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General GRD |GRD General Requirements Ver. Method
General: Field The NSTX-U device shall be oriented so that
Directions and the axis of the TF inner bundle points towards X
General GRD |1 GRD-4.1.1.a Coordinates 1 1.1 the ceiling of the NSTX-U Test Cell (NTC). Metrology will be used to verify the orientation
A right hand coordinate system (R,¢,Z) shall
be established so that:
® Positive Z has an origin at the machine
midplane and points toward the NTC ceiling
® Positive R has an origin at the center of the
TF bundle and points outward X
® Positive ¢ has an origin along a line pointing
towards the north wall4, directly between
General: Field thecenterlines of Bays A and L, increasing in a All calculations and other
Directions and counterclockwise direction when viewing from documents will verify that the right
General GRD |2 GRD-4.1.1.b Coordinates 2 1.1 above. coordinate system is implemented
General: Field The plasma current shall be positive in this All models and other documents
Directions and coordinate system (i.e. counter clockwise X will verify that the positive
General GRD |3 GRD-4.1.1.c Coordinates 3 1.1 when viewed from above) coordinate systems is used
General: Field The toroidal field shall be negative in this All models and other documents
Directions and coordinate system (i.e. clockwise when X will verify that the negative
General GRD |4 GRD-4.1.1.d Coordinates 4 1.1 viewed from above) coordinate systems is used
General: Field
Directions and The coils shall have as their baseline directions X
General GRD |5 GRD-4.1.1.e Coordinates 5 1.1 the values in Table 4.1.1-1. Table 4.1.1-1.
The 12 bays are given nominal angle
definitions as in Table 4.1.1-2. Actual bay
General: Field positions may differ slightly due to fabrication X Bays are identified in nearly all
Directions and tolerances, and bay letters should be used doc umentstion to include
General GRD |6 GRD-4.1.1.f Coordinates 6 1.1 only in a reference sense. Table 4.1.1-2 drawings
Nominal plasma current (I p ) waveform for
engineering design purposes shall consist of
linear ramp-up from zero to 2MA at a rate of
2MA/sec, flat top (constant 2MA) with
duration up to 5.0 sec, and linear ramp-down
from 2MA to zero at a rate of 1MA/sec [15].
Total duration 2/2 + 5 + 2/1 = 8.0 sec, with an X
ESW time of 6 seconds (Figure 4.1.2-1). This
waveform is referred to as the “Long Pulse
General: Partial Inductive” (LPPI) waveform. The “Short
Baseline Pulse Full Inductive” (SPFI) waveform is
Operations similar, but Nearly all calculations use the same
General GRD |7 GRD-4.1.2.a Scenarios 7 1.1 with a flat-top duration of only 2.5 seconds Figure 4.1.2-1 basline values these values
Plasma scenarios and the OH coil evolution
shall be designed so that the frictional
interaction between the OH coil and the TF
inner leg bundle is acceptable. This is X
General: accomplished by keeping the bulk average
Baseline temperature of the OH coil (T OH) ) always
Operations greater than that of the TF inner leg bundle (T
General GRD |8 GRD-4.1.2.c Scenarios 8 1.1 TF,inner ).
General:
Baseline X
Operations The coil protection systems shall have
General GRD |9 GRD-4.1.2.d Scenarios 9 1.1 mechanisms to enforce T OH >T TF,inner .
General:
Auxiliary For engineering purposes, the HHFW system X
Heating Input shall be assumed to deliver a maximum of 4 Subsystem is existing and not being
General GRD |10 GRD-4.1.3.a Power 10 1.3 MW to the plasma for 5 s. modified as part of recovery scope
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General:
Auxiliary For engineering purposes each NBI beam line X
Heating Input shall be assumed to deliver a maximum power Subsystem is existing and not being
General GRD |11 GRD-4.1.3.b  |[Power 11 1.3 to the plasma as indicated in Table 4.1.3-1. Table 4.1.3-1. modified as part of recovery scope
The total combined auxiliary heating power
General: will be that deliverable from the HHFW plus
Auxiliary one NBI X
Heating Input beamline (9 MW), or two beamlines (10 MW), Subsystem is existing and not being
General GRD |12 GRD-4.1.3.c Power 12 1.3 for 5 seconds 5 modified as part of recovery scope
At the full rated pulse length, the repetition
period shall be 2400 sec, but upgradeable to
1200 sec. via
modification and upgrades to components X
outside the tokamak core. Therefore, all Calculations addressing the time
components in requirmenets address 1200 second
General: Pulse the tokamak core shall be designed for the intravals unless otherwide specified e.g.,
General GRD |13 GRD-4.1.4.a Duty Factor 13 1.1 1200 sec. repetition rate. power Cable limitation
Plasma pulses with shorter duration may be
performed at a more rapid rate, consistent X
General: Pulse with the
General GRD |14 GRD-4.1.4.b  |Duty Factor 14 1.1 cooling of the coils and in-vessel components. Will occur during experimental tests
General:Heat
Removal The average power load to the PFCs and VV is X
General GRD |15 GRD-4.1.5.a Capabilities 15 1.1 summarized in Table 4.1.5-1. Table 4.1.5-2.
The minimum heat removal capabilities from
the divertors of the device shall be based on a
30% radiation fraction, with a 50/50 up-down
General:Heat power split and an 80/20 out/in power split.
Removal Therefore, the heat removal capability shall be
General GRD |16 GRD-4.1.5.b  |Capabilities 16 1.1 as per Table 4.1.5-2. Table 4.1.5-2
General:Heat The heat removal capability of the first wall
Removal shall be determined by the high radiation
General GRD |17 GRD-4.1.5.c Capabilities 17 1.1 fraction scenario of Table 4.1.5-3. Table 4.1.5-3
The radiated power in tables 4.1.5-2 and
General:Heat 4.1.5-3 shall be taken as uniformly radiated
Removal from within the 95% plasma boundary in tables 4.1.5-2
General GRD |18 GRD- 4.1.5.d |Capabilities 18 1.1 Section 4.1.2. and 4.1.5-3
Any in-vessel cooling loops shall follow the
following guidelines [17]
o If made from single-walled tubing, then
water cannot be used following the
introduction of any lithium into the machine.
Any tubes used in this fashion should be
isolated from water supply and pumped out to
1x10 -3 torr before lithium introduction.
o If cooling loops can be formed with double
wall tubing or other secondary barrier to the
vacuum, then water cooling may be used
during lithium operations. These cases require
a system or program to positively verify on a
daily basis that both barriers are intact. If
either barrier is found to be compromised,
then the system shall be taken out of service.
General:Heat Design should carefully guard against common
Removal mode failures that may simultaneously
General GRD |19 GRD-4.1.5.d" |Capabilities 19 1.1 compromise both barriers.
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For engineering purposes, the number of
NSTX-U pulses, after implementing the Center
Stack Upgrade, shall be assumed to consist of X
General:Shot a total of 20,000 pulses based on the pulse All of the fatigue analyses consider
General GRD |20 GRD- 4.1.6a Spectrum 20 1.1 spectrum given in Table 4.1.6-1. Table 4.1.6-1 a shot spectum of 20,000 shots
General:Field
Errors and X
Component Manufacturing and assembly tolerances shall RD-11 provides the critical assembly
General GRD (21 GRD-4.1.7.a  |Alignment 21 1.1 be provided in the appropriate SRD or RD. tolerances for alignment of the
The DPSS [15,16] establishes minimum static
electromagnetic loads. Derived loads using
other codes is permitted if the loads are X
General:Static verified to be greater than or equal to those
General GRD |22 GRD-4.1.8.a EM Loads 22 1.1 established by the DPSS.
All static electromagnetic loads shall be
General:Static computed from prescribed coil currents in the X
General GRD 23 GRD- 4.1.8.b EM Loads 23 1.1 DPSS.
NSTX-U plasma facing components, internal
hardware (PFC tiles, passive plates, outboard
divertor, neutral beam armor, cooling X
General: systems, shutters, etc), CSC, VV, and RF
Disruption antenna shall be designed to withstand the
General GRD |24 GRD-4.1.9.a Requirements |24 1.1 forces and loads due to plasma disruption. All Relevant calculation
General: The loads shall be calculated as described in
Disruption Ref. [18]. NSTX-U-RQMT-RD-003-00, NSTX-U X All relevant analyses use the appropriate
General GRD 25 GRD- 4.1.9.b Requirements |25 1.1 Disruption Requirement disruption requirements
Table 3.1-1 of the original NSTX Project GRD
General: [2] is repeated as Table 4.2.1.1-1 and shall X
General Design apply to theRecovery Project and all Table 4.2.1.1-
General GRD |26 GRD-4.2.1.1.a |Guidelines 26 1.1 subsequent design. 1
The FMEA which was prepared for the original
NSTX Project and revised during the Upgrade
project
shall be updated, including an analysis of all X
General: changes implemented by the Recovery Project
Failure Mode and New document/process addressing
General GRD |27 GRD- 4.2.1.2.a |Effects Analysis |27 1.1 redesign. FMECAs has been developed
Failure probabilities shall be quantified based
on engineering judgment per the General
General: Design Guidelines Table 4.2.1.1-1. Failure Table 4.2.1.1-
Failure Mode consequences shall be quantified based on 1, Table
General GRD |28 GRD- 4.2.1.2.b |Effects Analysis |28 1.1 engineering judgment per Table 4.2.1.2-1. 4.2.1.2-1.
At design reviews, all mechanical
General: All NSTX-U mechanical design shall follow the X analyses consist of an allowable that is
Structural NSTX-U structural design criteria [19]. NSTX- generated from the structural design
General GRD 29 GRD- 4.2.1.3.a |Design 29 1.1 CRIT-0001-02, NSTX Structural Design Criteria criteria report.
General: All designs shall maintain the midplane
Structural symmetry of the device to the greatest extent X
General GRD |30 GRD-4.2.1.3.b |Design 30 1.1 possible Part of the MC S FDR design
Toroidally continuous passive structures shall
be minimized to the extent that other design Designs removed jumpers addressed as
General: constraints permit, and shall be made of high X X part of the passive plate plate - FDR Passive Plates, OBD and other
Structural resistivity materials (316 SS, Inconel) where design addresses Jumpers to add a compoenents are not being
General GRD |31 GRD-4.2.1.3.c |Design 31 1.1 compatible with component function. current path to the plate and the vessel redesigned
Magnetic permeability of components shall be
General: as defined in Ref. [20] NSTX-U-RQMT-RD-010- X
Materials 00, NSTX-U Magnetic Permeability Nearly all calculations address magnetic
General GRD (32 GRD-4.2.2.1.a |Selection 32 1.1 Requirements permeability
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All materials utilized within the primary
vacuum boundary shall be on the PPPL X X
Vacuum Committee approved list, or shall be Components not chnages will be
General GRD |33 GRD-4.2.2.2.a 33 1.1 approved by the committee. IVPS FDR design demonstrated
All materials utilized within the primary
vacuum boundary shall be designed to
General: withstand the anticipated temperatures X X
Materials during plasma and bakeout operation. See
General GRD (34 GRD- 4.2.2.2.b |Selection 34 1.1 Section 6.3.3. Section 6.3.3. Manufacturers data sheets REC-176-00 Outgassing Test on Halo Current |
General: All viton O-ring seals shall be maintained at a
Materials temperature lower than 180 deg C during any X
General GRD |35 GRD- 4.2.2.1.c |Selection 35 1.1 operational or bakeout scenario. Manufacturers data sheets
All materials with line of sight exposure to the
General: lithium evaporators or otherwise determined
Materials to be at risk to exposure to lithium films shall
General GRD |36 GRD- 4.2.2.1.e |[Selection 36 1.1 be approved for use under that condition.
The NSTX-U vacuum vessel shall be single-
point grounded during operations. There shall
be a mechanism to open the ground
General: connection for testing purposes. When X
Electrical opened, the vessel vacuum vessel isolation
Isolation and shall be rated to withstand a one minute AC
General GRD (37 GRD-4.2.3.a  |Grounding 37 1.1 hipot test at 2 kV AC rms. Hi-Pot Tests conducted
Where sensors are installed inside the vacuum
vessel, any associated instrumentation rack
shall be electrically referenced to the vacuum 28 March PFC diagnostics FDR
vessel. Those racks shall be electrically X X mentioned the design called for
General: isolated from structures, and on their AC the use of the common ground
Electrical power feed, with isolation rated to withstand from track to vessel. Use of
Isolation and a one minute AC hipot test existing CWDs to verify
General GRD |38 GRD-4.2.3.b  |Grounding 38 1.1 at 2 kV AC rms. grounding. Hipot tests will be conducted
All instrumentation originating from the test
cell should be isolated prior to exiting the test
cell boundary. The isolation shall be rated to
withstand a one minute DC hipot test at 5kV.
Examples of this isolation include optical
and/or magnetic (isolation transformer) X X 28 March PFC diagnostics FDR
means. If this isolation cannot be achieved, mentioned the design called for
then the equipment outside the test cell the use of the common ground
Electrical boundary shall be placed under access control from track to vessel. Use of
Isolation and as part of the primary test cell access control existing CWDs to verify
General GRD |39 GRD-4.2.3.c Grounding 39 1.1 system grounding. Hipot tests will be conducted
With the exception of dedicated grounding
bus, components which are in mechanical
contact with the vacuum vessel shall be X
Electrical electrically isolated from the vacuum vessel.
Isolation and The isolation shall be rated to withstand a one
General GRD |40 GRD-4.2.3.d [Grounding 40 1.1 minute AC hipot test at 2 kV AC rms. Part of the existing design
Conducting loops of area greater than 0.2 m 2
formed by metallic structures within a radius
of 3 meters from the centerline of the torus
shall be broken by insulating breaks, unless X X
Electrical specific exception is granted. The insulation
Isolation and shall be rated to withstand a one minute AC
General GRD |41 GRD-4.2.3.e Grounding 41 1.1 hipot test at 2 kV AC rms. Hi-Pot tests
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General

GRD

42

GRD-4.2.4.a

General

42

1.1

Individual vacuum system components have a
bench leak rate no greater than 1x10 -9
standard cubic centimeters per second (sccs)
air equivalent as measured by a Helium Mass
Spectrometer Leak Detector (HMSLD). The
total aggregate leak rate for the NSTX-U
Vacuum vessel/vacuum system shall

not exceed 1x10 -5 sccs air equivalent.

IVPS FDR drawings showed venting
through vacuum exhaust line

MCS - Vacuum Calculations NSTXU_1-1-3-
3_CALC_103

Testing as part of Vacuum pump down

General

GRD

43

GRD-4.2.4.b

General

43

1.1

b. All vacuum systems with exposure to NSTX-
U machine vacuum shall exhaust through the
D-Site vent stack via the NSTX-U vacuum
exhaust line.

IVPS FDR drawings showed venting
through vacuum exhaust line

Testing as part of Vacuum pump down

General

GRD

44

GRD- 5.c

General: SRD

44

1.1

As per the NSTX-U QA Plan [22] and relevant
engineering procedures, SRDs shall be
reviewed by therelevant Responsible
Engineers (REs), technical authorities, the
NSTX-U Project Engineer, and ProjectManager
and approved by the Chief Engineer, and
accepted Project Director.

Signature Blocks and Signatures on SRDs

General

GRD

45

GRD- 5.

SRD General

45

1.1

For each SBS element in the SRD, the
following sections shall be used to articulate
the requirement:

eFunctions

eMaterials and Design Requirements
eConfiguration Requirements & Essential
Features

*Baseline Performance and Operational
Requirements

eUpgrade Performance and Operational
Requirements

eInterfaces

The SRDs follow this format.

General

GRD

46

GRD- 5.f

SRD General

46

1.1

The “Type of Interface” column shall have one
of the entries in Table 5-3.

Table 5-3.

The SRDs follow this format.

Magnets

Magnets

Magnets

PTP

Magnets

Magnets

47

GRD-6.1.3.1.1.

a

Outer and
Inner PF Coils

1131

1.1.3.3.3
11334
1.1.3.35

The PF coils shall provide field nulling for
plasma initiation and shall provide equilibrium
and shape control during ramp-up, ramp-
down, and flat-top..

Initial operations of the NSTX-U

Magnets

Magnets

48

GRD-6.1.3.1.1.

a

Outer and
Inner PF Coils

1131

1.1.3.33
1.1.33.4
1.1.3.35

Unless otherwise specified, all PF coils, when
separately and singularly energized, shall be
capable of supplying 100% of their rated
ampere-turns, including any engineering
headroom, in the form of a linear ramp-up,
flat top, and linear ramp-down waveform
synchronized with the Ip waveform given in
section 4.1.2.

Outer Coils are not being modified
as part of recovery; PF 4 re-aligned
to meet requirements

Full power testing prior to installation.
PTP & ISTP

Magnets

Magnets

49

GRD-6.1.3.1.1.

b

Outer and
Inner PF Coils

1131

1.1.3.3.3
11334
1.1.3.35

For engineering purposes, the nominal design
requirement for all components and systems
shall be based on the load combination of coil
currents up to 100% of their ampere-turns,
with either polarity of OH current at 100% of
its ampere-turns and with Ip=0 or # 0, shall be
allowable.

