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Minutes of the RHIC Experiment Safety Committee Meeting

June 24, 1998

Subject:
The PHENIX Design Basis Accident (DBA)
Present:
L. Bower, D. Beavis, A. Etkin, K. Foley, S. Kane, J. Levesque, Y. Makdisi,

W. McGahern, J. Mills, B. Miller, S. Musolino, A. Pendzick,

G. Ciccarelli

This meeting was called to discuss the status of the PHENIX DBA and reach some consensus from the committee towards closure.  G. Ciccarelli made a short presentation to explain the reasons the TNT-equivalent approach does not apply to the PHENIX configuration.

A brief history is in order. PHENIX made a presentation to the committee on April 23, 1998 to describe several scenarios that were considered for a Design Basis Accident. Four cases and the respective calculations by G. Ciccarelli were presented:

1- A 100 m3 of 7% ethane/air mixture igniting and with an explosion in the IR.

2- An unburned 7% ethane air mixture is forced into the tunnel and explodes.

3- A 100 m3 of 3% ethane/air mixture igniting at the center and burning propagating at a finite  

     rate with gas venting.

4- A major fire and release of 250 liters of ethane.

The committee felt that case 3 should be used as the DBA scenario where the calculations indicate that the PHENIX detector will be destroyed, the shield wall will move slightly but remain intact and no resulting impact on the Assembly Building and counting house. 

The committee then felt that additional work and detail is required primarily regarding:

· The shield wall as a single unit or blocks.

· Lateral displacement and rotational tilting motion should be considered.

· Venting restrictions.

· Sensitivity to flame speed propagation.

· Inclusion of the isobutane because, unlike ethane, it is heavier than air.

This feedback was presented to PHENIX via E-Mail. Several meetings between members of the committee and PHENIX were held to further refine the model assumptions and calculations.

A comprehensive draft document by G. Ciccarelli dated June 22, 1998 described in detail the layout of the PHENIX experiment, the operational scenarios, the various gases used and their properties, and the assumptions that were used in the calculations:

1. A total of 100 cubic meters of flammable gases ethane-equivalent. Ethane is the largest component including the RICH counter and its buffer volume.

2. Multiple failures allow the gas release and sufficient time to uniformly expand and mix with the IR air to form a 3% flammable mixture.

3. Burn the entire volume at a corresponding flame speed of 0.15 m/sec being the upper limit for such a mixture.

4. The resulting pressures were calculated using the ventilation (from the MuID steel to the tunnel 17 m2), as well as variable ventilation if one allows the wall to tilt away and create an opening along its top.

The calculations indicate that the IR has adequate natural venting such that the burn does not result in toppling the shield wall. 

Sensitivity analysis on two parameters, the flame speed and venting area were carried out. The flame speed was increased to 0.32 m/sec keeping the vent area fixed at 17 m2. Peak pressures were then calculated. The wall tilts to 5.8 degrees and swings back. Beyond this speed, the wall goes beyond the critical angle and the wall collapses. Similarly, for a speed of 0.22 m/sec the vent area was restricted from 17 m2 down to 12 m2 with the shield wall tilting and restoring. Beyond this the wall collapses. These studies indicate safety margins of factors of two at best.     

The committee appreciates the thoroughness of the study and accepts the report. The committee also recognizes that such models have limitations and that realistic conditions tend to dictate a more conservative approach. For example the assumption of a homogeneous mixture is ideal when in reality there may exist locations of mixtures of significantly higher concentrations of flammable gases. This is difficult to model and the consequences are harder to assess.

The committee recommends that we exercise more caution regarding the shield wall to reflect the uncertainties mentioned above. The upper part of the shield wall may also require bracing. This has been the plan when seismic restraints are implemented. In addition, the issue of occupancy in the Assembly Building in the shadow of the wall needs to be visited.

The DBA study affirms the safety of the PHENIX counting house from falling debris from the shield wall. It was felt that a block crashing from the wall is not likely to produce projectiles with enough speed to penetrate the wall of the counting house. This closes an action item in the ORR of the counting house. 

The DBA also addressed the separate issue of isobutane in the tracking chambers inside the North and South Muon magnets. The calculations show that the magnet steel can sustain a burn of the isobutane without structural failure.

This DBA will form the basis of the PHENIX Safety Assessment Document where the safety envelop is defined and accident prevention, mitigation, and control will be addressed.  

Attachment: A summary of the DBA analysis from G. Ciccarelli.
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