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AToM: Advanced Tokamak Modeling
FES/ASCR SciDAC project: 9/2014-8/2017

« The goal of AToM is to enhance and extend predictive
modeling capabilities that currently exist within the US
magnetic fusion program.

* The approach is to support rather than subvert current
workflows, build new essential infrastructure, and guide
integration.

» The central philosophy is pragmatic: take a bottom-up
approach that leverages existing research activities and
collected wisdom embodied in legacy tools.

« Move organically toward a whole device modeling (WDM)
capability that broad community buy-in.

UC San Dleg(_) Holland/BOUT2015




AToM has seven research thrusts

1. Maintain OMFIT+IPS frameworks, provide wrappers
and streamlining

2. Create simulation workflows for core, pedestal, and
scrape-oft-layer
3. Develop workflows for experimental validation

4. Accelerate COGENT integration into AToM with
FASTMath

5. Carry out SUPER performance engineering of xGYRO/
NEO

6. Establish a data management scheme, provenance
and services

7. Provide user support and community outreach

UC San Dleg(_) Holland/BOUT2015




AToM couples OMFIT and IPS frameworks
OMFIT= user interface IPS = HPC scheduling
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AToM supports wide range of lightweight
and HPC-enabled components

OMFIT IPS COGENT CURRAY
DAKOTA EFIT EPED ESC
FASTRAN GATO GENRAY TSC

GYRO CGYRO NEO CORSICA
NIMROD NUBEAM NTCC library PRGEN

GLF23 TGLF TGYRO TORAY

TORIC M3D-C1 ONETWO TRANSP

LE3 NEO3D SURFMIN C2

BOUT++ AORSA TORBEAM SOLPS

HPC code,
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OMFIT centerpiece: tree data structure

OMFIT-tree is a hierarchical, self-descriptive data structure
that enables data exchange between different codes

« Collects data independent of origin/type

« Component content stored in a subtree

* No a priori decision of what is stored and how
« Codes communicate by referring to tree data

* Free-form equivalent to elusive fusion “statefile”

Like MDS+ or file system on your own laptop, data is stored
in the most natural form to accomplish a given task

UC San Dleg(_) Holland/BOUT2015




OMFIT provides GUI to explore tree,
execute Python commands

X| OMFIT - ITER Ipramp_161129 -

File Edit Plot Figures Help

(PID 30455 on venus5 ‘Commit 5f2c67b2a8 on branch unstable *)

-ﬂ Browser : [OMFIT[‘kineticEFIT_lSO0']['EFIT']['F]LES']['gEQDSK']

L

—_?]Console Clear ...| " Wrap ¥ Follow

_ : : : . -
View 1] View 2] Scratch] Command Box] Script Run] Main Settlngs] Notes] Termlnal] =
Al OMFIT Content Data type

< kineticEFIT_1500

< EFIT
< FILES OMFITtree
P snap FILE: efit_snap.dat_EFIT04 (960.0bytes) OMFITnamelist er
P kEQDSK FILE: k161129.01500 (28.8KB) OMFITnamelist ["SETTINGS']["REMOTE_SETUP']['tunn=1"]
P> gEQDSK FILE: g161129.01500 (312.5KB) OMFlTequk Moving files to save directory: /u/holland/analysis/ITER_Ipramp/161129
b aEOL FILE: 31611 15 1 7KB FlTe + +
NEQL FILE 1 5 = FIT | ABOVE IS WHAT YOU WERE DOING |
P SCRIPTS OMFITtree - -———t
P TEMPLATES OMFITtree
P PLOTS OMFITtree
b GuIs OMFITtree 7|
P IPs OMFITtree =] P
P SETTINGS FILE: SettingsNamelist.txt  (3.3KB) OMFITnamelist —
help FILE: help.txt  (1.6KB) OMFITascii _ ?/|Command box Execute| Clear| I~ Wrap :
) - OMFITmodule Namespace: |OMFIT -l
P> profiles OMFITmodule 1 ] + ]
> ONETWO OMFITmodule &l
> TRANSP OMFITmodule
> NEO OMFITmodule
P FILES OMFITtree
P PLOTS OMFITtree
> SCRIPTS OMFITtree
P GuIS OMFITtree
I SETTINGS FILE: SettingsNamelist.txt  (1.9KB) OMFITnamelist
manual ‘http: oogl m/document MFITwebLink
P> kineticEFIT_700 OMFITmodule
P> kineticEFIT_400 OMFITmodule
scratch OMFITtmp
commandBox OMFITnamespace
scriptsRun OMFITnamespace
P shotBookmarks shotBookmarks
P MainSettings OMFITmainSettings
ﬂ}Q = K I
Show: [ hidden [vtypes Project saved as: /u/holland/OMFITdata/projects/ITER_Ipramp_161129.zip Ln:1 Col:0
°
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OMFIT provides GUI to explore tree,
execute Python commands

X/ OMFIT - ITER_Ipramp_161129 - (PID 30455 on venus5 Commit 5f2c67b2a8 on branch unstable *)
File Edit Plot Figures Help

