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1.
Overview of planned experiment  

· We aim to measure the effect of the LLD with molten Li on deuterium retention in NSTX. 

· The fraction of the injected deuterium that is retained in the NSTX vessel after ohmic and neutral beam heated plasmas, will be measured with the LLD unheated (solid Li)  and heated (molten Li). Ohmic retention will be measured statically with all the TIVs closed. Retention in NB heated plasmas will measured dynamically including tracking of the D inventory on the NB cryopanels. We anticipate running the outer strike point on bull-nose tiles for the maximum LLD effect. The shot list calls for 1/2 run day ohmic, 1/2 run day NB heated discharges. As differences in retention can be low it is planned to average over several discharges. 
· Langmuir probe estimates of the D flux to the divertor will be used to obtain ‘physics-based’ retention fraction (D flux/D retained). 

· ATJ graphite, Pd, and Si samples will be exposed to these plasmas with the Bay K PMI probe. One ATJ sample will be analysed by thermal desorption spectroscopy under the NSTX vessel in the evening after exposure. This will further characterize the 600 K TDS peak discovered in 2009. The other samples will be analysed at Purdue U. The data will help understanding of the fundamental processes governing retention.

2.
Theoretical/ empirical justification

This XP supports the FY2011 Research Milestone R(11-3) 

· “Develop and understand high-performance operating scenarios utilizing a liquid lithium divertor (LLD) for particle control.”

· “D retention will be studied as a function of surface conditions such as lithium coverage and LLD surface temperature.”

· “an in-situ materials analysis particle probe placed near the LLD will provide measurements of retention and surface composition in the outer divertor region for selected shots.” 

XP-1057 follows XP-911, the Joint US tokamak FY 2009 milestone on pumping and retention experiment performed in 2009.  

3.
Experimental run plan

1. Prior to XP, we will review experience with XMP064, XP1000, XP1001 to improve model 2009 shots 133014 (ohmic) and 133019 (NB). 

a. Evaluate optimal HFS and SGI fueling to get high LLD pumping and low density. 

b. Evaluate LiTER evaporation rate to get maximal LLD pumping and low density.

c. Evaluate whether He-GDC is needed. 

d. We anticipate conditions with maximum LLD effect will have strike point on bull nose. We will evaluate whether strike point control is indicated.

2. Prior to XP, the PMI probe TDS system will be tested with the stainless sample holder and upgraded heater control in the evening at least 2 days before the XP is run. 

a. PMI probe with new SS holder loaded with 2 ATJ and 2 Si/Pd samples will be baked for vacuum conditioning. 

b. Thermionics drive control for PMI probe insertion into the NSTX vessel will be checked out. 

c. Heater control checked with PMI probe extracted, gate valves closed. 

XP RUNDAY CHECKLIST:

3. Insert PMI probe into vessel.

4. Rezero 0.1 torr baratron. 

5. Set the EPICS Input-Output-Controller (IOC) time for channel archiver by hand (~ 1 sec) to match the NTP.
6. Check EPICS slow digitizer is turned on (nstxpool dwscope -def pressure_d2.scope)
7. IG1 set to 0.1 mA emission

8. MIG gauges on

9. Check RGA tuning, autocalibrate if required.

10. Check Trend RGA and Shot RGA files are being saved.

11. Print out TVPS status

12. VIPS2 set to monitor H alpha / D alpha ratio every few shots. 

13. Divertor Langmuir probes operating. 

14. IR camera operating. 

15. Trend RGA set: 

a. -800 v EM

b. scan amu 2 to amu 50

c. 0.1 mA emission. 

d. Auto zero off

e. 8 pts / amu

f. 30 msec / pt

g. display amu=2,4,12,14,18,28,32,44  linked to scan.

16. Shot RGA set:

a. -800 EM

b. 0.1 mA emission

c. auto zero off

d. 4 pts / amu

e. 10 msec / pt

f. display amu=2,4,12,14,18,28,32,44  linked to scan.

