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�
WBS 3.0 - Auxiliary Systems Requirements 





The auxiliary systems consist of the vacuum pumping system (WBS 3.1), the gas delivery system (WBS 3.2), the glow discharge system (WBS 3.3), the coolant system (WBS 3.4), the bakeout heating system (WBS 3.5), the instrument air (WBS 3.6) and gaseous nitrogen (WBS 3.7). The requirements for each of the six wbs systems are given in the following sections.





�
WBS 3.1 - Vacuum Pumping System (VPS)





3.1.1 Functions





a.	The NSTX vacuum system establishes and maintains, the vacuum environment within the NSTX vacuum vessel.  It consists of a pumping system, associated piping and valves capable of achieving high vacuum, various pressure sensing elements and transducers, and an analytical system capable of discriminating gas species.   





b.	The NSTX vacuum system shall perform the following functions:





∑	Roughdown of the NSTX device from atmosphere to base pressure.


∑	Provide a high vacuum environment compatible with the NSTX experimental program.


∑	Remove plasma exhausts and restore base pressure between pulses.


∑	Minimize and maintain impurity levels as required.


∑	Provide analytical capability for monitoring and control of machine vacuum condition.


∑	Provide pumping and control of pressure for Glow Discharge/Pulse Discharge Cleaning modes (GDC/PDC).


∑	Be compatible with, and provide pumping for vacuum vessel bakeout.


∑	Provide appropriate safety interlocks for personnel and equipment safety.





3.1.2 Configuration Requirements & Essential Features





a.	The vacuum pumping system shall consist of a pair of water-cooled turbo molecular (momentum transfer) pumps and at least one positive displacement mechanical pump.  





b.	Turbomolecular pumps, as well as the RGA and vacuum vessel pressure gauges shall be located on, or close to the vacuum vessel to maximize conductance.  








c.	Pressure gauges capable of monitoring pressure from atmosphere to high vacuum shall be located on the vacuum vessel or appropriate appendages. 





d.	Redundant Residual Gas Analyzers (RGA) [R4] capable of discriminating gas species shall be employed. Capability for monitoring and remote control of machine vacuum and vacuum system components from the control room shall be provided.  





e.	Service ports, strategically located on the vacuum system and the vacuum vessel, shall be provided to facilitate maintenance and leak checking.





f.	The exhaust gases shall be directed to the facility elevated exhaust stack.





g.	Provisions shall be made to bring the vacuum system up to atmospheric pressure using dry gaseous nitrogen.





�
3.1.3 Performance & Operational Requirements





3.1.3.1 Baseline Operation





a.	The roughing pump(s) shall be capable of evacuating the vacuum vessel from atmosphere to 1x10-3 Torr in less than 3 hours [R1].





b.	The vacuum system shall be capable of achieving a base pressure of 1x10-8 Torr excluding fueling gas [R2].  





c.	The system shall be capable of evacuating plasma gas loads and establishing base pressure between machine pulses (5 minutes) [R3].





d.	The  high vacuum pressure sensing element shall be capable of providing real time feedback to the gas injection system.





e.	The RGA system is able to scan and provide resolution of 1x10-11 Torr partial pressure for masses 1 to 60.





f.	Individual vacuum system components have a bench leak rate no greater than 1x10-9 sccs air equivalent as measure by a Helium Mass Spectrometer Leak Detector (HMSLD).  The total aggregate leak rate for the NSTX Vacuum vessel/vacuum system shall not exceed 1x10-5 sccs air equivalent.





g.	The vacuum system shall be capable of maintaining a pressure of ≥ 1x10-4 Torr during GDC.





h.	The mechanical pumps shall be capable of evacuating the NSTX vacuum vessel from atmosphere to 50 x 10-3 Torr [R1], and are capable of backing the turbomolecular pumps when base pressure is achieved.  








