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TRANSP and PTRANSP at PPPL:
Status and Plans

JP1.00125 Abstract

D. McCune, R. Andre, E. Feibush, K. Indireshkumar, S. Jardin, L. P. Ku, C. Ludescher-
Furth, L. Randerson, PPPL — The PPPL TRANSP code suite is a set of tools for time
dependent simulation of tokamak plasmas. The entire system consists of over a million
lines of fortran-77, fortran-90, C, and C++ code. Although pieces of the code are over
25 years old, the code has been continually upgraded and modernized, now
representing over 60 man-years of labor invested. TRANSP now runs as a service on
the Fusion Grid, supporting plasma physics research groups around the world. In this
poster, status and plans for TRANSP and associated predictive modeling upgrades
(PTRANSP) are summarized. Recent TRANSP code development highlights include:
(a) deployment of TRANSP heating modules (NUBEAM and TORIC) as MPI-parallel
services, and (b) deployment of the entire TRANSP code as a service supporting
separate free boundary predictive simulation of ITER and other future experiments. A
summary of recent TRANSP utilization is presented, along with plans for future
development of all aspects of the code. Posters covering TRANSP-related topics in
greater detail are cross referenced.

Work Supported by US DOE Contract DE-AC02-76CH03073
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TRANSP: Vision Statement

Provide a comprehensive
end-to-end modeling
capability for magnetic
confinement fusion energy
experiments of today and
tomorrow.
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TRANSP Overview

Experiments (Asdex-U, C-Maod, DIII-D,

— VER, JET, KSTAR, MAST, NSTX)
/ Preliminary data

Diagnostic

MDS+

Analysis and

\ 4

Hardware

Pre- and Post-processing

at the experimental site... MDS+ /

Visualization

Preparation
(largely automated)

20-50 signals {f(t), f(x,t)}
Plasma position, Shape,
Temperatures, Densities
Field, Current, RF and
Beam Injected Powers.

Experiment simulation

Load Relational
Databases

e

Output Database
_ ~1000-2000 signals

{f(0), f(x,0}

A\

Detailed (3d) time-slice physics
simulations: GS2, ORBIT, M3D...
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TRANSP Analysis*:
Current diffusion, MHD

equilibrium, fast ions,

heating, current drive;
power, particle and
momentum balance.

*FusionGrid TRANSP
on PPPL servers
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Poster Session JP1: Tuesday pm

e PPPL:

« JP1.00121 — (This presentation)

* JP1.00122 — Web Interfaces to Fusion Codes

* JP1.00123 — Progress and Plans for Free Boundary PTRANSP

* JP1.00124 — XTranspin, a Visual Data Input Utility for TRANSP

« JP1.00125 — Status of TRANSP Parallel Services

* JP1.00129 — New MHD Equilibrium Solver options in TRANSP

e Lehigh U.:

« JP1.00126 — Progress in Verification & Validation of PTRANSP

« JP1.00127 — PTRANSP ITER Simulations using PEDESTAL module
* JP1.00128 — Comparison of Anomalous Transport Models

e General Atomics:

* JP1.00130 — Development of Transport Solvers for Stiff Systems
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Contents of Presentation

 Programmatic Information.
 Run Production Statistics.
 Recent Examples of TRANSP Utilization.

« Status of Code Development Efforts:
— Client Software
— Parallelization of Heating Modules.
— MHD Equilibrium Reconstruction.
— Predictive Upgrades.

e Future Plans
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PPPL TRANSP Funding

 Experimental Projects: ~3.3 FTE
— NSTX (60%), DIII-D (25%), JET, C-Mod.

— Covers: production system, client software
development, physics development.

e ScIDAC FusionGrid: terminated in FYO06.
e PTRANSP: currently up for renewal.

