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* Energy source for the
sun and other stars

* Provides a potential
source of base load
energy production

« Been working on this
for more than 50 years

« Has turned out to be a
very difficult problem
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« Two main lines of research

— |Inertial confinement

 Implosion of small pellets
* NIF at LLNL

— Magnetic confinement

« Two main lines of research at
the moment
— Stellarator — W7X

» Currently under construction
in Greifswald in Germany

— Tokamak — ITER

» 10 be constructed in
Cadarache in France

21st Intl Conf on Numerical Simulation of Plasmas

- \Ws_f] -._
Ny :

s,
)l ™




0 EFDA Task Force

EUROPEAN FUSION DEVELOPMENT AGREEMENT

INTEGRATED TOKAMAK MODELLING

i o
oy

=k .
.UJ\ 1= / . |

21st Intl Conf on Numerical Simulation of Plasmas

ITER

2009-10

ICNSP

Involves 7
partners
representin
more than 50%
world population

Costs > 10 G$

Under construction
in Cadarache,
France

Key element on
the path to fusion
energy production
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ITER

2009-10

ICNSP

Units
Plasma Major | 6.2 m
Radius
Plasma 2.0 m
Minor Radius
Plasma 840 |m3
Volume
Plasma 15.0 |MA
Current
Toroidal 53 T
Field on Axis
Fusion 500 |MW
Power
Burn Flat >400 |s
Top
Power >10
Amplification
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Real problem is 3d
space, 2/3d velocity
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« What is the European Transport Solver
(ETS)?

* Why should anybody be interested in the
development of the ETS

* Who is doing the work?
* What is the current status of the ETS?
 What are the plans for the ETS?

21st Intl Conf on Numerical Simulation of Plasmas 8
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« What is the European Transport Solver
(ETS)?

* Why should anybody be interested in the
development of the ETS

 Who is doing the work?
 What is the current status of the ETS?
 What are the plans for the ETS?
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e The ETS is a new 1D core simulation
framework

« The name Is also used to refer to the core
solver component

* Designed to solve the standard set of
equations describing the evolution of the
core plasma

» Existing codes: ASTRA, CRONOS,
JETTO, TRANSP, ...

21st Intl Conf on Numerical Simulation of Plasmas 10
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All of the equations are cast into a standard form

(~a) 28D e(p)- Yip.0)) = () - 0(p)- ¥ (5.1

alp) Y(p.) - b(p)-¥Y(p.t=1) 1 9
h c(p) dp

With boundary conditions

dY(p.t)

v(Pond) * 55| +U(Pbnd) Y (Pond-) =W (Pond)

bnd

The generalized solvers get p, a(p), b(p), c(p), d(p), e(p), f(p), glp), h, Y(p,t—1),
u(1:2),v(1:2), w(1:2)

21st Intl Conf on Numerical Simulation of Plasmas 12
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* Why should anybody be interested in the
development of the ETS

21st Intl Conf on Numerical Simulation of Plasmas 13
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Why should it be of interest?

IIIII

 The ETS workflows are designed to be
completely modular allowing the exchange
of any component by any other of the
same class

* Internally the ETS solver is also modular
separating the physics part and the
numerical part

21st Intl Conf on Numerical Simulation of Plasmas 14
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DATA FLOWS

Physics Modules

Transport

Yans Xne, Kergs
Xripple, Xext,

Sources

Sny Qn, QICRHy
QNBI, QLH,

IMP#1, 2,4, 5
CPOs

.

0
(ON)]
= O
O g
W w
Z> I
W T
=

z

ETS
Physics | Numerics
I Interface E Solver
Ktot= X1+ Ao+ Aot Yat I
L5t - I
I a(p), b(p),

!

a(p), b(p), c(p),
d(p), ...

W(0), N(p), T(P), .. bt ()

i

c(p), d(p), .

