
 

  

GA–A27813 

DIII–D YEAR 2014 EXPERIMENT PLAN 

by 
DIII–D RESEARCH TEAM 

 
 
 

 
 
 
 

 

 
JUNE 2014 



 

 

DISCLAIMER 

 

This report was prepared as an account of work sponsored by an agency of the United States 
Government.  Neither the United States Government nor any agency thereof, nor any of their 
employees, makes any warranty, express or implied, or assumes any legal liability or 
responsibility for the accuracy, completeness, or usefulness of any information, apparatus, 
product, or process disclosed, or represents that its use would not infringe privately owned rights.  
Reference herein to any specific commercial product, process, or service by trade name, 
trademark, manufacturer, or otherwise, does not necessarily constitute or imply its endorsement, 
recommendation, or favoring by the United States Government or any agency thereof.  The views 
and opinions of authors expressed herein do not necessarily state or reflect those of the United 
States Government or any agency thereof. 

 

 



 

  

GA–A27813 

DIII–D YEAR 2014 EXPERIMENT PLAN 

by 
DIII–D RESEARCH TEAM 

 
 
 

Work supported by 
the U.S. Department of Energy 

under Cooperative Agreement No. DE-FC02-04ER54698 

GENERAL ATOMICS PROJECT 30200 
JUNE 2014 





DIII–D YEAR 2014 EXPERIMENT PLAN  DIII–D Research Team 

 GENERAL ATOMICS REPORT GA–A27813 iii 

FOREWORD 

This document presents the planned experimental activities for the DIII-D National 
Fusion Facility for the fiscal year 2014. This plan is part of a five-year cooperative 
agreement between General Atomics and the Department of Energy (DOE). The 
Experiment Plan advances on the objectives described in the DIII-D National Fusion 
Program Five-Year Plan 2014–2018 (GA-A27526). The Experiment Plan is developed 
yearly by the DIII-D Research Council and approved by DOE. DIII-D research progress 
is reviewed quarterly against this plan. The 2014 plan is for 18 weeks of tokamak 
research operations. 
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1.  SYNOPSIS OF THE 2014 DIII-D RESEARCH PLAN 

The research campaign for 2014 was organized into the three physics research areas 
making up the Experimental Science Division, with two additional task forces 
coordinated independently of that management structure (Fig. 1). After completion of the 
experimental run plan, the Boundary and Plasma Materials Interaction Center (BPMIC) 
was created within the DIII-D program (details in Section 1.2.3). This report describes 
the development of the research plan for 2014 prior to the creation of the BPMIC, with a 
brief description of the management plan going forward. Within the planned 18 weeks 
(90 days) of physics operation, a total of 72 days of physics experiments are planned, 
with 18 days set aside for contingency time based on historical trends. At this time, three 
weeks of the FY14 research campaign has already been run in October 2013. Of the 
remaining 15 weeks (75 days) of operation, 15 days are held for contingency and 8 days 
are dedicated to the 2014 National Campaign. Of the remaining 52 days, 80% (42 days) 
has been allocated to the research areas and task forces, with the remaining 20% of the 
run time (10 days) held in Director’s Reserve. Approximately 79% (33 days) of this 
initial time allocation has been allocated to the physics research areas, and their 
associated working groups. This reflects the broad base and scientific depth of the DIII-D 
experimental program. The remaining 21% (9 days) is allocated to the task forces, which 
are more narrowly focused on critical, shorter term, issues. Any allocation to Torkil 
Jensen Award experiments is part of the Director’s Reserve run time. The Torkil Jensen 
Award, up to one day of experimental run time per proposal, was established prior to the 
2009 campaign to encourage submission of proposals for experiments that are focused on 
new research topics with the potential for exploring transformational physics using very 
innovative techniques. Decisions on the use of the Director’s Reserve and National 
Campaign time are expected in June. 

For 2014 DIII-D will participate in National Campaign experiments in coordination 
with the NSTX-U and Alcator C-Mod programs. Approximately 8 days of these 
experiments were executed as part of the October 2013 run period, and approximately 8 
additional days of National Campaign experiments are anticipated by the end of the 
September 2014 run period. The National Campaign experiments executed in October 
2013 addressed the following topics:  1) Radiation asymmetry during massive gas 
injection (MGI) for disruption mitigation, 2) Control of H-mode particle transport with 
electrom cyclotron heating (ECH), 3) Burn control using 3D fields, 4) Death ray probe 
studies, 5) Snowflake optimization for heat flux reduction, 6) Snowflake optimization for 
heat flux reduction, 7) Heat flux spreading by 3D fields, 8) Scrape-off layer (SOL) heat 
flux width in inner wall limited (IWL) plasmas, and 9) I-MODE optimization without 
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sawteeth. The topics under consideration for these remaining 8 days are:  1) Off-axis 
current drive for steady-state tokamak operation, 2) Quantify the effect of configuration 
on operating window for divertor detachment and heat flux control, 3) Assess peak heat 
loads and radiation asymmetries during mitigated disruptions, 4) Pedestal control in edge 
localized mode (ELM)-free H-modes, and 5) Improve understanding of ion cyclotron 
radioe frequency (ICRF) – edge plasma interactions. Contact experts for each of the 
remaining National Campaign topics have been identified at each of the three 
participating institutions, and proposals for National Campaign experimental run days 
will be presented to the DIII-D Director in April.  

 

 

Fig. 1. The 2014 Experimental Campaign is organized into two task forces, the Torkil Jensen Award 
category, a General Physics category, and 10 working groups within the physics research areas of the 
Experimental Science Division. The task forces are considered high priority for the DIII-D program.  

The DIII-D Director, in collaboration with the Research Council and the 
Experimental Science Division, identified high priority research areas for the DIII-D 
program for the 2014 run campaign. The high priority research topics are as follows: 
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• Disruption Mitigation: Reliable techniques for rapid and safe discharge termination 
would be of great benefit to ITER, especially over the next year during the licensing 
process. Research on this topic seeks to demonstrate methods for disruption 
mitigation (e.g., magnetic perturbations, shell pellets, shattered pellets, and massive 
gas injection) and support disruption modeling. This effort is organized as a task force 
under the Director of Experimental Science. 

• 3D Plasma Response: The effects of non-axisymmetric fields on tokamak plasmas 
can be either detrimental (loss of rotation, locked tearing modes) or beneficial (ELM 
suppression, rotation from neoclassical torque). In either case, it is crucial to 
understand the response of the plasma to externally imposed non-axisymmetric fields. 
DIII-D experiments will study the plasma response to applied non-axisymmetric 
fields using experimental measurements in comparison with analytic theories and 
numerical models such as IPEC, MARS-F and M3D-C1. This work addresses DIII-D 
Milestone 185 and the 2014 Joint Facilities Research Target. The effort is organized 
as a task force under the Director of Experimental Science.  

• Heat Flux Reduction and Plasma Detachment Through Variation in Divertor 
Conditions and Geometry: Experiments in 2014 will explore control and stability of 
partially-detached divertor operation with the key goal of producing a radiating 
divertor plasma with low surface heat flux while preventing the cold dense plasma 
from entering the X-point region and compromising core plasma confinement. Our 
focus will not only include the detachment physics of the single-null and double-null 
divertor geometries commonly used in DIII-D experiments, but also the more 
“advanced” divertor geometries, such as those more representative of Super-X and 
Snowflake concepts. This work addresses DIII-D Milestone 186. 

• Nonlinear Interaction of Energetic Particles with Internal MHD Modes and 
Applied Fields:  Experiments this year will investigate the transition from steady 
state to bursting/frequency-chirping mode regimes as well as the underlying energetic 
particle (EP) transport using several diagnostic techniques including fast ion Dα 
(FIDA), pitch-angle and energy resolving scintillator detectors, foil detectors, 
2.5 MeV neutron counters, and thermal infrared imaging of the vessel wall. 
Measurements will be compared to modeling that includes a self-consistent evolution 
of the mode and EP distribution as well as reduced models such as critical gradient 
and Monte-Carlo orbit following in the presence of prescribed modes. This work 
addresses DIII-D Milestone 187. 

• Establish Requirements for Control of Test Blanket Module (TBM)-induced 
Effects for ITER:  DIII-D experiments will investigate multi-coil (including local 
coil), multi-mode error field correction for control of TBM-induced effects including 
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plasma rotation and confinement degradation as well as fast ion losses, in ITER 
relevant plasmas at high plasma β. The possible synergistic effects of core MHD and 
TBM fields on fast ion confinement will also be investigated. This work addresses 
DIII-D Milestone 188. 

