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The NuMI target, two horns, decay pipe and the hadron absorber will be cooled by water. The water in these cooling systems will be activated due to exposure to the radiation. 

This note discusses the consequences of catastrophic RAW spills in the beam line areas of the NuMI tunnel and at the locations of the RAW skids. Finally, the associated controls, interlocks and alarms designed for these systems to severely restrict the spill scenarios discussed, will be described. 

RAW Spills in Target Hall 

The calculation of the radioactivity build-up in the NuMI cooling water systems is reported in Radiation Physics Note 141a. The results of the calculations are summarized here in a table. To evaluate the effects of the spill of RAW, three conservative assumptions are made; 1) It is assumed that the experiment has been in operation for a full year at the proposed NuMI intensity of 4E20 protons per year. 2) That all of RAW systems will develop large leaks and loses all of their RAW. 3) The 7Be will tend to plate out in the de-ionization bottle, but is left in the inventory calculations to be conservative.

If there is a leak in the horns or target RAW systems, the water will fall down on the steel blocks under the horn.  There is a sloped aluminum sheet air barrier under the first layer of blocks, which will slow the water down and cause it run to the downstream end of the target pile.  Two things can happen to the water: for small amounts of water the water will evaporate into the air cooling system, probably re-condensing on the system chiller, where it will run into a drain and mix with the 250 gal/min flowb through the NuMI tunnel system, and be discharged as surface water.  Since the aluminum sheets are only riveted together, and thus do not make a perfect seal, for any large amount of water, the primary path would be to seep between the joints, then run to the downstream end of the target pile.  A hole is open to a dead-end concrete sump on the West side of the target hall, next to the concrete around the decay pipe. This is under the airshaft, which comes up to the air-cooling system.  With some work, the water could be siphoned out of this area.  With normal construction techniques of the concrete floor, water might slowly seep through and mix with the 250 gal/min of water in the under-drain system. Similarly, the leakage from the Decay Pipe and the Hadron absorber RAW systems will mix with the inflow water and be discharged to the surface.

Note since regulatory limits are based on the annual averages, the sudden loss or the slow loss will not make a difference. As shown in the table the complete loss of all of the radioactive cooling waters will result in only 3.1% of the surface discharge limit and therefore is not an issue. This limit is calculated by taking the weighted sum of the individual radionuclides.

	
	H-3
	
	Be-7
	
	Total Volume
	

	
	Ci/cc
	Ci
	Ci/cc
	Ci
	Gallons
	

	Target
	2.49E-07
	0.08
	1.45E-06
	0.47
	85.00
	

	Horn 1
	4.19E-06
	1.82
	2.43E-05
	10.59
	115.00
	

	Horn 2
	1.51E-06
	0.54
	8.79E-06
	3.13
	94.00
	

	Decay Pipe
	2.38E-09
	0.01
	1.38E-08
	0.04
	724.50
	

	Hadron Abdsorber
	1.88E-08
	0.01
	1.09E-07
	0.06
	135.30
	

	Total
	5.97E-06
	2.46
	3.47E-05
	14.28
	1153.80
	

	
	
	
	
	
	
	

	
	
	
	
	
	
	

	No Inflow
	Net H-3 Concentration =
	5.63E-07
	Ci/ml     =
	5.63E+05
	pCi/ml

	
	Net Be-7 Concentration =
	3.27E-06
	Ci/ml     =
	3.27E+06
	pCi/ml

	
	
	
	
	
	
	

	
	Total Inflow/yr=
	131490000
	Gallons/yr =
	4.9774E+11
	ml/yr
	

	
	
	
	
	
	
	

	
	
	
	
	
	
	

	Including Inflow
	  Net H-3 Concentration =
	4.94E+00
	pCi/ml
	
	

	
	Net Be-7 Concentration =
	2.87E+01
	pCi/ml
	
	

	
	
	
	
	
	
	

	
	
	
	
	
	
	

	
	% of Surface Discharge Limit
	
	
	

	
	
	3.1%
	
	
	
	


 Spill in the Target Hall RAW Room and the Hadron Absorber Area

The horns, target and the decay pipe RAW systems are in the target hall area located in the RAW Room. The floor area is about 21’X21’. Putting a 6” high water barrier around the room (with the water proof sealant on the floor), will provide a 1650 gallon containment area. This volume is sufficiently larger than the total volumes of all the RAW tanks in the room. 

