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A. Summary of presentations: (Charles Skinner)

Menard: “Overview of Li research options and goals for NSTX for FY11-12 runs”

1. Record 2 lb of Li evaporated in FY10/11. Indications of sustained reduced recycling but also adverse effects on HHFW, LiTER shutters, and end of run ops. 

2. LLD in FY11 depends on cleaning efficacy. Mo tiles for inboard divertor and liquid Li fill being pursued. 

3. Integrated core+divertor solution sought for upgrade e.g. with sustained ELM-free (small ELM) operation with H98 >> 1 + acceptable ne / nGW and Zeff. 

4. Can we rely on LiTER / LLD pumping or is cryopump needed ?

5. How to overcome Li reactions with impurities ? 

Kugel: “Status of LLD Cleanup, Molybdenum Tile Design, Liquid Lithium Fill System Testing”

1. 1.347 kg-Li evaporated. Complex distribution of Li2CO3 evident after run. “Dark Islands” seen on LLD, minor graphite tile damage.

2. Inner divertor Mo tiles being considered, mounted on stainless to withstand disruptions. 

3. Li liquid fill being developed. 

Heim: “Material Analysis Particle Probe (MAPP)”

1. Previous ex-vacuo analysis of NSTX exposed samples at Purdue needed Ar glow to remove oxidized layer. In FY11 MAPP probe will permit prompt in-vacuo analysis between shots to better correlate plasma performance to plasma facing surface conditions. 

2. Will be world leading capability for NSTX:

a. Unique chemical interactions such as “Li-O-D” seen in ATJ graphite, and deuterium chemical interactions in surface will be identified by x-ray photoelectron spectroscopy (XPS).

b. Elemental concentration (even hydrogen) on first few atomic monolayers will be measured by low energy ion scattering spectroscopy (LEISS) and direct recoil spectroscopy (DRS).
c. Deuterium binding energy will be measured via thermal desorption spectroscopy (TDS).

Jaworski: ‘LLD Observations and Operational Considerations’

1. Initial analysis of fast camera D-alpha images, D-alpha and Langmuir probe data indicates that the cold-fills/plates exhibited the least recycling.

2.  Published data indicated D diffuses about 1 micron in 1 ms in liquid Li compared to 10 s in solid Li. 

3.  Indication that confinement scaling now degrades faster with input power (Gerhardt) (some debate on this point and dependence vs. collisionality).  

4.  Performance may be improved with better fueling. 

Mansfield: ‘Can Injected Lithium Granules Trigger ELMs ?’ (not presented due to lack of time).

1.  Rotating impeller to inject Li granules at midplane has been developed. 

2.  Deposition radius calculated to be similar to pellets in DIII-D which did trigger ELMs. 

3.  Equipment ready for installation.  

Majeski: ‘Lithium Results from LTX’

1.  LTX operated with Li coatings on stainless shell since October. Two Li evaporators directed 30 g-Li upward, into neutral He or He-GDC. Shell heated to 300 C for bakeout.

2. Rise in RGA mass 2 (hydrogen) indicated Li reactions with water in base vacuum. 

3. Li produced large increase in plasma duration and increased fuelling was needed. Pressure history shows recycling was reduced. 

4. Operation with hot  (300 C) shell did NOT exhibit reduced recycling. Visual observations suggest deleterioius reactions with base vacuum gases at high temperatures. 

5.  Fueling requirements for LTX are approaching CDX-U requirements for low recycling operation. 

Zakharov: ‘Making turn toward fusion development’
1.  Anomalous electrons are at the root of fusion problems (and its failure so far).

2.  1 g Li in the PSI zone is necessary for pumping 1022 particles per NSTX shot: Macroscopic layer of Li is necessary to develop LiWF regime. 
Sternleib: “Proposal for FY2011/12 on macroscopic Li layer experiment in NSTX”

1.  Zakharov proposal for LiWF has many benefits and should be given highest priority. 

2.  NSTX lower divertor, fully covered with a macroscopic liquid Li film is the most natural and promising method to reproduce and exceed CDX results. 
3. Recommends 4-sector inner lower divertor target plate preloaded with 1 mm of Li to investigate macroscopic Li layer behavior. 

4.  Second stage would have permanent target plate with replenishment of 0.1 mm Li.
5.  It is much more efficient to prevent plasma cooling by neutrals from the walls, rather than to rely on extensive heating power.
6.  NSTX has unique opportunity to demonstrate the feasibility of the LiWF regime as an approach to fusion. Need is urgent ! 

Skinner: “Lithium PMI issues on 1 page

1.  Diagnosing, understanding and controlling Li surface chemistry is key to realising low recycling benefits. 

2. Need to create and maintain reactive Li surface before and during discharge and avoid ‘short circuit’ of Li pumping capability with inefficient gas fueling. 

3.  Long list of parameters need to be optimized. Run time and outage time (to change hardware) to explore all combinations before NSTX-U decisions is insufficient. 

