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1.
Overview of planned experiment  

The purpose of this XP is to prove or disprove the notion that Li aerosol reduces the accumulation of High-Z impurities in the plasma core during ELM-free H-modes. The idea is to try to reproduce and study ELM-free discharges with low radiated power by using LITER and the Dropper together - for the first time. If successful, we will understand the source of (or remedy for) the high-Z impurity accumulation that leads to high radiated power during ELM-free H-Mode discharges. 
2.
Theoretical/ empirical justification

During the 2008 and 2009 NSTX experimental campaigns there was some experimental evidence (not definitive) that Li aerosol injection reduced the radiated power of ELM-free H-modes. There is also evidence of the same phenomena during TFTR supershots. As written, the XP attempts to either demonstrate or refute the notion that an evaporating Li aerosol can reduce the plasma Zeff.
3.
Experimental run plan


The first step in the XP is to establish a highly radiating ELM-free H-mode using LITER evaporation. The discharges will be essentially the standard high-triangularity NSTX fiducial shot run on the inner divertor plates. The only “twist” is that the fuelling will be from SGI if possible so as to avoid center stack fuelling. The following sequence will be run to (a) establish quickly that such a fiducial can be reproduced reliably (b) whether or not such SGI discharges can tolerate as much lithium powder as their center-stack-fuelled counterparts and (c) whether a massive amount of lithium powder does, in fact, lower Prad of Zeff.
Establish baseline fiducial discharge – then large injection of lithium
	Shot #
	LITER

(mg/min)
	Bay I

(mg/s)
	Bay C

(mg/s)
	Prepositioned

(mg)
	Comments

	1
	200 as needed
	0
	0
	0
	SGI baseline

	2
	200 as needed
	0
	0
	0
	SGI baseline

	3
	200 as needed
	120
	120
	120
	Max Li

	4
	200 as needed
	120
	120
	120
	Max Li



The next step is a decision point. If the radiated power is, in fact, lower then we will proceed with a systematic search for the method (real-time from Bays I and/or C or Prepositioning) of aerosol injection that has the largest effect on radiated power (i.e. the “Big Knob”). This systematic search is accomplished in Shot list A if there is a decrease in Prad seen from shots 1&2 to 3&4. If there is instead an increase in Prad during theses shots, then a similar search will be attempted in Shot list B using center stack gas injection. If there is no change in Prad from shots 1&2 to 3&4, then a brief search will be conducted using an extraordinary large amount of lithium – mostly from prepositioning of powder on the lower divertor. This search will be carried out in Shot list C.
	Decision Point (1): If Prad lower go to A -  If higher proceed to B -  if unchanged proceed to C


Shot List A using SGI gas injection

	Shot #
	LITER

(mg/min)
	Bay I

(mg/s)
	Bay C

(mg/s)
	Prepositioned

(mg)
	Comments

	5
	200 as needed
	40
	40
	40
	Prad reduced?

	6
	200 as needed
	0
	0
	120
	Prad reduced?

	7
	200 as needed
	60
	60
	0
	Prad reduced?

	8
	200 as needed
	120
	0
	0
	Prad reduced?

	9
	200 as needed
	0
	120
	0
	Prad reduced?


	Decision Point (2): Assign “Big Knob” Status to (I+C+P), (I), (C), (I+C) or (P)


	Shot #
	LITER

(mg/min)
	“Big Knob” Lithium Amount
	Comments

	10
	200 as needed
	Max
	Prad reduced?

	11
	200 as needed
	¾ Max
	Prad reduced?

	12
	200 as needed
	½ Max
	Prad reduced?

	13
	200 as needed
	¼ Max
	Prad reduced?

	14
	200 as needed
	No Li
	Same Prad?

	15
	200 as needed
	Max
	Prad reduced?


Shot List B using center stack gas injection

	Shot #
	LITER

(mg/min)
	Bay I

(mg/s)
	Bay C

(mg/s)
	Prepositioned

(mg)
	Comments

	5
	200 as needed
	0
	0
	0
	CSG Baseline 

	6
	200 as needed
	0
	0
	0
	CSG Baseline 

	7
	200 as needed
	120
	120
	120
	Max Li again

	8
	200 as needed
	120
	120
	120
	Max Li again 

	9
	200 as needed
	40
	40
	40
	Prad reduced?

	10
	200 as needed
	0
	0
	120
	Prad reduced?

	11
	200 as needed
	60
	60
	0
	Prad reduced?

	12
	200 as needed
	120
	0
	0
	Prad reduced?

	13
	200 as needed
	0
	120
	0
	Prad reduced?


	Decision Point(3): Assign “Big Knob” Status to (I+C+P), (I), (C), (I+C) or (P)


	Shot #
	LITER
(mg/min)
	“Big Knob” Lithium Amount
	Comments

	14
	200 as needed
	Max
	Prad reduced?

	15
	200 as needed
	2/3 Max
	Prad reduced?

	16
	200 as needed
	1/3 Max
	Prad reduced?

	17
	200 as needed
	No Li
	Same Prad?

	18
	200 as needed
	Max Li
	Prad reduced?


Shot List C using SGI gas injection

	Shot #
	LITER

(mg/min)
	Bay I

(mg/s)
	Bay C

(mg/s)
	Prepositioned

(mg)
	Comments

	5
	200 as needed
	120
	120
	240
	Prad reduced?

	6
	200 as needed
	120
	120
	480
	Prad reduced?

	7
	200 as needed
	120
	120
	960
	Prad reduced?

	8
	200 as needed
	120
	120
	1200
	Prad reduced?


