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1.
Overview of planned experiment  

· Predicting and controlling disruptions is an important and urgent issue for ITER. ITER is expected to use Massive Gas Injection (MGI) to reduce the deleterious effects of a disruption. 

·  Reactors based on the ST and Tokamak concepts are expected to carry several MA of plasma current and therefore have the potential for disruption and the generation of substantial amounts of run-away electrons. Some disruptions may be unavoidable. For these cases, a fast discharge termination method is needed to minimize the deleterious effects of the disruption. 

· Experiments on tokamaks use massive gas injection (MGI) from the low field side to terminate discharges.
· On NSTX, a comparison will be made of massive gas injection from the private flux region (PRF) and the high field side region (HFS) to gas injection from the conventional mid-plane injection location.

· These experiments are expected to add unique new results to the MGI data base. 

2.
Theoretical/ empirical justification

· At present Massive Gas Injection (MGI) is the most promising method for safely terminating discharges in ITER. 

· NIMROD simulations for C-MOD and DIII-D have shown that the cold front from the edge, which has been cooled by a massive gas injection pulse, needs to reach the q=2 surface for the onset of rapid core cooling to occur.

· On ITER, because of the large minor radius of the device, the long transit times for the slow moving neutral gas, and the large scrape-off-layer flows, it is not known if a simple MGI pulse from multiple locations would be adequate. 

· Insight into ways for reducing the total amount of injected gas and optimizing the injection locations would help with the design of a reliable system for ITER. 

· NSTX can offer new data by injecting gas into the private flux and lower x-point regions to determine if this is a more desirable location for massive gas injection. 
· Injection from this new location has two advantages. 
· First, the gas is injected directly into the private flux region so that it does not need to penetrate the scrape-off-layer. 
· Second, because the injection location is located near the high-field side region, the injected gas should be more rapidly transported to the interior as known from high-field side pellet injection research and from high-field side gas injection on NSTX. 

· By comparing gas injection from this new location to results obtained from injecting a similar amount of gas from the conventional outer mid-plane, NSTX results on massive gas injection can provide additional insight, a new database for improving computational simulations, and additional knowledge to disruption mitigation physics using massive gas injection. 

3.
Experimental run plan

Part-I: Initial comparison of PFR vs LFS
Part-II: FY11 experiments

· Establish plasma conditions and the trigger times for NBI, MGI & start of VDE 
· Compare PFR vs LFS

· Compare HFS vs LFS

Part-III: FY12 experiments

· Vary time of gas injection to obtain variation with evolving q surface
· Improve and complete the FY11 data set 

· Simultaneously inject using all three (or two) injectors

· Readjust plenum size & gas throughput based on FY11 results

· Install third MGI assembly in position C (if run time permits)
· Test other gas combinations

PART-I (Initial comparison of PFR vs LFS)
This part will also asses impact on diagnostics, plasma reproducibility after gas injection, and determine other changes (if any) that may be required for the subsequent parts of the XP
· Load a 600kA Ohmic plasma (No NBI) that uses the gap control algorithm (Ref. shot 1, see Physics Operations Request)
· The private flux region should be over the lower divertor organ pipe port
· After Ip reaches flat top, at a suitable time,  trigger the Lower Dome MGI 

· Use Neon at 25% Neon and 75% D2 (by Volume) at 25% plenum pressure

· Use Hα, SXR and bolometers to determine time delay from MGI trigger to evidence for gas contacting the plasma edge
· Based on the thermal quench response, adjust the two Thomson pulses to provide data during the thermal quench phase to assess the gas coupling efficiency to the plasma

· For this and all subsequent shots use 15 min HeGDC between shots

· Intermediate shots without MGI may be required to establish wall conditions
· Repeat by triggering the Mid-plane MGI at the same conditions
· Readjust the Thomson scattering times as needed
· Repeat at 50 and 100% plenum pressures
· For all cases determine the time delay between the gas injection system trigger time to the onset of the thermal quench

· Repeat both cases by adjusting the Thomson time as needed (by 0.1, 0.25, 0.5 ms) to determine the appropriate Thomson timing for gas assimilation studies (need reliable Thomson profiles with good equilibrium reconstructions, but with as much time delay as possible between two lasers).
PART-IIA (development of Reference discharge)
Prior to running this part, run the NBI cryo test under Physics Operations Request.
· Load a 700kA H-mode discharge in Gap Control mode (Ref. Shot 2)
· Test VDE

· Freeze the PF3U/L voltage at 250 ms (This is time = T1)

· At 251 ms impose a +30V increment to PF3U 
· Repeat a total of 3 times

· Measure time it takes for plasma to disrupt

· Adjust T2 (NBI turn-off time), based on Ip value & based on T1 to turn off NBI

· OR, Turn NBI off at T1 (T2 = T1, set manually)

· Also impose an Ip interlock to turn-off NBI when Ip drops below 650kA. 