3.1.3.2 Upgrades





a.	Provisions for additional pumping capacity for neutral beam enclosures shall be considered in the baseline design [R5].





b.	Provision for expansion of the vacuum system for long pulse operation shall be considered into the baseline design [R5].





�
WBS 3.2 - Gas Delivery System (GDS)





3.2.1 Functions





a.	The Gas Delivery System (GDS) shall provide the following functions:





∑	Provide gas for plasma fueling.


∑	Provide gas for GDC.


∑	Provide instrumentation and control for gas injection


∑	Provide capability to select gas to be injected.





3.2.3 Configuration Requirements & Essential Features





a.	The following features shall be incorporated into the GDS design:





∑	A gas bottle bank with manifolding to allow user selection of four different gases.


∑	Four gas injection points on the vacuum vessel.


∑	Injection valves with less than 10 millisecond response time allowing feedback for real time control.


∑	Minimization or elimination of explosive mixtures in the system piping and hardware.


∑	Remote operation and calibration of system.


∑	Injection at bottom of torus at 4 locations using one injector





3.2.3 Performance & Operational Requirements





3.2.3.1 Baseline Operation





a.	The gas delivery system shall be capable of providing a flow rate of at least 50 Torr-liters/sec [R6].





b.	The throughput leakage shall be less than 1 x 10-7 sccs air equivalent.





3.2.3.2 Upgrades





a.	Provisions for long pulse operations shall be considered in the baseline design [R5].





b.	Provisions for Neutral Beam gas injection requirements shall be considered in the baseline design [R5].





�
WBS 3.3 - Glow Discharge Cleaning System (GDC)





3.3.1 Functions





The Glow Discharge Cleaning System (GDC) establishes and controls the GDC process in NSTX. GDC  is a mode of vacuum conditioning in which vacuum vessel internal surfaces are “scrubbed” clean by the bombardment of ions formed during the glow process. The GDC system is highly integrated with the VPS and GDS.  





3.3.2 Configuration Requirements & Essential Features





a.	The following features shall be incorporated into the GDC design:





∑	An in-vessel probe which acts as the anode.


∑	Power supply for the anode probe.


∑	Instrumentation and control for operation.


∑	The GDC shall be remotely configurable and operable.


∑	The GDC shall be capable of operating with helium and other gases.


∑	The GDC system shall be capable of steady state operation.





3.3.3 Performance & Operational Requirements





3.3.3.1	Baseline Operation





The GDC operating parameters are shown in Table GDC- 3.3.3-1





Table GDC-3.3.3-1: GDC Operating Parameters [R7]





Parameter�
Value�
Units�
Reference�
�
Voltage�
600-800�
volts�
[R8]�
�
Current�
0.2-2�
amperes�
[R8]�
�
Pressure (He)�
0.1-10�
Torr�
[R8]�
�
Throughput�
0.5-10�
Torr-l/s�
[R8]�
�



3.3.3.2	Upgrades


The GDC system shall be upgradeable to operation between NSTX discharges.


�
WBS 3.4 - Cooling Water System (CWS)





3.4.1 Functions





a. The cooling water system shall provide active cooling and over-heating protection for the coil systems, the power supply systems, the component cooling system, and the heating systems that support NSTX. 





b. Specific functions include:





	• Provide chilled, de ionized water for heat removal in the TF, OH and PF coils.


	• Provide chilled, de ionized water for in vessel components, power supplies, bus bar systems, and various diagnostics.


	• Provide Flow monitoring to prevent damage due to loss of flow.