• Driven Rotation for ITER:  High resolution edge flow measurements on DIII-D 
reveal a very localized, relatively high Mach flow. We expect this “intrinsic shear 
layer” to be present in ITER since it appears to be related to thermal ion orbit losses. 
Experiments will be performed in DIII-D to assess the relationship between this flow 
layer and the intrinsic toroidal rotation profile and explore means to increase the 
coupling between the edge layer and the inner bulk ion velocity. Results will be 
compared with simple theoretical ion loss models used to guide past experiments and 
to sophisticated codes such as NEO and the XGC-n code suite. This work addresses 
DIII-D Milestone 189. 

• Understanding and Improving Transport in Steady-State High qmin  Scenarios: on 
the steady-state path, the most critical issue is a focus on optimizing transport in high 
qmin regimes toward a self-consistent solution. Experience in 2013 showed that the 
challenges of maintaining high confinement in these discharges were related to fast 
ion loss. Studies planned and coordinated in the Dynamics and Control physics area 
in conjunction with transport experts from the Burning Plasma Physics area, will 
attempt to optimize these scenarios for high βN operation. 

• High Priority Research Issues in the Burning Plasma Physics Area are: 
1) Characterizing electron, particle, and momentum transport through tests of 
gyrokinetic/gyrofluid predictions in reactor relevant conditions, 2) Testing techniques 
for controlling Alfvén eigenmodes that could potentially be applied to Advanced 
Tokamak (AT) plasmas, and 3) Developing a validated predictive model of fast ion 
transport due to Alfvén eigenmodes. 

• High Priority Research Issues in the Dynamics and Control Area Are:  
1) Scoping out paths to achieve βN = 5, 2) conducting simulation experiments for 
long-pulse, high performance EAST scenarios, 3) Evaluating upper limit of 
performance of steady-state hybrid regime, and 4) Establishing reliable breakdown 
and early discharge evolution using available tools. 

• High Priority Research Issues in the Boundary and Pedestal Physics Area Are:  
1) Assessing the impact of magnetic geometry on detachment physics, 2) Informing 
physics models of radial transport/radial power widths, 3) Understanding the physics 
leading to edge harmonic oscillation (EHO) generation including the role of rotational 
shear (in collaboration with QH-mode research in the Dynamics and Control group), 
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and 4) Identifying the physics mechanisms by which the resonant magnetic 
perturbation (RMP) regulates transport near the top of the pedestal. 

Below we convey the essential content of the task forces and various physics research 
areas and their goals and anticipated results. The research described is based on an 
18-week experimental campaign, of which 3 weeks were run in October of 2013, leaving 
15 weeks in calendar 2014. To allow for hardware contingencies and 8 days of National 
Campaign experiments, experimental time has been allocated for 60 run days out of the 
remaining 75 run days, with 15 days of contingency. This includes up to 1 day of Torkil 
Jensen Award experiments within the 10 days of Director’s Reserve run time. Additional 
detailed information can be found on the web, and related links: https://diii-
d.gat.com/diii-d/Exp14.  

The 2014 campaign follows a very successful FY2013 campaign in which 13 weeks 
of operation were completed. Experiments in 2013 continued to exploit the new 
capabilities added during the 2010–2011 Long Torus Opening Activity (LTOA), 
including:  1) reconfiguration of the 150-degree neutral beam line to provide 5 MW of 
neutral beam power that can be injected at any angle from horizontal on axis to 
16.5 degrees tilted down off axis and 2) additional ECH power and pulse length (~5 s). In 
addition, for 2013 several significant diagnostic upgrades were implemented including:  
1) an infrared television (IRTV) periscope viewing over 90 toroidal degrees of the vessel 
including the lower divertor, main chamber, and the upper divertor, and 2) a new 
Microwave Imaging Reflectometer (MIR) to complement the existing Electron Cyclotron 
Emission Imaging (ECEI) arrays. During this campaign, many experiments were 
conducted in support of physics areas identified by the International Tokamak Physics 
Activity (ITPA) working groups (Table I). These experiments continued to support long-
term physics needs of ITER. While the ITER Design Review has been formally 
completed, many issues remain open and studies continue under the guidance of the 
ITER Science and Technology Advisory Committee (STAC). These, as well as other 
high priority physics issues for ITER, are given the highest priority in the 2014 
experimental campaign. In 2014, DIII-D will also continue to actively support the ITPA 
through taking part in joint experiments (Table II). 
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Table I 
DIII-D Experiments in 2012–13 Provided Data to Support Many ITPA Joint Experiments 
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Table II 
 DIII-D Experiments Planned for 2014 Will Support Many Joint Experiments of the ITPA 

ID No. Topical Group Joint Experiment Description 

PEP-19 Pedestal and edge Basic mechanisms of edge transport with resonant magnetic 
perturbations in toroidal plasma confinement devices 

PEP-23+25 Pedestal and edge  Quantification of the requirements for ELM suppression and 
mitigation by magnetic perturbations 

PEP-30 Pedestal and edge ELM control by pellet pacing in ITER-like plasma 
conditions and consequences for plasma confinement 

EP-5 Energetic particles 
physics 

TBM-induced fast ion loss with internal MHD activity and 
RMP fields  

EP-7 Energetic particles 
physics 

The impact of localized ECH on Alfvén eigenmode activity 

IOS-1.1 Integrated operation 
scenarios 

ITER baseline at q95=3, βN=1.9, ne=0.85nGW (D, H, He) 

IOS-3.2 Integrated operation 
scenarios 

Define access conditions to get to steady-state scenario  
 

IOS-4.3 Integrated operation 
scenarios 

Collisionality scaling of confinement in advanced inductive 
plasmas 

MDC-8 MHD stability Current drive prevention/stabilization of neoclassical tearing 
modes (NTMs) 

MDC-15 MHD stability Disruption database development 

MDC-17 MHD stability Active disruption avoidance  

MDC-19 MHD stability Error field control at low plasma rotation 

MDC-22 MHD stability  Disruption prediction for ITER  

TC-10 Transport and 
confinement 

Experimental identification of ion temperature gradient 
(ITG), trapped electron mode (TEM) and electron tempera-
ture gradient (ETG) turbulence and comparison with codes 

TC-24 Transport and 
confinement 

Impact of resonant magnetic perturbations on transport and 
confinement 

To enable the success of ITER by providing physics solutions to key physics issues is 
the highest priority of three overarching research areas for the DIII-D program. The ITER 
IO team participated in the process to plan the 18-weeks of experiments for 2014, 
including submission of 14 ROF proposals and consulting with DIII-D management 
through video conferences and Email proposals during the formulation of the run plan. 
ITER physics R&D needs incorporated in the program planning for 2014 include: 

1. MHD stability, especially focusing on physics basis for the design of the 
Disruption Mitigation System (DMS) including high priority physics issues: 
a. Radiation peaking during the thermal quench (TQ),  
b. TQ and current quench (CQ) mitigation schemes,  
c. Runaway electron (RE) control schemes, and 
d. Disruption avoidance through tearing mode control with electron cyclotron 

current drive (ECCD) and 3D fields; 
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2. Divertor/Plasma Material Interaction (PMI) including:  
a. Divertor heat flux width scaling,  
b. Far SOL heat flux in the main chamber, and 
c. Impurity migration, fuel inventory and dust;  

 3. ELM control and pedestal physics especially focussing on:   
a. The physics basis for RMP ELM suppression, 
b. Optimizing pellet ELM pacing, 
c. Pedestal width and height scaling, and 
d. H-mode access in helium plasmas; 

4. Transport and confinement including:  
a. Particle transport including fast ions, 
c. Intrinsic rotation scaling and,  
d. Stabilization of ETG and TEM turbulence; 

5. Integrated operation scenarios including continuing investigation of candidate 
hybrid and steady-state scenarios; 

6. Energetic particles including transport, redistribution and loss of fast particles and 
the effect of 3D fields on the losses, and; 

7. The effects of localized 3D fields using the unique TBM mock-up device, 
including momentum transport, fast ion losses and the correction of the field 
effects at high beta. 