-ﬂ Browser : [OMFIT[‘kineticEFIT_l500']['EFIT']['FlLES']['gEQDSK'] '_l—_?] Console Clear...| [ Wrap ¥ Follow
View 1] View 2] Scratch] Command Box] Script Run] Main Settings] Notes] Terminal] [ 'BOUT++interface']['OUTRUTS' ]
Al OMFIT Content Data type ["BOUT++interface' ][ "SCRIPTS"]
< kineticEFIT 1500 ["BOUT++interface']["SCRIPTS' ][ "runBOUT++"]
< EFT : ['BOUT++interface' ][ "SCRIPTS' ][ 'runBOUT++core" ]
< FILES OMFITtree ['BOUT++interface' ] ["SCRIPTS' ][ ' fatchBOUT++"]
P snap FILE: efit_snap.dat_EFIT04 (960.0bytes) OMFITnamelist [ 'BOUT++interface']['GUIS"]
> kEQDSK FILE: k161129.01500 (28.8KB) OMFITnamelist ['BOUT++interface’ ] ["GUIS' ][ "BOUT++"]
< gEQDSK FILE: g161129.01500 (312.5KB) OMFITeqdsk ['BOUT++interface']['GUIS' ] ['BOUT++_Setup']
CASE [" EFITD'' 11/10''/2015 ''#161129'' 1500ms'‘iter# 2'] ndarray [ "BOUT++interface’ ] ["GUIS"]["BOUT++_Input’]
NW 129 int ["BOUT++interface" ] ["GUIS" ][ "BOUT++_Run']
NH 29 int ['BOUT++interface']['GUIS' ][ 'BOUT++_Plot']
RDIM 1.7 float ["BOUT++interface']['SETTINGS" ]
ZDIM 3.2 float class: ['BOUT++interface’]['SCRIPTS"]['BOUT++c
RCENTR 1.6955 float 7|
RLEFT 0.84 float KJJ
il\l\//IIJ-\DXIS ?.75467 ;:z:t _ﬂ Command box Execute| C|ear| [~ Wrap
ZMAXIS -0.0375813 float Namespace: [OMFIT
SIMAG -0.442825 float 1|+
SIBRY -0.11324 float 9
o BCENTR -2.00549 float
CURRENT 1.55841e+06 float
FPOL [ min:-3.57E+00 mean:-3.47E+00 max:-3.40E+00] (129) ndarray
PRES [ min:3.07E4+02 mean: 1.02E4+04 max: 3.10E4+04] (129) ndarray
FFPRIM [ min:-2.87E4+00 mean:-1.81E+00 max: 2.29E-01] (129) ndarray
PPRIME [ min:-3.336405 mean:-9.40E+04 max:-4.45E+04] (129) ndarray
PSIRZ [[ min:-4.43E-01 mean:-6.53E-02 max: 4.35E-01]]  (129x1: ndarray
QPsI [ min: 1.23E4+00 mean: 1.82E4+00 max: 6.63E+00] (129) ndarray
NBBBS 86 int
LIMITR 86 int
RBBBS [ min: 1.16E+00 mean: 1.68E+00 max: 2.30E+00] (86) ndarray
ZBBBS [ min:-1.19E4+00 mean:-1.13E-01 max: 8.77E-01 ] (86) ndarray
RLIM [ min: 1.00E4+00 mean: 1.41E+00 max: 2.38E+00] (86) ndarray
ZLIM [ min:-1.36E4+00 mean: 5.42E-01 max: 1.35E4+00] (86) ndarray
KVTOR 0 float
RVTOR 1.7 float
NMASS 100 float
DMION [ min:-6.33E-06 mean: 1.54E-04 max: 6.73E-04 ] (129) ndarray
RHOVN [ min: 0.00E+00 mean:5.91E-01 max: 1.00E+00] (129) ndarray
P AuxNamelist NamelistFile
7| P AuxQuantities SortedDict : <
Show: [ hidden [vtypes Project saved as: /u/holland/OMFITdata/projects/ITER_Ipramp_161129.zip Ln:1 Col:0
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OMFIT supports many common structure

and unstructured data formats

N\ Setup tree entry (GUIDED)

Entry location: 'OMFIT['kineticEFIT_1500']['EFIT']['FILES;']['gEIZLj'DE;K']

Entry value: |OMFITeqdsk("/tmp/holland/OMFIT/OMFIT_2015-12-17 09 11 _33/deflate_2015-12-17 09_

[ is string

" Modify original file

-

Int
None

" Float
" Linspace

" Complex
- Array

" Uncertainty
~ Matrix

Namelist
CcsvV

File

Python pickle

- NetCDF
" ASCll table
" ASClII file

~ IDL save
" INI config
" Directory

" IDL language
- MATLAB
~ Web link

EQDSK (g.a.m.,s)
ONETWO statefile
NIMROD

" GA code input
- ONETWO outone
" U-file

" TGYRO dir
" Osborne pFile
" TRANSP namelist

" Osborne profiles
" Kepler actor

MDS++ tree

" MDS+ value

" SQL database

" HARVEST dB

Python task

" Python GUI

" Python plot

" Python class

OMFIT tree

" OMFIT collection

" OMFIT module

- OMFIT project

UCSan Diego
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OMFIT has extensive documentation and
community buy-in

