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These Specifications are written for the NOvA cooling system and associated parts of the detector.  The intent is that these points be discussed and agreed upon before detailed design work is done.  

Fluid Specifications:

1. The cooling fluid to be used in the system shall be distilled water.
a. The water should contain bacteria control additives and corrosion inhibitors which are compatible with the brass heat sinks, aluminum heat exchangers, and stainless steel parts of the quick disconnect fittings.
b. The water should maintain a ph level between 7.2 and 7.6, unless otherwise required by the previously described additives.

Water Temperature:

2. The system should provide cooling water to the detectors Thermo-Electric Coolers at a stable specified temperature between 10C and 15C.  
a. Calculations show the operational costs decrease with decreasing water temperature.  This is due to the power requirements of the TEC increasing significantly with increasing temperature difference of hot and cold side.  The estimated TEC power requirement s can be found in NOvA Doc-5540.
b. This temperature setting is limited on the lower end by the stability of the TEC feedback controllers.  These feedback controllers (as of April 5, 2011) have been estimated to be stable only down to 10C (Leon Mualem). 
c. The system should be able to monitor the dew point at several areas of the building, and maintain a minimum water temperature above the dew point measured in the building plus the range of uncertainty of the monitors (±2 degrees C).  This is to prevent condensation on pipes or heat sinks.
d. Adjustments to water temperature should be infrequent and gradual, (0.1C/hr) except in the event of a sudden spike in dew point.  This specification is proposed to reduce the temperature difference oscillations between the hot and cold side of the TEC.  Temperature difference cycles cause stress oscillations which can lead to fatigue and premature failure of the TECs.  TEC failure information has been documented in NOvA doc-3172.  


Piping/Materials:

3. All piping and pipe fittings shall be schedule 80 PVC or CPVC. 
a. The piping shall be supported adequately to limit creep to 1% over 20 years.  
b. Joints shall be socket whenever possible and be primed and adhered with solvent based PVC cement. 

Water Flow Rate:

4. The pump(s) in the cooling system should be able to provide a water flow rate of at least 5 mL/sec through the TEC heat sinks.
a. This flow rate specification is based on the analysis of the temperature difference between the water and the TEC hot side, which is a function of the water flow rate.  Analysis results are in NOvA doc-5773, which show a significant increase in this temperature difference at lower flow rates.
b. A higher flow rate through the heat sinks also decreases the overall temperature rise of the water, which can be significant at low flow rates if routing rows of heat sinks in series.   

System Design Pressure:  

5. The pressure rating of every component of the water system should be a minimum of 120 psig.
a. This rating exceeds the sum (113 psi) of the maximum pressure which can be supplied by the pump (87psi) and the pressure head of the height of the detector (26 psi).   

System Monitoring and Alarms:

6. A PLC with a UPS shall receive signals from various monitors placed throughout the cooling system which include monitoring: flow rate, temperature, dew point, pressure, water level, water ph, and chiller diagnostics.  Appropriate measures, alarms, and/or notifications should be sent in the event of anomalies in any measurement.
a. Historical cooling system data to be collected and made readily available via web browser.
b. Current operating conditions and operator interfaces shall be available locally and remotely.



Backup equipment:

7. The chiller(s) and pump(s) in the system should have back up units in place, which can be automatically activated in the event of failure of the primary units. The primary and backup units should be constantly monitored as described in the specification for “System Monitoring and Alarms.”

Backup water supply:

8. The water system should have a reserve of 110-165 gallons of distilled water, which can be added by an automated system in the event of low water level in the reservoir.

Economizer for Cost/Energy Savings:

9. The cooling system should take advantage of the cold climate at the Ash River location by use of an economizer using outside air.
a. This requires use of chillers with turndown capability as opposed to a hot gas bypass. 
b. The two most common types of turndown are inverter based systems and digital scroll compressors.  Inverter based systems can cause electromagnetic interference, therefore the purely mechanical digital scroll is recommended, as it has no EMI issues.

Flow/Load Turndown capability:

10.   The system must meet all the previously described specifications throughout 
  the time the detector is being built and operated one di-block at a time. 
  




     

