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Introduction

Boil-off gas from a 160 liter liquid nitrogen dewar located in the IB4 primary high bay area is used at ambient temperature to blow water and particulates from hardware used in the cleanroom spaces in the IB4 CPL SRF cavity preparation and RF Lab areas.  Nitrogen gas from this LN2 source is also used to provide a slight purge to three desiccators in the IB4 RF Lab.  In the technical room (Room D) where the ultrapure water (UPW) system resides, a constant slow purge of nitrogen gas blankets the top of the UPW surface to reduce carbon dioxide dissolution rate into the UPW.   In rare instances, ambient temperature nitrogen gas is used to blow out water and dry plumbing connected to the High Pressure Rinse tool.  Nitrogen gas distribution lines and the HPR tool are located in the TD IB4 CPL clean area (Room A) and the technical room (Room D) as well as in the RF Lab cleanroom (Room C).  Room B, the vestibule area, has no nitrogen gas connections.  The liquid nitrogen dewar and connection manifold are installed in the adjoining service floor in the primary IB4 high bay area adjacent to the south east roll up door. 

The LN2 dewar is a commercially purchased, DOT tagged, and is designed, fabricated, and tested for the application.  Gas is drawn from the dewar gas volume and fed directly into a high pressure regulator and membrane style 0.01um particulate filter and then distributed to the use locations through polyethylene and copper tubing.

The system’s maximum allowable working pressure is 100 PSI with a regulator at the dewar set to a working pressure of 80 PSI. The pipeline is assembled from commercial products, all rated at or above the operating pressure.  A relief valve set at 100 PSI protects the system from accidental overpressure at the dewar.


ODH Risk Assessment

The goals of an ODH risk assessment are to evaluate the level of risk in a given area, to assign an ODH Class to the area based on the level of risk, and to specify additional safety measures to be taken to reduce risks.

For a given area and operation, several events may cause an oxygen deficiency.  Each event has an expected rate of occurrence and each occurrence has an expected probability of causing a fatality.

Therefore, the oxygen deficiency hazard fatality rate is calculated as sum of the products of the expected rate multiplied by the probability of a fatality for which event.

Estimates of equipment failure rates are given in Table 1 and Table 2 of 5064TA document of the Fermilab ES&H Manual (FESHM).  General human error rate estimates are presented in Table 3.

The value, Fi of the probability of a fatality depends on the oxygen concentration.  If the lowest oxygen concentration is greater than 18%, then the value of Fi is zero.  If the lowest attainable oxygen concentration is 18%, then the value of Fi is 10-7.

For oxygen concentration between 8.8% and 18%, the fatality factor should be calculated as:

F=10(6.5-PO2/10)

where PO2 is the lowest attainable oxygen concentration in mmHg (Figure 1, FESHM 5064TA).  For an oxygen concentration less than 8.8%, the fatality factor is equal 1.0.

To determine an overall fatality rate in this analysis, the fatality factor for a particular quantity of a specific type of hardware is  multiplied by group failure rate and then summed with the other devices or actvities in the respective room.  The summed fatality rate value corresponds to a particular ODH classification as indicated in the FESHM 5064 Table 4.

ODH Analysis

A 160 L dewar of liquid nitrogen located in the IB4 high-bay area is the source of air displacing gas in all rooms in this analysis.  The dewar is connected to an inline regulator set to an operating pressure of 80 PSI.  A 100 PSI relief valve and a 0.01 Matheson Tri-gas ultra-filter are connected in series with the regulator in the high-bay area that is then connected to a 3/8” inner diameter polyethylene tube that distributes gas throughout the area of analysis.  The ultra-filter has a maximum conductance rate of 8.8 SCFM and is the flow choke point in the nitrogen gas supply.  The 8.8 SCFM flow rate is the maximum allowed into any area and is used as the maximum flow rate possible into any of the rooms.  

The remainder of the nitrogen gas distribution system connected via 3/8” flexible polypropylene tubing and associated fittings.  The leak rate from a 3/8” rupture or leak was calculated to be 3.5 SCFM as shown in Appendix A and was used as the primary leak rate for all fittings and pipe sections in the analysis.

