DUSEL Beamline Working Group Meeting #13
October 27, 2008 – Black Hole
Summary

Present:  Mike Andrews, Jeff Appel, Dixon Bogert, Don Cossairt, Bill Griffing, 

               Jim Hylen, Vic Kuchler, Chris Laughton, Byron Lundberg, Mike Martens,  

               Elaine McCluskey, Rob Plunkett, Bob Zwaska, and George Velev
Guests:   Phil Adamson, Kris Anderson, and Pat Hurh
By Phone: Sam Childress, and Mary Bishai from BNL
Absent: Alan Bross, Nancy Grossman, Dave Harding, Gina Rameika

             Bob Wagner from ANL

             Milind Diwan from BNL

             John Corlett and Mike Zisman from LBNL.
Next Mtgs.: Weekly for a while.  Here’s the upcoming presentation schedule so far:

            November 3:      NuMI Magnets  -  Dave Harding                                         
                                           NOTE: PAC MEETS THIS DAY

            November 10:   Geodesy and Alignment - Virgil Bocean 
            November 17:   DOE view  -  Steve Webster   and

                                      Legal/Contract Management – Gary Leonard

            Beam Monitoring ?

            Near Detector and Bypass - Need and Size ?

            Management ?  -  Greg Bock and/or Dixon Bogert

Additional Agenda Items for Upcoming Meetings
          Mechanism(s) for getting neutrino community input/buy-in on a set of beam 
                 parameters                      

          Measurements related to the causes of corrosion in the NuMI tunnels

Action Items 
           Think about how to specify measurements related to the causes of corrosion in the    

                  NuMI tunnels.  

           Find out what reports might exist at J-PARC on this topic (Jim).  
NuMI Lessons Learned –  Tritium mitigation  -  Rob Plunkett
As usual, see the AD documents data base for the presentation slides: 
     http://beamdocs.fnal.gov/SNuMI-public/DocDB/ShowDocument?docid=359
See also, Don Cossairt’s conference paper titled “A Model for Calculating Radionuclide Concentrations in the Fermilab Industrial Cooling Water System”, FERMILAB-CONF-07-539-ESH.  This paper was submitted to the Midyear Topical Meeting of the Health Physics Society (Oakland, CA, January 2008). It is in the AD documents data base with the presentation at the link above.
Key features of Rob’s presentation were the needs for tritium mitigation planning from the design stage on (including numerical modeling!); to allow for monitoring of tritium development, migration, and eventual release; for tools to aid in these things from segmentation of the system to placing of sampling capability into the civil construction. Additionally, for appropriate design of the tritium containment and prevention of its getting into underground water, it is important to understand the nature of the rock into which one is putting the beamline (particularly, but not only the amount of fracturing in the rock formation) and the detailed relevant characteristics of important technical components and construction materials.

Probably 5 FTE-years of effort went into understanding and mitigating the release of tritium from NuMI.  However, in spite of these efforts, tritium levels in the Fermilab ponds rose to measurable concentrations after only a few months of NuMI operations. This water was discovered as being released to Indian Creek by means of a broken pipe in November 2005. After the broken-pipe incident, there was an enormous effort mounted to understand and mitigate the generation of tritium and improve our processes in this area.  The release of tritium was well below any regulatory limits. The NuMI design, validated by experience, is to collect water underground so that all underground water flow is into the tunnels where it is collected and appropriately disposed of.  This is to prevent tritium from entering the local aquafers. The surface ponds at Fermilab and evaporators are used to manage the tritiated water pumped from the tunnels. That is where the broken pipe became relevant.
In general, there are two limiting cases of tritium mitigation strategy: getting rid of the tritium as quickly as possible, and letting it build up. Long term diffusion is a problem in any case, especially for the decay pipe which is likely to be shielded with concrete (all other materials being too expensive).

Following the tritium release incident, both immediate and longer-term corrective actions were taken, starting with collecting chiller condensate in drums for disposal, and then active dehumidification of air in the highly radioactive areas. Each year, a reduction by a factor of about two for tritium production per proton on target has been achieved – making up for the increasing delivery of protons for the experimental program. The active program of monitoring, which first discovered the tritium release, was greatly expanded following the release and continues unabated. 
Seemingly unrelated occurrences can affect the tritium environment.  An example has been the partial blockage of a drain under the target pile which created a puddle upstream of the target hall. 

Tritium is not an isolated contaminant.  Short-lived radionuclides which are produced in the air (e.g., C-11, N-13, and O-15), must be allowed to decay away before the tritium stream is discharged. In NuMI, passing the air stream half the length of the decay-pipe passage way (taking 45 minutes) is used for this purpose. Stored tritium is also a problem, separate from the free molecules containing the tritium.  This stored tritium diffuses out of materials (mostly steel) slowly.  This was observed in the first month of a shutdown in which the NuMI target was kept closed.  The tritium concentration leveled off, indicating the slow release of stored tritium. 

In discussing the monitoring of tritium levels and the tritium’s sources, it was pointed out that access to enough sampling points and readily removable material cores were missing from the design. The use of a tunnel boring machine meant that the lowest point of excavation was under the middle of the tunnels, where no access exists.  Blasting, as expected for DUSEL, would allow one to better shape the tunnel to facilitate drains at the sides where sampling and monitoring would be easier.

Dehumidification is important, not only for tritium mitigation, but also to minimize corrosion of metal components. JPARC uses inert gas (He) to reduce tritium production and corrosion. It was suggested that C02 would be equally effective in these regards. In either case, access for repairs would require air purging, and special safety precautions, of course. JPARC was said to have a system that allows vacuum to be drawn, but I am not certain if this was for all regions containing inert gas.  Sounds like a big vacuum if so.

NuMI has hired LBNL consultants to help with numerical modeling of, and understanding tritium issues. The consultants are addressing the decay-pipe region, where tritium production is mostly in concrete. The consultants study transport in the concrete, after the Laboratory gives them direct production rates from MARS. The transport process in this case is a mixture of diffusion and convection through small pores. Since concrete has water content, tritium can migrate both as part of water, and presumably via other mechanisms. This decay-pipe region can be contrasted with the target hall, where tritium is predominately produced in steel as a spallation product, and where the model is just tritium diffusion followed by surface release – where the tritium makes a chemical exchange almost immediately with a hydrogen atom in water vapor to make HTO.  T2O is almost certainly totally negligible, but would be included in the THO count in any case. TH has not been measured by the Laboratory, as it does not condense into the water samples measured, and may or may not be a significant fraction of the tritium release. An appropriate instrument is on order to make this TH measurement. Diffusion in the kind of concrete used in shielding is five times higher than in structural concrete. One requires an undisrupted sample, which is hard to obtain by drilling from the shielding itself. That's why we ended up re-fabricating it. The questions asked by the consultants have been educational to the Laboratory; and answering them has taken real work. 
If the DUSEL beamline penetrates the Galena-Plattville layer of local rock formation, vertical fractures in the rock will be a major concern and unknown. Sealing of the excavation may be required. An air break to intercept tritium might be part of such a system. On the phone, Sam Childress noted that it may be possible to keep the absorber hall high enough to avoid the Galena-Plattville layer.  This assumes a 400 m decay length, not a 600 m decay length.  It is accomplished by doing the long horizontal bend for the proton beam prior to the vertical bend, which reduces significantly depth of the underground facility. It also should simplify the primary enclosures construction and component installation.