Ap), B(p), S
C(p), D(p), 5
s
' 7]

N(p) @bt N(p)

|

L | A(). B(o),
¥ C(p), D(p),

~_—

COREPROF
CPO

KIFIupin, ITMGM 2008

GENERIC
NUMERICS
INTERFACE

21st Intl Conf on Numerical Simulation of Plasmas

Schematic ETS view

2009-10
ICNSP

© communication to
physics modules through
generic interfaces

© Multi-language capability
(fortran, c, c++, java,
matlab)

© centralized physics part

© Separated numerics part

© several options for
numerical solver

15
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* The ITM has invested many man years of
effort in defining the data to be transferred
between different classes of codes -
Consistent Physical Objects (CPOs)

* These are defined in XML and then
language specific data structure
descriptions are automatically generated

» At the code level deal with derived data
types

« Using Kepler as the workflow engine

21st Intl Conf on Numerical Simulation of Plasmas 16
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Coupling codes and applications

N modules integrated in N modules coupled into a
N different applications = dynamic application

framework
e T
N2 Consistent Physical Objects

i
@SN l==2dl SR I==2aW

The data model — or ontology - is the key to providing a consistent framework!

Strand, ITM General Meeting 2009
21st Intl Conf on Numerical Simulation of Plasmas BaStardlsed from DaVId De Roure 17
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o EqUiIibrium COde —L{:u:rrepn:rf |

- 9 eqUiIibrium CPO Core plasma 10 profiles as a

Runction of the torcidal Aux

. I . b . C PO c-:uizurleinali:le, obtained by
— é salving the care transport
eq u I I rl u m equatiins [can be alsclu:lﬁtted
profiles Frorn experimental

datal, The codepararn
® E I : ; SO Ive r elerment here describes the
parameters of the transport
equation solver andjor thaze

— = equilibrium CPOs e e om0,
— > coreprof CPOs (1d plasma —pcoresource B
State) 1..10

Genetic source tetmn for the
cobe BFanspor equations

— —» coresource CPO (1d sources) e aant €56,

— = coretransp CPO (1d transport | coretransp )
CO effiCie ntS) Genetic transln.:n.rf coefficients

For the core transpor
equations (radial profile],
- Tirne-dependent PO

— < coreprof CPO s £

1.5

Cescription of a 20,
avi-syrnrnettc, takarnak
equilibrurn; result of an
equilibriurn cade,

%_ Tirne-dependent PO
ISIP

21st Intl Conf on Numerical Simulation of Plasmas 18




0 EFDA Task Force

EUROPEAN FUSION DEVELOPMENT AGREEMENT
INTEGRATED TOKAMAK MODELLING

ISIP

21st Intl Conf on Numerical Simulation of Plasmas

ISIP

acoreprof [

[

1.3

Core plasma 1D profiles as a
Function of the toroidal Aux
coordinate, obtained by
solwing the core transport
equations (can be alza Atted
profiles Frorn experimental
datal, The codepararn
elerment here describes the
parameters of the transport
equation solver andjor thaze
of the Fitting progearn,
Tirne-dependent TP,

_Lamrescrurce E?I] \
1..10

Genetc source ket far the
cobe BFanspart equations
(radial profile],
Time-dependent TP,

acoretransp [

|

1.3

Genetic tranzpart coefficients
For the core transpor
equations (radial profile],
Tirne-dependent PO

—x auilibrium E%]

1.5

Cescription of a 20,
avi-syrnrnettc, takarnak
equilibrurn; result of an
equilibriurn cade,
Tirne-dependent PO

Hierarchical structure: coresource

i

T

Tene dugendent coresource [

Genetic source tettn For the
core transpolt equations
[radial profle],
Tirne-dependent SR,

—Lmluuam ?

e A=t

ISIP

2009-10

—{sigma | o

Induced conductivity
[ohm™-1.m7-1], EXACT
DEFIMITICM PEMDIMG,
Vectornrhal,
Tire-dependent,

Particle source For ion
density transport equation
[rr™-25-1].
Tirme-dependant,

Patticle source For electron
density tkansport equation
[r=-25~-1].
Tire-depandent,

Patticle source For irnpurity
denzity transport equation
[rn-35-1].
Tire-depandent,

Heat source For ion heat
transpott equations
[ ra-3] Tirne-dependent,

Heat source For electron heat
transpott equation [W.n-2],

Tirme-dependeant,
ISIP

Heat source far irmpurity
heat transport equations
[W.ra-2]. Tirme-dependent,

19
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ISIP

Induced conductivity
[ohm™-1.m7-1], EXACT
DEFIMITICM PEMDIMG,
Vectornrhal,
Tire-dependent,