· Interlock should take effect 100ms after current flat-top starts to allow NBI to be injected during current ramp

· Repeat it twice to obtain the reference shot without MGI
PART-IIB (H-Mode discharges)
PFR over MGI port
· Load the reference shot from the last step in PART-IIA (PFR over organ pipe)
· Based on results from PART-I, trigger the mid-plane MGI such that the time of interaction of the injected gas is synchronized with time T1. The MGI injection time is T0.
· After 15 min. HeGDC repeat by injecting from the lower divertor MGI
· Readjust the Thomson trigger pulses
· Repeat the above steps two more times at each condition
· If reliable H-mode transitions cannot be obtained, even after running vessel condition shots without MGI, switch to a L-mode discharge for this and the rest of the XP

SOL over MGI port

· Now load a 700kA discharge that has the SOL region above the lower gas injection port (Ref. Shot 3)
· Set the NBI turn-off time and VDE initiation times as in PART-IIA
· Obtain two reference discharges

· Now, obtain 3 discharges at each MGI injection location
ISP radius > MGI port radius

· Now load a 700kA discharge that has the inner strike point at a radius greater than the location of the lower gas injection port radius (Ref. Shot 4)
· Set the NBI turn-off time and VDE initiation times as in PART-IIA
· Obtain two reference discharges

· Now, obtain 3 discharges at each MGI injection location

PART-III (H-Mode discharges, q-profile variation)

· Load the reference shot from the last step in PART-IIA
· Move all the trigger times earlier in time by 100ms (actual time to be determined based on q-profile evolution in target shot, based on shot development work)
· Obtain two shots for gas injection from each MGI location
· Move all the trigger times later in time by 100ms with respect to the reference shot
· Obtain two shots for gas injection from each MGI location

PART-IV (H-Mode discharges, Simultaneous injection from all locations)

· Load the reference shot from the last step in PART-IIA
· Simultaneously inject gas using both MGIs (or all three if the third assembly is available)

PART-V (Time permitting)
· Obtain other missing data

· Test with pure Neon or with other higher-Z gases
4.
Required machine, NBI, RF, CHI and diagnostic capabilities

During the NSTX plasma commissioning phase (week 1 or 2 of NSTX FY11 operations) some time is needed to reload and modify the shots listed under Physics Operations Request and to get the target shots ready.
· LSN Plasma in gap control with private flux region above organ pipe location

· 2 to 3 NBI sources, no RF, no CHI

· High triangularity plasma with lower SOL region over organ pipe. 
· 2-3 NBI sources, no RF, no CHI

· Low triangulation discharge with inner strike point radius greater than organ pipe radius
· 2 to 3 NBI sources, no RF, no CHI
· Key diagnostics

· Core diagnostics

· Thomson scattering, Soft X-ray, Bolometer, Magnetics

· Edge diagnostics

· Hα, Spectroscopic diagnostics

· Divertor diagnostics

· Halo current monitors, Langmuir probes

· Eroding thermocouples, Two color divertor IR camera

· Lower divertor visible camera in X-point mode with outer mid-plane views

5.
Planned analysis

· Reduction in heat loads on divertor (convective heat loads)

· Reduction of poloidal halo currents

· Fast camera measurements of hot-spots on lower divertor
· Provide data to groups involved in NIMROD, KPRAD, EIRENE-SOLTPS 

· PPPL computational studies using TSC
Integration of diagnostics and resulting data
· Thomson scattering, EFIT, neutral pressure gauges
· Physics of gas penetration (fraction that penetrates separatrix)

· H-alpha array, neutral pressure gauges

· System response time (gas trigger time to first detection of injected gas interacting with the plasma edge)

· Multi-color Soft X-ray, H-alpha, Ip, EFIT, Thomson scattering, Mirnov coils

· Delay in current quench after the gas contacts plasma edge

· Rate of current quench and vertical dynamics of the plasma

· 3-D MHD response to the whole equilibrium and MHD activity 


· Thermal quench evolution & pedestal collapse

· Bolometer array

· Core radiated power dynamics

· Halo current sensors

· Dependence on halo current amplitude on gas assimilation (Mitigated vs. beta limit and a VDE disruption)

· Two color divertor fast infrared camera and Eroding thermocouples

· Spatial distribution of Thermal loads & fast heat flux measurements

6.
Planned publication of results

Results will be published in journals and presented at conferences and ITPA meetings
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 (use additional sheets and attach waveform diagrams if necessary)
	Brief description of the most important operational plasma conditions required:
These shots will be modified during the early NSTX plasma commissioning phase and the shot numbers updated before the start of the XP

· Ohmic discharge. (Ref. Shot 1): 127070, @ 250ms
· LSN Plasma in gap control with private flux region above organ pipe location. (Ref. Shot 2): 127070 with NBI at 300ms
· 2 to 3 NBI sources, no RF, no CHI

· High triangularity plasma with lower SOL region over organ pipe.  (Ref. Shot 3): Fiducial shot in gap control mode 
· 2-3 NBI sources, no RF, no CHI

· Low triangulation discharge with inner strike point radius greater than organ pipe radius. (Ref. Shot 4): 129449 at 220ms – 300ms
· 2 to 3 NBI sources, no RF, no CHI
NBI Cryo Test