« http://gafusion.github.io/OMFIT-source/development.html
« Usage of OMFIT just on local GA system VENUS
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OMFIT has a BOUT++ module and GUI, but focused on basic
physics study of slab ITG + magnetic island (not elm-xx) module

« Module does support running on local machine, SDSC
Triton shared computing cluster, and NERSC

X| BOUT++interface GUI X| BOUT++interface GUI
Setup | Input | Run | EFe setup | input | Run | EFe
OMFIT['BOUT++interface']l['GUIS'I'BOUT++_Setup'] - OMFIT['BOUT++interface’]l['GUIS'I['BOUT++_Input] -
Change Cxx file 1= Global | comms | laplace | fft | ddx| ddy | ddz | solver | highbeta | all| U | P | Pe| J | vpe| phi| | =
NOUT = [100
Change INP file ‘ TMESTEP 2 01
Change GRID file ‘ archive = [20 1.8
=— wall_limit = [1.55
S e () | Shiftxderivs = True
Load Settings = |/Users/izacard/Github/BOUT-2.0/" Tree J Local ‘ Remote | d Twistshift = [True 1.6
shiftorder = |0
Clean INPUTS and OUTPUTS | et
a Mz = [17 al 414
ZPERIOD = [15
grid = ['cbm18_dens8.grid_nx68ny64.nc'
dump_format = ['nc' 41.2
restart_format = [nc'
StaggerGrids = [False
41.0
0.8
0.6
0.4
| 7]

UC Sal’l Dleg(_) Holland/BOUT2015 "




IPS : Multi-Level Parallelism

Individual “tasks” (physics executables) can be parallel.
Components can launch multiple tasks.

Multiple components can run concurrently.

1.
2.
3.
4.

Maximal resource utilization via hierarchical concurrency
Head Node

Multiple independent simulations can run concurrently.

IPS Framework

Simulation A Simulation B

Comp 2 Comp 3 Driver Comp 2 Comp 3 Driver

MPI task M MPI task

Batch Allocation — compute nodes

UCSan Diego .




OMFIT has GUI Interface to IPS

e Two IPS
modules:

1. IPScore:
manage IPS
configuration
and execution

2. IPSworkflow:
extract workflow
from existing IPS
simulation

UCSan Diego

T IPSworkflow GUI
File Edit Plot Figures Helf EQ [escl| EC [toray]| IC [curray]| NB [nubeam] | ite)
*ﬂ Browser : (OMFIT['IPSwork] (G ‘ Execution | X ) X =
- — Beam #1 | #2 | #3| #4| #5| #6| #7| #8| #9| #10| #11| #12| #13| #14| =
View 1 ‘ View 2 | Scratch ] Con
Al OMFIT Co«current beam
< IPSworkflow A of injected ion species [AMU] = |2.0
[> IPScore Z of injected ion species [AMU] = \1.0
B INPUTS Beam voltages [keV] = (0.0
OUTPUTS Beam powers [MW] = (0.0
[» SCRIPTS Fraction of beam current at full energy = ‘1,0
PLOTS Fraction of beam current at half energy = ‘0.0
> GUIS lon source grid shape = |rectangu|ar -
— COMPONENTS Source grid half width [cm] = ‘6,0
I> fastran_init Source grid half height [cm] = [24.0
» fastran_driver Shape of main aperture to vacuum vessel = |rectangular =
esc Aperture half width [em] = \8_8
> toray Aperture half height [em] = ‘240
) curray Tangency major radius [m] = ‘1,14
> nubeam Distance of beam source grid to tangency point [m] = [8.027
> fastran_solver Elevation of center of beam source from midplane [m] = ‘0.0
P e EE Distance of source grid to aperture [m] = |1.861
[» SETTINGS . . q
Elevation of beam centerline at aperture from midplane [m] = \0.0
help Horizontal divergence of beam [deg] = ‘0_5
I> main_config X .
Vertical divergence of beam [deg]l = ‘13
scratch X
Horizontal focal length of beam [m] = ‘10,0
commandBox i
_ . Vertical focal length of beam [m] = ‘le+30
I» scriptsRun
b el Run IPS on server = |edison -l
b MainSettings walltime = ['1:00:00’
queue = "regular'
mppwidth = "auto'
] See job on SWIM portal |
=
Show: [ hidden I types Execute IPS workflow and fetch results | -
Holland/BOUT2015 13




DAKOTA toolkit implemented in IPS

e DAKOTA toolkit —
from SNL
o Toolkit for design DAKOTA Bridge
optimization, < " em;s.me,
parameter estimation, oim, sim,

UQ, sensitivit 220 eeeeoo(eeeeb00

» = y ooooooo 0008000

analysis, .. J0 9000000000000

e |[PS-DAKOTA integration

o Single IPS framework instance
o Manage many, dynamically created DAKOTA (coupled)
simulations.

e ATOM use cases, so far these are simple parameter
scans ...

o Core-pedestal coupling (IPS-EPED).
o TGLF ITER calibration (IPS-GYRO).