A PID is not available for this system.  All components in each room were identified and totaled in the calculations section in Apendix A as individual points of failure.

In some of the analyses, active ventilation calculations were used to further clarify the ODH situation in the CPL cleanrooms.  The active ventilation flow rates were closely estimated using direct measurements from inflows into the room using an anemometer.  A large partially recirculating HVAC system supplies filtered clean air into all of the CPL cleanroom areas.  A significant but unknown fraction of air is fresh make-up air that is added to the recirculated air in the cleanrooms.  The calculations of the fresh air ratio is unnecessary as the volume of the displacing gas is small relative to the total volume of the cleanroom areas.

ODH Analysis:  Room A

Room A was determined to be an ODH 0 classification with a simplified analysis.  If one determines the total time nitrogen can flow into Room A at constant 8.8 SCFM flow rate, a 160 L dewar will empty in approximately 447 minutes.  Assuming air exchange in Room A from infiltration of one room exchange volume per day (i.e., no active ventilation), the time it takes to reach an oxygen partial pressure below 18% is 517 minutes, or longer than the time it takes to completely empty the dewar.  Therefore, no ODH condition exists.

Calculation details are located in Appendix A.

ODH Analysis:  Room C

Room C is the RF tuning Lab and cleanroom.  This room utilizes nitrogen gas to blow off components with self-closing guns and as a purge gas for three desiccators.  The assumed always-on leak rate for the desiccators is 0.02 SCFM per desiccator.

Three scenarios were analyzed.  The first analysis was performed assuming ventilation by air infiltration only.  The second analysis included normal ventilation with measured flows included in the calculations.  The third analysis includes a ventilation failure due to mechanical breakdown or power outtage.

As one would expect, the highest risk condition is when the only ventilation occurring is via infiltration at one room exchange volume per day.  This results in a Fatality Rate of 3.64E-08 which is ODH Class 0.  All three analyses are located in Appendix A.


ODH Analysis:  Room D

Room D is the service room for the CPL cleanroom area.  An Ultra-pure water plant, high pressure water pump, dehumidifier system, and component storage are located in this room.

Room D acts as a pass-through for nitrogen gas supplied to Rooms A and C.  The only use of nitrogen gas in Room D is a constant-on nitrogen blanket that covers the water stored in the UPW tank.  A self-regulating diaphgram pressure builder supplies the tank with nitrogen.  This leak rate is for this device is 0.05 SCFM, or the maximum rate at which the UPW tank will empty.

As in Room C, three scnearios were analyzed.  The first analysis was performed assuming ventilation by air infiltration only.  The second analysis included normal ventilation with measured flows included in the calculations.  The third analysis includes a ventilation failure due to mechanical breakdown or power outage.

With air-infiltration only, the Fatality Rate was calculated to be 3.99E-08 which is ODH Class 0.  All three analyses are located in Appendix A.

Conclusion

Rooms A, C, and D in the IB4 cleanroom area are determined to have an ODH classification of 0 in all scenarios.  The rooms do not need additional ODH protection either from room or personnel monitors.

Appendix A -- Calculations

Room Volumes            
	
	
	
	
	Inside Vol. [ft^3]

	
	height [ft]
	width [ft]
	length [ft]
	

	Rm D
	8.25
	11.58
	53.50
	5,113

	Rm A_tall
	17
	18.19
	22.73
	7,028

	Rm A_short
	9.625
	18.19
	10.50
	1,838

	Rm_A Total
	
	
	
	8,866

	Rm C
	9.5
	18.19
	38.72
	6,690



Table 1:  Room A, C, and D Volume Calculations
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Table 2:  Leak Rate Through a Standard 3/8” Fitting
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Table 3:  Miscellaneous Calculations


Calculation to Determine Whether Area Needs Full ODH Analysis

For room to achieve ODH condition at all, an oxygen percentage below 18% must be achievable.  A 160 L dewar will empty its contents at 8.8 SCFP in 447 minutes.  Therefore, if the time it takes the room to get to 18% is more than 447 minutes, it is possible for the room to achieve an ODH status and a full analysis is warranted.  The governing equation is:





                 Rooms C and D can reach and ODH condition as shown in Table 3 and therefore require a full analysis.















