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At the PC Gas Review on January 15, 1999, there were a number of concerns raised about the possible exhaust of flammable gas from the Pad Chamber gas supply system to the outside.  This note addresses those concerns.

The first concern was that there was no pressure relief valve in the gas lines preventing high pressure gas from pressurizing the gas manifold and chamber.  To address this concern we added a pressure relief valve into the gas line immediately following the two stage regulator.  This relief valve opens at 10 psig.  The exhaust from the relief valve vents via ¼” copper tubing to a vent outside the building, approximately 30 feet away.

The second concern was that we needed a flammable gas detector around the Pad Chamber being tested.  A portable flammable gas detector has been borrowed from Kazu Kurita and the MuID group.  Al Pendzick has indicated that this arrangement will satisfy the requirement that we monitor the air in the fabrication facility for any detectable presence of Ethane leaking from the chamber.  In addition, flammable gas will not flow unless there is a person in the fabrication tent monitoring the testing facility.

A PHENIX Documented Work Procedure has been written (PHENIX Procedure No 2.5.2.5-02, and PC-OP-99-001) giving the Operating and Emergency Procedures for using Argon/Ethane 50/50 gas mixture in Building 820.

The last concern was a question about the rate at which flammable gas could fill the fabrication tent in the event of a failure of the gas system.  In order to calculate the rate at which Argon/Ethane would be dumped into the fabrication building in the case of a break in the tubing in coincidence with all the valves being left wide open, the following considerations have been assumed.

The “Design Basis Accident” is one where the Argon/Ethane bottle is left open and the regulator valve is opened all the way to its maximum throughput, i.e. 50 psi.  Then we assume that there is a break in the polyflow section of tubing close to the gas manifold.  From this, the flow rate of the gas through this tubing can be calculated using the following expression:

Flow Volume: W = (a4/8L) p

where W is the volume of gas flow through the pipe,

a is the inner radius of the pipe,

is the viscosity of the gas,

L is the length of the run of pipe,

p is the pressure difference between  the input and output of the pipe.

I will make the following assumptions in evaluating some of these parameters: 

I have not been able to find viscosities for either Argon or Ethane, or a 50/50 mix of the two.  But gas viscosities are quite similar, and at 20 degrees C fall in the range of 1 - 2 x 10-4 dyne s/cm2. For this calculation, I will use  = 1.5 x 10-4 dyne s/cm2

The piping we propose running to the chamber will be ¼” copper tubing with Swagelok connections.  This has an inner diameter of 0.19 inches or an inner radius of a = 0.24 cm.

An estimate of the length of tubing running from the gas bottle to the gas manifold is 2 meters.

The initial pressure differential will be

p = 50 psig.

This determines an initial flow rate of 

W = 1.56 x 105 cm3/second 


(or W = 5.5 cubic feet per second)

The Argon/Ethane bottle contains approximately 70 cubic feet of gas.  For the Design Basis Accident, we will use a worst case scenario and apply the nonphysical model of gas leaving the cylinder at a constant rate.  At the rate of 5.5 cubic feet per second, the will empty in about 12 seconds.  This will bring the concentration of Ethane in the tent (gas volume of the tent is ~ 15,000 CF) to 0.23%.  Ethane is flammable in concentrations between 3.0% and 12.4% (from Table 4-P-2 in Chapter 4 of the RHIC SAD of January 19, 1999).

Based on these considerations, we do not believe that a Design Basis Accident in the Pad Chamber Fabrication Tent constitutes a flammable gas hazard.
