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® 2005/05 (Como):

o Joint activity to be agreed

° ITER hybrid scenario, ITER steady-state scenario

© Optimise scenarios based on their modelling

o More Heating/CD (NBI, ECRH, ICRH) or install LHCD

® 2005/11 (San Diego):

© Modelling of ITER advanced scenarios
o TSC, CRONOS, ONETWO, TASK

o Starndard set of initial conditions

o Compare results from different codes



ITER Simulations

® Using the CDBM and CDBMO05 models

© Both models could reproduce Tg; profiles for L- and H-mode shots reasonably.

© The prediction of high performance plasmas is anticipated with the CDBMO05
model rather than the CDBM model.

® Using simple heating and current drive models

© Power deposition profile is assumed.
° Approximate analytic formula is assumed as a current drive efficiency.

® Searching parameters predicting ITER operation scenarios

© Strong self-regulation of the plasma and nonlinearity of the transport model
make it more difficult to predict the confinement performance.

® |n this simulation

© Density profiles are fixed as H-mode like profiles.
© TASK/TR is coupled with the 2-D equilibrium code, TASK/EQ.
° |t solves the time evolution of the thermal transport and the magnetic diffusion.

© Radiation losses caused by carbon and bremsstrahlung are taken into ac-
count (Zeg = 1.9).



High Q Operational Scenario

® Large plasma current: I, = 15 MA, On-axis heating: Pyg = 40 MW

® Positive shear profile, Relatively large fon
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Hybrid Operational Scenario

® Moderate plasma current: |, = 12 MA, On-axis heating: Pyg = 33 MW

® Flat q profile with small ITB inside p = 0.4
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Quasi-Steady State Operational Scenario
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q Profiles of Previous Shots

Standard Hybrid Steady State

| Steady-State

| Standard a(p) . CDBM alp)

| CDBM

| Steady-State

| Standard q(p) L\ cDBMO5S alp)

| CDBMO05

e Control of current profile in the hybrid operation requires more im-
provement to keep ¢g(0) > 1.

¢ Performance of the quasi steady-state operation will be improved if
the H-mode plasma edge (edge transport barrier) are included. .



ITPA-SSO: 2006/04 (Naka)

¢ ITER simulation results

o TSC (Kessel)

o ONETWO (Murakami)
© CRONOS (Giruzzi)

© TOPICS (Hayashi)

o TASK (Fukuyama)

e Simulation guideline

© Hybrid scenario
o Steady-state scenario



“Guideline” SS Scenario Parameters

April 13 2006

Plasma in flattop phase (as
stationary as possible)

Ip =9 MA
B,=53T

Tp /Tt = 5.0
fo/(fotfy) = 0.5
foe = 2%

f,, = 0.12%

Pyg = 33 MW (1 MeV, off-axis)
P\cre = 20 MW (40 MHz, FWCD
phasing)

Pec = 20 MW (170 GHz, midplane,
etor = ??)

R,.Z,, for fixed boundary

(also PF coll currents, li, §,, for free-

boundary)

density —
Ppeg®™ = 0.8
temperature —
Ppeg®™P = 0.88

Noea = N(p = 0.90) = n(0)
Toeq = 10.0 keV

n(0) = 0.85 x 1020 /m3

n(p = 0.0 - 0.8) =n(0)

Linear drop from p = 0.8 - 1.0
n(p =1.0) =1.0 x 10%0 /m3
T(p =1.0) =200 eV

n,(p)/n,(0) same as electrons

T.(p) and T,(p) profiles from
GLF23

T,(p) same as fuel ions



“Guideline” Hybrid Scenario Parameters

April 13, 2006

Plasma in flattop phase (as
stationary as possible)

Ip = 12 MA
B,=53T

Tp /Tt = 5.0
fo/(fotfy) = 0.5
foe = 2%

f,, = 0.12%

Pyg = 33 MW (1 MeV, off-axis)
P\cre = 10 MW (53 MHz, heating
only)

Pec =20 MW (170 GHz, midplane
launch, 6,,, = ?7?)