NSTXU-CALC-131-09-00

ISTP Phases I, Ill, & IV
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In the event that this design requirement
cannot be satisfied without significant cost
impact and/or technical risk, exception may
be taken. In this case the design requirement
may be reduced from the assumption of
maximum possible currents to the OH current X
distributions derived from the range of plasma
equilibria specified by the physics
1.1.3.1 requirements, including any applied
1.1.3.33 headroom. The derivation shall be based on
GRD- 6.1.3.1.1. |Outer and 1.1.3.34 the nominal equilibria currents but adjusted Outer of Coils are not being
Magnets Magnets |50 b' Inner PF Coils |4 1.1.3.35 for the post-disruption current distribution. modified as part of recovery PTP & ISTP on coil activation
In the event that this design requirement
cannot be satisfied without significant cost
impact and/or technical risk, exception may
be taken. In this case: the relationship
between the design-driving quantity and the X
PF/OH/TF currents and the plasma current
1.1.3.1 shall be determined and described by an
1.1.3.33 algorithm to be used in the real-time coil
GRD- 6.1.3.1.1. |Outer and 1.13.34 protection system (see section 6.7.3.5) as Outer of Coils are not being
Magnets Magnets |51 b" Inner PF Coils |5 1.1.3.35 appropriate. modified as part of recovery
1.1.3.1 The PF magnets shall consist of the Outer of
1.1.3.3.3 coils (PF2a, 2b, 3a,3b,4b,4c, and PF5) and the X
GRD- 6.1.3.1.2. |Outer and 1.1.3.34 Inner of coils (PF1a, PF1b, PF1c), as listed in Table Outer of Coils are not being
Magnets Magnets |52 a Inner PF Coils |6 1.1.3.35 Table 6.1.3.1.2.-1. 6.1.3.1.2.-1. modified as part of recovery
1131 The PF coils listed in Table 6.1.3.1.2-1 shall be
1.1.3.3.3 connected in series groups with independent X X
GRD- 6.1.3.1.2. |Outer and 1.1.3.34 current control as indicated in Table 6.1.3.1.2- |[Table_ Outer of Coils are not being
Magnets Magnets |53 b Inner PF Coils |7 1.1.3.3.5 2. 6.1.3.1.2-2. modified as part of recovery
Structural design of coils and their supports
shall accommodate any combination of PF,
OH, and TF coil currents up to 100% of their
ampere-turns, with either polarity of OH X X X
1131 current at 100% of its ampere-turns and with |
1.1.3.33 P =0 or # 0 except where this is judged
GRD- 6.1.3.1.2. |Outer and 1.1.3.34 impractical and special exception is taken. See Outer of Coils are not being
Magnets Magnets |54 c Inner PF Coils |8 1.1.3.35 6.1.3.1.1e. modified as part of recovery Magnet Acceptance testing
1.1.3.1
1.1.3.3.3 The coil system winding packs boundaries X
GRD- 6.1.3.1.2. |Outer and 1.1.3.3.4 shall be nominally symmetric about the
Magnets Magnets |55 d Inner PF Coils |9 1.1.3.35 midplane. Metrology
1.1.3.1 Turn counts, turn layouts, maximum currents,
1.1.3.3.3 maximum voltages, required action integrals, X Included in the Design Point
GRD- 6.1.3.1.2. |Outer and 1.1.3.34 and other numerical parameters for the of Spreadsheet (DPSS)
Magnets Magnets |56 e Inner PF Coils |10 1.1.3.35 coils shall be provided in the DPSS NSTXU_1_CALC_100
Cooling for the of coils shall be provided
1.1.3.1 consistent with a 1200 sec repetition period,
1.1.3.33 or a 2400 sec repetition period upgradeable to X X | DPSS provides the minimum cooling flow
GRD- 6.1.3.1.2. |Outer and 1.1.3.34 a 1200 sec repetition period w/o modification rates NSTXU_1_CALC_100 Cooling rate testing during Prototype
Magnets Magnets |57 f Inner PF Coils |11 1.1.3.35 of the coils. testing
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Electrical insulation design for the of coil,
including turn insulation, ground insulation, as
well as strike and creep distances of leads and
fittings shall be conservatively designed based
on a one minute DC hipot test voltage of
2E+1KkV. For coils configured with two wire X X X
connections, E shall correspond to the
1.1.3.1 maximum power supply line-to-line DC
1.1.3.33 voltage. For coils configured in three-wire
GRD- 6.1.3.1.2. |Outer and 1.1.3.34 configurations, E shall correspond to the sum Outer of Coils are not being
Magnets Magnets |58 g Inner PF Coils |12 1.1.3.35 of the line-to-line DC voltages. Calculations modified as part of recovery Prototype Testing and acceptance testing
1.13.1 All series coil connections indicated in Table
1.1.3.33 6.1.3.1.2-2 shall result in current flow which is X X
GRD- 6.1.3.1.2. |Outer and 1.1.3.34 equal in magnitude, and in the same ¢ Table_ Outer of Coils are not being
Magnets Magnets |59 h Inner PF Coils |13 1.1.3.3.5 direction, in the series connected coils. 6.1.3.1.2-2 modified as part of recovery
1.1.3.1
1.1.3.3.3 X X
GRD- 6.1.3.1.2. |Outer and 1.1.3.3.4 The outer coils shall be supported from the Outer of Coils are not being
Magnets Magnets |60 | Inner PF Coils |14 1.1.3.35 vacuum vessel. modified as part of recovery Spection as part of reassmebly
Structural support of the of coils shall allow
1131 for axial & radial thermal expansion while
1.1.3.33 ensuring that the coils remains centered and X
GRD- 6.1.3.1.2. |Outer and 1.1.3.34 restrained against vertical motion when Outer of Coils are not being
Magnets Magnets |61 j Inner PF Coils |15 1.1.3.3.5 subject to electromagnetic loads. modified as part of recovery
1.1.3.1 All aspects of the coils design shall be
1.1.3.3.3 compatible with NSTX-U operation with X
GRD- 6.1.3.1.2. |Outer and 1.1.3.34 plasma current and toroidal field in either ¢ ISTP Phase IV Accelerator Research
Magnets Magnets |62 k Inner PF Coils |16 1.1.3.35 direction Operations
Toroidal field (B t ) shall be 1.0T at R 0 =0.
9344m, maintained constant for the full 5.0 s
duration of the LPPI plasma current flat-top
based on the nominal | p waveform, as given X X X
in Fig. 6.1.3.2.1-1 and Table 6.1.3.2.1-1 [15].
GRD- 6.1.3.2.1. |TF outer and 1.1.3.2 The TF waveform for the SPFI scenario is given
Magnets Magnets |63 a inner legs 17 1.1.3.3.1 in Fig. 6.1.3.2.1-1 and Table 6.1.3.2.1-2 NSTXU_1_CALC_100 PTP and ISTP racheting tests
Structural design of TF coils and their supports
shall accommodate any combination of PF OH,
and TF coil currents up to 100% of their
ampere-turns, with either polarity of OH X X
current at 100% of its ampere-turns and with |
P =0 or # 0 except where this is judged
GRD- 6.1.3.2.2. |TF outer and 1.13.2 impractical and special exception is taken. See Subsystem is existing and not being
Magnets Magnets |64 a inner legs 18 1.1.3.3.1 6.1.3.1.1e. modified as part of recovery scope
Final values for turn counts, turn layouts,
maximum currents, maximum voltages,
required action integrals, and other numerical X X
GRD- 6.1.3.2.2. |TF outer and 1.1.3.2 parameters for the TF coil shall be provided in
Magnets Magnets |65 b inner legs 19 1.1.3.3.1 the DPSS. NSTXU_1_CALC_100 Verify data is in DPSS
GRD- 6.1.3.2.2. |TF outer and 1.1.3.2 Cooling for the TF coil shall be provided X
Magnets Magnets |66 C inner legs 20 1.1.3.3.1 consistent with a 1200 sec repetition period.
Electrical insulation design for the TF coil,
including turn insulation, ground insulation, as
well as strike and creep distances of leads and
fittings shall be conservatively designed based X X
on a one minute DC hipot test voltage of
2E+1kV. For the TF coils, E shall correspond to
GRD- 6.1.3.2.2. | TF outer and 1.13.2 the maximum power supply line-to-line DC Subsystem is existing and not being
Magnets Magnets |67 d inner legs 21 1.1.3.3.1 voltage. modified as part of recovery scope Hi-pot tests
GRD- 6.1.3.2.2. |TF outer and 1.13.2 The outer TF legs shall be supported from the X Subsystem is existing and not being
Magnets Magnets |68 e inner legs 22 1.1.3.3.1 vacuum vessel. modified as part of recovery scope
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GRD- 6.1.3.2.2. |TF outer and 1132 The inner-TF legs shall be supported as part of X Subsystem is existing and not being
Magnets Magnets |69 f inner legs 23 1.1.3.3.1 the CS assembly. modified as part of recovery scope
Demountable joints shall be provided
between the TF outer legs and TF inner legs to X
GRD- 6.1.3.2.2. |TF outer and 1.13.2 allow removal/replacement of the Center Subsystem is existing and not being
Magnets Magnets |70 g inner legs 24 1.1.3.3.1 Stack assembly. modified as part of recovery scope
Structural support of the TF inner leg shall
GRD- 6.1.3.2.2. |TF outer and 1.1.3.2 allow for axial thermal expansion and restraint X Subsystem is existing and not being
Magnets Magnets |71 h inner legs 25 1.1.3.3.1 against electromagnetic loads. modified as part of recovery scope
Structural support of the TF outer leg shall
GRD- 6.1.3.2.2. [TF outer and 1132 allow for thermal expansion and restraint X Subsystem is existing and not being
Magnets Magnets |72 i inner legs 26 1.1.3.3.1 against electromagnetic loads. modified as part of recovery scope
All aspects of the TF coil design shall be
compatible with NSTX-U operation with X
GRD- 6.1.3.2.2. |TF outer and 1.1.3.2 plasma current and toroidal field in either ¢ Subsystem is existing and not being
Magnets Magnets |73 j inner legs 27 1.1.3.3.1 direction. modified as part of recovery scope
The OH coil shall provide loop voltage for
plasma initiation, ramp-up, sustainment, and X
GRD- 6.1.3.3.1. |Ohmic Heating ramp-down, consistent with the plasma Subsystem is existing and not being
Magnets Magnets |74 a Solenoid 28 1.1.3.3.2 current waveform in Fig. 4.1.2-1. modified as part of recovery scope
GRD- 6.1.3.3.1. |Ohmic Heating The breakdown loop voltage shall be >=4.2 X Subsystem is existing and not being
Magnets Magnets |75 b Solenoid 29 1.1.3.3.2 volts for >= 0.02 seconds modified as part of recovery scope
Structural design of OH coil and its supports
shall accommodate any combination of of,
OH, and TF coil currents up to 100% of their
ampere-turns, with either polarity of OH X
current at 100% of its ampere-turns and with |
P =0 or # 0 except where this is judged
GRD- 6.1.3.3.2. |Ohmic Heating impractical and special exception is taken. See Subsystem is existing and not being
Magnets Magnets |76 a Solenoid 30 1.1.3.3.2 6.1.3.1.1e. modified as part of recovery scope
Final values for turn counts, turn layouts,
maximum currents, maximum voltages,
required action integrals, and other numerical X
GRD- 6.1.3.3.2. |Ohmic Heating parameters for the OH coil shall be recorded Subsystem is existing and not being
Magnets Magnets |77 b Solenoid 31 1.1.3.3.2 in the DPSS. modified as part of recovery scope
GRD- 6.1.3.3.2. |Ohmic Heating Cooling for the OH coil shall be provided X Subsystem is existing and not being
Magnets Magnets |78 c Solenoid 32 1.1.3.3.2 consistent with a 1200 sec repetition period. modified as part of recovery scope
Electrical insulation design for the OH coil,
including turn insulation, ground insulation, as
well as strike and creep distances of leads and
fittings shall be conservatively designed based X
on a hipot test voltage of 2E+1. For the OH
GRD- 6.1.3.3.2. |Ohmic Heating coil, E shall correspond to the maximum Subsystem is existing and not being
Magnets Magnets |79 d Solenoid 33 1.1.3.3.2 power supply line-to-line DC voltage. modified as part of recovery scope
Structural support of the OH coil shall allow
for axial thermal expansion while ensuring X
GRD- 6.1.3.3.2. |Ohmic Heating that the coil is constrained to allowable levels Subsystem is existing and not being
Magnets Magnets |80 e Solenoid 34 1.1.3.3.2 when subject to electromagnetic loads. modified as part of recovery scope
GRD- 6.1.3.3.2. |Ohmic Heating The OH coil shall be supported as part of the X Subsystem is existing and not being
Magnets Magnets |81 f Solenoid 35 1.1.3.3.2 CS assembly modified as part of recovery scope
All aspects of the OH coil design shall be
compatible with NSTX-U operation with X
GRD- 6.1.3.3.2. |Ohmic Heating plasma current and toroidal field in either ¢ Subsystem is existing and not being
Magnets Magnets |82 g Solenoid 36 1.1.3.3.2 direction. modified as part of recovery scope
Thermal capacity of coil bus runs shall be
GRD- 6.1.3.5.2. |Bus bar consistent with the action integrals of the coils X X Subsystem is existing and not being
Magnets Magnets |83 a systems 37 1.1.3.4 to which they are attached. Bus Bar PDR & FDR modified as part of recovery scope
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All aspects of the bus bar design shall be
compatible with NSTX-U operation with X X
GRD- 6.1.3.5.2. |Bus bar plasma current and toroidal field in either ¢ Subsystem is existing and not being
Magnets Magnets |84 d systems 38 1134 direction. Bus Bar PDR & FDR modified as part of recovery scope
The RWM coils shall consist of six coils
GRD- 6.1.3.6.2. |Resistive Wall mounted at the vessel midplane, each X Subsystem is existing and not being
Magnets Magnets |85 a Mode Coils 39 1.1.3.5 producing radial field. modified as part of recovery scope
The coils shall fit in the opening between the
GRD- 6.1.3.6.2. |Resistive Wall of-5 supports, and shall as a group toroidally X Subsystem is existing and not being
Magnets Magnets |86 a' Mode Coils 40 1.1.35 span the full vessel. modified as part of recovery scope
The coils shall be independently fed, allowing
GRD- 6.1.3.6.2. |Resistive Wall the application of even-n or odd-n fields X Subsystem is existing and not being
Magnets Magnets |87 b Mode Coils 41 1.1.3.5 depending on power supply connections. modified as part of recovery scope
GRD- 6.1.3.6.2. |Resistive Wall They shall be sized to support a 6 kA-turn X Subsystem is existing and not being
Magnets Magnets |88 c Mode Coils 42 1.1.3.5 pulsed rating with the 1200 s duty cycle. modified as part of recovery scope
All aspects of the RWM coil design shall be
compatible with NSTX-U operation with X
GRD- 6.1.3.6.2. |Resistive Wall plasma current and toroidal field in either ¢ Subsystem is existing and not being
Magnets Magnets |89 d Mode Coils 43 1.135 direction. modified as part of recovery scope
Any and all constraints on the simultaneous
current distribution in the TF, PF, and OH coils,
and the plasma, besides the individual peak X
coil current ratings, shall be explicitly
identified as an outcome of the design
Magnets Magnets (90 MAG- 1.b General 1 1.1.3 process. Included in the DPSS
"Permeability requirements are as per Ref. [2],
while mechanical design shall be governed by X
Magnets Magnets (91 MAG- 2.a General 2 1.1.3 the NSTX-U Structural Design Criteria" Permeability of copper for magnets
Up-down symmetry of the vessel and magnets
shall be a feature of the design to the greatest X Metrology to measure the
Magnets Magnets [92 MAG- 2.c General 3 1.1.3 extent possible. symmetry of the magnet location
Symmetry deviations greater than 0.5 cm shall X Metrology to measure the
Magnets Magnets (93 MAG- 2.c' General 4 1.1.3 be approved by Project Physics. symmetry of the magnet location
Toroidally continuous passive structures shall
be minimized to the extent that other design X
Magnets Magnets |94 MAG- 2.d General 5 1.1.3 constraints permit FDR design
Toroidally continuous passive structures shall
be made of high resistivity materials where X
Magnets Magnets |95 MAG- 2.d' General 6 1.1.3 possible. FDR design
Final values for turn counts, turn layouts,
maximum currents, maximum voltages,
required action integrals, and other numerical X
parameters for the coils shall be recorded in
the revision controlled Design Point Design Point
Magnets Magnets |96 MAG- 2.f General 7 1.1.3 Spreadsheet Spreadsheet Updated In the Design Point Spreadsheet
All coil designs shall allow for operation of the
toroidal field in either direction, and of the X X Subsystem is existing and not being
Magnets Magnets |97 MAG- 2.g General 8 1.1.3 plasma current in either direction. modified as part of recovery scope Initial operations PTP and ISTP
All coils shall be fabricated from copper
conductor with internal cooling channel sized X
Magnets Magnets (98 MAG- 2.h General 9 1.1.3 to support a 1200 second repetition period. Thermal Analysis
Water fitting materials shall be compatible X X Research on commercial fittings FDR
Magnets Magnets |99 MAG- 2.i General 10 1.1.3 with deionized water service. design review Demonstrate operations
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Magnets

Magnets

100

MAG- 2.]

General

Operational scenarios for coils shall
accommodate any combination of PF, OH, and
TF coil currents up to 100% of their ampere-
turns, with either polarity of OH current at
100% of its ampere-turns and with | P =0 or #
0 except where this is judged impractical and
special exception is taken as per Section
6.1.3.1.1e of the General Requirements
Document

DPSS

Load testing

Magnets

Magnets

101

MAG- 2.k

General

20000 full power pulses shall be used as the
fundamental design basis. The shot spectrum
from the GRD may be used only if that proves
impractical.

All Coil and bus bar related calculations
consider the results of fatigue of the 20K
shots

Magnets

Magnets

102

MAG-2.m

General

Brazes on coils shall meet requirements of
PPPL procedure Eng-037

Procedure
Eng-037

Magnets

Magnets

103

MAG-3.3.a

Outer PF Coils

1.13.1

The outer PF magnets shall consist of four
pairs of water-cooled copper coils designated
as of 2a/2b, 3a/3b, 4b/4c, and 5a/5b.

Magnets

Magnets

104

MAG-3.3.a'

Outer PF Coils

1.1.3.1

The pairs shall be symmetric about the
horizontal mid-plane of the NSTX-U device. All
coils of 1a/1b/1c are part of the Inner of
subsystem, SBS 1.1.3.3.3.

Subsystem is existing and not being
modified as part of recovery scope

Metrology as applicable

Magnets

Magnets

105

MAG-3.3.b

Outer PF Coils

1.1.3.1

Coils identified on the S-1 spheromak as EF
coils #1, #2 and #3 shall be used for the outer
of coils PF2, PF3, and PF4 on NSTX-U.

Subsystem is existing and not being
modified as part of recovery scope

Magnets

Magnets

106

MAG-3.3.c

Outer PF Coils

1.1.3.1

PF5 shall be the new coil fabricated for NSTX.

Subsystem is existing and not being
modified as part of recovery scope

Magnets

Magnets

107

MAG- 3.3.d

Outer PF Coils

1.13.1

The outer of coils shall be mechanically
supported by the vacuum vessel structure

Subsystem is existing and not being
modified as part of recovery scope

Magnets

Magnets

108

MAG-3.3.d'

Outer PF Coils

1.1.3.1

The support mechanism shall be compatible
with the vacuum vessel thermal expansion
during bakeout and operations, as well as coil
thermal expansion and electromagnetic loads.
Outer coil support systems are described in
Ref. [8].

Subsystem is existing and not being
modified as part of recovery scope

Magnets

Magnets

109

MAG-3.3.e

Outer PF Coils

1131

The outer coils shall be connected in series
groups as indicated in Table 3.3-1.

Subsystem is existing and not being
modified as part of recovery scope

Magnets

Magnets

110

MAG- 3.3.f

Outer PF Coils

1.1.3.1

All series coil connections shall result in
current flow which is equal in magnitude, and
in the same ¢ direction, in the upper and
lower coils.

Subsystem is existing and not being
modified as part of recovery scope

Magnets

Magnets

111

MAG-3.4.a

Outer PF Coils

1.1.3.1

The outer of coils shall be capable of supplying
100% of their rated ampere-turns in the form
of a linear ramp-up, flat top, and linear ramp-
down waveform synchronized with the | p
waveform. See Ref. [1] for the plasma current
waveform.

Subsystem is existing and not being
modified as part of recovery scope

Magnets

Magnets

112

MAG-3.3.b

Outer PF Coils

10

1.1.3.1

The outer of coils shall be able to conduct the
pulse currents once every 1200 seconds.

Subsystem is existing and not being
modified as part of recovery scope

Magnets

Magnets

113

MAG-3.3.c

Outer PF Coils

11

1.1.3.1

Each series group of outer of coils shall be
able to operate with the terminal voltages
indicated in table 2-1.

Subsystem is existing and not being
modified as part of recovery scope

Magnets

Magnets

114

MAG- 3.3.d

Outer PF Coils

12

1.13.1

Outer of coils must satisfy a hipot voltage of
2E+1. Any coils connected in a three-wire
configuration shall have E as the sum of the
maximum terminal voltages of the coils which
share the central connection to FCPC.

Subsystem is existing and not being
modified as part of recovery scope

Hi-Pot Tests

Magnets

Magnets

115

MAG- 3.3.d'"

Outer PF Coils

13

1.1.3.1

If connected with a two-wire connection, then
E shall be the maximum terminal-to-terminal
voltage.

Subsystem is existing and not being
modified as part of recovery scope
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Magnets

Magnets

116

MAG-3.3.e

Outer PF Coils

1131

All upper and lower of coil pairs, with the
exception of the PF4’s and PF5’s, shall have
separate control of the current in the upper
and lower coils.

Subsystem is existing and not being
modified as part of recovery scope

Magnets

Magnets

117

MAG- 3.3.f

Outer PF Coils

1.13.1

Pf-3U and of-3L shall be capable of bipolar
operation with ampacity and voltage to null
the leakage flux from the OH coil for a full 24
kA precharge while also transitioning to the
confining polarity sufficiently quickly following
breakdown.

Subsystem is existing and not being
modified as part of recovery scope

Magnets

Outer TF

118

MAG-4.3.a

TF Outer Legs

1.1.3.2

NSTX-U shall use the TF outer legs fabricated
for NSTX, with remanufacture of coils of
similar design as necessary to replace any
deemed not reliable.

Spatial Clearance Issue between coil and
leg Leg Modified in NSTXU_1-1-
2_CALC_101

Subsystem is existing and not being
modified as part of recovery scope

Magnets

Outer TF

119

MAG-4.3.c

TF Outer Legs

1.1.3.2

The outer TF coils shall be supported from the
NSTX-U vacuum vessel.

Already in place need to formally verify

Magnets

Outer TF

120

MAG- 4.3.d

TF Outer Legs

1.1.3.2

Demountable joints shall be provided
between the TF outer legs and TF inner legs to
allow removal/replacement of the Center
Stack assembly.