 SCIDAC Fusion Simulation Project (FSP).
— SWIM, CPES, FACETS
— Some degree of synergy with TRANSP effort.
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TRANSP Developers and Users

« PPPL TRANSP team: ||¢ User Sites:

— Robert Andre — Culham (MAST)

— Eliot Feibush — GA (DllI-D)

— Kumar Indireshkumar — HL2A (China)

— Jae-Min Kwon* — IPP (Asdex-U)

— Long-Poe Ku** — JET

— Christiane Ludescher — MIT (C-Mod)

— Doug McCune — PPPL (NSTX)

— Lew Randerson — PPPL
(Collaborations)

., = *new via KSTAR/KBSI **new via PTRANSP & FSP
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PPPL TRANSP Run Production

3000+
2500+
2000-
1500+
1000+

500+
0 _‘

Completed Runs

O FY-2005
M FY-2006
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PPPL TRANSP Run Statistics

FY-2006: Oct. 1 2005 — Sep. 30 2006: Total of 2777 runs.

0 Asdex-U (30)
B C-Mod (459)
M DIII-D (500)
E HL2A (29)

M ITER (30)

B JET (51)

W JT60 (3)

0 MAST (284)
B NSTX (1391)

In addition, approximately 700 JET runs and an unknown number of MAST
runs executed on the TRANSP “mirror” server at JET.
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Examples of TRANSP Use

 APS Invited Talk

— GI1.00005: Tuesday, 11:30 am

—J. Degrassie, “Intrinsic Rotation in DIII-D”
* Physics of Plasmas (to appear in Nov.)

— “Prompt Toroidal Momentum Balance with
Collisionless NBI Torgue in DIII-D”

—J. Degrassie, R. Groebner, K. Burrell
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NSTX

TRANSP
Example:
S. Medley
QP1.00017

TRANSP Uses Anomalous Fast lon Diffusion (AFID)
to Emulate MHD-induced Redistribution/Loss

Anomalous Fast lon
Diffusion (mzs 1)

%

oORrN WA O

. Normalized Minor Radius

E Ep = 90 keV

Energy (keV)

* In TRANSP, anomalous fast ion
diffusion can be specified in time,
space and fast-ion energy.

* Core-weighted anomalous fast ion
diffusion is appropriate for MHD-
induced redistribution. In H-mode
discharges, outwardly displaced NB
ions remain confined in a region of
comparable n,, T, so neutron yield is
minimally affected.

®* Qutboard-weighted AFID favors ion
loss and significantly reduces the
neutron yield.

* Energy dependence is chosen to
emulate the measured NPA spectrum
distribution.
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%FPFI. TRANSP Anomalous Fast lon Diffusion (AFID)
wiwei  Can Simultaneously Match S, (t), S,,,(t) and 1, ,(E)
S. Medley QP1.00017 Wednesday Afternoon

s.U

2.5
2.5
— 2.0 ‘_"m 20
(79} ™
32 =
S 15 2 15
RS S
210 5 10 B
n 117449M08 w/o AFID 05
0.5 117449M13 w AFID Normalization
Measured A —
0 0.2 0.4 0.6 0.8 1.0
0.2 0.4 0.6 0.8 1.0 29
Time (s) 3
20 J

* In this TRANSP analysis, the AFID
model was optimized for a time of
interest (TOI) period t = 0.6-1.0 s during
n=1, f = 5-10 kHz kink-type MHD.
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* In the TOI, good matching of neutron
rate and the NPA efflux evolution and !
energy spectra are obtained. o L;O — 6;) . im“ 3100
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TRANSP Client Software
Development

e C. Ludescher-Furth, “XTranspin, a Visual
Data Input Utility for TRANSP”, JP1.00124

— Recent developments & use examples of the
XTranspin C-Motif GUL.

e E. Feibush, “Web Interfaces to Fusion
Codes”, JP1.00122

— Progress in making TRANSP results available
through a browser applet— and related topics.
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== X Iranspin

File Tools Help |

| Tokamak Runid
MHD Gecmetry | I JET E

Time and Grid Control)

Basic Profiles |

| Skip Site Namelist Defaults 7

Magnetics |

Electron Power Balanci Filter Mask: ., Default & TRINF ., TR DISK
Ion Power Balance | Filter 3
Z-effective and Impur) wspgrid/inf _new/JET/06/0*/*TR.DAT

