DCLL TBM Testing Environment and Limitations
Location: Outboard mid-plane of ITER, port 2, port 18, port 16

Magnetic field strength: 4 T at first wall
Test Module Geometry: 
Vertical half-port: 1.66 m high, 0.484 m wide, radial depth limited by 0.27 m3 of LiPb.
Internal configuration: Open
Material: 
Structural material: FS


Breeder: PbLi, 



FCI: SiC…Open or TBD 


Other: Helium

MHD effects: …?
ITER Operation
(A brief summary: Appendix 1 has more details.)
	Loading Parameters
	H-H phase

Design (Typical) Values
	D-T phase

Design (Typical) Values

	Peak heat flux (MW/m2)
	0.11 for 600 cycles/yr,
1000 cycles for 2.5 yr
	0.27-0.38 for 3000 cycles/yr

	Maximum FW surface heat flux (MW/m2)
	0.3 localized from MARFE
	0.5 localized for 
100 cycles/yr

	Neutron wall load (MW/m2)
	-
	0.78 (0.78)

	Pulse length (sec)
	Up to 400
	400 up to 3000

	Duty cycle
	0.22
	> 0.22

	Average FW neutron fluence (MWa/m2)
	-
	0.1 (first 10 yrs) up to 0.3


Material temperatures:  PbLi: Melting point 235 C.
Helium loop: Tin= 350 C, Tout= adjustable
PbLi loop: ≥MP+50 C, Tin=TBD, Tout=TBD
FS: min. limit: 300 C, max limit: 550 C
SiC limit: >1200 C?
FS/PbLi interface: 470 C
SiC/PbLi interface: ~1000 C
Appendix 1

Test Blanket Working Group (TBWG)

for the Period of the ITER Transitional Arrangements (ITA)

September 2005

2 - ITER Boundary Conditions & Testing Parameters

2.1
ITER Parameters

On the basis of experimental data available ~5 years ago ITER has been designed to achieve the following technical objectives:

- extended burn in inductively driven plasma with Q=10 (the possibility of controlled ignition should not be precluded) and with a duration sufficient to achieve stationary conditions on the time scales characteristic of plasma processes;

- aiming at demonstration of steady state operation using non-inductive current drive with Q~5;

- demonstration of the availability and integration of technologies essential for a fusion reactor (such as Super Conductivity and Remote Handling);

- test of components for future reactors (such as High Heat Flux components);

- test of tritium breeding blanket module concepts that would lead in a future reactor to tritium self-sufficiency the extraction of high-grade heat, and electricity production.

In accordance with these objectives it was expected that ITER as an experimental machine will have rather broad domain of operation around Q=10 with fusion powers between 300 and 600 MW (See Figure 2.1-1) depending on the ratio of the achievable confinement enhancement in H-mode to the expected one (HH), the achievable density (ne/nGW) and the maximum pressure (ßN).
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Figure 2.1-1: Operational space of ITER for Q=10

Three main regimes of operation were envisaged:

a. Inductive operation, when the plasma current is driven by the ITER central solenoid (CS) and other poloidal coils.

In this case the duration of plasma current is limited by total available magnetic flux and for a typical plasma current ~15 MA one can expect burn times ~400 s and minimum repetition time >1800 s.

ITER is optimized for this kind of operation. One can expect to reach the neutron loading on test modules ~ 0.76 MW/ m2.

b. Non-inductive operation, when the plasma current is driven by injection of particle and/or HF/UHF energy beams in the plasma.

In this case duration of plasma current is limited by technical capabilities of external systems and for current ITER design one can expect to get pulses up to 3000 sec with a minimum repetition time > 12000 s. Physics of these regimes is not known so well as for the inductive scenario and a significant research and optimization will be needed before these regimes may be used for testing purposes. It is expected to get Q ~ 5, fusion power ~ 360 MW and neutral wall loading ~0.55 MW/ m2.

c. Hybrid operation when the plasma current is driven by a combination of inductive (CS) and non-inductive means.

