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0 0 FSP Project v6 ¥
1 1 FSP Management
2 11 Directorate Established ¢10/1
3 1.2 Establish ISA Teams L
4 113 Establish ET Teams pE==————_
5 |14 FSP Substantially Operational
6 |1.5 FSP Fully Operational -
7 1.6 Annual FE Community Workshop
8 |1.6.1 Workshop 2013
9 |1.6.2 Workshop 2014
10 [1.6.3 Workshop 2015 {-'
11 164 Workshop 2016 {-'
12 |1.6.5 Workshop 2017 *
13 1.7 Bi-Annual PAC Review é‘
14 11.7.1 PAC review 2013-A
15 1.7.2 PAC review 2013-B
16 [1.7.3 PAC review 2014-A
17 1.74 PAC review 2014-B
18 [1.7.5 PAC review 2015-A
19 [1.7.6 PAC review 2015-B
20 1.7.7 PAC review 2016-A
21 1.7.8 PAC review 2016-B
22 1.7.9 PAC review 2017-A
23 |1.7.10 PAC review 2017-B
24 1.8 EOT
25 1.8.1 Education Program Established 11/30
26 |1.8.2 Education Program
27 1.8.3 Outreach Program Established 11/30
28 [1.8.4 Outreach Program
29 [1.8.5 Training Program Established 11/30
30 |1.8.6 Training Program
31 [1.9 Program management (LOE)
32 2 ISA 1 - Pedestal/Boundary
33 21 Collaborations on initial design activities
34 211 Collaborate with SIS team on integration design 2.11
35 12.1.2 Collaborate with SQ team on Verification plan 2.1.2 )
36 12.1.3 Collaborate with SQ team on UQ_plan 2.1.3)
37 2.1.4 Collaborate with SQ team on Validation plan 2.1.4) S
38 2.2 Static linear model for pedestal structure
39 2.21 Componentize existing linear model 221 :
40 12.2.2 Extensions to model 2.2.2 S —
41 2.2.3 Multi-parameter stability studies 223 —
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42 224 First release of static model within FSP framework 2.2
43 2.2.5 Additional extensions to model
44 2.3 Coupled fluid turbulence/transport/wall models
45 2.3.1 Long-time coupling between turbulence and
transport in SOL
46 2.3.1.1 Embed neutral/wall model in 3D turbulence 23.1.1
code or couple 3D turbulence to 2D transport
(plasma & neutrals) l
47 2.3.1.2 Decision point between options 2.2.1.1 and 2.3.1.2| §73/25
2.2.1.2
48 [2.3.1.3 Continue development with chosen option
49 2.3.2 Implement simplified models of plasma wall
50 [2.3.3 First release of coupled SOL model
51 [2.34 Add simplified impurity model
52 |2.35 Continue development
53 2.4 Preparation for kinetic models including kinetic
neutral models; coupling kinetic and fluid neutral
models and implementation of accurate collision
operator
54 |25 Coupled kinetic turbulence/transport/wall model
55 2.5.1 Kinetic turbulence modeling including gyro- and 7.5.1 §
drift kinetics
56 [2.5.2 4D kinetic transport model, coupled to 3D 2.5.2
turbulence; kinetic neutral model coupled to
plasma model; dynamic wall model coupled to
plasma model; fluid impurity model coupled to
plasma model
57 [2.5.3 First release of coupled kinetic SOL model 2.5.3 ¢[6/2
58 |2.6 Dynamic Pedestal Model
59 2.6.1 Componetize existing physics modules, then add 2-5-1@
new capabilities
60 |2.6.2 First release of dynamic pedestal model
61 (2.7 Validation of pedestal structure and dynamics
62 [2.7.1 Equilibrium and stability
63 2.7.2 Neoclassical and quasilinear transport
64 [2.7.3 Particle/energy sources and sinks 2.7.3
65 [2.7.4 Nonlinear/coupled micro-mesoscale transport 2.7.4 ﬁ
66 2.8 Validation of pedestal relaxation and transients W
67 2.8.1 ELM onset &
68 [2.8.2 L-H transition/back transition 2.8.2
69 2.8.3 Nonlinear evolution of ELMs and crash dynamics 8.3
70 2.8.4 Heat and particle transport to the wall 2.8.47
71 |2.8.5 Externally applied 3-D magnetic field effects
72 2.9 Validation of plasma wall interaction v v
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73 2.9.1 Fueling, recycling and retention 2.9.
