmas in 2017.  Demonstration of reliable operation of the ILA is also viewed positively by the ITER IO as preparation for operation of their ion cyclotron heating system.

· Re-location of the High Frequency Pellet Injector
.

 In its present location, delivery of pellets for ELM control and core fuelling is limited by losses in the transmission line between the injector and the tokamak.  An alternate location has been identified with a shorter and simpler line. The injector will be re-located during the 2014 shutdown and exploited during 2015 in deuterium and in T and DT plasmas (with deuterium pellets) during 2017.
· Upgrade of the JET viewing system.

Three of the JET visible and infrared views will be upgraded for compatibility with deuterium-tritium operation. These systems will be deployed during the 2014 shutdown so that operational experience can be gained in deuterium in 2015.

· Refurbish the low energy neutral particle analyser.

This system requires a new generation of neutron-insensitive detectors and refurbishment of its data collection and control hardware.  The upgrade system is only likely to operational in time for the DT campaigns in 2017.

In addition, a small number of further diagnostic upgrades are being considered, focussing primarily on DT-related systems (neutron and gamma-ray detectors and spectrometers, alpha particle measurements, laser-based techniques for tritium monitoring, etc.), contributing to Headline 1.7 amongst others, depending on the exact range of diagnostic enhancements selected.  The selection of which upgrades to pursue will be made in 2014.

Finally, the exploitation of JET beyond 2018, posited on a successful outcome of the process of JET internationalisation, as suggested by the Panel on Strategic orientations of the fusion programme, with a corresponding significant amount of resources made available for JET operation, is expected to include the implementation of one or two significant upgrades: an Electron Cyclotron Resonance Heating system (for Headlines 1.4 and 1.9) and/or an ELM Control Coil system (for Headline 1.2).  Implementation of either of these systems would be accompanied by a small number of associated diagnostics in order to maximise the physics return of the extended programme.
Headlines
The JET enhancements aim at improving the capabilities of JET for addressing the headlines defined in the Work Plan for 2014 -2018. 

· Vertical neutron spectrometer gives the best separation of neutron spectra from RF-driven and thermal sources, due to the RF-driven ion motion being mainly in the vertical poloidal plane. This also applies for neutron spectra from synergetic NBI plus RF-driven sources. This view complements the existing horizontal view, which gives the best separation of neutron spectra from NBI and thermal sources, as the NBI injection is pseudo tangential in the toroidal plane and gives rise to co- or counter streaming ion populations. The resulting information will be used to study and optimise fast ion confinement (Headline 1.7).

· Re-installation of the JET ITER-like Antenna will provide increased central electron heating and allow more complete tests of tungsten control under Headline 1.5.

· Re-location of the High Frequency Pellet Injector should provide robust delivery of pellets for ELM control (Headline 1.2) and core fuelling (Headline 1.6)  

· Upgrade of the JET viewing system will allow safe operation of ITER scenarios with the ITER like wall for hydrogen, deuterium and tritium, deuterium-tritium with a high 14 MEV neutron flux. This upgrade is essential for addressing Headline 1.1.

· Refurbish the low energy neutral particle analyser will allow measuring the plasma isotope mix in hydrogen, deuterium and tritium, important for Headline 1.6.

Status

In addition to those projects to be launched in 2013 and discussed above, the following proposals for diagnostic upgrades are considered feasible in the time scale of the Reference Scenario for JET exploitation and as potentially providing crucial additional information, in particular for the foreseen tritium and deuterium-tritium operation:

· Gamma Ray Spectrometer. 
KM6T and KM6S provide horizontal and vertical measurements, respectively, of the alpha particles via gamma ray emission spectroscopy of the nuclear reaction 9Be((, nγ)12C. These views therefore allow obtaining information from two moments of the alpha velocity distribution. In order to provide good quality measurements in a full D-T campaign, KM6T should be upgraded to cope with the more challenging radiation environment. It is also worth pointing out that the enhancement of this diagnostic would be the continuation of a successful EP2 project (TCS). The proposed enhancement would consist of: installation of additional neutron shielding the torus hall; replacement of the polyethylene neutron attenuator with LiH; replacement of the BGO-detector with LaBr3; and replacement of the Silena ADC with digital DAQ. To maintain the capability of KM6S in D-T, it is necessary to reduce the flux of 14 MeV neutrons reaching the detectors. It is proposed to achieve this by the installation of a 2nd LiH neutron attenuator in the existing collimator. This technology has already been tested in previous campaigns with very positive results.

· Gamma Ray Camera.

The gamma ray cameras provide information about the spatial localisation of the alpha particles by profile and tomographic reconstruction of the gamma-ray emission from the nuclear reaction 9Be((,nγ)12C.  At the expected high count rates of D-T campaigns, the replacement of CsI-detectors by compact LaBr3 is required to obtain acceptable measurements. Moreover, these new detectors would allow the full exploitation of the new digital electronics, successfully developed in the framework of an EP2 project (DNGG).

· Faraday Cups. 
The system of Faraday cups is the only system capable of resolving spatially the alpha particle losses on JET. On the other hand, after many years of operation, various detectors have been damaged. Moreover, the first foils of the detectors should be shielded to avoid contamination by reflection of high-energy photons from the wall. The proposed project would encompass detector refurbishment and installation of thin protection foils.

· Scintillator Probe. 
 The scintillator probe measures the fast ion loss distribution as a function of time, energy and pitch angle.  It is complementary to the Faraday cup system.  The main physics focus of the diagnostic is the study of the mechanisms of loss of ICH tail ions and fusion alphas during MHD activity.  To optimise its use during DT, a small upgrade is required: an upgrade of the DAQ electronics to match the response time of the scintillator and to allow measurements of fast ion losses due to fast MHD; and installation of a heated fibre jacket for compatibility with high neutron yield (DT) discharges.
· Lost alpha Gamma-ray monitor.
This new diagnostic based on the detection of gamma-rays emitted by the Be-wall from the nuclear reactions 9Be((,nγ)12C was originally proposed for ITER (1991). However, such a diagnostic has never been deployed on a tokamak. On the other hand, lost alpha particles can be easily monitored in JET with the gamma-ray camera detectors that have a peripheral field of view. To make these measurements possible, a thick Be-target should be installed in the vessel below the equatorial plane in the field of view of the detectors. In this case the confined and lost alphas would be measured simultaneously using the same nuclear reaction and detectors.
· Correlation Reflectometer. 
 The new correlation reflectometer started producing very interesting results during last campaigns. The effects of the different isotopic composition on the plasma turbulence and related effects (such as the modifications in the ELM behaviour) will be one of the main topics of the D-T campaigns. Unfortunately, the present diagnostic operates only in the W band. The installation of a D band would allow improving the coverage, an essential ingredient during D-T operation when the number of pulses will be very limited and the maximum of information will have to be obtained from each of them.
· TOFOR.
Neutron spectroscopy can be used to deduce the ion temperatures, the ratio of thermal to total neutron yields and information on the fast ion population and distribution.  The TOFOR time-of-flight neutron spectrometer has been operated on JET since 2005 for the diagnosis of deuterium plasmas but is not limited to measurements of 2.45 MeV neutrons.  However, digitisation of detector signals during high neutron rate DT discharges will by necessity generate very large amounts of data. An upgrade to TOFOR’s data acquisition system employing Full Programmable Gate-Array (FPGA)-based technology would allow this real-time data manipulation as well as facilitating more sophisticated background subtraction algorithms.  The latter would also permit simultaneous 14 MeV and 2.45 MeV measurements.  A limited prototype DAQ capable of performing the proposed task has been operating in parallel with the existing TOFOR DAQ system since 2012 and an assessment of the full deployment of such a new DAQ system in view of future DT operation is underway in the frame of a 2013 Fusion Technology task.  Such an upgrade would provide an addition line-of-sight for DT neutron spectroscopy and a comparison with the JET compact neutron spectrometers in view of the potential use of neutron spectroscopy on ITER.

· Lost Alpha Activation Foils.
In the current ITER baseline plan, there is no solution for the measurement of the losses of these alpha particles at the first wall. In a previous a JET Small Enhancement Project, detection of charged fusion products from d(3He,p)α and d(d,p)t fusion reactions was achieved using high temperature ceramics, crystals and metallic materials. This was the first application in a tokamak of the foil activation technique for the specific purpose of measuring charged fusion products. It is proposed to further develop in-vessel activation foil measurements for use in future JET D-T campaign.  A JET Fusion Technology is presently underway to study the feasibility of this proposal.

· Laser Induced Breakdown Spectroscopy. 
Laser-based methods combined with optical spectroscopy have the potential to provide in situ information on material deposition and fuel retention.  In the frame of a JET Fusion Technology task, analysis has started on the feasibility of installing a system based on the JET Edge LIDAR laser with the goal of comparing and qualifying for ITER two laser techniques, Laser-Induced Ablation Spectroscopy (LIAS) and Laser-Induced Breakdown Spectroscopy (LIBS).
Implementation

Given the resources available and the limited time in which any new diagnostic upgrades must be delivered, it is proposed to launch a Call for Project Leaders for the upgrades listed above (other than for the last three upgrades, for which feasibility studies are already included in the 2013 work programme). The selected PLs will be asked to develop a firmer understanding of the resources required for their project during the second half of 2013. A final selection of the upgrades to be implemented will be made in early 2014, based also on the outcome of the negotiations between the Consortium and the EC.  The resources listed below are the present estimate of those required to implement all of the upgrades other than the last three, based on an initial assessment of priorities.
Resources:

8.0 ppy for execution of tasks, 0.8 ppy for PL, 0.03 M€ for missions 1.4 M€ hardware
2.
ITER Physics: Work Programme 2014

Introduction and Summary
The ITER Physics (IPH) 2014 Work Programme is strongly focused on delivering the high level work packages defined in the EU roadmap for developing fusion energy. Out of the 8 Missions defined in the roadmap, IPH primarily deals with Mission 1  “Plasma Regimes of Operation”, Mission 2 “Heat Exhaust System” and Mission 8 “Stellarator” and the corresponding headlines defined in the Work Plan.

The central activity of the 2014 Programme will be the exploitation of ASDEX Upgrade (AUG) on issues connected with Missions 1 and 2 (WPMST1), complementing the work at JET (WPJET1) to provide a step-ladder approach for extrapolations to ITER and DEMO and in areas, where AUG has superior experimental capabilities and flexibility. During 2014 TCV is undergoing a major upgrade in heating power, which will allow from 2015 on amongst other issues proof of principle investigations on snowflake divertor configurations. The super-X divertor can be investigated in MAST-U from 2016 on after about 2 years of shut down and initial commissioning.

The preparation of future campaigns on the above mentioned tokamaks as well as supportive investigations on other European devices and testbeds are tackled with the Work Package WPMST2 and specific investigations on plasma wall interaction as for example the response to periodic power loading will be performed in WPPFC. 
The work package WPDTT1 should provide until 2016 the sufficient information for the decision on the parameters of a possible Divertor Test Tokamak (DTT). Specifically, coil configurations for alternative divertor geometries, particle transport and power exhaust (including liquid metal solutions) will be modelled at different levels of sophistication. Before the eventual start of the conceptual design of a DTT integration issues and DEMO compatibility must be assessed within this Work Package taking into account the results of WPPFC.  WPDTT2 will only start in 2015 with the definition the technical requirements of a possible DTT.


The preparation of the European participation to the exploitation of JT-60SA is dealt with in WPSA and two work packages are foreseen for stellarator activities in preparation of the exploitation of W7-X (WPS1) and the theory development and modelling in support of the Stellarator optimisation (WPS2).

The code development for integrated modelling is performed within WPCD. This Work package will focus on “customer oriented” code architecture development as for example the set-up of a core transport simulator including various equilibrium and transport as well as heating and current drive modules.

As already during previous years the work programme foresees central support for high performance computing and the Gateway computer. In addition to this activity the functional maintenance of the Integrated Modelling platform the implementation of new functionalities an new modules as well as user training will be provided in the framework of infrastructure support activities (WPISA).
Work Programme Deliverables
The 2014 IPH Work Programme will cover most of the headlines in the Work Plan outlined for the next few years. The high level Work Packages are: 
· WPMST1: Medium-Size Tokamak Campaigns

· WPMST2: Preparation of exploitation of Medium-Size Tokamaks

· WPPFC: Preparation of efficient PFC operation for ITER and DEMO

· WPDTT1: Assessment of alternative divertor geometries and liquid metals PFCs

· WPDTT2: Definition and design of the DTT

· WPSA: Preparation of exploitation of JT-60SA

· WPS1: Preparation and Exploitation of W-7X Campaigns

· WPS2: Stellarator Theory Development and Modelling

· WPCD: Code development for Integrated Modelling

· WPISA:Infrastructure support activities

For the campaign oriented work in WPMST1 a task force structure will be established. A call for Task Force Leaders will be launched early in July 2013 and their selection for a period of two years will be finalized early in September.  Similarly, a Task Force Leader will be selected for the preparation of the exploitation of W7-X (WPS1). For the rest of the work packages (except WPISA and WPMST2, which will be managed by the program unit (PU)), the proposed management is through Project Leaders, to be also advertised in July and selected early in September 2013.
WPMST1: Medium-Size Tokamak Campaigns
The experimental campaigns at medium-sized tokamaks are restricted to ASDEX Upgrade during 2014, since TCV and MAST will not be available. They are aimed at delivering the headlines set out in the Work Plan for 2014-2018. During 2014, most of the headlines of Mission 1 and 2  (see below) will be addressed. Modelling for preparation and interpretation will be an integral part of the work package to ensure an efficient exploitation of the experiments.