This scenario combines advantages and limitations of two previous ones. Physics is better known. Higher fusion power (~400 MW at Q=5.4) and higher wall loadings (0.62 MW/m2) may be achieved, but the burning duration is limited ~1000 s. Minimum repetition time is 4000 s.

Reference plasma parameters of ITER are given in the Table 2.3-1.

During last several years there were no changes in the main parameters of ITER.

However significant physical researches have been done to justify selected parameters and clarify possible operational conditions and expected parameters. High plasma density and good confinement are achieved on JET at normalized parameters equal and even higher that was assumed for ITER (H~1 at n/nGr ~1, N>1.8, q95~3). There is no degradation of confinement with increase of N (JET, D3D). Density profile in ITER will be not flat and as a result fusion power may be higher than expected. Significant progress has been achieved in understanding and experimental investigations of non-inductive and hybrid regimes of current drive. Hybrid regimes with plasma current Ipl=12 MA, Q>10 and duration of burn > 1000 s are expected now to be possible for ITER. These regimes if realized will be the most promising for blanket testing.

2.2
ITER Operation
ITER operational plan (Figure 2.2-1) has been discussed up to now only for the first 10 years. It includes 1 year of integration on sub-system level, 2.5 years of initial operation in hydrogen, a brief DD phase and a long tritium phase.

Tritium phase will start with initial operation with 400 s 500 MW inductive pulses which will be followed by “hybrid” operation with longer (at least 1000 s) pulses and after some additional studies by long non-inductive steady state pulses.
The program for the second 10 years will be decided later after review of achieved results. It will be focused on improvement of overall performance and reliability and testing of components with higher neutron fluence. It is difficult to believe that higher fusion power will be sustainable in pulses long enough for testing, but with fusion powers < 600MW longer pulses and higher duty factor will be probably achievable with a moderate investment.
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Figure 2.2-1: ITER operational plan

(assuming that ITER International Organization will be set up before the end of 2005 and the “License to Construct “ will be granted in 2007)

ITER is designed for ~30000 pulses. Average neutron flux in the tritium phase is > 0.5 MW/m2. Maximum neutron flux at the equatorial level is up to 0.8 Mw/m2 at 500 MW. Average fluence after 20 years of operation may reach 0.3 MWa/m2 (See Figure 2.2-2).
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Figure 2.2-2: ITER Operational Plan

Figure incomplete – to be scanned from original
To be sure that test blanket modules are compatible with tokamak operation the test modules or their representative equivalents must be installed as early as possible before beginning of the DT operation.

There are several issues, which must be investigated at this stage:

· operation of test modules and supplementary equipment in strong magnetic field,

· forces , acting on test modules during disruptions,

· sputtering of the bare steel surface of the test module’s first wall and necessity to use a Beryllium protective layer,

· interference of the test modules with plasma confinement,

· thermal loads on the test module’s first wall.

Moreover, most TBMs will be made of a martensitic/ferritic steel. Their magnetization in the ITER field will generate “error fields” – small perturbations of the axial symmetry of the poloidal magnetic field. Even small error fields (~10-4 of toroidal field) can induce in the plasma locked (i.e. non-rotating) modes. Locked modes are not stabilized by plasma rotation. Magnetic islands grow, degrade fusion performance and lead to disruptions. The error field may influence confinement of fast particles and change heat load on the test modules themselves. There are also other sources of the error fields like TF or PF coil misalignment creating error fields of a similar amplitude but probably with different phases. The ITER magnet system is designed to compensate these error fields.
However, estimates show that the amount of ferritic steel in the current design is so high that the amplitude of the error fields created by test modules is close to limits for compensation. Taking in account uncertainties in prediction of the total error field and in tolerance of the ITER plasma to error fields ITER does not request to change the design of test modules today and to limit the amount of ferritic steel. However, if the experiments during the hydrogen phase will show that the level of the error fields is unacceptable, test modules designers must be ready to such a request.
2.3
Pulse characteristics, heat and neutron loads distribution 

2.3.1
Pulse Characteristics
As described in the PID, variants of the nominal scenario are designed for plasma operation with extended-duration, and/or steady-state modes with a lower plasma current operation, with H, D, DT and He plasmas, potential operating regimes for different confinement modes, and different fuelling and particle control modes. Flexible plasma control should allow for "advanced" tokamak scenarios based on active control of plasma profiles by current drive or other non-inductive means.