The 18-week program plan for FY2014 provides experimental time for DIII-D to 
continue its leading roles in development of a physics basis for steady-state operation in 
ITER and beyond, and to advance the fundamental understanding of fusion plasmas 
along a broad front. 

The 2014 experimental plan was compiled by the Experimental Science Division with 
advice on content and prioritization provided by the 2014 DIII-D Research Council. The 
Research Council reviews the research plan on an annual basis; for 2014 this was based 
on the new “DIII-D Five-Year Program Plan 2014–2018,” January 2014, GA-A27526.  
Adjustments are made for scientific and programmatic issues identified since that plan 
was written. As already stated, these deliberations consider the needs of ITER and ITPA, 
as well as input from the US Burning Plasma Organization. 

The experimental plan supports three DOE Milestones 185–187 and two incremental 
milestones 188 and 189. One of these (Milestones 185) is in support of the Fusion Energy 
Science (FES) Joint Research Target. 
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Milestone 185: Quantify plasma response to externally imposed 3D fields — 
supports the Joint Facility Research Target (JRT) (September, 2014). 

Milestone 186: Explore heat flux reduction and plasma detachment through variation 
in divertor conditions and geometry (September 2014). 

Milestone 187: Investigate nonlinear interaction of energetic particles with internal 
MHD modes and applied fields (September 2014). 

Milestone 188: Establish requirements for control of TBM-induced effects for ITER. 

Milestone 189: Assess the physics of the localized bulk ion edge flow velocity as a 
source of non-beam driven rotation for ITER. 

Joint Facility Research Target: For both FES theory program and major 
facilities: 

Conduct experiments and analysis to investigate and quantify plasma response to 
non-axisymmetric (3D) magnetic fields in tokamaks. Effects of 3D fields can be both 
beneficial and detrimental and research will aim to validate theoretical models in 
order to predict plasma performance with varying levels and types of externally 
imposed 3D fields. Dependence of response to multiple plasma parameters will be 
explored in order to gain confidence in predictive capability of the models. Detailed 
Plan: The measured response will be compared to ideal and non-ideal MHD models 
in order to validate the predicted roles of screening and kink-resonant responses, and 
their dependence on parameters such as plasma rotation and plasma pressure. Each of 
the three major US facilities (C-Mod, DIII-D and NSTX) has the capability to apply 
3D fields with a non-axisymmetric coil set. Coordinated experiments, measurements, 
and analysis will be carried out to assess the 3D plasma configurations that are 
created by these coils. Exploiting the complementary parameters and tools of the 
devices, joint teams will aim to improve the predictive understanding of the role that 
3D fields play in tokamak plasmas. The research will strengthen the basis for 
avoiding the undesirable effects of 3D fields (loss of rotation, locked tearing modes) 
and enhancing their beneficial effects (ELM suppression, rotation drive) (September 
2014). 

In November 2013, a call for experimental research proposals towards the DIII-D 
objectives was issued and 418 proposals (Table III and Appendix A) were received and 
presented at a community-wide Research Opportunities Forum (ROF; 
https://fusion.gat.com/global/Rof2014) on February 11-13, 2014. The overall interest of 
the general fusion community in research on DIII-D is exemplified by the large number 
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of proposal submissions that were received from universities (120) and foreign labs (37), 
including 14 proposals received directly from the ITER Organization (IO) in Cadarache, 
France. Remote participation, using H.323 video, was used in the plenary and most of the 
breakout sessions to allow participation by scientists at many remote locations in the US, 
including Princeton Plasma Physics Laboratory, Massachusetts Institute of Technology, 
and Oak Ridge National Laboratory, and internationally, including JET, ASDEX-
Upgrade, EAST, TEXTOR and the ITER IO. The interest shown in the DIII-D program is 
partly a result of DIII-D’s commitment to domestic and international collaborations as 
well as its participation in the ITPA process and the ITER Design Review. A listing of 
the proposals received at the ROF is included as Appendix A of this report and can be 
viewed at https://fusion.gat.com/global/Rof2014_submission. 

Table III 
Proposal Statistics for the 2014 Campaign 

Area 
Proposals 
Received 

Unique 
Proposals 

(Est.) 

Proposals in 
18-week 
Plan for 

2014 (Est.) 

Backlog of 
Proposals 
Post 2014 

(Est.) 

Task Force and Torkil Jensen Award (reporting to Director of Experimental Science Division) 

Disruption mitigation 22 20 10 10 

3D plasma response 34 31 6 25 

General physics 1 1 0 1 

Torkil Jensen Award 8 8 1 7 

Physics Research Areas (reporting to Physics Research Area Leaders) 

Burning plasma physics  78 70 20 50 

Dynamics and control  172 160 30 130 

Boundary and pedestal physics  103 90 23 67 

Totals 418 390 90 280 

For 2014 the working groups reviewed these proposals and gathered additional ideas 
in response to results from the 2013 experimental campaign. The DIII-D Director 
provided guidance on the approximate run time anticipated in each physics area and task 
force. Reprioritization of the new set of proposals was done within the working groups 
and an overall prioritized run plan proposal, aligned with the run time guidance, was 
prepared in each physics group and task force, in discussion with the Director of 
Experimental Science Division. These plans were then presented to and confirmed by the 
Research Council. Based on this input, the Director established the final experimental run 
time allocation for each program area. 
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The final run plan (Tables IV and V and Fig. 2) reflects the DIII-D Team’s 
commitment to support ITER Urgent Design Issues, as identified by the ITPA, US 
Burning Plasma Organization (BPO), the ITER Design Review Working Groups, and the 
ITER STAC. The plan is highlighted by experiments in support of urgent physics issues, 
where our research results may have an immediate impact on ITER operational plans. 
Experiments where DIII-D has unique capabilities to address these issues have been 
given highest priority. 

Table IV 
Run Time Allocations for the 2014 Experiment Campaign 

Area Description 
Plan 

(Days) 
ITPA/IEA 

Experiments Area Leaders 

Task Forces (reporting to Director of Experimental Science Division) 

Disruption 
mitigation 

Develop a recommendation for ITER on 
the best rapid shutdown scheme 

5 2 N. Eidietis 
TBD 

3D plasma 
response 

Test plasma response physics models 
against measurements 

4 0 T. Strait 
N. Ferraro 

General physics  Research outside the categories of the   
DIII-D program structure  

0 0 R. Buttery,        
M. Wade  

Torkil Jensen 
Award 

Support experiments investigating 
potentially transformational physics using 
innovative techniques 

1 0 D. Hill,  
R. Buttery 

Physics Research Areas (reporting to Director of Experimental Science) 

Burning plasma 
physics  

Advance the predictive capability of 
critical physics phenomena in burning 
plasmas 

9 4 C. Petty 

Dynamics and 
control  

To develop viable integrated solutions for 
ITER, FNSF and a fusion power plant, 
understanding the physics basis to give 
confidence in extrapolation 

14 6 W. Solomon 

Boundary and 
pedestal physics  

Provide physics understanding of SOL 
plasma, divertor plasma and plasma 
materials interaction toward solutions of 
steady state and transient heat and particle 
flux issues for ITER and future high power 
tokamaks 

10 3 T. Leonard,  
R. Maingi 

Total allocated days 43 15  

Director’s reserve (includes National Campaigns) 27   

Contingency 20   

Available days 90   
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DIII-D continues to have a large research backlog as is shown in Table III. A measure 
of this backlog is obtained from comparing the number of proposals that the area leaders 
expect can be reasonably completed in an 18-week campaign during 2014 (90) compared 
to the estimate of the total number of unique proposals (390). This leaves an estimated 
proposal backlog of 280 proposals. The 2014 campaign, therefore, will only allow an 
estimated 23% of the research proposed in the most recent (February 2014) Research 
Opportunities Forum (ROF) to be conducted. 

The 18 run week experimental plan for 2014, summarized in Tables IV and V, 
consists of efforts in two task forces and three physics research areas. The physics 
research areas themselves are in turn made up of a total of 10 working groups (Fig. 1). 

• Torkil Jensen Award 

Torkil was an extremely productive physicist whose long career was marked by 
innovative work on a wide variety of fusion-related subjects brought forward with a 
strong sense of optimism and enthusiasm. The Torkil Jensen Award was created to 
inspire proposals from the broader fusion community for experiments with potential 
for transformational new results with high visibility or scientific impact. This year, 
six proposals were submitted and will be reviewed by the award committee 
comprised of DIII-D and external experts chaired by David Hill of Lawrence 
Livermore National Laboratory (LLNL). 