· Headlines:
· Headline 1.1: Increase the margin to achieve high fusion gain on ITER  (in deuterium and hydrogen)

· Headline 1.2: Operation with reduced or suppressed ELMs
· Headline 1.3: Avoidance and mitigation of disruption and runaways electrons

· Headline 1.4: Integration of MHD control into plasma scenarios
· Headline 1.5: Control of core contamination and dilution from W PFCs

· Headline 1.6: Determine optimum particle throughput for reactor scenarios
· Headline 2.1: Detachment control for the ITER and DEMO baseline strategy
· Headline 2.2: Prepare efficient PFC operation for ITER and DEMO (in hydrogen)

· Headline 2.3:  Optimise predictive models for ITER and DEMO divertor/SOL
Minor activities are foreseen for the headlines below, because future hardware extensions in ASDEX Upgrade (upgrade of ECRH system, modification of ICRH antenna, upgrade of control system) could facilitate addressing them at a later stage:

· Headline 1.7: Optimise fast ion confinement and current drive

· Headline 1.8: Develop integrated scenarios with controllers

· Headline 1.9: Qualification of advanced tokamak scenarios


· Experimental Campaigns:
The experimental campaigns at AUG will start early in 2014 and last until the end of July. For these campaigns a new bulk tungsten divertor with optimized geometry for pumping and two toroidal rows of tiles with ferromagnetic steel will be installed.

A detailed schedule for the use of the ASDEX Upgrade by the consortium during this period will be established through consultation with IPP and the task force leaders. For 2015 a shorter intervention (August-October) is foreseen which will allow at least a similar exploitation of AUG. Whereas MAST-U will still be in shut-down most of 2015, TCV will become available in the second half of 2015, to resume investigations amongst other things on the snowflake divertor. 

· Extension during 2014:
During autumn 2014 two new 3-strap antennas will be installed in AUG for the optimisation of the electrical field in front of the antenna, which should reduce the W sources during ICRH. TCV will install 1 MW of NBI and do preparatory work for the installation of two 1 MW gyrotrons which will become available during 2016. According to the present schedule MAST will resume science campaigns only beginning of 2016. During its major shut down it will strongly increase its capabilities (plasma current, toroidal field, pulse length, auxiliary heating) and allow unique investigations with a super-X divertor. 
WPMST2: Preparation of exploitation of Medium-Size Tokamaks
This work package comprises subprojects which are necessary for a successful exploitation of the MSTs along the headlines defined in the work plan. These projects includes development of diagnostics and control tools, activities to develop efficiency of heating systems, complementary work on small size devices for scaling laws, as well as the development and validation of SOL modelling. 
· Headlines:
During 2014 activities are foreseen under the following headlines

· Headline 1.1: Increase the margin to achieve high fusion gain on ITER
· Headline 1.3: Avoidance and mitigation of disruption and runaways electrons 

· Headline 1.5: Control of core contamination and dilution from W PFCs

· Headline 1.7: Optimise of fast ion confinement and current drive

· Headline 1.8: Develop integrated scenarios with controllers
· Headline 2.1: Detachment control for the ITER and DEMO baseline strategy

· Headline 2.3: Optimise predictive models for ITER and DEMO divertor/SOL
WPPFC: Preparation of efficient PFC operation for ITER and DEMO
This work package comprises projects in support of the headlines which should be carried out on linear plasma and other devices in order either to prepare further mission related work or to provide necessary information on plasma wall interaction for the extrapolation to ITER and DEMO. Specifically, experiments on linear devices (PSI-2, Pilot-PSI, Magnum) for simulation of ITER/DEMO-like particle/power loads, laboratory work on plasma material interaction (power handling, erosion, H-retention) necessary for extrapolation to ITER and DEMO, the testing of improved DEMO relevant armour materials (W alloys, EUROFER, ...) and advanced DEMO relevant armour materials (liquid metals) will fall within this project.
· Headlines:
· Headline 1.6: Determine optimum particle throughput for reactor scenarios 

· Headline 2.2: Prepare efficient PFC operation for ITER and DEMO 

· Headline 2.4: Investigate alternative power exhaust solutions for DEMO

· Investigations on linear devices:
The exploitation of the linear devices is foreseen on a task oriented basis. Pilot-PSI, Magnum-PSI and PSI-2 will be available throughout 2014. In 2015 a relocation of Pilot-PSI and Magnum-PSI is foreseen which will put them out of operation for about 1 and 2 years, respectively. This should be taken into account in the planning of the resources already in 2014. JULE-PSI will start from 2015 on.
WPDTT1: Assessment of alternative divertor geometries and liquid metals PFCs
This activity should examine the feasibility for DEMO of different solutions for the divertor and the gaps in parameter space in view of the definition of a Divertor Test Tokamak. Specifically, coil configurations for alternative divertor geometries, particle transport and power exhaust will be investigated by modelling at different level of sophistication and the exhaust capability of liquid PFC solutions will be assessed by modelling and by experiments in fusion devices. The experiments should focus on the power load capabilities of the liquid metal solution.  Before the eventual start of the conceptual design of a DTT integration issues and DEMO compatibility must be assessed within this work package.

· Headlines:
· Headline 2.4: Investigate alternative power exhaust solutions for DEMO

WPDTT2: Definition and design of the DTT
This work package deals with the definition and the conceptual design of Divertor Test Tokamak. The activity in 2014 will be in support of the WPDTT1 activities, with regard to the engineering feasibility for DEMO of specific alternative divertor configurations. In 2015 only activities on its definition will be launched, because tThe conceptual design should only be started if the results of the work packages WPPFC and WPDTT1 provide enough positive evidence that the investigated solutions could be integrated in a DEMO. 
· Headlines:
· Headline 2.4: Investigate alternative power exhaust solutions for DEMO
WPSA: Preparation of exploitation of JT-60SA
This work package will support the preparation of a European exploitation of JT-60SA. Since the operation of JT-60 SA will only start in 2019/2020, the activity will mainly comprise modelling work in support of the scenario development (Roadmap Mission 1) and to guide the European strategy for the long-term exploitation of the device. In addition WPSA should provide the platform for the potential update of the JT-60 SA research plan and for the elaboration of efficient tools for data access and evaluation procedures. 
WPS1: Preparation and exploitation of W-7X Campaigns
This work package will manage the European exploitation of W7-X. Since W7-X will have its first campaign only in 2016 the main task in 2014 will be the set-up of a TF structure and to launch the modelling activities supporting the analysis of the first of experiments that should confirm the physics advantages of the Helias configuration and shape the W7-X exploitation beyond 2018. During the first campaigns (until 2018), W7-X will operate with an inertially cooled divertor and a limited amount of auxiliary heating. Nevertheless first important results on scenario development, confinement and power / particle exhaust are expected in this first phase. 
· Headline:
· Headline 8.1: Qualification of Helias optimised stellarator operation

WPS2: Stellarator optimisation: theory development and modelling
This work package will deal with the optimization of the stellarator concept in view of a future reactor. The investigations are fully theory/modelling based and will put a strong emphasis on the integration of technical boundary conditions and limits. 
· Headline: 
· Headline 8.2: Stellarator optimization

WPCD: Code development for integrated modelling
Achieving the Mission goals requires significant development of existing modelling codes with a particular focus on integrated modelling. This work package addresses this issue through a set of code and workflow development sub-projects which together provide a suite of codes that can be validated on existing machines and used for ITER and DEMO predictions. The codes and workflows shall be robust, user friendly and be flexible enough to model existing and future machines. The sub-projects build on the large body of existing modelling codes and the infrastructure, toolset and codes developed under the EFDA ITM Taskforce. They include the addition of new physics to existing models, the combination of codes into integrated work flows and the optimisation of codes by, for example, speeding up their run time.
WPISA: Infrastructure support activities
Managing and supporting the codes and workflows requires dedicated hardware and small teams of software developers and computational physicists. Under this work package the core programming team, the gateway (team) and the high level support team will be coordinated. It will provide a link between these supporting teams and code development projects run under WPCD and activities with WPJET1, WPMST1 and WPMST2. In order to provide a critical mass, each team should be concentrated at only one or (in maximum) two locations. The activities are will run throughout the whole period 2014-2018 and in 2017 the procurement and installation of a new Gateway computer is foreseen.

WPMST1: Medium-Size Tokamak Campaigns
Description
Experiments on medium-size tokamaks complement the work at JET (WPJET1) to provide a step-ladder approach for extrapolations to ITER and DEMO and in areas where the MSTs have superior experimental capabilities and flexibility. 
During the period 2014-18, a series of experimental campaigns and shutdowns are planned at the European divertor tokamaks. ASDEX Upgrade with its all tungsten plasma facing components will play an important role as a medium sized counterpart to JET specifically for experimental investigation which relies on all metal plasma facing components.   Towards the second half of Horizon 2020, a major upgrade of the ECRH power will allow ASDEX Upgrade to investigate current drive issues and physics questions related to AT scenarios. 
During 2014 TCV is undergoing a major upgrade in heating power, which will allow from 2015 on amongst other issues proof of principle investigations on snowflake divertor configurations.  It is foreseen to initiate a campaign at TCV in 2015 comprising approximately 15-20 days of operation.

The super-X divertor can be investigated in MAST-U from 2016 on after about 2 years of shut down and initial commissioning.  The detailed distribution of resources during 2016 has to be decided late 2014 or early 2015. 

Management: Task Force leader
A call for 4 task force leaders for the AUG Campaigns (and the preparation of the exploitation of TCV during 2015) covering as much as possible the spectrum of the foreseen research will be launched early in July 2013 and their selection for an initial period of two years will be finalized early in September. The Task Force Leaders will ensure the execution of the programme in line with the priorities approved and bring together communities dedicated specialists from all over Europe. The task force(s) provides the diversity of scientific competence and capabilities needed for the execution of the programme and they will ensure an integrated approach to the key elements in Mission 1 & 2 of the European Roadmap. In addition they will provide the link to the JET TFLs and the basis for international collaborations, particularly for ITER high-priority multi-machine co-ordinated experiments. The TFLs will be assisted in their task by members of the Programme Unit.
Capabilities of contributing devices
· ASDEX Upgrade: 
· R = 1.65 m, a = 0.5 m, Bt = 3.1 T, Ip=1.4 MA, Paux tot ( 32 MW, all W PFCs

· 2015: two 3 strap ICRH antennas, all steel central column

· 2017: 7-8 MW ECRH (Paux,tot ( 34 MW) 

· MAST:
· R = 0.85 m, a = 0.65 m, Bt = 0.55 T, Ip = 1.5 MA, Paux,tot ( 3.8 MW, low aspect ratio

· 2016: Bt = 0.8 T, Ip = 2.0, Paux,tot ( 7.5 MW, super-X divertor

· TCV:
· R = 0.9 m, a = 0.25 m, B t= 1.5 T, Ip = 1.2 MA, Paux,tot ( 4.5 MW, large shaping capabilities, snow-flake divertor

· 2015/16: Paux,tot ( 6 MW (1 MW NBI)

Implementation

· Campaign on ASDEX-Upgrade
The years indicated at the key deliverables denote the date by which they should be reached (not necessarily when the experiments will be performed). This means that depending on resources and detailed proposals the emphasis on a topic may shift from one year to the other as long as it is assured that the deliverable is reached at the given time. This means on the other hand that deliverables with end dates 2014 and 2015 deserve the highest priority in 2014. In case that a key deliverable is common with investigation at JET or related to work in another work package) this is marked by stating the corresponding work package after the due date. Related JET work will in some case lead to the execution of Joint Experiments. The proposals received until October 2, will be screened by the MST TFLs who will foster discussions amongst the proponents to consolidate the set of proposals and to fill obvious gaps. Out of this set the TFLs will draft an experimental program which will be discussed at the 1st GPM (October 21-24). Shortly after the GPM a rough draft timeline for the implementation of the European exploitation of ASDEX Upgrade will be issued to allow for a call for manning on November 4, with a deadline on November 18. The selection of contributors will be performed in time for its approval on December12. The European exploitation of ASDEX Upgrade will start February 2014 and will last until end of July 2014 and will comprise about 40 operational days. The draft timeline for the experiment execution will be continuously updated and detailed to allow an efficient planning of the necessary travel arrangements. It is foreseen that ¾ of the allocated resources for exploitation (ppy) will be devoted to the preparation and the evaluation of the performed experiment. 
· Code development and modelling
Modelling for preparation and interpretation will be an integral part of the work package to ensure an efficient exploitation of the experiments.

Headlines and Key Deliverables:
· Headline 1.1: Increase the margin to achieve high fusion gain on ITER
· Study heat, particle and momentum confinement in conventional and improved H-modes and hybrids and the dimensionless scaling towards ITER (2015 / WPJET1)

· Study H-mode and hybrid confinement scaling in regimes with high radiated power fractions (2018)

· H-mode and hybrid confinement scaling near the density limit (including different isotopes (2017)

· Test scaling of confinement and LH threshold of the improved H-mode in H and  D (2017 / WPJET1)

· Develop physics models for the density limit (2018)

· Develop gas puff technique and related modelling to maximise ICRF power in H-mode independently of the edge conditions (2017) 

· Headline 1.2: Operation with reduced or suppressed ELMs
· Quantify difference of ELMs & edge pedestal and LH transition in H, D and He plasmas (2014). 

· Compare upstream ELM width with wetted surface in divertor and identify scaling of cross-field diffusion (2014). 

· Quantify difference of ELMs, edge pedestal and L-H transition in H, D and He plasmas (2014). 

