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Prerequisite for XP1000:

Complete XMP064, “NSTX Start-up Commissioning and
Evaluation Using Lithium Coating Only”

After ISTP-001 and NB Alignment are completed, apply 2hrs HeGDC.
Record RGA spectra before, during, and after this HeGDC.

With the LLD at room temperature (TBD) perform a LITER deposition at
20 mg/min for at least 600min (10hrs). This will deposit 12g total of which
0.849 is incident on the LLD (7% of 12g) yielding a Li coating thickness
over its estimated physical area (8x its geometric area) of ~200nm
([0.849/(0.534g/cm?3 x 8 x 9.3 x 103cm3)] x10’nm/cm). Record initial and
final RGA spectra.

Complete the startup checklist.

Continue to perform shots until the required reference discharges achieve
research grade, defined as;
AMW NBI, 600ms Ip flattop, t, > 50ms, Se >200kJ



XP1000 Has Parts: A and B

 Part A: Inner Divertor, R =0.5m, 0.63m.
e Part B: Outer divertor, R=0.75m.

3 Options for scheduling Part A & B, either:
- Schedule both for one, 3 day session
- Or, schedule A for 2 days following XMP-064, and then later, 1 day for B
- Or, schedule 2 days for A following XMP-064, and leave 3rd day as
an administrative decision pending results of the first 2 days

* Note: Delaying Part B also delays XPs dependent on the results of Part B.



NSTX EXPERIMENTAL PROPOSAL

TITLE: LLD Characterization No. OP-XP-1000
AUTHORS: H. Kugel, R. Maingi, V. Soukhanovskii DATE: 3/4/2010

1. Overview of planned experiment

1. 1 The first purpose of this experiment 1s characterization of the Liqud Lithium Divertor (LLD)
pumping capability and its effects on plasma performance as compared with solid lithium coatings.

1.2 The second purpose of this experiment 1s to qualify LLD-1 for use as an operational tool to support
XPs for the duration of the 2010 Run.

1.3 The third purpose of this experiment is to achieve the LLD Milestone as follows:

* Install LLD-1.
* Determune the relationship between hithiated surface conditions and edge

and core plasma conditions.

* Understand LLD-1 pumping, by a study of D retention as function of surface conditions
such as Li coverage and LLD surface temperature, and plasma exhaust parameters such
as: scrape-off layer density, temperature, strike-point location, and flux expansion.

2. Theoretical/ empirical justification

Recent NSTX high power divertor experiments have shown sigmificant and recurring benefits of
solid lithium coatings on plasma facing components to the performance of divertor plasmas 1n both L- and
H- mode confinement regimes heated by high-power neutral beams. The next step in this work 1s the 2009
installation of a Liquid Lithium Divertor (LLD) and its characterization during the 2010 Experimental

Campaign.



3. Experimental run plan

3.1 Prerequusites.

3.1.1 Perform OP-XMP-64, "N5TX Start-up Comnussioning and Evaluation Using
Lithmimization" until the required Reference Discharges achieve research grade, defined as 4MW

NEI, 600ms Ip flattop. T, = 50ms, Se=200k].

3.1.2 Depending on the results of OP-XMP-64, do or do not use strike point controls.

3.2 Gudelines, Decision Points, Contingency.

3.2.1 During the NBI power scans, stacking of the early beams shall be applied if necessary to
ensure constant front-end evolution, and reproducible H-mode transitions.

3.2.2 Duning the NBI power scans, the pulse length and power shall be adjusted slowly to keep the
LLD front-face temperature during discharges below 380-400°C to minimmze evaporation.

3.2.3 The R=0.35m case shall not be tested unless the R=0.63m case exlubits pumping.

3.3 Perform the discharges (cold, R=0.5m, 0.63m) listed in Part 1A,

DECISION POINT: If administratively approved, proceed to Part 2A (cold
R=0.75m). If not approved, proceed to Part 1B (warm, R=0.5m, 0.63m).

341t Parts 1A and 1B completed (cold and warm R = 0.5m, 0.63m) and if admumstratively approved,
proceed to complete Part 2A and 2B (cold and warm R = 0.75m).



Day | Stateof | Omter LLD LITER Lig Fuelmg | Pnba | No.