E

Patticle source For ion —

density transport equation = A

A Source_ion

Tirme-dependant,
& | o
Generc source termn For the
Egji;;'ar;%?g Bquations Particle source For electran Explicit source termn [same
Time-dipende:nt R, density transport equation - unit as rookt quantity],

[m~-3.5-1], qm & Tirme-dependent, Matrix

Tire-depandent, I:nrh-:- ni-:-n:l

. 4
Heat source For ion heat
transport equations =
" .
Panticle source For impurity [W.rn~-2]. Tirne-dependent, 1y

denzity transport equatio

[ -3.5-1], Imnplicit source term

Tire-depandent, [5-"* .1,|-|-|-"*.3],
Tirme-dependant, Matix

m [nrho,nion)

Heat source For ion heat J

transpott equations

[% 3], Tirne-dependent, ISI P

E

Heat source For electron heat
transpott equation [W.n-2],
Tirme-dependeant,

E

Heat source far irmpurity
heat transport equations
[W.ra-2]. Tirme-dependent,

21st Intl Conf on Numerical Simulation of Plasmas 20
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acoreprof [

[

1.3

Core plasma 1D profiles as a
Function of the toroidal Aux
coordinate, obtained by
solwing the core transport
equations (can be alza Atted
profiles Frorn experimental
datal, The codepararn
elerment here describes the
parameters of the transport
equation solver andjor thaze
of the Fitting progearn,
Tirne-dependent TP,

—Lat:uresuurce [

1..10

Genetc source ket far the
cobe BFanspart equations
(radial profile],
Time-dependent TP,

L

acoretransp [

|

1.3

Genetic tranzpart coefficients
For the core transpor
equations (radial profile],
Tirne-dependent PO

—x auilibrium E%]

1.5

Cescription of a 20,
avi-syrnrnettc, takarnak
equilibrurn; result of an
equilibriurn cade,

Time-dependent CPO ISI P

ISIP

21st Intl Conf on Numerical Simulation of Plasmas

Piidal magnatic Fraz [¥b)
Time depenent;

Toroidal welocity of the
warious ion species [m.s" 1]
Tirve-dependery,

Code paramaters

Time [s] Tine-dependent;

Coreprof

2009-10
ICNSP

21
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S informnation on 2
data tem

Piidal magnati A (k)

Time dependers;

Core plasma 10 profies az a
Function of the torcidal Fux

Tima-depens

p

Ion temperature V]
zourte term in [W.m

a
Tira-dapandant ¢

(aource

Time-d=pendent;

ISIP

Core plasmia 10 profiles as a
Function of the toroidal Aux
coordinate, obtained by
solwing th & tran:
equations (can be also fitted
profiles frorn expenmental
data). The

elemnent he

of the fitting pra
Time-depandant CPO,

21st Intl Conf on Numerical Simulation of Plasmas

Genenc information on &
data item

rho_tor_norm

M

co

sirnalised toroidal Ausx

nate values (= rho_tor
nomnalised to the walue at
the last grid point); Vector
(rirha)

“rho_tor

Toroidal Aux coordinate (not

notrnalised, equivalent to
wo_tor_norm) [m]; Wector

(nrho), Time-depen:

Tirnme derivative of tho_tor
[mfs]; Wector (nrho)
Tirne-dependent.

toroid_field

Toroidal field information
entering the definition of

tha_tor, For reference only,
The physical walue of the
toroidal field should be taken
Ffrom the toroidfisld CPO
Tirne-dependent,

Poloidal magr

tic flu [Wb]
Time-dependent;

Electron temperature [2V];
(source term in [W.m™-3]).
Tirne-dependent;

e B

Taon temperature [eW];
(source term in [W.m™-3]).
Tirne-dependent;

Electron density [m™-3];

[orepror &

a 10 profiles as a
the toroidal Aux

L] lr:':fl’.F"'J'?

can be also fitted
o experirmental

data). The
elernent he
pararnatars
aquation
of the fitting prograr,
Time-depandent CPO,

Coreprof

2009-10
ICNSP

Polaidal magnetic Aux [Wh]
Tire-depandent;

