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1.
PURPOSE

1.1
This procedure covers the energization of the NSTX magnet coils at levels exceeding those previously certified by same. The primary purpose is to confirm proper electrical and mechanical response at the new levels. Secondary purposes, which are selectively invoked upon execution of the procedure, include tests of protective devices and diagnostics calibrations. 

1.2
This procedure is intended to be executed for the initial energization of the NSTX coils prior to first plasma, and to be repeated one or more times thereafter as the operating envelope of the machine is increased up to rated levels. 

1.3
Each time a run copy of this procedure is executed, a Test Plan (TP) shall be generated which contains summary test shot information. The Test Plan is subject to review and approval by the NSTX Project team, including Project Director, Deputy Project Director, and Project Engineering Manager, and Heads of Engineering Operations, Experimental Research Operations, and Physics Analysis. After approval of the Test Plan, the details of the test shots (actual waveform specifications) are prepared by the Test Director via Test Data Sheets (TDS) and processed by the FCPC Engineer-In-Charge to determine power systems feasibility and configuration.

2.
SCOPE

2.1
The scope of this procedure includes:


• individual circuit energization


• multiple circuit energization (combined fields) 


Coil circuit electrical and mechanical response is confirmed. 

2.2
For individual circuit energizations (only), the following additional steps are (optionally) invoked:


• exercise of protective features



- Power Supply Real Time Controller (PSRTC) overcurrent



- PSRTC I2T



- Rochester Instrument Systems (RIS) overcurrent



- RIS I2T



- Analog Coil Protection (ACP) overcurrent



- ACP overtime


• confirmation of voltage induced in circuits not under test


• archival of magnetic diagnostic response

2.3
This procedure is not intended to produce a plasma in the NSTX device. To prevent plasma formation during test shots, high vacuum conditions will be maintained and gas injection pulse valves will be disconnected and tagged out during the tests. 

2.4 
This procedure does not cover Coaxial Helicity Injection (CHI).

2.5 
NSTX operating current and ∫i2(t)dt levels allowed and certified by this procedure are as indicated in the following Table 1. There are no constraints on combinations.  

Table 1 - Current Allowables


Imin

(kA)
Imax

(kA)
|I| Rated

(kA)
∫i2(t)dt

(kA2-sec)
∫i2(t)dt rated

(kA2-sec)

OH


24.0

302.4

PF1A


15.0

1125.0

PF1B


20.0

400.0

PF2


20.0

2000.0

PF3


20.0

2000.0

PF4


20.0

2000.0

PF5


20.0

2000.0

TF


71.2

6711.0
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2.6
Minimum pulse repetition period corresponding to Table 1 shall be per Table 2.

Table 2 – Minimum Pulse Repetition Period

Minimum Pulse Repetition Period (seconds)

OH 


All  Other coils


Note: Rated repetition period at rated ∫i2(t)dt listed in Table 1 is 600 seconds for OH, 300 seconds for all other coils.
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2.7
Constraints on independent control of upper and lower coils (PF1A, PF2, and PF3), if any, are indicated in Table 3.

Table 3 - Constraints on Independent Control

Independent Control 

Allowed 

(yes or no)

PF1A


PF2


PF3
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2.8
NSTX voltage levels (number of series power supply sections (PSS), approx. 1kV each) allowed and certified by this procedure are as indicated in Table 4.

Table 4 - Series PSS (Voltage) Allowables

#Series PSS

Allowable
#Series PSS

Rated Maximum

(≈ kV)

OH

6

PF1AU

2

PF1AL

2

PF1B

2

PF2U

2

PF2L

2

PF3U

2

PF3L

2

PF4

3

PF5

3

TF

1
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2.9 
Summary of tests to be conducted under this run copy of this procedure shall be as indicated on the Test Plan (TP, template given in Appendix of this procedure).  This includes peak +/- currents, and requirements for protective feature testing, and other steps described herein. In addition, special requirements, if any, shall be noted. 

2.10
 Details of tests to be conducted under this run copy of this procedure shall be as indicated on Test Data Sheets (TDS, template given in Appendix of this procedure) appended to run copy of this procedure. This includes explicit definition of reference current waveforms for each step of the test. 