17. Neutral Beams

a. 3 source neutral gas 1.6 s duration

b. Neutralizer gas for source A,B,C @ 42, 40, 41 torr-l/s (most does not enter torus). 

c. NB calorimeter out for gas-only shots.

For each shot check:

18. Check zero on pe19, rezero if required.

19. Beams sync’ed with clock ?

20. IG1 on ?

21. RGA orifice in or out ? Is RGA data saturated ? 

22. For gas-only shots disarm PF, TF, IP. 

23. Is NB TIV open? Is calorimeter out of beam path ? 

24. Appropriate gas injectors armed

25. Ohmic shots, TMP + NB TIV’s closed at t=-20s

26.  For NB shots, TMP TIV closed at t=-20s, NB TIV to close from t=+10 s until t=60s. 

A. OHMIC, LLD UNHEATED:

1. LLD unheated. Use LLD gas cooling to avoid ratcheting. 

2. Ohmic shot development. Program Ip rampdown for ‘soft landing’ with minimal Wtot and minimal wall heating at plasma termination (2 shots).

3. Simultaneous exposure of PMI probe. 

4. Ohmic plasma shot (3 ‘good’ shots): 
NB TIV valve CLOSED t = -20 s before shot.  Open only to pump out He after GDC
TMP TIVs CLOSED t=-10 s before shot
At t= + 2 mins open TMP TIVs. 
5. Gas only shot disarm PF, TF, IP (1 ‘good’ shot). 
B. NB, LLD UNHEATED:

1. LLD unheated. Use LLD gas cooling to avoid ratcheting. 

2. NB shot development. Program Ip rampdown for ‘soft landing’ with minimal Wtot and minimal wall heating at plasma termination. NB modulation to ramp down beam power (2 shots).

3. Continued exposure of PMI probe. 

4. NB shots. Close NB TIV ~ 10 sec after each discharge to measure outgassing for ~ 2 mins after shot. (3 ‘good’ shots).
5. Gas only shot, disarm PF, TF, IP (1 ‘good’ shot). 
C. OHMIC SHOTS, LLD HEATED TO 220 C

1. Heat LLD to 220 C. Use gas cooling to avoid ratcheting. 

2. Repeat ohmic shots above, same plasma conditions as before (3 ‘good’ shots). 
3. Continued exposure of PMI probe. 

D. NB SHOTS, LLD HEATED. 

4. Repeat NB shots above, same plasma conditions as before (3 ‘good’ shots). 

5. If time available, continue to expose PMI probe to more discharges. 

6. After run: Turn off LLD heating. 

7. Withdraw sample probe, close sample probe TIV.

8. Perform ex-vessel thermal desorption spectroscopy of ATJ sample #1.

9. Remove all samples under argon. HP check and then ship to Purdue. 

Total shot count: 18 ‘good’ shots. 

Expect some shots to have IREs etc..  so total shot count will be higher. 

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

· NB modulation to ramp down beam power. 

· Usual diagnostics + mig2-E, ig110, pe19 (0.1 torr baratron) pressure gauges and RGAs. IG110 set to ‘MV’

· D emission spectroscopy + divertor Langmuir probes for ‘physics’ retention (D retained / D fluence to wall).

· LiTER operating. 

· LLD operating gas cooling on. 

· No RF, No CHI needed. 

5.
Planned analysis

· Exposed samples sent to Purdue for surface analysis. 

· Calculation of deuterium gas balance retention with LLD w/molten Li and LLD unheated. 

· Wall inventory from Vlad’s gas balance model. 

· Wall Gas Balance model of Pigarov.  
6.
Planned publication of results

· 19th International Conference on Plasma Surface Interactions May 2010, Conference proceedings in J. Nucl. Mater. 
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	Brief description of the most important operational plasma conditions required:

1. Minimal wall heating on Ip rampdown, 

2. Maximal LLD pumping with LLD heated
3. Good comparison with LLD cold. 
4. Ohmic (TMP and NB TIV closed during shot)
5. NB (TMP closed, NB TIV closed from t= +10 s to t=120s). 