4.  Plasma test stands could help. 

B. Discussion points  1:30 – 4:00 summarized by Bob Kaita

I. Thin lithium films work better on cold metallic surfaces compared to hot metallic surfaces

· Supported by recycling observations for LLD summarized by Mike Jaworski and plasma performance results for LTX summarized by Dick Majeski

II. Results are consistent with temperature dependence of lithium reaction rate

· Lithium on both hot LLD and LTX shell segments reacts with background water before plasma shot

· Lithium then loses effectiveness for reacting with working gas during subsequent discharge

III. Most effective scenario is thus lithium heating during discharge

· Beams provide heating for LLD

· LTX plasmas inadequate for heating shell segments during discharges

IV. Solution is sufficiently large reservoir of liquid lithium to react with impurities between plasmas and working gas during discharges

· Combination of gettering plus CDX-U-type liquid lithium reservoir should deal with water and oxygen (without boronization) on LTX

· Direct liquid lithium loading should provide both larger inventory for LLD and allow studies independent of lithium-coated carbon

Technical notes on liquid lithium loader for LLD

V. Bellows provides mechanical means of moving lithium from reservoir through feed tube to LLD test sample like piston on CDX-U loader

VI. Successful tests to date included demonstration that liquid lithium in feed tube actually returns to reservoir when bellows is relaxed

VII. Porous Mo shown to wet in vacuum at temperature well below 500C required for flat stainless steel surface

VIII. LLD loading thus possible without argon atmosphere required to reduce evaporation of hot lithium during CDX-U tray limiter fill

b. Comments on Leonid Zakharov's proposal

IX. No disagreement about benefits of reducing edge recycling

X. LLD location dictated by conservative decision to insure continued NSTX operation in event of failure

XI. Success of LLD to withstand divertor strike point heat load and react with working gas (see above) allows location elsewhere

XII. Budget and schedule constraints mean that only new divertor tiles as Mo substrate for lithium can be installed prior to NSTX Upgrade

XIII. Might still provide test for "LiWall" concept by providing lithium-coated inner and outer divertor strike points heated by plasma

C. Discussion points 4:00 – 5:30 summarized by Charles Skinner and Henry Kugel during and following the LiWF presentations by Zakharov and Sternleib. 

Strong emotions and criticism were expressed on the overall strategy for the fusion program internationally and on NSTX. I try to extract salient technical points expressed below. For further information please refer to the presentations on the DragNDrop LRTSG meetings folder.

1. A low or no recycling wall will result in revolutionary improvements in plasma performance, transforming the prospects for the realization of fusion power. 

2. But resolving the ‘technical details’ of the implementation with Li is critical. 

3. A specific proposal was made to reproduce and exceed the CDX results on NSTX by installing a CDX-style toroidal tray on the NSTX inner divertor that was prefilled with a 1 mm layer of Li. 

4. Whether the 1 mm layer of Li would survive the NSTX bakeout (3-weeks at 350 C)  as well as, the subsequent Procedure (XMP-064) needed to achieve research grade plasmas was questioned. 

5. The practicality of using the FTU technique of a thin sheet of stainless to protect the Li on a large toroidal area  before the start of the experiment before use was questioned. 

6. The disruption survival and MHD stability of the liquid Li layer was questioned. The CDX liquid Li surface was parallel to B (unlike NSTX). A lump of Li on the NSTX inner divertor prevented normal plasma operations for more than a day. 

7. Whether the present LLD was an adequate test of this concept was debated. 

8. It was generally agreed that liquid Li fill system for the LLD would be advantageous. The present proposal is for the permanent installation of a heated tube on the outer divertor. An alternative plan for a CDX-style injector inserted from a mid plane or lower horizontal port was suggested. This would be retractable and more easily cleaned if it became clogged with Li compounds. 

D. Additional input


Masa Ono

 Here are some points (I made and I heard during the meeting) for consideration:

1. In terms of venting the machine and installing something (like the in-board LLD), it would take about 4 months as I mentioned in the meeting.  I checked the numbers with Erik Perry.  The rough break down is about one months to vent the machine and bring the machine to the condition where we can send people in.  Since we are bringing the NJ air into the vessel for a long time, we also need to sand the tiles, clean the LLD and  the rest of vacuum vessel wherever significant lithium is accumulated.  I would assume it would take about one month to install whatever we need to install.  We then need two months to bring the machine back to operation including 3 week bakeout.   But the dilemma is that 4 months would be a big hit to our program.   This would delay the upgrade project and probably increase the over all program cost significantly as well (~ $10M).  

2.  I did not see a good way of pre-loading lithium which would retain the lithium purity through installation and three week 350 °C bakeout cycle.  This seems to be a show stopper.

3.  I did not hear a crisp argument of inboard vs outboard LLD advantages from physics point of view particularly since we can move the strike point to a reasonable degree.  It seems to me, if we can introduce lithium to the existing LLD more efficiently, we should be able to test the virtues and/or issues of macroscopic amount of liquid lithium,  

4. I am not sure that lithium is quickly contaminated as Dick is fearing.  As Michael mentioned, from our NSTX measurements, there is no evidence of rapid contamination of freshly laid lithium in our high vacuum condition. [Note from Charles: The QMBs have a data acquisition interval of a few seconds so QMB data cannot rule out contamination that is completed in a sub-second time scale.] 
5.  During the last run, we saw some strong interactions of our plasma and the macroscopic chunk of lithium fell on the floor.  We could not get very good discharges until we got rid of those chunks.  So, I am concerned about introducing macroscopic amount of lithium material to the divertor strike point area.  Of course we will know more if we can introduce macroscopic amount of lithium through the lithium feed.   The nice thing about the present LLD is that we can run high performance discharges away from the present LLD.  It would not be so easy if the LLD is placed in the in-board side.  

6.  Leonid has this wonderful flat Te profile to the wall configuration.  It would be interesting to achieve such a profile.  But as far as we have seen, our profiles are far from that.  Perhaps LTX will see it soon.  But the ideal condition is not often reached in the experiments.  So iIt would be helpful if someone would develop a theoretical model of how the Te profile would evolve (from the present profile to the idea Lenoid profile)  as a function of particle pumping efficiency.   Would the Te profile evolve in a stable manner, for example?

Thanks all for the good discussions!
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