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A. LIST OF REFERENCES



Introduction

This System Requirements Document (SRD) defines the design requirements of the Central Instrumentation and Control (I&C) System of the National Spherical Torus Experiment (NSTX).

The Central Instrumentation and Control System will provide remote control, monitoring, data acquisition and data management for the NSTX subsystems during machine operation.  The system will provide researchers with access to the facility in support of the operation, physics planning, analysis and coordination of experimental objectives.

The Central I&C work package (WBS 6X) scope will include the design, installation, configuration and support for items such as the Process Control System, Safety System, Network System, Data Acquisition System, Synchronization System, the hardware portion of the Plasma Control System and the design, layout and installation of the Control Room and cable tray system.  The Central I&C work package will also develop standards for subsystem hardware and software elements and will provide consulting and coordination of each subsystem's local I&C effort.

A general section covers information which is relevant to the entire WBS element. Individual  sub-elements of the WBS Central I&C work scope are covered in separate sections, namely:


• WBS 61 Control System


• WBS 62 Data Acquisition System

Figures and Tables are numbered in the format X-Y-Z, where X=section (i.e. section abbreviation, e.g. CS for Control System), Y=paragraph number, and Z= sequence number within that paragraph.

References to the requirements identified herein are cited in the body of the document using serial numbers preceded by an "R" and are listed in the Appendix."

WBS 6X -  Central I&C System Requirements

1.0 Functions
a.  [R1>] The Central I&C system shall provide all supervisory control and monitoring of the NSTX facility, including:


• Plant Control and Monitoring (asynchronous routine control and monitoring)


• Synchronization (synchronization of triggered actions from master clock events)


• Plasma Control Processor and Input/Output Interface (digital processor and I/O hardware for interface with plasma control measurements and actuators)


• Safety Interlocks (master supervisory control of experiment)


• Access Control (control and monitoring of access to the NSTX Test Cell)


• Data Acquisition (periodic sampling, acquisition and display of regularly sampled data, and acquisition and display of data sampled and stored by remote devices)[<R1]

2.0 Configuration Requirements & Essential Features

2.1 Location

2.1.1 Baseline

a.  [R4>] The NSTX machine shall be installed in the PPPL D-site Hot Cell, henceforth referred to as the NSTX Test Cell [<R4].  The NSTX Central I&C System shall be installed at various PPPL locations, including the C-Site NSTX Control Room Laboratory Office Building (LOB) room B006 (formerly the TFTR Control Room), the C-site NSTX Computer Room LOB room B003 (formerly the CICADA Computer Room), the D-Site NSTX Test Cell (formerly the D-Site Hot Cell), the  D-Site NSTX Diagnostic Facility (formerly the D-Site Neutral Beam Control Room), the D-Site Junction Area (Field Coil Power Conversion Junction Area), the D-site Motor Generator Control Room, the D-site FCPC (Field Coil Power Conversion TF and PF wings and second floor), the D-Site Mock-Up Area RF Enclosure, the C-Site RF Source Room and the C-Site Administration Building Computer Addition room A11D PPL Computer Center (PPLCC).

b.  Table CI&C-2.1-1 provides a naming cross-reference for locations associated with the NSTX Central I&C System.  Henceforth, Central I&C documentation will reference the assigned NSTX names.

 "CI&C-2.1-1  Central I&C Location Cross-Reference" \l 1 TABLE CI&C-2.1-1  Central I&C Location Cross-Reference





2.1.2 Upgrade

2.1.2.1 Neutral Beam Injection (NBI) Upgrade Location

a.  The NSTX Central I&C System may be expanded to include the following PPPL locations to accommodate the Neutral Beam Injection (NBI) Upgrade, the D-Site Neutral Beams Power Conversion Building 2nd Floor (138' Level), the D-Site Pump Room and the Mezzanine location under the Hot Cell [TBD for remote I/O location].

b.  Table CI&C-2.2.1-1 provides a naming cross-reference for locations associated with the NSTX Central I&C System NBI Upgrades.  Henceforth, Central I&C documentation will reference the assigned NSTX names.

 "CI&C-2.2.1-1  NBI Upgrade Central I&C Location Cross-Reference" \l 1 TABLE CI&C-2.2.1-1  NBI Upgrade Central I&C Location Cross-Reference





2.2 Design Basis and Upgrade Features

a.  The General Requirements Document (GRD) provides [R26>] the baseline requirements for NSTX and provides additional information concerning upgrades which are contemplated at present but may or may not be undertaken, depending on the evolution of the experimental program and the budgetary constraints.  In order to minimize the life cycle cost of the NSTX program and make optimum use of the facility, the baseline design of NSTX shall not preclude the possibility of the upgrades, and shall facilitate the upgrades whenever possible and cost effective.  Upgrades presently contemplated include the following:


• EC start-up upgrade


• Coaxial Helicity Injection (CHI) current sustainment 


• Addition of Neutral Beam injection (NBI)


• Long pulse operation (with center stack replacement)


• Addition of pellet injector


• Various plasma diagnostics upgrades [<R26]

b.   Electron Cyclotron (EC) Upgrade:  [R27>] No design features related to the EC upgrade are required in the baseline NSTX facility [<R27].

c.  CHI Current Sustainment Power Supply Upgrade:  [R28>] Any design features related to the CHI current sustainment mode which are required on the torus and which cannot be readily added at a later date shall be included in the baseline. Design features on ancillary systems are not required for the baseline [<R28].

d.  Neutral Beam Injection (NBI) Upgrade: [R2>] Design features related to the NBI upgrade and the plan for their implementation shall be as indicated in {GRD} Table 1.1.2-1.

{Excerpt of GRD} Table 1.1.2-1: Plan for NBI Upgrade Features
	Design Feature
	Schedule

	Central I&C additional control, data acquisition, and data network capacity
	U


where U = to be deferred until upgrade, unless convenient to include in baseline at minimal cost [<R2].

e.  Long Pulse Upgrade:  [R3>] Design features related to the long pulse upgrade and the plan for their implementation shall be as indicated in {GRD} Table 1.1.2-2.