Elactron temperature [
(source term in [W.m
Tirne-dependent;

g

Ton temperature [e
(source term in [W.m™-3]).
Tirne-depandent;

Electron density [m~-3];
e term in
Time-dependent

Ion density [m™-3]; (source
termn in [m™-3])
Tirne-dependent;

Toroidal v
waHous i
Tirne-dependent;

profilestd [+

Profiles derived from the
fields solved in the transport
equations, or frorn
axpetiment .,

globalparam

Yarious global quantities
calculated from the 10
profiles, Time-dependent

Code parameters

Time [s]; Time-depandent;

Scalar

22
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pei G

2009-10
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ISIP

|S| P Poloidal magnetic flux [Wh] Signal value;
Time-dependent; Tir-r.-':-u:leperld-':nr.: Vector
Signal walue: = i ¢
Tirve-dependent; l-.nrh':'.]

EXXE

Core plasma 10 profiles as a
Function of the toroidal Ausx
coordinate, obtained by

re transport
equatio an be also fitted
profiles From experirental

data). The «

I

Electron ternperature
[(source term in [W.m
Tirme-dependent;

i

TIon ternperature [24
ree termn in [Wan™ -3,
Tirne-dependant;

ne_ &

Electron density [m™-3]:
[Source termn in

LI

Ton density [m™-3
termn in [ =3[0
Tirmne-dependent;

I

Toroidal v

of Lerviperatine
&t in [l'-.l..fn
. Time-dependent;

¢ of the

species [m.s™-1];

Time-dependent;

profilesid [+

Profiles derived from the
fields solved in the trar Sport
equations, or from
sipetiment,

globalparam

Warious global quantities
calculated from the 1D
profiles. Time-dependent

odeparam

Code parameters

wAHOUS ion

Tirne [s]; Time-dependant;
Scalar

21st Intl Conf on Numerical Simulation of Plasmas

[prha)

-not calculat
1-interpratative; 2-caloulatd
by the transpo
=

d

oy £

Boundary
RFAMEPOR & (1
Tirne-dependent.

source_term [4

Taotal For th
IFanEporn & .
Tirme-dependent.

ition Fior the

Ation.

Code parameters

A 5Ty Ti i ] 0-not « ted
[r~-2D. Tire-dependent et e e o i
provided in ¢ -Interpre!

Source of the profile (any
cornrnent describing the
origin of the profile :
path to diagnostic signals,
massaging, ...); Sting

Flag describing how the
profile has been processed :

by the transport
3-calculated by a
code :in that case only,
description of the code
provided in codeparam at
the same level; 4-used wvalue
fromn the prewious time step;
Time-dependent

Boundary condition For the
transport equation,
Time-dependent.

—| source_term i

Total source tern For the
transport equation,
Time-dependent,

Total transport coefficients.
Time-dependent.

[ fux_

Fluxes of the quantity, twa
definitions. Time-dependent.

alar

23
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ETS Workflow
(Conceptual
design)

2009-10
ICNSP

21st Intl Conf on Numerical Simulation of Plasmas _ _ 24
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« Modularity/flexibility

« Choice of modules
Drop in any compatible
equilibrium code

 Choice of where

modules run
‘HPC/GRID/LOCAL

- Easy to change
individual components
* Free boundary version
available within same
structure
- Edge core integration
implemented as a change
of BC to the ETS

21st Intl Conf on Numerical Simulation of Plasmas 25
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2009-10

Coreprof modifying ‘««
chain of actors

21st Intl Conf on Numerical Simulation of Plasmas 26
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KEPLER Transport Workflow

x

File  Edit  Yiew ‘Workflow Tooals

file:/afs/efda-itm.eu/imp3/user/basiuk WORKFLOW/solveri2.xml

Window  Help

@ &K |LJP> Hl

L ldl

el

Workflow parameters

Single Fire Constant

|:+ [t=tr_n, mp=1tn_in+ sq,.
1"!-IIHIJII irium it

tirme kaap

apn_in 10.00267 100000000

sperd inc 10.01
mdtmin_in. 1.0e-05

wdtmax_in: 001
mialimax_im: 100
Bjleramanmax_in 15

spolerance i 1.0e-5

| »

DODF Derector

convergence loap

equilibriurn

Time loop

F {tn=in.tn,np=in.tnp dt=in.di,tend =tend_in,ger=>0,itermax...