· Test compatibility between pellet pacing and ELM control coils (2014), assess the collisionality affects (2015)

· Demonstrate ELM avoidance/mitigation by RMPs and pellet pacing at different collisionalities (2016)   
· Develop ELM-free (e.g. QH-mode) / small ELM (e.g. Type II, Type III) scenarios (2015)
· Headline 1.3: Avoidance and mitigation of disruption and runaways electrons 
· Assessment of Massive Gas Injection limits as a mitigation method for heat loads and forces (fuelling efficiency,  local peaking of radiation load as function of MGI parameters and plasma conditions) (2015 / WPJET1)

· Develop real-time predictors methods optimised in term of model training, success rate, anticipation time, differentiation among different types of disruptions (2015 / WPJET1)

· Document conditions for run-away electron generation and mitigation (2015 /  WPJET1, WPMST2)

· Alternative methods (use of non-axisymmetric fields) to control runaway beams  (2015 /  related to work done under WPJET1 and WPMST2)

· Validation of runaway generation model (2018 /  WPJET1 and WPMST2)

· Headline 1.4: Integration of MHD control into plasma scenarios 
· Demonstrate integrated and routine sawtooth and NTM control in inductive scenarios (2015)

· Clarify role of low rotation in mode stability (2015/ WPCD)

· Improve modelling of mode dynamics to take into account realistic wall geometries (RWM) and actuators (NTM and RWM) (2016/ WPMST2 and WPCD)

· Develop first principles understanding and simulation capability for NTM dynamics including wave-particle absorption in magnetic island.  Validate such models (2016/ WPCD)
· Headline 1.5: Control of core contamination and dilution from W PFCs
· Demonstrate acceptable W concentration in H-mode (2015 / WPJET1) and in the hybrid regimes (2018 / WPJET1)

· Investigate the effect of ELM suppression and mitigation on high-Z peaking 

· Develop high-Z accumulation avoidance by means of central electron heating 

· Minimise heavy impurity sputtering and local heat loads by optimisation of plasma edge 

· Minimisation of ICRF sheaths effects by modifications of ICRF antenna parameters and validation of ICRF sheaths models (assessment of phasing impact following new AUG ICRF layout) (2018 / WPJET1 and WPMST2)
· Headline 1.6: Determine optimum particle throughput for reactor scenarios 
· Development and validation of models for core particle convective transport, pellet ablation and drifts (2015, link to H1.5)

· Perform assessment of the metallic wall impact on the wall pumping.  Compare tokamaks of different size  (2015)

· Test of particle throughput in conditions matching the foreseen ITER pumping capabilities (2015)

· Document He pumping in ITER regimes of operation (2015) 

· Assessment of impact of particle throughput on fuel retention (2015)

· Determine technological and physics limits on density peaking (2016)

· Determine effect of pumping-/ divertor-geometries on He-pumping, including fuelling, pellets injection etc (2017) 

· Headline 1.7: Optimise fast ion confinement and current drive
· Investigate the effect of fast ion confinement on current drive (2015) 

· Benchmark codes and validate non-linear models for fast ion MHD interactions (2015 / WPMST2, WPCD)
· Headline 1.8: Develop integrated scenarios with controllers, 
· Test of minimum diagnostic and actuator set for control: 
· Optimization of the minimum set of realistic sensor / actuator by means of IM (2015 / WPMST2; WPCD)). 

· Pre-qualify complete ITER scenarios on present machines: 

· Qualification of the candidate plasma scenarios on the existing machines, including scaling with * and separation of collisionality / Greenwald fraction. The work should be supported by realistic numerical simulations (including controllers/actuators) (2016 /WPJET1; WPMST2; WPCD)  
· Headline 2.1: Detachment control for the ITER and DEMO baseline strategy
· Develop and test relevant sensors and actuators for detachment detection and control   (2015)
· Optimise impurity mix for divertor and mantle radiation   (2015)
· Investigate the compatibility of W with extrinsic impurity seeding / optimize impurity mix for divertor and main chamber radiation  (linked to Headline 2.2) – (2015 / WPJET1)
· Document detailed conditions to reach detachment at highest available power flowing through the separatrix / Major radius (Psep/R) and close to Greenwald density limit and quantify particle and power loads to the main chamber (2015 / WPJET1)

· Headline 2.2:  Prepare efficient PFC operation for ITER and DEMO
· Investigate evolution of melt layers of metallic surfaces, and their influence on the plasma behaviour (2014 / WPJET1)

· Quantify isotope exchange with metallic walls (2015)

· Develop Ion Cyclotron Wall Conditioning techniques (2015)

· Minimisation of divertor and main chamber erosion, quantify (and try to extrapolate) main chamber filamentary transport (expected particle flux and energy) (2015)

· Validate codes on plasma wall interactions (erosion, re-deposition and migration) (2016)

· Dust studies (experimental and modelling) on production (2017) and removal (2018):
· Headline 2.3:  Optimise predictive models for ITER and DEMO divertor/SOL
· Code validation for simple L-Mode cases in all metal (C-free) devices experiments   (2015 / WPJET1; WPCD)

Resources:
48 ppy for execution of tasks, 4ppy for TFL, 15M€ for the operation of facilities and 0.5M€ for mobility/secondment.
WPMST2: Preparation of Exploitation of Medium-Size Tokamaks
Description
This work package comprises subprojects which are necessary for a successful exploitation of the MSTs along the headlines defined above. These projects includes: diagnostics development, work on test stands and modelling activities to develop efficiency of heating systems, complementary work on small size devices for scaling laws, preparatory work on small size devices when the extrapolation of the result to MSTs is relevant, off-line development of control algorithms and control tools before final real-time optimisation and validation, development of SOL modelling. It is expected that during the execution of the work plan further subprojects will have to be defined. 
Management: 
The work package will be directly managed by the programme unit. The call for the leaders of individual projects  will be part of the overall call for participation in October 2013. The individual projects should be defined in consultation with the TFLs of WPMST1 in order to ensure the timely implementation and finalisation of subprojects necessary for the successful exploitation of the campaigns. 
Implementation:
For 2014, a small number of projects will be defined, by the MST Taskforce Leaders and EFDA CSU, and discussed at the General Planning Meeting for the WPMST1. A call for participation in this work will then be launched.
· Test bed activities (for example: ICRH test stand, IshTAR …)

· Diagnostics development 

· Code development and modelling 

· Experimental data from small and medium sized devices for code validation (parasitic)

· Experimental data from small size devices (as for example: FT-U, Compass, …)

Key deliverables:
The years indicated at the key deliverables denote the date by which they should be reached (not necessarily when it should be started). This means that depending on resources and detailed proposals the start of a project may shift from one year to the other as long as it is assured that the project can be finalized at the given time. This means on the other hand that deliverables/subprojects with end dates 2014 and 2015 deserve the highest priority in 2014. In general all project/deliverables are linked to WPMST1. In case where there are further links to other work packages this is marked by stating its name after the due date.
· Headline 1.1: Increase the margin to achieve high fusion gain on ITER 
· Improve arc detection systems during ELMs (2017)

· Headline 1.3: Avoidance and mitigation of disruption and runaways electrons 
· Development of ITER relevant disruption detection and avoidance schemes and Mitigation Systems  (2018)

· Headline 1.5: Control of core contamination and dilution from W PFCs
· Develop understanding of RF sheaths effects (work on test stands) (2017)
· Headline 1.6: Determine optimum  particle throughput for reactor scenarios 
· Test of particle throughput in conditions matching the foreseen ITER pumping capabilities (2015)

· Determine effect of pumping-/ divertor-geometries on He-pumping, including fuelling, pellets injection etc (2017) 

· Headline 1.7: Optimise fast ion confinement and current drive
· Improving fast ion diagnosis on the current devices (2016)
· Development of ITER relevant fast ion diagnostics (2016)
· Headline 1.8: Develop integrated scenarios with controllers
· Demonstrate combination of individual control algorithms into integrated control scenarios: 

· Develop (in view of future demonstration under WPMST1) supervisory control algorithms for combined ELM, NTM, disruption mitigation, divertor detachment and fuel species mixture control. (2018) 

· Use integrated modelling (IM) tools to develop simplified plant controllers and actuators for use in control algorithms (2018)

· Headline 2.1: Detachment control for the ITER and DEMO baseline strategy
· Improve divertor and SOL diagnostics to allow new insight in underlying physics: ne, Te, Ti, flows in the main chamber and in the divertor, impurities (2016)
Resources:
20 ppy for execution of tasks, 1M€ for hardware. The cost of operation of PWI facilities is included in the MST1 resources.
WPPFC: Preparation of efficient PFC operation for ITER and DEMO
Description: 
This work package comprises of subprojects which are in support of the headlines and which should be carried out at linear and other PWI devices in order either to prepare further mission related work or to provide necessary information on plasma wall interaction for the extrapolation to ITER and DEMO. Modelling to interpret the experimental results of material migration, erosion and deposition in linear devices will be an integral part of the work package as well as predictive modelling of wall component life time and tritium retention for ITER and DEMO. Specifically, subprojects as experiments on linear devices for simulation of ITER/DEMO-like particle/power loads, laboratory work on plasma material interaction (power handling, erosion, H-retention) necessary for extrapolation to ITER and DEMO, the testing of improved DEMO relevant armour materials (W alloys, EUROFER, ...) and advanced DEMO relevant armour materials (liquid metals) will fall within this project. The investigations on liquid metals should only concentrate on solutions which do not rely on evaporation cooling.

Pilot-PSI and Magnum-PSI will be available throughout 2014, whereas PSI-2 will be fully available only in the second half of the year. In 2015 a relocation of Pilot-PSI and Magnum-PSI is foreseen which will put them out of operation for about 1 and 2 years, respectively. This should be taken into account in the planning of the resources already in 2014. After 2014 PSI-2 should be available full time. JULE-PSI will start only from 2017 on.
It is expected that during the execution of the work plan further subprojects will have to be defined. 
Management: Project leader
The call for a project leader will be launched early in July 2013 and his/her appointment for an initial period of two years will be finalized early in October. The PL should closely liaise with the TFLs of WPJET1, WPMST1 and the PLs of WPDDT1 and WPDIV in order to ensure the timely implementation and finalisation of subprojects necessary for the successful exploitation of the campaigns and the implementation of related projects. 
Implementation:
The implementation of this project will encompass the following activities

· Experiments at the linear devices Magnum-PSI, Pilot-PSI and PSI-2

· Heat load test facilities (for example: JUDITH, GLADIS, FE200, …)

· Laboratory Experiments on hydrogen retention and erosion
· Coordination of European exploitation of linear devices

· Preparation of schedule for efficient use of linear devices Magnum, Pilot and PSI-2

· Experiments on linear devices order to investigate power load capabilities of liquid metal PFCs, the evaporation rate and hydrogen retention

· Experiment on linear devices in order to investigate power load capabilities under simultaneous power and particle load

· Experiments of HHF experiments such as Judith I+II, FE200, Gladis, in order to investigate power load capabilities under steady state and transient conditions

· Experiments in laboratory devices to investigate hydrogen retention and erosion

· Coordination of post mortem investigations of samples from fusion and linear devices

· Regular Exchange with DDT1 on liquid metal results

· Liaison with WPMST1, WPDIV and WPMAT in order exchange material samples and results

· Modelling in order to characterize plasma in lin. devices, to interpret and extrapolate PWI results

The years indicated at the key deliverables denote the date by which they should be reached (not necessarily when it should be started). This means that depending on resources and detailed proposals the start of a subproject may shift from one year to the other as long as it is assured that the subproject can be finalized at the given time. This means on the other hand that deliverables/subprojects with end dates 2014 and 2015 deserve the highest priority in 2014. In cases where there are further links to other work packages this is marked by stating its name after the due date.
Key deliverables:
· Headline 2.2: Prepare efficient PFC operation for ITER and DEMO
· Erosion of ITER/DEMO relevant armour materials (2016)

· Develop barriers for plasma driven permeation (2017)

· Isotope exchange experiments on ITER and DEMO relevant materials (2016 / WPJET1, WPJET2, WPMST1)

· Cross-check retention properties in heavy-ion (HI) damaged materials with that of neutron damaged material (2016)

· Retention in neutron/HI damaged PFM as a function of irradiation temperature, preferentially for simultaneous (HI) and plasma irradiation (2017)
· T removal from ITER and DEMO relevant materials (2018 / WPJET1, WPMST1)
· Develop relevant dust removal techniques (2017)
· Model and Extrapolate Dust production and Transport (2018)
· Headline 2.4: Investigate alternative power exhaust solutions for DEMO 
· Demonstrate substantial power load capability of liquid metal PFCs (≥ 10 MW/m²) (2014  / WPDDT1)

· Quantify H retention of liquid metal PFCs (2014 / WPDDT1)

· Investigate H removal of liquid metal PFCs (2015 / WPDDT1)

· Characterize possible mixed material effects (main chamber PFCs/cooling structure) (2015 / WPDDT1)

· Headline 3.2: Development and Characterization of High Heat Flux Materials: complete HHF/PFC baseline for Cu alloys and W and risk mitigation options for HHFs/PFCs
· High heat flux test tests of materials for small mock-ups of DEMO divertor components  (2017 / WPDIV & WPMAT)

Resources:
19 ppy for execution of tasks, 1ppy for PL and 1M€ for hardware
WPDTT1: Assessment of Alternative Divertor Geometries and Liquid Metals PFCs
Description: 
This work package comprises subprojects which are in support of the Headline 2.4. It should examine the feasibility of different solutions for the divertor of DEMO and the gaps in parameter space in view of the definition of a possible Divertor Test Tokamak. Specifically, the subprojects should explore the coil configurations for alternative divertor geometries, predict particle transport and power exhaust by modelling at different level of sophistication and the exhaust capability of liquid PFC solutions by modelling and by experiments in fusion devices. Before the eventual start of the conceptual design of a DTT (see WPDTT2) integration issues and DEMO compatibility must be assessed within this Work Package. As for WPPFC, liquid metals solutions should only be assessed if they do not rely on evaporation cooling and are compatible with low fuel retention.
Management: Project leader
The call for a project leader will be launched early in July 2013 and his/her selection for an initial period of two years will be finalized early in September. The PL should stay in close contact with the TFLs of WPMST1 and the PLs of WPPFC and WPDDT2 in order to ensure the timely implementation and finalisation of subprojects necessary for the successful exploitation and/or implementation of related projects. 
Implementation:
The implementation of the activities in this projects will include:

· Review of alternative divertor configurations in European and International devices

· Creation of equilibria of potential divertor configurations for DEMO

· Simulations of the influence of alternative geometries on particle transport and pumping and power exhaust by radiation

· Preparation of snowflake equilibria for implementation on European and international devices

· Create and evaluate innovative divertor equilibria 

· Regular exchange with WPDTT2 on alternative divertor configurations

· Revision of power load capabilities, evaporation rates and hydrogen retention of liquid metal PFCs

· Experiments on small and medium sized devices in order to investigate power load  capabilities of liquid metal PFCs, the evaporation rate and hydrogen retention

· Regular exchange with WPPFC on liquid metal PFC 

· Regular exchange with WPMST1 on power exhaust issues and in order to prepare implementation of snowflake at TCV and to investigate use of liquid metal PFCs in MSTs

· Experiments on small and medium sized devices (for example: FT-U, …)

