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ODH analysis for Lab 3

Introduction

       The Lab 3 building is an old building which a steel building that is typically used for warehouses and storage of equipment.  The Lab 3 building has no fans which bring in or remove air from the building.  Inside the building are two clean rooms which are constructed from wood. 
        The clean rooms have a ventilation system which keeps the rooms pressurized and the air filtered.  The ventilation from these two clean rooms is exhausted into the main Lab 3 area.  An ODH analysis for the clean rooms was done and documented in MD-ENG-200 because an inert gas system was installed in the clean rooms.  MD-ENG-200 showed the clean rooms are ODH class 0.  
         In the main portion of Lab 3 there is the occasional need to also bring in a 180 liter dewar to fill cold traps or run other similar devises.  So ODH analysis is being done to ensure that bring in a 180 liter dewar does not change the ODH classification of the building.  
Oxygen Concentration of the building in Normal operating conditions
         A spreadsheet was developed to calculate the oxygen concentration of the Main portion of the Lab 3 building given normal operating conditions. This spreadsheet as most ODH analysis assumes perfect mixing.   The main parameters which define the oxygen concentration are:

· The volume of the space

· The ventilation of the space and whether the ventilation is blow air in or out of the space.

· The release leak rate

Other parameter that has been included in the spreadsheet is the concentration as a function of time and the available amount of inert gas.

Lab 3 Volumes
      The main  Lab 3 building is a 160 ft X45 ft X15 ft structure and an annex which is 15ftX60 ft X14 ft.  Inside the build are two clean rooms whose volumes are 13,860 ft^3 and 22,800 ft^3.  

Table:

Lab 3 Total Volume=120,600 ft^3

Lab 3 Main Area Volume=108,000 ft^3

Clean room A Volume=16,860 ft^3

Clean room B Volume=22,800 ft^3

Lab 3 Main Area-clean rooms= 71340 ft^3

The normal operating leak rate

      Given the data supplied by Dave Butler from about 2 years of operating experience with the Lab 3 Clean room inert gas system, the system typically used 1  180 liter dewar/week.  Now in rare occasions he has used 4- 180 liter dewars of Argon.  A 180 liter dewar with a gas bottle attached has 5710 scf .  So if one is used per week the number becomes .6scfm.   The worst case condition calculated in the Lab 3 Clean room ODH analysis is 2.4scfm.  
    The cold trap, which is planned to be used needs to be filled every 4 hours and is about 1 liter in size.  So on average the cold trap vents about .1scfm.  

     So the total normal operating leak rate at Lab 3 is about 2.5 scfm to be conservative for the analysis it been rounded to 3 scfm.  

Lab 3 Ventilation Rates

      Since Lab 3 has no fans blowing fresh air into or out of the building the most conservative assumption is to assume no ventilation rate.  Some calculations were done with 0 ventilation rates to understand the worst case.  Lab 3 has had and continues to have individuals working inside it and if the building had no ventilation, people would be complaining about the building being “stuffy”.  ASHRAE (which is a HVAC code) has values for building’s natural ventilation rates.  For warehouse type building ASHRAE quotes numbers of 2 to 4 air changes per hour.  Also, data from the typical home gives number of .5 to 1 air change per hour when a circulating ventilation system is on, and .1 to .2 air changes per hour for when the recirculation system is off.   
     The question about the natural air exchange rates in building has been discussed by the Cryogenic Saftey Subcommittee and I have copies of notes where Bob Sander and Michael Geynisman recommend .5 air changes per hour for the typical Fermilab industrial building.  Also the Silicon Detector Facility ODH Analysis done by Dan Olis used an air exchange rate of 1 air change per day (.04 air changes per hour).  

Calculations for Normal Operation
    Given that the Lab 3 operations would be venting into the build basically 3 180 liter dewars at a rate of 3 scfm the graph below shows the oxygen concentration of the building, assuming perfect mixing, with a volume of the building being just the main Lab3 area (71,340 ft).   Given these parameters the oxygen concentration as a function of time for given natural building ventilations rates of 1 air change per day (47 cfm), .1 air changes per hr (180 cfm), .5 air changes per hr (900cfm) and 2 air changes per hr (3600 cfm) were calculated
    The Lab 3 normal operation would have two cryogenic system running, one which has two dewars outside which feed the Lab 3 clean rooms and 1 dewar inside feeding the cold trap.    With normal withdrawn in will take about 5,700 minute or about 4 days for the dewars to empty.  Except for the 0 ventilation case the minimum oxygen concentration is 19.6% and even with an infinite source the oxygen concentration doesn’t change.  

Lab 3  0xygen Concentration in Normal Operation  as a function of Natural Ventilation in the Building
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Accident Conditions

      The Lab 3 Clean room Analysis calculates for the clean room inert gas system the ODH fatality rate is 1.7E-9/hr.    The accident conditions (probability)for having another dewar inside Lab 3 to fill a cold trap could be calculated, but instead it was assumed that the  dewar inside the building did failed and the oxygen concentration was calculated.    This calculation show that spilling one 180 liter dewar into the building where the dewar empties is entire contains with 30 seconds, the oxygen concentration will drop to 19.3%  and then continue to improve as long as the natural ventilation of the building is greater  than 1 air change per day.    See appendix 1.
Conclusions
     The conclusion for this analysis is that the Lab 3 building is still an ODH class 0 area even with the addition of one 180 liter dewar inside the building, as long as the natural ventilation rate of the build is at least 1 air change per day.  This natural ventilation rate is very conservative.  