UCSan Diego 1




Most common OMFIT workflow:
Kinetic equilibrium reconstruction

TSI TToT T 1e2 Pressure
T bRk Kinetic eqmllbrlfjm Lol T recomstroction
equilibrium reconstruction ' .
et 0.8l { Constraint
' - - Fastions
g 06|
0
= Profiles fitting = g4l
5 -
= ZIPFIT, GAprofiles - ' AN
& ELMprofiles 2. 0.2 T~
& 5 0.0 ‘ —
Current density

Current evolution Free boundary -
and sources equilibrium 15 Neoclassical
ONETWO EFIT — bootstrap
7 . ~ 1.0 \
Ola/ Pressyre & c\,\“e(\ O:I §
~ =
Neoclassical $ 0.5 < MSE 4
transport
NEO 0.0 ‘

S

N
o

0.8 1.0

#145419 2600ms

0.0 0.2 0'4,00'6

N

____________________________________
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Most common OMFIT workflow:
Kinetic equilibrium reconstruction

____________________________________

____________________________________

UCSan Diego

|
[ Free boundary Kinetic eqmllbrlum
i equilibrium reconstruction
| EFIT based on TRANSP
|
l
|
| £ Profiles fitting
: = ZIPFIT, GAprofiles

= <«
I g o 2
| (] =
| & e
. : 5
o
(@ 2
| Profiles evolution Free boundary
| and sources equilibrium
: TRANSP EFIT
|
|
: Neoclassical o =

a ssuU

| transport CUrrert and €6
| NEO
N 4
|
|
|
I

[k Pal)
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Significant ongoing working to develop improved
experimental profile fitting routines for OMFIT

« Many institutions have no standardized fitting tools:
homebrewed tools from user to user, group to group

 Historically tools have focused on core fitting at expense
of edge or vice-versa
— Which diagnostics can be used, constraints apply, data filtering,
functional forms used, etc.
* New effort aims to combine best aspects of existing tools
iInto new machine-independent, python-based toolset

— Incorporates various polynomial, spline, picewise linear scale
length, and Gaussian process fit forms

— Mapping and interpolation of data onto uniform timebases
— Fit either as series of 1D timeslices or direct 2D (R,time)

— Built upon generic freely available Python modules including
uncertainty tracking

UC San Dleg(_) Holland/BOUT2015




AToM workflows for steady-state core transport
predictions build upon kinetic equilibrium workflow

_— e e e e e e e e e -

. Steady-state transport modeling

—_— e e e e e e e e e e e e e e e e -

N NI e e —

Current evolution Fixed boundary
and sources equilibrium
ONETWO EFIT

\ I 4 . N\
ITER steady state scenario model - Profiles evolution
Fixed bound L TGYRO
ixed boundary o
equilibrium e NBImodel || I“’b“'e“tt
ESC b ranspor
7 o NiBEAM Yy, | TGLF (possibly GYRO)
I | NG J
e R C ., | e ] N
Current relaxation Ech;IR?E(/:ﬁAeI o Neoclassical
and transport \ Yy ) transport .
FASTRAN v o /1L NEO ) \&
IC model o & 2
Turbulent [ CURRAY ] o /—\ 3
transport o
TGLF — o

Holland/BOUT2015
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AToM core transport model validation workflow
also builds upon kinetic equilibrium workflow

___________________________________

Kinetic Equilibrium Reconstruction
See Fig.2 for details

 Ensemble Statistics
: DAKOTA

I I
I I
| :
L N — :
' | Free boundary Profiles fitting Experimental :
1 oge . h—lf
, equilibrium ZIPFIT, GAprofiles . data :
! EFIT | ELMprofiles I DIlI-D :
w T I o |
' | Current evolution Neoclassical i *8‘ © :
! and sources transport ! 55 :
: ONETWO NEO , g% |
N AN i 4 |
‘o e e e ! 1
ope . I . ° I
Equilibrium | Validation :
________________ "i”_d_P_“jﬁ_"’;S_ o | Metrics :
. Self-consistent Transport Prediction | ! o o !
| | = 5
' See Fig.3 for details : | TR 2
! e Profiles evolution | ! £25
] = |
I TGYRO ! : -
([ F 1 Turbul | : |
' | Fixed boundary urbulent . | ,
oge . | |
! equilibrium transport o :
i EFIT TGLF, GYRO ] urbulence | !
AN N\ J| | structure |
w ] s N i
' | Current evolution Neoclassical :
: and sources transport :
! ONETWO NEO .
P 7 & J

Holland/BOUT2015
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Example: testing predictions of TGLF transport for
a DIII-D ITER baseline discharge

» Discharge has similar shape to ITER, low torque, and
dominant electron heating

; ; ‘ 4.0 ; ; ; ‘
19, -3 — expt. i — expt.
TRl n. (107m™") --+ TGLF ppp=0.75 3358 T; (keV) --+ TGLF pp=0.75
---------- TGLF p,p=0385 || 3-2f R TGLF pp=0.85 ||
[ g |
_______
Y & 4
=~ & 24 r ~~~[ q
Sies ~~‘.;_.
Keig
1.6} L. |
ITPA offset: [-0.01, 0.02] ITPA offset: [0.02, 0.06]
0.8} |
ITPA error: [0.05, 0.05] qg<l1 ITPA error: [0.04, 0.07]
g<l
. . . . 0.0 . . . .
‘ 4.0
V.., (km/s) |
3.2
1=
1 24}
§.'~
Q~~
A
L | 1.6} & 1
ITPA offset: [-0.00, 0.06] e
0.8} |
| ] ITPA error: [0.04, 0.07]
153523 3700 ms
L . . . 0 153523 3700 ms ) ) ‘
0.0 0.2 0.4 0.6 0.8 1.0 %90 0.2 0.4 0.6 0.8 1.0
ptor ptor

