A final design review (FDR) of the RPC Gas Safety system for the Daya Bay experiment was held on June 19, 2008 via phone conference.  Committee members present were Tom Wise (co-chair), Jingzhi Bai (Co-chair), Xiaonan Li, Chang Chen. Henry Band reviewed materials in absentia. The usual cast of ex-officio members also participated. The charge to the committee is attached at the end of this document. 

The presented materials suggested the use of a non-flammable gas mix Ar/R134A/Isobutane/SF6(65.5/30/4/0.5). This mix is a change from the baseline mix. The committee recommends adopting the new mix because the baseline mix cannot be confirmed to be nonflammable.

The presented materials suggested the use of 19 Kg isobutane gas bottles. The committee finds this to be an acceptable choice. However, if smaller size bottles are available, reducing the bottle size to as small as 9Kg would be preferable. 

IHEP has contacted several local gas companies. There are three options: (1) 8kg cylinder, 14cm diameter and 60cm height; (2) Domestic isobutane cylinder, 42cm in diameter; (3) Use oxygen cylinder to fill isobutane, the empty cylinder weights 50kg. According to committee’s recommendation of 9kg, the first option would be a good match, 8kg cylinder. In near hall this cylinder can last for 37 days, for far hall this cylinder can last 23 days. 
There was discussion concerning the possibility of using oxygen bottles for storing the isobutane. This would only be acceptable if the bottle’s entire gas fitting system is replaced with standard isobutane hardware. The bottle must be repainted to the standard isobutane color and clearly labeled. The bottle would have to be evacuated to vacuum before the first filling.


If we use 8kg isobutane cylinder, this concern won’t be there any more. 
The committee concludes that the safety systems presented meet the required safety conditions provided the following issues and action items are satisfied.

1) The volume of isobutane proposed to be stored in the tunnel meets US safety requirements. However the committee was unable to determine if that volume meets the Dayabay power plant restrictions. Documentation to that effect must be provided.


Leave it to IHEP. 
2) Use of a gas cabinet with ventilation is mandatory.


We are actively getting quote from various companies. 
3) Use of a sprinkler system with 30 psig (2 bar gage) is mandatory. The committee is satisfied with the proposal to use the domestic water supply in the tunnel provided the following conditions are met.  All valves and pumps used to supply pressured water to the gas cabinets must be permanently tagged. The tags will indicate that the hardware is part of a fire safety system and will provide a contact to be notified before the valves and pumps are closed or turned off. The tags will be bilingual.


Leave it to IHEP. 
4) The design of the gas control system includes emergency gas shut off in the event of loss of ventilation or presence of other nonconforming conditions.  This shutoff is for local use by the RPC system. The RPC gas control system must be designed to also allow for shut down in the event of a general experimental crash button alarm or a fire alarm.


We are going to modify our present design to accommodate this function. We need input from slow control group, what kind of signal they will send to us when the software shutoff gas system button pushed. We prefer to have open/close type control from them, we can then design ours accordingly. 
5) The gas system includes a separate emergency  “purge” button that closes the normal gas supply, and begins flow of argon from dedicated gas bottles. Several committee members questioned the utility of such a system given the 7-10 hour purge time. However this system is not expensive and will not interfere with normal operation of the RPC’s.  We note that to be functional in an emergency situation there must be an above ground switch and the device must be backed by a 12 hour UPS.


We are going to deploy this pushbutton at multiple locations, we can purchase a larger capacity UPS to reach the Committee’s recommendation of 12 hours backup or longer. 
6) Two alternatives were presented for the gas cabinets. The cabinets can be purchased and outfitted with the required safety hardware by the collaboration. Or a turnkey gas cabinet system can be purchased.  The committee is satisfied with either approach. However we note that in the first choice the hardware must be inspected and certified. No mechanism is, at present, set up to do this inspection.


We are expecting such specs from Collaboration safety group then we know how to proceed. It is a budget issue. If we have enough budgets for the safety equipment, we also can ask venders to provide us such certification provided we purchase the turnkey cabinet (usually very expensive) from them. 
7) In the event of ventilation failure or power loss the gas valves will close by turning off power to the power crate. In such a system the gas valves must be normally closed and must require power to open. A drawing calling out the gas valves explicitly should appear in the design drawing.


That is the design philosophy for the gas control system: the solenoid valve to control all pneumatic valves of the gas cylinders is Normal Close (NC) valve. We’ll add this schematic into the gas safety design drawing. 
8) One committee member suggested the use of a flow restrictor in the isobutane output line to limit the rate of any leak. This should be considered.


We’ll put this into consideration.

Committee Charge

A final design review (FDR) of the RPC Gas Safety system for the Daya Bay experiment is scheduled for Thursday/Friday, June 19/20, starting at 20:00 EDT (08:00 in Beijing). The review will be conducted by video and phone.  This will be the final design review of this subsystem prior to initiating procurement and

fabrication for the DB Near Hall. This review is to be thorough in scope and open to (limited) participation by our collaborators. As a result, it will be a challenge to the co-chairs to maintain the agenda schedule and to ensure adequate dialog between the

committee and presenters. You will have much discretion in how this is accomplished.

The pieces of hardware to be reviewed include the maximum amount of isobutane in the gas storage room at any given time, fixtures to contain the isobutane in the event of a leak (such as a gas cabinet in the gas storage room), flammable gas detection, and active mitigation of the hazard or fire in case of an accident

(interlock system, sprinklers). The committee is asked to determine if the design meets the US and Chinese safety rules, as well as flammable gas safety rules of the power plant.

Additionally, the committee is asked to determine if there is a viable and timely production and testing plan and determine if the hardware can be constructed and operated in a safe manner.

