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Abstract Summary:

This is an analysis of the effects of the refrigerant (R22) being released from the
refrigeration system of the NuMI decay pipe cooling system. Refrigerant releases are not
planned. Likely cause of a refrigerant release is a failure of the piping or the relief valve
opening.

The refrigeration system manufacture has told Lee Hammond of FESS that this system
contains 50 pounds of R22. Refrigerant property data was found in an ASHRAE book
Titled Thermodynamic Properties of Refrigerants. This book is in my office.

Result of this analysis is that the area remains ODH class 0.

Applicable Codes: FESHM 5064



Concentration of 02 in the Absorber Tunnel as a function of time for normal
ventilation and loss of ventilation conditions with the abnormal release of
Refrigerant from the Trane Chiller used for the decay pipe cooling system.

This area is ventilated by the main air handling equipment located in the MINOS service building. The
MINOS HVAC equipment moves approximately 3200 cfm through the absorber access tunnel. The
ductwork does not extend to the sub end of the tunnel where the Trane refrigerent chiller is located.
The dead end of the absorber access tunnel (where the Trane chiller is located) is at an elevation of
approximately 464 feet, the bottom of the absorber access tunnel is at an elevation of 406 feet. The
total refrigerent capacity is 50 pounds of R22 per Lee Hammond of FESS. At one atmosphere and 70
F, the specific volume of refrigerant is 4.31 ft3/#. The refrigerent is heavier than air and will (if released
from the refrigerator, tend to run downhill to the bottom of the absorber access tunnel. Base the
volume on a tunnel 21 feet in diameter with an invert floor slab to give a cross sectional area of 260
square feet. Use the length of the tunnel near the bottom of the absorber access tunnel of 100 feet.
Actual length is a couple of hundred feet as this floor extends all the way back to the near detector.
Total volume is then 26000 cubic feet.

Volume of room is 26000 cubic feet 26000 ftA\3
Volume of refrigerant is 50# * 4.31 ft3/# = 215.5 ft"\3
02 concentration with instant leak, perfect mixing and no ventilation : 20.82737 % oxygen

Since the oxygen concentration does not fall below 18% even with an instaneous release of
the full refrigerent capacity, the ODH classification remains Class 0.

Consider finite relief valve capacity and various ventilation rates (normal, complete failure):

Assumed Relief Valve Capacity (SCFM) 100 scfm
0.21 (Q+R)
(t)=——(Q+ R -exp(———=1))-100%

for 0+R Y
VERY (!) Simple O2 concentration Calculations
Normal Ventilation: Complete Loss of Ventilation:

Room Normal Room Room Normal Room
Vent rate | Spill Rate| Volume Vent rate | Spill Rate| Volume

Q, cfm R, cfm V, cf Q, cfm R, cfm ¥V, cf

3200 100 26000 0 100 26000
Just enter Q, R, V and see the O2(t) Just enter Q, R, V and see the O2(t)
Concentration, O2 % at (time = 2 Concentration, O2 % at (time = 2
minutes) when refrigerent is all v minutes) when refrigerent is all
released = 20.8573 released = 20.8391/
This does not cause an ODH condition since This does not cause an ODH condition since
the oxygen concentration remains above the oxygen concentration remains above
18% 18%

* 02 as a f(t) for the release of refrigerent in

* 02 as a f(t) for the release of refrigerent in the with worst case ventilation loss of NuMI
the NuMI Mechanical Support Room Mechanical Support Room.

t, min t, hrs t, days C, % t, min t, hrs t, days C, %

0 0 0 21.00 0 0 0 21.00

1 0.02 0.00 20.92 |V 1 0.02 0.00 20.92

2 0.03 0.00 20.86 |V 2 0.03 0.00 20.84

Conclusion, the presence of the ventilation and the finite relief valve refrigerent release rate results in
marginally higher oxygen concentrations than predicted by the simple (no ventilation, instant release)
case. ODH classification remains class 0.
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