• Task Force 

Task Force on Disruption Mitigation (5 days). Disruptions pose an urgent 
challenge for ITER, with the need to develop a full mitigation design solution by 
2016, and responsibility on the US to deliver that system. A strategy must be 
developed for handling or preventing the runaway beam that arises following thermal 
quench. Also the thermal quench itself must be mitigated in such as way as to avoid 
excessive localized heat loads, while also leading to acceptable current quench 
timescales. To meet these challenges, a disruption task force will be continued in the 
2014 experimental campaign. Task Force experiments this year should focus on 
understanding and minimizing radiation asymmetries associated with the thermal 
quench, using shattered pellets and MGI and incorporating application of 3D fields 
and numerical simulation as appropriate. Related disruption mitigation experiments 
should emphasize quantifying and understanding what appears to be anomalous 
runaway electron dissipation; this is the most critical unresolved area of disruption 
research for ITER. An initial allocation of 5 days is provided. As new hardware is 
commissioned, we will consider the possibility of additional allocation to this field.  
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Task Force on 3D Plasma Response (including support of Milestone 185 and the 
2014 JRT) (4 days). Strong results from experiments and analysis in 2013, including 
data from the expanded set of magnetic probes, positions the task force to make 
significant progress testing plasma response physics models and applying that 
understanding RMP ELM control and error field correction. The Task Force should 
coordinate efforts with the Boundary and Pedestal Physics group, especially in RMP 
physics. The installation of the Test Blanket Module mockup coil into the 285 port 
for the remainder of FY14 operations provides an additional localized field 
perturbation to aid this work. 

• Physics Research Areas 

Burning Plasma Physics (including support of Milestones 187 and 189) (9 days). 
Understanding the physics of a burning plasma is a key long-term challenge — to 
prepare the scientific basis for the understanding and exploitation of ITER and 
beyond, and to understand the optimization of plasmas for fusion grade performance. 
For 2014 the emphasis of the proposed experimental plan should be on testing 
gyrokinetic/gyrofluid predictions, exploring techniques for controlling Alfvén 
eigenmodes in AT plasmas [jointly with disruption and control (D&C) group], and 
developing a validated predictive model for fast ion transport. It is important for the 
detailed planning of proposed joint experiments with the other experimental science 
groups [D&C and boundary and pedestal (B&P)] be closely coordinated to arrive at 
an appropriate set of goals and plasma/system requirements. An initial allocation of 
nine days is provided for burning plasma physics experiments. 

Dynamics and Control Research Area (including support of Milestone 188) 
(14 days). The Dynamics and Control program seeks to understand and optimize a 
wide range of operating scenarios and their research includes related control 
development. Effort in this area also supports a growing collaboration with the long-
pulse superconducting EAST experiment. Priority should be given to the areas 
delineated in the run-time guidance memo, namely: evaluating the upper limit of 
performance of steady-state hybrid regime; scoping out paths to achieve βN=5 
transiently, conducting simulation experiments for long-pulse, high performance 
EAST scenarios, and establishing reliable breakdown and early discharge evolution 
using available tools. For the last category, it is important to have well defined scope 
and assessment metrics. 

Boundary and Pedestal Physics (including support of Milestone 186) (10 days). 
This area is focused on the development of validated modeling capability to project 
boundary and pedestal behavior in future devices, and the development of innovative 
techniques for improved solutions in future devices. Priorities in 2014 should include: 
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divertor detachment physics, understanding the physics of the QH-mode EHO, and 
identifying the means by which the RMP regulates the pedestal to suppress ELMs. 
Given the complexity of the SOL/divertor physics, the large number of possible 
control parameters, and breadth of diagnostic information, it is essential that a 
coordinated set of prioritized critical questions be articulated to inform detailed 
planning. Experiments on ELM pellet pacing lack sufficient hardware support to 
schedule now, given the need to support higher priority disruption mitigation 
experiments. The plan should include one day using the Li dropper to explore the 
impact of reduced particle recycling on the pedestal and H-mode confinement. An 
initial allocation of 10 days is provided for Boundary and Pedestal experiments. 

In addition to the formal structure of Task Forces and Physics Research Areas, in the 
2014 run campaign there will be two efforts to coordinate experiments across the groups. 

TBM Experiments:  In February the ITER TBM mockup was installed in the 285 degree 
port and will be available for the remainder of the FY14 campaign. TBM experiments, 
which are proposed in several areas, will be carefully coordinated and appropriately 
integrated to ensure that experiments maximize the scientific benefit from such a 
localized field perturbation. The TBM is not likely to be available beyond FY14.   

Non-Nuclear Campaign: Several experiments proposed during the ROF specified the 
need for either helium or hydrogen plasma operation, and identified relevance to the non-
nuclear phase of ITER operation. The physics topics of these experiments span several 
research areas and would normally be scheduled separately to optimize participation.  
However, conversion of DIII-D operation to high purity helium or hydrogen plasmas and 
then back to deuterium requires between 1 and 2 days of plasma operation, so it is very 
inefficient to do this more than once per run campaign. Therefore, these experiments will 
be coordinated as a “Non-Nuclear Campaign” to be scheduled together in a block of 
successive run days. 

The plans and goals for the various science areas are detailed below. 
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1.1.  TASK FORCES FOR 2014 

1.1.1.  TASK FORCE ON DISRUPTION MITIGATION  (Leader: N.W. Eidietis,) 

This task force is responsible for developing improved disruption mitigation 
techniques for ITER. 

1.1.1.1.  Mission. Establish the physics basis for ITER to specify the best rapid shutdown 
scheme or combination of schemes. 

1.1.1.2.  Importance and Urgency. Unmitigated disruptions are a significant concern for 
ITER because of possible wall damage due to localized heat loads, vessel forces and 
runaway electron beams. Solutions to these issues will impact hardware decisions for 
ITER. The US IPO has been tasked with specifying the Disruption Mitigation System for 
ITER. 

1.1.1.3.  Research Areas for 2014.  

• Understanding the toroidal and poloidal asymmetries of radiation, and the role of 
MHD mixing, during thermal and current quench phases of disruptions mitigated by 
MGI. 

• Exploration of the critical electric field for runaway electron production and 
techniques for dissipation/mitigation of RE effects. 

• Measuring and validating code predictions of main chamber heat loads during 
disruptions. 

1.1.1.4.  New and/or Unique Tools.  

• New argon pellet injector to induce runaway electron beams in DIII-D. 

• New CERBERUS MGI valve at different toroidal and poloidal location from existing 
MEDUSA MGI valve. Two-location massive gas injection is not itself unique, but 
offers unique opportunities to compare with the other techniques, and for diagnosis 
with DIII-D soft x-ray (SXR), electron cyclotron emission (ECE), hard x-ray (HXR) 
and other diagnostics. 

• Shattered pellet injection with new bent-tube launching geometry for increased 
uniformity of spray of small particulates from shattered pellet. Experiments will 
target thermal quench radiative heat load mitigation and runaway mitigation. 
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• Runaway beam control developed to assess drive, sinks and mitigation of 
growing/mature runaway beams. 

1.1.2.  TASK FORCE ON 3D PLASMA RESPONSE (Leader: T. Strait, Deputy Leader: 
     N. Ferraro) 

This task force is responsible for measuring the magnetic plasma response to applied 
3D fields and validating 3D models. 

1.1.2.1.  Mission. Understand the impact of applied/intrinsic 3D fields on plasma stability 
and transport through the use of a validated, predictive model of the magnetic plasma 
response to non-axisymmetric fields. 

1.1.2.2.  Importance and Urgency. This research recognized as sufficiently important and 
urgent at this time that it is the subject of the JRT for 2014. It is also the topic of DIII-D 
Milestone 185 for 2014, “Quantify plasma response to externally imposed 3D fields.” 

1.1.2.3.  Research Areas for 2014.  

• Measuring plasma response to external magnetic perturbation fields under plasma 
conditions [e.g. symmetric double null (DN) operation] for which simulations by 3D 
equilibrium codes can be validated.  

• Determining the 3D plasma response during RMP ELM suppression/mitigation. 