	Decision Point (4) : Assign “Big Knob” Status to (I+C+P)


	Shot #
	LITER
(mg/min)
	“Big Knob” Lithium Amount
	Comments

	9
	200 as needed
	Max
	Prad reduced?

	10
	200 as needed
	2/3 Max
	Prad reduced?

	11
	200 as needed
	1/3 Max
	Prad reduced?

	12
	200 as needed
	No Li
	Prad reduced?

	13
	200 as needed
	Max Li
	Prad reduced?


4.
Required machine, NBI, RF, CHI and diagnostic capabilities


An XMP that allows for a small amount of lithium to be injected from each dropper before this XP is attempted would be helpful. It has been a year since the droppers were last used. It is important that LITER be functioning for this XP. The XP assumes ELM-free H-Modes with high levels of radiated power.
5.
Planned analysis


Data reduction will be done to determine if a source of the impurity influx can identified (for example: the lower divertor – early in the discharge or perhaps beam ion loss after entry into the H-mode).  Further, an assessment of the ability of lithium aerosol to mitigate the influx as compared to methods will be made (for example C Skinner’s Li diffusion via He  XP or S. Paul’s current scaling  XP).
6.
Planned publication of results


Journal of Nuclear Materials – as soon as appropriate.
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	Brief description of the most important operational plasma conditions required:
LITER must be working and able to produce standard fiducial shots (1.0 MA) that are (1) ELM-free and (2) highly radiating.


	Previous shot(s) which can be repeated:
140130: Ip = 1.0 MA   
Previous shot(s) which can be modified:
(RWM control category from 140136)

	Machine conditions
(specify ranges as appropriate, strike out inapplicable cases)

ITF (kA):  
Flattop start/stop (s):  
IP (MA):  
Flattop start/stop (s):  

Configuration: LSN 

Equilibrium Control: Outer gap / Isoflux (rtEFIT) / Strike-point control (rtEFIT) 

Outer gap (m):  
Inner gap (m):  
Z position (m): 
 
Elongation:  
Triangularity (U/L):  
OSP radius (m):  
Gas Species:  
Injector(s):  

NBI Species: D
Voltage (kV)
A: 
B: 
C: 
Duration (s):  
ICRF Power (MW):  
Phase between straps (°):  
Duration (s):  
CHI:
Off
Bank capacitance (mF):  

LITERs:
Off
Total deposition rate (mg/min):  200 mg/min typically
LLD:
Temperature (°C):  OFF/COLD
EFC coils:  Off/On
Configuration:  Odd / Even / Other (attach detailed sheet)


DIAGNOSTIC CHECKLIST

	TITLE:

	No.  OP-XP-1056

	AUTHORS: D. K. Mansfield, Lane Roquemore et al.

	DATE:
7/13/10


 Note special diagnostic requirements in Sec. 4
	Diagnostic
	Need
	Want

	Beam Emission Spectroscopy
	
	

	Bolometer – divertor
	
	x

	Bolometer – midplane array
	x
	

	CHERS – poloidal
	
	x

	CHERS – toroidal
	
	x

	Dust detector
	
	x

	Edge deposition monitors
	x
	

	Edge neutral density diag.
	
	x

	Edge pressure gauges
	x
	

	Edge rotation diagnostic
	
	x

	Fast cameras – divertor/LLD
	
	x

	Fast ion D_alpha - FIDA
	
	x

	Fast lost ion probes - IFLIP
	
	x

	Fast lost ion probes - SFLIP
	
	x

	Filterscopes
	
	x

	FIReTIP
	
	x

	Gas puff imaging – divertor
	
	x

	Gas puff imaging – midplane
	
	x

	H camera - 1D
	
	x

	High-k scattering
	
	x

	Infrared cameras
	
	x

	Interferometer - 1 mm
	
	x

	Langmuir probes – divertor
	
	x

	Langmuir probes – LLD
	
	x

	Langmuir probes – bias tile
	
	x

	Langmuir probes – RF ant.
	
	x

	Magnetics – B coils
	√
	

	Magnetics – Diamagnetism
	x
	

	Magnetics – Flux loops
	√
	

	Magnetics – Locked modes
	x
	

	Magnetics – Rogowski coils
	√
	

	Magnetics – Halo currents
	
	x

	Magnetics – RWM sensors
	
	x

	Mirnov coils – high f.
	
	x

	Mirnov coils – poloidal array
	
	x

	Mirnov coils – toroidal array
	
	x

	Mirnov coils – 3-axis proto.
	
	x



Note special diagnostic requirements in Sec. 4

	Diagnostic
	Need
	Want

	MSE
	
	x

	NPA – E||B scanning
	
	x

	NPA – solid state
	
	x

	Neutron detectors
	
	x

	Plasma TV
	x
	

	Reflectometer – 65GHz
	
	x

	Reflectometer – correlation
	
	x

	Reflectometer – FM/CW
	
	x

	Reflectometer – fixed f
	
	x

	Reflectometer – SOL
	
	x

	RF edge  probes
	
	x

	Spectrometer – divertor
	
	x

	Spectrometer – SPRED
	
	x

	Spectrometer – VIPS
	
	x

	Spectrometer – LOWEUS
	
	x

	Spectrometer – XEUS
	
	x

	SWIFT – 2D flow
	
	x

	Thomson scattering
	x
	

	Ultrasoft X-ray – pol. arrays
	
	x

	Ultrasoft X-rays – bicolor
	
	x

	Ultrasoft X-rays – TG spectr.
	
	x

	Visible bremsstrahlung det.
	x
	

	X-ray crystal spectrom. - H
	
	x

	X-ray crystal spectrom. - V
	
	x

	X-ray tang. pinhole camera
	
	x