UC Sal’l Dleg(_) Holland/BOUT2015 50




Implement an IPS-EPED1 workflow to
enable fast pedestal structure prediction

« Parametric variations of f to
find achievable stable

pedestal

« 93 TOQ equilibria,

651 ELITE
runs:

~ 20 min
on 651
cores

at NERSC

UCSan Diego

4 I
Pedestal structure
IPS EPED1

Model equilibria
+ pedestal profiles

TOQ w/KBM constraint

v

Peeling-ballooning
MHD stability
ELITE
N 7

2.0

1.0

0.0

EPED1 pedestal st

ability analysis

— | |
= |
n=8
n=10
n=15
— n=20
— n=30
unstable
stable V ]
5
=
e [ M
03 0.6 3 09 1.2
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IPS-EPED1 workflow reproduces [Snyder:2009] validation

results in 1.5 hours at

NERSC on 3600 cores vs. 1 week on
GA workstation

e —— — — — — —— — — ——

EPED validation
(IPS)

Dakota
Parametric scan

-
Pedestal structure
IPS EPED1

Model equilibria
+ pedestal profiles
l

TOQ w/KBM constraint

Peeling- baIIoonlng

MHD stability
ELITE

- e e e e e e e e e e e e e e e e e . — — — — — — — — —

UCSan Dieg(_)

Regression: 1.051 +-0.232
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New AToM workflow enables self-consistently coupled
equilibrium, core transport, and edge stability calculations

Enabled by separation of
transport, MHD, and
current diffusion timescales

____________________________________

Core-pedestal transport modeling

E OMFIT
Ve A s N !
! Core profiles Pedestal structure ||
TGYRO IPS EPED1
e ——(
Turbulent Model equilibria ||,
transport + pedestal profiles ||
TGLF — || TOQ w/KBM constraint ||,
& J \_ Al
< N e N[
Neoclassical Peeling-ballooning |
transport MHD stability
, NEO ELITE
S ‘ ) N\
~ 40 mins

EFIT

E Current evolution Closed boundary i
: and sources equilibrium :

ONETWO

\

UCSan Diego

AXIS CORE NML PED

z = -d(In T.)/dx

8.0 0.2 0.4 0.6 0.8 Lo
P
Describe profiles in terms of piecewise linear
inverse scale length profiles z with small
number of radial nodes

Approach inspired by ability of linear scale-
length fitting to capture experimental trends

Holland/BOUT2015
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New AToM workflow enables self-consistently coupled
equilibrium, core transport, and edge stability calculations

Enabled by separation of
transport, MHD, and
current diffusion timescales

____________________________________

Core-pedestal transport modeling

J

z=-d(In:T,)/dx
& 10 |
-
|
z|\|2
I 0.2 0.4 0.6 0.8 1.0

OMFIT
P
. Core profiles Pedestal structure ||
: TGYRO IPS EPED1
1% e ——(
: Turbulent Model equilibria ||,
. transport + pedestal profiles ||
: TGLF TOQ w/KBM constraint ||,
1 \§ J o il
o N e N[
' Neoclassical Peeling-ballooning
transport MHD stability
, NEO ELITE
S ) N\
~ 40 mins
Current evolution Closed boundary |
: and sources equilibrium :
ONETWO EFIT

UCSan Diego

AXIS CORE NML PED

Four radial zones:

« AXIS: zlinearly to zero from CORE

« CORE: local GK or GF model

« NML.: linear interp. of zfrom CORE to PED
 PED: z from pedestal structure model

Holland/BOUT2015 24



Apply workflow to DIII-D ITER baseline case

UCSan Diego

Inputs are plasma shape, B+,
fixed J,,(r) and V., (r), Z,

1t

4l

3t
sources, N .4, and guess for By = |

Holland/BOUT2015

AXIS CORE NML PED
" Electron temperature
lon temperature
%10 ‘
Electron density
. Pedestal density input to EPED
0.25 0.50 0.75 1.00
1% DIII-D #153523 3745ms
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Apply workflow to DIII-D ITER baseline case

AXIS CORE NML PED
" Electron temperature

* Inputs are plasma shape, B,
fixed J,,(r) and V., (r), Z,
sources, N, ,.4, and guess for By =

2k 1
14\
« Start with EPED profile, 0 ; ;

lon temberature
BN =0.75 BN,exp 4t

4l

3

0 x10%°

EIectroH density

21 mmm EPED (75% fy.y,)
. Pedestal density input to EPED

0.25 0.50 0.75 1.00

o 1% DIII-D #153523 3745ms
UC Sal’l DlegO Holland/BOUT2015 e




Apply workflow to DIII-D ITER baseline case

AXIS CORE NML  PED
. InputS are plasma Shape, BT5 . Electron temperature
fixed J,,(r) and V., (r), Z, )l |
Sources, N ,qq, and guess for By = | |
1&
« Start with EPED profile, 0 R —— ;
on temperature
BN =0.75 BN,exp 4r
3L
: =
« Then TGYRO-TGLF to predict 2|
CORE+AXIS profiles and new By, |
and iterate... ox10% ‘
Electron density
6l |
E A \\
™= EPED+TGYRO
21 mmm EPED (75% fy.,) \
. Pedestal density input to EPED
0