Four reference scenarios are identified for design purposes and shown below. Three alternative scenarios are specified for assessment purposes where it shall be investigated if and how plasma operations will be possible within the envelope of the machine operational capability with the possibility of a reduction of other concurrent requirements (e.g. pulse length).

Design scenarios (more details are summarized in Table 2.3-1):

1.
Inductive operation I: Fusion power = 500 MW, Q = 10, Ip = 15 MA operation with heating during current ramp-up, burn time = 400 s.
2.
Inductive operation II: Fusion power = 400 MW, Q = 10, Ip = 15 MA operation without heating during current ramp-up, burn time = 400 s.
3.
Hybrid operation: Fusion power = 400 MW, burn time = 1000 s.
4.
Non-inductive operation I (weak negative shear operation): Fusion power = 356 MW, burn time = 3000 s.
The operation scenario for Inductive Operation I is summarized in Table 2.3-2 and Figure 2.3-1. The minimum repetition time is 1800 s which gives the maximum duty factor 0.22 in the Induction Operation I. On the other hand, in Hybrid Operation or Non-inductive Operation I the maximum duty factor 0.25 is obtained, as shown in Table 2.3-1. These values of the duty factor are defined only for the period during repeated pulses without any pauses.

The present operation assumption (after initial stages of the ITER operation) is as follows:
- 10 cycles of operation per year,
- ~10 days of wall conditioning operation in one cycle,
- ~ 2 weeks of plasma operation in one cycle,
- 3000 equivalent number of nominal pulses (Inductive Operation I) per year,
- Average fluence on the FW is 0.024 MWa/m2 per year.

The duty factor in this operation assumption is

0.04 average in year,


0.11 average in 2 weeks of plasma operation.
2.3.2
Heat Loads Design Conditions for TBMs
The surface heat load conditions in D-T Phase are summarized in Table 2.3-3(a). The heat flux during burn time in normal plasma operation is 0.27 MW/m2 for 3,000 cycles (equivalent nominal pulses) per year. The maximum heat load is 0.5 MW/m2 for 100 cycles per year taking into account MARFE (transient) and other phenomena, such as re-ionization or toroidal field ripple effects (in steady state but localized). Since the area of 0.5 MW/m2 is localized, the average heat load in TBM is not more than 0.3 MW/m2 in the case of steady state condition, (the average can be for the TBM overall, or in the toroidal or poloidal direction). As a simplified approach, it is proposed that the test blanket module (TBM) withstands 0.5 MW/m2 for  3,000 cycles per year to maintain an adequate design margin, where the design value for the FW in general is 0.5 MW/m2 for 30,000 cycles for the whole ITER life. The definition of the disruption heat loads is also simplified to be 0.68 MJ/m duration 1 ms and 0.72 MJ/m2 duration 40 ms, 300 cycles per year, as shown in Table 2.3-3(a). In the H-H phase, the surface heat loads are somewhat lower than those in the D-T Phase. The heat flux during burn time in normal plasma operation is 0.11 MW/m2 for 600 cycles per year (the total 1000 cycles for 2.5 years), as shown in Table 2.3-3(b). The maximum heat load is 0.3 MW/m2 for 100 cycles per year.
The neutron wall loading has been calculated based on 500 MW fusion power (Inductive scenario I). It has been calculated that the average neutron wall loading is 0.56 MW/m2. The maximum neutron wall loading is located at the equatorial level in the outboard region. Therefore, the neutron wall loading on the TBMs is as high as 0.78 MW/m2 (see Figure 2.3-2). It is defined as a design value that the average neutron fluence in the whole machine life is 0.3 MWa/m2. This means that the total neutron fluence on the TBMs is 0.42 MWa/m2. As shown in Table 2.3-4 and -5 (operation plan for first 10 years), it will take more than 10 years to reach this fluence. On the other hand, there is a possibility to reach higher fluence when a long-pulse operation (Hybrid or non-inductive operation I) is achieved and higher duty factor is maintained.

