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Task on self-consistent simulations of plasma scenarios

 

Technical Specifications
Abstract

This Tender specification is for the supply of support to the ITER Organization in the field of self-consistent simulations of plasma scenarios.
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1 Background and objectives

1.1 The present specification is for the provision of support to the ITER Organization in the field of self-consistent simulations of plasma scenarios.

1.2 General information on the background and objectives of the Development of self-consistent simulations of plasma scenarios is described as follows.

The task relates to design and self-consistent simulation of ITER representative plasma scenarios. These scenarios will contribute to the plasma scenario database used for assessment of capability of different engineering systems (power supply, CS and PF coils, cryoplant, etc.) to support ITER scenarios. 

The modeling should include almost central plasma initiation with about 0.3 V/m electric field and ECH power assist. Alternatively simulation of plasma current ramp-up could be started with large bore plasma (a = 1.7-2.0 m) with current about 1 MA matching scenario of plasma initiation (provided by IO) within the limits on coil voltages. The plasma termination should be finished by disruption at plasma current about 1 MA with the following ramping-down of all currents in CS and PF coils to zero (within the limits on the coil voltages). The disruption is simulated as an instantaneous drop of the plasma current to zero leading to instant induction of currents in the vacuum vessel and coils. 

All simulations should be performed with the PF coils “Baseline 2008” and the target separatrix (divertor) “Baseline 2008” [1]. The coil currents, voltages, magnetic fields and forces should be within the limits. The limits on coil currents, magnetic fields and forces are given in [1]. The limits on coil voltages are given in Table 1. Minimum distance between the separatrix and first wall should be reported. In divertor magnetic configuration the distance should be below ( 5 cm even in transient processes. 

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

1.4 The duration of the Service Contract will be 12 months from the date of the signature by the last of the contracting parties, with the option of extensions to be agreed and defined by both parties. The ITER Organization explicitly reserves the right to decide whether or not to extend the Contract.
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

The following scenarios should be design and simulated with a code comprising 1D plasma transport model and 2D free boundary plasma equilibrium, taking into account 2D eddy currents induced in the vacuum vessel.

1) Scenario 1: 15 MA, 500 MW, DT, Inductive, Q ( 10 

Scenario 1a (Reference “Scenario 1”)

This should be a reference 15 MA DT scenario(s) with fusion power about 500 MW and duration of burn about 400 s. The trajectory of this scenario should be reasonably well within the engineering limits (except for maximum current in CS1 which limits duration of burn), including minimum values of the plasma wall gaps (e.g. during the H to L mode transition) and displacements of the separatrix legs. This scenario should demonstrate that ITER PF system has reasonably wide operational space for supporting Scenario 1. Details of this scenario could be different. Important features of the scenario are high fusion power, early X-point formation (( 4 MA), plasma current ramp-down in divertor configuration with consistent reduction of plasma elongation down to very low plasma current (( 1 MA), relatively low value of plasma vertical instability growth rate and H to L mode transition during plasma current ramp-down at relatively low plasma current and (p. There could be several reference scenarios with these main features. The plasma current ramp-up time (70-100 s), should allow sufficient margin in CS1 voltage required for plasma position and shape control. Different variants of Scenario 1a with different values of li during burn may use different assumptions on the pedestal temperature in H mode (2.5 – 7 keV) with the reference ( 5 keV.

Scenario 1b (“Scenario 1a” with H-L transition at EOB)

This is modification of Scenario 1a with an H to L mode transition happening at the end of burn to test PF voltage limits. This scenario requires higher voltage in the PF coils than the Reference Scenario 1a. If we assume the H to L mode transition at earlier phases of burn, the scenario will be less demanding from the PF system point of view (e.g. less AC losses).

Scenario 1c (“Scenario 1b” with long current ramp-down)

This is a modification of Scenario 1b with the longest duration of the plasma current ramp-down in the divertor magnetic configuration. From the point of view of the PF system, maximum duration of the plasma current ramp-down is limited by time of “natural” decay of the plasma current, when current in the CS1 module is kept at almost constant value close to its design limit (with some margin for control actions). An increased duration of the plasma current ramp-down may be required because of uncertainty in the rate of the plasma density decay. Another reason could be a possible reduction of li during the plasma current ramp-down relative to Scenario 1b, which is better for plasma vertical stabilization. The duration 300-400 s is an approximate target value to be determined through limits in the simulations.

Scenario 1d (“Scenario 1b” with short current ramp-down)

This is a modification of Scenario 1b with the shortest duration of the plasma current ramp-down in the divertor magnetic configuration. From the point of view of the PF system, minimum duration of the plasma current ramp-down is limited by the coil voltages and plasma vertical instability growth rate (high li). The duration 100 s is an approximate target value to be determined through limits in the simulations.

Scenario 1e (“Scenario 1b” with limited-to-diverted transitions at high current)

This is modification of Scenario 1b with XPF at ( 5 MA plasma current and Last Divertor Plasma (LDP) at ( 7.5 MA. This scenario is necessary for heat load requirements on the plasma facing components in limiter operation. The important parameter is the plasma current at the limited-to-diverted transitions in the magnetic configuration and the amount of auxiliary heating power during the current rise, flattop, and ramp-down.