• Optimization of 3D applied fields for error field correction  

1.1.2.4.  New and/or Unique Tools.  

• Comprehensive upgrade to in-vessel magnetics including increased poloidal and 
toroidal arrays of probes and flux loops 

• Unique magnetic spectra generation (e.g., n=1,2,3) from external (C-coils) and 
internal coils (I-coils), and the localized fields from the TBM coils. 
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1.2.  PHYSICS RESEARCH AREAS 

Consistent with 2013, these research areas used for the organization of the 2014 
experimental campaign parallel the organization of the DIII-D Experimental Science 
Division at the time of the formulation of the experimental run plan. Each consists of one 
or more working groups, reporting to the physics group leader.  

1.2.1.  DYNAMICS AND CONTROL (Leader: W.M. Solomon) 

The priorities of this area flow from three principal goals in 2014:  (1) to identify the 
optimization and control requirements for ITER Q=10 operation with low injected 
torque; (2) to understand the role of current profile in optimizing the performance for a 
fusion steady state; (3) to develop and perform basic characterization of the main 
candidate techniques for avoiding disruption events in ITER. Necessary stability and 
control work also flows from these objectives. 

1.2.1.1.  Mission. To develop viable integrated solutions for ITER, Fusion National 
Science Facility (FNSF) and a fusion power plant and understanding the physics basis to 
give confidence in extrapolation. 

1.2.1.2.  Importance and Urgency. 

• In the coming years it is vital to anticipate the new physics conditions expected in 
ITER in order to develop the required re-optimizations and control approaches 
necessary to ensure ITER meets its main Q=10 research goals. 

• Fusion power plants and nuclear science facilities require steady state regimes at 
higher performance levels than ITER. The approach for these regimes needs to be 
determined, in order to determine the research requirements for FNSF and a power 
plant, and the plant requirements for ITER in support of this mission. 

• Disruptions remain the most critical challenge for ITER. The required mitigation 
solutions have not been determined, but if insufficient will result in damage to ITER. 
The US is responsible for developing the ITER disruption mitigation system by 2016. 
It is also mandatory to minimize incidence of disruptions (<1% in ITER) with 
suitable stability and control. For 2014 work on disruption mitigation techniques will 
be handled again by a task force, and work to develop disruption avoidance actuators 
will be done within this physics research area. 
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1.2.1.3.  Research Areas for 2014. This physics group is organized into the following 
topical areas: 

• ITER Inductive Scenarios. This area focuses on three candidate regimes for Q=10 
operation in ITER: the baseline, QH-mode and advanced inductive. The focus in 2014 
is:  1) Sustaining low torque QH-mode at high normalized fusion performance, 
2) QH-mode creation and sustainment with ITER-relevant co-Ip neutral beam 
injection (NBI) torque, and 3) Determining EHO-induced particle transport rates at 
ITER-relevant conditions. This area will also explore ITER baseline scenario 
integration: Dominant electron heated, low torque (core) + ELM/heat flux control 
(edge). In 2015–18 the program will progress through exploring hydrogen/helium 
operation, L/H access, current profile role, implementation of ELM/EHO control, 
active disruption avoidance, radiative divertor solutions and innovative improvements 
from this or other parts of the program. 

• Steady-State Heating and Current Drive. This area focuses on high βN steady state 
potential exploring two principal lines for the core regime, the “high ρ(qmin)” and the 
“high li”. Studies in 2014 focus on:  1) Understanding and improving qmin > 2 
confinement and measure off-axis neutral beam current drive, 2) Maximizing beta 
and confinement in high performance, high qmin plasmas, and 3) Demonstrating 
existence of fully noninductive Q=5 scenario in ITER shape. This area will also 
explore the effectiveness of strike point sweeping and puff-and-pump on minimizing 
divertor tile temperatures in AT plasmas. In 2015 and beyond the focus will be on 
developing scenarios for FNSF and higher βN power plant demonstrations, fully-
aligned solutions, increased electron heating and low torque. In parallel the program 
will continue to pursue integration with edge solutions and implementing the 
necessary stability control. Relevant heating and current drive physics will also be 
explored. 

• Stability and Disruption Avoidance. This area provides the underlying physics 
basis and control tools for stability pertinent to the scenarios above. Focus in 2014 is 
on:  1) Development of multi-harmonic error field control in ohmic and H-mode 
plasmas, 2) Disruption avoidance by improving 2/1 neoclassical tearing mode (NTM) 
control with steered mirror ECCD. Later years will develop these themes with 
increased understanding of 3D field interactions, progress towards routine disruption 
avoidance or event recovery, and if needed, resistive wall mode control. The effort of 
this group in past years to evaluate the full 3D equilibrium responses to applied 
magnetic perturbations for model validation will be part of the focus of the new 3D 
Plasma Response Task Force for 2014. 
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• Control Group seeks to integrate cutting edge control science with stability and 
configuration control techniques in order to provide robust disruption free operation 
in ITER and future devices. In 2014, the program supports the above stability and 
scenario developments, and in particular seeks to develop current profile control 
actuators to access and maintain high performance steady-state profiles. Later years 
will see an increasing focus on controlled operation near the margins with robust and 
active disruption avoidance. 

1.2.1.4. New and/or Unique Tools for 2014. 

• High power ECH/ECCD (six gyrotrons) with real time steering having significantly 
improved precision and response time in 2014, for off-axis current drive and stability 
control. 

• Counter-NBI, provided by the rotated 210 degree beamline, allows control of applied 
torque decoupled from heating power, facilitating low-rotation studies. 

• Off-axis NBI provided by the 150° beamline allows off-axis neutral beam current 
drive. 

• The pumped divertor regions facilitate particle control in plasma shapes optimized for 
high β. 

• The internal I-coil (with all 12 coils in operation for 2014) and external C-coil for 
unique harmonic flexibility to provide/optimize simultaneous error field, neoclassical 
toroidal viscosity (NTV) rotation and resistive wall mode (RWM) control. 

1.2.2.  BURNING PLASMA PHYSICS (Leader: C.C. Petty) 

1.2.2.1.  Mission. Advance the predictive capability of critical physics phenomena in 
burning plasmas. 

1.2.2.2.  Importance and Urgency. Understanding the underlying mechanisms behind 
observed physical phenomena is critical for the design and operation of future devices. 
Validation of comprehensive physics models in the areas of transport and energetic 
particles will be a key focus of this group. 

1.2.2.3.  Research Area for 2014. This physics area is organized into two topical groups, 
Energetic Particles and Transport. For planning purposes, the latter group is further 
divided into core transport and turbulence, plasma rotation, and the L-H transition. In 
addition, the integrated modeling effort resides in the Burning Plasma Physics area. It is 
involved in general model development and serves as our liaison to other DIII-D groups 
that are strongly involved with model and software tool development. Members of the 
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Burning Plasma Physics area are expected to work with the other physics areas on 
transport and energetic particle issues of importance. 

• Energetic Particles. This research program strives to validate theoretical models of 
fast-ion instabilities, to predict their consequences in ITER, and to develop the means 
to control their effects. The experimental goals for this year are to: 1) understand the 
nonlinear dynamics (chirping) of Alfvén eigenmodes, and 2) explore the control of 
Alfvén eigenmodes with I-coil perturbations. 

• Core Transport and Turbulence. The long-term goal of this group is a predictive 
understanding of transport embodied in a suite of well tested modeling codes. The 
transport model validation approach on DIII-D utilizes a primacy hierarchy that 
addresses multiple levels, the goal being to determine whether success/failure is 
systematic (multiple channels, a range of spatiotemporal scales) or is limited to 
certain areas. Experiments this year will focus on: 1) qmin dependence of transport at 
high beta, 2) Connection between momentum and particle transport with varying 
dominant modes.  This group will also continue to analyze and model experiments 
from 2012 as part of the JRT that tested the profile stiffness and critical gradient 
predictions in the trapped gyro-Landau fluid (TGLF) code against experimental data. 

• Plasma Rotation. Goal this year is to understand the effect of the localized TBM 
fields on plasma rotation at significant plasma beta, and to quantify the edge flow 
layer through a combination of reciprocating probe and new main ion charge 
exchange recombination (CER) measurements near the plasma boundary. 

• L-H Transition. The proposal this year is to focus on the underlying fluctuations 
physics behind the isotope dependence of the L-H transition threshold power by 
comparing hydrogen and deuterium plasmas. A full fluctuation diagnostic set [beam 
emission spectroscopy (BES), Doppler backscattering system (DBS) and midplane 
reciprocating probe] and a near-ITER-like plasma shape are important aspects of 
these experiments. 