{Excerpt of GRD} Table 1.1.2-2: Plan for Long Pulse Upgrade Features

	Design Feature
	Schedule

	Central I&C long pulse control and data acquisition capability 
	U


where U = to be deferred until upgrade, unless convenient to include in baseline at minimal cost [<R3].

f.  Pellet Injector Upgrade:  [R29>] Baseline design features related to the pellet injector upgrade and the diagnostics upgrades require only the provision for space and access to a suitable Vacuum Vessel port, and are inherent in the baseline; no special provisions are therefore required in the baseline [<R29].

3.0 Performance & Operational Requirements

3.1 Baseline Operation

a.  The Central I&C System shall accommodate the following baseline pulse repetition period and operating life requirements as defined in the General Requirements Document.  [R10>] Pulse Repetition Period & Operating Life:  For the Inductive Scenario (Scenario I) the baseline NSTX machine shall be designed for a pulse repetition period of 600 seconds and a maximum of 48 pulses per 24 hour period.  For the Non-Inductive Scenarios (Scenario II, III, and IV) the baseline NSTX machine shall be designed for a pulse repetition period of 300 seconds and a maximum of 96 pulses per 24 hour period.  The NSTX machine shall be designed to operate for a period of 10 years.  NSTX operation shall be assumed to consist of 96 pulses per day, 5 days per week, 3 weeks per month, 9 months per year, for 10 years (total of 130,000 pulses). Non-operating times are available for maintenance [<R10].

b.  General Electrical Isolation Requirements:  [R23>] All instrumentation shall be isolated via optical and/or magnetic (isolation transformer) means prior to exiting the test cell boundary. The isolation shall be rated to withstand a one minute AC hipot test at 20 kV AC rms [R23].

3.2 Upgrades

a.  The Central I&C System shall comply with the following guidance provided in the GRD regarding upgrades.  [R11>] The upgrades described herein are envisioned as possibilities which may or may not be undertaken, depending on experience gained with NSTX operation, and other factors. The baseline design of NSTX should facilitate the upgrades when possible without significant cost impact. As a minimum, the baseline design shall permit eventual upgrade and the upgrade path shall be identified as part of the baseline design process [<R11].

b.  Electron Cyclotron (EC) Upgrade:  [R21>] To begin the physics investigation of the EC torus formation start-up, an existing Oak Ridge National Laboratory (ORNL) system, 200 kW power for 100 msec, shall be used [<R21].

c.  CHI Current Sustainment Power Supply Upgrade: [R22>] The CHI current sustainment power supply would be required to provide a current of 20.0 kA at a power level of up to 15.0 MW, for the full duration SOD to EOD [<R22].

d.  Neutral Beam Injection (NBI) Upgrade:  [R12>] The NSTX design shall consider an upgrade which would place one TFTR Neutral Beam Injector  on NSTX, operating in the range of 80 to 110kV with corresponding power to the plasma of 5.33 to 7.33MW, for 5 seconds once every 300 seconds.  The baseline design for all NSTX components shall identify an upgrade path for the neutral beam upgrade [<R12]. 

e. Long Pulse Upgrade:  [R13>] The NSTX design shall consider an upgrade which would remove the baseline TF and OH magnets, and place a new TF magnet in the center stack. The NSTX plasma pulse length shall be assumed to be 60 seconds for this upgrade. The long pulse repetition period shall be 3600 seconds.  The baseline design for all NSTX components shall identify an upgrade path for the long pulse operation. [<R13].

WBS 61 -  Control System Requirements

1.0 Functions
1.1 Process Control System

a.  The NSTX Central I&C Process Control System shall provide remote control and/or monitoring of the NSTX subsystems listed in Table CS-1.1-1.

 "CS-1.1-1  NSTX Subsystems Supported By Central I&C's Process Control System" \l 1 TABLE CS-1.1-1  NSTX Subsystems Supported By Central I&C's Process Control System




d.  The Process Control System must interface with existing PPPL CAMAC links and field modules to the maximum extent possible to reduce cost and fabrication time.

c.  The Process Control System must interface directly with new I/O points.

d.  The Process Control System must interface with stand-alone subsystem controllers to provide supervisory monitoring and control.

e.  [R5>] The Central I&C system shall provide reference signals to local I&C systems (provided by responsible WBS elements) for local feedback control, but is not required to close the loop for feedback control of plant processes [<R5].

f.  The Process Control System shall provide engineering displays in the NSTX Control Room to serve as the user interface to the engineering processes.  The engineering displays must provide current and historical trending, alarm logging, mimic displays, control capabilities, point monitoring and process control system status displays.

g.  Provide a secure method for transferring engineering subsystem diagnostic data and status information from the Process Control System to the Data Acquisition System.

1.2 Safety System

a.  All NSTX subsystems' equipment must have built-in self protection.  However, the NSTX Safety System shall provide system-wide coordination for personnel and hardware safety.

b.  [R30>] The Safety System shall incorporate the guidelines established in the PPPL Engineering Standard EC-COMP-003, entitled Personnel Safety Interlock System (PSIS) Design Standard [<R30].

c.  The Safety System shall provide monitoring, alarming, and logging of critical systems and invoke mitigating action to ensure personnel and hardware protection.

d.  The Safety System shall inhibit personnel access to the NSTX Test Cell if the pneumatic Safety Lockout Device (SLD) is in an unsafe position.

e.  The Safety System must control and monitor personnel entry, via the two (2) existing doors, to the NSTX Test Cell to ensure personnel safety.  The Safety System shall ensure personnel safety before machine operation is permitted.

f.  The Safety System shall provide a continuously available user interface to the safety process.

g.  The Safety System's user interface shall present subsystem equipment permissive status, inter-system interlock status, SLD status and access mode status.

h.  The transition of any subsystem equipment permissive status, inter-system interlock status, SLD status and access mode status must be time tagged -- with time resolution capable of determining the sequence of events -- and reported to the safety displays.

i.  Four access modes shall provide a foundation for operational interlocks that will regulate personnel access to the NSTX Test Cell.  The four modes are defined as:

FREE ACCESS:  Free Access imposes no restrictions on personnel entry to the NSTX Test Cell for safety reasons.  This form of access may only take place when the SLD is in its safe position.

