	[image: ]
	
Fermilab
	






Particle Physics Division
Mechanical Department Engineering Note

Number:	MD-ENG-200	Date: 4/09/2012

Project Internal Reference:	MD-ENG-200 earlier version, dated 11/12/2009

Project: 	Lab 3 Cleanroom gas system ODH analysis

Title:		ODH Analysis for Lab 3 Cleanroom

Author(s):	Richard Schmitt

Reviewer(s):

Key Words:	  ODH, Safety, Lab 3, cleanroom, tube trailer

Abstract:	The Lab 3 Cleanroom ODH was evaluated with the use of tube trailers.  The earlier analysis used a single 180 liter argon or nitrogen cylinder as a gas source.
















Introduction

This ODH analysis is for the Lab 3 clean room purge system when supplied by a tube trailer.  An excellent ODH analysis exists for the same location when supplied by a single 180 liter dewar.  It is MD-ENG-200, dated November 12, 2009, by Russ Rucinski, stored in ppd-docdb #979 V1.  

This analysis relies on data from the 2009 analysis.


Building Layout, Volumes, Ventilation and Piping System
· Clean room A volume, 13860 cubic feet, (reference 1, page 3)
· Clean room A fresh air ventilation, 325 CFM, (reference 1, pages 3 & 14)
· Clean room B volume, 22800 cubic feet, (reference 1, page 4)
· Clean room B fresh air ventilation, 800 CFM, (reference 1, pages 4 & 15)
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Figure 1.  Area layout
[image: ]
Figure 2.  Clean Room A, Also known as the north cleanroom
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Figure 3. Clean room B, Also known as the south cleanroom
[image: ] Figure 4. Piping and Instrument Diagram

ftp://www-ppd.fnal.gov/ppd-md-dwg/DWGS/MECH_444/pdf/444913-D1.pdf


Gas supplies
Two tube trailers are connected to the gas system through a manual selector valve.  Only one trailer supplies gas at a time.  Individual trailer volume is 334 cubic feet.  When filled to 2400 psig, each trailer contains 6188 lbs. of gas, or 58,630 SCF.  A high pressure gas cylinder backup is also attached containing 248 SCF. (ref. 1, page 5)

Maximum possible gas flow rate with argon is 4.2 SCFM.  (ref. 1, page 7 & 17).  The normal purge rate is less than 1 SCFM. (ref.1, page 12)

Release time at the maximum possible flow rate is 233 hours from one trailer.

Interlock System
Each room is equipped with an air flow switch which is interlocked with the gas supply valve for that room.  The solenoid valves are ‘normally closed’ so they will close due to power failure, air flow switch trip or bad wiring connection.  This system has been in place for years, but with the added importance it will be tested before tube trailer operation and every six months as long as tube trailers are in use.  Details are in PPD docdb 1286 at https://ppd-docdb.fnal.gov:440/cgi-bin/ShowDocument?docid=1286.


Failures contributing to ODH
A. Normal purge flow 
a. Probability of occurrence is one since operation is continuous
b. Oxygen concentration with ventilation on in cleanroom A is 20.9%.
c. Oxygen concentration with ventilation on in cleanroom B is 21%
d. Oxygen concentration with ventilation off in cleanroom A decreases with time, reaching 18% in 35 hours, see figure 4.
e. Oxygen concentration with ventilation off in cleanroom B decreases with time, reaching 18% in 58 hours, see figure 5.

Figure 4.  Cleanroom A, Normal Flow, no ventilation
 
	Figure 5.  Cleanroom B, normal flow, no ventilation


B. Operator error
a. Probability of occurrence is 1.4x10-5/hour, (ref.1, page 12)
b. Oxygen concentration with ventilation on in cleanroom A is 20.7%.
c. Oxygen concentration with ventilation on in cleanroom B is 20.9%
d. Oxygen concentration with ventilation off in cleanroom A decreases with time, reaching 18% in 8 hours, see figure 6.
e. Oxygen concentration with ventilation off in cleanroom B decreases with time, reaching 18% in 14 hours, see figure 7. 
Figure 6.  Clean Room A, Full Flow, no ventilation
 Figure 7.  Clean Room B, Full Flow, no ventilation

C. Rupture or leakage of valve or fitting
a. Probability of occurrence 2x10-7/hour, (ref 1, page 12)
b. Leak rates the same as Case B, operator error
D. Breakage and leakage of the tubing line
a. Probability of occurrence 1.7x10-9, (ref 1, page 13)
b. Leak rates the same as Case B, operator error
E. Ventilation system
a. Fans are normally running.
b. Electric power failure 1x10-4/hour, FESHM 5064, table 1
c. Motor failure to run 1x10-5/hour, FESHM 5064, table 2
d. Total rate of ventilation failure 1.1x10-4/hour
F. Interlock System
a. Air flow switch failure to actuate, 1x10-4/demand, FESHM 5064, table 2.  At a very conservative 1x10-2 demands/hour, failure rate would be 1x10-6/hour.
b. Solenoid valve failure to close, 1x10-3/demand, FESHM 5064, table 2.  At a very conservative 1x10-2 demands/hour, failure rate would be 1x10-5/hour.

Fatality Rate Calculations
As long as the ventilation is running there is no leak that could cause low oxygen concentration.  As long as the interlock system functions, normal gas flow is stopped whenever there is a power outage or fan failure.  The interlock shuts off gas before it enters the clean room.