2.11 
All tests shall be simulated in advance using PSRTC, such that the power supply configuration and the AC power requirements for each test can be determined and the need for usage of the Motor Generator (MG) set can be planned. The results of the simulations shall be appended to the TDS and become part of the test record.

3.
REFERENCES

3.1 
Documents


NSTX General Requirements Document (GRD), System Requirements Documents (SRDs) and System Design Descriptions (SDDs).

3.2
Drawings


• Control Wiring Diagrams (CWDs) 4F1005:



sh. 1501
TF  Schematic Diagram



sh. 1511
OH  Schematic Diagram



sh. 1523
PF1AU/PF1AL Schematic Diagram



sh. 1531
PF1B Schematic Diagram



sh. 1543
PF2U/PF2L Schematic Diagram



sh. 1553
PF3U/PF3L Schematic Diagram



sh. 1561
PF4 Schematic Diagram



sh. 1571
CHI Schematic Diagram



sh. 1581
Dummy Load Schematic Diagram


• 6800-E-310-OL
AC Power Distribution Flow Diagram

4.
PREREQUISITES

OP-NSTX-02 "Start Up of NSTX" shall be complete prior to  execution of this procedure.
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Notes: 


[1] 
In case any of the prerequisites  are not available or satisfied for the tests, Test Director shall duly note same, along with work-around variations from this procedure, in or attached to the run copy of same.


4.1 
Auxiliary Systems 


4.1.1 Vacuum Systems 


a. Torus base pressure shall be maintained < 1 x 10-7 torr during combined field operations to avoid plasma formation.


4.1.2  Cooling Systems 


a. Coil and FCPC cooling water systems shall be fully operational; interlocks with FCPC PAUX permissive system for both coil and FCPC cooling water shall be completely functional. 


Attach to Test Record suitable documentation of the current settings of the cooling water system interlocks as follows:



• high inlet water temperature



• individual flow path trip settings



• outlet water temperature trip settings








Test Director Init. 



4.2
Power Systems 


Following OPs shall be current:



OP-PC-49

ECS Ground Fault Detector Testing



OP-PC-61

ECS Hipot Testing



OP-PC-48 

Critical Interlock Tests



OP-PC-735 

ECS Thyristor Rectifier Fault Detector Settings *



OP-NSTX-16 

RIS Settings*



OP-NSTX-17

ACP and PDP Trip Control Settings*


*Note: If  the levels called out herein (section 2.5, Table 1) exceed those allowed by existing settings, these need to be executed during initial stage of execution of this procedure.

4.3
I&C Systems 


a. EPICS and MDS+ systems shall be operational. Preparations shall  be complete for archiving coil current and voltage data and magnetics data generated by tests described herein.


b. Hardwired Interlock System (HIS) and NSTX Access Control System


shall be operational.


c. Following OPs shall be  current:



OP-NSTX-04 
Testing of the NSTX Access Control System



OP-NSTX-08
Testing the Emergency Stop System



OP-NSTX-09 
Safety Lockout Device Test Procedure






OP-NSTX-11 
Testing of the HIS with SLD Pressurized 



5.
PRECAUTIONS

5.1 Equipment Considerations

5.1.1 NSTX Machine 

a. Extreme caution shall be exercised as currents are driven for the first time and levels are raised. Any unexpected behavior must be fully understood before proceeding further. 

b. It is  possible that extraneous and/or loose hardware will be present , which could lead to the formation of unexpected eddy current loops, arcs, sparks, and projectiles. As a preventative measure, until such time that ground fault monitoring is implemented, the insulation integrity of the center stack casing and vacuum vessel, to each other and to ground, shall be verified by separate procedure and test, prior to each energization of the machine following access to NTC during which personnel are in direct contact with the torus proper as delineated in OP-NSTX-14 "NSTX Operations Guide for Startup and Shutdown". 

c. TV cameras and microphones in the NTC shall be utilized to observe machine response to the extent feasible and practical. 

d. As an additional measure, as delineated on the Test Data sheets of the run copy of this test procedure, or as determined during execution of this procedure by the Test Director, observers may, optionally, be stationed inside protective enclosures within the NTC using "Hot Access Mode", so as to observe unexpected behavior (arcs, sparks, noises, etc.). Any and all Hot Access shall be in accordance with procedure OP-NSTX-10, "Hot Access Requirements", in which case it is limited to shots with PF coils only, or the TF coil only,  but never both combined. 

e. If not permanently installed per normal NSTX design and installation procedures, the use of TV cameras, microphones, plus any and all special instrumentation shall be in accordance with procedures specifically written to address their placement and use.

