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Preparation of design database with the updated disruption code DINA
Technical Specifications
Abstract

This Tender specification is for the supply of support to the ITER Organization in the field of disruption analysis.
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1 
 Background and objectives 
1.1
The present specification is for the provision of design support to the ITER Organization in the field of Disruption Analysis.
1.2
General information on the background and objectives of the Disruption Analysis for ITER is described as follows

Robustness of the machine against electromagnetic (EM) and heat loads under various disruption conditions expected in ITER are essential. Robustness of the vacuum vessel (VV) and large in-vessel components, such as the blanket modules (BM) and divertor cassette (DC), are particularly important since they are directly linked with the protection of the machine against mechanical damage. Robustness for the heat load during the thermal quench (TQ) and vertical displacement events (VDEs), which may cause a possible damage of the plasma facing components (PFCs), is another important point.

Proper margin against both loads must be reserved for the representative disruption and VDE scenarios. In particular, a reasonable margin against the mechanical stress is of primary importance for the protection of the machine. This requirement is stressed, since, even if any disruption prediction & mitigation system is implemented, the system cannot be expected to be 100% reliable and some disruptions will unavoidably occur. Large energy load on PFCs affects its lifetime, which can deteriorate the duty cycle of the machine due to frequent replacement of PFCs.


In order to maintain proper margin against various loads and confirm its robustness, reliable predictive simulations of representative disruption and VDE scenarios using sophisticated disruption code(s) validated with ITER relevant experimental database are essential, since such loads strongly depend on the detailed plasma behaviour during disruptions and VDEs. Of particular importance for the assessment of EM loads on the VV and in-vessel components is the total halo current (Ih,max) during VDEs. Magnitude of the halo current is affected by various physics parameters. Among them, width of the halo region and its temperature are clearly very important. However, the halo current models have not been well developed so far. Only limited validation of the halo current model has been done by some code, e.g., DINA code using JT-60U data. Recently several experimental groups have prepared systematic halo current data and it should be very valuable if model development and validation using these data can be performed.


Details of plasma behaviour during VDEs are also very important for the assessment of the energy load on the PFCs at the TQ. Optimization of shaping of PFCs needs to be done with considering possible plasma movement and magnetic data associated with this plasma movement. Systematic design database of the plasma movements for the possible VDE scenarios are thus necessary to perform the shape optimization of PFCs. 


Since the design review in 2007, some of the ITER structures have been changed, e.g., size and position of PF2 and PF6 coils, divertor dome geometry, installation of the in-vessel vertical position and ELM control coils. These changes must be incorporated in the code and the design database of disruptions and VDEs need to be updated. Incorporation of the updated halo current model is necessary in accordance with the progress of the model development and validation.


Design database for disruptions and VDEs have been prepared so far with use of the DINA code. Since EM and energy loads strongly depend on the plasma behaviours, it is highly desirable to confirm the plasma behaviours by other sophisticated codes. The TSC code has been recommended as an alternatively sophisticated code by the ITPA MHD/Disruption/Control topical group. Code benchmarking between DINA and TSC needs to be performed to promote detailed comparison between the two codes. In parallel with the benchmarking, ITER simulations with the TSC code need to be performed to identify possible uncertain range of the plasma behaviour with respect to the codes. 

1.3
The Tenderer awarded and having signed the Contract shall be denominated as the Contractor.

1.4
The duration of this Contract will be 12 months (starting from early 2009).  The task is expected to be continued for one or two more years. However, the content of the task in 2010 will be specified after completion of the task in 2009 depending on the results of this task. The ITER Organization explicitly reserves the right to decide whether or not to continue the Contract.

2 Terminology and Acronyms
In the following table denominations and definitions are given of all the actors, entities and documents referred to in this Specification, together with the acronyms used in this document.

	Denomination
	Definition
	Acronym

	ITER Organization 
	For this Contract the ITER Organization
	IO-

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

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

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

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

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

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


3 Scope of the work

This task is foreseen to perform:

(1) Calculations of various representative disruption and VDE scenarios, associated EM load and preparation of design database using the updated DINA code (halo current model and design changes);

(2) Calculations of various VDE scenarios with the updated DINA code and prepare equilibrium data for the optimization of the first wall shape with respect to the energy load at the thermal quench during VDEs,

(3) DINA simulation for the code benchmarking between TSC,

4 Task description

4.1 Design database by the updated DINA code (Subtask 1)
In this subtask, various representative disruption and VDE scenarios should be calculated by the updated DINA code. The update includes the design changes in the coils PF6 and PF2, in the divertor dome geometry and installation of in-vessel coils for plasma vertical stabilization. This update of the DINA code will be done in the framework of the other Contract, and the updated DINA code is to be provided for this task. Incorporation of the updated halo current model depends on the progress of the model development. The associated EM load on the vessel (vertical force due to halo current and eddy current) should also be calculated.  Based on the calculations using the updated DINA code, the design database should be updated.
Representative disruption and VDE scenarios must include at least the following scenarios;

( Fast current decay with linear 36 ms decay time and exponential 16 ms decay time constant

- Major disruptions 

- Upward and downward VDEs 

( Slow current decay 

- Upward and downward VDEs 

Other variations of the scenarios (10-15 cases) will be specified based on the simulation results of the above scenarios and according to requests by the engineering design groups of the IO.