74 2.9.2 Private flux region heat and particle transport 2.9.2
75 293 Impurity generation, transport and radiation 2937
76 [2.9.4 Surface, coatings and dust evolution 294
77 2.10 Validation of coupled pedestal/boundary physics
78 2.10.1 Heat and particle impact on wall and back reaction 2-10-1E
during ELMs
79 2.10.2 Heat and particle load control and impact on core
performance
80 [2.11 uUQ Analysis
81 [2.11.1 Collaborate with SQ team on Phase | UQ analysis: - 111
the uncertainty in ELM instability threshold and
critical profile with geometry and pedestal profiles
as input using a hierarchy of fluid and kinetic
stability codes.
82 2.11.2 Collaborate with SQ team on Phase Il UQ analysis: r
the uncertainty in ELM instability threshold and
critical profile with geometry and pedestal profiles
as input using a hierarchy of fluid and kinetic
stability codes.
83 2.11.3 Collaborate with SQ team on Phase Il UQ analysis: 2.11.3) S —
the uncertainty in profiles and fluctuations in the
plasma boundary layer from input fluxes and
geometry using fluid and kinetic plasma models.
84 |3 ISA 2- Whole Device Modeling Capability
85 3.1 Collaborations on initial design activities
86 3.1.1 Collaborate with SIS team on integration design
87 3.1.2 Collaborate with SQ team on Verification plan
88 3.1.3 Collaborate with SQ team on UQ plan
89 3.14 Collaborate with SQ team on Validation plan
90 3.2 ISA 2 - Develop first FSP 1.5D (Fixed and Free
Boundary) WDM simulation capability
91 3.2.1 Identify legacy WDM 1.5D and WDM prototype i
codes and determine element s to be used in FSP
92 |3.2.2 Determine initial FSP 1.5WDM applications b
93 3.2.3 Select physics modules for 1st FSP 1.5 WDM
94 3.2.3.1 Determine modules that will be tightly coupled
95 3.2.3.2 Determine modules that will be loosely coupled e
9% [3.2.3.3 Identify gaps in component models to meet
WDM goals
97 3.2.4 Adapt modules for 1.5 WDM code Ml
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98 [3.2.4.1 1D core transport model
99 [3.2.4.2 Pedestal equilibrium model
100 [3.2.4.3 Rf heating and current drive model
101 3.2.4.4 NBI model
102 [3.2.4.5 Fueling model
103 [3.2.4.6 Componentization of additional physics modules
104 [3.2.5 Establish framework for FSP 1.5 WDM
105 [3.2.6 Integration of components into FSP framework
106 (3.2.6.1 Integration of tightly coupled components
107 [3.2.6.2 Establish connection with loosely couple
components
108 3.2.7 Alpha testing of Simulation Software and
Application
109 3.2.8 First release of FSP 1.5 WDM code
110 3.3 ISA 2 - Establish WMD prototypes with parallel
architectures.
111 3.3.1 Determine next level FSP WDM applications 4
112 [3.3.2 Include linear stability calculations within WDM 4
software
113 3.3.3 Introduce more advanced and first principal ]
components
114 [3.34 Alpha testing of Simulation Software including
linear stability calculation and first principle
component.