0.25 0.50 0.75 1.00
DIII-D #153523 3745ms
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Apply workflow to DIII-D ITER baseline case

AXIS CORE NML PED
o Inputs are plasma shape, BT! . Electron temperature
fixed J,,(r) and V., (r), Z, Al |
sources, N .4, and guess for By = | H\‘\_\-\ |
14\; ]
« Start with EPED profile, 0 — ; \
on temperature

BN =0.75 BN,exp 4r

3L ,
. =
« Then TGYRO-TGLF to predict 2 2_\-\_\ |
CORE+AXIS profiles and new B, 1\ |
and iterate... o x10% | | | \
" Electron density
6l
— ‘m&-\ ~
=4 - \.\
™= EPED+TGYRO

21 mmm EPED (75% fy.,) N
. Pedestal density input to EPED !

0

0.25 0.50 0.75 1.00
DIII-D #153523 3745ms
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Apply workflow to DIII-D ITER baseline case

AXIS CORE NML PED
o Inputs are plasma Shape, BT1 . Electron temperature
fixed J,,(r) and V., (r), Z, .
sources, N .4, and guess for By = |
1l
« Start with EPED profile, 0 —
on temperature
Bn=0.75 By exp 41
3k
. =
« Then TGYRO-TGLF to predict Sl
CORE+AXIS profiles and new By, |
and iterate... o Lx10® |
Electron density
&
™= EPED+TGYRO
21 mmm EPED (75% fy.,)
. Pedestal density input to EPED
0

0.25 0.50 0.75 1.00
p DIII-D #153523 3745ms
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Apply workflow to DIII-D ITER baseline case

AXIS CORE NML  PED

o Inputs are plasma shape, BT’ 7 " Electron temperature
fixed J,,(r) and V., (r), Z, N
sources, N, g, and guess for By = _

« Start with EPED profile, 0
BN =0.75 BN,exp 4t

« Then TGYRO-TGLF to predict
CORE+AXIS profiles and new B,
and iterate...

lon temperature

I 11 Electron density

« Compare results against expt. —
data £

' T T Experiment
™= EPED+TGYRO

21 mmm EPED (75% fy.,)

. Pedestal density input to EPED

0.25 0.50 0.75 1.00

o 1% DIlI-D #153523 3745
UC Sal’l DlegO Holland/BOUT2015 0




Next step: extend beyond separatrix by developing
a self-consistent core-pedestal-SOL model

' Core-pedestal-edge transport modeling | «

OMFIT
e N !
Core profiles Pedestal structure | |
TGYRO IPS EPED2

h 4 A I
Turbulent <«—| Model equilibria ||
transport + pedestal profiles || .
| TGLF TOQ w/KBM constraint || |
A J - |
s ) s | !
Neoclassical Peeling-ballooning||

transport MHD stability
. NEO ELITE .
NS ) NS ) !

'| Current evolution Reduced i
l and sources SOL transport | |
: ONETWO 2-point model

Closed boundary / |
equilibrium x
EFIT I

UCSan Diego

Extend EPED1 to predict pedestal
structure based on n, ;, and T,

e,sep
rather than n, .4

|
PED! \ESEP

— Can we use ETG critical
gradient model?

— Something else needed?

Start with a simple 2-point SOL

model to estimate n, ,,and T, ..,

Holland/BOUT2015



Longer term: replace 2-point model with
SOLPS+COGENT+BOUT++

" Core-pedestal-edge transport modeling

EFIT

Closed boundary /

equilibrium

| OMFIT

| N e

. Core profiles Pedestal structure

| TGYRO IPS EPED2

| s —

. Turbulent «—| Model equilibria

. transport + pedestal profiles

I TGLF TOQ w/KBM constraint
1AL J - J
s a s B
| Neoclassical Peeling-ballooning

: transport MHD stability

. NEO ELITE

NS % \S )
| A

' | Current evolution SOL transport

: and sources and neutrals

| ONETWO SOLPS or IPS

~N

c . /)
Non-linear fluid
edge transport

BOUT++
J
. . \
Axisymmetric
kinetic edge
COGENT
N J

UCSan Diego

Holland/BOUT2015

= w— Edge

TN

(C2, SOLPS, etc)

Pedestal
(IPS-EPED)
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Longer term: replace 2-point model with
SOLPS+COGENT+BOUT++

" Core-pedestal-edge transport modeling

| OMFIT | |

l Core profiles ) ([ Pedestal structure || -

: TGYRO IPS EPED2 . | BOUT++ and COGENT provide

| ) e

| ofe . : , t
| Turbulent «—| Model equilibria | tra nsport COEfﬁCIEﬂtS, etc)
| transport + pedestal profiles || | . . .

o meE | Toowkemconstraint | | kinetic sources and sinks to SOL

s ™ s | |

| Neoclassical Peeling-ballooning ! transport COde (SOLPS CZI "')

| transport MHD stability N ity AR

| NEO ELITE - N iy

NS = & 7 Non-linear fluid |, g

| 4 edge transport || I\

' | Current evolution SOL transport BOUT++ |

| and sources and neutrals > < l

ONETWO SOLPS or IPS Axisymmetric i

| kinetic edge | i

| Closed boundary COGENT . i

| equilibrium ~ g i Pedestal
| A N (IPS-EPED)
N PR Ve

UC Sal’l Dleg(_) Holland/BOUT2015 .