Subsystem is existing and not being
modified as part of recovery scope

Magnets

Outer TF

121

MAG-4.4.a

TF Outer Legs

1.13.2

The baseline design of the outer legs of the TF
coils shall be capable of producing the toroidal
fields as given in Figure 4.4-1. Here, LPPI refers
to a “Long Pulse Partial Inductive” scenario,
while “SPFI” refers to a short pulse full
inductive scenario. These are specified
numerically in Tables 4.4-1 and 4.4-2.

DPSS

Subsystem is existing and not being
modified as part of recovery scope

Magnets

Outer TF

122

MAG-4.4.c

TF Outer Legs

1.1.3.2

The TF coils shall be able to supply the pulse
currents required to produce the fields given
in Tables 3.4-1 and 3.4-2 once every 1200
seconds.

Subsystem is existing and not being
modified as part of recovery scope

Magnets

Inner TF

123

MAG- 4.4.d

TF Outer Legs

1.1.3.2

Outer TF coils must satisfy a hipot voltage of
2E+1. Here, E shall be the maximum terminal-
to-terminal voltage of 1012 V. Numerical
values are provided in Table 2-1.

Hipot Tests

Magnets

Inner TF

124

MAG-5.3.a

TF Inner Legs

1.1.33.1

The TF magnet shall consist of a 36 turn inner
leg bundle connected in series with the
existing 12 outer legs, each of which has three
turns.

Subsystem is existing and not being
modified as part of recovery scope

Magnets

Inner TF

125

MAG-5.3.b

TF Inner Legs

1.1.3.3.1

The inner legs of the TF coils shall consist of
tightly-nested fully-bonded copper
conductors. The utilization of cross sectional
area shall be optimized to maximize the
conductor cross sectional area and minimize
the radial build of the center stack assembly.

Subsystem is existing and not being
modified as part of recovery scope

Magnets

Inner TF

126

MAG-5.3.c

TF Inner Legs

1.133.1

Structural support of the TF coil shall allow for
axial thermal expansion while ensuring that
the coil remains centered when subject to
electromagnetic loads.

Subsystem is existing and not being
modified as part of recovery scope

Magnets

Inner TF

127

MAG- 5.3.d

TF Inner Legs

1.13.3.1

The water cooling for each inner leg shall be in
series with the associated outer leg, with the
outer leg receiving the cooling water first.

Subsystem is existing and not being
modified as part of recovery scope

Magnets

Inner TF

128

MAG-5.4.a

TF Inner Legs

1.1.3.3.1

The TF inner legs shall be designed to, in
concert with the outer legs, produce the
toroidal field evolution described in Fig. 4.4-1
and Tables 4.4-1 and 4.4-2.

Subsystem is existing and not being
modified as part of recovery scope
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Cooling shall be provided consistent with a

1200 sec repetition period, or a 2400 sec

repetition period upgradeable to a 1200 sec X

repetition period without modification to the Subsystem is existing and not being
Magnets Inner TF [129 MAG- 5.4.b TF Inner Legs 6 1.1.3.3.1 coil. modified as part of recovery scope

Electrical insulation design for the TF inner

legs, including turn insulation, ground

insulation, as well as strike and creep

distances of leads and fittings shall be X

conservatively designed based on a hipot test

voltage of 2E+1, for both coil-to-ground and Subsystem is existing and not being
Magnets Inner TF (130 MAG- 5.4.c TF Inner Legs 7 1.1.3.3.1 inter-turn tests. modified as part of recovery scope

E shall correspond to the maximum power

supply line-to-line DC voltage. Numerical X Subsystem is existing and not being
Magnets Inner TF (131 MAG- 5.4.c' TF Inner Legs 8 1.1.3.3.1 values are provided in Table 3.4.1. modified as part of recovery scope

The TF turn-to-turn transitions shall include

features to minimize stray field due to net

toroidal turn. Alternatively it may be

demonstrated that the field error due to turn- X

to-turn transitions can be nullified to a

magnitude less than 1 gauss anywhere Subsystem is existing and not being
Magnets Inner TF {132 MAG- 5.4.d TF Inner Legs 9 1.1.3.3.1 between R0 -a<r<RO0 +a, z=0. modified as part of recovery scope

The OH coil shall consist of a solenoid X Subsystem is existing and not being
Magnets OH 133 MAG- 6.3.a OH Solenoid 1 1.1.3.3.2 surrounding the inner legs of the TF coil. modified as part of recovery scope

The utilization of cross sectional area shall be

optimized to maximize the conductor cross X

sectional area and minimize the radial build of Subsystem is existing and not being
Magnets OH 134 MAG- 6.3.a' OH Solenoid 2 1.1.3.3.2 the center stack assembly. modified as part of recovery scope

The height of the OH coil shall be maximized

within the available envelope to maximize the X

flux linkages with the plasma and minimize Subsystem is existing and not being
Magnets OH 135 MAG- 6.3.b OH Solenoid 3 1.1.3.3.2 the stray fields during plasma initiation. modified as part of recovery scope

Structural support of the OH coil shall allow

for axial thermal expansion while ensuring X

that the stresses remain within allowables Subsystem is existing and not being
Magnets OH 136 MAG- 6.3.c OH Solenoid 4 1.1.3.3.2 when subject to electromagnetic loads. modified as part of recovery scope

An array of thermocouples shall be mounted

to the OH coil, to assess temperature X

excursions during normal operations and
Magnets OH 137 MAG- 6.3.d OH Solenoid 5 1.1.3.3.2 bakeout

The surface of the new OH coil shall be

provided with a ground plane of sufficient X

conductivity to serve as an electrostatic shield Subsystem is existing and not being
Magnets OH 138 MAG- 6.3.e OH Solenoid 6 1.1.3.3.2 while limiting induced currents. modified as part of recovery scope

Suitable ground plane leads shall be provided

for a ground connection on both the upper X Subsystem is existing and not being
Magnets OH 139 MAG- 6.3.€' OH Solenoid 7 1.1.3.3.2 and lower ends of the coil. modified as part of recovery scope

A vertical array of flux loops shall be mounted X Subsystem is existing and not being
Magnets OH 140 MAG- 6.3.f OH Solenoid 8 1.1.3.3.2 on the OH coil outside the ground plane modified as part of recovery scope

The OH lead shall utilize a coaxial design to X Subsystem is existing and not being
Magnets OH 141 MAG- 6.3g OH Solenoid 9 1.1.3.3.2 minimize net force and field error. modified as part of recovery scope

The OH coil shall be designed to operate with

a maximum terminal to terminal voltage of X Subsystem is existing and not being
Magnets OH 142 MAG- 6.4.a OH Solenoid 10 1.1.3.3.2 6077 volts, and a current limit of +/- 24 kA. modified as part of recovery scope