5.1.2 Utility Grid

In many cases the electrical demand will be within the capability of the fixed frequency AC power supply from PSE&G (i.e. MG not required). Such operation shall be constrained in combination of active (P), reactive, (Q) and apparent power (S) taken from the utility grid, in order to avoid excess voltage drop, flicker, and harmonic distortion. Following limits shall be applicable:

Smax      100MVA

Qmax     50MVAR

Using the PSRTC simulation feature, each test case shall be simulated in advance to determine demand.

5.3 Safety Considerations

5.3.1 Personnel Access Control

Test current will pass through several areas. The following access control shall be in effect:

• FCPC - normal operating procedures requiring card reader access, flashing lights;

• Cable Spread Room/Vacuum Control Room - shall remain locked, key in control of D-site Shift Supervisor, access allowed during tests to qualified observers only,  if required, within room but on protected side of block wall therein;

• TFTR Test Cell Basement - access controlled by D-site Shift Supervisor, except no access permitted to Transition Area (TA) at any time during tests unless system shutdown and safe;

• Mechanical Equipment Room (MER) - no restrictions, free access (except to enclosed cable runs)

• NSTX Test Cell - normal Access Control System in effect, allowing Hot Access Mode when called out by this procedure or by Test Director (i.e. NTC will be either in the No Access Mode or Hot Access Mode).

5.3.2 Hot Access Mode

a. Various failure modes exist which shall be anticipated in the design and placement of hot access enclosures and observers therein. Extraneous and/or loose hardware may be present during the initial operations, which could lead to the formation of unexpected eddy current loops, arcs, sparks, and projectiles. During normal energization, or in case of a short circuit fault, forces will be generated between coils and between circuit conductors. Although all equipment, and all conductor supports and tie downs have been designed and implemented in anticipation of such forces, some risk of mechanical failure and dislocation of parts exists. In case of open circuit fault, energy delivered by the power supply and stored in the load coil could be dissipated in an arc, which in turn could lead to short circuits and dislocation of parts.

b. Hot access enclosures, placement, and utilization shall be in accordance with OP-NSTX-10, "Hot Access Requirements".

6.
PROCEDURE

6.1 General


6.1.1 Responsibilities


Head of NSTX Engineering Operations:
Shall appoint Test Director, and 







approve operating levels called out 







herein (sections 2.5, 2.6, 2.7, 2.8)



Run Copy Head of NSTX Engr. Ops:



  Init. 




Test Director: 
Overall responsibility for conduct of tests, and documentation of results in the form of a Test Record (completed Run Copy, Test Data Sheets, and any other relevant data or information collected during the tests).




Run Copy Test Director:




  Init. 


Chief Operating Engineer (COE)*:
Responsible for tests as they are underway, and for safe access to NTC, and Cable Spread Room/Vacuum Control Room (person assigned  may vary from day to day, hour to hour)


D-Site Shift Supervisor*:
Responsible for admittance of personnel into TFTR Test Cell Basement (person assigned may vary from day to day, hour to hour)


FCPC Engineer-In-Charge (EIC)*:
Responsible for operation of power supply 






systems during tests as they are underway, 






including data input/output to the PSRTC,








and for safe access to FCPC areas (person 






assigned may vary from day to day, hour to 






hour).



* Detailed information is provided in OP-AD-56 "Control of Equipment and System Status"


6.1.2 Safe Access

a. COE shall be responsible for personnel access to NTC, via operation of the NSTX Access Control System in accordance with procedure  OP-AD-117, "Operation of the NSTX Access System".

b. D-Site Shift Supervisor shall be responsible for admittance of personnel into TFTR Test Cell Basement. NSTX operations places no constraints on same, except for the Transition Area (TA, a.k.a. "waterfall" area in TFTR Test Cell Basement), which shall remain locked at all times when the Safety Lockout Device (SLD) is in the unsafe state, unless other lockout/tagout provisions are in effect.

c. FCPC EIC shall be responsible for personnel access to FCPC areas in accordance with existing access procedures.