Directories » Files .
_new/JET/00 |- |06,/67667B02TR. DAT |-

Plasma Rotation

NCLASS Module _new/JET/01 06/67674B0ITR. DAT
06/67674B02TR. DAT
_new/JET/03 06/67677B01ITR. DAT

Particle Balance _new/JET/04 06/67678B0ITR. DAT

_new/JET/06 | |06/67679B01TR. DAT

|
|
Plasma Composition | _new/JET/02
|
|

Fusion Products

s _new/JET/88 | |06/67680B01TR.DAT
SepinRg _new/JET/90 |, |06/67728B01TR. DAT |
Power Radiated | I =T o =
Sawtooth Pellets | Selection

piagnostic simulation| \rid/inf_new/JET/06/67674B02TR. DAT

Debugging Aid | Read | Fi}.terl C‘ance}.| Help |
& = L J
d}?ﬁlﬁﬂmﬁmn See JPl.OES)iZCZ: XTranspin SPPPL 15



RPLOT and TRDAT in EIVis

RPLOT session shown: See JP1.00122: Web Interfaces to Fusion Codes

ElVis - 7654 dmccune-pc

File Desktop Window Graph Help ‘ e
[C] RPLOT_FLUX_SURFACE_1 =]
= N =
L \‘\ m
-10m | s -
5 L TO SEE THE ENTIRE MENU
T T = oM T ] === L L e e —
0 100 150 0.10 0.20 030 0.40 050 0.60 0.70 q
M SECONDS
FLUX SURFACE CONTOURS: (R,Y) MOMENTS EXPANSION CPU TIME DISTRIBUTION (CPDIS) VS TIME $RPLOT TOF NODE OFTIONS:
(1) GENERATE TAELE OF CONTENTS (LIST OF SELECT NAMES)
NSTX.02 108730A83 (MDS+) page 3 0.71 TIME SECONDS (2) GRAPH SCALAR FUNCTIONS AND MULTIGRAPHS V5. TIME
T T T T T T T T T 100, T T T T T T T T T (3) GRAPH FUNCTIONS OF TIME AND ADDL. COORDINATE
— ?Eg - SR | {4) LIST CONTENTS OF SELECT MULTIGRAPH PACKAGES
J| 200 | i (5) ADD/DELETE A SCALAR OR FROFILE MULTIGRAPH PACKAGE
L (B (6) DRAW & PROFILE MULTIGRAPH
1008, |— ] (7) Viewm COMMENTS andsor examine NAMELIST walues
7| go0. - . (8) QUIT (OR "Q7)
—| 1000 L i (9) CREATE INDEX OF GRAPHS DRAUN S0 FAR
J| 1100 2 (10) CHANGE THE NAME (OR ABEREV.] OF A FUNCTION
e E r 1 (11) REDEFINE NON-TEMPORAL X AXES FOR PLOTTING
il 15 - (12) TABLE OF CONTENTS OUTFUT OFTIONS (subset selection
7 é sm0i | a and output redirection for options (1) and (4))
— (13) PLOT THE PLASMA4 MHD EQUILIBRIUM
4 I | (14) SET SCALING DEFAULTS
g . o (15) READ/EXTRACT UFILES TIME $ERIES DATA FOR SCALAR MULTIPLOT
1 5] ({16} [CALCTULATOR] —— COMPUTE USER Fit), Fix,t), PLOT DATA
T E [ T {17) [COMPARE] multigraph of single irem, multiple runs.
i I - s "A" [ALL_PLOT] generate script to plot ALL available items.
EV o 1 1 | 1 1 1 ==>» 0r ty¥pe a function or package name now; “Q!" for [ profile
1 L] 050 1
.4
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i [~ 1000 r 7 |+HEAT =
l: +TIBAL #%> ENTER "5" TO SMOOTH PLOT DATA