Electrical insulation design for the OH coil,

including turn insulation, ground insulation, as

well as strike and creep distances of leads and X

fittings shall be conservatively designed based Subsystem is existing and not being
Magnets OH 143 MAG- 6.4.c OH Solenoid 11 1.1.3.3.2 on a hipot test voltage of 2E+1. modified as part of recovery scope
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For the OH caoil, E shall correspond to the
maximum power supply line-to-line DC X X
voltage. Numerical values are provided in Subsystem is existing and not being
Magnets OH 144 MAG- 6.4.c' OH Solenoid 12 1.1.3.3.2 Table 2-1. modified as part of recovery scope
The current evolution of the OH coil shall be
such that the condition T OH >T TF is X X Subsystem is existing and not being [FMECA addresses ensuring that
Magnets OH 145 MAG- 6.4.e OH Solenoid 13 1.1.3.3.2 maintained. modified as part of recovery scope |is this the case
1.1.3.3.3 The inner-of coils shall consist of three upper
Inner PF Coils: 1.1.3.34 and lower coil pairs, denoted of-1a, of-1b, and X Procurement and Inspection on
Magnets Inner PF |146 MAG-7.3.a All Coils 1 1.1.3.3.5 of-1c. installation
1.1.3.3.3
Inner PF Coils: 1.1.3.3.4 Coils shall be fabricated from conductors with X On drawings and inspected for
Magnets Inner PF [147 MAG-7.3.b All Coils 2 1.1.3.3.5 embedded cooling channels. assembly
1.1.3.3.3 Cooling holes shall be sized to permit a 1200 X Drawings DC11109, 11110, 1117S;
Inner of Coils: 1.1.3.34 second repetition rate at the stated current DPSS
Magnets Inner PF (148 MAG- 7.3.c All Coils 3 1.1.3.3.5 levels and ESW.
Coils shall be designed with turn-to-turn and
1.1.3.3.3 turn-to-ground insulation with significant X X Inner PF Prototype Evaluation Report for
Inner of Coils: 1.1.3.34 (>x10) margin on expected operating voltages, design verification (NSTX-U-REC-040)
Magnets Inner PF (149 MAG- 7.3.d All Coils 4 1.1.3.35 including fault cases. FDR Presentations Acceptance Testing on production coils
1.1.3.33 Coils shall be designed and manufactured in a Inner PF Prototype Evaluation Report for
Inner of Coils: 1.1.3.3.4 fashion that facilitates turn-to-turn insulation X design verification (NSTX-U-REC-040)
Magnets Inner PF [150 MAG-7.3.e All Coils 5 1.1.3.35 testing before final installation Acceptance Testing on production coils
Inner of Coils: The centroid of the coil shall be at R=0.325, X
Magnets Inner PF [151 MAG- 7.3.f PF-1a 6 1.1.3.3.3 Z=+/-1.591. Metrology
Deviation on order of 1.0 cm in radial or
Inner of Coils: vertical position shall be allowed in X
Magnets Inner PF [152 MAG- 7.3.f' PF-1a 7 1.1.3.3.3 consultation with Project Physics. Metrology
Each of-1a coil shall have the following
diagnostics mounted outside the ground
insulation, but underneath any support slings X X
or structures [4]:
Inner of Coils: o Four flux loops
Magnets Inner PF 153 MAG-7.3.g PF-1a 8 1.1.3.3.3 ® Two thermocouples Flux Loops included in design Diagnostics will checkout the flux loops
Inner of Coils: The centroid of the coil shall be at R=0.400, X
Magnets Inner PF [154 MAG- 7.3.h PF-1b 9 1.1.3.34 Z=+/-1.804. Metrology
Deviation on order of 1.0 cm in radial or
Inner of Coils: vertical position shall be allowed in X
Magnets Inner PF 155 MAG- 7.3.h' PF-1b 10 1.1.3.34 consultation with Project Physics. Metrology
Each of-1b coil shall have the following
diagnostics mounted outside the ground
insulation, but underneath any support slings X X
or structures [4]:
Inner of Coils: o Two flux loops
Magnets Inner PF (156 MAG- 7.3.i PF-1b 11 1.1.3.3.4 ® Two thermocouples Flux Loops included in design Diagnostics will checkout the flux loops
Toroidally continuous passive structures shall
Inner of Coils: be minimized to the extent that other design X
Magnets Inner PF [157 MAG- 7.3.j PF-1c 12 1.1.3.35 constraints permit
Each PF-1c coil shall have the following
diagnostics mounted outside the ground
insulation, but underneath any support slings X
or structures [4]:
Inner of Coils: o Two flux loops Diagnostics will checkout and test the flux
Magnets Inner PF (158 MAG- 7.3.k of-1c 13 1.1.3.35 ® At least two thermocouples Flux Loops included in design and dloops on Bench and part of PTP
The RWM coils shall be formed from six
approximately rectangular window-pane coils, X
located at the vessel midplane, and conformal Subsystem is existing and not being
Magnets RWM 159 MAG- 8.3.a RWM Coils 1 1.1.3.5 to the vessel outer wall. modified as part of recovery scope
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RWM coils shall be mounted outside the
vessel, and may be mechanically restrained X Subsystem is existing and not being
Magnets RWM 160 MAG- 8.3.b RWM Coils 2 1135 against the vessel. modified as part of recovery scope
Provision for relative expansion due to both
coil operational Ohmic heating and vessel X
bakeout shall be made if the coils are Subsystem is existing and not being
Magnets RWM 161 MAG- 8.3.b' RWM Coils 3 1.1.35 mounted to the vessel. modified as part of recovery scope
The area of the RWM coils shall be X Subsystem is existing and not being
Magnets RWM 162 MAG- 8.3.c RWM Coils 4 1.135 approximately 2.4 m 2, modified as part of recovery scope
the areas of opposing coils shall be matched X Subsystem is existing and not being
Magnets RWM 163 MAG- 8.3.c' RWM Coils 5 1.135 to within 5%. modified as part of recovery scope
The RWM coils shall be capable of individual
power feeds, or opposing coils should be X Subsystem is existing and not being
Magnets RWM 164 MAG- 8.3.d RWM Coils 6 1.135 capable of series or anti-series connections modified as part of recovery scope
Electrical insulation design for the RWM coils,
including turn insulation, ground insulation, as
well as strike and creep distances of leads and X
fittings shall be conservatively designed based Subsystem is existing and not being
Magnets RWM 165 MAG- 8.3.c' RWM Coils 7 1.135 on a hipot test voltage of 2E+1. modified as part of recovery scope
For the RWM coil, E shall correspond to the
maximum power supply line-to-line DC X
voltage. Numerical values are provided in Subsystem is existing and not being
Magnets RWM 166 MAG- 8.3.c" RWM Coils 8 1.1.35 Table 2-1. Table 2-1. modified as part of recovery scope
The coils shall be capable of 6 kA-turn
operations, for 5 seconds, every 1200 X X
Magnets RWM 167 MAG- 8.4.a RWM Coils 9 1.1.3.5 seconds.
Bus bar systems shall provide electrical PCTS provides the location to
Bus Bar connections from coil terminals to the cabling X X interconnect all magnets with
Magnets Bus Bar |168 MAG-9.1.a Systems 1 1.1.3.4 from FCPC. the Bus Bar System PTP & ISTP
Bus Bar X
Magnets Bus Bar [169 MAG-9.3.a Systems 2 1.1.3.4 The OH current feed shall be coaxial in design.
RWM current feeds shall allow individual
feeds, or opposing coils should be capable of
series or anti-series connections, with less X
Bus Bar than three hours to reconfigure the Subsystem is existing and not being
Magnets Bus Bar |170 MAG-9.3.b Systems 3 1.1.3.4 connections. modified as part of recovery scope
"NSTXU_1-1-3-4_CALC_100 PF1AU&1BU
Bus Analysis
NSTXU_1-1-3-4_CALC_101PF1AL&1BL
X Bus Analysis
Current feeds to at the top of the machine NSTXU_1-1-3-4_CALC_102 PF1CU Bus
shall accommodate the thermal growth of the Analysis
Bus Bar casing during bakeout and of the TF inner NSTXU_1-1-3-4_CALC_103 PF1CL Bus
Magnets Bus Bar (171 MAG- 9.3.c Systems 4 1134 bundle during bakeout and plasma operations Analysis"
The grounding switches are existing
Grounding switches shall be installed in the X components and once connected
Bus Bar test cell to enable grounding of all coil correct operation will be
Magnets Bus Bar (172 MAG-9.3.d Systems 5 1134 systems. demonstrated
Bus Bar Structures shall be built to support bus runs to X Bus Tower is existing and runs the
Magnets Bus Bar [173 MAG-9.3.e Systems 6 1.1.3.4 the midplane and upper level of the machine. conduit
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Lead with Bus Bars NSTX-U-CALC-55-10
PF-1cU Leads and Busbars NSTX-U-CALC-
131-02
PF-1cL Leads and Busbar NSTX-U-CALC-
55-08
NSTXU_1-1-3-4_CALC_100 PF1AU&1BU
X Bus Analysis
NSTXU_1-1-3-4_CALC_101PF1AL&1BL
Bus Analysis
NSTXU_1-1-3-4_CALC_102 PF1CU Bus
Thermal capacity of coil bus runs shall be Analysis
Bus Bar consistent with the action integrals of the coils NSTXU_1-1-3-4_CALC_103 PF1CL Bus
Magnets Bus Bar (174 MAG- 9.4.b Systems 7 1.134 to which they are attached. Analysis
NSTXU_1-1-3-4_CALC_100 PF1AU&1BU
Bus Analysis
NSTXU_1-1-3-4_CALC_101PF1AL&1BL
Electrical insulation design for bus runs shall X X Bus Analysis
be conservatively designed based on a hipot NSTXU_1-1-3-4_CALC_102 PF1CU Bus
test voltage equal to the hipot voltage of the Analysis Inner PF Prototype Evaluation Report for
Bus Bar coil to which they are attached. Numerical NSTXU_1-1-3-4_CALC_103 PF1CL Bus design verification (NSTX-U-REC-040)
Magnets Bus Bar (175 MAG- 9.4.d Systems 8 1134 values are provided in Table 2-1. Table 2-1. Analysis Hi-Pot Tests
PFCs PFCs Plasma Facing Components
FW: NSTX-U-CALC-11-10-00,
CSAS: NSTX-U-CALC-11-11-00, NSTX-U-
The Plasma Facing Component (PFC) tiles shall 11-21-00,
consist of carbon-based materials designed to BDV: NSTX-U-CALC-11-19-00,
absorb the heat, particle, and photon flux X X [IBDH: NSTX-U-CALC-11-18-00,
from the plasma and heating systems, to BD12: NSTX-U-CALC-11-22-00,
minimize the influx of impurities to the BD3: NSTX-U-CALC-11-14-00,
GRD- 6.1.1.1.1. |Plasma Facing plasma, and to withstand the electromagnetic DBD4: NSTX-U-CALC-11-16-00,
PFCs PFCs 176 a Components 1 1.1.1.1 forces associated with plasma disruption. OBD5: NSTX-U-CALC-11-12-00 Tests conducted on prototype tiles
FW: NSTX-U-CALC-11-10-00,
CSAS: NSTX-U-CALC-11-11-00, NSTX-U-
11-21-00,
BDV: NSTX-U-CALC-11-19-00,
X X IBDH: NSTX-U-CALC-11-18-00,
BD12: NSTX-U-CALC-11-22-00,
PFC tiles shall be installed on the Center Stack BD3: NSTX-U-CALC-11-14-00, Passive Plates PFCS and Neutral
GRD-6.1.1.1.1. |Plasma Facing casing, divertors, passive plates, and neutral DBD4: NSTX-U-CALC-11-16-00, Beam Armor will use existing tiles.
PFCs PFCs 177 b Components 2 1.1.1.1 beam armor. OBD5: NSTX-U-CALC-11-12-00 Not in scope for recovery project
FW: NSTX-U-CALC-11-10-00,
CSAS: NSTX-U-CALC-11-11-00, NSTX-U-
11-21-00,
BDV: NSTX-U-CALC-11-19-00,
X IBDH: NSTX-U-CALC-11-18-00,
BD12: NSTX-U-CALC-11-22-00,
Plasma facing components shall be formed DBD3: NSTX-U-CALC-11-14-00,
GRD- 6.1.1.1.2. |Plasma Facing from fine-grain isotropic graphite or carbon- DBD4: NSTX-U-CALC-11-16-00,
PFCs PFCs 178 a Components 3 1.1.1.1 carbon composites. OBD5: NSTX-U-CALC-11-12-00
FW: NSTX-U-CALC-11-10-00,
CSAS: NSTX-U-CALC-11-11-00, NSTX-U-
11-21-00,
Tile surfaces may be designed to be non- BDV: NSTX-U-CALC-11-19-00,
axisymmetric (e.g. shaped in the toroidal X IBDH: NSTX-U-CALC-11-18-00,
direction) to avoid leading edges to meet heat BD12: NSTX-U-CALC-11-22-00,
flux requirements. Shaping shall be in BD3: NSTX-U-CALC-11-14-00,
GRD- 6.1.1.1.2. |Plasma Facing accordance with the field polarities listed in DBD4: NSTX-U-CALC-11-16-00,
PFCs PFCs 179 b Components 4 1.1.1.1 Section 4.1.1. OBD5: NSTX-U-CALC-11-12-00
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FW: NSTX-U-CALC-11-10-00,
CSAS: NSTX-U-CALC-11-11-00, NSTX-U-
11-21-00,
BDV: NSTX-U-CALC-11-19-00,
X IBDH: NSTX-U-CALC-11-18-00,
PFC tiles shall be classified as “critical BD12: NSTX-U-CALC-11-22-00,
components” for design evaluation per the BD3: NSTX-U-CALC-11-14-00,
GRD- 6.1.1.1.2. |Plasma Facing definition given in the Structural Design DBD4: NSTX-U-CALC-11-16-00,
PFCs PFCs 180 c Components 5 1.1.1.1 Criteria OBD5: NSTX-U-CALC-11-12-00
FW: NSTX-U-CALC-11-10-00,
CSAS: NSTX-U-CALC-11-11-00, NSTX-U-
11-21-00,
Tile design shall be based on accommodation BDV: NSTX-U-CALC-11-19-00,
of 10 MW input power for 5 seconds duration X IBDH: NSTX-U-CALC-11-18-00,
with a 2400 second repetition rate and the BD12: NSTX-U-CALC-11-22-00,
baseline cooling methods (radiation, BD3: NSTX-U-CALC-11-14-00,
GRD-6.1.1.1.2. |Plasma Facing conduction, and baseline levels of heat DBD4: NSTX-U-CALC-11-16-00,
PFCs PFCs 181 d Components 6 1111 extraction with ex-vessel water or He). OBD5: NSTX-U-CALC-11-12-00
FW: NSTX-U-CALC-11-10-00,
CSAS: NSTX-U-CALC-11-11-00, NSTX-U-
11-21-00,
BDV: NSTX-U-CALC-11-19-00,
"Heat extraction capability shall be installed in X IBDH: NSTX-U-CALC-11-18-00,
the tokamak core to allow an upgrade to a DBD12: NSTX-U-CALC-11-22-00,
1200 second repetition rate without BD3: NSTX-U-CALC-11-14-00,
GRD- 6.1.1.1.2. |Plasma Facing perturbation to the implemented core design. DBD4: NSTX-U-CALC-11-16-00,
PFCs PFCs 182 e Components 7 1.1.1.1 See Table 4.1.5-2." Table 4.1.5-2. OBD5: NSTX-U-CALC-11-12-00 NSTXU_1-1-1-1-1_PLAN_100
PFCs shall be designed to accommodate
GRD- 6.1.1.1.2. |Plasma Facing independent or concurrent i) bakeout and ii) X
PFCs PFCs 183 f Components 8 1.1.1.1 glow discharge cleaning or boronization. NSTX-U-CALC-10-6-00
FW: NSTX-U-CALC-11-10-00,
CSAS: NSTX-U-CALC-11-11-00, NSTX-U-
11-21-00,
BDV: NSTX-U-CALC-11-19-00,
X X IBDH: NSTX-U-CALC-11-18-00,
BD12: NSTX-U-CALC-11-22-00,
Sufficient number of tiles shall be DBD3: NSTX-U-CALC-11-14-00,
instrumented with thermocouples to DBD4: NSTX-U-CALC-11-16-00, The requirements are included in
GRD- 6.1.1.1.2. |Plasma Facing confidently assess their temperature during OBD5: NSTX-U-CALC-11-12-00 this matrix and are separately
PFCs PFCs 184 h Components 9 1.1.1.1 plasma and bakeout modes of operations. Drawings: ED-1471, 9D-11556 addressed RD-03
The neutral beam armor shall be designed to
accept at least a single case with full energy
and duration beam impingement from both X
GRD- Neutral Beam beam lines, for any power & duration case Subsystem is existing and not being
PFCs PFCs 185 6.1.1.2.3.2.a Armor 10 1.1.1.1.7 listed in Table 4.1.3-1. modified as part of recovery scope
The neutral beam armor shall be designed to
withstand all loads during operation due to X
GRD- Neutral Beam dead weight, thermal, and electromagnetic Subsystem is existing and not being
PFCs PFCs 186 6.1.1.2.3.2.b  |Armor 11 1.1.1.1.7 effects. modified as part of recovery scope
GRD- Neutral Beam The neutral beam armor shall have provision X Subsystem is existing and not being
PFCs PFCs 187 6.1.1.2.3.2.c Armor 12 1.1.1.1.7 to bake the plasma facing components. modified as part of recovery scope
FW: NSTX-U-CALC-11-10-00,
CSAS: NSTX-U-CALC-11-11-00, NSTX-U-
11-21-00,
BDV: NSTX-U-CALC-11-19-00,
All PFCs in NSTX-Upgrade shall be made from X X IBDH: NSTX-U-CALC-11-18-00,
either fine grain isotropic graphite, or from BD12: NSTX-U-CALC-11-22-00,
other carbon based materials, for instance BD3: NSTX-U-CALC-11-14-00,
carbon-carbon composites, here referred to as DBD4: NSTX-U-CALC-11-16-00,
PFCs PFCs 188 PFC-2.1.a General 1 1.1.1.1 CFCs. OBD5: NSTX-U-CALC-11-12-00
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The exception to this is the RF antenna guard
which can be made from boron nitride. The RF
antenna guard shall not be regarded as a X
surface on which it is acceptable to Subsystem is existing and not being
PFCs PFCs 189 PFC-2.1.b General 2 1.1.1.1 intentionally limit the plasma. modified as part of recovery scope
FW: NSTX-U-CALC-11-10-00,
CSAS: NSTX-U-CALC-11-11-00, NSTX-U-
11-21-00,
BDV: NSTX-U-CALC-11-19-00,
For isotropic graphite and carbon-carbon X X |IBDH: NSTX-U-CALC-11-18-00,
composites, the brittle materials qualification BD12: NSTX-U-CALC-11-22-00,
shall be used, as per the structural design BD3: NSTX-U-CALC-11-14-00,
criterion [7], where PFCs are defined as critical OBD4: NSTX-U-CALC-11-16-00,
PFCs PFCs 190 PFC-2.1.c General 3 1.1.1.1 components. OBD5: NSTX-U-CALC-11-12-00 Vendor Tests and Test reports
FW: NSTX-U-CALC-11-10-00,
CSAS: NSTX-U-CALC-11-11-00, NSTX-U-
11-21-00,
BDV: NSTX-U-CALC-11-19-00,
IBDH: NSTX-U-CALC-11-18-00,
X X BD12: NSTX-U-CALC-11-22-00,
Non-ferritic materials should be used for all BD3: NSTX-U-CALC-11-14-00,
fasteners. SS316, A286, or Inconel are DBD4: NSTX-U-CALC-11-16-00,
preferred. Magnetic permeability OBD5: NSTX-U-CALC-11-12-00
requirements shall be adhered to as per GRD as per GRD PFC drawings address all materials not in
PFCs PFCs 191 PFC-2.1.e General 4 1.1.1.1 [3].1 [3].1 calculations
FW: NSTX-U-CALC-11-10-00,
CSAS: NSTX-U-CALC-11-11-00, NSTX-U-
11-21-00,
BDV: NSTX-U-CALC-11-19-00,
X X IBDH: NSTX-U-CALC-11-18-00,
BD12: NSTX-U-CALC-11-22-00,
Disruption mechanical and thermal loads shall BD3: NSTX-U-CALC-11-14-00,
be computed as per the NSTX-U Disruption DBD4: NSTX-U-CALC-11-16-00, RD-003 provides the disruption
PFCs PFCs 192 PFC-2.2.a General 5 1.1.1.1 Specification OBD5: NSTX-U-CALC-11-12-00 requirements
FW: NSTX-U-CALC-11-10-00,
CSAS: NSTX-U-CALC-11-11-00, NSTX-U-
11-21-00,
BDV: NSTX-U-CALC-11-19-00,
The design scenarios described in sections X IBDH: NSTX-U-CALC-11-18-00,
below shall be qualified for repetition rate of < BD12: NSTX-U-CALC-11-22-00,
2400 second repetition rate with the base BD3: NSTX-U-CALC-11-14-00,
Thermal and cooling. Baseline cooling is defined in DBD4: NSTX-U-CALC-11-16-00,
PFCs PFCs 193 PFC-3.1.a Shaping 6 1111 Reference [9]. OBD5: NSTX-U-CALC-11-12-00
FW: NSTX-U-CALC-11-10-00,
CSAS: NSTX-U-CALC-11-11-00, NSTX-U-
11-21-00,
BDV: NSTX-U-CALC-11-19-00,
X IBDH: NSTX-U-CALC-11-18-00,
BD12: NSTX-U-CALC-11-22-00,
BD3: NSTX-U-CALC-11-14-00,
A 1200 second repetition rate shall be possible DBD4: NSTX-U-CALC-11-16-00,
Thermal and with application of additional cooling, but no OBD5: NSTX-U-CALC-11-12-00
PFCs PFCs 194 PFC-3.1.b Shaping 7 1.1.1.1 modifications to the tokamak core. NSTX-U-CALC-10-6-00
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FW: NSTX-U-CALC-11-10-00,
CSAS: NSTX-U-CALC-11-11-00,
NSTX-U-11-21-00,
BDV: NSTX-U-CALC-11-19-00,
Tiles shall be designed so that the peak X IBDH: NSTX-U-CALC-11-18-00,
surface temperature of the wetted top face, BD12: NSTX-U-CALC-11-22-00,
away from local peaks at the edges (as defined BD3: NSTX-U-CALC-11-14-00,
in 3.1-d), at the end of the pulse shall not DBD4: NSTX-U-CALC-11-16-00,
Thermal and exceed 1600 o C [10]; disruption heating need OBD5: NSTX-U-CALC-11-12-00
PFCs PFCs 195 PFC-3.1.c Shaping 8 1.1.1.1 not be included in this consideration. NSTX-U-CALC-10-6-00
FW: NSTX-U-CALC-11-10-00,
CSAS: NSTX-U-CALC-11-11-00, NSTX-U-
For forward helicity, tiles shall be designed so 11-21-00,
that the edge temperatures of local surface BDV: NSTX-U-CALC-11-19-00,
features (e.g. access holes) or edge features of X IBDH: NSTX-U-CALC-11-18-00,
non-shaped tiles shall not exceed 2000 o C BD12: NSTX-U-CALC-11-22-00,
and meet 3.1-c at distance of 2 mm from the BD3: NSTX-U-CALC-11-14-00,
Thermal and edge/feature ; disruption heating need not be DBD4: NSTX-U-CALC-11-16-00,
PFCs PFCs 196 PFC-3.1.d Shaping 9 1.1.1.1 included in this consideration. OBD5: NSTX-U-CALC-11-12-00
X BDV: NSTX-U-CALC-11-19-00,
Thermal and Reversed helicity cases shall be held to the IBDH: NSTX-U-CALC-11-18-00,
PFCs PFCs 197 PFC-3.1.e Shaping 10 1.1.1.1 same temperature limit as edges (see 3.1-d).
When tile surface shaping (see 3.1-h) is
utilized to prevent edge heating in forward BDV: NSTX-U-CALC-11-19-00,
helicity, edges across poloidal 3 gaps shall be X IBDH: NSTX-U-CALC-11-18-00,
Thermal and shadowed to the maximum angle listed in BD12: NSTX-U-CALC-11-22-00,
PFCs PFCs 198 PFC-3.1.i Shaping 11 1.1.1.1 tables in section 4 below.
FW: NSTX-U-CALC-11-10-00,
CSAS: NSTX-U-CALC-11-11-00, NSTX-U-
11-21-00,
BDV: NSTX-U-CALC-11-19-00,
X IBDH: NSTX-U-CALC-11-18-00,
BD12: NSTX-U-CALC-11-22-00,
BD3: NSTX-U-CALC-11-14-00,
DBD4: NSTX-U-CALC-11-16-00,
Thermal and OBD5: NSTX-U-CALC-11-12-00
PFCs PFCs 199 PFC-3.1.1 Shaping 12 1111 Emissivity of 0.7 shall be used for calculations NSTX-U-CALC-10-6-00
Designs for tile shaping features shall
accommodate a reduction in fishscale angle BDV: NSTX-U-CALC-11-19-00,
consistent with a reduction in step height, Ad, X IBDH: NSTX-U-CALC-11-18-00,
Thermal and of 0.003" over the their lifetime and still BD12: NSTX-U-CALC-11-22-00,
PFCs PFCs 200 PFC-3.1.m Shaping 13 1111 maintain shadowing.
All in-vessel graphite, including that used for
PFCs, shall be capable of being baked to at
least 350 C, with the note that the higher He X
inlet temperatures may result in some tiles
exceeding this temperature by some 10s of
PFCs PFCs 201 PFC-3.2.a Bakeout 14 1.1.1.1 degrees. NSTU-X-CALC-10-6-00