Table 2.3-1: Main Parameters of Design Scenarios (PID chapter 3.2)
	Parameter
	1.Inductive 

operation I
	2.Inductive operation II
	3.Hybrid operation
	4.Non-inductive operation I

	R/a (m/m)
	6.2 / 2.0
	6.2 / 2.0
	6.2 / 2.0
	6.35 / 1.85

	Volume (m3)
	831
	831
	831
	730

	Surface (m2)
	683
	683
	683
	650

	Sep. length (m)
	18.2
	18.2
	18.2
	16.9

	Cross-section (m2)
	21.9
	21.9
	21.9
	18.7

	Toroidal field, BT (T)
	5.3
	5.3
	5.3
	5.18

	Plasma current, IP (MA)
	15.0
	15.0
	13.8
	9.0

	Elongation, (x/(95
	1.85 / 1.7
	1.85 / 1.7
	1.85 / 1.7
	2.0 / 1.85

	Triangularity, (x/(95
	0.48 / 0.33
	0.48 / 0.33
	0.48 / 0.33
	0.5 / 0.4

	Confinement time, (E (s)
	3.4
	3.7
	2.7
	3.1

	HH-IPB98 (v.2)
	1.0
	1.0
	1.0
	1.57

	Normalised beta, N
	2.0
	1.8
	1.9
	3.0

	Electron density, <ne> (1019m-3)
	11.3
	10.1
	9.3
	6.7

	fHe [%]
	4.4
	4.3
	3.5
	4.1

	Fusion power, Pfus (MW)
	500
	400
	400
	356

	Padd (MW)
	50
	40
	73
	59

	Energy multiplication, Q
	10
	10
	5.4
	6

	Burn time (s)
	400
	400
	1000(1)
	3000(1)

	Minimum repetition time (s)
	1800
	1800
	4000
	12000

	Total heating power, PTOT (MW)
	151
	121
	154
	130

	Radiated power, Prad (MW)
	61
	47
	55
	38

	Alpha-particle power, P( (MW)
	100
	80
	80
	71

	Loss power, Ploss (MW) (conduction)
	104
	87
	114
	93

	L-H transition power, PL-H (MW)
	51
	48
	45
	36

	Plasma thermal energy, Wth (MJ)
	353
	320
	310
	287

	(1) The Extended burn under the hybrid and non-inductive operations may be accomplished with additional investment for auxiliary systems.



Table 2.3-2: Design Scenario 1: Inductive Operation I
	Phase
	XPF(1)
	SOH(1)
	SOF/B(1)
	EOB(1)
	EOC(1)

	t (s)
	30
	70
	100
	500
	560

	IP (MA)
	7.5
	13
	15
	15
	12

	Padd (MW)
	0
	50
	50
	50
	0
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Figure 2.3-1: Burn cycle and plasma/PF parameter waveforms for Inductive Operation I

Table 2.3-3(a): Heat Loads Conditions During D-T Phase for Test Blanket Modules
	Parameter
	Design values for test blanket module
	Comments
	Basis

	Inductive operation 
	
	Fusion power; 500 MW, 

Burn time 400 sec
	

	Heat flux during burn time in normal plasma operation


	0.27(1) MW/m2   3,000(3) cycles (equivalent nominal pulses) per year


	It is preferable that the test blanket module (TBM) withstands 0.5 (4) MW/m2  3,000 cycles per year to maintain an adequate design margin, where the design value for the FW in general is 0.5(4)  MW/m2     30,000 (5) cycles for the whole ITER life.
	(1): Radiation Loss:136MW / (680 m2 x 1.06) x 1.41 (peaking factor: TBD) = 0.27 MW/m2  DRG1Table1.15-1, Table 1.1-1, Table 1.21-4 
(3): DRG1Table 1.29-1