ODH Calculation Tables
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Time to 

reach 

18% O2

Air 

Infiltration 

Leak Rate

Ventilation 

ON

Total 

Ventilation

t [min] SCFM SCFM SCFM

Limiting 

Leak via 

Rupture 

[SCFM]

8.8 Rm D

5,113 150 3.55 900 903.5

Limiting 

Leak Rate 

[SCFM]

3.49

Rm 

A_tall_section

7,028

Maximum 

Leak 

Time 

[min] 447

Rm 

A_short_section

1,838

Rm_A Total 8,866 517 6.16not measurednot measured

Rm C 6,690 248 4.65 1225 1229.9

Inside Vol. 

[ft^3]
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IB4 Cleanroom D

VENTILATION BY INFILTRATION ONLY

Intake E TC, min.V/E

3.6 SCFM 1440

VolumeV Elevation Pressure

5,113 ft^3 756  ft 740 mmHg

N P[events/hr] GROUP  L [SCFM] fO2{∞} F Ø ODH 

ITEM TYPE FAIL RATEFAIL RATE

leak rate

FRACT O2

Fatal. Factor

Fatal. Rate Class

Pipes < 3"  sections 8 1.0E-09 8.00E-09 3.5 10.59% 4.54E-02 3.63E-10 0

fittings leak 40 1.0E-08 4.00E-07 3.5 10.59% 4.54E-02 1.82E-08 0

valves (3/8" ball) leak 2 1.0E-08 2.00E-08 3.5 10.59% 4.54E-02 9.08E-10 0

purge volumes ( 0.05 CFM per) 1 1.0E+00 1.00E+00 0.1 20.71% 0.00E+00 0.00E+00 0

relief valve-1/2" leak 2 1.0E-08 2.00E-08 8.8 6.04% 1.00E+00 2.00E-08 0

blow gun leak 1 1.0E-08 1.00E-08 3.5 10.59% 4.54E-02 4.54E-10 0

Other Failure Mode

Manual blow gun

auto shut-

off leak

1

1.0E-06 1.00E-06 1.0 16.39% 2.34E-06 2.34E-12 0

TOTAL 3.99E-08 0
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IB4 Cleanroom D

NORMAL VENTILATION OPERATION

Intake E TC, min.V/E

903.5 SCFM 6

VolumeV Elevation Pressure

5,113 ft^3 756  ft 740 mmHg

N P[events/hr] GROUP  L [SCFM] fO2{∞} F Ø ODH 

ITEM TYPE FAIL RATEFAIL RATE

leak rate

FRACT O2

Fatal. Factor

Fatal. Rate Class

Pipes < 3"  leak 8 1.0E-09 8.00E-09 3.5 20.92% 0.00E+00 0.00E+00 0

fittings leak 40 1.0E-08 4.00E-07 3.5 20.92% 0.00E+00 0.00E+00 0

valves (3/8" ball) leak 2 1.0E-08 2.00E-08 3.5 20.92% 0.00E+00 0.00E+00 0

purge volumes ( 0.05 CFM per) 1 1.0E+00 1.00E+00 0.1 21.00% 0.00E+00 0.00E+00 0

relief valve-1/2" leak 2 1.0E-08 2.00E-08 8.8 20.80% 0.00E+00 0.00E+00 0

blow gun leak 1 1.0E-08 1.00E-08 3.5 20.92% 0.00E+00 0.00E+00 0

Other Failure Mode

Manual blow gun

auto shut-

off leak 1 1.0E-06 1.00E-06 1.0 16.39% 2.34E-06 2.34E-12 0

TOTAL 2.34E-12 0
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IB4 Cleanroom D