The center radius of the IBDH/OBDR1 X X
PFCs PFCs 202 PFC-3.3.b PFC Locations |15 1.1.1.1 interface shall be at R=59.5 +/- 0.5 cm. Part of drawing; radius identified
FW: NSTX-U-CALC-11-10-00,
CSAS: NSTX-U-CALC-11-11-00, NSTX-U-
11-21-00,
Regions on the casing and PFC mounting BDV: NSTX-U-CALC-11-19-00,
surfaces not protected from direct lines of X X IBDH: NSTX-U-CALC-11-18-00,
sight shall be minimized. Any toroidally BD12: NSTX-U-CALC-11-22-00,
running gap wider than 1 mm must be BD3: NSTX-U-CALC-11-14-00,
evaluated and approved during the design DBD4: NSTX-U-CALC-11-16-00,
PFCs PFCs 203 PFC-3.3.d PFC Locations |16 1.1.1.1 review process. X OBD5: NSTX-U-CALC-11-12-00
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FW: NSTX-U-CALC-11-10-00,
CSAS: NSTX-U-CALC-11-11-00, NSTX-U-
11-21-00,
PFC and mounting structure designs shall BDV: NSTX-U-CALC-11-19-00,
allow, coordinated with magnet and vessel X IBDH: NSTX-U-CALC-11-18-00,
structure adjustability, for sufficient positional BD12: NSTX-U-CALC-11-22-00,
adjustability to meet tolerances for PFCs BD3: NSTX-U-CALC-11-14-00,
relative to magnets, as described in Ref. [11] DBD4: NSTX-U-CALC-11-16-00,
PFCs PFCs 204 PFC-3.3.e PFC Locations |17 1111 and derived documents. OBD5: NSTX-U-CALC-11-12-00
FW: NSTX-U-CALC-11-10-00,
CSAS: NSTX-U-CALC-11-11-00, NSTX-U-
11-21-00,
BDV: NSTX-U-CALC-11-19-00,
For each region, field lines impinging on PFCs X IBDH: NSTX-U-CALC-11-18-00,
at angles 1.5 times the maximum given in BD12: NSTX-U-CALC-11-22-00,
Tables 4.2.1-4.5.1 shall not impact fasteners BD3: NSTX-U-CALC-11-14-00,
or other metallic components used for Tables 4.2.1- DBD4: NSTX-U-CALC-11-16-00,
PFCs PFCs 205 PFC-3.3.f PFC Locations 18 1.1.1.1 securing tiles. Table 3.3.1 4.5.1 OBD5: NSTX-U-CALC-11-12-00
FW: NSTX-U-CALC-11-10-00,
CSAS: NSTX-U-CALC-11-11-00, NSTX-U-
PFCs shall accommodate the following types 11-21-00,
of sensors : BDV: NSTX-U-CALC-11-19-00,
e Langmuir probes X X IBDH: NSTX-U-CALC-11-18-00,
® Mirnov coils BD12: NSTX-U-CALC-11-22-00,
® Rogowski coils BD3: NSTX-U-CALC-11-14-00,
® Shunt tiles DBD4: NSTX-U-CALC-11-16-00,
PFCs PFCs 206 PFC-3.4.a Diagnostic 19 1.1.1.1 ® Thermocouples X OBD5: NSTX-U-CALC-11-12-00
No module or single component installed by a
single person shall weigh more than 50 lbs,
per OSHA recommendation, unless lifting and X
Install and handling equipment and procedures are Extracted from drawings; defined during
PFCs PFCs 207 PFC-3.5.a Maintenance 20 1111 specially developed. FDR presentation
The design shall be such that removal
replacement of any tile shall not mandate the
X X
Install and removal of the center-stack or outboard
PFCs PFCs 208 PFC-3.5.d Maintenance 21 1111 divertor copper/stainless structure. Defined during FDR presentation
An assembly sequence shall be provided with
the design that takes account of machine
assembly (including CS insertion to the X X
machine), wire management, and any
Install and industrial hygiene and health physics
PFCs PFCs 209 PFC-3.5.e Maintenance 22 1.1.1.1 concerns. X
No permanently installed component on the
outboard divertor shall extend inside the X X
Install and radius of the main vessel flanges (R Part of drawing; radius needs to be
PFCs PFCs 210 PFC-3.5.f Maintenance 23 1.1.1.1 vessel_flange =23.625"), identified
No permanently installed component on the
CS shall extend more than %” beyond the X X
Install and radius of the CS horizontal flanges (R flange Part of drawing; radius needs to be
PFCs PFCs 211 PFC-3.5.f' Maintenance 24 1.1.1.1 =21.875", for R max =R flange +1/4 = 22.125"). identified
In Vessel Gas Two gas fuelling outlets shall be provided near X X
PFCs PFCs 212 PFC-3.6.a Delivery 25 1111 the CS midplane for core fuelling. Part of FDR package and ICD
One gas fuelling outlet shall be provided near
In Vessel Gas the CSAS tiles on the upper portion of the CS X X
PFCs PFCs 213 PFC-3.6.b Delivery 26 1.1.1.1 for core fuelling. Part of FDR package and ICD
Two gas fuelling outlets shall be provided near
In Vessel Gas the corner of the row 1 tiles in the outboard X X
PFCs PFCs 214 PFC-3.6.c Delivery 27 1.1.1.1 divertor for divertor fuelling. Part of FDR package and ICD
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Two gas fueling lines, with outlets near the
upper and lower IBDH/IBDV interfaces, shall X X
In Vessel Gas be provided for private flux region divertor
PFCs PFCs 215 PFC-3.6.d Delivery 28 1.1.1.1 fuelling. Part of FDR package and ICD
To judge if PFCs satisfy requirements, heat NSTX-U CALC-11-28-00
fluxes shall be applied as described in Tables FW: NSTX-U-CALC-11-10-00,
4.2-1 through 4.5-1 over the given PFC CSAS: NSTX-U-CALC-11-11-00, NSTX-U-
surface, for the given angles of incidence for 11-21-00,
the listed duration. The effects of tile shaping, X BDV: NSTX-U-CALC-11-19-00,
surface features (e.g. fish-scaling and bolt- IBDH: NSTX-U-CALC-11-18-00,
holes), and fabrication and assembly BD12: NSTX-U-CALC-11-22-00,
tolerances enhance the nominal, BD3: NSTX-U-CALC-11-14-00,
In Vessel Gas axisymmetric, heat flux and should be Tables 4.2-1 DBD4: NSTX-U-CALC-11-16-00,
PFCs PFCs 216 PFC-4.0.d Delivery 29 1111 included to satisfy requirements. through 4.5-1 OBD5: NSTX-U-CALC-11-12-00
FW: NSTX-U-CALC-11-10-00,
CSAS: NSTX-U-CALC-11-11-00, NSTX-U-
11-21-00,
BDV: NSTX-U-CALC-11-19-00,
This shall assume axisymmetric mounting X IBDH: NSTX-U-CALC-11-18-00,
surfaces and exclude heat flux enhancements BD12: NSTX-U-CALC-11-22-00,
due to coil misalignments and other non- BD3: NSTX-U-CALC-11-14-00,
In Vessel Gas axisymmetric magnetic effects (e.g. coil leads, DBD4: NSTX-U-CALC-11-16-00,
PFCs PFCs 217 PFC-4.0.d" Delivery 30 1.1.1.1 bus work). OBD5: NSTX-U-CALC-11-12-00
To judge operational flexibility for PFCs that FW: NSTX-U-CALC-11-10-00,
are shown to reach the temperature limit CSAS: NSTX-U-CALC-11-11-00, NSTX-U-
(defined in Section 3.1) prior to reaching the 11-21-00,
stress allowable (2.1-c), the magnitude of the BDV: NSTX-U-CALC-11-19-00,
heat flux, applied as per Tables 4.2-1 through X IBDH: NSTX-U-CALC-11-18-00,
4.4-1, and resulting surface temperature that BD12: NSTX-U-CALC-11-22-00,
leads to the PFCs reaching their stress BD3: NSTX-U-CALC-11-14-00,
In Vessel Gas allowable shall also be estimated and included |[Tables 4.2-1 DBD4: NSTX-U-CALC-11-16-00,
PFCs PFCs 218 PFC-4.0.e Delivery 31 1111 in design reports or calculations. through 4.4-1 OBD5: NSTX-U-CALC-11-12-00
The radial step between adjacent tiles shall
not exceed 0.035”. There is not an expectation X
that eccentricities in the casing itself will be
PFCs PFCs 219 PFC-4.1.a CSFW 32 1.1.1.1.1 compensated out by this tile installation. Addressed in PFC drawings
Horizontal Heat flux requirements on this surface are X IBDH: NSTX-U-CALC-11-18-00,
PFCs PFCs 220 PFC-4.2.a Target 33 1.1.1.1.4 given in Table 4.2-1. Table 4.2-1.
Heat flux requirements on the vertical target X BDV: NSTX-U-CALC-11-19-00,
PFCs PFCs 221 PFC-4.3.a Vertical Target |34 1.1.1.1 are as per Table 4.3-1. Table 4.3-1.
BD12: NSTX-U-CALC-11-22-00,
Tables 4.4-1 X BD3: NSTX-U-CALC-11-14-00,
Outboard The requirements so derived are shown in through 4.4-3 DBD4: NSTX-U-CALC-11-16-00,
PFCs PFCs 222 PFC-4.4.b Divertor 1 1.1.1.1.5 Tables 4.4-1 through 4.4-3 [4,6] [4.6] OBD5: NSTX-U-CALC-11-12-00
BD12: NSTX-U-CALC-11-22-00,
Field line impingement on metal components X BD3: NSTX-U-CALC-11-14-00,
Outboard at diagnostic cut-outs shall be prevented by DBD4: NSTX-U-CALC-11-16-00,
PFCs PFCs 223 PFC-4.4.c Divertor 2 1.1.1.15 custom protective tile features. OBD5: NSTX-U-CALC-11-12-00
Diagnostic cut-outs (defined in 4.4-f) for R4/R5
Outboard shall be included in the lower outboard X 0OBD4: NSTX-U-CALC-11-16-00,
PFCs PFCs 224 PFC-4.4.d Divertor 3 1.1.1.1.5 divertor at Bays: B, C, E, F, G, H, I, J and K OBD5: NSTX-U-CALC-11-12-00
Diagnostic cut-outs (defined in 4.4-f) for R4/R5 X DBD4: NSTX-U-CALC-11-16-00,
Outboard shall be included in the upper outboard BD5: NSTX-U-CALC-11-12-00,
PFCs PFCs 225 PFC-4.4.e Divertor 4 1.1.1.15 divertor at Bays: B, C, D, E, F, G, H, |, J, Kand L
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The diagnostic cutouts in general shall not
Outboard intrude on the outboard diverter row-3 X BD3: NSTX-U-CALC-11-14-00,
PFCs PFCs 226 PFC-4.4.g Divertor 5 1.1.1.15 region.
Specialized diagnostic cutouts facilitating the
poloidal CHERS and related diagnostics shall X BD3: NSTX-U-CALC-11-14-00,
Outboard be included between Bay-A and Bay-L in the DBD4: NSTX-U-CALC-11-16-00,
PFCs PFCs 227 PFC-4.4.i Divertor 6 1.1.1.15 lower and upper outboard divertor. OBD5: NSTX-U-CALC-11-12-00
Heat fluxes for the CSAS are as per Ref. [6], X CSAS: NSTX-U-CALC-11-11-00, NSTX-U-
PFCs PFCs 228 PFC-4.5.a CSAS 1 1.1.1.1.2 and provided in Table 4.5-1. Table 4.5-1 11-21-00
The passive plate PFCs shall be qualified to a
normal heat flux implied by the 100% radiated X Subsystem is existing and not being
PFCs PFCs 229 PFC-4.6.a Passive Plates |1 1.1.1.1.6 power scenario from the GRD. modified as part of recovery scope
The neutral beam armor shall tolerate
radiative normal heat fluxes implied by the X Subsystem is existing and not being
PFCs PFCs 230 PFC-4.8.a NB Armor 1 1.1.1.1.7 100% radiated power scenario from the GRD. modified as part of recovery scope
VVIH VVIH Vacuum Vessel & Internal Hardware
The passive plates shall consist of four rows of
Passive GRD- copper stabilizing plates, two above the X The capability is existing and can
VVIH Plates 231 6.1.1.2.1.1.a Passive Plates |1 1.1.1.2.1 midplane and two below the midplane. be verified upon re-installation.
6.1.1.2.1.2
Passive GRD- Engineering X The capability is existing and can
VVIH Plates 232 6.1.1.2.1.1.b Passive Plates |2 1.1.1.2.1 There shall be 12 copper plates per row. Requirements be verified upon re-installation.
The plate thickness shall be sized to
accomplish stabilization of n=0 and n=1 X
Passive GRD- plasma instabilities (here, n is the toroidal
VVIH Plates 233 6.1.1.2.1.1.c Passive Plates |3 1.1.1.2.1 mode number).
The passive plates and their mounting NSTXU 1-1-3-4 CALC 104 PF4 Bus Analysis
structures shall be designed to withstand all X
Passive GRD- loads during operation due to dead-weight,
VVIH Plates 234 6.1.1.2.1.2.a Passive Plates |4 1.1.1.2.1 thermal gradient, and electromagnetic effects.
The passive plates are being re-
The passive plate brackets shall have provision X used from a previous design and
Passive GRD- to bake their carbon plasma facing have been designed to address the
VVIH Plates 235 6.1.1.2.1.2.b Passive Plates |5 1.1.1.2.1 components. Bakeout.
The outboard divertors shall provide a
mechanical structure on which to mount
Outboard plasma facing components that protect the X
GRD- Divertor lower and upper sections of the vacuum
VVIH OBD 236 6.1.1.2.2.1.a Structures 6 1.1.1.2.2 vessel from direct plasma impingement.
The outboard divertors shall be designed to
Outboard withstand all loads during operation due to X
GRD- Divertor dead-weight,thermal, and electromagnetic
VVIH OBD 237 6.1.1.2.2.2.a Structures 7 1.1.1.2.2 effects.
Outboard
GRD- Divertor The outboard divertors shall have provision to X X Global Analysis calculation considers the |Subsystem is existing and not being
VVIH OBD 238 6.1.1.2.2.2.b Structures 8 1.1.1.2.2 bake any carbon plasma facing components. OBD modified as part of recovery scope
The neutral beam armor shall provide a
mechanical structure on which to mount
graphite plasma facing components that X
GRD- Neutral Beam protect the vessel wall from direct Subsystem is existing and not being
VVIH NB Armor{239 6.1.1.2.3.1.a Armor 9 1.1.1.2.3 impingement by the neutral beam modified as part of recovery scope
Vacuum Vessel The outer vacuum vessel shall, along with the
and Support Center Stack casing, provide the primary X
VVIH VVIH 240 GRD- 6.1.2.1.a |Structure 10 1.1.2.1 vacuum boundary. Vacuum Pump tests
Vacuum Vessel The outer vacuum vessel shall provide the
and Support primary structural support of the outer TF legs X Subsystem is existing and not being
VVIH VVIH 241 GRD-6.1.2.1.b |Structure 11 1.1.2.3 and outer PF coils. modified as part of recovery scope
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The vacuum vessel shall support in-vessel Passive Plate FDR addresses the
Vacuum Vessel components such as the neutral beam armor, X X structural suypoprt for the passive plate
and Support the passive plates, the RF antenna, and the mpints that that are currently welded to  [Subsystem is existing and not being
VVIH VVIH 242 GRD- 6.1.2.1.c |[Structure 12 1.1.2.1 outboard divertors. teh vessel wall modified as part of recovery scope
The outer vacuum vessel and support
structure shall be designed to withstand all
loads during normal operation due to seismic X
Vacuum Vessel loads, dead weight, vacuum, thermal, normal
and Support electromagnetic, and disruption Subsystem is existing and not being
VVIH VVIH 243 GRD-6.1.2.2.a |[Structure 13 1.1.2.1 electromagnetic. modified as part of recovery scope
The outer vacuum vessel and support
Vacuum Vessel structure shall be designed to withstand all X
and Support loads during bakeout due to seismic loads, Subsystem is existing and not being
VVIH VVIH 244 GRD-6.1.2.2.b |Structure 14 1.1.2.1 dead weight, vacuum, and thermal conditions. modified as part of recovery scope
The outer of and TF outer leg support
structures shall have allowance for all thermal
Vacuum Vessel scenarios, including coil thermal expansion X
and Support during operations and vessel thermal Subsystem is existing and not being
VVIH VVIH 245 GRD-6.1.2.2.c |Structure 15 1.1.2.1 expansion during bakeout modified as part of recovery scope
The Center Stack casing (CSC) shall be
mechanically connected, but electrically
isolated, at the upper interface between the X
Vacuum Vessel CSC and the outer vacuum vessel. Insulation
and Support shall be designed to withstand a one minute
VVIH VVIH 246 GRD-6.1.2.2.d |Structure 16 1.1.2.1 AC hipot test at 2E+1=1kV AC rms. Hi-Pot Testing Conducted to ensure system is:
The CSC and outer vacuum vessel shall not MCS FDR lower cermic break
Vacuum Vessel include any ceramic insulator feature at their X X removed from design
and Support lower interface (as was the case for the MCS FDR lower cermic break removed
VVIH VVIH 247 GRD- 6.1.2.2.e |[Structure 17 1.1.2.1 original versions of NSTX and NSTX-U). from design
radii
Vacuum Vessel The vacuum vessel shall accommodate two described in X X
and Support TFTR neutral beam lines at the desired Section Subsystem is existing and not being
VVIH VVIH 248 GRD-6.1.2.2.f |[Structure 18 1.1.2.1 tangency radii described in Section 6.2.4.2. 6.2.4.2. modified as part of recovery scope |Once connected the connection will be inspected
The Center Stack Assembly shall consist of the
Center Stack OH coil, TF inner legs, inner of coils and their X
GRD- 6.1.3.4.1. |Assembly and supports,Center Stack Casing, ceramic break
VVIH Center Stg249 a Ceramic Break |19 1133 assembly, pedestal, and inboard PFC tiles. Part of the Centyer Stack and MCS Design
Center Stack The Center Stack Assembly shall be designed
GRD- 6.1.3.4.2. |Assembly and in such a way that it can be extracted whole or X X |Part of the CSC FDR - Drawings show lift
VVIH Center Stg250 a Ceramic Break |20 1133 in parts from the NSTX-U outer vessel. points
Center Stack The pedestal shall support the CS assembly
GRD- 6.1.3.4.2. |Assembly and against gravity, and share in the transfer of X NSTXU_1-1-3_CALC_100
VVIH Center Stg251 b Ceramic Break |21 1.1.3.3 seismic and electromagnetic loads. Sections 11 & 12
The CS casing shall provide structural support
Center Stack for PFCs which protect it, including against X
GRD- 6.1.3.4.2. |Assembly and disruption loads. This support may be via NSTX-U-CALC-23-00
VVIH Center Stgq252 c Ceramic Break |22 1.1.3.3.6 intermediate structures. NSTX U-CALC-12-20-00
The assembly shall include provision for
bakeout of the inboard PFC tiles and for
Center Stack cooling during plasma operations, including X
GRD- 6.1.3.4.2. |Assembly and electrical isolation at the upper mechanical
VVIH Center Stg253 d Ceramic Break |23 1.1.3.3 interface to the vacuum vessel. NSTX-U-CALC-23-00
Appropriate thermal isolation shall be
Center Stack provided between coils in the Center Stack X
GRD- 6.1.3.4.2. |Assembly and assembly and any components that achieve
VVIH Center Stq254 e Ceramic Break |24 1.1.3.3 the bakeout temperature. NSTX-U-CALC-10-6-01
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All vacuum seals associated with the
mechanical interface between the CS casing
Center Stack and the vacuum vessel shall use either i) X X
GRD- 6.1.3.4.2. |Assembly and double O-rings with pumped interspaces or ii)
VVIH Center Stg255 f Ceramic Break |25 1.1.3.3 welded lip seals. Part of the IVPS & MCS FDR Vacuum Testing as part of pump down
The components of the CS assembly shall be
composed of parts that can be lifted into place
Center Stack by the existing NSTX-U Test Cell crane. It is X X
GRD- 6.1.3.4.2. |Assembly and desired that these lifts be accomplished
VVIH Center Stg256 f Ceramic Break |26 1.1.3.3 without perturbation tothe south shield wall. Part of the CSC FDR Lift procedures
Permeability requirements are as per the
NSTX-U Magnetic Permeability Requirements X
[2], while mechanical design shall be governed
VVIH VVIH 257 VVIH-2.b General 1 1.1.2 by the NSTX-U Structural Design Criteria [3]. NSTX-U-CALC-23-00
Up-down symmetry of the vessel shall be X X
VVIH VVIH 258 VVIH-2.d General 2 1.1.2.1 maintained to the greatest extent possible. MCS FDR tolerance analysis Reassmebly metrology
Toroidally continuous passive structures shall
be minimized to the extent that other design X Design chnaged eliminating
constraints permit, and shall be made of high jumpers. Addressed during Passive
VVIH VVIH 259 VVIH-2.e General 3 1.1.2 resistivity materials where possible. Plate FDR.
All viton O-rings shall be maintained under
180 deg C under all thermal scenarios X
VVIH VVIH 260 VVIH- 2.f General 4 1.1.2 (bakeout, plasma operations,...) Manufacturers Spec, IVPS FDR
All materials utilized within the primary
vacuum boundary shall be designed to X
withstand the anticipated temperatures Manufacturers Spec, Polar Region PDR,
VVIH VVIH 261 VVIH- 2.g General 5 1.1.2 during plasma and bakeout operation. IVPS FDR
All materials at risk of exposure to lithium
films shall be approved for use under that
VVIH VVIH 262 VVIH- 2.h General 6 1.1.2 condition.
As noted in the GRD [1], all components shall
be designed for of & TF coil currents up to
100% of their ampere-turns, with either
polarity of OH current at 100% of its ampere-
turns and with 1p=0 or # 0. If this is not
possible, excep on may be taken as per the
VVIH VVIH 263 VVIH- 2.i General 7 1.1.2 GRD
All pressure systems shall conform to PPPL
VVIH VVIH 264 VVIH- 2. General 8 1.1.2 standard ES-MECH-015. [7]
Systems that are thermally cycled during
bakeout shall be designed consistent with the X Thermal analysis is support of the MCS
VVIH VVIH 265 VVIH- 2.1 General 9 1.1.2 guidance in Ref. [9] Auxiliary Systems FDR
The VV & support structures shall be designed
Vacuum Vessel, to withstand all loads during normal operation X X
Ports, and as described in Ref [3]. NSTX Structural Design CSC and MCS FDRs provide the various Existing VV loads not changing nor
VVIH VVIH 266 VVIH-3.2.b Vessel Legs 1 1.1.2.1 Criteria system loads being updated.
The VV & support structures shall be designed
Vacuum Vessel, to withstand all loads during bakeout as
Ports, and described in Ref. [3]. NSTX Structural Design
VVIH VVIH 267 VVIH-3.2.c Vessel Legs 2 1.1.2.1 Criteria
Vacuum Vessel, Vacuum Vessel not chnaging more
Ports, and The vacuum vessel shall be oriented so that X X X precision on Inner TF coiils and CSC
VVIH VVIH 268 VVIH-3.3.a Vessel Legs 3 1.1.2.1 the TF inner legs have a vertical orientation. Alignment Tolerance Stack alignment with vessel Metrology
Vacuum Vessel, The vessel proper (cylinder and domes) shall
Ports, and be constructed of 304 stainless steel and have X Subsystem is existing and not being
VVIH VVIH 269 VVIH-3.3.c Vessel Legs 4 1.1.2.1 a nominal wall thickness of 5/8 inch. modified as part of recovery scope
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Additional ports and features associated with