(4): DRG1Table 1.15-2

(5): DRG1Table 1.1-1

	Fusion Power Excursion


	0.30(6) MW/m2   Duration 10(7) sec

1,000 cycles 
	Fusion power excursion: +20%(7) will  increase the radiation loss by 10-15 %.
	(6): Total Radiation Loss: (100 MW x 1.2 + 73 MW) x 1.05 x 0.75 = 152MW  instead of 136MW.  This gives 0.30 MW/m2

(7): DRG1Table 1.15-1

	Surface heat flux due to MARFE or other phenomena


	0.5(8)  MW/m2 (*)
Steady-state (in a localized region(*))

100(4) cycles 
per year
	MARFE (Duration; 10(9)sec) in the outboard region has a small probability.

When MARFE is detected, the plasma will be shut-down. 

The heat load due to other phenomena can be steady-state, but the high heat load is localized..
	(8): Estimation based on A. Kukushkin's private communication

(9): DRG1Table 1.15-2 

(*) In the case of steady -state condition, the average heat load in TBM is not more than 0.3 MW/m2 (the average can be for the TBM overall, or  in the toroidal or poloidal direction ).

	Disruption heat load 
	TBM is recessed: 0.55(10)MJ/m2
Duration 1(11) ms
300 cycles per year
	Peak energy deposition is defined to be 0.36(11) MJ/m2 in the present DRG1. However, according to recent data (JET,ASDEX-U), the maximum heat load on the FW can be  higher. DRG1 will be updated..  
	(10): 350MJ(11) x 0.8(12) / (680 m2 x 1.06) x 1.4 (peaking factor) =0.55 MJ/m2
(11): DRG1Table 1.16-2
(12): ~80 % of the thermal energy can go to the FW at maximum.  (Experimental data in JET and ASDEX-U)

	Disruption heat load during current quench
	0.72MJ/m2
Duration 40 ms
300 cycles per year
	All of the internal magnetic energy is assumed to be radiated with peaking factor 1.4.
	370MJ / (680 m2 x 1.06) x 1.4 (peaking factor) =0.72 MJ/m2


	Heat load due to ELM and "blob"
	Negligible  (TBD)
	The heat load due to ELM and "blob" will be negligible, considering the distance from the separatrix and recess of the TBM FW locations.
	The heat load conditions due to these effects might be revisited based on additional experimental  data in the future.

	Neutron wall load on TBM FW
	0.78(5)  MW/m2 
	Average neutron wall loading is 0.56(5) MW/m2, and the local neutron wall loading in the outboard equatorial port region is 0.78 MW/m2
	

	Pulse length 
	Typical  case;

400(16)sec (burn time)

1800(16)sec (repetition time)
	
	

	Duty factor
	Peak burn duty factor: 0.25(5)
	
	

	
	
	
	

	Non-inductive operation 
	
	Fusion power; 356(16) MW, Burn time 3,000(16) sec
	

	Heat flux during burn time in normal plasma operation
	0.20(13) MW/m2   

Duration 3,000 sec

TBD cycles (equivalent nominal pulses) per year
	From thermal fatigue point of view, this condition will be less severe than Reference Case.
	(13): Radiation Loss:(71+59)MW x 1.05 x 0.75 = 102.4 MW instead of 136MW.  This gives 0.20 MW/m2   DRG1Table1.3-1 

	Fusion Power Excursion


	0.23(14)MW/m2   Duration 10(7) sec

TBD( ) cycles (?)
	Fusion power excursion: +20%(7) will  increase the radiation loss by 10-15 %.
	(14): Radiation Loss:(71 x1.2+59)MW x 1.05 x 0.75 = 113.6 MW instead of 136MW.  This gives 0.23 MW/m2    

	Surface heat flux due to MARFE or other phenomena


	0.5(8)  MW/m2 (*)
Steady-state (in a localized region(*))

100(4) cycles 
per year
	MARFE (Duration; 10(9)sec) in the outboard region has a small probability.