DFBaokeanse loct

Boolean Swach

time loog test

-

phchaseual

SampleDelay

N_I [tri=ir.tr Erg =in. i, L= in_dE, caunt=in, caunt, ual=inual}

Y

shol

b icpo="equlbrium’,idx=0.shat=10,run=..

i)

hapenual

Slnglz Fire Constant.

Single Fire Constant3
:} b_in+ sgrifdmin_in®dt...

initdata

Initialization

Finalization

P.HUYNH, V.BASIUK

4

ol o K1

|
21st Intl Conf on Numerical Simulation of Plasmas
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* What is the European Transport Solver
(ETS)?

* Why should anybody be interested in the
development of the ETS

* Who is doing the work?
 What is the current status of the ETS?
 What are the plans for the ETS?

215t Intl Conf on Numerical Simulation of Plasmas e 28




EFDA

European Fusion Development Agreement

EURATOM : KEY ACTION FUSION Associated Laboratories, parties to EFDA

All EU
Laboratories /
Institutions
working on
Fusion are
parties to
EFDA

Defined under
EURATOM
under
ontract of
ociations”

-10 ICNSP

Euratom - Belgian State
(Brussels) - (Mol)

Euratom - CEA
TORE SUPRA (Cadarache)

Euratom - CIEMAT
TJ-Il (Madrid)

Euratom - Conf. Suisse
TCV - SULTAN
(Lausanne) - (Villigen)

Euratom - DCU
(Dublin) - (Cork)

Euratom - ENEA
FTU - RFX
(Frascati) - (Milan) - (Padua)

Euratom - FOM
(Petten) - (Nieuwegein)

Euratom - FZJ
TEXTOR (Julich)

Euratom - FZK
TOSKA (Karlsruhe)

Euratom - Greece
(Athens) - (Heraklion) - (loannina)

| Associated countries belonging to EFDA

® JET Facilities JET-EFDA (abingdon)

® EFDA Garching

“%%
e
) 7

7 "
L:._,': 4) "

Euratom - HAS
(Budapest)

Euratom - IPP

Asdex Upgrade - Wendelstein 7-AS
Wendelstein 7-X

(Garching) - (Greifswald) - (Berlin)

Euratom - IPP.CR
CASTOR (Prague)

Euratom - IST
ISTTOK (Lisbon)

Euratom - Latvia
(Riga)

Euratom - MEC
(Bucharest)

Euratom - OAW

(Vienna) - (Graz) - (Innsbruck)

Euratom - RISQ
(Roskilde)

Euratom - TEKES

(Helsinki) - (Tampere) - (Lappeenranta)

Euratom - INRNE | Euratom - LEI
(Sofia) (Kaunas)

Euratom - CU
TOSKA (Bratislava)

Euratom - UKAEA
MAST - JET (Culham)

Euratom -VR
EXTRAP T2R (Stockholm) - (Lund)
(Gothenburg) - (Studsvik) - (Uppsala)

21st Intl Conf on Numerical Simulation of

Plasmas

D EUFORIA FP7-INFRASTRUCTURES-2007-1, Grant 211804

JG03.241-6c

e-infrastructure] e
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INTEGRATED TOKAMAK MODELLING 2009.10
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 EFDA Task Force on Integrated Tokamak Modelling

| ITM-TF charge J

« Co-ordinate the development of a coherent set of validated simulation
tools for ITER exploitation

« Benchmark these tools on existing tokamak experiments

* Provide a comprehensive simulation package for ITER and DEMO
plasmas.

« Coordinate the European Software developments with the aim to
increase quality and reduce parallel efforts. (Streamline the code base)

| ITM-TF Remit J

* Development of the necessary standardized software tools for
* interfacing code modules and
» accessing experimental data.

L Medium term activities J

« Support the development of ITER-relevant scenarios in current
experiments.