**> ENTER. "U” TO WRITE PLOT DATA TO UFILE
(1) 3-D GRAPH OF FUNCTION V5. X AND TIME
(2) 2-D GRAPH V5. ¥ AT FIXED TIME
(3) 2-D GRAPH V. TIME AT FIXED X

I so0 ol (4) (OR "Q") OQUIT GRAFHICS

| (5) CONTOUR PLOT: FOR "FAST" PLOT ENTER "SF"
‘E + (6) CHANGE DEFAULT PLOT TYPE FOR ZD PLOTS

i 0 (7) CHANGE 3CALING DEFAULTS FOR 2D PLOTS
g [ (8) X OR TIME - SLICE MULTIPLOT

g B ; E - - R ey (9) Write 1D Ufile of data ws. X at FIXED TIME
ol FROM ¥= 0.000E+00 (10} Write $calar Function or 1D Ufile of data ws. TIME at FIXED
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o4 'S 0 .50 1 =
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GRF3PZ: GRAPHICS OPTIONS:
FUNCTION: ELECTRON TEMPERATURE
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Development of TRANSP Physics
Modules

« MHD Equilibrium Reconstruction:
— TEQ running in “prescribed boundary mode”.
— Accurate, Robust, Recommended: Levceo =11
— R. Andre, JP1.00129

e Parallel Module Server:
— Multiple timesteps of MPI-parallel Calculation
— Launch once (one queue wait)
— Implemented for NUBEAM
— K. Indireshkumar, JP1.00125

o
/
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NSTX 112989 with TEQ

*TEQ exhibits a very low Grad-Shafranov error See JP1.00125° New MHD
Three modes of running TEQ are shown Options in TRANSP
‘NTEQ MODE=5 (default), Q and F edge are Time = 0.350
input and Q is adjusted to match the plasma '
current Grad-Shafranov equation error

‘NTEQ_MODE=4, Q and F edge are input
‘NTEQ_MODE=6, <J.B> and F edge are input

Average Grad-Shafranov Error for NSTX 112989

0.09 . . . T T T T
: : : | | | | TEQ
0.08 [ S S S S S I — TEQ (mode=4 Q,Fwall) -------
i i i | ‘ | | TEQ (mode=6 Jpar,Fwall) --------
0.07
0.06
0.05
0.04
0.03
0.02 | |
0.01 | AN AW

o e -sEha CAM
0.1 015 0.2 025 03 035 04 045 05

e fesionnid.om D. McCune

Average GS Error




MPI-Parallel Module Server

See JP1.00125: Status of TRANSP Parallel Services

A

Serial TRANSP " Input File* Server Queue
Run (Client #1) Package, e.g.
XPLASMA** 3
Serial TRANSP — NetCDF state. MPI-Parallel TRANSP
Run (Client #2) Module Server(s):
Output File*  «—— eNUBEAM monte carlo
Serial TRANSP Package, e.g. TORICS f
ull wave
Run (Client #3) XPLASMA** .
NetCDE state. GenRAY ray tracing
e *viability of method 'CQL3D fokker plaan
depends on *GCNM transp. solver
Serial TRANSP ™ keeping files small. o

Run (Client #N)

*NTCC container module for equilibrium, profiles,
distribution functions, etc. (http://w3.pppl.qov/NTCC)
network | to be used for Fusion Simulation Project prototype

i ! and tested in TRANSP deployment.
FusionGRID SPPPL 19
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http://w3.pppl.gov/NTCC

Monte Carlo RF Operator

e Techniques developec
(XGC-RF) to be portec

In a separate code
to MPI-NUBEAM.

— See JP1.00115, “Deve

opment of XGC-RF for

Global Guiding Center Particle Simulation of
Minority ICRH Heated Plasmas in General
Tokamak Geometry” by Jae-Min Kwon et al.,

Thursday afternoon.

— An accurate (R,Z) GC integrator has been
added to NUBEAM as a preliminary step.