· Modelling of equilibria

· Modelling of transport

Experimental investigations on the snow-flake divertor and the super-X divertor will be performed in WPMST1 as soon the devices (TCV (2015), MAST (2016) will be available). 
Key deliverables:
· Headline 2.4: Investigate alternative power exhaust solutions for DEMO
· Assess requirements for physics model development (2014)
· Assess DEMO compatibility of Super-X divertor (2015/ WPDDT2, WPMST1)

· Assess DEMO compatibility of Snow Flake Divertor (2015/WPDDT2, WPMST1)

· Assess further geometries, sweeping, … (2015 / WPDDT2)
· Assess Demo compatibility of liquid metal PFCs (2015 / WPDDT2)
· Assess liquid PFCs in terms of power load capability and hydrogen retention (2015 / WPDDT2, WPFC)
Resources:
6 ppy for execution of tasks and 0.25 ppy for PL
WPDTT2: Definition and Design of the Divertor Tokamak Test Facility
Description: 
This work package comprises subprojects which are dealing with the definition and the conceptual design of Divertor Test Tokamak. The activity in 2014 will be in support of the WPDTT1 activities, with regard to the engineering feasibility for DEMO of specific alternative divertor configurations. No activities are foreseen during 2014 but in 2015 activities on its definition will be launched. The detailed conceptual design of a DTT should only be started after review of the remaining gaps and the possible solutions taking into account the results of the work packages WPMST1, WPPFC and WPDTT1 and the recommendations of the expert panel initiated by the EFDA SC in 2013. The assessment of alternate concepts must provide enough positive evidence that the investigated solutions could be integrated in a DEMO in case the conventional divertor solution does not yield the necessary capabilities for power exhaust. The eventual DTT conceptual design activity should be performed in close coordination with the DEMO design integration project (WPPMI). 
Management: Project leader 
The call for project leaders will be launched in July 2013 and his/her selection for an initial period of two years will be finalized early in September. The PL should closely liaise with the PL of WPDDT1 in order to ensure the timely implementation and finalisation of subprojects necessary for the initiation of the conceptual design of a possible DTT facility. 
Implementation:
· Review of PEX investigations on Super-X and Snow-Flake equilibra for DEMO class device

· Analysis of (vertical) stability and response to beta changes of alternative divertor equilibria investigated during PEX (where applicable)

· Regular exchange with WPDTT1 on alternative divertor configurations

· Analysis of alternative divertor configuration proposed by WPDTT1 in respect of their electromechanical feasibility (for a demo class device), vertical stability and response to changes of plasma beta

· Engineering alternative divertor configurations

· Exploration of DTT design for flexible implementation of DEMO compatible equilibria

· Parameter study of key elements necessary for a DTT

Key deliverables:
· Headline 2.4: Investigate alternative power exhaust solutions for DEMO
· Definition of DTT technical requirements (2015)

· DTT conceptual design (new machine or upgrade of existing device, depending on the outcome of the review)  (2017)

Resources:
3 ppy for execution of tasks and 0.25 for TFL No resources foreseen for 2014. 

WPSA: Preparation of Exploitation of JT-60SA
Description: 
This work package will support the preparation of a European exploitation of JT-60SA. Since the operation of JT-60 SA will only start in 2019/2020, the activity will mainly comprise modelling work in support of the scenario development (Roadmap Mission 1). In addition WPSA should provide the platform for the potential update of the JT-60 SA research plan and for the elaboration of efficient tools for data access and evaluation procedures. 

Management: Project leader 
The call for project leaders will be launched early in July 2013 and his/her selection for an initial period of two years will be finalized early in September. The PL should closely liaise with the TFLs of WPJET1 and WPMST1 and the PL of WPCD in order to be informed on the latest results on scenario development in European devices (WPJET1, WPMST1) and to receive the adequate tools for scenario modelling (WPCD). 
Implementation
· Scenario modelling. 

· Project leading and management: 

· updates of the JT-60SA research plan by the EU Technical Responsible Officers: relatively minor changes are expected in 2014

· Modelling

· integrated modelling of flat-top phases

· MHD analysis of scenarios

· simulations with gyro-fluid and first-principle transport models

· Alfvén instability studies

· Sub-systems

· ECRH antenna concept optimisation

· divertor pumping computations

· conceptual design of a polarimetery diagnostic

· conceptual design of pellet injection system

· feasibility study of a W divertor

· Operation: comprising data access and JT-60SA operations

· Development of concept for data access: development of new data system, preliminary tests of remote access
· Contribution to the Working Group on JT-60SA operations
Key deliverables:
JT-60SA exploitation is primarily in support of Headlines under Mission 1.

The preparation work in 2014 is focused on modelling and development of the JT-60SA data system, validation and analysis tools.
· Updates of the JT-60SA research plan

· (Joint) modelling of physics issues in support of the design and operation of JT-60SA

· Specific investigations on diagnostics and hardware systems at JT-60SA
· Development of concept for data access and exploitation at JT-60SA by European collaborators
· Contribution to the Working Group on JT-60SA operations
Resources:
4 ppy for execution of tasks and 0.25ppy for PL
WPS1: Preparation and Exploitation of W7-X Campaigns 
Description: 
This work package will manage and coordinate the European exploitation of W7-X which will have its first campaign in 2016. The main tasks in 2014 will be the set-up of a TF structure and the initiation of the modelling activities supporting the planning and the analysis of the first experiments. Furthermore a program should be developed to experimentally investigate the physics advantages of the HELIAS concept. This will also help planning the W7-X exploitation beyond 2018. During the first campaigns (until 2017), W7-X will operate without the actively cooled steady state divertor, so the pulse length will be limited to 10 seconds at full power available during this phase. Nevertheless first important results are expected on scenario development, confinement and power and particle exhaust in this first phase.
Management: Task Force Leader
A call for a task force leader will be launched early in July 2013 and his selection for an initial period of two years will be finalized early in September. 

Implementation
The implementation of the activities in this project will include:

· Prepare TF structure for the European exploitation of W-7X through information meetings with interested parties, regular science meetings and web-based communication platforms

· Solicit and screen proposals for early European exploitation of W-7X and identify research topics supplementing and supporting the W7-X research plan

· Identification of key diagnostics and support for their commissioning in view of the European exploitation

· Identification and support for commissioning of components for heating and fuelling in view of the European exploitation

· Support of W-7X start-up and early plasma operation by predictive modeling 

· Support the development of a strategy for the European exploitation of W7-X during the test-divertor unit phase in view of steady-state operation by predictive modeling

· Regular exchange with WPS2 on latest modelling results

· Stellarator scenario and transport modelling
Key deliverables:
· Headline 8.1: Qualification of Helias optimised stellarator operation
· Provide plasma scenarios for initial exploitation of W7-X (2015)
· Set-up of TF and consistent programme for initial European exploitation of W7-X (2015)

· Predictive modelling for heat and impurity transport (2015)

Resources:
4 ppy for execution of tasks and 0.25 for TFL 
WPS2: Stellarator Optimisation: Theory Development, Modelling and Engineering
Description: 
This work package comprises subprojects which deal with the optimization of the stellarator concept in view of a future reactor. The investigations are fully theory/modelling based and should put a strong emphasis on the integration of technical boundary conditions and limits. The reactor engineering studies should be performed with the same methodology as those for DEMO. The activities shall incorporate the experimental results provided by WPS1 from 2016 on. 
Management: Project leader 
A call for a project leader will be launched early in July 2013 and his selection for an initial period of two years will be finalized early in September. The PL should stay in close contact with the TFL of WPS1 in order to exchange the latest results on scenario development and plasma operation in W7-X (WPS1). 
Implementation:
The implementation of the activities in this project will include:

· Modelling tools for stellarator optimisation

· 3D edge modelling
· Stellarator optimization using advanced modeling tools incorporating engineering constraints

· Validation of modeling prediction on TJ-II and international devices where applicable

· Regular exchange with WPS1 to provide modeling results and to receive feedback from W-7X

· Engineering and technology studies in close collaboration with WPPMI and other PPPT coordinated work packages

Turbulent transport modelling
Key deliverables:
· Headline 8.2: Stellarator optimization
· Stellarator optimization including engineering constraints and advances in physics understanding of stellarators (2016 / WPS1)

· Improve tools for predictive edge modelling for 3D geometries of Stellarators (2017 / WPS1)

· Include turbulent transport models in the Stellarator optimization, in addition to the neo-classic optimisation (2017 / WPS1)

· Develop new Stellarator configurations, giving higher priority to fast ion confinement and less weight to aspects now deemed less crucial such as MHD stability.  (2018 / WPS1)
· Stellarator reactor engineering and technology studies, including systems code design optimisation and costing studies, requirements analyses for blanket / shield, coil spacing, bend radius, superconductor type and properties; space requirements etc., diagnostic and heating system port and space requirements, RH requirements, remote handling space needs, etc. (2018 / WPPMI)

Resources:
4 ppy for execution of tasks and 0.25ppy for PL
WPCD: Code Development for Integrated Modelling
Description: 
Achieving the Mission goals requires significant development of existing modelling codes with a particular focus on integrated modelling. This work package addresses this issue through a set of code and workflow development sub-projects which together provide a suite of codes that can be validated on existing machines and used for ITER and DEMO predictions. The codes and workflows shall be robust, user friendly and be flexible enough to model existing and future machines. The sub-projects build on the large body of existing modelling codes and the infrastructure, toolset and codes developed under the EFDA ITM Taskforce. They include the addition of new physics to existing models, the combination of codes into integrated work flows and the optimisation of codes by, for example, speeding up their run time.
Management: Project Leader 
The PL should liaise with the TFLs of WPJET1 and WPMST1 and the PL WPMST2 in order to ensure the timely implementation and finalisation of subprojects necessary for the successful exploitation of the campaigns. An active collaboration with WPPMI should be aspired for an efficient preparation of DEMO.
Implementation
· Code development and modelling 

· Some experimental data (test beds) might be required 
· Extended linear stability chain: 

· equilibrium codes coupled to MHD stability codes; 

· codes for edge instabilities (RWM, ELMs);

· codes for fast particle driven instabilities.

· Core transport simulator with extended physics including modules for:

· equilibrium;

· transport and turbulence;

· impurities;

· pellets;

· neutrals;

· sawteeth;

· NTM;

· Heating and Current Drive (extended to synergies, EC, NBI, IC, LH, fast-ions) 

· Coupled feedback controlled free boundary plasma simulator and transport solver

· Self-consistent coupling between core and edge transport codes   

· Edge transport simulators: 
· Technical optimisation of SOLPS code;

· Development of grids for all relevant devices up to the PFCs;

· Edge workflows focused on:

· SOL interaction with PFCs;

· ELM control, including ELM module/3D MHD non-linear code

· Disruption, including ELM/RMP module

· Further development of 3D migration codes (like ERO or ASCOT) and their coupling to plasma codes (like SOLPS)
· Synthetic diagnostics for comparison to experiment
Most of tasks will start in 2014 and continue beyond 2014.

Related to work is done under WPJET1, WPMST, WPMST2, WPSA, WPPMI (provision of codes/workflows needed by the Work Packages). In addition, collaborative work may be performed for use of developed codes in the other Work Packages.
Key deliverables: 
· Extended linear stability chain (equilibrium coupled to MHD stability, edge instabilities, fast particle driven instabilities, RWM, ELMs) (in support of deliverables from: H1.4)
· Core transport simulator including various equilibrium and transport modules, turbulence modules, impurities, pellets, neutrals, sawteeth, NTM, Heating and Current Drive modules (extended to synergies, EC, NBI, IC, LH, fast-ions) with improved physics  (in support of deliverables from: H1.1; H1.5; H1.6; H1.8, H1.9) 

· Coupled feedback controlled free boundary plasma simulator and transport solver  (in support of deliverables from: H1.8)
· Inclusion of the required synthetic diagnostics for comparison to experiment (in support of deliverables from: H1.8)
· Coupled Core and Edge transport simulators  (in support of deliverables from: H1.2; H1.5; H1.6)  

· Edge workflows modelling SOL and interaction with PFCs (in support of deliverables from: H1.5; H1.6) 

· ELM control workflow – including ELM module/3D MHD non-linear code (in support of deliverables from: H1.2)
· Disruption workflow – including ELM module/RMP (in support of deliverables from: H1.3)

· Optimise predictive models for ITER and DEMO divertor/SOL (in support of deliverables from: H2.3) 

Resources:
20 ppy for execution of tasks and 1 ppy for PL

WPISA: Infrastructure Support Activities
Description: 
Managing and supporting the codes and workflows requires dedicated hardware and small teams of software developers and computational physicists. Under this work package the core programming team, the gateway (team) and the high level support team will be coordinated. It will provide a link between these supporting teams and code development projects run under WPCD and activities within WPJET1, WPMST1 and WPMST2. In order to provide a critical mass, each team should be concentrated at only one or (in maximum) two locations. The activities are will run throughout the whole period 2014-2018 and in 2017 the procurement and installation of a new Gateway computer is foreseen.
Management: Programme Unit
The implementation of the activities in this project will consist in the selection of the new Core Programming Team. The present High Level Support team will be prolonged by one year until the end of 2014 and the exploitation of the Gateway with IPP wil continue on the basis of the existing contract.
Structure and Duties:
· Core Programming Team (5 ppy)
· Functional maintenance of the Integrated Modelling platform and tools; 

· Implementation of new functionalities to the infrastructure; 

· Support to the integration of modules into workflows; 

· Provision of trainings on the Integrated Modelling infrastructure and workflows

· Gateway (1 ppy)
· Maintaining the hardware of gateway computer, support users on technical issues

·  High Level Support Team (8 ppy)
· Support users on technical issues and code implementation on high performance computer
Resources:
14 ppy for execution 
3.
Power Plant Physics & Technology:  Work Programme 2014

Introduction and Summary
An important objective of the roadmap Horizon 2020 is to lay the foundation of a Demonstration Fusion Power Reactor (DEMO) to follow ITER, confirming the capability of generating several hundred MW of net electricity and operating with a closed fuel-cycle by 2050. Achieving this ambitious (but realistic) goal requires establishing a coherent and vigorous design and R&D effort to conduct all the technical activities identified in the roadmap and outlined in the Work Plan. The Work Plan sets out the objectives, requirements and scope of the foreseen work; defines the expected deliverables and output from the project activities and defines the expected timeline and overall milestones. It also identifies areas where early involvement of industry is desirable; areas where international collaboration would offer benefits and finally areas where training could be an important element for consideration.
It is expected that at the beginning of 2014 the Consortium will identify the other stakeholders (such as industry and utilities) who have an interest in the DEMO Plant throughout its lifecycle and form a DEMO Stakeholder Working Group (SWG). Building on the outcome of the DEMO Working Group, it is proposed that the SWG in interaction with the WPPMI Board and the Programme Manager will produce a Overall Design Specification (ODS) document that will define the set of Top Level Requirements to guide the Conceptual Design Activity.
The arrangement of the work in distributed Projects is proposed and viewed as a major step forward to perform the required design and development in an efficient way. In this context, a number of Projects has been defined, with well-defined deliverables, milestones and time schedule, and resource allocation. They include:

· WPMAG:
Magnets system project
· WPCS: 
Containment structures project
· WPBB: 
Breeding blanket project
· WPDIV: 
Divertor project
· WPHCD: 
Heating and current drive systems project
· WPTFV: 
Tritium, fuelling & vacuum systems project
· WPBOP: 
Heat transfer, Balance-of-Plant and site project
· WPDC: 
Diagnostic and control project
· WPRM: 
Remote maintenance system project
· WPMAT: 
Materials project
· WPENS: 
Early neutron source project
· WPSAE: 
Safety and Environment project
In addition, work on Plant Systems Engineering and Design Integration and DEMO Physics Integration will be managed by the Programme Unit to ensure that a consistent and integrated DEMO concept design is delivered taking into account the overall DEMO plant requirements and the findings that will emerge through the execution of the projects. It consists of activities to be executed by Design Teams within member laboratories or Industry through specific Tasks (e.g., Requirements Analysis; Plant System Modelling; CAD Configuration, System Level Analysis & Simulations).