21st Intl Conf on Numerical Simulation of Plasmas 30
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2009-10

Experimental data base m
5 5 5 5

IMP1 IMP2 IMP4 IMP5
' N4 ™

Transport code and discharge evolution

Modeling data base

21st Intl Conf on Numerical Simulation of Plasmas Kalupin, 2008 31
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IMP5 1 |Mp5 MR A |\ P3 r‘ IMP-4r‘ IMP4 IMP2
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A 1mp3

ETS Workflow
(Conceptual
design)
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Resources in the ITM |
3 ITM manpower offer 2009 breakdown per association ICNSP
240 People committed for ITM in 2009 0<0.2 oo/
In a total 59.41 ppy (PS + BS) < PPRYIP
10 A . 0<0.5 ppy/p
15 34 People committed >0.5 ppy/p m>0.5 ppy/p
8 1 91 People committed <0.5 ppy/p
115 People committed <0.2 ppy/p
6 - _
4

.
6

2_
HH

0_ . L L
= o 2 X — o o a9 m
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- Code adaptation & i =
optimization

-Workflows

-Visualization "";j’“‘ e
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-
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Dar-al-Beida s
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Developing a new paradigm
for fusion computing

Scientific
Workflow

Visualization

21st Intl Conf on Numerical Simulation of
Plasmas & ?
Iy, EUFORIA FP7-INFRASTRUCTURES-2007-1, Grant 211804 A framt b wal—



Batch, GRID and HPC

Batch

GRID

HPC

Current usage
within the fusion

Extensive
«JET (339 cpus)

«Only at CIEMAT
« Starting to see some

« Extensive use of
national facilities

community « Most associations usage at Juelich « Extra-national usage
(IPP-TOK 400 « Plans for usage at via DEISA
cpus) IPP
- Gateway (128
cpus)

Main issue .Lack of more local | «Lack of knowledge « Difficult for Associations
preventing more cpus « Difficulties getting without strong national
usage certificates facilities

Currently being EUFORIA EUFORIA

addressed by

« has provided training

. also developing
facilities to launch
jobs from the
Gateway

. has provided training

- has worked on codes

HPC-FF starting August
1st

«HLST

nger term

?

IFERC computer (2012)

-10 ICNSP
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D LEUFORIA FP7-INFRASTRUCTURES-2007-1, Grant 211804
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‘ :VELOPMENT AGREEMENT i
INTEGRATED TOKAMAK MODELLING | O Utl I n%mo

* What is the European Transport Solver
(ETS)?

* Why should anybody be interested in the
development of the ETS

 Who is doing the work?
» What is the current status of the ETS?
 What are the plans for the ETS?

21st Intl Conf on Numerical Simulation of Plasmas
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What is the status of the ETS? |
- Currently running outside of « (Cases run
Kepler (as a fortran workflow) — All equations

~ Analytical test case With multiple ion species
e Method of Manufactured P P

Solutions [R. Stankiewicz et — Cylindrical

al., “Verification of the T idal (ci lar &
European Transport Solver for — Toroidal (circular

Transport Barrier”, poster on triangular)

Tuesda e .
Workilon d . Verification

« Equilibrium code — Against analytical results

- Transport coefficients from - Started
f’r'g:ﬁ'ﬁ]g%gﬁgggsrg"d“'es or — Against existing codes

- Source coefficients from the » Started against ASTRA
database » Others still to be added

© ETS o » Validation

« Simpler case running within _ Still to be started

Kepler
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“Progonka” Solver
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Solver scaling
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“Huysman’s Solver
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INTEGRATED TOKAMAK MODELLING 2009-10

“Progonka” Solver fonse
L2 Normed Residual for S=3, NRHO=1025
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Cylindrical Geometry

Temperature [eV]

eq_ets test: analytics

Analytical cases with eq_ets_test
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Figure 15: Cylindrical case, density profiles.
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Figure 16: Cylindrical case
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Cylindrical Geometry

CYLINDRICAL CYLINDRICAL
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Figure 37: Comparison of temperatures for convective heat multipliers of 0.0,
1.5 and 2.5.