CONTROLLED ACCESS:  Controlled access allows personnel to enter the Test Cell once it has been Searched and Secured while maintaining the integrity of the Searched and Secured status.  The Search and Secure procedure shall establish that no personnel remain in the NSTX Test Cell following Free Access.  This form of access may only take place when the SLD is in its safe position.

HOT ACCESS:  Hot Access permits personnel to be present in the NSTX Test Cell while equipment, that may present a safety hazard to personnel, is operational.  The formation of a plasma will be prevented by precluding any combination of subsystems that could generate a plasma from being enabled.

NO ACCESS:  No form of access is permitted to the NSTX Test Cell for safety reasons.

1.3 Control Room and Cable Tray System

a.  The Control Room shall provide a centralized location for researchers to direct and monitor the experimental operation of the NSTX device.

b.  Provide a cable tray system to economically and easily route power cables, signal cables and fiber optic cables in the NSTX Test Cell and Gallery areas to route Central I&C related cables.

c.  Provide furniture to support the engineering and experimental physics activities in the NSTX Control Room.

d.  Provide AC power distribution throughout the Control Room from the electrical distribution panel provided by WBS 5.

1.4 Plasma Control System

a.  Re configure the Digital Plasma Control System (DPCS), currently on TFTR, for use on NSTX.

b.  The Plasma Control System shall monitor Coil Currents, output Power Supply Commands and perform Magnetic Diagnostic Measurements to provide a closed-loop feedback control capability.

1.5 Network System

a.  [R37>] Provide a dedicated NSTX Process Control System Network [<R37].  The dedicated TCP/IP-based Local Area Network shall enable data transfer and inter-system communication for the Process Control System.

b.  [R38>] Isolate the NSTX Process Control System Network from the Internet to protect engineering subsystems from inadvertent or malicious incidents [<R38].

c.  [R37>] Provide a dedicated NSTX Data Acquisition System Network [<R37].  The dedicated TCP/IP-based Local Area Network shall enable data transfer and inter-system communication for the Data Acquisition System.

d.  Provide Internet Protocol (IP) filtering for the Data Acquisition System Network to block undesirable or potentially unsafe packets based on the source and destination IP addresses.

e.  Provide access in the Control Room to the existing PPPL Ethernet network to support desktop computers, printers, display terminals, data transfer, inter-system communication and provide access to the ESnet and the Internet.

2.0 Configuration Requirements & Essential Features

2.1 Process Control System

a.  The Process Control System must interface with existing CAMAC crates as indicated in Table CS-2.1-1:

 "CS-2.1-1  Process Control System CAMAC Crate Locations" \l 1 TABLE CS-2.1-1  Process Control System CAMAC Crate Locations





b.  The Process Control System must interface directly with new I/O points in the locations indicated Table CS-2.1-2:

 "CS-2.1-2  Process Control System New I/O Point Interface Locations" \l 1 TABLE CS-2.1-2  Process Control System New I/O Point Interface Locations





c.  The Process Control System must interface with stand-alone subsystem controllers in the locations indicated Table CS-2.1-3:

 "CS-2.1-3  Process Control System Stand-alone Subsystem Controller Locations" \l 1 TABLE CS-2.1-3  Process Control System Stand-alone Subsystem Controller Locations





d.  The Process Control System must provide dedicated Engineering Displays at the locations indicated in Table CS-2.1-4:

 "CS-2.1-4  Process Control System Engineering Display Locations" \l 1 TABLE CS-2.1-4  Process Control System Engineering Display Locations





e.  All engineering subsystem monitoring of normal and abnormal conditions must be reported in the NSTX Control Room.

2.2 Safety System

a.  A fail safe electrical design must prevent machine operation should a single point of failure occur.

b.  The locations of the two (2) existing personnel doors that provide access to the NSTX experimental area are listed in Table CS-2.2-1.

 "CS-2.2-1  Experimental Area Access Controlled Door Locations" \l 1 TABLE CS-2.2-1  Experimental Area Access Controlled Door Locations





2.3 Control Room and Cable Tray System

a.  [R6>] The NSTX Control Room shall be installed in the location previously occupied by the TFTR Control Room. [<R6].

b.  The Control Room layout shall facilitate interaction among experimental physicists and operations personnel to promote an interactive work environment.

c.  The Cable Tray System shall support the NSTX Test Cell and Gallery areas.

2.4 Plasma Control System

a.  The SPARC 10 Host Computer and Console shall be located in an electrically safe area and where it is accessible to programmers and experimentalists.

b.  Provide an I/O interface in FCPC to monitor Coil Currents and generate Power Supply Commands and an I/O interface in the NSTX Test Cell to perform Magnetic Diagnostic Measurements.

2.5 Network System

2.5.1 Location

2.5.1.1 Baseline

a.  The Network System shall interconnect the NSTX locations identified in Table CS-2.5-1.

TABLE CS-2.5-1  Baseline NSTX Network System Locations TC  "CS-2.5-1  Baseline NSTX Network System Locations" \l 1 



2.5.1.2 Upgrades

a.   Electron Cyclotron (EC) Upgrade:  [TBD].

b.  CHI Current Sustainment Power Supply Upgrade:  [TBD].

c.  Neutral Beam Injection (NBI) Upgrade:  The NSTX Central I&C System shall be expanded to include the PPPL locations identified in Table CS-2.5.2-1 to accommodate the Neutral Beam Injection (NBI) Upgrade.

 "CI&C-2.5.1.2-1  NBI Upgrade NSTX Network System Locations" \l 1 TABLE CI&C-2.5.1.2-1  NBI Upgrade NSTX Network System Locations





d.  Long Pulse Upgrade:  [TBD].

