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a) Clearance of Photo Multiplier Tube (PMT) Assembly and mount

from the chamber wall = < 1 meter and > 35 cm (~14 in.).

b) The PMT mounting supports should minimize torque on the tubes 

due to the buoyancy force and possible shock waves in the water.

c) Provide for ease of cabling and cable supporting. The cable should not stress the water-tight joint. 

d)  Design for durable underwater connecting at each tube or array. Evaluate the cost difference between installation with/without a water-tight connector. 

e) Allow for installation of 50,000 PMT’s in a year.

f) Mount all PMT’s before the chamber is filled with water.

We should be able to install and remove PMTs with and without water in the detector.  

g) Attempt to design mountings to allow for underwater replacement 

of PMT’s.

h) Design for installing a light tight black interface at the approximate PMT sensitive photo-cathode. 

i) Attempt to perform PMT mounting and support framework installation for ~ $165 / PMT.

j) All materials used should have lifetime durability for >20 years in ultra-pure water.

k) Radioactivity in materials should be considered, but not at the levels required in the SNO Detector.

l) Safety design for all steps of installation and operation is imperative.

m) Chamber walls will consist of cast Concrete with  water-tight liner as specified in the preliminary cavern construction proposal. Any supports from the wall to the PMT support structure should not increase water leakage from the tank.  A specification for this leakage is needed in the 

overall tank design. 

n) Provide for anchoring the concrete liner, water liner, PMT support structure, and PMT’s  with no water in the chamber.

I have assumed that we will cast appropriate mounting studs or threaded sockets into the concrete liner sections before they are installed.  That, of course, implies a positioning precision specification for the liner sections.  Also, it may imply that studs are coated with or made out of material that can be heat fused with the polyethylene liner (water seal)

o) Determine PMT pressure capabilities using Testing vessels at BNL.         

I have also assumed that there will be provision for water drainage of the space between the rock wall and the concrete liner.  This will deal with any water seepage into the cavern.  Presumably, this drainage system can also remove any water that seeps through the plastic liner.                          
