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       The HINS tests in the Meson Building will use the proton source in their first stage. The outline of the H2 gas flow schematic for the ion source and RFQ is shown in figure below. The source of hydrogen gas is manufacturer supplied cylinder containing 35 CF of 6-grade H2 under a maximum pressure of 1800 psig. A   
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PRY - pressure relief valve
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FM - flow meter
FC - flow controller 1 - H2 pressure control (MV3 open + MV4, MVS5 closed)
2 - H2 pressure control + flow meter (MV3, MVS closed + MV4 open)
3 - H2 flow control + flow meter (MV3, MV4 closed + MV5 open)

System allows for 3 modes of operation:



  

VERIFLO-PARKER, 2-stage, 316LN steel regulator (PR1) reduces the output pressure to 10 psig, and the excess flow valve, EFV1, limits the maximum flow to 500 sccm. Next in line there is a pressure relief valve, PRV1, to purge H2 gas to the atmosphere if the line pressure exceeds 20 psig. The hydrogen flow lines are ¼ inch SS tubing that together with all used valves and fittings withstand up to 4000 psig pressure. The rest of the H2 gas flow system is experiment oriented with maximum line pressure of 10 psig and the flow rate reduced to a maximum of 100 sccm. A typical flow for the proton source operation, however, is well below 10 sccm. The hydrogen gas is pumped out of the system with three 1000 l/s turbo pumps for the Ion Source, and three 1000 l/s turbo pumps for the RFQ. The fore-pumps following the turbo pumps release hydrogen to the atmosphere.  
       The pure H2 gas is non-toxic and it poses no danger to humans. There are, however, two cases where the released hydrogen gas is of a great safety concern: (I) – amount of released hydrogen to the atmosphere displaces oxygen to the level of an ODH hazard, and (II) – amount of released hydrogen to the atmosphere is large enough to create a combustible condition. Both cases can be very dangerous as they are typically unnoticeable (first one simply causes disorientation, and the second one produces colorless flames). 

       As the HINS tests are taking place in the Meson Building one must consider the volume of air as well as the air ventilation rate in that building in order to assess properly the level of danger with proton source operations there, and than to determine the necessary steps to be taken to make these operations safe. 

      We do not have accurate dimensions of the Meson Building but it is a structure of 250’x140’floor area and a combined height of ~ 30’ (straight) with additional ~ 40’ of a semi-circular roof. This gives a crudely estimated volume of the Meson Building to be > 1.2 106 CF. For the purpose of the hazard analysis we must also consider the immediate area of the ion source which we determine as 20’x20’ floor area and 10’ (height) giving a volume there of ~ 4 103 CF. Using such determined volumes of the Meson Building and the ion source area we use the hydrogen gas release rates in normal operation (< 10 sccm), in partial failure (< 500 sccm), and in the catastrophic failure (instant release of 35 CF from cylinder) to estimate the levels of O2 displacement. The results are shown in Table below: 
	    H2 gas

 release rate
	O2 displacement in 
   ion source area

          
	O2 displacement in
  Meson Building

             

	10 sccm


	0.00000185 %/minute
	              -

	500 sccm 


	0.0000925 %/minute
	              -

	35 CF - instant

	            0.9%
	       0.003 %


        According to OSHA the reduced oxygen level from 20.9 % to 19.5% constitutes an ODH hazard. For the normal operations and the partial failure ones it would take 525 days and 11 days, respectively to reach the 19.5% oxygen deficiency hazard level in the ion source area without any ventilation system. In case of a catastrophic failure, however, oxygen deficiency level in the ion source area would be in the range of the OSHA determined as hazardous. As the hydrogen gas is ~ 14 times lighter than air, it will quickly diffuse into a larger space in the Meson Building producing a minimum of 0.003% O2 displacement, with larger concentration at higher elevations. We observe that with the MB ventilation system using only e.g. a 2400 cfm fan (e.g. axial fan direct drive, 12” diameter) the excess of hydrogen would be reduced almost instantly to the acceptable level. So, in conclusion we propose installation of a fan in the ion source area to facilitate pulling hydrogen contaminated air into the larger space of the Meson Building, and then another fan at higher elevation of the MB to pull air out of the building. Both fans could be set to be triggered by the oxygen monitor, and be part of the ion source safety control system. 

      The above Table also shows that the flammability hazard which requires minimum of 4% (LFL) of hydrogen concentration in air can be easily suppressed with a proper ventilation system in the ion source area. There should be, however, a continuous oxygen level monitoring system in the vicinity of the H2 cylinder that would be part of the overall ion source safety network and would send the ODH alarm and trigger the MB ventilation fans. 
     The other option is to place the H2 cylinder outside the building. This option does not appear to be safe either due to a very long distance from the outside of the MB to the ion source, and the necessity of crossing of MB transport and traffic paths with a small diameter hydrogen gas line. We would like to point out that potential of a flammability hazard is only for the case of the hydrogen cylinder breakup. This cylinder is supplied by the outside manufacturer, and it is not known that break-up of such a cylinder has ever occurred. 