3.0 Performance & Operational Requirements

3.1 Baseline Operation

3.1.1 Process Control System

a.  A total of eleven (11) color engineering displays shall be provided to serve as the user interface to the engineering processes;  six (6) in the NSTX Control Room, and one (1) each in the FCPC, MG Control Room, Diagnostic Facility, RF Source Control Room and the RF Enclosure.  Each display shall measure a minimum of 19" diagonal and include a keyboard and a point-and-click device to accept user input.

b.  Trended process control monitor data must be maintained on-line for 30 days to support the display of historical trend data.  After 30 days, data may be stored off-line for archival purposes as needed.

c.  The NSTX Process Control System must support existing CAMAC I/O points as outlined in Table CS-3.1.1-1.  Each existing I/O point, already interfaced to CAMAC I/O modules, requires a low scan rate (nominally 1 Hz) and is defined by one of the following general categories: 
Analog Input ==> The system design must accommodate 4-20 mA, 0 to +5 VDC, 0 to +10 VDC, +/-2.5 VDC, +/-5 VDC, +/-10 VDC, thermocouple, RTD, and strain gauge interfaces.

Analog Output ==> The system design must accommodate 4-20 mA, 0 to +5 VDC, 0 to +10 VDC, +/-2.5 VDC, +/-5 VDC, and +/-10 VDC interfaces.

Digital Input ==> The system design must accommodate TTL, contact, +5 VDC, +12 VDC and +24 VDC interfaces.

Digital Output ==> The system design must accommodate TTL, Form "C" Relay, +5 VDC, +12 VDC and +24 VDC interfaces.

 "CS-3.1.1-1  Legacy Process Control System I/O Requirements" \l 1 TABLE CS-3.1.1-1  Legacy Process Control System I/O Requirements




d.  The NSTX Process Control System must support existing CAMAC Data Acquisition channels as outlined in Table CS-3.1.1-2.  The tabulated data acquisition signals require sampling rates ranging from 100 Hz to 1 MHz and shall be used to meet NSTX Engineering Data Acquisition requirements.  To establish requirements for Central I&C, each Engineering Data Acquisition signal is included in one of the following general categories: 

Low Speed ==> Data Acquisition signals requiring sample rates >100 Hz and 2 KHz.

Moderate Speed ==> Data Acquisition signals requiring sample rates >2 KHz and 100 KHz.

High Speed ==> Data Acquisition signals requiring sample rates >100 KHz and 1 MHz.

The Average Sampling Time for each signal category (per NSTX pulse) is also included in the table below.
 "CS-3.1.1-2  Legacy Process Control System Data Acquisition Requirements" \l 1 TABLE CS-3.1.1-2  Legacy Process Control System Data Acquisition Requirements




e.  The NSTX process control system will need to support new I/O points as outlined in Table CS-3.1.1-3.  Each I/O point requires a low scan rate (nominally 1 Hz) and is defined by one of the following general categories: 
Analog Input ==> The system design must accommodate 4-20 mA, 0 to +5 VDC, 0 to +10 VDC, +/-2.5 VDC, +/-5 VDC, +/-10 VDC, thermocouple, RTD, and strain gauge interfaces.

Analog Output ==> The system design must accommodate 4-20 mA, 0 to +5 VDC, 0 to +10 VDC, +/-2.5 VDC, +/-5 VDC, and +/-10 VDC interfaces.

Digital Input ==> The system design must accommodate TTL, contact, +5 VDC, +12 VDC and +24 VDC interfaces.

Digital Output ==> The system design must accommodate TTL, Form "C" Relay, +5 VDC, +12 VDC and +24 VDC interfaces.

 "CS-3.1.1-3  New Process Control System I/O Requirements" \l 1 TABLE CS-3.1.1-3  New Process Control System I/O Requirements




e.  The NSTX Process Control System must support Stand-Alone Subsystem controller points as outlined in Table CS-3.1.1-4.  Each point requires a low scan rate (nominally 1 Hz) and is defined by one of the following general categories: 
Analog Input ==> The system design must accommodate 4-20 mA, 0 to +5 VDC, 0 to +10 VDC, +/-2.5 VDC, +/-5 VDC, +/-10 VDC, thermocouple, RTD, and strain gauge interfaces.

Analog Output ==> The system design must accommodate 4-20 mA, 0 to +5 VDC, 0 to +10 VDC, +/-2.5 VDC, +/-5 VDC, and +/-10 VDC interfaces.

Digital Input ==> The system design must accommodate TTL, contact, +5 VDC, +12 VDC and +24 VDC interfaces.

Digital Output ==> The system design must accommodate TTL, Form "C" Relay, +5 VDC, +12 VDC and +24 VDC interfaces.

 "CS-3.1.1-4  New Process Control System Stand-Alone I/O Requirements" \l 1 TABLE CS-3.1.1-4  New Process Control System Stand-Alone I/O Requirements




3.1.2 Safety System

a.  [R31>] Energized parts of high-voltage (above 600 V ac or dc) equipment and circuits shall be isolated from surfaces exposed to personnel by two acceptable, independent energy barriers, both of which shall be designed to survive any credible (i.e. having probability greater than 10 -6 / year) failure mode [<R31].

3.1.3 Control Room and Cable Tray System

3.1.4 Plasma Control System

a.  The DCPS hardware configuration shall enable a 1 millisecond update frequency of the feedback control algorithm.

3.1.5 Network System

a.  The Network System shall provide the number of connections at each supporting location identified in Table CS-3.1.5-1.

a.  TABLE CS-3.1.5-1  Network Connection Quantities
a.   TC  "CS-3.1.5-1  Network Connection Quantities" \l 1 
	NSTX Name
	Number of Connection

	
	PCS
	DAS
	TOTAL

	NSTX Control Room
	5
	27
	32

	NSTX Computer Room
	3
	1
	4

	NSTX Diagnostic Facility
	3
	1
	10

	NSTX Test Cell
	2
	1
	8

	D-Site Junction Area
	1
	1
	2

	D-Site FCPC/MG Control Room
	3
	1
	9

	D-Site RF Enclosure
	1
	1
	2

	C-Site RF Source
	1
	
	

	Test Cell Gallery
	1
	1
	

	TOTAL
	
	
	67


3.2 Upgrades

3.2.1 Process Control System

3.2.2 Safety System

3.2.3 Control Room and Cable Tray System

3.2.4 Plasma Control System


a.  Audio/Video for Remote Collaborations

3.2.5 Network System

WBS 62 -  Data Acquisition System Requirements

1.0 Functions
1.1 Data Acquisition System

a.  The Data Acquisition System shall gather data for [R14>] the baseline plasma diagnostics set {that} shall consist of the elements listed in Table DA-1.1-1.