COGENT module structure

COGENT code

+ Full-F gyro-kinetic equation coupled to the long wavelength gyro-Poisson
equation in a divertor geometry. Presently 4D (axisymmetric), 5D in progress

4th order finite-volume discretization combined with the mapped
multiblock approach to handle the X point with high accuracy

@MFIT

COGENT module

manages workflow:

s

.

4

L

COGENT

e

2@

~
N

COGENT grid ] [ Initial plasma state ] [Anomalous transport (BOUT)]

Neutral model (EUDGE)

N

]

l EEIT I Hypnotoad [ X-point
\ rid generator handling code

Fusion

ATeM

Energy L
\_Sciences



Creating COGENT grid (Already in OMFIT)

Hypnotoad: A field-aligned structured mesh generator
Developer: B.D.Dudson (University of York)
Publically available on github / used by the BOUT community Step 1 (done)

Read G-EQDSK I IZSaued state to /global/project/projectdirs/atom/users/mdorf/Hypnotoa Run HypnOTOOd

Read boundary I ® Iﬂpr.’ EFIT g-fl/eS

Radial points: B » Output: grid cell-centers /
magnetic field data
Poloidal pointsy I:S4

Ihner psi: I:ﬂ.BUUOOO
Outer psi I;{l.lO(JOO
Sep, packings I}l

Curvature method

Step 2 (done)

Run the Hypnotoad -based

grid postprocessor

* Output: COGENT-sfructured
grid vertices

Cylindrical+interpol LI

- Strict boundaries

Step 3 (in progress)
Run the grid-smoothing tool

A Simplify boundary
J7 Single radial grid

I” Smooth pressure

*  Manual (developed)
* Automatic (in progress)

Generate mesh

Nonorthogonal mesh

Detailed settings

Plot to file

Save state

|
|
|
Output. mesh |
|
|
Restore state |

AToM 3 (g

Sciences

(de-aligns grid near the X-point)



COGENT module GUI (screen shot)

N UMK - GUGENI - (PIU 18450 on edisonUs Gommit 1813662 /T on branch unstable )
File Edit Plot Figures Help N\ COGENT Main GUI
= I
Slemar: oo oot | [ e, < oo
- il
View 1 l Viewz] Scratch] Command Box] Script Rl = | atline 53 A
- ST EFIT subGUI
u EFIT grid size = [65x65 ] process
[ SCRIPTS Operation: = |Generate g-file from SMAF file ﬂ
PLOTS rreport...
- GUIS OMFITLEFIT I GUISI[SNAPgui']
mainGUI ESNUEIEINE (| | 0ad SNAP file from = ‘ ﬂ d
mainGUI_filepicker FILE: mainGUI.p
o ma|jf3}JItabbed FILE: rtnamGUI.;: RE DOING |
b SETTINGS FILE: SeftingsMiN: g153523.03745 - GEQ file, at [G-EQDSK]
> MACHINES
b FILES Run Hypnotoad | o
QUT: coefiicients] - Coefficient file, at [COGENT_Coefficients’] A
scratch ] ) ) |
commandBox i OUT: hypnotoad.idl - hypnotoad state file, at [hypnotoad_state’]
S e| Clear| ¥ Wrap
scriptsRun . . . ~
N 9 IM: coefficients1 - Coefficient file, at [COGENT_Coefficients’] J
shotBookmarks = x
[> MainSettings IN: hypnotoad.idl - hypnotoad state file, at [hypnotoad_state]
Run grid post-processing 'COGENT _parms'] ['simulation.verbosity']) I
ITs'] ['definitions'l))
QUT: DCT_coefficients.txt - Nodal coefficient file, at [nodal_COGEMNT_Coefficients’] ['definitions'].originalFilename)
. . _ . . ) 'nodal_grid'l)
QUT: COGENT_mapping.txt - Nodal Grid file, at ['nodal_grid] 'hnodal grid'] .originalFilename)
IN: DCT_coefiicients.txt - Modal coefficient file, at [nodal_COGENT_Coefficients]
IN: COGENT_mapping.txt - Nodal Grid file, at ['nodal_grid]
Run Fix_X
QUT: fixed_nodal_grid.txt - Fixed Nodal Grid file, at [fixed_nodal_grid]
IN: DCT_coefiicients.txt - Modal coefficient file, at [nodal_COGENT_Coefficients] -

IN: fixed_nodal_grid.txt - Fixed Nodal Grid file, at [fixed_nodal_grid]
Job Server = |edison

Submit COGENT Job

Monitor Job

) ST

OUT: COGENT_FLOTS - Plot files directory, at [plot_files_dir]

AT:M 4 =

\_Sciences




Running COGENT for the AToM show case:
lon orbit loss test

No Collisions

» Density depletes in
SOL

* Magnetic-bottle effect

leads to residual particle =~ .01
accumulation in SOL g
N
* Loss-cones are 0.5
formed

Distribution function

°
4

o
B
o

§
I

Velocity space

o
o

o
°

~1.2 cm inside the LCFS

Magnetic moment .

