Research needs, uncertainties, and benefit for ST FNS, Draft v1, November 1, 2009
This input focuses on the research needs to ascertain the projected plasma conditions for ST application to FNS [1], the uncertainties in the research outcome, and the potential benefits/impacts to the ST FNS design and performance associated with the uncertainties in outcome.  Risk is very roughly proportional to the sum or product of uncertainty and benefit/impact.  These should be estimated case-by-case when and if such an ST application is assessed.
	Stage
	I
	II
	III
	Research Need including understanding of physics basis and modeling adequate for projection to FNS conditions
	Uncertainties
	Benefit/impact

	ReNeW Thrust-16 research elements (added in red)
	
	
	

	1: Startup and ramp-up
	
	
	

	1a: Startup (formation)
	PHI, EBW, PHI+EBW
	· Form ~0.5MA high temperature plasma
	M
	H

	1b: Ramp-up
	PHI, EBW, NBI, PHI+EBW+NBI
	· Ramp up to ~1MA at high temperature and density
	M
	H

	2: Divertor and PFC
	
	
	

	2a: Configuration
	SXD, SOL thickness uncertain
	· Produce and test SXD at ~1MA in HIHM
· Determine common database and understanding with Tokamak
	M
	M

	2b: Liquid metal surface
	Not Yet, high impurity influx; no high heat flux long pulse data
	· Develop means to eliminate impurity influx

· Develop high heat flux liquid metal PFC test program to determine risk and benefit
	H
	TBD

	3: Confinement stability
	
	
	

	3a: Confinement
	Ei ~ 0.7 Neo,i; Ee ~ 0.7 ITER-H
Hot-Ion H-Mode (HIHM), Ee improves as *(10-3?
	· Review database on HIHM from Tokamak and ST to establish working Ee scaling
· Investigate electron turbulence, transport, confinement in ST for *(10-3 in HIHM
	L
	

	3b: Stability (energetic particles)
	Sub-Alfvenic beam; some super-Alfvenic 
	· Update ITER database with ST data for HIHM
	M
	M

	4: Stability control
	
	
	

	4a: Active
	No (N < nwl)
	N ~ 1.2nwl
	· Complete active stability control research on ST and Tokamak for N ( 1.2nwl for HIHM
	
	

	4b: Passive
	Yes, for disruption-free plasma operation
	· Update ITER database with ST data on low disruptivity conditions removed from known stability limits
	M
	H

	4c: Resonant field error Berror/BT
	<10-4 to avoid active stability control
	· Review Tokamak and ST database on plasma conditions in the presence of very low resonant error fields (<10-4)
· Create and study plasma conditions in the presence of very low resonant error fields (<10-4)
	M
	H

	5: Maintain current and profiles
	
	
	

	5a: Energetic particle beam (co-ENBI, kV)
	100
	240
	300
	· Develop engineering science basis for steady state positive ion neutral beam for ~100 kV, similar to KSTAR, EAST NBI concepts.
· Develop engineering science basis for steady state negative ion neutral beam for ~300 kV, scaled down from ITER prototype.
	M
	M

	5b: Plasma wave
	EBW to maintain qmin > 2 or 3, avoid NTM
	· Test EBW H&CD at ~ MW level in HIHM plasmas
	M
	M

	5c: Particle control
	SXD, cryo-pump
	· Scale down ITER cryo-pump prototype
	L
	H

	5d: Core fueling
	High-field side pellet
	· Scale down ITER pellet injector prototype
	L
	H

	5e: Continuous burn time (s)
	103 ( 106
	· Apply ITER simulation capabilities such as SWIM, GTLF, TLF23, TSC, etc. to refine estimates of FNS ST plasma projections
	L
	H

	Other?
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