TABLE DA-1.1-1  Baseline NSTX Diagnostics Set TC  "DA-1.1-1  Baseline NSTX Diagnostics Set" \l 1 
	Diagnostic
	Function

	Plasma current Rogowski coils3
	Total plasma current

	Eddy current Rogowski coils3
	Halo current monitoring

	Flux loops3
	Poloidal flux for plasma control

	B, B coils3
	Plasma control/magnetic fluctuations

	Mirnov coils3
	Magnetic fluctuations

	Visible TV camera
	External shape for plasma control

	IR camera
	Heat loads

	   “Slow” diamagnetic loop

  (using toroidal field coil)
	Stored energy

	Multichannel bolometer
	Radiated power profile

	170GHz  microwave interferometer
	Line-integrated plasma density

	Survey spectrometer (SPRED)
	Plasma impurities

	Soft X-ray imaging system
	Plasma instabilities and fluctuations

	H detectors
	Edge recycling

	CHERS1
	Ion temperature & toroidal rotation

	High-throughput CHERS

background array4
	Background subtraction for CHERS

and Zeff(r) from visible continuum

	X-ray pulse height analysis4
	Core electron temperature

	Neutral particle analyzer4
	Core ion temperature and fast ions

	Visible spectrometer4
	Edge/divertor spectroscopy

	Ultra-soft X-ray arrays5
	

	Langmuir probes/thermocouples2,3
	Divertor parameters


1CHERS: Charge-Exchange Recombination Spectroscopy

2Diagnostics incorporated into plasma facing components

3Diagnostics to be installed as part of NSTX assembly procedure

4Diagnostics added since Research Forum (February, 1997)

5Diagnostic recommended by Program Advisory Committee

c.  The physics displays must support waveforms, which are graphical presentations of one or more data sets derived from time-dependent signals.  The waveform types shall be described as fundamental waveforms (single input channel of data that may include elementary calculations to convert raw data into engineering units), composite waveforms (waveforms that require the results of one or more fundamental waveforms to calculate the resultant waveform), and model dependent waveforms (a waveform derived from a computer model which possibly uses fundamental or composite waveforms as inputs, i.e. TRANSP or SNAP).

d.  The Data Acquisition System must interface with a data management structure to store, catalog and secure experimental results for subsequent retrieval and analysis.

e.  Data transport shall be provided via the Physics Network.

f.  [R7>] The design of the Central I&C system shall facilitate access to archived NSTX data, as well as the control of diagnostic data acquisition systems, by parties outside of the NSTX control room (e.g. remote collaborators, physicists inside and outside of PPPL) [<R7].

g. [R8>] The Central I&C system shall provide sixteen (16) electrically isolated, general purpose signal channels between the test cell and the control room. These signals shall be displayed in the control room in real-time [<R8].  [R36>] Eight of the 16 general purpose signal channels shall be dedicated to coil and gas injection system real time display [<R36].

h.  The Data Acquisition System Link shall provide a high-speed data retrieval capability.

1.2 Synchronization System

a.  The Synchronization System shall generate and distribute synchronous events (preprogrammed) to the NSTX subsystems.  Synchronous events shall prescribe a predefined schedule of occurrences to be initiated at preselected times prior to, during, and after the operation of the experiment.

b.  The Synchronization System must generate and distribute a shot number that will be counted sequentially to uniquely identify each experiment.

c.  The Synchronization System must generate and distribute synchronized clock pulses to subsystems and the Central I&C System devices to initiate and execute time dependent processes by counting periodically generated clock pulses. 

2.0 Configuration Requirements & Essential Features

2.1 Data Acquisition System

a.  The TFTR data handling resources shall be utilized to the maximum extent for NSTX data handling support.

b.  [R20>] The interface between the data highway and the diagnostic device control and data acquisition modules shall be a hybrid that can accommodate existing CAMAC equipment and hardware based on newer standards [<R20].

2.2 Synchronization System

b.  A man-machine interface to configure timing and event information shall be located in the NSTX Control Room.

3.0 Performance & Operational Requirements

3.1 Baseline Operation

3.1.1 Data Acquisition System

a.  Table DA-3.1.1-2 [R34>] lists the display requirements for Day One and baseline diagnostics for NSTX.

Two displays are needed for plasma operations and four displays are required for engineering support. The total number of workstations and X-terminals providing these displays is twenty (20).
TABLE DA-3.1.1-2  Display Requirements for Baseline NSTX Diagnostics Set TC  "DA-3.1.1-2  Display Requirements for Baseline NSTX Diagnostics Set" \l 1 
	Day One* and Baseline Diagnostics Set

	Diagnostic
	Purpose

	One display:
	

	Plasma current Rogowski coils*
	Total plasma current

	   “Slow” Diamagnetic Loop*

  (using toroidal field coil)
	Stored energy

	   One display:
	

	Flux loops*
	Poloidal flux for plasma control

	Eddy current Rogowski coils*
	Halo current monitoring

	One display:
	

	Bq, Br coils*
	Plasma control/magnetic fluctuations

	Mirnov coils*
	Magnetic fluctuations

	One display:
	

	Visible TV camera*
	External shape for plasma control

	One display:
	

	IR camera*
	Heat loads

	One display:
	

	CHERS1 (with heating beam)
	Ion temperature & toroidal rotation

	High-throughput CHERS (background array)
	Background subtraction for CHERS and Zeff(r) from visible continuum 

	One display:
	

	Multichannel bolometer
	Radiated power profile

	One display:
	

	Visible continuum array
	Zeff(r)

	One display:
	

	1 mm microwave interferometer*
	Line-integrated plasma density

	One display:
	

	Survey spectrometer (SPRED)*
	Plasma impurities

	One display:
	

	Ha detectors
	Edge recycling

	Visible spectrometer
	Edge/divertor spectroscopy

	One display:
	

	Langmuir probes/thermocouples
	Edge parameters

	Ultra-soft X-ray array
	

	One display:
	

	Neutral particle analyzer
	Core ion temperature and fast ions

	One display:
	

	X-ray pulse height analysis
	Core ion temperature and fast ions

	Soft X-ray imaging system*
	Plasma instabilities and fluctuations


1CHERS: Charge-Exchange Recombination Spectroscopy

b.  [R20>] The tabulated data acquisition signals require sampling rates ranging from 100 Hz to 1 MHz and shall be used to meet NSTX diagnostics data acquisition requirements.  To establish requirements for Central I&C, each Data Acquisition signal is included in one of the following general categories: 

Low Speed ==> Data Acquisition signals requiring sample rates >100 Hz and 2 KHz.