LILD | Strike Pt °C 20 mg/mmn | Deposited MW | of
R im) ‘msec | Sho

Is

Part 1A. Do Reference Shots Using Cold LLD (To = 30-50°C).

1 cold 050m | Fmtemp | 20mg/min HES 3 2
5 2
SGI 3 2
5 2
0.63m HES | 2/100 | 2

LTBD
SGI 2100 | 2

ATBD

Select best of HES and SGI, and Test persistence of pumping effect

OFF 5

If administratively approved proceed to Part 2A. If not proceed to Part 1B.

R =0.35m, 0.5m: Candidate Reference shots: 129061, 132582,
R=0.65m, 0.75m: Same Candidate Reference shots: 129061, 132582 but with OSP

extended to higher R for pumping demonstration.
Candidate Reference shots from 2008-09 database, 129015-19, 129038.

R=0.63m Kallman Shots 134986 - HFS, 134991 - 5GI
PF2L cumrent ~ 3.5 kA (the value that sinke pomt control approaches)




Part 1B. Do Reference Shots Using Warm LLD (To = 210-230°C).

1} Repeat Reference shots of Day-1.

2) Match n it} by fuelmg with both HES & SGI as required.

3) Proceed to lower fueling for lower neit) using both HES & SGI.
4) Power variation as needed to stay below beta lmut.

2 Warm 0.50m 210°C 20mg/min HES 3 2
5 2
SGlI 3 2
5 2
0.63m HES | 2/100 [ 2

2TBD
SGI | Y100 | 2

2TED

Select best of HES and SGI, and Test persistence of pumping effect

OFF TED 5

* B =0.35m, 0.5m: Candidate Reference shots: 129061, 132582,
» R=0.65m, 0.75m: Same Candidate Reference shots: 129061, 132582 but with OSP

extended to higher R for pumping demonstration.
» Candidate Reference shots from 2008-09 database, 129015-19, 129038.

* R=0.63m Kallman Shots 134986 - HFS, 134991 - 5GI
PF2L current ~ 3.5 kA (the value that strike point control approaches)



If administratively approved, proceed to Part 2A. If not, wait until

scheduled.

Part 2A. Do Reference Shots Using Cold LLD (To = 30-50°C).

1} Repeat Reference shots of Day-1.
2) Match n_(t) by fuelng with both HES & SGI as required.
3) Proceed to lower fuehing for lower ne(t) using both HFS & 5GI.

4) Power variation as needed to stay below beta lmmt.

3 0.75m 20me/mn HES 100 | 2
LJTBD | 2
SGI1 100 | 2
LJTBD | 2

Select best of HES and SGI, and Test persistence of pumping effect
OFF TBD 5




Part 2B. Do Reference Shots Using Warm LLD (To = 210-230°C).
1) Repeat Reference shots of Day-1.

2) Match n_(t} by fueling with both HFS & 5GI as required.

3) Proceed to lower fuelng for lower neit) usmg both HFS & 5GL

4) Power variation as needed to stay below beta lmmat.

3 0.75m 20me/nun HFS | 2100 | 2
LJTED | 2
SGI 2100 | 2
LJTED | 2

Select best of HFS and 3GI, and Test persistence of pumping effect
OFF TBED 5

* R =0.35m, 0.5m: Candidate Reference shots: 129061, 132582
« B=0.65m, 0.75m: Same Candidate Reference shots: 129061, 132582 but with OSP
extended to haigher E. for pumping demonstration.

» Candidate Reference shots from 2008-09 database, 129015-19, 129038.

* R=0.63m Kallman Shots 134986 - HFS, 134991 - 5GI
2L current ~ 3.5 kA (the value that strike point control approaches)



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

Perform OP-XMP-64, "NSTX Start-up Commussioning and Evaluatton Using Lithmmization” until the
required Reference Discharges achieve research grade, defined as 4MW NEI, 600ms Ip flattop, T_>
50ms, Se=200k].

5. Planned analysis

UEDGE, TRANSP, etc.