115 [3.3.5 Release of improved 1.5 WDM code ¢|5/24
116 3.4 Implement 3D free boundary equilibrium
117 3.4.1 Identify and establish 3D equilibrium. solvers for
WDM application
118 [3.4.2 Integrate 3D equilibrium solvers into WDM
framework
119 343 Include model for magnetic islands
120 3.4.4 Adopt and assess reduced transport models in 3D
magnetic geometry
121 [3.4.5 Adopt and assess simplified source and loss
models in 3D magnetic geometry
122 3.4.6 Install and integrate 3D core and pedestal models
123 3.4.7 Alpha test WDM code with 3D core and pedestal
models
124 3.4.8 Release WDM code with 3D core and pedestal 1
models
125 3.5 Incorporate turbulence simulations into transport P EEEE————j——
timescale simulations
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126 |3.5.1 Identify and evaluate gyro-kinetic turbulent
transport simulation tools for WDM application
127 |3.5.2 Evaluate and develop algorithms to integrate
first-principle turbulent transport tools with WDM
simulation tools
128 [3.5.3 Install and Integrate first-principle turbulent
transport tools with WDM simulation tools
129 354 Optimize for WDM Parallel architectures
130 3.5.5 Release code with gyro-kinetic turbulent & 3/29
simulations included
131 3.6 Implement input from the Boundary/Pedestal ISA
132 3.6.1 Identify and install reduced pedestal, SOL, divertor,
and first-wall interaction physics component for
WDM applications
133 [3.6.2 Install and integrate components with higher pe—
physics fidelity
134 3.6.3 Optimize for WDM Parallel architectures
135 3.6.4 Test combined improved ISA WDM code with input
from Boundary/Pedestal ISA
136 3.6.5 Release code with combined ISA1 and ISA2
components
137 3.7 UQ Analysis :;I—'
138 3.7.1 Collaborate with SQ team on Phase | UQ analysis: A
the uncertainty in the plasma with geometry and
pedestal profiles as inputs using a hierarchy of core
plasma transport models.
139 3.7.2 Collaborate with SQ team on Phase Il UQ analysis: i
the uncertainty in the plasma with geometry and
pedestal profiles as inputs using a hierarchy of core
plasma transport models.
140 3.7.3 Collaborate with SQ team on Phase Il UQ analysis: D
the uncertainty in equilibrium reconstruction and
instability threshold with geometry and pedestal
profiles and inputs using a hierarchy of increasingly
self-consi stent mapping and plasma models.
141 3.8 Validation of plasma equilibrium states
142 3.8.1 2-D free boundary equilibrium
143 [3.8.2 3-D free boundary equilibrium
144 3.9 Validation of profile evolution from boundary to
core
145 3.9.1 1.5-D profile evolution with physics-based
edge/bdy conditions
146 [3.9.2 1.5-D profile evolution with bdy and
recycling/fueling models
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147 [3.9.3 2.5-D profile evolution with bdy transport, sources
and sinks
148 [3.10 Validation of fast MHD-induced disruptions
149 [3.10.1 VDE disruption model and control
150 (3.10.2 Ideal MHD disruption stability boundary e
151 3.11 Validation of slow MHD-induced disruptions L 4
152 3.11.1 NTM and RWM stability boundaries ——
153 [3.11.2 Dynamics from stability onset to disruption
154 |3.11.3 Control of slow MHD instabilities i
155 [3.12 Validation of transport-MHD coupled disruption
simulation
156 [3.12.1 Plasma evolution to instability and disruption
157 [3.12.2 Control of evolution for disruption avoidance
158 4 ET - Components
159 4.1 Collaborations on initial design activities
160 4.1.1 Collaborate with SIS team on integration design
161 4.1.2 Collaborate with SQ team on Verification plan
162 4.2 Team standing-up and continuous functions
163 4.2.1 Initial task assignments and resource delivery
164 |4.2.2 Updating task assignment and resource allocation
165 4.2.3 Establish component standard and best practices
166 (4.2.4 Update component standard and best practice
167 |4.2.5 Reviewing, verifying, committing, and maintaining
component library (developmental version) Part |
168 14.2.6 Reviewing, verifying, committing, and maintaining
component library (developmental version) Part Il
169 4.2.7 Reviewing, verifying, committing, and maintaining b