Moderate Speed ==> Data Acquisition signals  requiring sample rates >2 KHz and 100 KHz.

High Speed ==> Data Acquisition signals  requiring sample rates >100 KHz and 1 MHz.

The Average Sampling Time for each signal category (per NSTX pulse) is also included in the table below.

 "DA-3.1.1-1  Baseline Operation Requirements" \l 1 TABLE DA-3.1.1-1  Baseline Operation Requirements




c.  [R20>] The Day One and baseline diagnostics are expected to generate approximately 3.2 megabytes (MB) of data for each one-second pulse [<R20].

3.1.2 Synchronization System

a.  The Synchronization System must generate the sixteen (10) {synchronous (preprogrammed)} baseline events.  [R9>] The events listed in Table {DA 3.1.2-1} (in their nominal sequence of occurrence) are defined for the purposes of requirements definition.

 "DA-3.1.2-1  Definition of Events" \l 1 Table DA-3.1.2-1  Definition of Events


	Name
	Definition

	SOC
	Start of Cycle

	T-A
	Early warning event at programmable time(A)

	T-B
	Early warning event at programmable time(B)

	SOP
	Start of Pulse (start of power supply energization)

	SOI
	Start of Initiation

	SOD (T0)
	Start of Plasma Discharge

	T+Y
	Undefined event at programmable time(Y)

	T+Z
	Undefined event at programmable time(Z)

	EOD
	End of Plasma Discharge

	EOP
	End of Pulse (end of power supply energization)


[<R9]

b.  Simultaneity between data acquisition systems must be less than 10.0 usec.

3.2 Upgrades

3.2.1 Data Acquisition System

a.  [R20>]To establish requirements for Central I&C, each Data Acquisition signal is included in one of the following general categories: 

Low Speed ==> Data Acquisition signals requiring sample rates >100 Hz and 2 KHz.

Moderate Speed ==> Data Acquisition signals  requiring sample rates >2 KHz and 100 KHz.

High Speed ==> Data Acquisition signals  requiring sample rates >100 KHz and 1 MHz.

The Average Sampling Time for each signal category (per NSTX pulse) is also included in the table below.
 "DA-3.1.1-2  Upgrade Operation Requirements" \l 1 TABLE DA-3.1.1-2  Upgrade Operation Requirements




b.  [R20>] The upgrade diagnostics are expected to generate approximately 33.2 MB for each one-second pulse.  They should be increased by about a factor of five when the NSTX pulse duration is lengthened to five seconds [<R20].

3.2.2 Synchronization System

a.  Not applicable.

APPENDIX A






_941372552
LOCATION

QTY

WBS

SUBSYSTEM SUPPORTED

REF.

RF Enclosure

1.0

21.0

HIGH HARMONIC FAST WAVE (HHWF)

R32

RF Control Room

1.0

21.0

HIGH HARMONIC FAST WAVE (HHWF)

R32

NSTX Control Room

1.0

31.0

VACUUM PUMPING SYSTEM (VPS)

R33

NSTX Control Room

1.0

32    33

GAS DELIVERY SYSTEM (GDS)    GLOW DISCHARGE CLEANING (GDC)

R33

FCPC TF Wing

1.0

5X

POWER SYSTEMS

R35

MG Control Room

1.0

5X

POWER SYSTEMS

R35

NSTX Control Room

6.0

6X

CENTRAL I&C

TOTAL

12.0


_941372556
WBS

SUBSYSTEM NAME

REF.

21.0

HIGH HARMONIC FAST WAVE (HHFW)

R32

22.0

COAXIAL HELICITY INJECTION CURRENT DRIVE (CHI)

R32

23.0

ELECTRON  CYCLOTRON HEATING (ECH)

R32

31.0

VACUUM PUMPING SYSTEM (VPS)

R33

32.0

GAS DELIVERY SYSTEM (GDS)

R33

33.0

GLOW DISCHARGE CLEANING SYSTEM (GDC)

R33

34.0

COOLING WATER SYSTEM (CWS)

R33

35.0

BAKEOUT SYSTEM

R33

51.0

AC POWER SYSTEMS

R35

52.0

TOROIDAL FIELD (TF) POWER CONVERSION SYSTEM

R35

53.0

POLOIDAL FIELD/OHMIC HEATING (PF/OH) POWER CONV.

R35

54.0

COAXIAL HELICITY INJECTION (CHI) POWER CONVERSION

R35


_941372558
PPPL Location

Existing Name

NSTX Name

C-Site LOB B006

TFTR Control Room

NSTX Control Room

C-Site LOB B003

CICADA Computer Room

NSTX Computer Room

D-Site Hot Cell

D-Site Hot Cell

NSTX Test Cell

D-Site Neutral Beam Control Room

D-Site Neutral Beam Control Room

NSTX Diagnostic Facility

D-Site Field Coil Power Conversion (FCPC) Junction Area

D-Site Junction Area

D-Site Junction Area

D-Site Motor Generator Control Room

D-Site MG Control Room

D-Site MG Control Room

D-site Field Coil Power Conversion (FCPC) TF and PF wings and 2nd floor

D-Site FCPC

D-Site FCPC

D-Site Mock-Up Area RF Enclosure

D-Site Mock-Up Area RF Enclosure

D-Site Mock-Up Area RF Enclosure

C-Site RF Source Room

C-Site RF Source Room

C-Site RF Source Room

Administration Building Computer Addition A11D

PPLCC (PPL Computer Center)

PPLCC (PPL Computer Center)


_941372559.unknown

_941372557
PPPL Location

Existing Name

NSTX Name

D-Site Neutral Beams Power Conversion Building 2nd Floor (138' Level)

D-Site 138' Level

D-Site 138' Level

Mezanine location under the Hot Cell

TBD

NSTX Mezanine [TBD]

D-Site Pump Room

D-Site Pump Room

D-Site Pump Room


_941372554
WBS

SUBSYSTEM NAME

LOCATION

REF.