Scope of the activities to be carried out in each of the project in WP2014 is described below together with the main deliverables.
WPPMI: Plant Level System Engineering, Design Integration and Physics Integration
Description
The main objectives of WPPMI are:
· to coordinate requirements capture, definition and analysis
· to validate requirements through system modeling and plant-level analysis 
· to ensure the design integration
· to carry out a physics input assessment to consolidate the DEMO Physics basis and to ensure that the physics R&D needed is pursued in the relevant Work Packages 
· to identify and manage interfaces among project work packages and between the DEMO systems
· to develop / provide the technical process and tools required 
· to organize and facilitate technical reviews
The WPPMI activities will be managed directly by the Programme Unit. In order to ensure the necessary link with the Consortium member, an advisory Board will be established to review the priorities in the area of physics and system integration and advise on the strategy to be taken at each stage of the process.

The activities foreseen in 2014 can be divided into two main areas: (i) Plant Definition and (ii) Technical Processes as follows. 

The first phase of the activities within WPPMI will be focused on: 

· the interaction with the stakeholders in order to elicit top-level requirements; 

· the review/evaluation of the pre-conceptual assumptions and preliminary design point which has emerged from the activities of EFDA PPPT during the last three years; and 

· the preliminary definition of Technical Processes. This will be followed by subsequent system-level analysis and plant definition activities.

Plant Systems Engineering and Design Integration and DEMO Physics Integration will be managed by the Programme Unit whereas the following activities will be executed by Design Teams within member laboratories or Industry through specific Tasks:

The following activities are foreseen in 2014:

Plant Definition
Stakeholder Requirements Definition

The purpose of this activity is to support the definition of the requirements for the DEMO Plant within the framework of the preparation of the ODS document:

· Consult SWG and elicit Stakeholder requirements
· Identify the interaction between users and the DEMO Plant to be included in the Operational Concept Description (OCD) document.
· Clarify, in consultation with the SWG, the requirements with regards to safety, electrical output, operation mode, radwaste production limits, DEMO capital cost, availability and other stakeholder requirements and functions that relate to critical qualities of the Plant.
· Analyze complete set of elicited requirements, resolve requirements problems and record stakeholder requirements (see Technical Reviews below)
Requirements Analysis
The purpose of this activity is to transform the stakeholder, requirement-driven view of the desired characteristics of a DEMO Plant into a technical definition of the DEMO plant that could satisfy the stakeholder requirements:
· Define the required characteristics, attributes and functional performance requirement of the DEMO Plant in a Plant Requirements Document (PRD)
· Specify the physics and technological constraints that will affect the architectural design
· Provide integrity and traceability of the Plant Requirements to the Stakeholder Requirements
· Provide a basis for verifying that the Plant Requirements are satisfied
· Conduct Functional Analysis at plant-level and system-level i.e. decomposition of top-level functions (and associated performance attributes) to lower-level functions and allocation of functions to plant systems. This will provide a framework for developing lower-level system requirements documents in the Projects and identifying functional interfaces.
· Initial Functional Analysis at both plant-level and system-level i.e. decomposition of top-level functions (and associated performance attributes) to lower-level functions and allocation of functions to plant systems. This will provide a framework for developing system requirements documents and identifying interfaces.

· Verification Requirements Development i.e. definition of how requirements will be verified e.g. through modelling/analysis, mock-ups, testing of prototypes, experiments, etc.

· Non-function requirements analysis e.g. allocation of RAMI requirements to plant systems, etc.
Plant Design definition
The Plant Design Definition activity will synthesize an overall DEMO Plant Design:

· Define appropriate architectural diagrams and models
· Start to produce plant-level system models in order to define the overall architectural structure and intended behaviour of the DEMO Plant. Such models may  include:

· Plant Breakdown (PBS) and Functional Breakdown (FBS)

· Functional Flow Models; States and Modes Models; Operational Sequence Diagrams; etc.

· System Block Diagrams; Process Flow Diagram; etc.

· CAD Configuration Management Model (CMM) including a minimum number of design variants to be used by PLs in the first phase of work (e.g. Helium cooled DEMO blanket, water-cooled DEMO blanket, etc.)

· Parametric sensitivity Systems codes analysis 
· Define and document the interfaces between plant systems and at the plant boundary with external systems.
· Describe an architectural baseline for the plant in a Plant Definition Document (PDD)
· Maintain mutual traceability between architectural design (PDD) and plant requirements (PRD)
· Plant System Modelling
Start to produce plant-level system models in order to analyse the overall architectural structure and intended behaviour of the DEMO Plant. Such models will include:

· Plant Breakdown and Functional Breakdown Structures

· Functional Flow Models; States and Modes Models; Operational Sequence Diagrams; etc.

· System Block Diagrams; Process Flow Diagram; Initial P&IDs; etc.

· Prepare a neutronic model of the DEMO plant.

· Update working version of Systems codes (to be used for analysis) with improved developed in the PPPT WP2013.

· CAD Configuration
· Set up Interface Management processes and tools in close coordination with Plant-level CAD Configuration models, CAD Database management and change/version control. Ensuring system integration issue between projects/systems are identified, reviewed and resolved.
System Level Analysis & Simulation
The System Level Analysis activity will support the validation of both requirements and plant design definition through the following work:

· System codes and plasma scenario modelling analysis to refine design and operation parameter space. 

· System code sensitivity studies, particularly on divertor, magnet assumptions, blanket and BoP models.

· RAMI analysis

· Neutronic analysis

· Plasma disruption simulations and of EM loads

· Global EM analyses 

· Vertical stability assessments

· Modelling of various aspects of DEMO physics with state-of-the-art codes (>0D) to (1) define heat load specification on Divertor and First Wall during normal and off-normal conditions, (2) preliminary plasma scenario analysis; and (3) to evaluate for example effects of assumptions on e.g. impurity and radiation profiles, density profile, H&CD power levels, etc.

Analysis of plasma control integration issues associated with the initial design and operating scenario

System Level Analysis are foreseen in the following areas:

· System codes and plasma scenario modelling analysis to refine design and operation parameter space. 

· System code sensitivity studies, particularly on divertor, magnet assumptions, blanket model.

· Modelling of various aspects of DEMO physics with state-of-the-art codes (>0D)

· RAMI analysis

· Neutronic analysis
· Plasma disruption simulations and of EM loads
· Global EM analyses 
· Vertical stability assessments
· The development of both a System Decision Process and a Readiness Level Assessment Process shall be undertaken as part of WP2014 to ensure a common and well understood method is implemented in both these critical areas. Both these processes will have a fundamental impact on how the Concept Design & Analysis phase and eventual CDR are conducted and the path that is followed. Involvement of industry on this activity would be highly desirable.
Technical reviews
The activities described above will require Technical Reviews that will involve experts from the fusion community and industry.
· Review and validation of Stakeholder and Plant requirements
· This will require preparatory work in the area of sensitivity analyses / validation analysis/ plasma scenario analysis.
· Review and validation of physics basis guidelines 
· Review of assumptions made during pre-conceptual design phase
· Sensitivity analyses 
· Review and validation of Plant Design Definition
Technical Processes
The technical process will be set-up to support the execution of the Projects and ensure that the required level of consistency and control is exercised across the DEMO development programme. The technical processes consist of the following processes:
· Configuration Management Process

· CAD Management Process

· Interface Management Process

· Set up Interface Management processes and tools in close coordination with Plant-level CAD Configuration models
· Risk Management Process

· Change Control Process

· Document Management Process

Main Deliverables in WP14
	Deliverables/ status
· System Code studies/ scenario modelling annual reports (Draft) 

· DEMO MCNP for System Level Neutronics Analysis (Draft) 

· Plant Breakdown and Functional Breakdown (Draft) 

· Analysis reports (RAMI, neutronics, electromagnetics, and structural) (Draft) 

· Preliminary CAD configuration model (Draft) 

· System Decision Process and a Readiness Level Assessment Process.


Resources:
24 ppy on design and physics integration (incl. up to 3 ppy from industry) are foreseen. 
WPMAG: Magnets system
Description
· Magnet System Engineering
In preparation for the Magnet System Requirements Review in 2015, the activities within the work package are: (i) start to capture, analyse and define the Magnet system requirements; (ii) preparation of a draft System Requirement Document (SRD); (iii) preparation of a draft Load Specification (LS) including off-normal load conditions; (iii) preparation of an initial CAD configuration model for the Magnet System; (iv) preparation/update of Magnet System analysis models and (v) perform initial overall structural analysis of integrated TF, PF & CS systems.
· Conductor R&D, Concept Design & Analysis
In preparation for the manufacture of prototype conductor samples, the activities within the work package are: (i) analysis, design optimization and finalization of candidate TF, PF and CS conductor design specifications; (ii) prepare procurement documentation with industrial partners for manufacture of prototype conductor samples. 
· Coil Concept Design & Analysis
The key activities within the work package are the investigation of various concepts for the design and manufacture of coil casings, structural connections and support structures (i.e. intercoil structures; pre-compression rings, etc.) for TF, PF and CS. The experience of other tokamaks (i.e. ITER and JT-60SA) in this area shall be reviewed and pros/cons of previous design solutions analysed.
· Advanced Magnet Technologies (HTS)
The key activities within the work package are the continued design, analysis and testing of High Temperature Superconducting tapes and cables in terms of  application to a fusion power plant. Continuation of the neutron irradiation programme and cable joining processes is also foreseen. A R&D programme involving HTS tape procurement, HTS cable sample manufacturing and testing is foreseen in order to support these activities.

Management
Following the selection of the Project Leader in 2013, the key activity within the work package is the development of a Project Management Plan (PMP) to cover the CDA phase. 
Main Deliverables (Status)
· Project Management Plan (PMP) Document - (Final)

· Magnet System Requirements Document (SRD) - (Draft)

· Magnet System Load Specification (LS) - (Draft)

· Magnet System CAD Configuration model (inc. TF, PF & CS coils) - (Draft)

· Magnet System Engineering Analysis Models (e.g. Structural, EM, etc.) - (Draft)

· Magnet System Structural Analysis Report  - (Draft)

· Candidate TF, PF & CS Conductor Engineering Analysis Reports - (Final)

· Candidate TF, PF & CS Conductor Design Specifications - (Final)

· Procurement documentation for manufacture of prototype conductor samples - (Draft)

· Magnet Coil Design Study Report - (Draft)

· Small Scale HTS samples Testing Reports - (Final)

Use of facilities
It is expected that a number of EU-based facilities will be employed in 2014 for testing of conductors and/or strands. Namely, superconducting magnet facilities such as SULTAN (at CRPP) or FBI (at KIT) where conductor samples can be tested under representative field, current and temperature, are expected to be utilized. Furthermore, facilities for the mechanical testing of conductors or strands under various strain regimes is also foreseen (such as those at the University of Twente). In the HTS area, facilities for the investigation of the effects of neutron irradiation (e.g. TRIGA at ATI) on superconducting properties will also be utilised. 
Expected Role of Industry
Industrial involvement in WP14 is mainly foreseen in terms of:
· Manufacturing of samples for LTS research & development 

· Providing manufacturing feasibility report for conductors 

· Providing HTS tapes (possibly manufacturing of sample cables)
Resources:
4.5 ppy for the execution (incl. up to 0.8 ppy for industry) and 0.6 M€ of hardware are foreseen. 
WPCS: Containment structures
No activities are foreseen within this project in 2014. This project is expected to be launched in 2015. The Call for Project Leader will be launched during 2014.
WPBB: Breeding blanket
Description 
· Breeding blanket system engineering
The key activities within the work package are: (i) capture, analysis and definition of Breeding Blanket and First-wall system requirements; (ii) preparation of a draft System Requirement Document (SRD); (iii) preparation of a draft Load Specification (LS) including off-normal load conditions; (iii) preparation of an initial CAD configuration model for the breeding blanket and First-Wall System; (iv) preparation/update of analysis models and (v) perform neutronics assessments aiming at particular issues of blanket integration, e.g. the global TF heat load. Also the development of design criteria for the identified failure modes will be carried out (building on results of PPPT WP2013).  In addition, the impacts arising from adopting different strategies of protecting the FW must be studied, with the support of IPH, and in particular the need to install protection or start up limiters must be evaluated.
· HCPB design and R&D
The key R&D activity in this work package is the preparation of a comprehensive R&D plan for the candidate solid breeder/multiplier materials for DEMO. This includes the preparation of irradiation tests for qualification. In addition an effort will be made towards the development of Be/Ti alloys with a moderate steam-Be reaction. This work would require a close collaboration with the Safety project, and must build up from ongoing work underway as part of the Broader Approach. Based on the results available from PPPT WP2013 assessments the HCPB blanket design configuration will be developed in 2014 in terms of module size, breeder thickness, and manifold integration. The optimum layout of the coolant pipes and the manifold scheme of the blanket segment should be defined. In addition the blanket design (manifold, breeding unit, etc.) will be further developed.
· HCLL design and R&D
Based on the results of preliminary studies conducted in 2013, the HCLL blanket configuration shall be further developed in 2014 in terms of module size, breeder thickness, and manifold integration. Options for coolant pipes layout and the manifold scheme of the blanket segment should be investigated. The layout of the coolant pipes and the manifold scheme of the blanket segment should be optimised. In addition the blanket design (manifold, breeding unit, etc.) will be further developed.
· WCLL design and R&D.
The focus will be on water-LiPb compatibility studies. Results of experimental and modelling work done in the past should be reviewed and the impact arising from possible design amelioration assessed. In addition, an experiment is foreseen in LIFUS-5 to study the reaction intensity and validate the corresponding simulation tools.