4.2 Calculations of various VDE scenarios with the updated DINA code for the optimization of the first wall shape (Subtask 2)
In this subtask, calculations of various VDE scenarios with the updated DINA code should be performed and equilibrium data should be prepared. These data are to be used for the optimization of the first wall shape with respect to the energy load at the thermal quench during VDEs. VDE scenarios must include at least the following cases;

( Both upward and downward VDEs
( Internal inductance of the initial plasma; 

0.7, 0.85, 1.0

( Initial plasma configuration; 
Reference inductive and high beta non-inductive
( q values at the TQ; 


2.5, 2.0, 1.5 for reference inductive scenario,



4.0, 3.5, 3.0, 2.5, 2.0, 1.5 for high beta non-inductive scenario

Equilibrium data should be prepared in the format of EQDSK. Data must be prepared between start of limiter configuration and the onset of the thermal quench at selected time steps of the DINA simulation (expected numbers of selected time steps are 10-20).

4.3 DINA simulation for the code benchmarking between TSC (Subtask 3)
In this subtask, DINA simulations should be performed for various disruption and VDE scenarios under the specific conditions specified for the purpose of the benchmarking between the codes DINA and TSC. DINA simulations should be performed in accordance with the TSC simulations. Detailed specific outputs must be prepared for the comparison with the TSC code. Typical comparison cases are Major disruptions and VDEs. Some examples of details of comparisons presently foreseen are;

(
Vertical movement after thermal quench and associated reduction of plasma cross section area and its effect on current quench time

(
Effect of different halo current model on the vertical movement

(
Detailed examinations of neutral point in both codes

Comparisons prescribed above are only examples presently foreseen. As the benchmarking progresses, further detailed parameter dependences will have to be investigated. These further investigations will be discussed and to be performed with agreement between IO and contractor during the course of the task.

5 Deliverables and Schedule (proposed or required by ITER) 

Duration of this Contract is one year (starting from early 2009). However, the work (in the framework of an additional Contract) may continue up to 2010 or 2011 depending on the results obtained in the framework of this Contract.
The Contractor shall submit all deliverables to the ITER Organization as described below: 

Deliverable 1: Design database by the updated DINA code for various disruption and VDE scenarios. Database include typical global parameters, evolution of flux surfaces and the associated magnetic data (Br, Bz) at specified position, halo current (total, profile), toroidal current (plasma filament, eddy current on vacuum vessel, blanket and divertor). Time evolution of the generated EM load on the vessel (vertical force due to halo current and eddy current) should also be delivered. Proposals of the works, which are worth performing within the contract 2010, based on the results obtained within the contract 2009. (Expected PPY for this task is ( 0.2 PPY).
Deliverable 2: Equilibrium data prepared between start of limiter configuration and the onset of the thermal quench at all time steps of the DINA simulation for various VDE scenarios specified by IO. Equilibrium data for various VDE scenarios should be archived in the format of EQDSK. Proposals of the works, which are worth performing within the contract 2010, based on the results obtained within the contract 2009. (Expected PPY for this task is ( 0.2 PPY).
Deliverable 3: DINA simulations performed in accordance with the TSC simulations. Detailed specific outputs prepared for the comparison with the TSC code.  Proposals of the works, which are worth performing within the contract 2010, based on the results obtained within the contract 2009. (Expected PPY for this task is ( 0.1 PPY).
6 Responsibilities 
ITER:
ITER will provide the needed information and access to the adequate ITER files for executing this work when needed following the implementation plan.

Contractor:

The Contractor appoints a responsible person, the Contractor’s Responsible (C‑R), who shall represent the Contractor for all matters related to the implementation of this Contract.

The contractor will provide results according to the scope of the work outlined above and agreed between the corresponding Contact Persons, and will fulfil the implementation plan and conditions of present contract. 

7 Quality Assurance Program 

Not applicable to this contract.

8 Specific Requirements and Conditions

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

· Schedule of deliverables

· Cost breakdown

· Payment schedule

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

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

The official language of the ITER project is English. Therefore all input and output documentation relevant for this Contract shall be in English. The Contractor shall ensure that all the professionals in charge of the Contract have an adequate knowledge of English, to allow easy communication and adequate drafting of technical documentation. This requirement also applies to the Contractor’s staff working at the ITER site or participating to meetings with the ITER Organization. 

Documentation developed shall be retained by the contractor for a minimum of 5 years and then may be discarded at the direction of the IO. 

The work may require the presence of the Contractor’s personnel at the site of the ITER Organization, Cadarache, 13108 St Paul-lez-Durance, France, for short time.

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

9 Acceptance criteria

Quality plan shall provide work breakdown and list of check points at which ITER should review status of the work and make a decision for its continuation. ITER will also participate in reviewing the results of test and analysis. 

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

The IO‑TRO shall review the deliverables and reply, within the time specified in the 15 following days, a commented version of the deliverables.

The Contractor shall perform all the necessary modifications or iterations to the deliverables and submit a revised version. 

Contract will be considered completed after ITER has accepted the last deliverable.

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

	Scope of meeting
	Point of check/Deliverable
	Place of meeting

	Kick-off contract
	Work program


	Contractor site, ITER site, or video conference

	Progress meetings 
	Checking progress

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

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

	Closing contract meeting

Contract completion
	Checking final report
	ITER site or video conference


In addition to these meetings, stay at ITER site during 2-4 weeks once or twice during this task at an appropriate timing is foreseen to promote the task work with intensive discussions.
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