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Contract for R&D on Capture and Exchange Method for Processing Highly Tritiated Water  
SUMMARY
Purpose

The purpose of this service contract is to newly obtain tritium experimental data and full scale H2/HDO data for the Capture and Exchange Method to process highly tritiated water (HTW) in the ITER Tritium Plant. 

Background

ITER will be the first fusion machine fully designed for deuterium-tritium discharges. Tritium operation in ITER will result in different tritiated products – water, organic compounds, tritium contaminated metals and non-metallic materials. Highly tritiated water (HTW) with a tritium concentration above 1013 Bq/L (the limit of admission to Water Detritiation System) may be generated in such processes as vacuum vessel venting, cryopumps regeneration, baking of tritiated dust retrieved from the vacuum vessel at the Hot Cell Facility, water-like processing in Tokomak Exhaust Processing system and so on. HTW can be generated also as the product of the glovebox (GB) decontamination process in case of primary tritium system failure and tritium release into the GB. 70 g of tritium released to the GB would produce 470 g of HTO. The hazards associated with storage and processing of HTW consist of: i) its excessive radio toxicity (four orders higher than HT gas); ii) disintegration through self-radiolysis into molecular hydrogen and oxygen, forming a potentially explosive mixture and iii) the liquid is exceedingly corrosive, mainly due to the presence of peroxides generated in radiolysis processes. Taking into account that some systems or the entire ITER Tritium Plant will be set in the safe state in such a failure case, a segregated processing system will be necessary. Within margin of safety used for Tritium Plant, the processing system shall be assumed for processing up to 2000 g of HTW at a given time (less than 10 days). It is, therefore, necessary to develop a reliable and trouble-free method to process HTW. The process shall recover tritium from HTW by a reduction of HTW to a gaseous products or detritiation of HTW to a residual tritium concentration well below 1013 Bq/L which can be further processed by the WDS of Tritium Plant. 

In a previous contract, Capture and Exchange Method was proposed by Savannah River National Laboratory (SRNL), and PERMCAT & VPCE combination was proposed by Karlsruhe Institute of Technology (KIT).The Capture and Exchange Method utilizes portable platinum-catalyzed Ambient Molecular Sieve Beds (AMSB) and standard off-the-shelf components such as pumps and tanks. Potential advantages of this method are the safe handling of HTW and the simplicity of the system because HTW is stored and processed via isotopic exchange by the catalyzed AMSB at room temperature.  Based on the previous experimental data obtained with protium and deuterium, 1780 mol of deuterium is needed to reduce the total tritium in 2000 g of DTO to 1013 Bq/L tritiated D2O (by a factor of 5000).  On the other hand, PERMCAT developed by KIT is a reactor of Pd/Ag permeation membranes combined with nickel-based catalyst, which is operated at 400oC.  One of the advantages of this technology is its higher efficiency in comparison with the Capture and Exchanged Method.   Only 400 mol of deuterium is needed to reduce the total tritium in 2000 g of DTO to 1013 Bq/L tritiated D2O (by a factor of 5000) with two sets of PERMCAT in series from the extrapolation of the H2/D2O data. 

Tritium data is available on PERMCAT, whereas there is no tritium data available for the Capture and Exchange Method.  To finally decide on technology of HTW processing for the ITER Tritium Plant, it is necessary to newly obtain tritium experimental data and full scale H2/HDO data for the Capture and Exchange Method. In addition, it is also required to get an insightful understanding of isotopic exchange reactions on the platinum-catalyzed AMSB including material characterization. The ideal candidate material for the Highly Tritiated Water Process would have the following properties: high capacity of water adsorption, efficient isotopic exchange, minimal tritium retention after processing and regeneration, and good thermostability to ensure process life.  Based on the above selection criteria and existing data, IO recommends that platinum-catalyzed Na-Y-10 and Na-Y-5 (both preferably silica-bound) should be considered as candidate materials for the Capture and Exchange method to process highly tritiated water.
Scope of work 
Within this contract, the following services shall be provided:
(1) Testing with H2/HDO including material characterization of platinum-catalyzed Na-Y-10 and Na-Y-5: to perform a series of bench scale tests with H2/HDO utilizing approximately 20 g of catalyzed molecular sieve material for each test in order to obtain the data on H2/HDO isotopic exchange covering the deuterium concentration range of 100% to 0.02% (mole) in HDO and the data on the H2/HDO isotopic exchange rate with varying deuterium concentration, flow rate and column dimensions 

(2) Laboratory scale tritium testing with D2/DTO: to verify the cold tests and to reveal the isotope effects of the efficiency of isotopic exchange and the corrosion aspects of HTW utilizing approximately 20 g of selected one kind of platinum-catalyzed zeolite for each test covering the tritium concentration range of 10% to 0.02% (mole) in DTO.  
(3) Full scale testing with H2/HDO: to obtain the engineering data on the selected platinum-catalyzed zeolite (20 kg) for processing 2 kg HDO and to document detailed but generic procedures of the preparation of platinum-catalyzed Ambient Molecular Sieve Beds.
Export control 

Given the nature of the foreseen services, there may be possible Export Control considerations applicable to the implementation of the contract in question.

Estimated Duration and Timetable
The duration of the Contract will be 18 months from the date of the signature. 
The tentative timetable of the applicable Call for Tender procedure is as follows:

Call for Pre-qualification


September 2011
Call for Tender




October 2011
Tender submission



November 2011
Contract placement



December 2011
Experience
The potential tenderers should have proven experience in the following areas:
· Recognized competence in R&D of highly tritiated water processing;
· Handling of large amount of tritium (greater than a few grams);
· Employing molecular sieve beds for  tritiated water processing;
· R&D on H2/HDO swamping and/or D2/DTO swamping.
Candidature

Participation is open to all legal persons participating either individually or in a grouping (consortium) which are established in an ITER Member State. A consortium may be a permanent, legally-established group or a grouping, which has been constituted informally for a specific tender procedure. All members of a consortium (i.e. the leader and all other members) shall be jointly and severally liable to the ITER Organization for the implementation of the contract. 
The candidate’s composition (i.e. an individual legal entity or a consortium) shall be presented at the pre-qualification stage. The candidate’s/tenderer’s composition cannot be modified without the prior approval of the ITER Organization after the pre-qualification.

Legal entities belonging to the same legal grouping are allowed to participate separately if they are able to demonstrate independent technical and financial capacities. Candidates (individual or consortium) must comply with the selection criteria. The IO reserves the right to disregard duplicated references and may exclude such legal entities from the pre-qualification procedure.
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