ANNIE Run 2 Gadolinium Usage
	Our goal is to count the number of neutrons that are produced by neutrino interactions as a function of energy. While we can use conventional techniques to reconstruct the interactions to determine the energy involved, to count the neutrons it will be necessary to dissolve a neutron capture agent into the ANNIE water target. Taking advantage of the work done in the broad physics community on such agents, we have selected Gadolinium Sulfate[footnoteRef:1] (GdS) as the best chemical to use. This is based on the very large neutron capture capability of Gadolimium[footnoteRef:2] , extensive material compatibility studies, that have been done, and the relatively low toxicity compared to other agents.  [1:  Gd2(SO4)3 ]  [2:  Natural gadolinium has a capture cross section average of 49,000 barns, as compared to 0.3 barns for hydrogen in water and 0.00028 barns for oxygen.] 

	The ANNIE tank is 10 feet by 13 feet and will be filled with about 26 tons (7,000 gallons) of pure DI water. The required Gadolinium Sulfate concentration will be 0.2%-0.3% by weight, for a total mass of GdS of 52-78 kg. The saturation concentration is about 2%, so all the GdS will remain in solution during the experiment. 
Loading the GdS into ANNIE will take place in the following sequence:
1. Fill the tank with pure DI water from MI12, as was done for Run 1
2. Mix batches of concentrated GdS in a 100-gallon mixing tank located on the floor of the SciBooNE hall next to the ANNIE tank, about 5 kg of GdS per 100 gallons
3. Recirculate the concentrate through a system of filters, UV lamps, and ion exchange resins to clean it.
4. Inject the GdS concentrate into the tank via a pump located next to the mixing tank
5. Repeat the cycle until the full amount of Gd has been added

Following addition, the water will need to be recirculated through a system of filters, UV sterilizers, and ion exchange resins on a frequent if not continuous basis, at about 1-2 gpm.

At the conclusion of the experiment, the GdS will be removed from the tank using standard commercial mixed bed resins.

Notes:
(1) need secondary containment. Berm around sump
(2) emergency shutdown – look into this for remote operation and maybe automatic operation with float switch
(3) transport of GdS to floor of ANNIE – 5 kg at a time or all at once? We will need crane to place skid on the floor anyway. 
(4) resin disposal issues – need to dispose as hazardous waste when removed. Clean whole tank, test, and dispose. Better than in-line disposal.
(5) scooping dry GdS. Write procedure with PPE. Dust mask seems best. Gloves, glasses, lab coat (Tyvek OK). Eye wash station considerations. Maybe just bottles. Also two person rule seems good.
(6) how to weigh it out? Need scale but not high accuracy required. Should have the exact amount we need on the floor.
(7) sump pump berm would make it OK to leave in auto mode
(8) electrical certification of pumps and UV lamps. Look at signage for UV.
(9) will be ~1 bag of solid waste (expended filters) after filling
[bookmark: _GoBack]