The Hadron Absorber RAW skid has a containment tray, which can hold more water than the total volume of its RAW.

Access procedures  for the RAW Room or the Hadron Absorber RAW skid, should also require visual inspection for the water on the floor or in the tray under the skids. A portable pump should be available for the qualified radiation workers to be able to dispose of the spilled RAW in 55 gallon drums. Such operational procedures are not within the scope of this note.

3H Concentrations in Air from Water left in a Defunct Horn 1 Tank

The tritium concentration after one year of operation is 4.8e-6 Ci/ml. Assuming that 5 gallons of RAW was left in the horn, which is stored in the morgue. Further assume this water evaporates in one week, and leaks out of the morgue. Using a very low air flow ratec of 100 cfm out of the EVA-2 and EVA-3, right on top of the stack the average concentration of the tritium in a year will be about 0.06 pCi/ml. This will further dilute through mixing and propagation in the atmosphere before it gets to the site boundary. The annual average off site concentration will be insignificant. A radiation worker, working in the area this whole week (using beam-off flow rate of about 3000 cfm), will receive about 0.53 mrem by breathing this air.

Controls, Interlocks and Alarms of the RAW Systems

Each cooling water system (including LCW, RAW, and Intermediate systems) will have a level sensor on the expansion tank monitoring the level of water in the expansion tank.  In the event of a leak, the level sensor will note a drop in the expansion tank water level.  Alarms will be posted to ACNET once the water level falls below a pre-determined threshold.  Further drops in water level will cause the pumps to lose the run permit and the pumps will be de-energized. These interlocks are explicitly described in the NuMI Technical Design Handbook (http://www-numi.fnal.gov/numwork/tdh/TDH_V2_4.7_Utilities.pdf) under the headings "Pump Motor Interlocks" and "Alarms to ACNET" for each of the water systems. 

Any RAW (or other water system) leakage rates will be low, since the piping is adequately designed, appropriately fabricated, and properly installed. Implicit is the need for the cooled devices to also be demonstrated to be leak tight and appropriately designed, fabricated, and installed. Monitoring of the liquid level in the expansion tank will provide early and accurate indication of a leak, but will not prevent a leak.  Monitoring of the pressure in the expansion tank is included in each water system, but cannot be used to indicate the presence of a leak.  Rather the pressure is being monitored to make sure the pumps have adequate suction head so as not to cavitate.  These water systems include the monitoring and interlocking of the pressure and surge tank levels.

All NuMI water systems, with the exception of the large MI-62 LCW system, will have the pumps, expansion tank, heat exchanger, DI- bottle and the majority of the instrumentation located on the RAW system skid.  The skid construction includes a pan sized to contain the full contents of the water in the skid (but not necessarily the entire system) within the pan should a pump seal (or other device) leak. The engineering notes have been produced and the piping installed (with appropriate QA) per the standard required in FESHM 5031.1. 

Conclusion

The catastrophic loss of the RAW from any of the NuMI cooling systems will not cause any significant increase to the concentration of radionuclides in the discharge to the surface waters. Furthermore, the control, interlocks and alarms designed for these systems prevents any catastrophic losses and damage to the equipment as well.

a  Kamran Vaziri, “Calculation of the Induced Radioactivity Levels and Hydrogen Gas Evolution in the NuMI RAW Systems”, Radiation Physics Note 141, June 2003.





b Presently we are pumping ~330 gal/min +/-30 gal/min out of the tunnel, it has been at this rate for over a year now, the flow may decrease some with time, to 250 gal/min at a very worst case.  The inflow rate will be monitored on a regular basis.


c With the beam on, the air flow rate out of EAV2 and EAV3 may be as low as 1000 cfm, and with beam off ~3050 cfm for EAV2 and ~3500 cfm for EAV3. 1000 cfm for the beam on may be too high for EAV3.  Therefore the calculation was done with the 100 cfm to see if the results are acceptable as worst case. 