6. Planned publication of results
PSI2010, Nucl Fusion, TAEA2010
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PHYSICS OPERATIONS REQUEST

TITLE: LLID Characterization Mo, OP-EP-1004)
AUTHOES: H. Enpel R. Maimpi, V. Soukbanovskin DATE: 304710

(uze addirional sheets and attach waveform diagrams if necessary)

Brief deseription of the most important eperational plasma condifions required:
1.} Perform OP-XMMP-54, "WNSTX Start-up Commessioning and Evaluation Using
Lithinmization® unfil the required Eeference Drischarees achiewe research orade, defined
az 4W MEL, G00ms Ip fattop, T, = 30ms, Se=00kLT.

* B =0.33m, 0.3m- Candidate Reference shots: 120061, 132582
» B=0.65m. 0.75m- Same Candidate Reference shots: 120061, 132582 but with O5P
exicnded to hizher B for pumpine demonstratson
+ Candidate Feference shots from 200809 database, 129015-19, 129038,
« B=0.63m Eallman Shots 134986 - HES, 134891 - 5GI
FEZL curent ~ 3.5 kA (the value that strike point control approaches)

Previows shot|s) which can be repeated: HRefer to Shot tahles
Previous sholis) which can be modified: [hd. Refer o Shot mbles

Machimne conditions: Thid,

L (kA) Flartop startistap ()

LAY Flattop startistop (s):

Confipuration: LN

Equilibrinm Conmoel Outer gap / Isoflnx (riEFIT) / Strike-point conirsl (HEFIT)
Chuter gap (m): Inneer pap (m}): Z position (m):
Elonpation: Tranpnlanty (/L) O5P radins (mi):

Cras Species: Impecion{=):

MBI Species: I Voltape (V) A: B: C: Dhration (5):
ICRFE Power (MW Phasze between staps () Charaticn {5}

LITERs: O/ Om Total deposition rate (me'min):
LLI: Temperanme (FC a) cold (30-50°C, b)) warm (210-230°C)
EFC colls: O/ Om Confipuraton: Odd / Even / Crilrer
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TITLE: LLID Characterization
AUTHORS: H. Kugel, R. Maingi, V. Soukhanovskii

DIAGNOSTIC CHECKLIST

Note special diagnostic requirements in Sec. 4

No. OP-XP-1000
DATE: 3/04/10

Note special diagnostic requirements in Sec. 4

Diagnostic Need | Want Diagnostic Need | Want
Bolometer — tangential amay v MSE ¥
Eolometer — divertor v NPA — ExB scanning

CHERS — toroidal v NPA — solid state

CHERS — poloidal v Neutron measurements ¥
2 Divertor fast cameras ¥ Plasma TV ¥
Dust detector v Eeciprocating probe

EBW radiometers Eeflectometer — 65GHz v
Edge deposition monitors v Eeflectometer — correlation v
Edge neutral density diag. ¥ Reflectometer — FM/CW ¥
Edge pressure gauges ¥ Eeflectometer — fixed f ¥
Edge rotation diagnostic ¥ Eeflectometer — 0L ¥
Fast ion D_alpha - FIDA v RF edge probes

Fast lost 1on probes - [FLIP ¥ Spectrometer — SPRED ¥
Fast lost ion probes - SFLIP v Spectrometer — VIPS v
Filterscopes ¥ SWIFT - 2D flow ¥
FIR=TIP ¥ Thomsen scattering ¥
Gas puff maging Ultrasoft X-ray amrays ¥
Ho camera - 1D ¥ Ultrasoft X-rays — bicolor v
High-k scattering v Ultrasoft X-rays — TG spectr. v
Infrared cameras v /isible bremsstrahlung det. v
Interferometer - 1 mm ¥ H-Tay crystal spectrom. - H
Langmuir probes — divertor ¥ Hray crystal spectrom. - V
Langmuir probes — BEaP v X-ray fast pinhole camera

Langmuir probes — RF ant. v X-1ay spectrometer - XEUS v
Magnetics — Diamagnetism ¥

Magnetics — Flux loops ¥

Magnetics — Locked modes ¥

Magnetics — Pickup coils ¥

MMagnetics — Rogowska coils ¥

Magnetics — Halo currents ¥

Magnetics — RWM sensors ¥

Mirmov coils — high f. ¥

Mirmov coils — poleidal array ¥

Mirnov coils — toroidal array ¥

Mirnov coils — 3-axis proto. ¥
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