	• Accommodate, as practical, future requirements on the system to support Neutral Beam operations.





c. The D-site MG system incorporates its own cooling water system, and therefore does not require a water supply from WBS 3.4





3.4.2 Configuration Requirements & Essential Features





a.	The cooling water system shall utilize existing equipment located in the D site Pump Room [R12]. The primary cooling water pump, heat exchanger and tank shall not infringe on the space in the NSTX test cell.





b.	Two high pressure booster pumps, a primary unit and emergency are required for the OH cooling water supply.





c.	Sufficient instrumentation or the capability to add instrumentation shall be provided to troubleshoot individual coil flow paths [R13].





d.	The dew point in the test cell shall be monitored to prevent condensation.





e.	The conductivity of the de ionized water shall be measured to verify it is within acceptable limits.





f.	All materials in the cooling water system shall be selected for operation in de ionized water.





g.	A low flow signal shall  be available for each coil flow path [R13].





h.	A local processor shall receive flow inputs and provide data to the central I&C, indicating the status of each individual flow path.





i.	Valves and Pumps shall be controlled locally and from the D site pump room.





3.4.3 Performance & Operational Requirements





3.4.3.1 Baseline Operation





a.  For coils where the exit cooling water temperature may exceed 100°C the water pressure shall be maintained at the pressure required to prevent boiling.





b.  The system shall provide cooling water to the TF, PF and OH coils as specified in Table CWS-3.4.3.1-1.





Table CWS-3.4.3.1-1: NSTX Coil Cooling Water Requirements [R15,R16]





SYSTEM�
TOTAL


FLOW


(GPM)


�
INLET 


PRESSURE 


(psig)�
OUTLET


PRESSURE 


(psig)�
HEAT


LOAD 


(kW Avg.)


Inductive�
HEAT


LOAD 


(kW Avg.)


Partial Ind.�
HEAT


LOAD 


(kW Avg.)


Non Ind.�
�
OH Coils�
6�
420�
20�
�
�
�
�
PF Coils�
43�
120�
20�
�
�
�
�
TF Coils�
90�
120�
20�
�
�
�
�
Total�
139�
�
�
155�
504�
449�
�






c.  The coil cooling water inlet temperature shall be less than 20°C but greater than 9°C.








3.4.3.3 Upgrades





Per section 2.1.3 of the GRD, upgrades for the water system need not be considered. 


��
WBS 3.5 - Bakeout System





3.5.1 Functions





a.	The assembled vessel shall have a heating system with in situ bakeout for the vessel and for the tiles. During this procedure, the gases absorbed and diffused within the vessel material are released and subsequently removed from the vessel by the Torus Vacuum Pumping System.





b.	A vacuum vessel heating/cooling system shall provide for heating the vessel during the bakeout mode of operation, and cooling the vessel during long pulse operation. The port covers shall be maintained to an even temperature distribution during bakeout.





3.5.2 Configuration Requirements & Essential Features





a.	Heating coils shall be mounted on the VV interior to heat the back face of the PFCs.  High temperature heat transfer fluid will be circulated through the coils.





b.	Heating/cooling coils shall be mounted on the vacuum vessel exterior.  High temperature heat transfer fluid will be circulated through the coils.





c.	Thermocouples shall be attached to the vacuum vessel walls to provide a means to control the heating system. 





d.	The bake out heating system shall insulate personnel from heated surfaces.





e.	The physical interface for the bakeout heating system is the torus interface valve.





3.5.3 Performance & Operational Requirements





3.5.3.1 Baseline Operation





a.	The external vacuum vessel heating coils shall bring the vacuum vessel to the required 150 C [R9] bakeout temperature within 48 hrs [R11]. 





b.	The internal vacuum vessel heating coils shall bring carbon tiles to the specified bake out temperature of 350 C [R10] within 48 hrs [R11].  The heat input requirement is 50 kW [R17].





c.	External vacuum vessel cooling coils shall maintain the vacuum vessel at the specified bake out temperature of 150 C [R9] during bakeout and 50 C during operations. The heat removal requirement during bakeout is 50 kW and during operations the heat removal requirement is 100 kW [R18].








3.5.3.2 Upgrades





a.	Long pulse operation may require additional active cooling of the vacuum vessel by the bake out system.