When MARFE is detected, the plasma will be shut-down. 

The heat load due to other phenomena can be steady-state, but the high heat load is localized..
	 (*) In the case of steady -state condition, the average heat load in TBM is not more than 0.3 MW/m2 (the average can be for the TBM overall, or  in the toroidal or poloidal direction ).

	Disruption heat load 
	TBM is recessed: 0.45(15)MJ/m2
Duration 1(11) ms

	
	(15): 287MJ(16) instead of 350 MJ gives 0.45 MJ/m2
(16): DRG1Table 1.3-1


	Disruption heat load during current quench
	0.26MJ/m2
Duration 24 ms

	All of the internal magnetic energy is assumed to be radiated with peaking factor 1.4.
	133MJ / (680 m2 x 1.06) x 1.4 (peaking factor) =0.26 MJ/m2


	Heat load due to ELM and "blob"
	Negligible (TBD)
	Same as above
	

	Neutron wall load on TBM FW
	0.56  MW/m2 
	The wall loading is proportional to the fusion power. Average neutron wall loading is 0.40 MW/m2, and the local neutron wall loading in the outboard equatorial port region is 0.56 MW/m2
	

	Pulse length 
	Typical  case;

3000(16)sec (burn time)

12000(16)sec (repetition time)
	
	

	Duty factor
	Peak burn duty factor: TBD
	
	

	
	
	
	

	Possibility of high power operation 
	
	This is not a design requirement, only for assessment. Fusion power; 700 MW, Burn time = 100 (20)~200 sec
	

	Heat flux during burn time in normal plasma operation


	0.38(17) MW/m2   

TBD cycles (equivalent nominal pulses) per year
	
	(17): Radiation Loss:(140+110(5))MW x 1.05 x 0.75 = 170 MW .  This could give 0.38 MW/m2   



	Fusion Power Excursion


	0.43(18)MW/m2   Duration 10(7) sec

TBD cycles 
	Fusion power excursion: +20%(7) will  increase the radiation loss by 10-15 %.
	(18): Total Radiation Loss: (140 MW x 1.2 + 110 MW) x 1.05 x 0.75 = 219MW.  This gives 0.43 MW/m2

	Surface heat flux due to MARFE or other phenomena


	0.5(8)  MW/m2 (*)
Steady-state (in a localized region(*))

100(4) cycles 
per year
	MARFE (Duration; 10(9)sec) in the outboard region has a small probability.

When MARFE is detected, the plasma will be shut-down. 

The heat load due to other phenomena can be steady-state, but the high heat load is localized..
	 (*) In the case of steady -state condition, the average heat load in TBM is not more than 0.3 MW/m2 (the average can be for the TBM overall, or  in the toroidal or poloidal direction ).

	Disruption heat load 
	TBM is recessed: 0.68(19)MJ/m2
Duration 1(11) ms

	
	(19): 434MJ(20) instead of 350 MJ gives 0.68 MJ/m2
(20): DRG1Table 1.3-6


	Disruption heat load during current quench
	0.72MJ/m2
Duration 40 ms

	All of the internal magnetic energy is assumed to be radiated with peaking factor 1.4.
	370MJ / (680 m2 x 1.06) x 1.4 (peaking factor) =0.72 MJ/m2


	Heat load due to ELM and "blob"
	Negligible (TBD)
	Same as above
	

	Neutron wall load on TBM FW
	1.09  MW/m2 
	The wall loading is proportional to the fusion power. Average neutron wall loading is 0.79 MW/m2, and the local neutron wall loading in the outboard equatorial port region is 1.09 MW/m2
	

	Pulse length 
	Typical  case;

100(20)sec (burn time)

TBD(20)sec (repetition time)
	
	

	Duty factor
	Peak burn duty factor: TBD
	
	

	
	
	
	

	Other Conditions
	
	
	

	Neutron fluence at the TBM FW
	Minimum:0.42MWa/m2 

ForAssessment:0.70 MWa/m2
	Average neutron wall loading at the FW is 0.3(5) MWa/m2 (minimum), 

0.5(5) MWa/m2(for assessment).
	