Curves from ETS and ASTRA on top of each other
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Figure 41: Comparison of ion densities at 3, 10 and 50s. Figure 42: Comparison of ion and electron temperatures at 3, 10 and 50s.
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Figure 43: Comparison of %, total current and q at 3, 10 and 50s.
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Development status

Coding —
Checking the —

Coding

Verification and q

Benchmarking

Validation

This is an ongoing process --- every new piece of
physics/code/... requires verification/benchmarking
and validation
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EFDA Task Force

‘ :VELOPMENT AGREEMENT i
INTEGRATED TOKAMAK MODELLING | O Utl I n%mo

* What is the European Transport Solver
(ETS)?

* Why should anybody be interested in the
development of the ETS

 Who is doing the work?
 What is the current status of the ETS?
» What are the plans for the ETS?

21st Intl Conf on Numerical Simulation of Plasmas
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Present Plans

 End of 2009

— Present Fortran Workflows implemented in Kepler

« With additional physics modules
— Neutrals

— Impurities [I.M. lvanova-Stanik et al., “Verification and Benchmarking
of the Impurity Transport Solver”, Poster Session on Tuesday]

— Sawteeth
— Transport coefficients
— Heating and current drive sources

« 2010

— Free boundary equilibrium code (& feedback loops)
— Coupled to an edge code

« 2017: ETS successor with core kinetic profiles
(??7?7?)
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EFDA Task Force

EUROPEAN FUSION DEVELOPMENT AGREEMENT
INTEGRATED TOKAMAK MODELLING

Phase 1 Phase 0

Phase 2

IMP3

1d, fluid core

IMP1 IMP2 IMP4

201?: ETS Successor?

NBI Heating Modules

ICRH Heating Mo

dules

- CRH Heating Modules

2009-10
m NSP

IMP3

IMPS

NBI Heating Modules

U
1d. fluid core ¢ 92
/‘\. ICRH Heating Modules 522
58 °
IMP1 IMP2 | LIMP4 ECRH Heating Modules” 5
IMP?

IMP1

Kinetic Plasma Description

—

IMP2

IMP4

NBI Heating Modules

ICRH Heating Modules

- CRH Heating Modules

IMPS
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EUROPEAN FUSION DEVELOPMENT AGREEMENT S u m m a ry
09-10

INTEGRATED TOKAMAK MODELLING

IIIII

» Shown the development of the European
Transport Solver (ETS)

* The approach taken (fusion ontology, modular
components) is applicable to a much wider
range of problems, inside fusion as well as in
other areas

* The results should be a very flexible
framework for doing a wide range of
simulations, of which the outlined core
transport is just one example.
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EUROPEAN FUSION DEVELOPMENT AGREEMENT
INTEGRATED TOKAMAK MODELLING

Phase I (initial porting)

(A) porting to the ITM Gateway (runs on ITM
Gateway, compilers, libraries, etc.)

(B) completion of “grant of software license
and rights to the ITM-TF” procedure

(C) creation of a project under GForge and
code under subversion (on the ITM
Gateway or mirrored there)

Phase Il (preparation of stand-alone
module)

(D) conversion into a module using CPOs

(E) conversion of code specific input to XML

(F) creation of standalone wrapper for testing
(“test bed”)

(G) provision of standard test cases

(H) standardized build procedure (make)

(1) standardized test procedure

21st Intl Conf on Numerical Simulation of Plasmas

Code/module requirements/status
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Phase lll (preparation of Kepler actor)

(J) creation of a Kepler actor

(K) creation of a Kepler test workflow

(L) benchmark of Kepler module against
original version of code

(M) verification of Kepler module (code-code
benchmarks)

Phase IV (documentation)

(N) code documentation (for developers and
maintainers)

(O) user documentation (for users)

Phase V (release candidate cycle)

(P) validation by module author/responsible
officer

(Q) release candidate for Kepler module
(approved by Project Leader)

Phase VI (release cycle)

(R) validation by IMP

(S) release of Kepler module (approved by
Task Force leader)
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INTEGD TOKAMAK MODELL]NG Ac k n OWI ed g e m e n tgg_w

* Thanks go to

— ETS Team (WP09-ITM-IMP3-T1 & WP09-ITM-
IMP3-T2)

— The members of IMP3

— The members of ISIP

— The members of IMP1, IMP2, IMP4 & IMP5
— The members of the |TM

— The members of EUFORIA

* This work is very much a team effort!
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