Hall 5 Specification  -  Rev2
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Overview:

Hall 5 will be used primarily for Filling Antineutrino Detectors (AD’s) prior to their being moved to their experimental halls.

Hall 5 should be large enough to fill 2 AD’s at once.  This means that 2 AD’s need to fit fully within the hall, the 3 separate stationary liquid tanks, other permanent items such as an N2 dewar and line clean-out tanks, plus sufficient space for maneuvering (equipment, people, hoses, pump stations, etc.).  

A clean and radon free environment is needed in the filling room.  The AD’s, liquid tanks, hoses and pumps need to be kept clean and contamination free.  Therefore, special radon-reducing paint and HEPA type filtering are required to keep the room at a class 100,000 level clean room environment or better.  Also, the room air needs to be conditioned to a relatively constant 16-18C and <60% relative humidity.

Sufficient AC power for room lights, circulation/filtering system, venting and fresh air system must be provided.  Additionally, there will be liquid pumps and heaters/chillers, for the stationary tanks, requiring AC power.

Spill barriers and a variety of safety equipment will be required to handle the potentially flammable gas mixtures and oxygen deficiency hazard situations that could arise in this filling hall.

Background, additional features and other relevant information:

The Hall 5 stationary liquid tanks will be sized as follows (all volumes/weights in units of metric tons):

a) Gd loaded Liquid Scintillator Tank – 45 - 50 Tons.  (2 x 26 m3 x 0.9 (density) = 46 Tons)

b) Liquid Scintillator Tank – 50 - 55 Tons.  (2 x 28 m3 x 0.9 = 51 Tons)

c) Mineral Oil Tank – 80 - 90 Tons (2 x 44 m3 x 0.9 = 80 Tons)

If these tanks were 3m in diam, they would be approximately 7.4m, 8.0m, 12.5m long respectively.  If these tanks were 4m in diameter, they would be approximately 4.2m, 4.5m, 7.0m long or high respectively.

The stationary liquid tanks would be filled via multiple fills from smaller transportable tanks.  These portable tanks would be brought in on the transporter, left on temporary stands and emptied into the stationary liquid tanks.  This exercise would be repeated until the Hall 5 stationary liquid tanks are full. 

The AD’s will be brought in on the transporter and left on ~0.6m high supports (we’ll utilize the hydraulic lift capability of transporter to lift them above the supports, drive in, then lower them onto the supports).

There are various AD filling schemes being investigated now.  The issue is how to ensure the reliable and precise filling of the detectors. Some of these scenarios would require additional small tanks in the filling hall.  Another item we’ll need is a small waste fluid tank used for cleaning out transfer lines/hoses, valves and pumps after completing an AD fill.  This will likely only be a 1-2 Ton liquid tank (1-2 sq meters).  In any case, a few extra meters of length in the filling hall would be very valuable for this additional equipment and tanks.  

The filling hall should have a clean room door of some sort to keep dust from the outside from entering.  Ideally, this would be a double door, where once inside the first door, equipment can be washed down.  This would mean the addition of a water spigot and some drainage to keep dirty water out of the filling hall.

Specification:

1) Hall 5 should be located near the Daya Bay Near Hall (Hall 1).  It should be near the main portal entrance and somewhere along the tunnel between Hall 1 and Hall 4 (mid-hall).  

Justification:  This will keep stationary liquid tank refill run distances/times to a minimum.

2) The length of the hall should be at least 20 meters – perhaps as long as 26 meters.
Justification: If the stationary liquid tanks were all in a line and 4m in diam., with 1m between and 3m on either end, the hall length would be (3 + 4 + 1 + 4 + 1 + 4 + 3 =) 20 meters in length.  If they were laying on their sides, the length would have to be 20-26m.

If we want to have a double set of doors at the entry of the filling hall and use the space between the doors for washing down items before they enter, we will need an additional 5-6m in length.

3) The width of the hall should be at least 12 meters.  

Justification: If the detectors were positioned beside the row of tanks, with 1m wide aisles on all sides of tanks and AD’s, 

4) The height of the hall should be at least 8 meters. 

Justification: the AD is 5.5m plus transporter/supports are 0.6m plus clearance for gas removal plumbing space above of 1m sums to) 7.1m.  Alternately, the largest stationary liquid tank is 7m high plus its stand & room for cover gas fill on top is 8m or more.

5) The stationary liquid tanks require secondary containment.

Justification:  Containment of spills of the 3 liquids is required for the protection of the environment and to avoid groundwater contamination.  The stationary liquid tanks should either be placed in lined pits or have liquid spill barriers built up around them.  It may be possible to allow mixing of the various liquids to occur within the spill barrier – ie, the barriers could surround all 3 tanks and only be sufficiently high to capture the volume of the largest of the 3 tanks.  This assumes that there is a very low likelihood of more than one tank failing at the same time.  A temporary spill barrier may also be needed for the transportable fill tanks.

6) A class 100,000 clean room environment is required.  

Justification: The room air needs to be kept clean, with a minimum of possibly radioactive dust.  Laminar downflow HEPA filters/fans will be used to remove dust from contaminating the detectors and liquids.  Clean room doors will be required to separate the tunnel environment from the filling hall.

7) The Hall 5 air needs to be conditioned to provide low (<60%) humidity and constant temperature of 16-18C.

Justification:  The hall, liquid storage tanks and AD’s need to be kept at approximately the water pool and hall temperature.  We also want to avoid condensation from forming on sensitive electronic equipment such as flow meters and safety systems.

8) The ventilation system should also provide sufficient fresh air for 6 (?) people in the room at one time.  It also needs to be circulated at a sufficient rate to minimize build-up of flammable gas mixtures and radon and to prevent Oxygen Deficiency Hazards (ODH) from occurring due to the venting of N2 cover gas in all tanks.  

Justification:  N2 gas filled vessels need venting while AD’s are being filled.  N2 cover gas needs to go into stationary liquid tanks as liquid is being pumped out.  We will be required to vent this gas into the room during these operations.  Other similar experiments (SNO & KamLAND) utilize a cover gas system of nitrogen gas from the boil-off of liquid nitrogen stored in a 1000-liter dewar. The boil gas has been measured to contain less than 10^-5 pCi radon per liter of N2. There is also the possibility that during tank filling operations, or in a spill incident, there will be the accumulation of potentially flammable mixtures somewhere in the hall 5 volume – most likely on the floor, as the volatiles from these liquids are heavier than air.  These potentially flammable mixtures must be vented to the outside.  This may also place a requirement for explosion proof motors and lighting in the hall.

9) Special radon protective paint should be painted on the walls, ceiling and floor. 

Justification:  This is required in order to minimize the influx of radon gas from the rock. 

10) In addition to AC power for room lighting, safety equipment and air filtering, the total AC power required in Hall 5 for experimental equipment is 10-13 KW 

Justification: Besides needing sufficient AC power for room lighting, air filtering/circulation equipment, there will be motors for pumps and mixing equipment and resistive heaters and possibly chillers within the stationary liquid tanks in order to keep the liquids at a constant (16-18C) temperature.  The power requirement for these pumps, tank mixers and tank heaters/chillers will be approximately:

Liquid pumps – 1-2 KW each (3 operating simultaneously)

Mixing system – 1 KW for Gd loaded LS only 

Tank heaters/chillers – 2 KW each for all 3 tanks

11) Required safety systems – 

a) smoke detection & alarm

b) fire sprinklers

c) flammable mixture detection & alarm

d) liquid spill detection & alarm

e) ODH detection & alarm