	Previous shot(s) which can be repeated:
 

Previous shot(s) which can be modified:
Model shots from 2009 are 133014 (ohmic) and 133019 (NB). These should be modified in the light of XMP064, XP1000, XP1001.

	Machine conditions
tbd from XMP064, XP1000, XP1001. 
(specify ranges as appropriate, strike out inapplicable cases)
ITF (kA):  
Flattop start/stop (s):  
IP (MA):  
Flattop start/stop (s):  

Configuration: Limiter / DN / LSN / USN
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 / On
Bank capacitance (mF):  

LITERs:
Off / On
Total deposition rate (mg/min):  

LLD:
Temperature (°C):  

EFC coils:  Off/On
Configuration:  Odd / Even / Other (attach detailed sheet)
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 Note special diagnostic requirements in Sec. 4
	Diagnostic
	Need
	Want

	Beam Emission Spectroscopy
	
	√

	Bolometer – divertor
	
	√

	Bolometer – midplane array
	
	√

	CHERS – poloidal
	
	√

	CHERS – toroidal
	
	√

	Dust detector
	
	√

	Edge deposition monitors
	
	√

	Edge neutral density diag.
	
	√

	Edge pressure gauges
	√
	

	Edge rotation diagnostic
	
	√

	Fast cameras – divertor/LLD
	
	√

	Fast ion D_alpha - FIDA
	
	√

	Fast lost ion probes - IFLIP
	
	√

	Fast lost ion probes - SFLIP
	
	√

	Filterscopes
	√
	

	FIReTIP
	
	√

	Gas puff imaging – divertor
	
	√

	Gas puff imaging – midplane
	
	√

	H camera - 1D
	√
	

	High-k scattering
	
	√

	Infrared cameras
	√
	

	Interferometer - 1 mm
	
	√

	Langmuir probes – divertor
	√
	

	Langmuir probes – LLD
	√
	

	Langmuir probes – bias tile
	√
	

	Langmuir probes – RF ant.
	
	√

	Magnetics – B coils
	√
	

	Magnetics – Diamagnetism
	
	√

	Magnetics – Flux loops
	√
	

	Magnetics – Locked modes
	
	√

	Magnetics – Rogowski coils
	√
	

	Magnetics – Halo currents
	
	√

	Magnetics – RWM sensors
	
	√

	Mirnov coils – high f.
	
	√

	Mirnov coils – poloidal array
	
	√

	Mirnov coils – toroidal array
	
	√

	Mirnov coils – 3-axis proto.
	
	√



Note special diagnostic requirements in Sec. 4

	Diagnostic
	Need
	Want

	MSE
	
	√

	NPA – E||B scanning
	
	√

	NPA – solid state
	
	√

	Neutron detectors
	
	√

	Plasma TV
	
	√

	Reflectometer – 65GHz
	
	√

	Reflectometer – correlation
	
	√

	Reflectometer – FM/CW
	
	√

	Reflectometer – fixed f
	
	√

	Reflectometer – SOL
	
	√

	RF edge  probes
	
	√

	Spectrometer – divertor
	√
	

	Spectrometer – SPRED
	
	√

	Spectrometer – VIPS
	
	√

	Spectrometer – LOWEUS
	
	√

	Spectrometer – XEUS
	
	√

	SWIFT – 2D flow
	
	√

	Thomson scattering
	√
	

	Ultrasoft X-ray – pol. arrays
	
	√

	Ultrasoft X-rays – bicolor
	
	√

	Ultrasoft X-rays – TG spectr.
	
	√

	Visible bremsstrahlung det.
	
	√

	X-ray crystal spectrom. - H
	
	√

	X-ray crystal spectrom. - V
	
	√

	X-ray tang. pinhole camera
	
	

	Shot RGA
	√
	

	Trend RGA
	√
	

	Ig110
	√
	

	MIG2-E
	√
	

	PMI probe
	√
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