(Establish gas injection limit and assess the reduction in cryo pumping)

· With no plasma and No NBI, but with the NBI valves open inject the gas mixture at 500 Torr plenum pressure (125 Torr.L total injection)

· Record the vessel pressure time history for 10 minutes

· Repeat at 1000 Torr plenum pressure and then in 1000 Torr increments (up to a maximum of 5000 Torr or until a thermal load issue is observed) and record the vessel pressure time history for each case

· If the final injection at 5000 Torr does not show much degradation in pumping efficiency, repeat the gas injection five more times at 5000 Torr and check for a reduction in pumping efficiency

· If significant reduction in pumping efficiency is observed after 4 pulses at 5000 Torr, run the XP in multiple parts (in 1 to 2 hour time windows) before a cryo regeneration cycle

	Previous shot(s) which can be repeated:
see below
Previous shot(s) which can be modified:
127070, 129449

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

ITF (kA):  0.45-0.55T
Flattop start/stop (s):  NA
IP (MA):  0.6-0.7 MA
Flattop start/stop (s):  NA
Configuration: - LSN
Equilibrium Control: Outer gap control 

Outer gap (m):  NA
Inner gap (m):  NA
Z position (m): 
 NA
Elongation:  NA
Triangularity (U/L):  NA
OSP radius (m):  NA
Gas Species:  D2
Injector(s):  Inj2, CS, MGI assemblies
NBI Species: D
Voltage (kV)
A: 90
B: 90
C: 90
Duration (s):  0.5
ICRF Power (MW):  NA
Phase between straps (°):  NA
Duration (s):  NA
CHI:
Off 
Bank capacitance (mF):  0
LITERs:
Off 
Total deposition rate (mg/min):  0
LLD:
Temperature (°C):  NA
EFC coils:  Off
Configuration: NA
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 Note special diagnostic requirements in Sec. 4
	Diagnostic
	Need
	Want

	Beam Emission Spectroscopy
	
	

	Bolometer – divertor
	x
	

	Bolometer – midplane array
	x
	

	CHERS – poloidal
	
	

	CHERS – toroidal
	
	

	Divertor L-alpha array
	x
	

	Divertor visible camera
	x
	

	Dust detector
	
	

	Edge deposition monitors
	
	

	Edge neutral density diag.
	x
	

	Edge pressure gauges
	x
	

	Edge rotation diagnostic
	
	

	Fast cameras – divertor/LLD
	x
	

	Fast ion D_alpha - poloidal
	
	

	Fast ion D_alpha - toroidal
	
	

	Fast lost ion probes - IFLIP
	
	

	Fast lost ion probes - SFLIP
	
	

	Filterscopes
	x
	

	FIReTIP
	
	x

	Gas puff imaging – divertor
	
	

	Gas puff imaging – midplane
	
	

	H camera - 1D
	
	x

	High-k scattering
	
	

	Infrared camera – standard
	x
	

	Infrared camera – 2-color
	x
	

	Infrared camera – wide-angle
	x
	

	Interferometer - 1 mm
	
	

	Langmuir probes – divertor
	x
	

	Langmuir probes – LLD
	x
	

	Langmuir probes – bias tile
	x
	

	Langmuir probes – RF ant.
	
	

	Magnetics – B coils
	√
	

	Magnetics – Diamagnetism
	x
	

	Magnetics – Flux loops
	√
	

	Magnetics – Locked modes
	x
	

	Magnetics – Rogowski coils
	√
	

	Magnetics – Halo currents
	x
	

	Magnetics – RWM sensors
	x
	



Note special diagnostic requirements in Sec. 4

	Diagnostic
	Need
	Want

	MAPP
	
	

	Mirnov coils – high f.
	x
	

	Mirnov coils – poloidal array
	x
	

	Mirnov coils – toroidal array
	x
	

	Mirnov coils – 3-axis proto.
	x
	

	MSE-CIF
	
	

	MSE-LIF
	
	

	NPA – E||B scanning
	
	

	NPA – solid state
	
	

	Neutron detectors
	x
	

	Plasma TV
	x
	

	Reflectometer – 65GHz
	
	

	Reflectometer – correlation
	
	

	Reflectometer – FM/CW
	
	

	Reflectometer – fixed f
	
	

	Reflectometer – SOL
	
	

	RF edge  probes
	
	

	Spectrometer – divertor
	x
	

	Spectrometer – SPRED
	x
	

	Spectrometer – VIPS
	x
	

	Spectrometer – LOWEUS
	x
	

	Spectrometer – XEUS
	x
	

	SWIFT – 2D flow
	
	

	TAE Antenna
	
	

	Thomson scattering
	x
	

	USXR – pol. arrays
	x
	

	USXR – multi-energy
	x
	

	USXR – TG spectr.
	x
	

	Visible bremsstrahlung det.
	x
	

	X-ray crystal spectrom. - H
	
	

	X-ray crystal spectrom. - V
	
	

	X-ray tang. pinhole camera
	
	