VENTILATION FAILURE FROM MECHANICAL BREAKDOWN/POWER OUTAGE

Intake E TC, min.V/E

3.6 SCFM 1440

VolumeV Elevation Pressure

5,113 ft^3 756  ft 740 mmHg

N P[events/hr] GROUP 

GROUP FAIL

L [SCFM] fO2{∞} F Ø ODH 

ITEM TYPE FAIL RATEFAIL RATE

*VENT FAIL

leak rate

FRACT O2

Fatal. Factor

Fatal. Rate Class

Pipes < 3"  sections 8 1.0E-09 8.00E-09 1.60E-13 8.8 6.04% 1.00E+00 1.60E-13 0

fittings leak 40 1.0E-08 4.00E-07 8.00E-12 8.8 6.04% 1.00E+00 8.00E-12 0

valves (3/8" ball) rupture 2 3.0E-09 6.00E-09 1.20E-13 8.8 6.04% 1.00E+00 1.20E-13 0

purge volumes ( 0.05 CFM per) 1 1.0E+00 1.00E+00 2.00E-05 0.05 20.71% 1.47E-09 2.95E-14 0

relief valve-1/2" leak 2 1.0E-08 2.00E-08 4.00E-13 8.8 6.04% 1.00E+00 4.00E-13 0

blow gun rupture 1 1.0E-08 1.00E-08 2.00E-13 8.8 6.04% 1.00E+00 2.00E-13 0

Other Failure Mode

Manual blow gun

auto shut-

off leak 1 1.0E-06 1.00E-06 2.00E-11 1.0 16.39% 2.34E-06 4.68E-17 0

TOTAL 8.91E-12 0

9.09E-10 0 TOTAL IB4 CR D
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IB4 Cleanroom C (RF Lab)

VENTILATION BY INFILTRATION ONLY

Intake E TC, min.V/E

4.6 SCFM 1440

VolumeV Elevation Pressure

6,690 ft^3 756  ft 740 mmHg

N P[events/hr] GROUP  L [SCFM] fO2{∞} F Ø ODH 

ITEM TYPE FAIL RATEFAIL RATE

leak rate

FRACT O2

Fatal. Factor

Fatal. Rate Class

Pipes < 3"  leak 23 1.0E-09 2.30E-08 3.5 11.99% 4.16E-03 9.58E-11 0

fittings leak 88 1.0E-08 8.80E-07 3.5 11.99% 4.16E-03 3.67E-09 0

valves (1/4" ball) leak 4 1.0E-08 4.00E-08 3.5 11.99% 4.16E-03 1.67E-10 0

Blow gun leak 1 1.0E-08 1.00E-08 3.5 11.99% 4.16E-03 4.16E-11 0

Filters leak 3 1.0E-08 3.00E-08 8.8 7.26% 1.00E+00 3.00E-08 0

Purge Volumes (.02 SCFM per) 2 1.0E+00 2.00E+00 0.04 20.82% 1.22E-09 2.43E-09 0

Other Failure Mode

Rotameter full flow 2 4.5E-10 9.09E-10 0.2 20.27% 3.10E-09 2.82E-18 0

Manual blow gun

auto shut-

off leak 2 4.0E-06 8.00E-06 0.02 20.91% 1.05E-09 8.36E-15 0

TOTAL 3.64E-08 0


image8.emf
IB4 Cleanroom C (RF Lab)

