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5) What are the safety considerations related to moving a detector full of scintillator on the surface? 

--catastrophic rupture in traffic accident (compare to gasoline tanker trucks)

   Tank wall is 6mm steel, much thicker than tanker trucks,

--oil spill (environmental):  Small spills not credible (the only opening is at the top)

--trailer overturning:  will use professional and insured  rigging company

--rigging up and down the shafts:  will use professional and insured  rigging company

   No personnel allowed below the load at any time.

6) What are the safety considerations relating to (lack of) escape routes in the shafts? 

This requires care.

We can, perhaps, try to bound the problem by costing a separate escape shaft (4 ft diameter ??) as was discussed earlier.  The cost is somewhat offset by making the main sgaft smaller, because it now has only one elevator.

7) Does the cost quoted for the civil engineering of the shafts include all safety precautions for personnel working underground? A similar exercise for a shallower shaft at CERN was estimated at around $30M for a single shaft. 

Let’s start by making a list (similar to what was done already), e.g.

Emergency power

Positive ventilation

Fire suppression

Escape routes 

Refuge room ?????

Evacuation of injured personnel

8) Please provide some information that will indicate the ruggedness of the engineering to make it possible to move the detectors between sites. How big are the expected dynamic loads encountered during movement compared to the static loads that enter for the normal engineering design? 

The  Miniboone analysis for PMT’s from Len Bugel,  attached) analyzes the problem from several perspectives.  The most direct one is reference 4 in his paper, that quotes the SNO experiment as having done a test on four  8” PMT’s (same as Braidwood PMT’s), essentially in contact,  subjected to 6 atm water pressure, while puncturing one of them. The remaining PMT’s were not damaged.  The pressure at the bottom of the Braidwood detector is 0.63 at,  hence a pressure of 6 at would require an upward acceleration of  9.5 g.

I’ll look at the tank and support FEA to get similar information.

Note: no oil sloshing since the tanks are full.

No stress on plexi sphere since it has neutral buoyancy.

We will get information on maximum accelerations from the rigging company soon.

Preliminary limits are about 1 g dynamic maximum.  We’ll design with a safety factor (4 g total?)

9) What detector parameters (volume? PMT gain? energy calibration? other?) must remain constant, and to what level, when the detectors are moved for this cross-calibration to work? 

These parameters are important, and must be monitored with several redundant systems.

We expect to monitor liquid properties and PMT gains at well below the 1% level.

(Some quantitative work is needed here; we do know the sensitivity to the energy scale, which is the main ingredient here)

However, they are not required to be constant, and we do not assume them to be immutable.

At a minimum the parameters must be measured before and after each move.

The present plan includes the option of live monitoring and recording during the move as well.

We are considering, but have not decided, on maintaining temperature regulation during the moves.  Passive thermal insulation can be designed for very long thermal time constants.