Based on the result of preliminary studies done as part of PPPT WP2013, the WCLL blanket layout configuration will be further developed in terms of module size, breeder region thickness, and manifold integration. 

The layout of the coolant pipes and the manifold scheme of the blanket segment should be optimised. In addition the blanket design (manifold, breeding unit, etc.) will be further developed.
The manufacturing and characterization of double-wall tubes with interlayer materials different than Copper alloys will be undertaken. In addition a small-scale aqueous corrosion test with EUROFER is foreseen to develop and validate the corrosion model.
· DCLL design and R&D
Main efforts will focus towards the simulation of MHD effects in 3D flow channel geometries. To support these simulations small-scale MHD experiments aiming at the validation of the simulation tools will be prepared. The initial fabrication study for EUROFER-sandwich flow channel inserts will be continued. Based on the 2013 assessments the DCLL blanket configuration will be developed in 2014 in terms of module size, breeder thickness, and manifold integration. In addition the DCLL blanket design (manifold, breeding unit, etc.) will receive high attention aiming at reaching the same design level as the other concepts.
· FW/limiter design and R&D
The work will be focused on the determination of the technology limits of helium-cooled first wall (HCPB, HCLL. DCLL) and a water-cooled first-wall (WCLL). For a He-cooled FW, this will include CFX assessments to optimize the channel geometry and the fabrication of one or more channels based on the geometry developed in 2013 for future high heat flux tests in the HETRA facility. For a water-cooled FW a manufacturing study is planned to investigate the consequences of replacing the copper-alloys with low-activation alternatives.
· LiPb technology development
Work in this area includes efforts on LiPb purification, corrosion of EUROFER in LiPb flow, low velocity LiPb MHD issues and the preparation of a comprehensive development plan of auxiliary systems of a LiPb loop (pumps, valves, instrumentation). The requirements regarding acceptable concentrations of the various impurities need to be determined. Focus on EUROFER corrosion in LiPb is foreseen on the preparation of a comprehensive R&D plan, including features of testing facilities to be used. In addition, corrosion experiments without magnetic field on a straight channel will be carried out. 
· Blanket Tritium Technology Development
R&D will be carried out in this area in 2014 on the following topics:

· A development plan will be developed for a tritium extraction concept for the purge gas of the HCPB concept and the slow-velocity PbLi of the HCLL and WCLL concept. This should include the identification of the test facilities to be used.
· A development plan will be prepared for permeation coatings required in for HCLL, HCPB, and WCLL blankets including relevant assessments and reviews.

· A vacuum permeator experiment will be prepared for a proof of principle demonstration corresponding to the DCLL concept. This includes an experiment specification (incl. tritium partial pressure at permeator inlet, permeator tube material, type of vacuum pump, size of test permeator and LiPb) and the preparation of the test (incl. material procurement, tritium laboratory availability, procurement of vacuum vessel and other parts).
In addition tritium transport calculations will be carried out.
Management
Following the selection of the Project Leader in 2013, the key activity within the work package is the development of a Project Management Plan (PMP) to cover the CDA phase. 
Main Deliverables (Status)
· Project Management Plan (PMP) Document - (Final)

· Breeding blanket initial CAD configuration model - (Released

· Design and analysis strategy plan - (Final)

· Blanket cooling principle / manifold scheme design - (Released)

· List of potential show-stoppers (project risks) - (Final)

· System requirements document (SRD) - (Released)

· FW/limiter design configuration study report - (Released

· R&D plan for characterization of EUROFER corrosion in LiPb - (Final)

· Development plan tritium extraction technology - (Final)

· Development plan for permeation coatings - (Final)

· Development plan for solid breeder/multiplier development - (Final)

· Interface description documents for four BB concepts - (Draft)

· Design description report for four BB concepts - (Released

· Breeders and multiplier performance assessment report - (Draft)

· DCLL flow channel inserts qualification plan - (Draft)

· High velocity LiPb MHD assessment report  - (Draft)

· Water-LiPb reaction rate study report - (Draft)

· Review of EUROFER aqueous corrosion R&D - (Draft)

· FW channel performance qualification report - (Draft)

· FW heat load specification - (Draft)

· Report on tritium extraction from PbLi - (Draft)
Use of facilities
It is expected that a number of EU-based facilities will be employed in 2014. Namely, LIFUS-5 or RELA III (ENEA) to study the reaction of LiPb and water in WCLL relevant condition, DIADEMO (CEA, Cadarache) for the qualification of WCLL double-wall tubes, MELODIE or LECA (CEA, Saclay) for the study of EUROFER aqueous corrosion, HELOKA low pressure (KIT) to study the performance of advanced helium-cooled FW channels, KALOS for the fabrication of ceramic pebbles (KIT).
In addition the preparation of a vacuum permeator test facility is foreseen including the procurement of permeator tubes, vacuum vessel and auxiliary components.
Expected Role of Industry
None foreseen in 2014 (to be confirmed).
Resources:
25.3 ppy for the execution (incl. up to 0.8 ppy for industry) and 2.4 M€ of hardware are foreseen. 

WPDIV: Divertor
Description
· Divertor design and integration
The key activities within the work package to be foreseen in 2014 are: (i) capture, analysis and definition of divertor system requirements; (ii) preparation of a draft System Requirement Document (SRD); (iii) preparation of a draft Load Specification (LS) including off-normal load conditions; (iii) preparation of an initial CAD configuration model for the Divertor Project; (iv) perform initial overall neutronics structural, thermal hydraulic analyses, etc.. Initial divertor cassette design development focusing on the analysis of possible divertor layout configurations.  
· Water-cooled divertor target design and R&D
The key activities within the work package are the investigation of various concepts for the design and manufacture of the divertor target. A design concept optimization shall be conducted, including the evaluation of off-normal events and an extended list of failure modes, following a tentative down-selection of the concepts started in 2013. High-heat-flux tests that were conducted in the past, mainly in the frame of the ITER Programme, shall be reviewed, and the specific operating conditions of the coolant pipes in terms of temperature, velocity and pressure should be studied aiming at an identification and explanation of the observed failure modes. The development of design criteria for the identified types of failure (e.g. fast fracture of tungsten armour) will be continued. To support this development tungsten fast fracture experiments are foreseen to validate the criteria. The establishment of analysis methods is foreseen to allow the design verification for failure types caused by cyclic plasticity. The fabrication of mock-ups based on conventional materials and the corresponding high-heat-flux tests will be prepared taking into account work carried in WPMAT.
· Advanced divertor target development
The key activities within the work package are the investigation of various concepts for the design and manufacture of He-cooled divertor targets. This includes the definition of the requirements to be adopted for the design and R&D work. In the development process of the multi-jet fingers a heat flux test for the square (instead of the hexagonal) tantalum finger will be prepared and fabrication studies will be carried out. A review of concepts using the heat sink material candidates (e.g. tungsten lantanum oxide or tungsten-Cu, –Ti, or -Va-laminate) is foreseen as a starting point for the development of alternative helium-cooled concepts. If appropriate, fabrication studies could be carried out with the alternative heat sink materials. In addition, structural design criteria relevant for the heat sink candidate materials will be developed.
Management
Following the selection of the Project Leader in 2013, the key activity within the work package is the development of a Project Management Plan (PMP). 
Main Deliverables (Status)
· Project Management Plan (PMP) Document - (Final)

· Divertor initial CAD configuration model
 - (Released)

· Design and analysis strategy plan - (Final)

· Water-cooled target design criteria - (Released)

· Small size mock-up fabrication report - (Released)

· Water-cooled targets performance assessment report  - (Released)

· Advanced targets performance assessment report  - (Released)

· System requirements document (SRD) - (Draft)

· Divertor cooling principle / manifold scheme design - (Draft)

· Divertor shielding verification report - (Draft)

· Water-cooled target operating condition specification  - (Draft)

· Advanced target operating condition specification - (Draft)

· Divertor design description report - (Draft)

· Water-cooled target design description report - (Draft)

· Advanced target design description report - (Draft)

Use of facilities
No high flux tests on divertor mock-up are foreseen in 2014. Nevertheless, and investigation shall be made to verify the compliance of candidate EU high-heat-flux test stands (e.g., Le Creusot (Areva), GLADIS (IPP), or JUDITH (FZJ) ) with expected DEMO relevant coolant operating conditions (e.g., water coolant temperature: 200-300C, v=12-15 m/s  and pressure > 4 MPa.
Expected Role of Industry
None foreseen in 2014

Resources:
4.3 ppy for the execution (incl. up to 0.8 ppy for industry) and 0.8 M€ of hardware are foreseen. 

WPHCD: H&CD systems
Description
· H&CD System Engineering
The activities planned for 2014 include: the preparation of an initial CAD configuration model; the definition of design and analysis strategies; the analysis of system requirements and preparation of a draft System Requirement Document (SRD) and of a draft Load Specification (LS) (neutrons, heat loads etc.) including off-normal load conditions which may affect the system itself, or ports and launchers (arcing, VDEs, disruptions etc.).

· NB  R&D
The key activities within the work package are: (i) the selection of Cs alternatives and development of source technologies; (ii) the investigation of candidate energy recovery solutions and the definition of test specifications;.

· EC R&D
The activities planned for 2014 are: the design and start of fabrication of a pre-prototype step-tuneable high frequency (<250 GHz) gyrotron including the analysis of the integrated gyrotron parts; and the analysis and development of candidate high power broadband window solutions.

· NB Concept Design & Analysis
The activities planned for 2014 include the basic design layout and development of source concepts; analysis and conceptual studies of candidate high-heat-flux components for NBI applications; the development of a design concept for the accelerator supported by analyses and design of the subsystems, which include pumps, power supplies and diagnostics, and the development of a NBI duct concept. The design and technological solution adopted by ITER would represent the starting point for this work.

·  EC Concept Design & Analysis
The activities planned for 2014 include preliminary conceptual design specifications for gyrotrons and for HV power supplies, main transmission lines, launchers (equatorial and upper launchers) etc.

·  Advanced Technologies
The main activities planned in 2014 for the photo-neutralizer of NB accelerators include the preliminary study of cavity and lasers, the development of source geometry and cavity material and first tests of small scaled cavity laboratory experiments with and without combination with single aperture beams. As far as advanced EC systems are concerned, work to be carried out in 2014 include: preliminary design studies, calculations and simulations for high power multi stage depressed collector gyrotrons.
Management
Following the selection of the Project Leader in 2013, the key activity within the work package is the development of a Project Management Plan (PMP) to cover the CDA phase. 

Main Deliverables (Status)
· Project Management Plan (PMP) Document - (Final)

· H&CD Requirements Document (SRD) - (Draft)

· H&CD Load Specification (LS) - (Draft)

· H&CD CAD Configuration model  - (Draft)

· NB Candidate ion source materials (Cs alternatives) study report - (Draft)

· NB Energy Recovery report as part of Neutral Beam Efficiency Improvement Handbook - (Draft)

· NB Basic layout report (concept of source, diagnostics etc.) - (Draft)

· NB Analysis report (high voltage, structural analysis, high-heatflux-materials, preliminary study of activities, etc.) - (Draft)

· NB CAD model of beamline, vessel, assembly - (Draft)

· NB Maintenance concept report - (Draft)

· NB Duct concept report and duct CAD model - (Draft)

· EC Windows design and failure mechanism report - (Draft)


· EC Gyrotron design report - (Draft)

· NB (Advanced) Photo-neutralisation laser and cavity report - (Draft)

· EC (Advanced) Basic design concept for multi-stage depressed collector gyrotrons - (Draft)

Use of facilities
No use of testing facilities is foreseen in 2014 

Expected role of industry
To be determined
Resources:
16 ppy for the execution (incl. up to 0.8 ppy for industry) and 0.6 M€ of hardware are foreseen. 

WPTFV: Tritium, Fuelling & Vacuum Systems
Description
· TF&V System Engineering
The key activities within the work package to be foreseen in 2014 are: (i) preparation of an initial CAD configuration model for all three systems involved including information relevant for the conceptual design and integration of the systems; (ii) definition of the design and analysis strategies to be used;  (iii) definition of the system requirements document.
· Vacuum pumping concept development and simulation
The key activities within the work package are: (i) proof-of-principle testing of the alternative pumps shall be conducted and concluded, particularly on the technology of the metal foil pump, that would allow pumping and separation of hydrogen from other species during burn time; and (ii) the design of the set-up and preparation of a small scale integrated test of the candidate sets of pumps for both baseline and backup solution cases (2015). Furthermore, the alternative cryopump as fall-back solution shall be described at conceptual level based on the outcome of the studies conducted in the previous year. In view of DEMO, it is essential to develop the systems to a high TRL, which requires testing in a relevant environment. The JET DT campaign represents an excellent opportunity for doing so, so that the design development of a representative scale liquid ring pump unit for the Active Gas Handling System at JET shall be started in 2014 (aiming at installation in the course of 2016). Finally, a tool has to be developed which enables to predict the subdivertor neutral density from plasma physics parameters, as the divertor is representing the most important physics interface of the vacuum systems. This latter activity shall be interlinked to more physics-oriented work packages under Headline 1.6.
· Fuelling system concept development and simulation
Work in 2014 will focus on the set-up of a workflow that provides a relation between plasma physics data (core fuelling needs and plasma control gas needs for DEMO scenarios) and fuelling technology data (injection location, injection velocity, pellet size) and will derive technical requirements on the fuelling and gas puffing systems. This activity shall be interlinked to physics-oriented work packages under Headline 1.6. Based on that, a review of maturity of the fuelling technologies developed for ITER and the investigation of their DEMO relevancy will be made (2015). The technology readiness level of the candidates shall be evaluated considering the lessons expected to be learned from ITER.