	First wall armor material
	Coated beryllium (TBD)
	Sputtering erosion: 

Be ~ 50 (m per year (3,000 equivalent nominal pulses )
	

	
	
	
	

	Simplified burn time heat load 
	0.5 MW/m2   

3,000 cycles 
per year 
	( Simplified disruption heat loads:

0.68 MJ/m Duration 1ms, 0.72MJ/m2
Duration 40 ms, 300 cycles per year )
	<Proposed envelope conditions>

It is preferable to use a simplified load condition envelop the conditions described above.


Table 2.3-3(b): Heat Load Conditions During H-H Phase for Test Blanket Modules
	Parameter
	Design values for test blanket module
	Comments
	Basis

	Inductive operation 
	
	Fusion power; 0 MW, 

Flat-top time 100-200sec 
	

	Heat flux during burn time in normal plasma operation


	0.11(1) MW/m2   

up to 600 cycles 
per year

(Total 1000 cycles 

for 2.5 years)
	
	(1): Total Radiation Loss: 73 MW x 1.05 x 0.75 = 57.5 MW  Peak heat flux: 57.5 MW / (680 m2 x 1.06) x 1.41 (peaking factor: TBD) = 0.11 MW/m2  

(3): DRG1Table 

	Surface heat flux due to MARFE or other phenomena 
	0.3 MW/m2 (*)
Steady-state (in a localized region(*))

100 cycles 
per year
	MARFE (Duration; 10(9)sec) in the outboard region has a small probability.

When MARFE is detected, the plasma will be shut-down. 

The heat load due to other phenomena can be steady-state, but the high heat load is localized..
	(9): DRG1Table 1.15-2

(*) In the case of steady -state condition, the average heat load in TBM is not more than 0.15 MW/m2 (the average can be for the TBM overall, or in the toroidal or poloidal direction ).

	Disruption heat load 
	TBM is recessed: 0.42(10)MJ/m2
Duration 1(11) ms
180 cycles per year
	
	(10): 270MJ(12) x 0.8(13) / (680 m2 x 1.06) x 1.4 (peaking factor) =0.42 MJ/m2
(11): DRG1Table 1.16-2

(12): DRG1Table 1.1-1
(13): ~80 % of the thermal energy can go to the FW at maximum.  (Experimental data in JET and ASDEX-U)

	Disruption heat load during current quench
	0.72MJ/m2
Duration 40 ms
180 cycles per year


	All of the internal magnetic energy is assumed to be radiated with peaking factor 1.4.
	370MJ(12)/ (680 m2 x 1.06) x 1.4 (peaking factor) =0.72 MJ/m2


	Heat load due to ELM and "blob"
	Negligible  (TBD)
	The heat load due to ELM and "blob" will be negligible, considering the distance from the separatrix and recess of the TBM FW locations.
	The heat load conditions due to these effects might be revisited based on additional experimental  data in the future.

	Neutron wall load on TBM FW
	0  MW/m2 
	
	

	Pulse length 
	Typical  case;

100-200 sec (flat-top time)

1800 sec (repetition time)
	
	

	Duty factor
	Peak duty factor: Less than 0.25
	
	










Figure 2.3-2: ITER Poloidal Neutron Wall Loading Distribution. (Fusion Power 500 MW)
Table 2.3-4: Neutron fluence during the first ten years of ITER operation (MWa/m2)
	
	1~3
	4
	5
	6
	7
	8
	9
	10
	total

	Equivalent number of nominal pulses
	0
	1
	750
	1000
	1500
	2500
	3000
	3000
	11751

	Average neutron fluence at FW
	0.0
	0.0
	0.006
	0.008
	0.012
	0.020
	0.024
	0.024
	0.09
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** Average Fluence at First Wall  (Neutron wall load is 0.56 MW/m2 in average and 0.77MW/m2 at outboard midplane.)

I-4.2.2 ITER FEAT Operation Plan for the First Ten Years
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Table 2.3-5:
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