1.2.2.4.  New and/or Unique Tools.  

• DIII-D’s uniquely comprehensive diagnostic set facilitates the detailed science 
studies done in the Burning Plasma Physics area. New or improved diagnostics 
include fast time response photomultipliers for FILD, inboard/outboard CER chords 
with improve spatial resolution in the pedestal region and an increased number of 
chords measuring the main ion temperatures and rotation velocities for 2014, HF-
CHERS, and a flexible 2D fiber optic holder for BES. 
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• Unique capabilities to vary shape, heating location and mix, and density. The off-axis 
beam and real time steerable ECH launchers, with improved response time and 
increase aiming precision for 2014, are an important enhancement to our ability to 
vary the heating profile. 

• Overlapping spectral coverage of fluctuation measurements including the ITG, TEM 
and ETG regimes. 

1.2.3.  BOUNDARY AND PEDESTAL PHYSICS  (Leaders: A.W. Leonard and R. Maingi) 

NOTE:  Recognition of the importance of this area led to the creation of the BPMIC 
organization in March 2014. This organizational change was done after the run plan for 
the 2014 experimental campaign had been completed. The BPMIC will take 
responsibility for the divertor/SOL and plasma material interaction (PMI) research 
described below, including supervising the execution of the experiments in this area for 
2014, and generation of the run plan for experiments in this area for 2015 and beyond. 
The pedestal and ELM physics research described below will be a new research area 
within the DIII-D Experimental Science Division for the remainder of 2014 and beyond, 
with responsibility for execution of 2014 experiments in these areas and generation of the 
run plan in these topics for 2015 and beyond. 

1.2.3.1.  Mission. Provide physics understanding of SOL plasma, divertor plasma and 
plasma materials interaction toward solutions of steady state and transient heat and 
particle flux issues for ITER and future high power tokamaks.  

1.2.3.2.  Importance and Urgency. Determining and understanding the physics of SOL 
plasma, divertor plasma and plasma materials interactions is critical for the design and 
operation of ITER and future devices.   

1.2.3.3.  Research Areas for 2014. This physics group is organized into the following 
topical areas. 

• Pedestal. 

o Pedestal Opimization. Examine proposed mechanisms governing transport in the 
pedestal, including, kinetic ballooning modes (KBMs), electron temperature 
gradient (ETG) and Paleoclassical transport and use understanding to optimize the 
height and width of the pedestal. For 2014 the focus will be on the effect of 
Lithium conditioning on the pedestal performance, and the scaling of pedestal 
peak parameters with Zeff. 

o Pedestal Evolution Studies. Use enhanced pedestal diagnostics to test gyrokinetic 
models of pedestal recovery evolution from just after the ELM crash to the next 
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ELM including looking for evidence of a radial pinch in pedestal particle 
transport. 

• Divertor and SOL Physics. 

o Divertor Detachment and Plasma Flows. Test models of detachment onset and the 
interaction of plasma flows with attached and detached divertor plasmas. Explore 
configurations with potential for enhanced divertor detachment and heat flux 
spreading control. For 2014 the focus will be on:  1) Quantifying the dependence 
of detachment on parallel heat flux with new diagnostics in both L-mode and 
H-mode plasmas and 2) Demonstrating control and detached divertor operation 
during operation with enhance poloidal flux expansion (e.g. using a Snowflake 
divertor configuration). 

o Thermal Transport in the Plasma Boundary. Develop understanding of the heat 
transport in the plasma SOL and divertor toward predictive capability for ITER 
including fluctuation driven transport in the SOL. Examine the SOL transport and 
profiles that lead to the observed scaling of divertor heat flux width. For 2014 the 
focus will be on adding detached divertor cases and inner wall limited 
configurations (relevant to ITER startup scenarios) to the growing database of 
SOL heat flux width scaling. 

• ELM Control. 

o Resonant Magnetic Perturbations. Determine the physical processes that lead to 
ELM suppression with the application of RMP fields. This includes the plasma 
response to determine the actual magnetic field structure within the plasma, and 
the mechanism for enhanced transport that limits the pedestal profiles to below 
the critical ELM gradients. For 2014 the focus will be on:  1) quantifying the 
magnetic structure including the plasma response during RMP application, and 
2) determining the mechanism for enhanced particle transport at the top of the 
pedestal during RMP ELM suppression 

o QH-mode. Establish the viability of utilizing QH-mode in ITER. For 2014 the 
focus will be to determine the physics of the critical rotation shear needed to 
generate the saturated EHO instability by comparing co-Ip vs counter-Ip beam 
injection in QH-mode.  

o Pellet ELM Pacing. Establish the viability of pellet ELM pacing for ITER. 
Demonstrate that rapid pellets can increase the ELM frequency by at least a factor 
of 10 with little degradation to plasma confinement. Determine the minimum 
pellet penetration into the pedestal that still triggers an ELM. Demonstrate the 
compatibility of pellet ELM pacing with high field side central pellet fueling.  For 
2014 the focus will be on establishing robustness of pellet pacing technique, and 



DIII–D YEAR 2014 EXPERIMENT PLAN  DIII–D Research Team 

 GENERAL ATOMICS REPORT GA–A27813  23 

minimum pellet size for ELM triggering. However the pellet pacing hardware will 
be provided on a best effort basis by personnel who are also responsible for the 
very high priority systems [MGI, shattered pellet injection (SPI), Ar pellet 
injector] for the disruption mitigation toroidal field (TF). Scheduling of pellet 
pacing experiments awaits decisions about Director’s Reserve experimental time. 

• Plasma Material Interface. 

o High-Z Material Erosion. Measure the gross and next erosion rate for high-Z 
materials, Mo or W, using the DiMES facility. Compare the results with models 
for gross and net erosion. For 2014 the experiment will expose both W samples to 
high temperature, low density L-mode plasmas with simultaneous puffing of 
methane gas near the DiMES sample to test the mitigation of high-Z erosion by 
low-Z shielding gas. 

o Low-Z Material Erosion and Mitigation. Use the DiMES facility to expose 
aluminum samples (as a good proxy for ITER-relevant beryllium) to ELMing 
H-mode plasmas. This experiment is part of a PhD thesis. 

1.2.3.4.  New and Unique Tools.  

• 2D profile of SOL and divertor carbon flow velocity using a coherence imaging 
diagnostic. 

• Improved divertor Thomson scattering with a new higher power and higher frequency 
laser, and significantly improved accuracy for low temperature measurements down 
to 0.5 eV in 2014. 

• New periscope for large area views of the vessel surface in visible and infrared (IR) 
emission. 

• Combination of upper and lower internal perturbation coils (I-coils) capable of high 
frequency or high current operation with external error field correction coils (C-coils).  

• Unique diagnostics, such as tangential soft x-ray imaging at the X-point region and 
above midplane magnetic probes, to measure plasma response including resonant 
field amplification and island formation. 

• Application of state-of-the-art modeling tools such as MARS-F, PIES, VMEC, 
M3DC1, ELITE, XGC0 and other codes to assess the plasma response to non-
axisymmetric fields, in collaboration with the 3D Plasma Response TF. 

• Flexible coils (I-coils and C-coils) to produce non-resonant fields for driving NTV 
plasma flows. 
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1.3.  RESEARCH PROPOSALS RECEIVED 

A detailed list of research proposals received during the December 2013 ROF is 
given in Appendix A. These proposals formed the basis for the planning of the 15 
remaining weeks of the FY2014 run campaign. 
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Table V 
Detailed list of Scheduled Experiments for the 2014 Experiment Campaign 

Date Title Area SL 
9/29/13 Boronization/bake  Operations Lee, R.  
9/30/13 Plasma startup  Operations Hyatt, A.  
10/1/13 Plasma startup  Operations Hyatt, A.  
10/1/13 Control of H-mode particle transport with ECH  Transport Ernst, D.  
10/2/13 Control of H-mode particle transport with ECH  Transport Ernst, D.  
10/2/13 Plasma startup  Operations Hyatt, A.  
10/3/13 ITER baseline transport with core electron heating  Transport Petty, C.  
10/4/13 Effect of Alfvén eigenmodes on NBCD  Energetic particles Podesta, M.  
10/7/13 Optimize High-li scenarios for ITER  Inductive scenarios Ferron, J.  

