Chapter 11 - Installation & System Test

11.1

Introduction:

As detector subsystem elements begin to arrive at the Daya Bay site, they will be deposited either at the Storage Building or the tunnel opening itself.  Some elements, such as the liquid scintillator and mineral oil storage tanks, will arrive ready for installation on the surface or in the tunnel.  Other elements, such as muon system chambers or slats, will require only a brief retesting to ensure that no damage occurred during transport.  However, elements such as the central detector tanks will require space for subsystem assembly and check out.  The nested acrylic inner vessels will need to be lifted and placed into the steel outer vessel in the Daya Bay Surface Assembly Building.  This building will be large enough to house many of the steel tanks and nested acrylic inner vessels.  It will also have a crane of sufficient capacity to assemble the nested vessels and to lift the completed (but dry) central detectors onto their trailer or transporter.  The Surface Assembly Building will require clean assembly space for working on the open vessels to maintain the appropriate surface cleanliness.  Once subsystems are assembled and tested as required, they will make their way very slowly down into the tunnels on trailers or transporters to their appropriate experimental halls for final assembly, alignment and system testing.

11.2 Incoming Receiving and Storage:

The elements of the detector – central detector tanks, acrylic vessels, calibration devices, veto detectors, PMTs, liquid storage tanks, and so forth – will have to arrive on a well coordinated timeline.  The space required just for storage of components will quickly overrun the available storage space if we do not coordinate deliveries.  The large volume storage tanks for Gd loaded LS, pure LS and the mineral oil buffer will need to be in place prior to central detector elements arrival or completed central detectors will stack up down in the tunnel waiting to be filled.  

An incoming storage building will be required.  The Storage Building (SB) will need to be sized to hold the large elements of the central detector and veto system, but only for several of these elements and for short periods of time before they are moved into the Surface Assembly Building.  For example, space for 2 steel outer vessels plus 2 sets of nested acrylic vessels as well as several large veto detector panels and boxes of PMTs, should be sufficient.  But, even this, requires a building of roughly 200 m2 area and a crane with 2 hooks (20T and 5T).
11.3 Surface Assembly Building (SAB)

An assembly building of the scale of 15m x 50m (750 m2) will be required to assemble, survey and test multiple central detectors at once.  In parallel with central detector assembly and testing, inspection and testing of veto detectors will occur.   A building of this size could allow us to set up several inspection and test stations and have a station for survey and alignment.  It would be sized to handle assembly of 2 central detectors in parallel plus a short incoming veto RPC panel test station.  

If the building was arranged in a long (50m), fairly narrow (15m) orientation, a single 30T bridge crane running the length of the building with a smaller 5-10T crane utilizing the same rails would be sufficient.  This would allow for the manipulation of partially or fully completed (dry) central detectors while moving veto panels or staging other structures in parallel.

11.4 Subsystem Assembly in the SAB

11.5 Precision Survey, Fiducialization and Placement of the Detector Elements 

Precision survey at the sub-25 micron level will be required during assembly as well as after placement of the central detectors in the experimental halls.  Precise knowledge of the as assembled location of each of the 2 nested acrylic vessels with respect to the outer wall of the steel outer tank is required, so that we can monitor any relative movement of these elements.  (Note: the active monitoring system is discussed in Chapter 8.)  This will be a radial as well as longitudinal measurement at a precision of 10-20 microns.  This is well within the existing ability of modern survey instruments and techniques.  

Survey and fiducialization of the muon veto chambers, PMT support structures as well as the central detectors will be required in the SAB.  Carrying internal geometries to these external fiducial points will ultimately allow a precise relative understanding of detector geometry to the experimental hall and the outside world.  

11.6 Subsystem Test and Checkout in the SAB

Incoming inspection of each detector element for damage is an obvious task.  However, system elements that are completely assembled and tested to meet specifications at far away locals (the US for example, but in Beijing as well), will require a limited retest to ensure no internal damage occurred during shipment.  Testing for broken wires and shorts in RPC chambers, PMT function, calibration system function, etc., will all be required.  To accomplish these tasks, appropriate test stations will be assembled and utilized in the SAB.  The test stations will be manned by technicians, grad students, post-docs and physicists and will utilize a small set of simple electrical tests performed to a written test specification.  It is not likely we will repeat all the original performance tests performed at the originating institutions.  However, we may need the capability to provide appropriate gas mixes and hi and low voltage power as well as a low-noise test environment.

11.7 Transport to Experimental Halls (EH)

Assembled and tested elements of the detectors will need to be transported down into the tunnels and halls from the SAB.  This will be done using tractors and flat bed trailers or self-propelled transporters.  There are several issues associated with this task that make it somewhat more difficult than simply using conventional transportation equipment.

1) The tunnel itself is not very large 

2) We are driving through long tunnels with relatively little ventilation (for cost and space considerations)

3) We enter through a long steep (perhaps 10% grade) tunnel
Because of this, the transport mechanism should:

a) Have a low height bed (<1m)

b) Be electric drive or if need be, burn some very clean fuel such as LPG

c) If practical, be capable of “leveling” the bed to maintain the major axis of the central detectors in a vertical orientation

Not including the transport down the steep entrance tunnel before the Central Detectors are filled (and are therefore only about 20 Tonnes or 1/5th their final weight), we are currently investigating several transportation systems.  Custom made (short and wide) flatbed, “lowboy” trailers pulled by an electric airport pushback tugs, is one option.  A second approach is to use self propelled, computer and remote controlled, small-diameter wheeled, transporters which often have hydraulic lifting capability.  The final approach that was investigated is an electric powered train like transporter which runs on rails.  All of these systems have the benefit of having a bed height of around 0.5 m.  And, all of these are powered by electric motors for clean, safe operation in tight spaces.
11.8 Final Assembly in the EH

The veto detector elements (RPC chambers, structures and PMTs) will be delivered to the Experimental Halls as they complete the test and check out phase.  These elements will be installed down in the pool (PMTs and PMT supports) and over the roof of the pool (RPCs).  
After transportation down the steep entrance tunnel, the Central Detectors will stop temporarily to be filled.  The filling of mineral oil, LS and Gd loaded LS will occur at the LS filling site near the Daya Bay Near Hall (which is also very near the entrance tunnel). Next, the assembled and filled Central Detectors will be slowly transported down the tunnels into their EH.  Once there, they will need to have their temporarily removed calibration systems reinstalled so they can be calibrated and checked. 
At this point, the Central Detectors will be lifted into the emptied water pool onto their stands.  The long calibration tubes (to allow manual calibration after the pool is filled) will be installed and the readout cables will be dressed into the pool and up into the electronic racks.  
11.9 Precision Placement and Alignment with Respect to the Reactor Cores

Precise knowledge of the “global” location of each hall (wrt the power plants’ reactor cores) will be captured in permanent survey markers in each experiment hall.  These survey markers will be placed and known to a precision of better than tens of centimeters, with respect to the outside world, even though the halls are hundreds of meters inside underground tunnels.  

The Central Detectors will be surveyed into approximate (but precisely known) location on their stands at the bottom of each water pool.  The knowledge of the location of each Central Detector, with respect to the fiducial markers in the halls, can be at the level of 100’s of microns.  The location of the Muon Detector System elements also can be surveyed and understood at this same 100’s of microns level.  This is both with respect to the Central Detectors and the EH.
Therefore, the precise relationships between the detector elements and the reactor core will be known to the required precision of better than (30 cm?).
11.10 System Test & Commissioning in the EH

11.11 Repair and Maintenance