the vessel shall by default be fabricated from
Vacuum Vessel, 316 SS or materials of similar magnetic X
Ports, and permeability [2], Subsystem is existing and not being
VVIH VVIH 270 VVIH-3.3.c' Vessel Legs 5 1.1.2.1 unless specific dispensation is given. modified as part of recovery scope
The cylindrical sec on of the vessel shall have
a sufficient number of large ports and smaller
Vacuum Vessel, ports to accommodate plasma heating, X
Ports, and diagnostic and pumping Subsystem is existing and not being
VVIH VVIH 271 VVIH-3.3.d Vessel Legs 6 1.1.2.1 configuration requirements. modified as part of recovery scope
The cylindrical section shall include ports to
Vacuum Vessel, accommodate the use of two TFTR Neutral X
Ports, and Beam Injectors injecting at the device Subsystem is existing and not being
VVIH VVIH 272 VVIH-3.3.e Vessel Legs 7 1.1.2.1 midplane. modified as part of recovery scope
The first injector shall have tangency radii of R
Vacuum Vessel, tan =[50,60,70] cm, while the second injector X
Ports, and shall have tangency radii of R tan = Subsystem is existing and not being
VVIH VVIH 273 VVIH- 3.3.e' Vessel Legs 8 1.1.2.1 [110,120,130] cm modified as part of recovery scope
The lower dome of the outer section of the
Vacuum Vessel shall be electrically grounded
via three approximately toroidally symmetric
connections to a single point connection to
the facility ground, which is designed to X
permit opening for the purpose of testing of
Vacuum Vessel, the integrity of electrical isolation between
Ports, and the Vacuum Vessel and other components and Subsystem is existing and not being
VVIH VVIH 274 VVIH-3.3.f Vessel Legs 9 1.1.2.1 structures. modified as part of recovery scope
Vacuum Vessel,
Ports, and Isolation shall be rated to withstand a one X X Subsystem is existing and not being
VVIH VVIH 275 VVIH-3.3.f' Vessel Legs 10 1.1.2.1 minute AC hipot test at 2kV rms. modified as part of recovery scope Hi-pot Testing
Vacuum Vessel,
Ports, and Grounding connections shall have provision X Subsystem is existing and not being
VVIH VVIH 276 VVIH-3.3.f" Vessel Legs 11 1.1.2.1 for monitoring for ground faults. modified as part of recovery scope
All vacuum vessel flanges shall provide a
Vacuum Vessel, vacuum seal compatible with high vacuum X
Ports, and (pressure < 2x10 -8 torr following bakeout) Subsystem is existing and not being
VVIH VVIH 277 VVIH-3.3.g Vessel Legs 12 1.1.2.1 and bakeout conditions [9]. modified as part of recovery scope
The vacuum vessel support legs shall support
the vacuum vessel and all components
attached to the vessel including in-vessel X X
Vacuum Vessel, structures, plasma facing components, TF MCS FDR provides teh supports from the
Ports, and outer legs, outer of coils, and other pedestal to the center stack and inner Subsystem is existing and not being
VVIH VVIH 278 VVIH-3.3.h Vessel Legs 13 1.1.2.3 components mounted to the vessel. coils modified as part of recovery scope
Vacuum Vessel, Three approximately toroidally symmetric
Ports, and connection points shall be provided at the top
VVIH VVIH 279 VVIH-3.3,j Vessel Legs 14 1.1.2.1 and bottom of the vacuum vessel.
Connections shall be sized to carry the current
Vacuum Vessel, for arbitrary
Ports, and duration during bakeout heating of the center
VVIH VVIH 280 VVIH- 3.3.j' Vessel Legs 15 1.1.2.1 stack casing.
Vacuum Vessel,
Ports, and A total casing current of 8 kA shall be assumed X 7KA and 8Ka have been used in the
VVIH VVIH 281 VVIH- 3.3.j" Vessel Legs 16 1.1.2.1 for the purposes of design. Global thermal Model
If these electrical connections remain in place
Vacuum Vessel, during operations, then their design shall
Ports, and accommodate loads during operations,
VVIH VVIH 282 VVIH- 3.3.h’ Vessel Legs 17 1.1.2.1 including disruption loads
Passive The passive plates shall be made of high X
VVIH Plates 283 VVIH-4.2.a Passive Plates |1 1.1.1.2.1 strength copper material, i.e. CuCrZr.
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The passive plates shall consist of primary
(closest to midplane) and secondary (furthest
from midplane) groupings, one set above the X
Passive midplane and one set below the midplane of The capability is existing and can
VVIH Plates 284 VVIH-4.3.a Passive Plates |2 1.1.1.2.1 the NSTX-U device. be verified upon re-installation.
Passive There shall be 12 passive plates per each of X The capability is existing and can
VVIH Plates 285 VVIH-4.3.b Passive Plates |3 1.1.1.2.1 the four rows, for a total of 48 plates. be verified upon re-installation.
Passive Each plate shall be made up of a series of %” X The capability is existing and can
VVIH Plates 286 VVIH- 4.3.c Passive Plates |4 1.1.1.2.1 thick conically shaped copper plates. be verified upon re-installation.
The passive plates shall be mounted to
brackets extending from the outer vacuum X X
Passive vessel cylinder, and will be located from Passive Plate FDR ddresses the mounting |Current passive plate welds are not
VVIH Plates 287 VVIH-4.3.d Passive Plates |5 1.1.1.2.1 machined surfaces on these brackets. fixures being modified as part of recovery
The passive plates and their mounting
structures shall be designed to withstand all X
Passive loads during operation and bakeout as per
VVIH Plates 288 VVIH-4.3.e Passive Plates |6 1.1.1.2.1 Reference [3] NSTX Structural Design Criteria FDR Analyses
The connections shall contain provisions to Plates have already been removed
facilitate removal of individual plates for X and has been demonstrated. The
Passive modification to accommodate access for reassembly will demonstrate
VVIH Plates 289 VVIH-4.3.f Passive Plates |7 1.1.1.2.1 future diagnostic upgrades. assembly
The passive plates shall be electrically
Passive connected to the vessel via their mounting X
VVIH Plates 290 VVIH-4.3.f' Passive Plates |8 1.1.1.2.1 structures. FDR Copper Plate Analysis
The plates shall have a well defined and
reliable route for currents to pass through the X
Passive plates to their mounting structures, on both
VVIH Plates 291 VVIH-4.3.g Passive Plates |9 1.1.1.2.1 toroidal ends of the plate. FDR Analyses related to next requirement
At least one electrical connection mechanism
shall exist between the plate/bracket X
Passive combination and the weld ears at each end of
VVIH Plates 292 VVIH-4.3.h Passive Plates |10 1.1.1.2.1 the plate to facilitate the requirement in g). FDR Analyses
The plate support features shall be traced
Passive with SS tubing to facilitate bakeout of the PFCs X X
VVIH Plates 293 VVIH-4.3.] Passive Plates |11 1.1.1.2.1 on the passive plate surface. FDR Analyses HE Tube Mounts Only
The nominal locations of the plate front
surface shall be as in Table 4.3-1 and Figure
4.3-1. Deviations of up to 1 cm in the average Table 4.3-1 X X X The Passive plate locations exist
Passive radius are acceptable, with deviations of +/- and Figure Passive Plate FDR design focuses on and are not being modified as part |Inspect as part of system
VVIH Plates 294 VVIH-4.3.m Passive Plates |12 1.1.1.2.1 0.5 cm from that average allowed. 4.3-1 mounting hardware of recovery reassmebly
The trace tubing shall be rated for the Tubes already designed and
Passive temperature (450 C) and pressure (300 PSIG) X installed to meet system
VVIH Plates 295 VVIH-4.4.a Passive Plates |13 1.1.1.2.1 of the bakeout helium system requirements
Outboard
Divertor This power handling surface shall be graphite X Subsystem is existing and not being
VVIH OBD 296 VVIH-5.1.a Structures 1 1.1.1.2.2 tiles, modified as part of recovery scope
The outboard divertor area strike plates shall
consist of segmented upper and lower
Outboard toroidal ring assemblies, bridged by copper X
Divertor plates which are then covered by protective Subsystem is existing and not being
VVIH OBD 297 VVIH-5.3.a Structures 2 1.1.1.2.2 tiles. modified as part of recovery scope
Outboard These ring assemblies shall be mounted, on
Divertor the vacuum side, to the two vacuum vessel X Subsystem is existing and not being
VVIH OBD 298 VVIH-5.3.b Structures 3 1.1.1.2.2 domes, concentric to the center stack. modified as part of recovery scope
The outboard divertor plates shall be traced
Outboard with stainless steel tubing for active X
Divertor temperature control during bakeout and, as a Subsystem is existing and not being
VVIH OBD 299 VVIH-5.3.c Structures 4 1.1.1.2.2 poten al future upgrade, during operation. modified as part of recovery scope
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There shall be standard cutouts in the ring and
copper plate assemblies at each vertical dome
Outboard port to allow for diagnostic views. Some X
Divertor diagnostics may need larger or customized Subsystem is existing and not being
VVIH OBD 300 VVIH-5.3.d Structures 5 1.1.1.2.2 cutouts. modified as part of recovery scope
Outboard
Divertor The dimension of the divertor top surface X Subsystem is existing and not being
VVIH OBD 301 VVIH-5.3.e Structures 6 1.1.1.2.2 shall designed as in Table 5.3-1 Table 5.3-1 modified as part of recovery scope
Outboard The outboard divertors and trace tubing shall
Divertor be designed to withstand all loads during X Subsystem is existing and not being
VVIH OBD 302 VVIH-5.3.f Structures 7 1.1.1.2.2 operation as elaborated in Ref. [3]. modified as part of recovery scope
No permanently installed component on the
Outboard outboard divertor shall extend inside the X
Divertor radius of the main vessel flanges (R Subsystem is existing and not being
VVIH OBD 303 VVIH-5.3.g Structures 8 1.1.1.2.2 vessel_flange =23.625"), modified as part of recovery scope
Outboard The trace tubing shall be rated for the
Divertor maximum temperature (450 C) and pressure X Subsystem is existing and not being
VVIH OBD 304 VVIH-5.4.a Structures 9 1.1.1.2.2 (300 PSIG) of the hot helium system. modified as part of recovery scope
Neutral Beam
Armor X
Mechanical This power handling surface shall be graphite Subsystem is existing and not being
VVIH NB Armor{305 VVIH- 6.1.a Structures 1 1.1.1.2.3 tiles modified as part of recovery scope
Neutral Beam
Armor X
Mechanical The armor mechanical structures shall be Subsystem is existing and not being
VVIH NB Armor|306 VVIH-6.3.a Structures 2 1.1.1.2.3 supported from the vessel wall. modified as part of recovery scope
Neutral Beam
Armor The armor mechanical structures shall use the X
Mechanical midplane port at Bay H for electrical and fluid Subsystem is existing and not being
VVIH NB Armor{307 VVIH- 6.3.b Structures 3 1.1.1.2.3 or gas feedthroughs for the armor. modified as part of recovery scope
Neutral Beam
Armor The armor mechanical structures shall have X
Mechanical provision for mounting graphite tiles facing Subsystem is existing and not being
VVIH NB Armor|308 VVIH-6.3.c Structures 4 1.1.1.2.3 the plasma and neutral beam. modified as part of recovery scope
Neutral Beam
Armor The armor mechanical structures shall have X
Mechanical provision to allow the MSE-LIF diagnostic Subsystem is existing and not being
VVIH NB Armor|309 VVIH-6.3.d Structures 5 1.1.1.2.3 neutral beam to pass through into the plasma. modified as part of recovery scope
Neutral Beam
Armor The armor shall be traced with stainless steel X
Mechanical tubing for active temperature control during Subsystem is existing and not being
VVIH NB Armor{310 VVIH- 6.3.e Structures 6 1.1.1.2.3 bakeout and operation. modified as part of recovery scope
Neutral Beam
Armor The armor shall be designed to withstand all X
Mechanical loads during operation as described in Ref [3]. Subsystem is existing and not being
VVIH NB Armor{311 VVIH- 6.3.f Structures 7 1.1.1.2.3 NSTX Structural Design Criteria modified as part of recovery scope
Armor shall be designed to absorb a full
duration and full energy or full power pulse
Neutral Beam from all ion sources simultaneously, without X
Armor damage to the vessel or underlying metallic
Mechanical structures. The beam energy vs. voltage is Subsystem is existing and not being
VVIH NB Armor{312 VVIH-6.4.a Structures 8 1.1.1.2.3 described in the GRD [1]. modified as part of recovery scope
Neutral Beam
Armor X
Mechanical Trace tubing shall facilitate bakeout of the PFC Subsystem is existing and not being
VVIH NB Armor{313 VVIH- 6.4.b Structures 9 1.1.1.2.3 tiles on the armor to > 300 C. modified as part of recovery scope
Neutral Beam Trace tubing used in the neutral beam armor
Armor heating/cooling loops shall be rated for the X
Mechanical maximum temperature and pressure of the Subsystem is existing and not being
VVIH NB Armor{314 VVIH-6.4.c Structures 10 1.1.1.2.3 hot helium system (450 C & 300 PSl). modified as part of recovery scope
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In-Vessel The in-vessel heating/cooling tubes shall
Heating/Coolin interface to the hot helium vessel X Subsystem is existing and not being
VVIH In-Vessel [315 VVIH-7.3.a g Tubing 1 1.3.3.1.3 feedthroughs [9]. modified as part of recovery scope
Trace tubing shall convey hot helium to the
following structures, for purposes of elevating
their temperature to bake out PFC tiles1: X X
In-Vessel ® Primary passive plate brackets Helium tubing structural design
Heating/Coolin ® Secondary passive plate brackets NSTXU_1_1_1_2 1 CALC_051 Helium Subsystem is existing and not being
VVIH In-Vessel [316 VVIH-7.3.b g Tubing 2 1.3.3.1.3 e Outboard divertor structures Tube Structural Analysis modified as part of recovery scope.
NSTX-U-CALC-10-6-00
NSTX-U Center Stack Casing
X Heating/Cooling Final Design
In-Vessel Tubing shall be rated for the maximum Review, Heat Transfer Tube (HTT) and
Heating/Coolin temperature and pressure of the hot helium Heat Transfer Plate (HTP), Oct. 24, 2018
VVIH In-Vessel [317 VVIH-7.4.a g Tubing 3 1.3.3.1.3 system (450 C and 300 PSI).
NSTX-U-CALC-10-7-00, NSTX-U-CALC-12-
25-00,
NSTX-U Center Stack Casing
X Heating/Cooling Final Design
In-Vessel Tubing shall accommodate all load cases Review, Heat Transfer Tube (HTT) and
Heating/Coolin during operations and bakeout as described in Heat Transfer Plate (HTP), Oct. 24, 2018
VVIH In-Vessel [318 VVIH-7.4.b g Tubing 4 1.3.3.1.3 Ref. [3].
In-Vessel
Heating/Coolin X X
VVIH In-Vessel [319 VVIH-7.4.c g Tubing 5 1.3.3.1.3 Tubes shall be leak-tight as per GRD. HTT/HTP FDR Part of reassembly
Vessel, Passive
Plate,
O}thoard X X
Divertor and In-
Vessel Tubing The vessel thermocouples shall be electrically
VVIH VVIH 320 VVIH- 8.3.a Thermocouples |1 1.1.2.2 isolated from the vessel. PFC Diagnostics FDR Verify design through test
Vessel, Passive
Plate,
Outboard Within the constraints provided by the X
Divertor and In- physical features and geometry of the vessel,
Vessel Tubing the vessel thermocouples shall be uniformly Subsystem is existing and not being
VVIH VVIH 321 VVIH- 8.3.b Thermocouples |2 1.1.2.2 distributed on the vessel surface. modified as part of recovery scope
Subsystem is existing and not being
modified as part of recovery scope.
Drawing ED1471 provides cabling
Vessel, Passive for the Diagnostics including
Plate, X passive plates. Also athe passive
Outboard plate design review a presentation
Divertor and In- The passive plate thermocouples shall be was prepared that stated that the
Vessel Tubing located on the back sides of selected plates new thermocouple PFC designs is
VVIH VVIH 322 VVIH- 8.3.c Thermocouples |3 1.1.2.2 (facing away from the plasma) ready for use.
Vessel, Passive
Plate,
Outboard Outboard divertor thermocouples shall be X X
Divertor and In- installed on selected Cu components of the
Vessel Tubing divertor in a way that does not interfere with Subsystem is existing and not being
VVIH VVIH 323 VVIH-8.3.d Thermocouples (4 1.1.2.2 the PFC tiles. MCS FDR for Inner PF coils modified as part of recovery scope
The function of the coil support structures
Coil Support shall be to support the coils off of the vacuum X Subsystem is existing and not being
VVIH Coils Supgd 324 VVIH-9.1 Structures 1 1.1.2.3 vessel. modified as part of recovery scope
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The function of the coil support structures
shall be to support the coils off of the vacuum
vessel. X
In particular, they shall provide support for
Coil Support the outer legs of the TF coils against all loads Subsystem is existing and not being
VVIH Coils Supg 325 VVIH-9.1.a Structures 2 1.1.2.3 (electromagnetic, seismic, other) modified as part of recovery scope
The function of the coil support structures
shall be to support the coils off of the vacuum
vessel.
In particular, they shall:provide support for X
the outer of coils (Pf-5, Pf-4, Pf-3, and Pf-2)
Coil Support against all loads (electromagnetic, seismic, Subsystem is existing and not being
VVIH Coils Supg 326 VVIH-9.1.b Structures 3 1.1.2.3 other) modified as part of recovery scope
The TF outer legs shall be supported by i)
Coil Support systems of trusses and tie-bars, located above X
Structures: TF and below the midplane and connected to the Subsystem is existing and not being
VVIH Coils Supg 327 VVIH-9.3.1.a |Outer Legs 4 1.1.2.3.1 vacuum vessel, and ii) the umbrella structures. modified as part of recovery scope
The supports for the TF outer legs shall
Coil Support accommodate thermal scenarios during X
Structures: TF bakeout with < 1 day used to field modify the Subsystem is existing and not being
VVIH Coils Supg 328 VVIH-9.3.1.b |Outer Legs 5 1.1.2.3.1 supports both before and after the bake. modified as part of recovery scope
Coil Support The supports for the TF outer legs shall
Structures: TF accommodate thermal scenarios and EM loads X Subsystem is existing and not being
VVIH Coils Supg 329 VVIH-9.3.1.c |Outer Legs 6 1.1.2.3.1 during operations, as described in Ref. [3]. modified as part of recovery scope
All aspects of the TF coil support shall be
Coil Support compatible with NSTX-U operation with X
Structures: TF plasma current and toroidal field in either ¢ Subsystem is existing and not being
VVIH Coils Supgd 330 VVIH-9.3.1.d |Outer Legs 7 1.1.2.3.1 direction. modified as part of recovery scope
Structural support of the of coils shall restrain
Coil Support against vertical motion when subject to X
Structures: TF electromagnetic loads, while also providing Subsystem is existing and not being
VVIH Coils Supg 331 VVIH-9.3.2.a |Outer Coils 8 1.1.2.3.2 required radial restraints. modified as part of recovery scope
Coil Support Structural support of the of coils shall restrain
Structures: of free body motion of the coil due to all EM X Subsystem is existing and not being
VVIH Coils Supgd 332 VVIH-9.3.2.a" |Outer Coils 9 1.1.2.3.2 loads. modified as part of recovery scope
The outer Pf mounting structures shall
designed with allowance for the range of coil
Coil Support and vessel thermal scenarios, including X X
Structures: of bakeout and plasma operations, ensuring that Subsystem is existing and not being
VVIH Coils Supg 333 VVIH-9.3.2.b |Outer Coils 10 1.1.2.3.2 the coils remain centered. PF4/5 Realignment FDRs modified as part of recovery scope
The PF-4 and PF-5 coils shall be restrained
from radial thermal growth at two opposing
locations, allowing an n=2 deformation under X X
Coil Support thermal growth. The toroidal angle of one
Structures: of restraint shall coincide with the lead block of Subsystem is existing and not being
VVIH Coils Supgd 334 VVIH-9.3.2.c |Outer Coils 11 1.1.2.3.2 the coil to inhibit coil motion near the leads. PF4/5 Realignment FDRs modified as part of recovery scope
All aspects of the of coil support shall be
Coil Support compatible with NSTX-U operation with X
Structures: of plasma current and toroidal field in either ¢
VVIH Coils Supg 335 VVIH-9.3.2.d |Outer Coils 12 1.1.2.3.2 direction. Initial Experimental Tests
Lateral displacements at the top of the CS due
CS Casing to toroidally asymmetric halo currents shall be
Assembly, restrained, either in the base thermal case or X
Pedestal, and the fully ratcheted case, via transfer to the NSTX-U-CALC-12-30-00
VVIH Center St3336 VVIH-10.2.b Ceramic Breaks |1 1.1.3.3.6 outer vessel. NSTX-U-CALC-23-00
Provisions shall be made to restrain CS lateral
CS Casing motion due to EM loads.
Assembly, Restraints must accommodate CS thermal X
Pedestal, and growth and vertical displacements due to EM
VVIH Center Stg337 VVIH- 10.2.b" |Ceramic Breaks |2 1.1.3.3.6 loads. NSTX U-CALC-12-23-00




