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     This note will quantify the use of Hydrogen in the PXIE accelerator and indicate steps needed to insure safe operation. The PXIE accelerator will use a commercial H- ion source from D-Pace Inc. The source of the Hydrogen needed to produce the ions will come from a Hydrogen bottle located outside the enclosure. The H- ions will be accelerated to 30 KeV by the source. The figure below shows the layout of the PXIE Low Energy end and part of the cave enclosure. Note this cave design has changed since the last time this note was distributrd. The hydrogen bottle is located next to a I-beam and against the building wall so as to be away from foot traffic. This Hydrogen bottle is enclosed in a plexiglass cage supported by unistrut and has a wire mesh for the top to allow for adequate ventillation.  A fan is located at the bottom of this enclosure to force circulation. The bottle contains 31 cubic feet of Hydrogen. The ion source is on the right hand end ( North end) of the PXIE cave and the Hydrogen bottle is on the lower right corner of the drawing shown below. The document “Storage and Use of Flammable Gases”, 6020.3-1, is used as a guide to make any calculations.

Schedule
     In the near term we will want to be testing the Ion Source and LEBT which will require the Hydrogen system to be in place. During this time the cave perimeter will already be installed. The only roof blocks will be those that are over the labyrinth. In other words there will be no roof bolcks over the ion source where the hydrogen is being delivered. The roof blocks will not be installed until after the RFQ arrives and is installed. This will not occur until Nov 2014 at the earliest. Thus any Hydrogen that leaks out of the system is  vented ino the CMTF building.
     Concerning ventillation, since there will be cryogenics, forced ventillation will be required when the PXIE cave is complete. The cryogenic system is scheduled to be installed by Oct 2015 at which time there will be ODH Ventillation.
Building and Enclosure
     The CMTF building Hi Bay area, where the PXIE cave is located is 216’ long by 66’ wide by 34’ high ( total volume = 484704 cubic feet). This volume is large enough that even if all the hydrogen is vented into the buiding the hydrogen will be diluted enough such that it is far below the lower explosive limit of 4 % (  = .13%). For ventillation there are eightteen 1400CFM Supply Drum Louvre Grills ( 40”x12”) around the CMTF Hi Bay which connect to the outside Air Conditioning unit and three 9000 CFM  Grill registers ( 46”x48”) for the return air. The air conditioner has a capacity of 27000 CFM.
     The PXIE cave is 138’ long by 15’ wide by 10.6’ high. There are two entrance labyrinths one on the North end close to the ion source and one at the South end . The labyrinth is 4.5” wide and 7.5’ tall. When the cave is complete it will be a ODH area and there will be ventillation. The Cryogenic Department will take the Hydrogen into account when calculating the ventillation requirements.
Calculations
   The bottle that will be used contains 31 cubic feet of Hydrogen at a maximum pressure of 2100 psi. It will be contained inside a plexiglass  enclosure that is 16”x21”x30” tall. The bottle itself will be strapped to the building  wall on the East side of the building near the Vacuum PLC (see enclosure diagram on page 1). Following the flow chart from ES&H document 6020.3, for a Hydrogen bottle of 31 cubic feet (density of Hydrogen = .0824 kg/m^3) we get
=.0715 kg
From the flow chart this value of Q is below the limit of .6 kG so the area is Risk 0 class.
     The maximum flow needed for operation of the the Ion Source is 20-30 sccm. The Hydrogen system will consist of : 1) a Hydrogen bottle, 2) a regulator, 3) a Sierra Instrument mass flow controller (0-100 sccm), 4) pressure sensor, 5) a pressure relief set for a cracking pressure of 15 psi, 6) several hand valves and gauges. The piping up to the Ion Source will be .25” stainless steel tubing. It will be placed along side of cable tray and will get into the cave using the penetration E0 (which is between RR 104 and the Vacuum PLC rack 108 in the PXIE layout drawing above). Since the ion source is at high voltage there will need to be a ceramic tube to isolate the line from ground; this ceramic break would need to be on the order of 3-5” in length. A quick calculation ,using .25” diameter tube, 50 feet long with a pressure of 20 psi indicates the tube would allow about 350 sccm if there were no flow restrictions. For operational flows of 20 – 30 sccm we want to limit the maximum flow to no more that 10 times this  thus we will need to install a flow restriction in the line such that the maximum flow in the worse case scenerio (i.e. complete failure of the flow controller) is less than 200 sccm.
Requirements
     ES&H document 6020.3 gives the requirements for a Risk Class 0 installation. They are:
1) “The area shall be posted "Danger-Flammable Gases, No Ignition Sources" using standard signs available from the Fermilab ESH Section. A list of responsible persons with their phone numbers shall also be posted. “ Signs will be obtained from AD ES&H. The people responsible are Lionel Prost, Richard Andrews and Bruce Hanna. These signs will be posted  both at the  Ion Source and the bottle.
