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1. Summarize ISD goals
a. Full non-inductive/steady state, high beta, high confinement, non-disruptive

b. Solenoid-free startup and ramp-up to steady-state scenarios

c. Extrapolability to NHTX, ST-CTF, and ARIES-ST

d. Utility to ITER operations projections

2. Progress – comparison to scenario modeling from previous plan where appropriate
a. Pulse length

b. NICD fraction

c. Shape control, access to high kappa

i. PF1A modification

ii. rtEFIT implementation

iii. DRSEP  control and implications

d. Performance improvements vs. shaping

i. Pulse length

ii. Pulse average beta

iii. Stored energy

iv. Peak beta

e. Ramp-up optimization, flux consumption reduction

i. Early H-mode

ii. High-q, high kappa breakdown

iii. Early diverting

f. Understanding of ion and electron transport 
i. Neoclassical ions

ii. Anomalous electrons

iii. implications for long-pulse

g. Access to hybrid-like scenarios

i. Critical importance of MSE and other kinetic profiles

ii. Physics understanding of current drive sources

iii. Physics understanding of current drive redistribution

iv. Implications for NHTX/CTF

h. DEFC and RWM control for rotation sustainment and higher beta

i. Rotation requirements for RWM stabilization

ii. Threshold physics and implications for ISD

i. Enhanced pedestal H-mode

i. High BS fractions at edge

ii. Current hole formation

j. Influence of ELMs on performance, sensitivity to DRSEP

i. Type V ELMs

ii. Role of collisionality on ELM type/size

iii. Influence of shaping on ELM type/size

k. Radiative divertor heat flux reduction

i. Compatibility with good H-mode confinement

ii. Incompatibility with outboard detached divertor
iii. Expectations for NHTX and CTF, ARIES-ST

l. High bootstrap fraction HHFW scenarios in H-mode

i. Implications for  ISD

m. Improved HHFW heating efficiency at higher TF

i. Implications for ISD

n. EBW emission studies in L-mode and H-mode

i. Implications for ISD

o. Fueling and density control

i. Success of SGI

ii. Success of LITER at high evaporation rates for density control and confinement improvement.

p. Progress in CHI current formation

i. Demonstration of closed-flux

ii. Plasma temp/density comparable to ohmic of same current

iii. Initial coupling to OH 
iv. coupling to HHFW
q. Progress in forming PF-only startup plasmas,

i. Demonstrated current formation

ii. quantification of null volume requirements for breakdown

iii. Usage of HHFW for plasma source

iv. importance of pre-ionization power
3. ISD goals and associated upgrade plans
a. Increase non-inductive current fraction
i. Higher bootstrap fraction (betap) by increasing beta limit

1. Increased beta limit via optimized p and q profile

2. Optimize plasma shape

3. Elevated q already demonstrated – need to maintain high q

ii. Install 2nd beam line with larger tangency radius

1. 70% increase in CD efficiency at same T/n

2. 300kA at fGW = 0.7 at 1MA

3. Profile probably not broad enough to maintain elevated q

iii. Higher NBI and RF current drive efficiency

1. Lower density via LITER and LLD

2. Increase temperature through improved confinement (Li?)

3. Additional HHFW electron heating

4. develop efficient fueling and gas control

iv. Off-axis CD from EBW – 1MW, 28GHz

1. Need CD efficiency estimates, and current drive profiles
2. Could be high at low density, high Te

b. Particle control

i. Improved fueling – less HFS, more SGI
ii. LITER and LLD as H/D pumps – can we get density to drop?
iii. Decision point for cryos if LLD doesn’t pump well.

iv. Enhanced H/D retention diagnostics on walls and in divertor
c. Improved confinement


i. Use lithium from LITER/LLD to improve confinement
ii. Optimize q-shear profile and evolution to raise Te/Ti

iii. Develop robust access to EP H-mode with stable q profile
iv. Couple H-mode to ITB discharges

v. Couple EP H-mode to ITB discharges
d. Sustained high-beta
i. Further optimize error field (EF) correction

ii. Routine RWM control for sustained operation above no-wall limit

iii. Advanced mode detection and control techniques for RWM

iv. Improve understanding of NTMs, develop means to avoid NTMs
v. Suppress NTMs with EBWCD
vi. Utilize internal RMP coils for improved RWM and EF control
e. More stable edge

i. Extend Type V ELMs to lower collisionality via shaping?

ii. Small ELMs with DRSEP, squareness, other control

iii. Understand/utilize ELM-free ops observed during LITER

iv. Internal coils for RMP
1. Assess impact of RMP fields on pedestal, ELMs
2. Assess impact of RMP fields on heat flux pattern in divertor
f. Divertor heat flux control

i. Assess divertor heat flux at low density with LLD

ii. Assess compatibility of radiative div. solutions with density control
iii. Improved diagnosis of detachment, MARFES, etc.

iv. Understand SOL heat-flux scaling at reduced density via LLD

v. Understand H/D retention 
g. Advanced Plasma control

i. Density control algorithm in PCS for LITER/LLD

ii. Strike-point control for LLD + shape control improvements

iii. NBI feedback for beta control – operate near ideal-wall limit

iv. Rotation control for MHD, & transport studies, and transport control

h. Solenoid-free startup and ramp-up
i. CHI

1. Higher current, longer duration CHI

2. ECH heating of CHI plasma

3. Impurity burn-through of CHI plasma

4. Position control of CHI plasma

5. HHFW or EBW heating of CHI plasma

6. Hand-off to HHFW BS/RF overdrive rampup

ii. Vertical field startup

1. Add ECH pre-ionization power to plasma, raise Te

2. with gap control, heat with HHFW

iii. Gun startup

1. Plasma gun on outboard side of plasma
2. Utilize ECH to aid gun plasma formation

3. VF ramp for more current
iv. HHFW

1. Sustain coupling of HHFW to low-Ip H-mode

a. Center-point grounding of straps

b. Higher k|| spectrum

2. More HHFW power and CD

3. Ramp-up Ip using HHFW plus VF plus EBW

4. Hand-off to NBI for final ramp-up

v. Simulate iron-core transformer startup for CTF using existing OH coil
4. Discussion of integrated modeling codes, status, and future needs
5. High priority modeling requirements

a. Finish NBI efficiency and profiles of  2nd beam line with larger tangency radius

b. Assess EBW and HHFW CD for CTF/NHTX-like scenarios in NSTX

c. Assess internal coil performance for RMP/RWM/EF

d. PCS development for strike-point control for LLD + shape control improvements

e. Requirements for improved position control for CHI for HHFW heating

f. Model HHFW heating in Ip ramp in light of improved results at 5.5kG
































































































PAGE  
3.1.1

[image: image1.emf]