10/8/13 Snowflake divertor optimization for heat flux 
mitigation  

Divertor and SOL 
physics 

Soukhanovskii, V.  

10/9/13 Most promising scenario  Inductive scenarios Wade, M.  
10/10/13 Burn control using 3D fields  Plasma control Hawryluk, R.  
10/10/13 SOL density profile for helicon antenna design tests  Plasma control Prater, R.  
10/11/13 Snowflake divertor optimization for heat flux 

mitigation 
Divertor and SOL 

physics 
Soukhanovskii, V.  

10/14/13 Extended development and assessment of I-mode on 
DIII-D  

ELM control Whyte, D.  

10/15/13 Make-up for time lost Oct 9 – Expt 21-02  Operations Turco, F.  
10/15/13 Make-up for time lost Oct 7 – Expt 21-01  Operations Ferron, J.  
10/16/13 Transport vs ExB shear in advanced inductive  Transport McKee, G.  
10/17/13 Heat flux mitigation by 3D fields  Divertor and SOL 

physics 
Ahn, J.  

10/17/13 Sheath physics studies  Divertor and SOL 
physics 

Watkins, J.  

10/17/13 SOL heat flux width in IWL plasma  Divertor and SOL 
physics 

maingi, r.  

10/18/13 MGI and radiation asymmetry  Disruptions TF Granetz, R.  
3/19/14 Plasma startup  Operations Hyatt, A.  
3/20/14 Plasma startup  Operations Hyatt, A.  
3/21/14 Plasma startup  Operations Hyatt, A.  
3/24/14 Plasma startup  Operations Hyatt, A.  
3/25/14 Plasma startup  Operations Hyatt, A.  
3/26/14 Plasma startup  Operations Hyatt, A.  
3/27/14 Plasma startup  Operations Hyatt, A.  
3/28/14 Plasma startup  Operations Hyatt, A.  
3/31/14 Plasma startup  Operations Hyatt, A.  
4/1/14 Plasma startup  Operations Hyatt, A.  
4/2/14 Plasma startup  Operations Hyatt, A.  
4/3/14 Plasma startup  Operations Hyatt, A.  
4/4/14 Plasma startup  Operations Hyatt, A.  
4/7/14 Plasma startup  Operations Hyatt, A.  

4/11/14 Plasma startup  Operations Hyatt, A.  
4/12/14 Boronization/bake  Operations Lee, R.  
4/14/14 QH-mode, EHO critical rotation gradient, Fwd-Ip  ELM control Burrell, K.,       

Nazikian, R. 
4/15/14 Sustain low torque QH-mode at high normalized fusion 

performance  
Inductive scenarios Garofalo, A., 

Fenstermacher, M. 
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4/16/14 TBM momentum transport – estimating the TBM- 
induced torque in TBM modulation experiment  

Plasma rotation Tala, T.,          
Logan, N. 

4/16/14 Profile control (current and pressure)  Plasma control Barton, J.  
4/17/14 Plasma response with n=2 fields  3D plasma response 

TF 
Paz-Soldan, C.  

4/18/14 Explore paths for reducing fast ion transport in high 
qmin plasmas  

Steady-state scenarios Holcomb, C., 
Heidbrink, W. 

4/18/14 Reduce fast-ion transport from Alfvén eigenmodes in 
high qmin, steady-state scenario plasmas  

Energetic particles Heidbrink, W.  

4/21/14 Explore access to βN~5 using high qmin approach – 
Day 1  

Steady-state scenarios Hanson, J.  

4/21/14 Improve efficiency of scenario development – Day 1  Steady-state scenarios Jackson, G., 
Humphreys, D. 

4/22/14 q-resonance of n<12 coil RMP ELM control  ELM control Orlov, D.,        
Nazikian, R. 

4/22/14 DiMES high-Z erosion mitigation by low-Z gas  Plasma material 
interaction 

Rudakov, D. 

4/23/14 Divertor detachment dependence on power, q||  Divertor and SOL 
physics 

McLean, A., 
Unterberg, E. 

4/24/14 Contingency  Operations Fenstermacher, M. 
4/24/14 NTM control hardware/software – Day 1  Plasma control Kolemen, E.  
4/25/14 Unmitigated disruption heat loads  Disruptions TF Hollmann, E.  
5/2/14 Plasma startup  Operations Hyatt, A.  
5/3/14 Boronization/bake  Operations Lee, R.  
5/5/14 Stabilize ETG and TEM in QH-mode Day 1  Transport Ernst, D. 
5/6/14 QH-mode, EHO critical rotation gradient, Rev-Ip  ELM control Burrell, K.  
5/7/14 Stabilize ETG and TEM in QH-mode Day 2  Transport Ernst, D.  
5/8/14 Transport characterization at the top of the pedestal in 

RMP ELM suppressed plasmas  
ELM control Smith, S.,         

Nazikian, R. 
5/8/14 NTM Control Hardware/Software - Day 2  Plasma control Kolemen, E.  
5/9/14 Contingency  Operations Fenstermacher, M. 
5/9/14 Higher Z quiescent runaway electron dissipation  Disruptions TF Paz-Soldan, C., 

Hollmann, E. 
5/12/14 Plasma response data for model validation  3D plasma response 

TF 
King, J.,  
Strait, E. 

5/13/14 Effect of lithium conditioning on the H-mode pedestal 
profiles and ELM stability  

Pedestal physics Jackson, G.  

5/14/14 Pedestal Response to n=3 RMP in ISS ELM suppressed 
and ELM mitigated plasmas  

3D plasma response 
TF 

Nazikian, R.  

5/14/14 RMP 3D magnetic structure  ELM control Nazikian, R.  
5/15/14 Sustained zero torque ITER baseline scenario - Day 1  Inductive scenarios Paz-Soldan, C.  
5/15/14 Divertor detachment control  Plasma control Kolemen, E.  
5/16/14 Dependence of thermal quench radiation asymmetry on 

plasma properties  
Disruptions TF Shiraki, D.,       

Paz-Soldan, C. 
5/19/14 Concentrated losses of fast ions by core MHD/3D fields 

combined with TBM - synergy between MHD and 
TBM fields on fast ion losses: AE, NTM, sawtooth  

Energetic particles Pace, D.  

5/20/14 Correction of TBM mock-up field at high β: Role of 
field amplification – Day 1  

3D plasma response 
TF 

Lanctot, M. 

5/20/14 Snowflake geometry control  Plasma control Kolemen, E.  
5/21/14 Explore access to βN~5 using high qmin approach – 

Day 2  
Steady-state scenarios Hanson, J.  

5/21/14 Improve efficiency of scenario development – Day 2  Steady-state scenarios Luce, T.  



DIII–D YEAR 2014 EXPERIMENT PLAN  DIII–D Research Team 

 GENERAL ATOMICS REPORT GA–A27813  27 

5/22/14 Evaluate upper limits of performance for steady-state 
“Hybrid” regime – Day 2  

Steady-state scenarios Turco, F.  

5/23/14 Contingency  Operations Fenstermacher, M. 
5/23/14 RE plateau dissipation and final loss  Disruptions TF Hollmann, E.  
6/6/14 Plasma startup  Operations Hyatt, A.  
6/9/14 Sustained zero torque ITER baseline scenario – Day 2  Inductive scenarios Paz-Soldan, C.  

6/10/14 Effect of collisionality and Zeff on pedestal structure in 
peeling and ballooning mode limited regimes  

Pedestal physics Osborne, T.  

6/11/14 Edge flow layer: Mach probe and edge main ion CER  Plasma rotation Battaglia, D.  
6/11/14 Magnetic fluctuations and electromagnetic turbulence  Transport Rhodes, T.  
6/12/14 TBM effects in the low torque ITER baseline  Inductive scenarios Lanctot, M. 
6/12/14 Start-up control development  Plasma control Jackson, G.  
6/13/14 Correction of TBM mock-up field at high β: Role of 

field amplification – Day 2  
3D plasma response 

TF 
Lanctot, M.  

6/13/14 Contingency  Operations Fenstermacher, M. 
6/16/14 Collisionality scaling of transport in advanced inductive 

(Hybrid) plasmas  
Transport Yan, Z.  

6/16/14 Collisionality scaling of transport in advanced inductive 
plasmas  

Inductive scenarios Yan, Z.  