R,.Z,, for fixed boundary

(also PF coll currents, li, §,, for free-

boundary)

Poeq = 0.925

Nped = N(p = 0.925) = n(0)
Toeq = 7.0 keV

n(0) = 0.95 x 1020 /m3

n(p = 0.0 - 0.925) = n(0)

Linear drop from p =0.925- 1.0
n(p = 1.0) = 0.35 x n(0)

T(p =1.0) =200 eV

n,(p)/n,(0) same as electrons

T.(p) and T,(p) profiles from
GLF23

T,(p) same as fuel ions



ITPA-SSO: 2006/10 (Chengdu)

e |AEA Fusion Energy conference
o Simulation of the Hybrid and Steady State Advanced Oper-
ating Modes in ITER

— C. E. Kessel et al. (ITPA-SSO TG)
— Benchmark test:
— CRONOS, ONETWO, TSC/TRANSP, TOPICS, and ASTRA

* ITPA SSO TG

© Modelling of ITER advanced scenarios

— TSC/TRANSP (C. Kessel)
— CRONOS (G. Giruzzi)

o Actuator benchmark test
— ECCD, LHCD, ICRH, NBI



ITER Hybrid Benchmark Simulations

(more work is needed to strictly enforce these prescriptions for the simulations)

Plasma in flattop phase (as stationary Ppea = 0.925
as possible)

Nyeq = N(p = 0.925) = n(0)

Ip =12 MA Toeq = 5.0 keV

B,=53T

tp*/te = 5.0 n(0) = 0.85 x 102° /m3

fo/(fo+fr) = 0.5 n(p = 0.0 - 0.925) = n(0)

fee = 2% Linear drop from p = 0.925-1.0
far =0.12% n(p =1.0) = 0.35 x n(0)

T(p =1.0) =200 eV
PNBI - 33 MW (1 MeV, Off-aXiS, ZNBcenter

=-042m@R=53m)

Picre = 20 MW (53 MHz, heating only,
2T) Te(p) and Ti(p) profiles from GLF23
Pec =20 MW (170 GHz, midplane
launch, a4 ,3=0° 8,,3=30° P, ,; =
6.67 MW)

n,(p)/n,(0) same as electrons

T,(r) same as fuel ions

_ Hybrid #1) NB + IC
Ry,Z,, for fixed boundary

(also PF coil currents, |, B for free- Hybrid #2) NB + IC + EC
boundary)




ITER Hybrld NB + IC

li(1) | a(0) | Wy, Hog™ | Te(0) | Ti(0) |Zey |lss Ing Pe
(MJ) (keV) | (keV) (MA) [ (MA) | (MW)
Q
ONETWO |0.72* | 0.58 | 295 |2.10 |1.10 (27.2 |33.4 |1.70 |3.87 |2.07 |69
6.5
TSC/ 1.05 [ 0.44 |340 |2.18 |1.41 (33.8 |33.8 |1.71|3.39 (142 |80
TRANSP 1.18 7.5
CRONOS |(0.70* [0.69 |339 |230 [1.43 [26.3 |256 |1.69 |4.26 |0.92 |87.6
8.3
TOPICS 0.61* | 099 |359 (224 (1.05 304 (316 |[1.70 |3.93 |2.62 |82.2
7.8
ASTRA 0.77* | 0.53 |327 (212 (118 343 (345 |[1.71 (282 [1.92 |99.7
9.4

*These are li(3)

*Higher Hyg values use P,

inpu

. and lower values use (P,

input”

rad)




Benchmark Test for ITER Hybrid Scenario

® C.E. Kessel et al.: IAEA2006 IT/P1-7 (ITPA/SSO)
® Codes: CRONOS, ONETWO, TSC/TRANSP, TOPICS, ASTRA
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Figure 1. [Electron temperature profiles and density profile (a), ion temperature profiles (b), safety
Jactor profiles (c), for the NB+IC ITER Hybrid simulations.
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Figure 2. External power deposition profiles to electrons (a) and ions (b) and the toroidal current
density (c) for the NB+I1C ITER Hybrid simulations.



Benchmark Test for ITER Steady-State Scenario

10

Te, Ti,keV  Pe,Pi,/100 MW/m3

0

30.0¢

20.0f

Ot

0
0

=
wn

gwy/ QZvolx'u

. 40.0_ ...................

E b

é 30.0

o

?_ electron

& 200

[

a

% 10.0

e

0.0 ‘
0 0.5 1

P

ﬂ
in

o

€W/ 0Zv0olLx'u
Te, Ti,keV  Pe, Pi, /100 MW/m3

o
n

(= =]
(=]

® Codes: TOPICS, CRONOS, TSC/TRANSP
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Figure 5. Electron and ion temperature, density, and external power deposition profiles for Steady
State ITER simulations, (a) TOPICS (NB+EC), (b) CRONOS (NB+IC+LH), and (¢) TSC/TRANSP
(NB+IC+LH).
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Figure 6. Safety factor and toroidal current density profiles and its contributions for Steady State
ITER simulations, (a) TOPICS (NB+EC), (b) CRONOS (NB+IC+LH), and (c) TSC/TRANSP
(NB+IC+LH).
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