6.2 Test Sequence


6.2.1 Test Director Preliminaries


a. Generate Test Data Sheets for each shot to be performed under this run copy of this procedure (template for TDS attached in Appendix hereto).









Test Director Init. 




b. Confirm settings procedures ( OP-NSTX-16 (RIS), OP-NSTX-17 (ACP), OP-PC-735 (ECS Thyristor Rectifiers Fault Detectors)) are consistent with  current levels called for herein (section 2.5, Table 1), or request that they be executed for new levels*.









Test Director Init. 





*Note: If RIS/ACP protection trip tests are invoked in the TDS, then the final settings shall be delayed until the trip tests are complete. 


c. Confirm prerequisites (section 4.0) have been satisfied; Test Director shall note any shortcomings in the test record. 

Torus Systems



COE Init.





Heating/Current Drive Systems

Head, RF Ops. Init.




Head, NBI Ops. Init.





 Auxiliary Systems


Head, Aux. Sys. Ops. Init.




 Diagnostic Systems
  

Head, Dia. Ops. Init.





 Power Systems



Head, PS Ops. Init.





 Central I&C Systems


Head, I&C Ops. Init.





d. Confirm NSTX facility clock setup appropriate for test plan.









Test Director Init. 




e. Review T-Mod (OP-AD-03) log and confirm that T-Mods in place will not compromise the execution of the tests required herein.









COE Init. 












Test Director Init. 




6.2.2 FCPC Preliminaries


a. Set up PSRTC control (c.d) and timing (t.d) data files for each of the test shots delineated on the Test Data Sheets (TDS). Run simulation mode. Confirm feasibility and enter data on TDS per TDS check-off as follows:



• Coil End of Pulse (EOP) temperatures



• Required number of series and parallel power supply sections (PSS)



• Peak P, Q, S


b. Attach simulated coil current waveforms to TDS. Also, if induced voltage confirmation is called out, attach simulated coil voltage waveforms. 


c. If necessary, reorder shot sequence to postpone MG usage to latter part of procedure execution.


d. Configure FCPC as required for first test shots.









FCPC EIC Init.





6.2.3 Steps Preceding Each Test Session


Following steps, as applicable, shall be performed each time a new test session is started and documented in the Test Record. 


a. Perform scrub and inspection of NTC per OP-NSTX-01 "Preparations of Experimental Areas for Machine Operations". 


b. Perform daily startup activities per OP-NSTX-14 "NSTX Operations Guide for Startup and Shutdown". This shall include confirmation of vacuum vessel isolation to ground if/when prior access to machine proper could have compromised same.  


c. Start up FCPC and Coil Cooling Water systems. Record  conductivity of both deionized water systems.

d. Clear and secure all experimental areas per OP-AD-117 "Access Control Procedure". Via HIS, “Enable”  all systems, pressurize SLD and place all systems in “Configure”. 


e. Using methodology of OP-ECS-245, "FCPC Daily Startup/Shutdown Procedure", perform 500V hipot of all coil systems with power supply system disconnected (SDS open). Repeat with power supply systems to be operated under this run copy of this procedure connected (SDS closed, AC feeder breakers open). Record leakage currents.


f. If/when MG is required, start MG system at 13.8kV, 65Hz.


6.2.4 Steps Preceding Each Energization Sequence


a. Via HIS, enable all systems and clear HIS Level 3 Faults (HIS Reset plus CIC Reset via EPICS Page PC04).


b. Via HIS, place all systems in Configure.


c. Via PC02, Close SDS Line switche(s) to circuit(s) under test (CUT) only. Do not close line switches to Circuit(s) Not Under Test!


d. Via PC03, open all SDS Ground switches.


e. Clear HIS Level 1 Faults (HIS Reset plus CIC Reset via EPICS Page PC04).


6.2.5 Steps Associated With Each Test Shot


a. Confirm transient digitizer set up appropriate for test shot


b. Confirm PSRTC collect data (o.d) set up appropriate for test shot


c. Via HIS, Arm CUT


d. Commence clock sequence


e. Execute pulse


f. Via HIS, Dis-Arm CUT


g. Confirm archiving of data via MDS+.