NORMAL VENTILATION OPERATION

Intake E TC, min.V/E

1,229.9SCFM 5

VolumeV Elevation Pressure

6,690 ft^3 756  ft 740 mmHg

N P[events/hr] GROUP  L [SCFM] fO2{∞} F Ø ODH 

ITEM TYPE FAIL RATEFAIL RATE

leak rate

FRACT O2

Fatal. Factor

Fatal. Rate Class

Pipes < 3"  leak 23 1.0E-09 2.30E-08 3.5 20.94% 9.92E-10 2.28E-17 0

fittings leak 88 1.0E-08 8.80E-07 3.5 20.94% 9.92E-10 8.73E-16 0

valves (1/4" ball) leak 4 1.0E-08 4.00E-08 3.5 20.94% 9.92E-10 3.97E-17 0

Blow gun leak 1 1.0E-08 1.00E-08 3.5 20.94% 9.92E-10 9.92E-18 0

Filters leak 3 1.0E-08 3.00E-08 8.8 20.85% 1.16E-09 3.47E-17 0

Purge Volumes (.02 SCFM per) 2 1.0E+00 2.00E+00 0.04 21.00% 8.98E-10 1.80E-09 0

Other Failure Mode

Rotameter full flow 2 4.5E-10 9.09E-10 0.2 20.27% 3.10E-09 2.82E-18 0

Manual blow gun

auto shut-

off leak 2 4.0E-06 8.00E-06 0.02 21.00% 8.97E-10 7.18E-15 0

TOTAL 1.80E-09 0
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IB4 Cleanroom C (RF Lab)

VENTILATION FAILURE FROM MECHANICAL BREAKDOWN/POWER OUTAGE

Intake E TC, min.V/E

4.6 SCFM 1440

VolumeV Elevation Pressure

6,690 ft^3 756  ft 740 mmHg

N P[events/hr] GROUP 

GROUP FAIL

L [SCFM] fO2{∞} F Ø ODH 

ITEM TYPE FAIL RATEFAIL RATE

*VENT FAIL

leak rate

FRACT O2

Fatal. Factor

Fatal. Rate Class

Pipes < 3"  leak 23 1.0E-09 2.30E-08 2.30E-13 3.5 11.99% 4.16E-03 9.58E-16 0

fittings leak 88 1.0E-08 8.80E-07 8.80E-12 3.5 11.99% 4.16E-03 3.67E-14 0

valves (1/4" ball) leak 4 1.0E-08 4.00E-08 4.00E-13 3.5 11.99% 4.16E-03 1.67E-15 0

Blow gun leak 1 1.0E-08 1.00E-08 1.00E-13 3.5 11.99% 4.16E-03 4.16E-16 0

Filters leak 3 1.0E-08 3.00E-08 3.00E-13 8.8 7.26% 1.00E+00 3.00E-13 0

Purge Volumes (.02 SCFM per) 2 1.0E+00 2.00E+00 2.00E-05 0.04 20.82% 1.22E-09 2.43E-14 0

Other Failure Mode

Rotameter full flow 2 4.5E-10 9.09E-10 9.09E-15 0.2 20.27% 3.10E-09 2.82E-18 0

Manual blow gun

auto shut-

off leak 2 4.0E-06 8.00E-06 8.00E-11 3.5 11.99% 4.16E-03 3.33E-13 0

TOTAL 6.97E-13 0

1.80E-09 0 TOTAL IB4 CR C (RF Lab)
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Calculating the limiting leak rate through ruptures and leaks

Assumptions:

- N2 gas flows through a leak that is an orifice with diameter of a quarter of the 3/8-inch tube diameter

- a typical leak occurs at a location 10-feet from the gas source

- gas flows through drawn tubing

- N2 is at 100 psig at 70

°

F

d pipe/tube diameter 0.09375inch ** Determining the resistance coefficient K

ΔP pressure drop 100psi

V specific gravity at T, P 1.76ft^3/lbm f friction factor for drawn tubing  0.00064

Y net expansion rate 0.588 L tubing length 0.00781ft

K resistance coefficient** 22 K resistance coefficient 21.76

T Nitrogen temp 520R

W flow rate 15.71lbm/hr

Ca

gas constant of air

356

Za

compressibility factor of air

1

Ta

air temperature at standard 

conditions

520R

Ma

air molecular weight

28.97

C

nitrogen gas constant

356

M

molecular weight of nitrogen

28kg/kmol

r nitrogen density at T, P

9.1kg/m^3

Z

compressibility factor of nitrogen

1.000

Qa

volumetric flow rate

3.5SCFM air

Crane, Flow of Fluids

Eqn  3-20

V * K

P

* d * Y * 1891 W

2