-3.0 -2.0 -1.0 0.0 1.0 2.0

Parallel velocity

Density, n/n,

time=1.4 ms
T,=500 eV

ne = 3x101 m38/

outboard mid-plane 1.01.21.41.6 1.8 2.0 2.2

R (m)

* Magnetic bottles in

* Loss-cones are
repopulated by collisions

o
g

o
B
1]

[
N
N

e
=

o
o

Full nonlinear FP collisions
Density, n/n,

time=1.4 ms

SOL are emptied out ' .0- T,=500 eV

Magnetic moment .

Ny = 3x101 m=3

Distribution function

Velocity space
outboard mid-plane
~1.2 cm inside the LCFS

T T T T T T T
1.01.21.41.6 1.8 2.0 2.2
R (m)

-3.0 -2.0 -1.0 0.0 1.0 2.0
Parallel velocity

Fusion

ATV

Energy
\_Sciences



NIMROD module available, building workflows for remote
code execution, data analysis, archiving at NERSC

View 1 | View 2 | Scratch | Command Box | scriptsRun | Main Settings | Notes | Terminal |
- Content

- FILES

FILE: nimrod.in  {1.8KB)

[» input_fluxgrid FILE: fluxgrid.in  {739.0bytes)

[+ input FILE: 915352 74C 16.4KB)
input_kprad

[» input_nimrod

drawdummy FILE: drawdummy.in  (0.0bytes)

[> input_aux
[» outputs_nimplot

[» outputs_nimrod

[» dump_files
nimfl_batch_script FILE: run_nimfl (191.0bytes)
[+ input_nimfl FILE: nimflin  (485.0bytes)
nimrod_batch_script FILE: run.nimrod  (277.0bytes)
dvac 1
[» SCRIPTS
— PLOTS
AllDischarge FILE: plotAllDischarge.py  (196.0bytes)
AllEnergy FILE: plotAllEnergy.py  (930.0bytes)
«yOMprofiles FILE: xyOMprofiles.py  (2.BKB)
AllNimhist FILE: plotAllNimhist.py  (196.0bytes)
I GUIS
[» STORED_RUNS
[» SETTINGS FILE: SettingsNamelist.txt  {2.2KB)
license FILE: UserAgreement.txt  (2.0KB)

help.txt (439.0bytes)

scratch
commandBox

riptsRun

Run | Regressicn cases M

nimplot | nimi || Store/Restore I ()

om| Nimred install root (unseml=
oM| Nimred executable name (on server) =
owm| Storage directory (on server) = ['/scratchl/scratc hdirsfizzo/OMFIT/NIMROD runs/"
1| Run D = 'wdm15n6’

oM The run simulation directory is: fscratchlfscratc [OMFIT/NIMRODT 15n6/casel
om Store dump files where? = |§turage directory |
OM|  nimred.in = |/dir_2014-12-04_14:50:57_148867/nimrod.in'  Tree Local Remote
oM fluxgridin = [dir 2014-12-04 _14:51:25_632743/fluxgrid.in’ Tree Local Remote
oM efit gfile = |kshnwdatafmudified_EFIT}g153513 03745_mod' = Tree Local Remote
owm| Additional input files? # = |1
OM|  auxiliary input 1 = |'density_profile’ Tree Local Remote
OM deploy auxiliary input 1 as = [‘density_profile’
OM|  Use auxiliary input 1 to run: = [nimset -
flog Run NIMSET |
oM
om restart step = '00217'

Run job 9 |with batch script using gsub 3) |
oM
o batch script = |'run.nimrod’ Tree Local Remote
oM Submit NIMROD job + monitor + fetch |

% OMFIT - wmd 2015 workshop - (PID 20837 on venusd 'Commit 47ffa2e554 on branch valizzo™) - 0O X

File Edit Plot Help J

-ﬂ Browser: |0MFIT['I'\II'\"\RDD']['FILES'][‘:LI|:-LI; nimset'] =) @ NIMROD GUI x
4] |

OMFITpythonTask

- OMFr
-- OMFI
-- OMFI

Figure 3

16

Figure 2

08

0.0

—08

UCSan Diego

log(Magnetic Energy [J1)

0.016 0.024
] Time [ms]
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16 2.0 24 28
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Other BOUT++ opportunities

* Verification and Validation

— Ability to execute and analyze multiple codes across different local and
remote platforms along with experimental data at multiple machines

« Help extend pedestal models to predict rotation at top of pedestal

— Big issue for predicting ITER/reactor plasmas- any hope of getting better
performance from rotation

* Long term AToM goal: incorporate ELM dynamics into time-
dependent predictive integrated modeling
— How does this work? What would it look like?

* |ntermediate-scale core turbulence model

— Replace GYRO or TGLF instances with set of 3+1 BOUT++ gyrofluid runs
— Investigate multiscale ITG/ETG?

— Develop ETG subgrid models? Overlaps with edge needs

UC San Dleg(_) Holland/BOUT2015