component library (developmental version) Part IlI
170 4.2.8 Reviewing, verifying, committing, and maintaining
component library (developmental version) Part IV
171 4.3 Component library adaptation
172 4.3.1 Free boundary Grad-Shafranov solver Part |
173 4.3.2 Free boundary Grad-Shafranov solver Part Il
174 |4.3.3 Embedded turbulence model Part |
175 |4.3.4 Embedded turbulence model Part II
176 |4.3.5 Linear stabilities (MHD) 4
177 |4.3.6 Energetic particle/kinetic stability modules
178 (4.3.7 Refactoring pedestal/SOL equilibrium module from -
e R ﬁ
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179 4.4 New component development Phase |
180 4.4.1 Profile evolution with 3D equilibrium
181 |4.4.2 Kinetic MHD Part |
182 4.4.3 Kinetic MHD Part Il %
183 |4.4.4 PMI Part |
184 4.4.5 PMI Part Il
185 |5 ET - Software Integration & Support
186 |5.1 On-HPC integration
187 |5.1.1 Define implementation independent metadata
schema and language APIs
188 |5.1.2 1/0 layer for metadata schema implemented v
189 |5.1.2.1 C 1/0 layer for metadata schema implemented
190 |5.1.2.2 Fortran 1/O layer for metadata schema
implemented
191 |5.1.2.3 I/0 Library ready for use by ISAs ¢ 12/20
192 51.24 Common I/0O capability with consistent
metadata available to fusion community
193 |5.1.3 ISAs refactored to use I/0 layer
194 |5.1.4 On-HPC component API defined - S
195 |5.1.5 Reference implementation of on-HPC integration d
software, Release 1 (concurrent components,
low-dimensional couplings)
196 |5.1.6 ISAs refactored to use SIS implementation layer for
1-2D couplings
197 |5.2 1st release of generic 3D coupling in restructure
198 |5.2.1 Determine relative merits of generic 3D coupling
schemes
199 |5.2.2 Provide implementation of generic 3D coupling in
C
200 |5.2.3 Provide Fortran layer on C coupling
201 5.24 ISAs refactored to use SIS implementation layer for
3D couplings
202 5.3 Task composition ¢
203 |5.3.1 Requirements for input file preparation defined. p """
204 |5.3.2 Standard visualizations for multiple types of -
simulations defined
205 |5.3.3 Standards for software availability and validity R i
monitoring defined
206 5.3.4 Requirements for simulation monitoring defined L
207 |5.3.5 Requirements for data down selection for data
management system defined
208 |5.3.6 Data management system requirements defined
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209 |5.3.7 Data server technology defined
210 |5.3.8 Data servers identified
211 |5.39 API for data access (read and write) from data
management system defined
212 5.4 1st release of task composition software L
213 541 Release 1 of input file preparation software for
ISA1
214 |5.4.2 Release 1 of software for standard visualizations e
215 5.4.3 Release 1 of software availability and validity S e—— 1
monitoring packages
216 5.4.4 Release 1 of simulation monitoring software
217 |5.4.5 Release 1 of down selection software
218 |5.4.6 Release 1 of data management system
219 |5.4.7 Release 1 of libraries for interacting with data
management system
220 |5.5 Developer support .l-
221 |5.5.1 Collaboration tools and repositories operational S | I— )
222 |5,5.2 Build system requirements defined _;I
223 |5.5.3 Package management system requirements —
defined
224 |55.4 Test system requirements defined —
225 |5.5.5 Performance measurement requirements defined h“
226 |5.5.6 Collaboration tools and repositories maintained f I— ‘_I;;_
227 |5.6 1st application of developer support tools
completed
228 5.6.1 Build system applied to ISAs, first components ;f
229 |5.6.2 Package management system applied to full suite T ——————
230 |5.6.3 Automated builds of complete software suite & 7/7
231 5.64 Test systems applied to ISA 1,2 and first e e
components
232 |5.6.5 Performance measurements applied to ISA 1,2 and D
first components
233 |5.6.6 Build systems maintained and applied more
broadly
234 5.6.7 Package management system maintained and
applied more broadly
235 |5.6.8 Test systems maintained and applied more broadly
236 |5.6.9 Performance regression system developed q