6.2.5 Induced Voltage Confirmation


When called out on the TDS, the PSRTC coil voltage simulation results shall be compared to the digitized coil voltage transducer signals for shape, scale, and polarity. 


6.2.6 Diagnostic Calibration Shot


When called out on the TDS, the acquired diagnostic calibration data shall be examined by the Physics Operator and confirmed to be complete prior to declaring the test step complete. If not, the shot shall be repeated. 


6.2.7 Protective Feature (RIS/ACP) Tests


When called out on the TDS, PSRTC, RIS and/or ACP tests shall be performed (one circuit at a time only) as follows.

a.
Set protective feature to X% (X specified on TDS) of nominal value allowed per this procedure (section 2.5, 2.6, 2.7, 2.8, 2.9 as applicable), then execute pulse and confirm trip. This applies to all protective features except for the ACP overtime, which can only be adjusted in 1 second intervals, 0  second minimum (0 second setting will result in trip as soon as current exceeds pick-up threshold).  

b.
Raise setting above allowable specified herein (section 2.5, 2.6, 2.7, 2.8, 2.9 as applicable) with headroom as listed in the following Table 5, unless otherwise noted on TDS. Actual settings shall be documented in accordance with the applicable RIS and ACP settings procedures.

Table 5 – Protective Feature Settings Headroom


Overcurrent
∫i2(t)dt

PSRTC
1%
0%

RIS
5%
0%

ACP
 2%
Not applicable


6.2.8 Other Special Tests


Additional tests and measurements may be noted on the TDS in the "Other Special Requirements" section. This may include monitoring of special instrumentation (thermocouples, strain gauges, motion transducers, etc.) as called out by the Test Director.  
However, if not permanently installed per normal NSTX design and installation procedures,  any and all special instrumentation placed on the NSTX machine shall be in accordance with procedures specifically written to address its placement and use.

APPENDIX
• Test Plan Template

• Test Data Sheet Template

Test Sequence #




Special Test Requirements

Hot Access Required


Induced Voltage Confirmation


Diagnostic Calibration Shot

Protective Feature Tests (applicable to single circuit tests only):


PSRTC Overcurrent


PSRTC ∫i2(t)dt






RIS Overcurrent


RIS ∫i2(t)dt






ACP Overcurrent


ACP Overtime


Other Special Requirements:

Current Breakpoint Waveforms (kA vs. seconds)
Time
OH
PF1aU
PF1aL
PF1b
PF2U
PF2L
PF3U
PF3L
PF4
PF5
TF

 
 














































































































































































































Approved: 
Test Director:





PSRTC Simulation Results (Attach Current Waveforms)
PSRTC Input Data Directory:






OH
PF1aU
PF1aL
PF1b
PF2U
PF2L
PF3U
PF3L
PF4
PF5
TF

# Series PSS
 











# Parallel PSS












EOP Temp. (deg C)












Peak Power Requirements:

P

 MW

Q

 MVAR

S

 MVA

MG Required:

  Yes

No

Comments:

Approved:
FCPC Engineer-In-Charge:





Approved:
Test Director:







Test Record

Circuit Allowable Current

kA



Circuit Allowable I2T

kA^2-sec









Protection System
RTC
RIS
ACP
Units

Overcurrent  Initial Setting



%

Overcurrent  Initial Setting



kA

Overcurrent Final Setting



%

Overcurrent Final Setting



kA

I2T  Initial Setting


n.a.
%

I2T  Initial Setting


n.a.
kA^2-sec

I2T Final Setting


n.a.
%

I2T Final Setting


n.a.
kA^2-sec

Overtime  Initial Setting
n.a.
n.a.

sec

Overtime Final Setting
n.a.
n.a.

sec


PSRTC Overcurrent  

Shot # 

  


PSRTC ∫i2(t)dt  

Shot # 

  


RIS Overcurrent

Shot # 



RIS ∫i2(t)dt


Shot # 

  







RIS Settings OP-NSTX-16 Executed for Final Settings



ACP Settings OP-NSTX-17 Executed for Final Settings





Successful execution of specified shot w/o trips:







Shot # 

  
COE Init. 


Comments:

Test Shot Complete: Chief-Operating-Engineer (COE):





Test Shot Complete: Test Director:








