Documentation Summary for the mass of the NOvA Near Detector
This document follows the construction path for the Near 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 (157.25 inch) extrusion of 16 cells.
(This is an average over the extrusion production.)
	133.79 pounds
Or
65.38 kg
	NOVA-doc-11847 scaled to shorter extrusion length



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 157.25 inch extrusions
	130.77 kg
	Table above

	Plastic Welder adhesive is required to glue the two extrusions together along one edge.
	0.421 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 ( 9.3 meters per cell averaged over 32 cells
	0.129 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
	137.81 kg
	



The next step covers building Far Detector PVC blocks out of the PVC modules.   A block consists of 24 layers of modules with 3 modules in each layer, or 72 modules per block.   12 of the layers have vertical modules and 12 layers have horizontal modules.  The layers are held together with an adhesive.  	
     Blocks were built with layers indexed to a steel pallet and assembly table.   When the block assembly is stood up with a crane, 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.  We do not count the steel pallet mass or the Flexane mass.

	Item (per PVC Block)
	Mass
	References

	Each Block contains 24 layers of 3 PVC modules, or 72 modules in all.
	9,922 kg
	Table above

	The mass of adhesive between planes of modules is 2.33 kg per module.
	43.3 kg
	NOVA-doc-8946 scaled to shorter modules

	TOTAL PVC BLOCK mass
	9,965 kg
	



     The Far Detector is composed of 8 PVC Blocks.  There are no spacers between the blocks.    All 8 blocks were filled with NOvA Scintillator.  There is an additional Muon Catcher at the back of the Near Detector with 10 layers of 10cm thick steel and 11 layers of horizontal and vertical modules.   In this part of the detector, the horizontal modules (22 of them) are identical to those in the other blocks.   However the vertical modules (33 of them) are shorter, only 108.25 inches long instead of 157.25 inches
	Item 
	Mass
	References

	8 Blocks 

	79,725 kg
	Table above

	Steel in Muon Catcher
	78,100 kg
	NOVA-doc-9860

	33 PVC modules 157” long + 22 modules 108.25” long in Muon Catcher
	3,031 kg
	2nd table in this document

	22 PVC modules 108.25” long in Muon Catcher
	2,135 kg
	2nd table in this document scaled for shorter extrusions

	Adhesive between Muon Catcher layers
	13.2 kg
	

	All 631 modules were then filled with scintillator.   The total scintillator in the detector is 40,141 gallons.

NOvA scintillator in the Near Detector was from Scintillator Blend #25 which had a lower density than all other blends.         The scintillator is 3.239 kg/gallon       (7.140 pounds/gallon)
	130,003 kg
	NOVA-doc-10937


NOVA-doc-11886

	TOTAL MASS of Near Detector
	293,008 kg
Or
293 tons
Or
0.293 kilotons
	



Finally, the 8 blocks are trapped between two “bookends”.  The south bookend is a new construct, but the north bookend is just the Muon Catcher itself.  

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

	8 blocks with 34.5 kg of Flexane per block on the bottom of the vertical modules

	276 kg
	Scaled from NOVA-doc-11800

	8 pallets @ 8,900 kg per block.
	? kg
	Not yet documented

	South Bookend mass

	12,800 kg
	NOVA-doc-10259

	additional NOvA Near Detector              mass not counted
	2,902 kg
Or
2.9 tons
Or
0.003 kilotons
	