2) “Combustibles and ignition sources shall be minimized within three meters of gas handling equipment, piping or apparatus. “ Note the bottle location will be greater than 3 m from the Ion Source disconnects and high voltage supplies.
3) “A pressure regulator appropriate for the gas and its environment shall be used. “ The regulator that was used at HINS will be used at PXIE.
4) “An orifice, excess flow valve or other fixed means of limiting the flow to no higher than ten times the maximum operational flow rate shall be installed. “ Operational flow will be between 20-30 sccm. A orifice will be installed to limit the maximum possible flow to 200 sccm.
5) “All gas cylinders shall be secured. Cylinders not in use shall be capped. Empty cylinders shall be promptly removed. Adequate hardware for securing all cylinders used or stored shall be available. “ The gas cylinder will be secured to the PXIE cave wall and enclosed in a metal mesh enclosure. There will be only one bottle located at CMTF at any one time.
6) “Enclosed volumes containing piping or equipment shall be incapable of becoming pressurized. For example, chest freezers shall not have latching doors. Electrical devices enclosing or enclosed within these volumes shall be listed for use in Class 1, Division 2 locations per NEC article 500 or otherwise be documented and approved as non-sparking devices. “Beside the metal mesh around the Hydrogen bottle, the ion source will have a grounded shield around it since it will be at high voltage. This shield will have numerous holes in it for gas lines and cables and thus can not be pressurized.
7) “Leaks from experimental devices such as drift chambers shall be measured and documented prior to initial operation (with nonflammable gas, if possible). Leakage above seven liters/hour from any one chamber shall be mitigated. Recheck for leaks after major repairs or modifications, and at least every twelve months. If the aggregate leak rate is constant individual detectors do not need to be checked. Leakage exceeding 20% of the lower explosive limit at a distance over two inches from an identified "point" leak shall be repaired. “The manifold will be made with commercial components and leak checked before being declared operational.
8) “Ventilation above one air change per hour shall be maintained in areas using or storing flammable gas. This may be accomplished by mechanical or natural ventilation. For natural ventilation, a room vent with a minimum of 1/2 square foot free area shall be provided per 1000 cubic feet of room volume. “During initial opereation the PXIE cave will not have a roof. Given the building volume and the air conditioning capacity the air is changed every 18 minutes. This will be true untill the RFQ is ready to be installed in the beam line; sometime around Nov 2014. After the roof is installed, there will need to be a ventillation system installed; this will be done by the Cryo Department in conjunction with the ODH constraints. In addition since the Hydrogen is injected into the Ion Source vacuum chamber, it is pumped out by the Ion Source vacuum pumps (three turbo pumps and three roughing pumps); the discharge from the roughing pump associated with the ion source chamber will go to the outside of the cave using a copper pipe that connects from the roughing pump vent to the outside of the cave. This line will exit the cave through one of the penetrations on the East wall.
9) “Welding burning, brazing, and grinding permits shall not be issued for areas within ten meters of the equipment containing flammable gas unless approved in advance by the responsible D/S Head or designee. “ Signs will be posted inside the PXIE enclosure and near the Hydrogen bottle indicating that special permission must be obtained for these actions. When welding and brazing are needed in the area the hydrogen will be turned off and the bottle removed.
10) “Oxidizers shall be stored separately from flammable gas containers or combustible materials. Either a distance of 20 ft (6.1 m) or a noncombustible barrier at least 5 ft (1.5 m) high having a fire resistance rating of at least ½ hour is a minimum separation requirement.” There are no oxidizers stored in this area. 
11) “Detector systems shall be purged with inert gas prior to introducing flammable gas. Provide sufficient purging prior to allowing high voltage to the detectors. “  The  ion source requires very pure hydrogen. The manifold lines will be pumped down before introducing Hydrogen.
12) “A piping engineering note may consist of certification that: 
a. Metallic tubing is 0.625 inch or less OD and the design pressure is 100 psig or less . The   
 tubing we are using will be .25” OD stainless steel tubing from the bottle to the outer perimeter of the ion source. From there polyethylene tubing will be used to go to the ion source since the ion source is at 30 kV.
b. Non-metallic tubing has a design pressure of 15 psig or less. The planned operating 
pressure is 10 psi or less and there is a pressure vent set to vent at 15 psi. “
13) “Vent piping may use PVC material if all of the following conditions are met 
        a. One end of the piping is open to the atmosphere 
        b. Pressure during maximum flow conditions does not exceed 1 psig at any point in the line 
        c. The vented gas contains no liquid or solid particles “
The exhaust from the roughing pump that backs up the turbo pumps in the line will be vented to the outside of the cave using copper pipe (such as was used at HINS). 
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