22.0

COAXIAL HELICITY INJECTION (CHI)

Test Cell

R32

23.0

ELECTRON CYCLOTRON HEATING (ECH)

Test Cell

R32

34.0

COOLING WATER SYSTEM (CWS)

Gallery

R33

35.0

BAKEOUT SYSTEM

Gallery

R33


_941372555
WBS

CAMAC LINK

CRATE #

RACK ID

LOCATION

REF.

33.0

TOK II

32.0

TCTB-EE-516

TCB Pump Mezz.

R33

5X

TOK I

1.0

CTF1-EE-601

TF Wing FCPC

R35

5X

TOK I

2.0

CTF1-EE-602

TF Wing FCPC

R35

5X

TOK I

3.0

CTF1-EE-603

TF Wing FCPC

R35

5X

TOK I

4.0

CTF2-EE-604

TF Wing FCPC

R35

5X

TOK I

5.0

CTF2-EE-605

TF Wing FCPC

R35

5X

TOK I

6.0

CTF2-EE-606

TF Wing FCPC

R35

5X

TOK I

7.0

CTF2-EE-607

TF Wing FCPC

R35

5X

TOK I

8.0

CTF1-EE-608

TF Wing FCPC

R35

5X

TOK I

9.0

COH1-EE-651

PF Wing FCPC

R35

5X

TOK I

10.0

CEF1-EE-652

PF Wing FCPC

R35

5X

TOK I

11.0

COH3-EE-653

PF Wing FCPC

R35

5X

TOK I

12.0

CEF3-EE-654

PF Wing FCPC

R35

5X

TOK I

13.0

COH5-EE-655

PF Wing FCPC

R35

5X

TOK I

18.0

CTF2-EE-606

TF Wing FCPC

R35

5X

TOK I

19.0

COH1-EE-651

PF Wing FCPC

R35

5X

TOK I

20.0

COH3-EE-653

PF Wing FCPC

R35

5X

TOK I

21.0

COH5-EE-655

PF Wing FCPC

R35

5X

TOK II

16.0

CMG-EE-705

MG Control Room

R35

5X

TOK II

17.0

CMG-EE-701

MG Control Room

R35

5X

TOK II

18.0

CMG-EE-702

MG Control Room

R35

5X

TOK II

19.0

CMG-EE-704

MG Control Room

R35

5X

TOK II

21.0

CMG-EE-701

MG Control Room

R35


_941372553
CONTROLLER

LOCATION

WBS

SUBSYSTEM NAME

REF.

ICRF MicroVAX

NSTX Computer Rm.

21.0

HIGH HARMONIC FAST WAVE

R32

AB PLC_31

Gallery Area

31.0

VACUUM PUMPING SYSTEM

R33

33.0

GLOW DISCHARGE CLEANING

R33


_941372548
Number of I/O

WBS Titles

Analog

Analog

Digital

Digital

WBS

Ref.

Input

Output

Input

Output

Total

3.0 Auxiliary Systems

33 Glow Discharge Cleaning

4.0

4.0

20.0

4.0

32.0

R33

5.0 Power Systems

51 AC Power Systems

46.0

3.0

209.0

37.0

295.0

R35

52 TF Power Systems (1&2)

20.0

0.0

438.0

60.0

518.0

R35

53 PF Power Systems (EF)

10.0

0.0

508.0

128.0

646.0

R35

54 CHI Power Supplies (OH)

10.0

0.0

304.0

40.0

354.0

R35

TOTALS

90.0

7.0

1479.0

269.0

1845.0


_941372550
NSTX Name

NSTX Control Room

NSTX Computer Room

NSTX Test Cell

NSTX Diagnostic Facility

D-Site Junction Area

D-Site MG Control Room

D-Site FCPC

D-Site Mock-Up Area RF Enclosure

C-Site RF Source Room

PPLCC (PPL Computer Center)


_941372551
Door

Test Cell Location

Adjouning D-Site Location

D44 100H

Floor-level South East

South East Gallery Corridor

D44 100A

Floor-level North

North Gallery Corridor


_941372549
NSTX Name

D-Site 138' Level

NSTX Mezanine

D-Site Pump Room


_941372546
Number of I/O

WBS Titles

Analog

Analog

Digital

Digital

WBS

Ref.

Input

Output

Input

Output

Total

2.0 Heating Systems

22 CHI

10.0

0.0

10.0

10.0

30.0

R15

23 ECH System

10.0

10.0

10.0

10.0

40.0

R15

3.0 Auxiliary Systems

34 Cooling Water System

81.0

0.0

79.0

6.0

166.0

R33

35 Bakeout System

8.0

0.0

0.0

12.0

20.0

R33

TOTALS

109.0

10.0

99.0

38.0

256.0


_941372547.xls
Sheet: Sheet1

Baseline Data Acquisition Requirements

WBS/System

Number of Signals & Average Sampling Time per Pulse

TOT

Ref.

AVG SMPL Time (sec/ pulse)

AVG SMPL Time (sec/ pulse)

AVG SMPL Time (sec/ pulse)

WBS 3/AUXILIARY

WBS 32 Gas Delivery System

16.0

R33

WBS 5/Power Systems

17.0

36.0

3.0

56.0

R35

TOTALS

33.0

36.0

3.0

72.0


_941372544.xls
Sheet: Sheet1

Baseline Data Acquisition Requirements

WBS/System

Number of Signals & Average Sampling Time per Pulse

TOT

Ref.

AVG SMPL Time (sec/ pulse)

AVG SMPL Time (sec/ pulse)

AVG SMPL Time (sec/ pulse)

WBS 4/Diagnostics

400.0

Day One

R20

Baseline

R20

TOTALS

250.0

150.0

0.0

400.0


_941372545
Number of I/O

WBS Titles

Analog

Analog

Digital

Digital

WBS

Ref.