6/17/14 Enhanced radial diffusion with poloidal flux expansion  Divertor and SOL 
physics 

Soukhanovskii, V.  

6/17/14 Off normal fault response tests II  Plasma control Humphreys, D.  
6/18/14 Validate critical gradient model of Alfvén eigenmode 

transport  
Energetic particles Heidbrink, W.,     

Van Zeeland, M. 
6/18/14 ECH control of Alfvén eigenmode stability  Energetic particles Van Zeeland, M., 

Pace, D. 
6/19/14 Edge flow layer: Mach probe and edge main ion CER  Plasma rotation Battaglia, D.  
6/19/14 Contingency  Operations Fenstermacher, M. 
6/20/14 Testing kinetic RWM stabilization theory at marginal 

stability  
Steady-state scenarios Sabbagh, S.  

6/23/14 Explore access to βN~5 using high-li approach  Steady-state scenarios Ferron, J.,        
Holcomb, C. 

6/24/14 Investigation and optimization of current ramp-up  Inductive scenarios Solomon, W.  
6/24/14 Transport during current ramp-up and ramp-down in 

ITER baseline  
Transport McKee, G.  

6/25/14 Identify heat flux width scaling physics  Divertor and SOL 
physics 

Makowski, M.  

6/26/14 Contingency  Operations Fenstermacher, M. 
6/26/14 Contingency  Operations Fenstermacher, M. 
6/26/14 Powered VFI control  Plasma control Hyatt, A.  
6/27/14 SPI/MGI comparison for TQ mitigation – Day 2  Disruptions TF Commaux, N.  
7/11/14 Plasma startup  Operations Hyatt, A.  
7/12/14 Boronization/bake  Operations Lee, R.  
7/14/14 Investigation of high-Z impurity behavior in QH-mode 

and radiative divertor  
Inductive scenarios Grierson, B., 

Garofalo, A. 
7/15/14 Optimize high βP scenario for EAST  Steady-state scenarios Gong, X.  
7/16/14 Stationary advanced inductive plasmas without tearing 

modes  
Inductive scenarios Xu, G.  

7/17/14 Evaluate upper limits of performance for steady-state 
“Hybrid” regime – Day 1  

Steady-state scenarios Petty, C. 

7/17/14 Contingency  Operations Fenstermacher, M. 
7/17/14 βN control  Plasma control Kolemen, E.  
7/18/14 RE Plateau dissipation and final loss  Disruptions TF Hollmann, E.  
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7/21/14 Director's Reserve  Operations Wade, M.  
7/22/14 Director's Reserve  Operations Wade, M.  
7/23/14 Director's Reserve  Operations Wade, M.  
7/24/14 Director's Reserve  Operations Wade, M.  
7/24/14 METIS Day 1  Plasma control Moreau, D.  
7/25/14 Director's Reserve  Operations Wade, M.  
7/28/14 Director's Reserve  Operations Wade, M.  
7/29/14 Director's Reserve  Operations Wade, M.  
7/30/14 Director's Reserve  Operations Wade, M.  
7/31/14 Director's Reserve  Operations Wade, M.  
7/31/14 RMP ELM control  Plasma control Kolemen, E.  
8/1/14 Contingency  Operations Fenstermacher, M. 
8/4/14 Director's Reserve  Operations Wade, M.  
8/5/14 National campaign experiment Operations Wade, M.  
8/6/14 National campaign experiment Operations Wade, M.  
8/7/14 National campaign experiment Operations Wade, M.  
8/7/14 METIS Day 2  Plasma control Moreau, D.  
8/8/14 National campaign experiment Operations Wade, M.  

8/22/14 Plasma startup  Operations Hyatt, A.  
8/23/14 Boronization/bake  Operations Lee, R.  
8/25/14 RMP ELM control in helium plasmas  ELM control Evans, T.  
8/26/14 DiMES low-Z erosion – aluminum  Plasma material 

interaction 
Chrobak, C.  

8/26/14 Contingency  Operations Fenstermacher, M. 
8/27/14 Isotope scaling of L-H and H-L power thresholds in 

hydrogen and deuterium plasmas  
L-H transition Gohil, P.,         

Yan, Z. 
8/28/14 National campaign experiment Operations Wade, M.  
8/28/14 Real time EFC with SURFMN  Plasma control Kolemen, E.  
8/29/14 Contingency  Operations Fenstermacher, M. 
9/1/14 National campaign experiment Operations Wade, M.  
9/2/14 National campaign experiment Operations Wade, M.  
9/3/14 National campaign experiment Operations Wade, M.  
9/4/14 National campaign experiment  Operations Wade, M.  
9/4/14 Stability boundary control  Plasma control Kolemen, E.  
9/5/14 Contingency  Operations Fenstermacher, M. 
9/8/14 Contingency  Operations Fenstermacher, M. 
9/9/14 Contingency  Operations Fenstermacher, M. 

9/10/14 Contingency  Operations Fenstermacher, M. 
9/11/14 Contingency  Operations Fenstermacher, M. 
9/11/14 Control TBD  Plasma control Humphreys, D.  
9/12/14 Contingency  Operations Fenstermacher, M. 
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 1.4.  THE 2014 OPERATIONS SCHEDULE 

The operations schedule is designed for efficient and safe use of the DIII-D facility. 
Eighteen calendar weeks of plasma physics operations are scheduled for the fiscal year 
2014, of which 3 weeks were run in October 2013. The operations schedule is shown in 
Fig. 2. Operations in 2014 are carried out 5 days per week for 8.5 hours (8:30 am – 
5:00 pm) with 2 hours of additional run time each week dedicated to development and 
testing of plasma and operations control algorithms. The 2014 operations schedule can be 
viewed at http://d3dnff.gat.com/Schedules/fy2014Sch.htm. FY2014 operations are 
scheduled to end on September 12, 2014. 

In addition to operating the tokamak, maintenance has to be performed and new 
hardware is being installed to enhance DIII-D capabilities. The schedule calls for these 
maintenance activities to be carried out during the weeks that the tokamak is not 
operating. 

S M T W T F S S M T W T F S S M T W T F S S M T W T F S

1 2 3 4 5 1 2 H 2 3 4

6 7 8 9 10 11 12 3 4 5 6 7 8 9 1 2 3 4 5 6 7 5 6 7 8 9 10 11

13 14 15 16 17 18 19 10 11 12 13 14 15 16 8 9 10 11 12 13 14 12 13 14 15 16 17 18

20 21 22 23 24 25 26 17 18 19 20 21 22 23 15 16 17 18 19 20 21 19 20 21 22 23 24 25

27 28 29 30 31 24 25 26 27 H H 30 22 O H H H O 28 26 27 28 29 30 31

29 30 31

S M T W T F S S M T W T F S S M T W T F S S M T W T F S

1 1 1 2 3 4 5 1 2 3

2 3 4 5 6 7 8 2 3 4 5 6 7 8 6 7 8 9 10 11 12 4 5 6 7 8 9 10

9 10 11 12 13 14 15 9 10 11 12 13 14 15 13 14 15 16 17 18 19 11 12 13 14 15 16 17

16 H 18 19 20 21 22 16 17 18 19 20 21 22 20 21 22 23 24 25 26 18 19 20 21 22 23 24

23 24 25 26 27 28 23 24 25 26 27 28 29 27 28 29 30 25 H 27 28 29 30 31

30 31

S M T W T F S S M T W T F S S M T W T F S S M T W T F S

1 2 3 4 5 6 7 1 2 3 H 5 1 2 H 2 3 4 5 6

8 9 10 11 12 13 14 6 7 8 9 10 11 12 3 4 5 6 7 8 9 7 8 9 10 11 12 13

15 16 17 18 19 20 21 13 14 15 16 17 18 19 10 11 12 13 14 15 16 14 15 16 17 18 19 20

22 23 24 25 26 27 28 20 21 22 23 24 25 26 17 18 19 20 21 22 23 21 22 23 24 25 26 27

29 30 27 28 29 30 31 24 25 26 27 28 29 30 28 29 30

31

Physics Holiday Startup Option  Vent Fixed Maintenance

PROPOSED DIII-D FY2014 OPERATIONS SCHEDULE

Oct Nov Dec Jan 

Feb Mar Apr May

Jun Jul Aug Sep

 
Fig. 2.  DIII–D master schedule FY2014 (18-week plan). 
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