SPPPL 20




Predictive TRANSP Upgrades

o Stiff solver upgrades completed:
— Free Boundary: L. P. Ku, JP1.00123
— Prescribed Boundary: G. Bateman, JP1.00126

« PTRANSP Client-Server Configuration:

— FSP free boundary predictive code client:
o Compute evolution of equilibrium and profiles;

— TRANSP server:

 Compute heating and current drive sources;
o Standard analysis of predictive code results.

— See JP1.00123.
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The PTRANSP FSP Solver

This has been implemented in the full solver in the FSP:

See L. P. Ku, et al.: JP1.00123

3.0 - T T

chie
chie

Il 1 1 |
10000 15000 20000 25000 30000

0 5000 10000 15000 20000 25000 30000
cycle cycle
Without linearization With linearization

% FusionGiD SPRPL 22
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PTRANSP Client-Server Mode of Operation

See L. P. Ku, etal.: JP1.00123

Plasma State -- XPLASMA

A A
equilibrium sources equilibrium sources
profiles profiles
: signal file :
passing
FSP -- TSC T TRANSP
Init, step,
I save kill 1
I request |
control N . control
Y i "] receive |
| ready, error]
‘ ‘ = evolve sources
advance free-bndy| :
S advance profiles :
equilibrium heating & currents
NB, RF, fusion products
(¥ FusionGRID SPPPL 23
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(P)TRANSP Future Plans (1)

e Continued Support and Improvement of
Production System:

— Maintenance of Fusion Grid;
— User access to MPI parallel services;

— User support, improvements to
documentation and website:

— Trouble shooting of crashed runs.
o User feedback Is requested.

Py N =
®™V FusionGRID
g:m...mw D. McCune
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(P)TRANSP Future Plans (2)

e Continued Development of Client Software:

— Tools for data preparation, run submission,
monitoring, and visualization of results.

— Web accessible services; EIVis graphics.
— AutoTRANSP / PreTRANSP / XTranspin
Integration, perhaps.

o User feedback is requested.

o
¢
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(P)TRANSP Future Plans (3)

« MHD Equilibrium & Improvements for STs:

— Validated MHD equilibrium reconstruction with
toroidal rotation for ST experiments.

— Then: T & P (with toroidal centrifugal term
Included) instead of T & n as flux surface
constants— as seen in ST experiments.

— More realistic geometry in model for neutral
gas fueling and transport.

* User feedback on priorities is requested.

Py N =
®™V FusionGRID
Q*:m...mw D. McCune
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(P)TRANSP Future Plans (4)

 RF Modeling:

— MPI Parallel TORIC as production option;

— Coupling of FP & MC generated fast ion
distribution functions into TORIC wave solver;

— RF Monte Carlo Operator;
— Access to MPI-parallel GENRAY ray tracer;

— Replacement of FPPMOD (legacy TRANSP
FP code) with better validated CQL3D model.

 User feedback on priorities is requested.

P =
® v FusionGRID
anwdw D. McCune
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(P)TRANSP Future Plans (5)

* Free Boundary PTRANSP:

Creation of FSP control datasets on a per
tokamak basis (improve user access to free
poundary simulation).

-SP Sawteeth iIn TRANSP server.
—ast ion density and pressure in FSP client.

mproved verification techniques for predictive
transport models.

Coupling to realistic edge models.

s '“\1 =
l;galslunﬁmn
i
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(P)TRANSP Future Plans (6)

* Prescribed Boundary PTRANSP:

— Full support for density prediction;

— Performance improvements:
« “Equilibration” of sources,
 Or, simplified source model options.
e Major issue for 1000 second ITER simulations.

— Physics enhancements:
e Pedestal Model, ...
 TGLF predictive transport when available.

*VFusionGRID
nwlr.ﬁdﬁ:llﬂrgn
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TRANSP/PTRANSP Summary

* Powerful code and production system.
 FY-2006 run production doubled FY-2005.
« Significant code improvements every year.

 Broad program for continued
Improvement, but:

— Real development investment flat or declining
consistent with flat funding of fusion research.

— Flat funding not consistent with FSP
requirements and ITER needs.

Py N =
®™V FusionGRID
g:m...mw D. McCune
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