WBS 3.6 - Instrument Air





3.6.1   Function





To provide an instrument air utility to operate pneumatic devices in the Test Cell. It consists of a manifold with valves using the existing D-Site Instrument Air System.





3.6.2  Requirements





a.	Provide dry air at 100 psig to operate vacuum, cooling water and cryogenic valves in the NSTX Test Cell.





b)	Provide approximately 25 valves for water systems, cryogenic and diagnostics.





c)	Source instrument air system. A connection to this system is available on the East wall in the NSTX Test Cell.





3.6.3	 Performance Operational Requirements





a)	100 psig air








































































































3.7	Gaseous Nitrogen





3.7.1	Configuration Requirements and Essential Features





a)	Pressure = 50 psig





b)	The GN2 system will provide 50 cfm @ 50 psig.





c)	The GN2 vacuum pumps which had a low pressure supply of 5 cfm @ 1.3 psig (40” w.g.).





d)	Provide approximately 20 points (valves) of connection.





e)	The Dew Point is -57 °C (-70 degrees F).





f)	Source. Combination of Liquid Nitrogen boil off and vaporized from 11,000 gallons LN2 storage tank.





3.7.2	Functions





a.	To provide a dry nitrogen source to vent vacuum systems or other systems to avoid the introduction of contaminants.





b.	Remove water and water vapor from components to be repaired or installed.
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R�
Description�
Value�
Units�
Reference�
�
1�
Vacuum and Wall conditioning�
n/a�
n/a�
GRD: 2.3.1.c�
�
2�
Vacuum and Wall conditioning�
n/a�
n/a�
GRD: 2.3.1.a�
�
3�
Vacuum and Wall conditioning�
n/a�
n/a�
GRD: 2.3.1.d�
�
4�
Vacuum Pumping System (VPS)�
n/a�
n/a�
GRD: 1.4.1.b�
�
5�
Design Basis and Upgrades�
n/a�
n/a�
GRD: 1.1.2.b�
�
6�
Fueling�
n/a�
n/a�
GRD: 2.4.1.a�
�
7�
Vacuum and Wall conditioning�
n/a�
n/a�
GRD: 2.3.3.a�
�
8�
Vacuum and Wall conditioning�
n/a�
n/a�
PRD: 1.9.3�
�
9�
VV surfaces bakeout�
150�
oC�
GRD: 2.3.2.b�
�
10�
PFC surfaces bakeout�
350�
oC�
GRD: 2.3.2.a


PRD: 1.9.2�
�
11�
Bakeout heating time�
48�
hrs�
GRD: 2.3.2.c�
�
12�
Existing equipment utilization�
n/a�
n/a�
GRD: Preface�
�
13�
Flow switch per flow path�
n/a�
n/a�
GRD: 1.4.2.b�
�
14�
Power Supply Cooling Wtr Reqmts�
n/a�
n/a�
WBS5:Table PS-3.1-2�
�
15�
PF Coil Cooling Water Requirements�
n/a�
n/a�
PF Coil Spreadsheet�
�
16�
TF Coil Cooling Water Requirements�
n/a�
n/a�
TF Coil Spreadsheet�
�
17�
Bakeout Heat Input Requirement�
50�
kW�
A. Brooks Memo 13-970214-AWB-01 “Bakeout of VV and Internals”, NSTX Calculation 13-10�
�
18�
Bakeout / Operations Cooling Requirement�
50/100�
kW�
A. Brooks Memo 13-970214-AWB-02 “Thermal Analysis of VV/CS During Normal Operation”, NSTX Calculation 13-9�
�
19�
�
�
�
�
�
20�
�
�
�
�
�
21�
�
�
�
�
�
22�
�
�
�
�
�
23�
�
�
�
�
�
24�
�
�
�
�
�
25�
�
�
�
�
�
26�
�
�
�
�
�
27�
�
�
�
�
�
28�
�
�
�
�
�
29�
�
�
�
�
�
30�
�
�
�
�
�
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