Documentation Summary for the mass of the NOvA Far Detector
This document follows the construction path for the Far Detector while keeping track of the mass of the component under construction at each stage.   Other NOvA documents are referenced where appropriate.
The first basic part is the NOvA PVC extrusion.  Each extrusion has 16 NOvA cells.
	Item
	Mass
	References

	As Built PVC extrusion mass for a 15.494 meter (50-ft 10-inch) extrusion of 16 cells.
(This is an average over the extrusion production.)
	519.01 pounds
Or
253.65 kg
	NOVA-doc-11847



The next step covers building 32-cell NOvA PVC modules from two of the 16-cell extrusions, adding wavelength shifting fiber, PVC fiber manifolds where the fibers are brought to an optical connector, and PVC endplate closures at the opposite end of the module.
	Item (per PVC module)
	Mass
	References

	Each PVC module is formed from two 50-ft 10-inch extrusions
	507.29 kg
	Table above

	Plastic Welder adhesive is required to glue the two extrusions together along one edge.
	1.633 kg
	NOVA-doc-10485

	Manifold parts + adhesive at the fiber end of the module
	4.109 kg
	NOVA-doc-10485

	Endplate parts + adhesive at the other end of the module
	1.702 kg
	NOVA-doc-10485

	Outer seal of Plastic Welder, manifold and endplate. 
	0.625 kg
	NOVA-doc-10485

	Wavelength shifting fiber ( 32.3 meters per cell averaged over 32 cells
	0.4505 kg
	NOVA-doc-10485

	Fiber retaining ring at the endplate end of the module.  The fiber is looped around the ring and both ends are brought out through the manifold end.
	0.058 kg
	NOVA-doc-10485

	TOTAL PVC Module mass
	515.87 kg
	



The next step covers building Far Detector PVC blocks out of the PVC modules.   A block consists of 32 layers of modules with 12 modules in each layer, or 384 modules per block.   16 of the layers have vertical modules and 16 layers have horizontal modules.  The outside 32 vertical modules on the edge of the vertical planes have a PVC stiffener glued to the outside wall to resist hydrostatic pressure in that direction.  The layers are held together with an adhesive.  	

	Item (per PVC Block)
	Mass
	References

	Each Block contains 32 layers of 12 PVC modules, or 384 modules in all.
	198,094 kg
	Table above

	32 of the vertical modules have edge stiffeners on the outside edge.
	148 kg
	NOVA-doc-11800

	The mass of adhesive between planes of modules is 9.05 kg per module.
	3,475 kg
	NOVA-doc-8946

	TOTAL PVC BLOCK mass
	201,717 kg
	



     Blocks were built with layers indexed to a steel pallet and assembly table.   When the block assembly is stood up by the Pivoter, the steel pallet is on the bottom and remains with the block.  There is a layer of Flexane between the PVC vertical modules and the steel pallet to spread the load. The floor is shimmed to make the block horizontal and the pallet is a crucial part of the construction.   We do not count the steel pallet mass, the Flexane mass, or the floor shim mass.
     The Far Detector is composed of 28 Blocks.  Each block is separated from the previous one by a piece of PVC plastic at the top to ensure the blocks are all structurally “top guided”.   All 28 blocks were filled with NOvA Scintillator.
	Item 
	Mass
	References

	28 Blocks 

	5,648,069 kg
	Table above

	Each block has a PVC spacer glued on at the top so that all blocks touch in a “top guided” mode.  Some spacers are 0.250 inches thick, some are 0.125 inches thick.
	3,964 kg
	NOVA-doc-11800

	All 10,752 modules were then filled with scintillator (3 have no scintillator due to leaks detected after construction but before filling).   The total scintillator in the detector is 2,674,041.1 gallons.

NOvA scintillator is 3.257 kg/gallon       (7.182 pounds/gallon)
	8,711,187 kg
	NOVA-doc-8431



NOVA-doc-11886

	TOTAL MASS of 28 BLOCKS
	14,363,220 kg
or
14.363 kilotons
	



Finally, the 28 blocks are trapped between two “bookends”.  The bookends plus the spacers at the top of blocks restrict the failure mode of the structure to simple buckling within the sum of gaps between the blocks.   The south bookend is composed of 3 steel structures bolted to the detector hall south wall to simulate a plane.   The north bookend is the detector assembly Pivoter rotated vertically and pinned to the detector hall floor.  We do not count the bookend mass as part of the detector mass.

The additional parts of the Far Detector structure are documented here but not counted as part of the Key Performance Parameter.
	Item 
	Mass
	References

	28 blocks with 184 kg of Flexane per block on the bottom of the vertical modules

	5,161 kg
	NOVA-doc-11800

	28 pallets @ 8,900 kg per block.
	249,200 kg
	NOVA-doc-5813, see 
“Pallet Weldment” drawing

	South Bookend mass

	12,800 kg
	

	North Bookend (Pivoter) mass
	290,806 kg
	NOVA-doc-6887, 
see “pdf spreadsheet with updated weight values, lines 32, 868, 1032, and 1041-1044.

	NOvA Far Detector uncounted mass
	557,967 kg
Or
0.558 kilotons
	