Input

Output

Input

Output

Total

2.0 Heating Systems

21 HHFW

80.0

0.0

40.0

10.0

130.0

R15

3.0 Auxiliary Systems

31 Vacuum Pumping System

20.0

1.0

101.0

47.0

169.0

R33

32 Gas Delivery System

15.0

6.0

63.0

38.0

122.0

R33

TOTALS

115.0

7.0

204.0

95.0

421.0


_941372542
#

Description

Value

Units

Reference

1.0

GRD general features

n.a.

n.a.

NSTX-RQMTS-GRD, r0, sec. 1.7.a

2.0

GRD NBI upgrade features

n.a.

n.a.

NSTX-RQMTS-GRD, r0, Table 1.1.2-1

3.0

GRD long pulse upgrade features

n.a.

n.a.

NSTX-RQMTS-GRD, r0, Table 1.1.2-2

4.0

GRD NSTX Location Requirement

n.a.

n.a.

NSTX-RQMTS-GRD, r0, sec. 1.1.1

5.0

GRD feedback control features

n.a.

n.a.

NSTX-RQMTS-GRD, r0, sec. 1.7.b

6.0

GRD Control Room location

n.a.

n.a.

NSTX-RQMTS-GRD, r0, sec. 1.7.c

7.0

GRD remote data access feature

n.a.

n.a.

NSTX-RQMTS-GRD, r0, sec. 1.7.d

8.0

GRD general purpose signal feature

n.a.

n.a.

NSTX-RQMTS-GRD, r0, sec. 1.7.e

9.0

GRD definition of events

n.a.

n.a.

NSTX-RQMTS-GRD, r0, Table 2.1.1-1

10.0

GRD pulse repetition period and operating life

n.a.

n.a.

NSTX-RQMTS-GRD, r0, sec. 2.1.2.3

11.0

GRD Upgrade directive

n.a.

n.a.

NSTX-RQMTS-GRD, r0, sec. 2.1.3.a

12.0

GRD Neutral Beam Injection (NBI) Upgrade

n.a.

n.a.

NSTX-RQMTS-GRD, r0, sec. 2.1.3.3.a

13.0

GRD Long Pulse Ugrade feature

n.a.

n.a.

NSTX-RQMTS-GRD, r0, sec. 2.1.3.2

14.0

Baseline Diagnostics

n.a.

n.a.

NSTX-RQMTS-GRD, r0, sec. 1.5.a

15.0

WBS 2 Central I&C Process Control I/O Requirements

n.a.

n.a.

2x Piece of paper from Randy 2/28/96

16.0

WBS 31 Central I&C Process Control I/O Requirements

n.a.

n.a.

NSTX-SDD-3X, r0 sect. 3.2.3.1

17.0

WBS 32 Central I&C Process Control I/O Requirements

n.a.

n.a.

32 E-mail from Mike Kalish 2/27/96

18.0

WBS 33 Central I&C Process Control I/O Requirements

n.a.

n.a.

33 E-mail from Bob Parsells 2/28/96

19.0

WBS 55 Central I&C Process Control I/O Requirements

n.a.

n.a.

55 Memo from Charles Neumeyer 55-960215/CNeumeyer-01


_941372543.xls
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Upgrade Data Acquisition Requirements

WBS/System

Number of Signals & Average Sampling Time per Pulse

TOT

Ref.

AVG SMPL Time (sec/ pulse)

AVG SMPL Time (sec/ pulse)

AVG SMPL Time (sec/ pulse)

WBS 4/Diagnostics

150.0

R20

TOTALS

50.0

100.0

150.0


_941372541
#

Description

Value

Units

Reference

20.0

WBS 4 Operational Requirements

n.a.

n.a.

NSTX-SRD-5X-016, r0 sect. 3.1

21.0

Electron Cyclotron (EC) Upgrade

n.a.

n.a.

NSTX-RQMTS-GRD, r0, sec. 2.1.3.1.a

22.0

CHI Current Sustainment Power Supply Upgrade

n.a.

n.a.

NSTX-RQMTS-GRD, r0, sec. 2.1.3.1.b

23.0

General Electrical Isolation Requirements

n.a.

n.a.

NSTX-RQMTS-GRD, r0, sec. 1.1.5 .a

24.0

WBS 34 Central I&C Process Control I/O Requirements

n.a.

n.a.

NSTX-SDD-3X, r0 sect. 3.3.3.1

25.0

WBS 35 Central I&C Process Control I/O Requirements

n.a.

n.a.

NSTX-SDD-3X, r0 sect. 3.4.3.1

26.0

Design Basis and Upgrades

n.a.

n.a.

NSTX-RQMTS-GRD, r0, sec. 1.1.2.a and b

27.0

Electron Cyclotron (EC) Upgrade Design Features

n.a.

n.a.

NSTX-RQMTS-GRD, r0, sec. 1.1.2.c

28.0

CHI Current Sustainment Power Supply Upgrade Design Features

n.a.

n.a.

NSTX-RQMTS-GRD, r0, sec. 1.1.2.d

29.0

Pellet Injector Upgrade Design Feature

n.a.

n.a.

NSTX-RQMTS-GRD, r0, sec. 1.1.2.g

30.0

Personnel Safety Interlock System (PSIS) Design Standard

n.a.

n.a.

ES-COMP-003

31.0

Failure mode probability requirement

      -6      10

failure/ year

ES&HD-5008, Chapter 4, paragraph 4.1

32.0

WBS 2 Central I&C Requirements

n.a.

n.a.

TBD

33.0

WBS 3 Central I&C Requirements

n.a.

n.a.

TBD

34.0

Display Requirements for Baseline NSTX Diagnostics Set

n.a.

n.a.

6-970127-RK-01

35.0

WBS 5 Central I&C Requirements

n.a.

n.a.

TBD

36.0

Real time Coil and Gas Injection System Display Requirement

n.a.

n.a.

WBS 6 CDR CHIT #1

37.0

Segregated Network Requirement

n.a.

n.a.

WBS 6 CDR CHIT #3

38.0

Isolated Process Control System Network Requirement

n.a.

n.a.

WBS 6 CDR CHIT #4

39.0