· Tritium plant systems development and simulation
The activities to be launched in 2014 include: (i) a state-of-the-art review and functional assessment of tritium plant technologies, in order to define a common baseline for the upcoming detailed WPTFV programme, especially on coolant purification R&D needs, (ii) initial work on the design and R&D of reactor relevant tritium accounting techniques. This includes (a) the identification and grouping of sub-systems potentially involved in tritium measurement according to the similarities in the properties of precision, speed, throughput, etc. (b) the definition of system requirements for a reliable accountancy. The reactor relevancy of the presently available measurement techniques shall also be investigated and recommendation for improvement and/ or the R&D of novel techniques to be proposed for the program.  (ii) The development of a fuel cycle simulator shall be continued including the definition of simplified operating equations for the various modules of the fuel cycle (–2017).

Management
Following the selection of the Project Leader in 2013, the key activity within the work package is the development of a Project Management Plan (PMP). 
Main Deliverables (Status)
· Project Management Plan (PMP) Document 

· TF&V System CAD Configuration model - (Draft)

· TF&V System Requirements Document (SRD) - (Draft)

· TF&V System Load Specification (LS) - (Draft)

· Design and analysis strategies definition document - (Draft)

· Report on the proof of principle of pump technologies - (Final)

· Report on small scale integrated test of candidate pumps - (Draft)

· Report on the review of maturity of fuelling technologies for DEMO - (Draft)

· Report on the design and R&D of reactor relevant T accounting techniques - (Draft)

· Fuel cycle simulator tool -(Draft)

Use of facilities
The following facilities might be used during the execution of WP14:

· THESEUS (KIT) – for testing and integration of an alternative set of vacuum pumps in DEMO relevant conditions (except tritium) 

· TIMO (KIT) – for testing the cryopump with hydrogen separation (backup solution)

· Tritium laboratory TLK (KIT) – testing tritium measurement techniques

Expected Role of Industry
Industrial involvement in WP14 is foreseen in the adaption of the tritium compatibility to commercially available pumps in terms of support to design and manufacturing.
Resources:
2.8 ppy for the execution (incl. up to 0.8 ppy for industry) and 0.06 M€ of hardware are foreseen. 

WPBOP: Heat Transfer, Balance-of-Plant and Site 
Description
· Primary Heat Transfer System (PHTS) & BoP System Engineering
The key activities within this work package in 2014 are: (i) capture, analysis and definition of PHTS and BoP system requirements including safety considerations; (ii) preparation and review of a draft System Requirement Document (SRD); (iii) preparation of a draft Load Specification (LS) including off-normal load conditions; and (iv) preparation/update (from WP13) of PHTS and BoP system analysis models.
· Modelling, analysis and concept design of PHTS & BoP
Using the four considered blanket concepts (HCLL, HCPB, WCLL & DCLL) as a basis, options for the primary heat transfer system design shall be modelled and analysed. This activity should consider the possible need to control individual blanket module temperature within acceptable limits during operation. Options for BoP technology and design shall be modelled and analysed considering possible combinations of primary/secondary coolants. The continuation of studies into DEMO-specific issues such as pulsed operation; tritium transport from primary to secondary loops; etc. is foreseen.
· LiPb Heat Exchanger and Fluid technology
Technology scanning and initiation of requirements capture activities for a LiPb Heat Exchanger including consultation with industry.
Management
Following the selection of the Project Leader in 2013, the key activity within the work package is the development of a Project Management Plan (PMP) to cover the CDA phase. 
Main Deliverables (Status)
· Project Management Plan (PMP) Document - (Final)

· System Requirements Document (SRD) - (Final)

· Load Specification (LS) - (Final)

· PHTS & BoP System analysis models - (Final)

· PHTS & BoP Concept Design Assessment Reports - (Final)

· LiPb Heat Exchanger Technology assessment report  (Final)
Use of facilities
The in-depth use of proprietary thermodynamic modelling and analysis tools is foreseen which could clearly be provided by industrial partners. 

Expected Role of Industry
It is recognised that Power Plant systems such as Primary Heat Transfer and Balance of Plant are not areas of core technological competency held within the European Fusion community. However these technologies are very mature, with strong capabilities held within European industry and, therefore, strong industrial involvement is foreseen contributing to this project. In particular, the activities outlined above could all be performed by, or in close collaboration with, industrial partners to take advantage of their knowledge of: BoP modelling tools and techniques; system elements such as heat exchangers and turbo-machinery; opportunities to leverage developments foreseen from the Generation IV fission power plant programme. 
Resources:
2.3 ppy for the execution (incl. up to 0.8 ppy for industry) are foreseen.  
WPDC: Diagnostic and Control Systems
Activities under the WP2014 in this area will be defined in the first part of 2014 after the appointment of the Project Leader.
WPRM: Remote Maintenance Systems
Description
· Remote Maintenance System Engineering
The key activities within this work package are: (i) capture, analysis and definition of Remote system requirements; (ii) preparation and review of a draft System Requirement Document (SRD); (iii) assessment of plant architectural options (i.e. blanket concepts, service pipes, etc.) and impact on RM System integration; (iv) analysis of radiation conditions, decay heating of components, environmental conditions and application of RH equipment.
· In-vessel Remote Maintenance Systems
A strong interaction with Projects WPBB and WPDIV is required to develop concepts for the mechanical attachment of in-vessel components. Mock-ups will be manufactured for testing the remote handling compatibility of in-vessel attachment concepts. Concepts for in-vessel transporters/manipulators will be further developed for blanket and divertor maintenance along with the concept for a Multipurpose Deployer. 
· Ex-vessel Remote Maintenance Systems
Within this work package the further development of transfer casks for blanket modules and divertor cassettes is foreseen along with the requirements analysis and concept development for the maintenance of Port Plug systems. Development of the concept for the Active Maintenance Facility (inc. Hot Cell) as required.
· Services joining technology
Interaction with Projects WPBB and WPDIV to provide further definition of options for coolant / breeder circuit pipe work for in-vessel components and an application assessment for the various service joining technologies under consideration. Industrial involvement to provide bench testing and evaluation of remote pipe cutting/joining technologies is foreseen.

· DEMO Remote Maintenance Test Facility
No activity is foreseen in 2014.
Management
Following the selection of the Project Leader in 2013, the key activity within the work package is the development of a Project Management Plan (PMP) to cover the CDA phase. 
Main Deliverables  (status)
· Project Management Plan (PMP) Document - (Final)

· System Requirements Document (SRD) - (Draft)

· RMS CAD Configuration model - (Draft)

· Load Specification (LS) including update of shut-down radiation levels, decay heating and other expected environmental conditions - (Draft)

· Design Assessment Report on impact of blanket design options (i.e. blanket segmentation concepts, service pipes, etc.) on Remote Maintenance System - (Final)

· Design Assessment Report on remote maintenance compatibility  of mechanical attachments of in-vessel components - (Final)

· Prepare definition of mock-ups for testing the remote handling compatibility of in-vessel attachment concepts - (Draft)

· Design Assessment Report on concepts for in-vessel transporters/manipulators inc. Multi-Purpose Deployer - (Final)

· Design Assessment Report on concepts for transfer casks for blanket modules, divertor cassettes, etc. - (Final)

· Design Assessment Report on concepts for the maintenance of Port Plugs - (Final)

· Monitoring Report on developments to Active Maintenance Facility layout - (Final)

· Prepare definition of mock-ups for testing the remote handling compatibility of service joining technologies - (Draft)

Use of facilities
To support the R&D programme, it is foreseen in WP14 that preparation of mock-up facilities equipped remote handling systems will be started; in particular, to support the testing of mock-ups for in-vessel component attachments and remote pipe connections.
Expected Role of Industry
In WP2014, industrial involvement is mainly foreseen in terms of manufacturing mock-ups for in-vessel component attachments and remote pipe connection R&D i.e. in-bore welding, etc.

Resources:
13 ppy for the execution (incl. up to 0.8 ppy for industry) and 0.5 M€ of hardware are foreseen. 

WPMAT: Materials
Description
· Materials data and design integration 
This work package will initiate the development of (i) a knowledge transfer framework i.e. researches to designers; (ii) Materials Handbook; (iii) Design Criteria, Codes and Standards; (iv) Design-Data Experimental Campaigns plans. 
The main activities foreseen in 2014 include:

· Interaction with component designers to understand the high priority design needs in terms of material data and performance, identifying new work streams or focus areas for the other material projects. Set up a framework for exchange of information over the whole project

· Preparation of the baseline Materials Handbook architecture to meet the evolving needs of designers over the period 2014-2020

· Identification of main gaps in the material database and interaction with the community to plan experimental campaigns to fulfil those gaps at due time

· Identification of existing codes & standards and the required improvements/extensions to fulfil the needs of the overall DEMO plant design, in particular for structural and insulating materials

· Production of experimental campaign plans to meet the prioritised needs of the design, as identified in other parts of the project
· Advanced Steels 
The main activities foreseen in 2014 include:

· Feasibility tests of EUROFER as suitable structural material for WCLL: assessment of mechanical properties in the range of 250-400°C
· Start the development of a specific EUROFER for WCLL (+Ta, Heat treatments)

· Definition of the programme and first feasibility studies of High Temperature FM steels

· Production of ODS FS in larger quantities (>50 kg) with high tensile and creep strength and sufficient ductility and fracture toughness up to about 750°C, as well as good radiation resistance
· High Heat Flux Materials 
The main activities foreseen in 2014 include:

· Production of W alloys by mechanical alloying, PIM/MIM and powder chemistry. Extension the PIM/MIM fabrication process for more complex functional high heat flux parts

· Production of several kg of self – passivation W alloys

· Intensive qualification and characterization: thermal shock, thermal fatigue, H/He Beam loads, and standard properties (tensile, LCF, etc…)

· Selection of route of fabrication and first production of Cu material 

· Fabrication and characterisation of tungsten composite materials with respect to application limits

· Extension of the database, mainly fracture-toughness and long term grain stability of thin W- plates

· Improvement of fabrication processes for structural joints (W-EUROFER and tungsten-tungsten);
· Functional Materials 
The main activities foreseen in 2014 include:

· First characterization test of available candidate materials for optical and dielectric applications. Identification of new materials with improved properties for optical and dielectric applications (Low RIA and RL, Low loss tangent)

· Analysis of the data for available candidate materials for optical and dielectric applications. and development of a programme devoted to the improvement of the materials and the assessment of the effects of radiation

· Assessment of the level of radiation for control, safety and H&CD in the machine
· Integrated Radiation Effects Modelling and Experimental Validation
The work to be carried out within this work package is devoted to the study of (i) Phase stability of fusion material under irradiation; (ii) Defects production and microstructural evolution under irradiation; (iii) Radiation stability of complex microstructures, including ODS steels and interfaces; (iv) Changes in mechanical and physical properties under irradiation; (v) Transmutation under high - energy neutron irradiation, helium accumulation and embrittlement. 

The main milestones for 2014 are the following:

· DFT based models for the T-dependent phase diagrams of Fe-Cr-Ni and other Fe-Cr-based alloys,  including models for solute segregation to defects and dislocations

· Models for mesoscopic defect configurations in Fe, W and similar metals and alloys, including the evaluation of entropic contribution to the free energy of defects. Monte Carlo models for reactions, recombination and clustering of radiation defects

· Screw dislocations in bcc metals and alloys, models for dislocation transition pathways, kinks and screw-edge dislocation configurations 

· Assessment of defect production in high energy cascades, the effect of helium on defect production. Production of defects by nuclides produced by transmutation at high neutron energies. 

· Development of a model for helium desorption from helium-ion and dual self-ion plus helium ion irradiated samples. Benchmarking the results against experimental data.

· Assessment of the effect of synergetic accumulation of helium and hydrogen in the microstructure, identification of the origin of the synergetic enhancement of swelling
Management
Following the selection of the Project Leader in 2013, the key activity within the work package is the development of a Project Management Plan (PMP) to cover the CDA phase. 
Use of facilities
To be defined.

Expected Role of Industry
Industry should play an active role in the Materials project. Industry involvement is needed from the very first steps in some areas. This collaboration should play a major role in the case of the steels, and also the case of coatings and insulators. 

In the case of the development of high performance steels like ODS steels and Thermomechanical treatment (TMT) steels the following action should be taken in 2014:

· Involvement of  industrial partners, who are key players in the EU steel sector,  such as ThyssenKrupp, Tata Steel, ArcelorMittal, etc. to explore production routes and production at industrial level

· Benefit of existing funds for the development of improved/new steels like Research Fund for Coal & Steel. Includes exploring co-operation with dedicated steel research institutes (eg. Max-Planck Institut für Eisenforschung)

· Creation of framework for continuous transfer of knowledge between research institutes and industry

In the case of the development of W and W alloys for armour and structural applications the following action should be taken:

· Increase the already existing involvement with the industry. Mainly collaboration in the development of W alloys with Plansee.

· Seek out industrial partner(s) for the production of larger amount of W self-passivation alloys

· Creation of framework for continuous transfer of knowledge between research institutes and industry

In the case of the development of Cu and Cu- alloys for cooling substructures (pipes) the following action should be taken in 2014:

· Establishment of collaboration with industrial partners to develop improved Cu – alloys with respect to those already produced for ITER. Involvement of industrial partner with experience in production of these materials for ITER should be a priority. 