Test

. SEQ. Req't Subsystem | Sub- . . Ana | De Tes Analysis Demonstration Inspection Artifacts
SR # ID Name Count e Requirement AL I |mo Insp t Artifacts Artifacts Artifacts
Any part which will achieve the full bakeout
CS Casing temperature while exposed to atmosphere
Assembly, shall be made from a material which can X
Pedestal, and tolerate this combination of temperature and
VVIH Center St3338 VVIH-10.2.c Ceramic Breaks |3 1.1.3.3.6 environment. NSTX-U-CALC-23-00
No permanently installed component on the
CS Casing CS shall extend more than %” beyond the
Assembly, radius of the CS horizontal flanges (R flange
Pedestal, and =21.875", for R max =R flange +1/4 = 22.125"). X
Ceramic Any exceptions to these rules must be granted
Breaks: by the NSTX-U Project Engineer or
VVIH Center St4339 VVIH-10.3.1.b |Assembly 1 1.1.3.3.6 Construction Manager. NSTX U-CALC-133-37-00
CS Casing
Assembly,
Pedestal, and X X
Ceramic The PFlc/insulating ring assemblies, both
Breaks: upper and lower, shall be removable without
VVIH Center St4340 VVIH- 10.3.1.c |Assembly 2 1.1.3.3.8 removing the Center Stack. MCS Design FDR Reassembly
CS Casing
Assembly,
Pedestal, and X X
Ceramic The pedestal design shall allow it to be
Breaks: removed with the Center Stack temporarily
VVIH Center Stq341 VVIH- 10.3.1.d |Assembly 3 1.1.3.3.7 supported from above.
CS Casing
Assembly, The mating of the OH/TF magnet assembly to Part of MCS Design presented at FDR.
Pedestal, and the casing shall include provision to adjust the X X X Shims of different sizes will be used to
Ceramic position and tilt of the magnet assembly adjust the TF/OH magnet assembly to
Breaks: within the casing within travel allowed by meet shift and tilt requirements in RD-11
VVIH Center Stg342 VVIH- 10.3.1.e |Assembly 4 1.1.3.3.7 existing geometry. for the TF innner legs. Demonstarted during Re-assembly |Verify through inspection that the coils can be adjusted
CS Casing
Assembly,
Pedestal, and The center stack casing shall include an air gap
Ceramic and/or insulating material in the annular X
Breaks: Coil region surrounding the OH and inner-of coils
Thermal for the purpose of thermal and electrical
VVIH Center Stq343 VVIH- 10.3.2.a |lIsolation 5 1.1.3.3.7 isolation between the coil and the casing. NSTX U-CALC-133-37-00
CS Casing
Assembly,
Pedestal, and Thermal isolation shall be designed to protect
Ceramic the OH caoil, of-1a coils, of-1b coils, and X
Breaks: Coil surrounding magnetics diagnostics from
Thermal 1.1.3.3.2- excess temperatures due to heat influx from
VVIH Center Stg344 VVIH-10.3.2.b |Isolation 6 1.1.3.3.5 bakeout and from normal operations. NSTX-U-CALC-10-6-01
CS Casing
Assembly,
Pedestal, and
Ceramic X
Breaks:
Ceramic The NSTX-U device shall have only a single
Insulator ceramic insulator between the outer vacuum
VVIH Center Stq345 VVIH- 10.3.3.a |Assembly 7 1.1.3.3.8 vessel and the Center Stack casing. Part of the Design updated in drawings
CS Casing
Assembly,
Pedestal, and
Ceramic X
Breaks:
Ceramic
Insulator The design shall locate this single ceramic
VVIH Center Stg346 VVIH-10.3.3.a"' |Assembly 8 1.1.3.3.8 insulator at the top of the machine. Included in models and drawings
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The ceramic insulator should be suspended
CS Casing between double O-rings. This suspension
Assembly, should be designed such that no deflection,
Pedestal, and thermal, EM, or otherwise, can result in
Ceramic unacceptable loading of the insulator as per X
Breaks: the structural design criterion. Mechanical
Ceramic clamping of the ceramic insulator shall not
Insulator "bottom out" the metal flange to ceramic gap
VVIH Center Stq347 VVIH-10.3.3.c |Assembly 9 1.1.3.3.8 under any conditions. Included as part of the MCS FDR
No single elastomer seals shall be used on the
primary seals between the CS assembly and
the outer vacuum vessel. Acceptable vacuum
CS Casing seal technologies include:
Assembly, ® Double viton O-rings with pumped X X
Pedestal, and interspaces
Ceramic e Metal seals with a secondary seal (viton or
Breaks: metal) and pumped interspace
VVIH Center Stq348 VVIH- 10.3.4.a |Vacuum Seal 10 1.1.3.3.6 o Welded lip seals Part of the MCS FDR Leak Tests
CS Casing
Assembly,
Pedestal, and Provision shall be made to leak-check all X X
Ceramic primary vacuum seals that interface the
Breaks: Center Stack casing to the outer vessel before
VVIH Center St4349 VVIH-10.3.4.b |Vacuum Seal 11 1.1.3.3.6 full machine pump-down. Part of the MCS FDR Leak Tests
CS Casing
Assembly, The center stack casing shall have three
Pedestal, and electrical connections top and bottom sized
Ceramic for passing of the bakeout current (8 kA total X X
Breaks: for design purposes). They should be
Electrical toroidally aligned to the connections on the Part of the CSC FDR and the pending
VVIH Center Std350 VVIH- 10.3.5.a |Considerations |12 1.1.3.3.6 outer vessel. Bakeout Bus Design reviews
CS Casing
Assembly,
Pedestal, and
Ceramic If these electrical connections remain in place X
Breaks: during operations, then their design shall
Electrical accommodate loads during operations,
VVIH Center Stg351 VVIH- 10.3.5.b |Considerations |13 1.1.3.3.6 including disruption loads.
CS Casing
Assembly,
Pedestal, and The center stack casing shall tolerate the full X
Ceramic range of bakeout temperatures (300 C
Breaks: Heating minimum to 350 C maximum average over the Part of the MCS FDR Thermal Analyses
VVIH Center St4352 VVIH- 10.3.6.a |and Cooling 14 1.1.3.3.6 full casing). being conducted
Provision shall be made via heating/cooling
features to heat or cool the horizontal and
CS Casing vertical inner divertor targets, at both the CS
Assembly, top and bottom. Water may be used for X
Pedestal, and cooling if outside the primary vacuum
Ceramic boundary; gas cooling must be used used if NSTX-U-CALC-10-6-00
Breaks: Heating 1.1.3.3.9 the features are on the vacuum side and do HTP: NSTX U-CALC-12-26-00
VVIH Center Stg353 VVIH-10.3.6.b |and Cooling 15 1.1.3.3.10 not have other secondary containment. HTT:NSTX U-CALC-12-23-00
CS Casing
Assembly,
Pedestal, and The center stack casing shall accommodate X
Ceramic the passage of a current in the Z direction for
Breaks: Heating the purpose of resistive heating as a source of
VVIH Center St4354 VVIH- 10.3.6.c |and Cooling 16 1.1.3.3.6 heat during the bakeout mode. NSTX-U-CALC-10-6-01
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CS Casing The center stack casing shall have compliant
Assembly, features (bellows) to accommodate the
Pedestal, and differential thermal expansion between the X
Ceramic vacuum vessel and the casing for the full
Breaks: Heating range of potential thermal differentials,
VVIH Center Stg355 VVIH- 10.3.6.d |and Cooling 17 1.1.3.3.6 including bakeout and operations scenarios. NSTX U-CALC-CC-12-19 -00
CS Casing
Assembly,
Pedestal, and These bellows shall be electrically protected X
Ceramic from ohmic heating and electromagnetic loads
Breaks: Heating during bakeout and operations, including
VVIH Center St4356 VVIH- 10.3.6.e |and Cooling 18 1.1.3.3.6 disruption loads. [12] NSTX U-CALC-12-29-0
The PF-1a and -1b coils shall be constrained by
support structures that have the following
features:
® Minimal toroidal conductivity of metallic
components
e Thermal isola on from hot surface during
operations and bakeout scenarios. X
CS Casing ® Support which maintains the coil centered
Assembly, position against radial, sideways, and vertical
Pedestal, and loads from all static and dynamic load cases.
Ceramic o Ability to adjust coil radial positions within
Breaks: Coil 1.13.3.11 geometric constraints, and with any toroidal
VVIH Center Stg357 VVIH-10.3.7.a |Supports 19 1.1.3.3.12 phase. Part of the MCS FDR
PF1c shall be in a reentrant flange that forms
the vacuum boundary, accommodating the
mandrel-less approach to manufacture. The
assembly shall:
® have provision for maintaining the centered
CS Casing position of the coils while providing adequate X
Assembly, stiffness to overcome any non-axisymmetric
Pedestal, and radial load,
Ceramic e provide the ability to adjust the coil radial
Breaks: Coil positions within geometric constraints, and
VVIH Center St4358 VVIH- 10.3.7.b |Supports 20 1.1.3.3.8 with any toroidal phase. Part of the MCS FDR
CS Casing
Assembly, Structural support of the OH coil shall allow
Pedestal, and for axial thermal expansion while ensuring X X
Ceramic that the coil motion is constrained to
Breaks: Coil allowable levels when subject to Subsystem is existing and not being
VVIH Center St 359 VVIH-10.3.7.c |Supports 21 1.1.3.3.6 electromagnetic loads. Cenerstack and MCS FDRs modified as part of recovery scope
CS Casing
Assembly,
Pedestal, and X X Part of the MCS FDR ; NSTXU_1-1-
Ceramic 3_CALC_100
Breaks: Coil 1.1.3.3.11 Designs for inner-PF coil supports shall apply Sections 2, 3,4, & 9 Only the PF-1 a&b
VVIH Center Stg360 VVIH- 10.3.7.e |Supports 22 1.1.3.3.12 the required coil preloads. have required preloads MCS Risk Reduction testing prior to FDR
CS Casing
Assembly,
Pedestal, and X X
Ceramic Interface Control Documents identify the
Breaks: Coil 1.1.3.3.11 For coils where pre-load is required, sensors sensors that will be included to capture
VVIH Center St4361 VVIH-10.3.7.h |Supports 23 1.1.3.3.12 shall be installed to monitor that preload. that data Verify during installation
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CS Casing
Assembly,
Pedestal, and
Ceramic X
Breaks: Lateral These lateral load bearing structures shall Part of the MCS FDR NSTXU_1-1-
Load Bearing have designs that do not risk the seating of O- 3_CALC_100
VVIH Center St4362 VVIH- 10.3.9.a |Structures 24 1.1.3.3.13 rings or place load on the ceramic insulators. Section 6
CS Casing
Assembly, The pedestal shall be designed to handle all
Pedestal, and loads associated with the support of the X
Ceramic center column, including but not limited to Part of the MCS FDR, NSTXU_1-1-
VVIH- 10.3.10. |Breaks: dead weight, EM vertical loads, and global 3_CALC_100
VVIH Center St4363 a Pedestal 25 1.1.3.3.7 torques. Sections 11&12
CS Casing
Assembly, The pedestal shall be designed to
Pedestal, and accommodate the access of auxiliary X X X
Ceramic components (cooling hose, instrumentation Part of the MCS FDR; Many of the access
VVIH- 10.3.10. |Breaks: cabling as appropriate, etc.) to the CS points are addressed in the appropriate Pedestal design isn't changing
VVIH Center Stg364 b Pedestal 26 1.1.3.3.7 assembly. ICDs. significantly Verify during re-assembly
CS Casing
Assembly,
Pedestal, and X X X Part of the MCS FDR Presentations will
Ceramic Pedestal design shall have features which allow for shimms to make fine
VVIH- 10.3.10. |Breaks: provide adjustment of the TFOH bundle and adjustsments of the TF-OH Bundle from Demonstrated as part of
VVIH Center Stg365 c Pedestal 27 1.1.3.3.8 the CS Assembly. the pedestal reassambly Metrology and reassembly alignment
CS Casing
Assembly,
Pedestal, and X
Ceramic The casing electrical insulation with respect to
Breaks: ground shall be designed for a 2 kV rms high-
VVIH Center St4366 VVIH-10.4.1.a |Electrical 28 1.1.3.3.6 pot test voltage of duration 1 minute. Hi-Pot Testing
NSTX-U-CALC-10-6-01 -- FDR Chit to
clearly identify compliance to
requirement. Thremal modeling
Structures should be designed so that i) coil presentation shows that the lower PF-1c
CS Casing ground insulation does not exceed 140 °C and X with a loss of cooling strats with a
Assembly, ii) any glass reinforced plastic/laminate temerature of >140 deg C and does not
Pedestal, and material does not exceed its rated service or reach 140 deg C for ~40 minutes. Need to
Ceramic 1.1.3.3.8 operation temperature. These criteria shall revalidate. CHit written to dteremnine if
Breaks: Heating 1.1.3.3.11 apply under any possible thermal scenario the 150 deg C was ground insulation or G-
VVIH Center St4367 VVIH-10.4.2.a |And Cooling 29 1.1.3.3.12 (operations, bakeout, etc.). 10.
The insulation or design features protecting
the OH and PF-1a/b/c coils from the any
CS Casing elevated temperature metallic structures
Assembly, (casing, coil housings, etc) should provide at X
Pedestal, and least 1 hour response time against the NSTX-U-CALC-10-6-01 -- FDR Chit to
Ceramic 1.1.3.3.2 temperature limits noted in 10.4.3a following clearly identify compliance to
Breaks: Heating 1.1.3.33 a coil loss of cooling condition during bakeout requirement; Calculation to be finalized -
VVIH Center Stq368 VVIH-10.4.2.b |And Cooling 30 1.1.3.3.4 or operations. Calculation
Auxiliary Systems
Auxiliary Auxiliary [(Vacuum Pumping, Cooling Water, Bakeout, Gas Delivery, Wall Conditioning)
Vacuum The Vacuum Pumping System shall provide
Pumping the required high vacuum environment for X X Subsystem is existing and not being
Auxiliary VPS 369 GRD - 6.3.1.1.a [System 1 13.1 plasma operations. IVPs FDR modified as part of recovery scope
Vacuum "It shall pump the vessel from atmosphere to
GRD-6.3.1.1. |Pumping base vacuum, exhaust the spent plasma X X Subsystem is existing and not being
Auxiliary VPS 370 a' System 2 1.3.1 constituents after each pulse" IVPs FDR modified as part of recovery scope
Vacuum "It shall pump the vessel from atmosphere to
GRD - 6.3.1.1. |[Pumping base vacuum, exhaust the spent plasma X Subsystem is existing and not being
Auxiliary VPS 371 a" System 3 13.1 constituents after each pulse" modified as part of recovery scope
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The Vacuum Pumping System shall be
Vacuum equipped a Residual Gas Analyzers (RGA) that X
Pumping can be operated during both glow discharge Subsystem is existing and not being
Auxiliary VPS 372 GRD - 6.3.1.1.b |System 4 13.1 cleaning and normal high vacuum conditions. modified as part of recovery scope
Vacuum The vacuum pumping system shall have a
Pumping capability to evacuate the inter-spaces on X
Auxiliary VPS 373 GRD - 6.3.1.1.c [System 5 1.3.1 double O-ring seals NSTX-U-CALC-33-04-00
The roughing pump(s) shall be capable of
Vacuum evacuating the vacuum vessel from X X
Pumping atmosphere to 1x10 -3 Torr in less than 4 Subsystem is existing and not being
Auxiliary VPS 374 GRD - 6.3.1.2.a |System 6 1.3.1 hours. modified as part of recovery scope Pump Down Verification Tests
Vacuum The TVPS shall be capable of achieving a base
Pumping pressure of 2x10 -8 Torr following bakeout, X X Subsystem is existing and not being
Auxiliary VPS 375 GRD - 6.3.1.2.b [System 7 131 excluding fueling gas. modified as part of recovery scope Pump Down Verification Tests
The CWS shall provide deionized cooling water
to the TF coil, of coil, OH coil and bus work, as
well as selected additional components, with X
Cooling Water parameters to support a 1200 second Subsystem is existing and not being
Auxiliary VPS 376 GRD - 6.3.2.1.a |Systems 8 1.3.2 repetition rate. modified as part of recovery scope
All coil, vessel, and bus-work cooling paths
shall be individually monitored and
interlocked for flow and temperature on the X
Cooling Water outlet side. Other paths may also be Subsystem is existing and not being
Auxiliary VPS 377 GRD - 6.3.2.2.a |Systems 9 1.3.2 monitored and interlocked in this fashion. modified as part of recovery scope
The CWS configuration for the OH coil shall
Cooling Water minimize layer-to-layer temperature X Subsystem is existing and not being
Auxiliary VPS 378 GRD - 6.3.2.2.c |Systems 10 1.3.2 differences during cooldown. modified as part of recovery scope
Where multiple flow path are mechanically
bonded (for instance, the TF inner legs, the OH X
Cooling Water coil), loss of flow in one path shall result in Subsystem is existing and not being
Auxiliary VPS 379 GRD - 6.3.2.2.f |Systems 11 1.3.2 termination of flow in all other paths. modified as part of recovery scope
The capability shall exist to display alarms and
Cooling Water remove the power supply permissive under X Subsystem is existing and not being
Auxiliary CWS 380 GRD - 6.3.2.2.h [Systems 12 1.3.2 low-flow or high temperature conditions. modified as part of recovery scope
The bakeout system shall include means for
heating the full volumes of the carbon PFCs to
the required temperatures for an indefinite
Bakeout period while maintaining the vacuum vessel X
Heating and and components connected thereto to
Cooling temperatures within their temperature Subsystem is existing and not being
Auxiliary Bakeout (381 GRD - 6.3.3.1.a |Systems 13 133 ratings. modified as part of recovery scope
Bakeout
Heating and X
Cooling The volume of all carbon PFCs shall be heated Subsystem is existing and not being
Auxiliary Bakeout (382 GRD - 6.3.3.2.a |Systems 14 1.3.3 to >300 deg C during bakeout. modified as part of recovery scope
Bakeout
Heating and The average measured temperature of PFCs X
Cooling over a given region (CSFW, OBD, PPPs, SPPs, Subsystem is existing and not being
Auxiliary Bakeout [383 GRD - 6.3.3.2.b |Systems 15 1.3.3 IBDH, IBDV, etc.) shall not exceed 350 deg C. modified as part of recovery scope
Bakeout
Heating and The temperature of the vacuum vessel X
Cooling surfaces shall be heated to > 115 deg C during Subsystem is existing and not being
Auxiliary Bakeout |384 GRD - 6.3.3.2.c [Systems 16 133 bakeout. modified as part of recovery scope
Bakeout
Heating and The average measured temperature of the X
Cooling vacuum vessel surface shall not exceed 160 Subsystem is existing and not being
Auxiliary Bakeout [385 GRD - 6.3.3.2.d [Systems 17 1.3.3 deg C. modified as part of recovery scope
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Bakeout
Heating and Bakeout heating systems shall be designed to X X
Cooling heat the vacuum vessel and PFCs to the Subsystem is existing and not being
Auxiliary Bakeout |386 GRD - 6.3.3.2.e [Systems 18 133 required temperature in 48 hours. NSTXU 1-3-3-2-1 CALC 101 Bakeout By modified as part of recovery scope
Bakeout After completion of bakeout, the machine
Heating and shall be cooled down to an operation X X
Cooling temperature (nominally room temperature) in Subsystem is existing and not being
Auxiliary Bakeout [387 GRD - 6.3.3.2.f [Systems 19 1.3.3 less than 24 hours. NSTXU 1-3-3-2-1 CALC 101 Bakeout By modified as part of recovery scope
The gas delivery and injection system shall
provide the following operational fueling
capabilities: a. Prefill - maintain a low fill
pressure on order of 10 -5 Torr before the
discharge b. Low field side injection - inject gas
with pulse width modulated piezo valves on
. X X
the outer vessel once the discharge has been
initiated, for core plasma fueling c. High field
side injection - Inject gas from the high field
Gas Delivery side for increased fueling efficiency. d.
and Injection Divertor injection - Inject gas into the divertor Subsystem is existing and not being
Auxiliary GDS 388 GRD - 6.3.4.1.a |Systems 20 13.4 region. Private Flux FDR modified as part of recovery scope
Gas Delivery The gas delivery system (GDS) shall provide a
and Injection means to connect gas cylinders to gas X Subsystem is existing and not being
Auxiliary GDS 389 GRD - 6.3.4.2.a |Systems 21 134 injection valves on the machine. modified as part of recovery scope
For baseline operations, the gas injection
system (GIS) shall provide at least three
Gas Delivery piezoelectric valves on the Vacuum Vessel for X
and Injection low field side injection, with independent Subsystem is existing and not being
Auxiliary GDS 390 GRD - 6.3.4.2.b |Systems 22 1.3.4 control of the fueling gas in each injector. modified as part of recovery scope
For baseline operations, the GIS shall provide
three injectors on the CS. Two shall have
Gas Delivery orifices located near the midplane, and one X
and Injection shall have an orifice located near the CSAS Subsystem is existing and not being
Auxiliary GDS 391 GRD - 6.3.4.2.c |Systems 23 1.3.4 tiles. modified as part of recovery scope
Gas Delivery The GIS shall provide four divertor injectors,
and Injection two on the center stack and two on the lower X Subsystem is existing and not being
Auxiliary GDS 392 GRD - 6.3.4.2.d |Systems 24 1.3.4 outboard divertors. modified as part of recovery scope
There shall be a glow discharge conditioning
(GDC) system installed, capable of cleaning
Wall the PFC and vessel wall surfaces in zero-field X
Conditioning conditions via bombardment of ions formed Subsystem is existing and not being
Auxiliary WCS 393 GRD - 6.3.5.1.a [Systems 25 135 during the glow process. modified as part of recovery scope
This system shall consist of ionizing filaments,
electrodes, power supplies, gas delivery and
Wall control system components. Some of these X
GRD - 6.3.5.1. [Conditioning components may be shared with other Subsystem is existing and not being
Auxiliary WCS 394 a' Systems 26 1.3.5 systems. modified as part of recovery scope
These shall be a system to “boronize” the
Wall vacuum vessel inner surface with deuterated X
Conditioning Trimethylboron. This system may share Subsystem is existing and not being
Auxiliary WCS 395 GRD - 6.3.5.1.b |Systems 27 135 components with other systems. modified as part of recovery scope
The NSTX shall be equipped to provide glow
Wall discharge cleaning (GDC) mode with DC glow X
Conditioning for indefinitely long periods, as well as Subsystem is existing and not being
Auxiliary WCS 396 GRD - 6.3.5.2.a [Systems 28 135 between discharges. modified as part of recovery scope
The system shall have at least two electrodes,
Wall biased relative to the vacuum vessel, and X
Conditioning physically separated to provide a more Subsystem is existing and not being
Auxiliary WCS 397 GRD - 6.3.5.2.b |Systems 29 1.3.5 uniform glow discharge. modified as part of recovery scope