Appendix 1

	General Diff. Equ. Solution for ODH in a Volume
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	C= Oxygen concentration
	
	
	
	
	
	

	Q= Ventilation Rate of the Volume in cfm.
	
	
	
	
	

	R= Spill rate into confined volume in scfm
	
	
	
	
	

	t=time seconds
	
	
	
	
	
	
	

	t=0 is beginning of release
	
	
	
	
	
	

	te = time when release ended in minutes
	
	
	
	
	

	V= Volume of space in ft^3.
	
	
	
	
	

	Vr= Volume of the release possible (scf)
	
	
	
	
	

	NA= "Not Applicable"
	
	
	
	
	
	

	Case A  Ventilation fans blowing into the volume
	
	
	
	

	Case B  Ventilation fans blowing out of the volume (Q>R)
	
	
	

	Case C  Ventilation fans blowing out of the volume (Q<=R)
	
	
	

	Case D  After the release has ended.
	
	
	
	
	

	Case E  Stratification extreme
	
	
	
	
	

	Run 1
	
	
	
	
	
	
	

	V
	71340
	
	
	
	
	
	

	Q
	47
	
	
	
	
	
	

	Blowing
	out of
	
	
	
	
	
	

	R
	12000
	
	
	
	
	
	

	Vr
	5900
	
	
	
	
	
	

	Height of space
	12
	
	
	
	
	
	

	te
	0.491667
	
	
	
	
	
	

	
	
	
	
	
	
	
	

	
	
	Case A
	Case B
	Case C
	Sumary 
	Case D
	Case E

	Time Reference
	t (min)
	 C(t)
	 C(t) 
	 C(t) 
	C(t)
	 C(t) 
	Height

	End of release
	0.491667
	NA
	NA
	0.19333124
	0.193331
	0.193331
	0.992431

	0
	0
	NA
	NA
	0.21
	0.21
	0.21
	0

	
	1
	NA
	NA
	0.17748728
	0.177487
	0.193337
	0.992431

	
	2
	NA
	NA
	0.15000826
	0.150008
	0.193348
	0.992431

	
	3
	NA
	NA
	0.12678361
	0.126784
	0.193359
	0.992431

	
	4
	NA
	NA
	0.10715466
	0.107155
	0.19337
	0.992431

	
	5
	NA
	NA
	0.09056471
	0.090565
	0.193381
	0.992431

	
	10
	NA
	NA
	0.03905699
	0.039057
	0.193435
	0.992431

	
	30
	NA
	NA
	0.00135101
	0.001351
	0.193652
	0.992431

	1 hour
	60
	NA
	NA
	8.6915E-06
	8.69E-06
	0.193972
	0.992431

	
	120
	NA
	NA
	3.5973E-10
	3.6E-10
	0.194593
	0.992431

	
	180
	NA
	NA
	1.4888E-14
	1.49E-14
	0.19519
	0.992431

	
	240
	NA
	NA
	6.1621E-19
	6.16E-19
	0.195764
	0.992431

	
	300
	NA
	NA
	2.5504E-23
	2.55E-23
	0.196316
	0.992431

	
	360
	NA
	NA
	1.0555E-27
	1.06E-27
	0.196847
	0.992431

	
	420
	NA
	NA
	4.3687E-32
	4.37E-32
	0.197356
	0.992431

	
	480
	NA
	NA
	1.8081E-36
	1.81E-36
	0.197846
	0.992431

	
	540
	NA
	NA
	7.4836E-41
	7.48E-41
	0.198317
	0.992431

	
	600
	NA
	NA
	3.0973E-45
	3.1E-45
	0.19877
	0.992431

	
	660
	NA
	NA
	1.2819E-49
	1.28E-49
	0.199205
	0.992431

	1/2 day
	720
	NA
	NA
	5.3056E-54
	5.31E-54
	0.199624
	0.992431

	1 day
	1440
	NA
	NA
	1.34E-106
	1.3E-106
	0.203543
	0.992431

	
	2880
	NA
	NA
	8.556E-212
	8.6E-212
	0.2075
	0.992431

	
	4320
	NA
	NA
	0
	0
	0.209032
	0.992431

	
	5760
	NA
	NA
	0
	0
	0.209625
	0.992431

	
	7200
	NA
	NA
	0
	0
	0.209855
	0.992431

	
	8640
	NA
	NA
	0
	0
	0.209944
	0.992431

	1 week
	10080
	NA
	NA
	0
	0
	0.209978
	0.992431

	
	20160
	NA
	NA
	0
	0
	0.21
	0.992431

	
	30240
	NA
	NA
	0
	0
	0.21
	0.992431

	1 month
	40320
	NA
	NA
	0
	0
	0.21
	0.992431
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