237 |5.6.10 Performance regression system maintained and
applied more broadly
238 6 ET - Software Quality 12/30
239 6.1 SQ procedures 12/30 12/25 )
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240 6.1.1 Formulate and refine software engineering policies 12/3¢,
and procedures
241 6.1.2 Formulate and refine verification policies and 12/30) el a— 6/ 28
procedures
242 16.1.3 Formulate and refine UQ policies and procedures b/28 12/25
243 6.1.4 Formulate and refine validation policies and 12/30) sl a— 6/28
procedures
244 16.1.5 Definition of SQ policies and procedures 12/257¢ 12/25
245 6.2 Collaborate on development of Verification, 3/30 6/23
Validation & UQ plans
246 6.2.1 Lead ISA1 verification plan development 9/26
247 16.2.2 Lead ISA2 verification plan development 9/26
248 16.2.3 Lead Components verification plan development 9/26
249 6.2.4 Definition of verification plans 9/26| ¢f 9/26
250 16.2.5 Lead ISA1 validation plan development 9/26 3/25
251 16.2.6 Lead ISA2 validation plan development 9/26 3/25
252 16.2.7 Definition of validation plans ¢ 3/25
253 6.2.8 Lead ISA1 UQ plan development 3/25) 6/23
254 16.2.9 Lead ISA2 UQ plan development */7';26/23
255 6.2.10 Definition of UQ plans 76/23
256 6.3 SQA Tools
257 6.3.1 Unit testing capability m
258 16.3.2 Regression testing capability 6/28 %12/25
259 6.3.3 Release of SQA tool suite ¢ 12/25
260 6.4 Synthetic diagnostics 12/25
261 6.4.1 Synthetic diagnostics development planning ]
262 6.4.2 Develop critical synthetic diagnostics for first three
years of validation
263 6.4.3 Synthetic diagnostic release | 9/5
264 6.4.4 Develop critical synthetic diagnostics for second 9/5 %
three years of validation
265 |6.4.5 Synthetic diagnostic release I
266 6.5 Advanced calculation verification techniques 9/26 12/4
267 16.5.1 Advanced calculation verification techniques Phase 9/26 5/19
I
268 |6.5.2 Advanced calculation verification techniques Phase 6/1¢
I
269 |6.5.3 Advanced calculation verification techniques Phase
1l
270 6.6 Verification tool suite 6/18
271 6.6.1 Initial suite development 6/1¢
272 16.6.2 Release of verification tool suite
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273 16.6.3 Incorporation of new technologies
274 16.6.4 Release of revised verification tool suite
275 6.7 Collaborate on UQ Analysis
276 6.7.1 Lead ISA1 Phase | UQ Analysis
277 16.7.2 Lead ISA2 Phase | UQ Analysis
278 16.7.3 Preliminary UQ analysis results
279 6.7.4 Lead ISA1 Phase Il UQ Analysis
280 |6.7.5 Lead ISA2 Phase Il UQ Analysis
281 6.7.6 UQ analysis result Phase I
282 6.7.7 Lead ISA1 Phase Il UQ Analysis
283 6.7.8 Lead ISA2 Phase Il UQ Analysis
284 16.7.9 UQ analysis result Phase llI
285 6.8 uQ tool suite
286 16.8.1 UQ tool suite Phase |
287 16.8.2 UQ Tool suite Initial release
288 16.8.3 UQ tool suite Phase Il
289 6.8.4 UQ Tool suite second release
290 |6.9 Review and revise SQ activities, policies and 12/20 ¥-12/25
procedures L
291 6.10 Review and revise SQ activities, policies and 12/20 }-12/25
procedures L
292 6.11 Review and revise SQ activities, policies and 12/19 12/24
procedures L
293 16.12 Review and revise SQ activities, policies and 12/19 § 12/24
procedures
294 6.13 Formal software release preparation v1.0 12/20 —46/18
295 6.14 Formal software release preparation v2.0
296 |7 ET Production
297 7.1 Identify initial (legacy) software set and target HW
(non-HPC)
298 [7.2 Develop production capabilities and plans for user
support.
299 7.3 Selected software installed and running on target
system.
300 (7.4 Develop basic (V0.1) user documentation
301 |7.5 Establish fully operational non-HPC production
system
302 7.6 Identify extension to software set and target HPC HW
(e.g., NERSC)
303 |7.7 Selected software installed and running on target
system.
304 |7.8 Develop user documentation (V1.0)
305 |7.9 Establish fully operational HPC production system
306 |7.10 Continuing Production Operation & Support
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307 |7.11 Continuing Production Operation & Support
308 |7.12 Continuing Production Operation & Support
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