Test

. SEQ. Req't Subsystem | Sub- . . Ana | De Tes Analysis Demonstration Inspection Artifacts
SR # ID Name Count e Requirement AL I |mo Insp t Artifacts Artifacts Artifacts
The system shall provide pre-ionization
Wall filaments near each electrode, and each X
Conditioning filament location shall have redundant Subsystem is existing and not being
Auxiliary WCS 398 GRD - 6.3.5.2.c [Systems 30 1.3.5 filaments. modified as part of recovery scope
Wall The system shall function with either standard
Conditioning GDC with Ne, Ar, He or D 2, or with the X Subsystem is existing and not being
Auxiliary WCS 399 GRD - 6.3.5.2.d [Systems 31 135 boronization system. modified as part of recovery scope
All diagnostics shall be compatible with the
full range of bakeout and operations
Wall temperatures, with any required additional X
Conditioning cooling implemented in a way that is Subsystem is existing and not being
Auxiliary WCS 400 GRD-6.4.2.a |[Systems 32 135 consistent with other GRD requirements. modified as part of recovery scope
Wall All diagnostics shall be compatible with the
Conditioning full range of operations electromagnetic load X Subsystem is existing and not being
Auxiliary WCS 401 GRD-6.4.2.b [Systems 33 1.3.5 cases, including disruption loads. modified as part of recovery scope
The NSTX-U torus vacuum pumping system
(TVPS) shall perform the following functions:
- Roughdown of the NSTX-U device from
atmosphere to base pressure.
- Provide a high vacuum environment
compatible with the NSTX-U experimental
program.
- Remove plasma exhaust and fuelling/GDC
gas between discharges.
- Minimize and maintain impurity levels as X
required.
- Provide analytical capability for monitoring
and control of machine vacuum condition.
- Provide pumping and control of pressure for
Glow Discharge Cleaning (GDC) and
boronization modes.
- Be compatible with, and provide pumping for
Vacuum vacuum vessel bakeout.
Pumping - Provide appropriate safety interlocks for Subsystem is existing and not being
Auxiliary VPS 402 AUX- 2.1.b System (VPS) 1 13.1 personnel and equipment safety. modified as part of recovery scope
A separate vacuum system shall be used to
provide intermediate vacuum for sealing
locations utilizing double O-ring seals with X
Vacuum pumped interspace; this system will be called
Pumping the Interspace Vacuum Pumping System
Auxiliary VPS 403 AUX-2.1.c System 2 13.1 within this document (IVPS). IVPS FDR
Vacuum
Pumping The system shall provide for remote actuation X Subsystem is existing and not being
Auxiliary VPS 404 AUX-2.1.d System 3 1.3.1 of torus interface valves (TIVs) and shutters. modified as part of recovery scope
The dedicated vacuum control PLC shall
provide centralized control over the TVPS,
Vacuum IVPS, shutter and TIV control system, and wall X X
Pumping conditioning systems, and provide HMI Subsystem is existing and not being
Auxiliary VPS 405 AUX-2.1.e System 4 1.3.1 capability. IVPS FDR modified as part of recovery scope
Vacuum A dedicated cooling water system shall
Pumping provide cooling water to those vacuum pumps X Subsystem is existing and not being
Auxiliary VPS 406 AUX-2.1.f System 5 1.3.1 that require continuous cooling water. modified as part of recovery scope
Vacuum A system shall be provided to control the
Pumping position of movable diagnostic probes, X Subsystem is existing and not being
Auxiliary VPS 407 AUX-2.1.g System 6 1.3.1 including position and TIV interlocking. modified as part of recovery scope
Vacuum
Pumping Magnetic and vacuum materials shall be as X X Subsystem is existing and not being
Auxiliary VPS 408 AUX- 2.2.a System 7 131 described in the NSTX-U GRD [ IVPS FDR modified as part of recovery scope
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compatible
Vacuum with PPPL X X
Pumping The design of the vacuum system shall be standard ES- Subsystem is existing and not being
Auxiliary VPS 409 AUX-2.2.b System 8 13.1 compatible with PPPL standard ES-MECH-15 MECH-15 IVPS FDR modified as part of recovery scope
Vacuum
Pumping The system shall be designed to facilitate a X X Subsystem is existing and not being
Auxiliary VPS 410 AUX-2.2.c System 9 1.3.1 1200 s repetition rate. IVPS FDR modified as part of recovery scope
All vacuum pumping systems with exposure to
Vacuum NSTX-U machine vacuum shall exhaust X X
Pumping through the D-Site vent stack via the NSTX-U IVPS FDR drawings show the venting of  |Subsystem is existing and not being
Auxiliary VPS 411 AUX-2.2d System 10 13.1 vacuum exhaust line. applicaitons modified as part of recovery scope
The TVPS shall consist of a pair of water-
cooled turbo molecular (momentum transfer) X
pumps and at least one positive displacement Subsystem is existing and not being
Auxiliary VPS 412 AUX-2.3.1.a VPS TVPS 11 13.1.1 mechanical pump. modified as part of recovery scope
Turbomolecular pumps, as well as the RGA
and vacuum vessel pressure gauges shall be
located on, or close to the vacuum vessel to X
maximize conductance. Here, “close” is
defined by meeting the performance Subsystem is existing and not being
Auxiliary VPS 413 AUX-2.3.1.b VPS TVPS 12 13.1.1 requirements in the following section. modified as part of recovery scope
All components shall be capable of operation
in the stray magnetic field close to the NSTX-U X X IVPS FDR drawings show the venting of  [Subsystem is existing and not being
Auxiliary VPS 414 AUX-2.3.1.b' VPS TVPS 13 1.3.1.1 device. applicaitons modified as part of recovery scope
Service ports, strategically located on the
vacuum system shall be provided to facilitate X Subsystem is existing and not being
Auxiliary VPS 415 AUX-2.3.1.c VPS TVPS 14 1.3.1.1 maintenance and leak checking. modified as part of recovery scope
Pressure gauges capable of monitoring
pressure from atmosphere to high vacuum X
shall be located on the vacuum vessel or Subsystem is existing and not being
Auxiliary VPS 416 AUX-2.3.1d VPS TVPS 15 13.1.1 appropriate appendages. modified as part of recovery scope
Redundant Residual Gas Analyzers (RGA)
capable of discriminating gas species shall be X Subsystem is existing and not being
Auxiliary VPS 417 AUX-2.3.1.e VPS TVPS 16 1.3.1.1 employed. modified as part of recovery scope
The RGA shall function in both high vacuum
configuration, and higher pressure situations X Subsystem is existing and not being
Auxiliary VPS 418 AUX-2.3.1.f VPS TVPS 17 1.3.1.1 such as GDC and bakeout. modified as part of recovery scope
Capability for monitoring and remote control
of machine vacuum system components from X Subsystem is existing and not being
Auxiliary VPS 419 AUX-2.3.1.g VPS TVPS 18 1.3.1.1 the control room shall be provided. modified as part of recovery scope
Provisions shall be made to bring the vacuum
system up to atmospheric pressure using dry X Subsystem is existing and not being
Auxiliary VPS 420 AUX-2.3.1.h VPS TVPS 19 1.3.1.1 gaseous nitrogen or argon modified as part of recovery scope
All exhaust gases from TVPS shall be directed X Subsystem is existing and not being
Auxiliary VPS 421 AUX-2.3.1.i VPS TVPS 20 1.3.1.1 to the facility elevated exhaust stack. modified as part of recovery scope
Pumping systems, pressure gauges, and RGAs
shall be electrically isolated from the vessel as X Subsystem is existing and not being
Auxiliary VPS 422 AUX- 2.3.1jj VPS TVPS 21 1.3.1.1 per GRD. modified as part of recovery scope
The IVPS shall consist of a dry vacuum pump,
with manifolding to provide adequate
conductance connections between the pumps X
and the double O-ring locations on the
Auxiliary VPS 423 AUX-2.3.2.a VPS IVPS 22 1.3.1.7 machine. NSTX-U-CALC-33-04-00
All exhaust gases from IVPS shall be directed X
Auxiliary VPS 424 AUX-2.3.2.b VPS IVPS 23 1.3.1.7 to the facility elevated exhaust stack. NSTX-U-CALC-33-04-00
Capability for monitoring and remote control
of the iVPS from the control room shall be X
Auxiliary VPS 425 AUX-2.3.2.c VPS IVPS 24 1.3.1.7 provided. NSTX-U-CALC-33-04-00
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The Vacuum PLC shall be designed to control
all vacuum pumps, pneumatic TIVs & shutters,
all pneumatic and solenoid valves in the gas X
delivery and injection system (SBS 1.3.4), and
VPS Vacuum the functions of the GDC and dTMB systems Subsystem is existing and not being
Auxiliary VPS 426 AUX-2.3.3.a PLC 25 1.3.1.4 (SBS 1.3.5). modified as part of recovery scope
The design should have an HMI with control
VPS Vacuum from remote locations including the control X Subsystem is existing and not being
Auxiliary VPS 427 AUX-2.3.3.b PLC 26 1314 room and bottle rack. modified as part of recovery scope
The design of the Vacuum PLC 1/0O capability
VPS Vacuum shall be designed with expansion as a critical X Subsystem is existing and not being
Auxiliary VPS 428 AUX-2.3.3.c PLC 27 13.14 consideration. modified as part of recovery scope
VPS Shutter The shutter and TIV control system shall
and TIV Control provide remote control and status information X Subsystem is existing and not being
Auxiliary VPS 429 AUX-2.3.4.a System 28 1.3.1.3 for all pneumatic shutters and TIVs on NSTX-U. modified as part of recovery scope
The system shall be synchronized to the NSTX-
VPS Shutter U central clock and provide preset X
and TIV Control configurations for all shutters and TIVs, i.e. Subsystem is existing and not being
Auxiliary VPS 430 AUX-2.3.4.b System 29 1.3.1.3 plasma operations, GDC, etc. modified as part of recovery scope
The probe drive control system shall provide
VPS Probe the capability to remotely monitor and control X
Drive Control the positions of movable probes on NSTX-U Subsystem is existing and not being
Auxiliary VPS 431 AUX-2.3.4.a System 30 1.3.15 (LITER, MAPP, etc.). modified as part of recovery scope
The system shall have capabilities to prevent
VPS Probe the closure of torus isolation valves on an X
Drive Control inserted probe, and to prevent the insertion of Subsystem is existing and not being
Auxiliary VPS 432 AUX-2.3.4.b System 31 1.3.1.5 the probe into a closed TIV.. modified as part of recovery scope
The roughing pump(s) shall be capable of
evacuating the vacuum vessel from X X
atmosphere to 1x10 -3 Torr in less than 4 Subsystem is existing and not being
Auxiliary VPS 433 AUX-2.4.1.a VPS TVPS 32 13.1.1 hours. modified as part of recovery scope Vacuum Pumpdown acceptance tests
The TVPS shall be capable of achieving a base
pressure of 2x10 -8 Torr, excluding fuelling X
gas, after the vacuum vessel has been baked Subsystem is existing and not being
Auxiliary VPS 434 AUX-2.4.1.b VPS TVPS 33 1.3.1.1 out. modified as part of recovery scope
The system shall be capable of evacuating
plasma gas loads and establishing an adequate
pressure between machine pulses on a 1200 s X
cycle, including the impact of inter-shot GDC Subsystem is existing and not being
Auxiliary VPS 435 AUX-2.4.1.c VPS TVPS 34 1.3.1.1 periods. modified as part of recovery scope
The high vacuum pressure sensing elements
shall provide one or more signals to the real-
time control system. The latency between a X
change in the vessel pressure and the change Subsystem is existing and not being
Auxiliary VPS 436 AUX-2.4.1d VPS TVPS 35 13.1.1 voltage output should be less than 100ms. modified as part of recovery scope
The RGA system shall be able to scan and
provide resolution of 1x10 -11 Torr partial X Subsystem is existing and not being
Auxiliary VPS 437 AUX-2.4.1.e VPS TVPS 36 1.3.1.1 pressure for masses 1 to 60. modified as part of recovery scope
The vacuum system shall be capable of
supporting GDC mode of operation as X Subsystem is existing and not being
Auxiliary VPS 438 AUX-2.4.1.f VPS TVPS 37 1.3.1.1 described in Section 5 of this SRD. modified as part of recovery scope
The mechanical pump backing system shall be
capable of maintaining less than 2 Torr at the X
exhaust of the TMPs under all conditions such Subsystem is existing and not being
Auxiliary VPS 439 AUX-2.4.1.g VPS TVPS 38 13.1.1 as GDC and TMB operations. modified as part of recovery scope
The mechanical pumps shall be capable of
evacuating the NSTX-U vacuum vessel from X X Subsystem is existing and not being
Auxiliary VPS 440 AUX- 2.4.1.h VPS TVPS 39 13.1.1 atmosphere to 5 x 10 -2 Torr, modified as part of recovery scope Vacuum Pumpdown acceptance tests
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shall be capable of backing the
turbomolecular pumps during operation and X Subsystem is existing and not being
Auxiliary VPS 441 AUX-2.4.1.h" | VPSTVPS 40 13.1.1 GDC.. modified as part of recovery scope
The IVPS shall be designed to provide vacuum
pressures of 5x10 -2 Torr at the inlet ports to X
Auxiliary VPS 442 AUX-2.4.2.a VPS IVPS 41 13.1.7 the interspaces in a dead-ended configuration. Calculation from FDR NSTX-U-CALC-33-04-00
The IVPS shall be designed such that
expansion to additional interspaces can be
accommodated. These may include, but not
VPS Upgrade be limited to, diagnostic seals or seals on the
Auxiliary VPS 443 AUX-2.4.1.a Performance 42 131 neutral beam ducts.
The vacuum controls shall provide an interface
with Plant 1&C to allow remote monitoring X
VPS Upgrade and control requests, data trending, and Subsystem is existing and not being
Auxiliary VPS 444 AUX-2.4.1d Performance 43 13.1 distributed display of system information. modified as part of recovery scope
The cooling water system shall provide
continuous cooling for the coil systems, the
power supply systems, the component cooling X
Cooling Water system, and the heating systems that support Subsystem is existing and not being
Auxiliary CWS 445 AUX- 3.1.a System (CWS) |1 1.3.2 NSTX-U. modified as part of recovery scope
The cooling water system shall provide flow
Cooling Water and temperature interlocks for specific X Subsystem is existing and not being
Auxiliary CWS 446 AUX- 3.1.b System (CWS) |2 1.3.2 circuits. modified as part of recovery scope
The design of the cooling water system shall
Cooling Water be compatible with PPPL standard ES-MECH- X Subsystem is existing and not being
Auxiliary CWS 447 AUX- 3.2.a System (CWS) |3 1.3.2 15 modified as part of recovery scope
Cooling Water The cooling water system shall utilize existing X Subsystem is existing and not being
Auxiliary CWS 448 AUX-3.3.1.a System (CWS) |4 1.3.2 equipment located in the D-site Pump Room. modified as part of recovery scope
The primary cooling water pump, heat
Cooling Water exchanger and tank shall not infringe on the X Subsystem is existing and not being
Auxiliary CWS 449 AUX-3.3.1.a' |System (CWS) |5 1.3.2 space in the NSTX-U test cell. modified as part of recovery scope
The conductivity of the deionized water shall
Cooling Water be monitored to verify it is within acceptable X Subsystem is existing and not being
Auxiliary CWS 450 AUX-3.3.1.b System (CWS) |6 1.3.2 limits modified as part of recovery scope
Cooling Water All materials in the cooling water system shall X Subsystem is existing and not being
Auxiliary CWS 451 AUX-3.3.1.c System (CWS) |7 1.3.2 be selected for operation in deionized water. modified as part of recovery scope
A low flow signal shall be available for each
Cooling Water flow path; this sensor shall be on the outlet X Subsystem is existing and not being
Auxiliary CWS 452 AUX-3.3.1.d System (CWS) |8 1.3.2 side of the coil or component in each path. modified as part of recovery scope
Cooling Water An outlet water temperature measurement X Subsystem is existing and not being
Auxiliary CWS 453 AUX-3.3.1.e System (CWS) |9 1.3.2 shall be available for each flow path. modified as part of recovery scope
A dedicated processor or PLC shall receive
flow and temperature inputs and provide data
to the central I&C system, indicating the X
Cooling Water status of each individual flow path (outlet Subsystem is existing and not being
Auxiliary CWS 454 AUX-3.3.1.f System (CWS) |10 1.3.2 water temperature, flow status). modified as part of recovery scope
Magnet energization shall be disallowed if
Cooling Water corresponding flows or temperatures are not X Subsystem is existing and not being
Auxiliary CWS 455 AUX-3.3.1.f |System (CWS) |11 1.3.2 in the allowed ranges. modified as part of recovery scope
Cooling Water Valves and pumps shall be controlled locally X Subsystem is existing and not being
Auxiliary CWS 456 AUX-3.3.1.g System (CWS) |12 1.3.2 and from the D site pump room. modified as part of recovery scope
Activation of the NTC Emergency Stop buttons
shall signal the water systems PLC to shut X
Cooling Water down any operating pumps delivering fluid Subsystem is existing and not being
Auxiliary CWS 457 AUX-3.3.1.h System (CWS) |13 1.3.2 flow to the NTC. modified as part of recovery scope
This interlock shall serve as an equipment
protection measure in the event of a fluid leak X
Cooling Water and is not intended to provide life-safety Subsystem is existing and not being
Auxiliary CWS 458 AUX- 3.3.1.h" |System (CWS) |14 13.2 protection. modified as part of recovery scope
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To improve operations efficiency, authorized
remote control from the Plant Control and X
Cooling Water Monitoring system for specific pumps, valves, Subsystem is existing and not being
Auxiliary CWS 459 AUX- 3.3.1.i System (CWS) |15 1.3.2 or settings shall be provided. modified as part of recovery scope
Two high pressure booster pumps shall be
configured as a primary unit and an
CWS OH and emergency backup (redundant system) and X
Inner-of Coil supply boosted pressure to the OH and inner- Subsystem is existing and not being
Auxiliary CWS 460 AUX-3.3.2.a Cooling 16 1321 of cooling water supply circuit. modified as part of recovery scope
Provision shall be made in the OH cooling
CWS OH and circuit to adjust the flow such that all of the 8 X
Inner-of Coil parallel paths have a similar evolution of the Subsystem is existing and not being
Auxiliary CWS 461 AUX-3.3.2.b Cooling 17 1.3.2.1 water outlet temperature following a pulse. modified as part of recovery scope
Provision shall be made in the OH cooling
CWS OH and circuit to provide a variable inlet water X
Inner-of Coil temperature over the range 12-100 C, in order Subsystem is existing and not being
Auxiliary CWS 462 AUX-3.3.2.c Cooling 18 1321 to reduce the cooling wave thermal stresses. modified as part of recovery scope
The system shall be externally controllable,
CWS OH and and have a mechanism to match the coil inlet X
Inner-of Coil water temperature at the end of the pulse to Subsystem is existing and not being
Auxiliary CWS 463 AUX-3.3.2.c' |Cooling 19 13.2.1 the temperature of the coil. modified as part of recovery scope
CWS OH and
Inner-of Coil Loss of flow in any one OH circuit shall result X Subsystem is existing and not being
Auxiliary CWS 464 AUX-3.3.2.d Cooling 20 1.3.2.1 in flow being terminated in all OH circuits. modified as part of recovery scope
CWS OH and Loss of flow in any one (or more) TF water
Inner-of Coil circuit shall result in flow being terminated in X Subsystem is existing and not being
Auxiliary CWS 465 AUX-3.3.2.e Cooling 21 1.3.2.1 all OH circuits. modified as part of recovery scope
Provision shall be made to connect potable
water to the OH and inner-of coils within 45
CWS OH and minutes of NTC access if a power loss event X
Inner-of Coil occurs during bakeout operations and backup Subsystem is existing and not being
Auxiliary CWS 466 AUX-3.3.2.f Cooling 22 1321 power does not function properly. modified as part of recovery scope
The TF inner legs shall be fed with water that
has previously been passed through the TF X Subsystem is existing and not being
Auxiliary CWS 467 AUX-3.3.3.a CWS TF Coil 23 1.3.2.1 outer legs, functioning as a pre-heater. modified as part of recovery scope
Loss of flow in any one TF circuit shall result in
flow being terminated in all TF circuits and OH X Subsystem is existing and not being
Auxiliary CWS 468 AUX-3.3.3.b |CWSTF Coil 24 1321 circuits. modified as part of recovery scope
CWS Baseline For coils where the exit cooling water
Performance & temperature may exceed 100°C the water X
Operational pressure shall be maintained at the pressure Subsystem is existing and not being
Auxiliary CWS 469 AUX-3.4.a Requirements |25 1.3.2 required to prevent boiling. modified as part of recovery scope
CWS Baseline
Performance & X
Operational The deionized water conductivity sh