Risk in the hallway leading up to the cleanroom is low as long as there is minimal ventilation.  Normal building HVAC provides much more than the 10 SCFM needed.
[image: ]
[image: ]

[image: ]





Procedures
[bookmark: _GoBack]Given the importance of the ventilation and interlock systems, procedures will be enacted as follows:

1. Leak test the tubing supply lines between the building entry and the clean room wall penetrations.
2. The interlock system will be tested by turning off the fan in each room and observing that the gas is shut off.  This will be done before using the tube trailers and semi-annually as long as the trailers are in service.
3. Lab 3 personnel will be trained regarding the importance of ventilation.
4. Signs will be posted at the clean room entrance that room ventilation must be running before entry.
5. If ventilation stops, personnel must leave the room within one hour unless the gas supply is positively shut off.
6. If the ventilation has been off for an indefinite period and gas could have been on or the situation is unknown, no entry is permitted for ninety minutes after the ventilation is restarted.
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Cleanroom A 13,860cu. ft.

Fresh Air rate 325CFM

Ventilation Failure Rate:  1.10E-04 /hr

Interlock failure rate 1.10E-05 /hr

Failure 

Type

# 

of

Individual 

Failure 

Rate (/hr)

Total 

Failure 

Rate for 

Item

Leak 

rate 

(CFM)

C(O2) at 

infinity

Fatality 

Factor Fatality Rate

Room A with 

ventilation

normal purge flow normal 1 1.00E+00 1.00E+00 1.0 20.94% 0.00E+00 0

operator error vent 1 1.40E-05 1.40E-05 4.2 20.73% 0.00E+00 0

rupture or leakage of valve leak 1 2.00E-07 2.00E-07 4.2 20.73% 0.00E+00 0

leakage of tubing line leak 1 1.70E-09 1.70E-09 4.2 20.73% 0.00E+00 0

Room A, vent fails & 

interlock fails

normal purge flow normal 1 1.00E+00 1.00E+00 1.0 0.00% 1.00E+00 1.21E-09

operator error vent 1 1.40E-05 1.40E-05 4.2 0.00% 1.00E+00 1.69E-14

rupture or leakage of valve leak 1 2.00E-07 2.00E-07 4.2 0.00% 1.00E+00 2.42E-16

leakage of tubing line leak 1 1.70E-09 1.70E-09 4.2 0.00% 1.00E+00 2.06E-18

1.210E-09

0

SOURCES

1MD-ENG-200, dated November 12, 2009 by Russ Rucinski, in ppd-docdb 979

TABLE 1:     Lab 3 Oxygen Deficiency Hazard Analysis           4/9/2012

EQUIPMENT



Total Fatality Rate: 

Overall ODH Class: 
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Cleanroom B 22,800cu. ft.

Fresh Air Rate 800CFM

Ventilation Failure Rate:  1.10E-04 /hr

Interlock failure rate 1.10E-05 /hr

Failure 

Type

# 

of

Individual 

Failure 

Rate (/hr)

Total 

Failure 

Rate for 

Item

Leak 

rate(CF

M)

C(O2) at 

infinity

Fatality 

Factor

Fatality 

Rate

Room B with ventilation

normal purge flow normal 1 1.00E+00 1.00E+00 1.0 20.97% 0.00E+00 0

operator error vent 1 1.40E-05 1.40E-05 4.2 20.89% 0.00E+00 0

rupture or leakage of valve leak 1 2.00E-07 2.00E-07 4.2 20.89% 0.00E+00 0

leakage of tubing line leak 1 1.70E-09 1.70E-09 4.2 20.89% 0.00E+00 0

Room B, vent fails & 

interlock fails

normal purge flow normal 1 1.00E+00 1.00E+00 1.0 0.00% 1.00E+00 1.21E-09

operator error vent 1 1.40E-05 1.40E-05 4.2 0.00% 1.00E+00 1.69E-14

rupture or leakage of valve leak 1 2.00E-07 2.00E-07 4.2 0.00% 1.00E+00 2.42E-16

leakage of tubing line leak 1 1.70E-09 1.70E-09 4.2 0.00% 1.00E+00 2.06E-18

1.210E-09

0

Total Fatality Rate: 

Overall ODH Class: 

TABLE2:     Lab 3 Oxygen Deficiency Hazard Analysis           4/9/2012

EQUIPMENT
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East hallway 2,500cu. ft.

Fresh Air rate 10CFMnormal building HVAC assumed to be much higher than this

Failure 

Type

# 

of

Individual 

Failure 

Rate (/hr)

Total 

Failure 

Rate for 

Item

Leak 

rate 

(CFM)

C(O2) at 

infinity

Fatality 

Factor Fatality Rate

East side hallway

rupture or leakage of valve leak 1 2.00E-07 2.00E-07 4.2 12.18% 2.68E-03 5.36E-10

leakage of tubing line leak 1 1.70E-09 1.70E-09 4.2 12.18% 2.68E-03 4.56E-12

5.407E-10

0

TABLE 3:     Lab 3 Oxygen Deficiency Hazard Analysis           4/9/2012

EQUIPMENT



Total Fatality Rate: 

Overall ODH Class: 
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