· Creation of framework for continuous transfer of knowledge between research institutes and industry

In the case of the development of insulators (functional materials) the following action should be taken in 2014:

· Establishment of collaboration with the industrial partners to develop improved/new insulators respect to the already produced for ITER. Industrial partner(s) with experience in production of these should be a priority: eg. Nanoker Research

· Creation of framework for continuous transfer of knowledge between research institutes and industry
Opportunities for International collaboration 
Identify and organized irradiation campaigns to be conducted in non-EU fission reactors: e.g., US, Japan, China, etc.  Explore opportunities for collaborations   and possible joint use of  the Materials Research Laboratory built in the International Fusion Energy Research Centre (IFERC), Rokkasho, within the Broader Approach Activities. This facility is equipped with most of the technology needed for testing of structural and functional materials for fusion, besides neutron irradiated materials can be studied. 
Resources:
52.4 ppy for the execution (incl. up to 8.8 ppy for industry) and 7.5 M€ of hardware are foreseen. 

WPENS: Early Neutron Source Definition and Design
This project is foreseen to be launched only after an assessment to be performed as recommended by MAG by a group of independent experts to review of potential 'early' 14 MeV neutron sources proposals. This should also address the requirements for the test volumes for a 14 MeV source to achieve the various levels of completeness of testing discussed in the MAG report. 
WPSAE: Safety and Environment 
Description
· Design and Licensing Requirements
Key activities are to establish the safety approach and fundamental safety strategies such to what extent safety credit may be given to in-vessel components.  Safety criteria are to be set and the safety impact of fundamental design choices (materials, coolant, etc.) are to be assessed. A review of the possible licensing regimes for DEMO is also to be carried out.

· Integrated Safety Analyses / Source Terms / Models & Codes
The key activities are to determine accident scenarios to be taken into account in the safety analyses, using Functional Failure Modes and Effects Analysis (FFMEA); to determine needs for code development for safety analyses and the validation experiments that are required for these, and to assess the needs for source term development, dependent on fundamental design choices.

· Radioactive Waste Management
A review of clearance indices for radioactive material is to be carried out to set an approach to defining a fusion-specific set of limits. A feasibility study of waste recycling is to be launched to establish if viable and economic recycling processes are possible. A programme of R&D to develop techniques for the detritiation of solid radioactive waste will be developed. Materials composition limits will be established to minimize the radiological impact of activation and strategies developed to minimize the quantity of waste.
Management
Following the selection of the Project Leader in 2013, the key activity within the work package is the development of a Project Management Plan (PMP). 
Deliverables 
· Project Management Plan (PMP) Document - (Final)

· Safety Requirements Document - (Draft)

· FFMEA and accident sequences - (Draft)

· Plan of safety R&D activities as parts of individual projects – (Draft) 

· Feasibility report of waste recycling – (Draft)

Use of facilities
None expected in 2014.
A strong link is expected with ITER safety and with JET, especially in areas of neutronics, activation and tritium.
Expected Role of Industry
Industrial input is needed to determine criteria for clearance and recycling of radioactive material and for the development of viable process for this recycling.
Opportunities for International Collaboration
Need to be explored

Resources:
5.75ppy for the execution (incl. up to 0.8 ppy for industry) are foreseen. 
4.
Socio Economic Studies

WPSES: Socio Economic Studies
Description
· Economic aspects
· Fusion power cost: This activity will appraise the availability of DEMO-related data needed for the updated fusion power cost assessment and it will set up a working group of experts with necessary know-how (esp. related to the use of the European System Code). It will deliver a detailed work specification for the CDA phase and a timetable for fusion energy cost assessment relative to alternative DEMO designs.

· Fusion power externalities: The methodology appropriate for the analysis of fusion external costs (environmental and socio-economic) will be set up; it will include the Life Cycle Analysis and monetization and, likely, the Social Life Cycle methodology. This activity will deliver methodological guidelines, data specification and availability.
· EFDA TIMES modelling : This Work package foresees further  exploitation of the EFDA TIMES, using its climate module; Development of the methodology of internalization of the external costs of fusion power to EFDA TIMES; Development of an automated method to estimate the limitations on renewable resources availability based on varying climate conditions; Improvement and update of the ETM website.   
· Social aspects
· Fusion power social acceptance –fusion Euro-barometer. Survey regarding fusion energy awareness and acceptance after the Fukushima accident – comparative research on purposive samples in selected European countries of contrasting energy policy orientations. 

· Lay reasoning about cleanness and safety of energy systems. Focused-group research to understand the meaning of the concepts of “cleanness” and “safety” requested from energy systems by the public opinion.

· Outreach activities
These activities will focus on: enhancing the quality of fusion community participation in the global scientific energy debate (building on outputs from EFDA TIMES scenarios); improvement of fusion energy presentation in media (following results of the above sociological research and of the recent public discourse analyses); organization of exercises engaging civil society representatives in a dialog on fusion energy environmental and socio-economic aspects. 
Management
Following the selection of the Project Leader in 2013, the key activity within the work package is the development of a Project Management Plan (PMP) to cover Horizon 2020. 
Deliverables 
· Report of scoping study on fusion energy external costs analysis

· EFDA TIMES scenario results and methodological guidelines regarding external cost implementation in ETM

· Report on the public acceptance of fusion energy in Europe

· Outreach: contributions to international scientific energy debate; enhanced fusion energy presentation in media.

Resources:
3 ppy for the execution and 0.05 M€ of hardware are foreseen. 
5.
Public Information
WPPI: Public Information Activities
Communicating new EFDA
As soon as the new Consortium is in place the following actions are planned

· Communicating the changes in the European fusion programme
· Adapting EFDA website under new name
· Adapting Users’ website accordingly
· Adapting newsletter ‘Fusion in Europe’ accordingly
· Creating and implementing new Corporate identity 
Public Information Network
The Public Information Officers of the fusion laboratories across Europe build the ‘Public Information Network’ (PIN) on European fusion research which is led by EFDA’s Head of the Public Information office. EFDA facilitate the communication among its members by means of the recently re-vamped web 2.0 intranet. Moreover EFDA PI invite to monthly video conferences, send a weekly newsletter, publish the annual activity report and organise the personal annual meeting. Though an increased level of engagement has been noticed the network still suffers from insufficient manpower. 

· Working groups
Central topics such as how and what to communicate as well as the communities’ travel exhibition ‘Fusion Expo’ are subject of four working groups. The members meet occasionally and the chairs report to the network at the annual meeting. 

In 2014 it is planned to re-organise the working groups, taking into account the experiences made so far.

External communication
Since 2012 the EFDA web site (www.efda.org) and newsletter ‘Fusion in Europe’ have been increasingly echoing the progress in the various fusion labs adding the European context to the stories. 

It is planned in 2014 that the new Consortium host and maintain a platform for the fusion community that broadcast fusion research in Europe using coherent messages. An additional task from the next framework programme on will be to report continuously on the progress of the realisation of Fusion Roadmap. 

To continue and progress this way EFDA PI depend on the PI officers from the national laboratories. They have been constantly encouraged to send their stories and pictures. Though an increased level of news items - other than EFDA related - has been noticed on the EFDA website and newsletter, not enough labs can contribute due to insufficient manpower. As a result many possibly captivating stories stay unpublished. 

An equally important task in 2014 is that the new Consortium continues to provide media such as brochures, pictures and video clips to Associates for their national communication work.

New Fusion Expo
EFDA’s travelling exhibition Fusion Expo has been traveling for more than 20 years visiting 50 European venues. Since 2008 the Associate MESCS manages Fusion Expo through an Art. 7 support action.

Despite maintenance and modernisation the exhibition can not measure up anymore to visitors‘ expectations in the 21st century. On these grounds it was agreed by EFDA and MESCS to start investigating how much an entirely new exhibition would cost. 

This situation led to an amendment to the Task Agreement (WP10-PIN-FUSEX-v2.2) with MESCS in which it was defined that MESCS supports EFDA in the definition on how the Fusion Expo could evolve in the future. 

In 2014, after the company to realise the exhibition will have been selected the preparation of the new exhibition will start. The year 2014 will be dedicated to the design of the new Fusion Expo, followed by the opening of a new Fusion Expo in 2015.

6.
Education and Training

[Education part to be completed after the agreement of the HoRUs]

Post-doc fellowship Programme

A Post-doc fellowship Programme with the excellence of the candidates as the main selection criteria, similar to the previous programme under EFDA will be implemented. A call for candidates will be launched in October 2013, open to candidates with a PhD starting the first post-doc position or to engineers with equivalent experience.   

Goal-Oriented Training

Goal Oriented Training activities will be carried out as part of the Projects.

Resources:
1.5M€ (~10 fellowships) are foreseen for the Post-doc fellowship programme and 13.5M€ for the Goal-Oriented Training. 
7.
Enabling Research

In addition to the mission-oriented work, a programme aimed at promoting fundamental understanding and longer perspective research will be implemented. A call for projects, aiming to address several areas in which fundamental understanding is required to advance fusion research, will be issued in October 2013. The eligible proposals will be assessed and selected by STAC following the established evaluation criteria. 

Resources:
7 M€ are foreseen as EC contribution. 
8.
Timeline for the implementation
Work Programme 2014 preparation
· End of April 2013 – Table of contents of WP&WP14 to HoRUs and STAC AHGs

· May 2013 – Draft WP&WP14 circulated to HoRUs and STAC AHGs

· Early June 2013 – 2nd iteration HoRUs/EFDA Leader

· June 2013 – STAC endorsement of WP&WP14

· July 3 2013 – Presentation of WP&WP14 to the EFDA SC. Adoption of the general structure.

Selection of TFL and PLs 
· Early July 2013 - launch of the Call for Project Leaders and non-JET Task Force Leaders. 

· Middle July 2013 – Info day on new implementation to Associate CPs

· Early September 2013 – selection of TFLs/PLs completed

· October 7-8 2013 – Approval of WP&WP14 and appointment of TFLs/PLs by EFDA SC (as pre-GA)

· January 2014 – Launch of the selection of JET Task Force Leaders for 2015

· May 2014 – launch of the Call for the remaining Project Leaders  and Task Force Leaders 

Definition of individual Associate contribution
· July 2013 – launch of the Call for C33 (on-site participation on EFDA 2013 budget)
· 10 October 2013 – Launch of the Calls for Post Doc Fellowships

· 9 October 2013 – Launch of the Calls for Proposals for HLST Projects

· 10 October 2013 – Launch of the Calls for Proposals for Enabling Research 

· 21-24 October 2013 – General Planning Meeting for non-JET Campaigns. 
· 28-30 October Information Meeting for Projects.

· 22 October 2013 – Launch of the Calls for Participation for all the Work Packages except (WPJET1, WPMST1, WPMST2, WPDC, WPCS, WPENS)
· 4 November 2013 – Launch of the Calls for Participation in WPMST1 and WPMST2

· 4 December 2013 – Proposal of allocation of activities to the HoRUs
· December 12 2013 – Extraordinary HoRU meeting for the approval of the distribution of activities.

Approval of the final distribution of activities 
· It will take place at the first GA meeting in 2014 following the completion of the definition of the PMPs and the negotiation phase with the European Commission.

The definition of the 2015 Work Programme is expected to follow a similar sequence in 2014.

· Approval of the 2015 Work Programme in July/October

· General Planning Meetings/ Technical Planning Meetings before the launch of the Call for participation in Campaigns and for the Projects additional activities not launched in 2013

· Launch of the Calls for Participation in October 2014 (only a limited number, depending on the needs of the Projects)
· Approval of the distribution of activities in December 2014

· …..

9.
Resources
Summary of Resources

	Work Package
	Manpower (ppy)
	Hardware / 

Consumables 

/ Facilities
	EC Resources (M€)

	WPJET1
	92 
	
	3.880

	WPJET2
	13.35 
	0.2 
	0.880

	WPJET3
	16.7 
	0.13 
	1.190

	WPJET4
	8.8  
	1.4 
	1.810

	WPMST1
	52 
	15 
	14.550

	WPMST2
	20 
	1
	1.450

	WPPFC
	20 
	1
	1.450

	WPDTT1
	6.25 
	
	0.325

	WPDTT2
	4.25 
	
	0.225

	WPSA
	4.25
	
	0.225

	WPS1
	4.25 
	
	0.225

	WPS2
	4.25 
	
	0.225

	WPCD
	21 
	
	1.100

	WPISA
	14 
	
	1.400

	WPPMI
	24 
	
	1.388

	WPMAG
	4.5 
	0.6 
	0.515

	WPCS
	
	
	

	WPBB
	25.3 
	2.4 
	2.280

	WPDIV
	4.3 
	0.8 
	0.535

	WPHCD
	16 
	0.6 
	1.090

	WPTFV
	2.8 
	0.06 
	0.214

	WPBOP
	2.3 
	
	0.165

	WPDC
	
	
	

	WPRM
	13 
	0.5 
	0.900

	WPMAT
	52.4 
	7.5 
	6.170

	WPENS
	
	
	

	WPSAE
	5.75 
	
	0.337

	WPSES
	3 
	0.05 
	0.170

	WPPI
	
	
	0.200

	Education
	
	
	9.0

	Training
	
	
	7.0

	Enabling Research
	
	
	7.0

	Admin & mobility
	
	
	9.8

	TOTAL
	404,7
	34,89
	75.699


List of Changes
Issue 1
HoRU meeting of 3 July 2013
Changes. None

Issue 2
HoRU meeting of 7 October 2013
Changes:

RN
The changes were implemented into the version of the June 28. The changes in the Work Plan in the Version of July 3, where respectively transferred into this version of the Work Programme 
· Change of Version Number

· Incorporate lost updates WPS1

· Reformatting WPMST1 HL1.8

· Making HL1.7 in the JET part consistent with the rest of the document

· Reintroducing lost deliverable in WPMST2 HL1.7 

· Incorporate comments provided by Jülich (several WPs)

· Adjustment WP names (delete numbers where possible: PFC,SA,CD)

· Management of WPMST2 by Programme Unit through tasks 

· Description of WPDTT1 improved

· Transfer of deliverables from MST2 to CD (as done earlier in the work plan)

· Change of wording in WPJET4 along the latest version of the Work Plan

· Merging with changes by Gianfranco and Claudius

LDH
· Correction of one or two typos

· Comments on the misuse of the English language

�We are expecting this to be a purely Operator project and so it could be removed.
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