2) Scenario 3: ( 13MA, ( 400 MW DT, Hybrid, Q > 5

XPF at ( 4 MA, plasma current ramp-down in divertor magnetic configuration during ( 200 s till about 1 MA. Early and strong current rise heating to reduce flux consumption and produce q ≥ 1 across the profile. Fusion power of ( 400 MW for a burn duration of ( 1000 s (or where current in the CS1 module hit the limit). More precise specifications of the hybrid scenario will be determined through simulations.

3) Scenario 4: ( 9MA, ( 350 MW DT, Steady state, Q ( 5

XPF at ( 4 MA, plasma current ramp-down in divertor magnetic configuration lasting ( 150 s till about 1.5 MA. Early and strong current rise heating to reduce flux consumption and produce q ≥ 2 across the profile. DT fusion power ( 350 MW for an extended burn duration of 3000 s. Start-up heating and current drive mix may be insufficient so that substantial upgrades up to 110 – 130 MW may also be modeled. This is the most demanding scenario for cryogenic cooling systems and integrated heat load on the divertor. 

4) 15 MA, H/He, Inductive (Non-active operation with fast current rise and high li)

XPF at ( 4 MA, plasma current ramp-up ( 60s (saturation of voltage in CS1), relatively high li at SOF, plasma current ramp-down in divertor magnetic configuration for ( 200s until about 1 MA. This is a non-active operation scenario in hydrogen or helium with relatively high li at the SOF. The calculated duration of the plasma current flattop will be much less than the DT scenarios and determined by the simulation within the limits of the PF system together with current rise heating using Day 1 heating systems to reduce flux consumption.  The knobs for adjustment of this scenario are the model of plasma transport and the assumption on Zeff(t).  This may not be the most demanding scenario for most machine systems, but is the first required milestone and needs to be simulated to assess the earliest system requirements. 

5) 7.5MA/2.65 T, He, Inductive (Non-active operation with fast current rise and high li)

XPF at ( 4 MA, plasma current ramp-up ( 30s (saturation of voltage in CS1), relatively high li at SOF, plasma current ramp-down in divertor magnetic configuration for ( 100s until about 1.5 MA. Due to the high H-mode threshold expected in hydrogen plasmas and reduced threshold in helium plasmas, this half current, half field scenario is the best candidate for achieving H-mode in the non-active phase of operation. Although this scenario is not likely to reach machine system limits, it needs to be modeled to validate H-mode operation in the non-active phase and to define initial fuelling and pumping requirements. The calculated duration of the plasma current flattop will be much less than the DT scenarios and determined by the simulation within the limits of the PF system together with current rise heating using Day 1 heating systems to reduce flux consumption. 

6) 7.5MA/2.65 T, D, Inductive (Pre-DT operation with fast current rise and high li)

XPF at ( 4 MA, plasma current ramp-up ( 30s, relatively high li at SOF, plasma current ramp-down in divertor magnetic configuration for ( 100s until about 1.5 MA. Due to the high H-mode threshold expected in deuterium plasmas at 5.3 T and reduced threshold in half field plasmas, this half current, half field scenario is the best candidate for achieving H-mode in the deuterium phase of operation.  This scenario needs to be modeled to validate H-mode operation in the deuterium phase, which is a necessary achievement to assess H-mode confinement and ELM mitigation techniques before entering the DT phase. The calculated duration of the plasma current flattop will be much less than the DT scenarios and determined by the simulation within the limits of the PF system together with current rise heating to reduce flux consumption. 

4 Task description
The present task description defines only the framework of the Task – General Task Description. Details of each subtask will be developed through communications between the corresponding Contact Persons.

Depending on the preliminary results and on the current needs for the ITER detailed design, some variation in the specification of detailed calculations may be required during the course of the task. Frequent communications between the IO-TRO and the C-TRO are therefore envisaged to discuss and agree on details of the calculations and priorities. 

5 Deliverables and Schedule (proposed or required by ITER) 

In each subtask, the deliverables are reports describing the statement of each problem, input data and approximations used in the studies and the results obtained (figures and EXCEL tables showing evolution of plasma and coil parameters). Intermediate reports will be delivered at approximately 4 months, 8 months, and 12 months from the date of signature of the contract. Details on deliverables and priorities of the subtasks will be agreed between the IO-RO and the C-R. 

Starting date:
Signing of contract 

Completion date: 
12 months from the date of signature 
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
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Table 1

The PF Power Supplies current ratings (kA) and maximum voltages (kV) used for plasma initiation and control of plasma current, position and shape

	Coil
	Maximum current


	Maximum

operating

voltage
	Voltage from

Switching

Network

Units
	Voltage from

Main

Converters

(on-load)
	Voltage from

Booster

Converters

(on-load)*)
	Maximum

voltage at

plasma initiation

	CS3U
	45
	10
	8.5
	1.5
	-
	10

	CS2U
	45
	10
	8.5
	1.5
	-
	10

	CS1U
	45
	10
	8.5
	1.5
	-
	10

	CS1L
	45
	10
	8.5
	1.5
	-
	10

	CS2L
	45
	10
	8.5
	1.5
	-
	10

	CS3L
	45
	10
	8.5
	1.5
	-
	10

	PF1
	48
	10
	8.5
	1.5
	-
	10

	PF2
	55
	14
	-
	1.5
	4.2
	5.7

	PF3
	55
	14
	-
	1.5
	4.2
	5.7

	PF4
	55
	14
	-
	1.5
	4.2
	5.7

	PF5
	52
	14
	-
	1.5
	4.2
	5.7

	PF6
	52
	10
	8.5
	1.5
	-
	10


*) Booster converters can be used when the current is less than 10 kA.
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